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I. BACKGROUND 

A. On March 28, 2007, the United States of America (“United States”), on behalf of 

the Administrator of the United States Environmental Protection Agency (“EPA”), filed a 

complaint in this matter pursuant to Section 107 of the Comprehensive Environmental Response, 

Compensation, and Liability Act of 1980, 42 U.S.C. § 9607, as amended (“CERCLA”)(“the 

Complaint”), seeking reimbursement of response costs incurred or to be incurred for response 

actions taken at or in connection with the release or threatened release of hazardous substances at 

the Modesto Groundwater Superfund Site in Modesto, California (“the Site”).  The Complaint 

also seeks penalties for alleged violations of Section 104(e) of CERCLA, 42 U.S.C. § 9604(e), by 

defendants Stephen C. Lyon, Suzanne S. Lyon, Russell R. Tonda and Diane M. Tonda 

(collectively “Settling Defendants”). 

B. The Complaint alleges that a dry cleaning facility operated on a portion of the Site, 

941 McHenry Avenue, Modesto, California, commencing in 1948, and that hazardous substances 

from that facility were released into the environment.  The Complaint alleges that Settling 

Defendants have owned the 939 and 941 McHenry Avenue property since 1974. 

C. On March 31, 1989, the Site was placed on the National Priorities List, 54  

Fed. Reg. 13296, 13305.  On September 26, 1997, EPA issued a Record of Decision for the Site, 

which selected groundwater and soil vapor extraction and treatment as the interim remedy for the 

Site.  

D. By entering into this Consent Decree Settling Defendants do not admit any 

liability to the United States arising out of the transactions or occurrences alleged in the 

Complaint. 

E. The United States and Settling Defendants agree, and this Court by entering this 

Consent Decree finds, that this Consent Decree has been negotiated by the Settling Defendants 

and the United States (collectively “the Parties”) in good faith, that settlement of this matter will 

avoid prolonged and complicated litigation between the Parties, and that this Consent Decree is 

fair, reasonable, and in the public interest. 

THEREFORE, with the consent of the Parties to this Decree, it is ORDERED, 
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ADJUDGED, AND DECREED: 

II. JURISDICTION 

1. This Court has jurisdiction over the subject matter of this action pursuant 

to 28 U.S.C. §§ 1331 and 1345 and 42 U.S.C. §§ 9607 and 9613(b) and also has personal 

jurisdiction over Settling Defendants.  Solely for the purposes of this Consent Decree and the 

underlying complaint, Settling Defendants waive all objections and defenses that they may have 

to jurisdiction of the Court or to venue in this District.  Settling Defendants shall not challenge 

the terms of this Consent Decree or this Court's jurisdiction to enter and enforce this Consent 

Decree. 

III. PARTIES BOUND 

2. This Consent Decree is binding upon, and shall inure to the benefit of, the 

United States, and upon Settling Defendants and their heirs, successors, and assigns. Any change 

in ownership or corporate or other legal status, including but not limited to, any transfer of assets 

or real or personal property, shall in no way alter the status or responsibilities of Settling 

Defendants under this Consent Decree. 

IV. DEFINITIONS 

3. Unless otherwise expressly provided herein, terms used in this Consent 

Decree that are defined in CERCLA or in regulations promulgated under CERCLA shall have the 

meanings assigned to them in CERCLA or in such regulations.  Whenever terms listed below are 

used in this Consent Decree or in any appendix attached hereto, the following definitions shall 

apply: 

 a. “Affiliates” shall mean those individuals listed in Appendix A, but 

only to the extent that the potential liability of such individuals derives from their relationship to 

or affiliation with a Settling Defendant and not from an independent basis of liability under 

CERCLA Section 107(a), 42 U.S.C. § 9607(a) at the time of the entry of this Consent Decree. 

 b. “CERCLA” shall mean the Comprehensive Environmental 

Response, Compensation, and Liability Act of 1980, as amended, 42 U.S.C. § 9601, et seq. 

 c. “Consent Decree” shall mean this Consent Decree and all 
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appendices attached hereto.  In the event of conflict between this Consent Decree and any 

appendix, the Consent Decree shall control. 

 d. “Day” shall mean a calendar day.  In computing any period of time 

under this Consent Decree, where the last day would fall on a Saturday, Sunday, or federal 

holiday, the period shall run until the close of business of the next working day. 

 e. “DOJ” shall mean the United States Department of Justice and any 

successor departments, agencies, or instrumentalities of the United States. 

 f. “Effective Date” shall mean the date upon which this Decree is 

entered by the Court or a motion to enter the Consent Decree is granted, whichever occurs first, 

as recorded on the Court’s docket.  

 g. “EPA” shall mean the United States Environmental Protection 

Agency and any successor departments, agencies, or instrumentalities of the United States. 

 h. “EPA Hazardous Substance Superfund” shall mean the Hazardous 

Substance Superfund established by the Internal Revenue Code, 26 U.S.C. § 9507.  

 i. “Interest” shall mean interest at the rate specified for interest on 

investments of the EPA Hazardous Substance Superfund established by 26 U.S.C. § 9507, 

compounded annually on October 1 of each year, in accordance with 42 U.S.C. § 9607(a).  The 

applicable rate of interest shall be the rate in effect at the time the interest accrues.  The rate of 

interest is subject to change on October 1 of each year. 

 j. “Paragraph” shall mean a portion of this Consent Decree identified 

by an Arabic numeral or an upper or lower case letter. 

 k. “Parties” shall mean the United States and Settling Defendants. 

 l. “Plaintiff” shall mean the United States. 

 m. “Property” shall mean that portion of the Site owned by  

Settling Defendants as of the Effective Date of this Consent Decree.  The Property is located at 

939 and 941 McHenry Avenue, City of Modesto, Stanislaus County, California, more particularly 

described in Appendix B. 

   n. “RCRA” shall mean the Solid Waste Disposal Act, 42 U.S.C. § 
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6901, et seq. (also known as the Resource Conservation and Recovery Act). 

   o. “Section” shall mean a portion of this Consent Decree identified by 

a Roman numeral. 

   p. “Settling Defendants” shall mean Stephen C. Lyon, Suzanne S. 

Lyon, Russell R. Tonda, and Diane M. Tonda. 

   q. “Site” shall mean the Modesto Groundwater Superfund site, 

consisting of the hazardous substance release located at 941 McHenry Avenue, located in the City 

of Modesto, Stanislaus County, California and other areas where those hazardous substances have 

come to be located.  

   r. “United States” shall mean the United States of America, including 

all of its departments, agencies, and instrumentalities, which includes without limitation EPA and 

DOJ.  

V. PAYMENT OF RESPONSE COSTS 

4. Payment of Response Costs to EPA.  Within ninety (90) days of entry of 

this Consent Decree, Settling Defendants shall collectively pay to EPA one million, five hundred 

twenty-five thousand dollars ($1,525,000).  

5. Payment shall be made by FedWire Electronic Funds Transfer (“EFT”) to 

the U.S. Department of Justice account in accordance with EFT instructions provided to Settling 

Defendants by the Financial Litigation Unit of the U.S. Attorney’s Office in the Eastern District 

of California following lodging of this Consent Decree. 

6. At the time of payment, Settling Defendants shall also send notice that 

payment has been made to EPA and DOJ in accordance with Section XIII (Notices and 

Submissions).  Such notice shall reference the EPA Region and Site/Spill Identification Number 

09J4, DOJ Case Number 90-11-3-08737, and the Civil Action Number 1:07-CV-00491-LJO-

MJS. 

7. The total amount to be paid pursuant to Paragraph 4 shall be deposited in 

the Modesto Groundwater Superfund Site Special Account within the EPA Hazardous Substance 

Superfund to be retained and used to conduct or finance response actions at or in connection with 
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the Site, or to be transferred by EPA to the EPA Hazardous Substance Superfund. 

VI. ACCESS AND INSTITUTIONAL CONTROLS 

8. Settling Defendants and Affiliates shall, provided that they own the 

Property: 

   a. Commencing on the date of lodging of this Consent Decree, 

provide the United States and its representatives, including EPA and its contractors, with access 

to the Property at all reasonable times for the purpose of conducting any response activity related 

to the Site, including, but not limited to, the following activities:   

(1) Monitoring, investigation, removal, remedial, or other 

activities at the Site; 

(2) Verifying any data or information submitted to the United 

States; 

(3) Conducting investigations relating to contamination at or 

near the Site; 

(4) Obtaining samples; 

(5) Assessing the need for, planning, or implementing 

additional response actions at or near the Site; 

(6) Assessing Settling Defendants’ compliance with this  

Consent Decree; and 

(7) Determining whether the Property is being used in a manner 

that is prohibited or restricted, or that may need to be prohibited or restricted, by or pursuant to 

this Consent Decree; 

   b. Commencing on the date of lodging of this Consent Decree, refrain 

from using the Property in any manner that would interfere with or adversely affect the 

implementation, integrity, or protectiveness of the investigation and remedial and other response 

measures to be performed at the Site; and 

   c. Execute and record in the Recorder’s Office or Registry of Deeds 

or other appropriate land records office of Stanislaus County, State of California, a Land Use 
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Covenant (“LUC”) in the form attached hereto as Appendix C, within twenty (20) business days 

of receipt by the Settling Defendants and their counsel of written approval by both EPA and 

California Department of Toxic Substances Control (“DTSC”) of the LUC, running with the land, 

that (i) grants a right of access to the Property for the purpose of conducting response activities at 

the Site, and (ii) grants the right to enforce the land/water use restrictions listed in Paragraph 8(a) 

of this Consent Decree, or other restrictions that EPA determines are necessary to implement, 

ensure non-interference with, or ensure the protectiveness of the removal or remedial measures to 

be performed at the Site.  Settling Defendants and Affiliates shall grant the access rights and the 

rights to enforce the land/water use restrictions to one or more of the following persons as 

determined by EPA (i) the United States, on behalf of EPA, and its representatives, (ii) the State 

and its representatives, (iii) and/or other appropriate grantees.  Settling Defendants and Affiliates 

shall, within forty-five (45) days of entry of this Consent Decree, submit to EPA and DTSC for 

review and approval with respect to such property: 

(1) A draft Land Use Covenant, in substantially the form 

attached hereto as Appendix C, that is enforceable under the laws of the State of California, free 

and clear of all prior liens and encumbrances (except as approved by EPA), and acceptable under 

the Attorney General’s Title Regulations promulgated pursuant to 40 U.S.C. § 255; and 

(2) Current title commitment or report prepared in accordance 

with the U.S. Department of Justice Title Standards 2001 – A guide for the preparation of title 

evidence in land acquisitions by the United States of America (the “Standards”). 

9. Within fifteen (15) days of EPA’s and DTSC’s approval and acceptance of 

the Land Use Covenant, Settling Defendants shall update the title search and, if it is determined 

that nothing has occurred since the effective date of the commitment or report to affect the title 

adversely, record the Land Use Covenant with the Recorder’s Office or Registry of Deeds or 

other appropriate office of Stanislaus County.  Within thirty (30) days of recording the Land Use 

Covenant, Settling Defendants shall provide EPA and DTSC with final title evidence acceptable 

under the Standards and a certified copy of the original recorded Land Use Covenant showing the 

clerk’s recording stamps.  
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10. If EPA determines that land/water use restrictions in the form of state or 

local laws, regulations, ordinances, or other governmental controls are needed to implement 

response activities at the Site, ensure the integrity and protectiveness thereof, or ensure non-

interference therewith, Settling Defendants shall cooperate with EPA’s efforts to secure such 

governmental controls. 

11. Notwithstanding any provision of this Consent Decree, the United States 

retains all of its access authorities and rights, as well as all of its rights to require land/water use 

restrictions, including enforcement authorities related thereto, under CERCLA, RCRA, and any 

other applicable statute or regulation. 

VII. FAILURE TO COMPLY WITH CONSENT DECREE 

12. Interest on Late Payments.  If Settling Defendants fail to make any 

payment under Paragraph 4 (Payment of Response Costs) by the required due date, Interest shall 

continue to accrue on the unpaid balance through the date of payment.  

13. Stipulated Penalties. 

a. If any amounts due under Paragraph 4 are not paid by the required 

date or Settling Defendants fail to comply with the Consent Decree, Settling Defendants shall be 

in violation of this Consent Decree and shall pay to EPA, as a stipulated penalty, in addition to 

the Interest required by this Consent Decree, $500 per violation per day that such payment is late. 

b. Stipulated penalties are due and payable within thirty (30) days of 

the date of the demand for payment of the penalties by EPA.  All payments to EPA under this 

Paragraph shall be identified as “stipulated penalties” and shall be made by certified or cashier’s 

check made payable to “EPA Hazardous Substance Superfund.”  The check, or a letter 

accompanying the check, shall reference the name and address of the party(ies) making payment, 

the Site name, the EPA Region and Site Spill ID Number 09J4, DOJ Case Number 90-11-3-

08737, and the Civil Action Number 1:07-CV-00491-LJO-GSA.  Settling Defendants shall send 

the check (and any accompanying letter) to: 
 
    U.S. Environmental Protection Agency                        
    Superfund Payments 
    Cincinnati Finance Center 
    PO Box 979076 
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    St. Louis, MO  63197-9000  

c. At the time of each payment, Settling Defendants shall also send 

notice that payment has been made to EPA and DOJ in accordance with Section XIII (Notices 

and Submissions).  Such notice shall reference the EPA Region and Site/Spill ID Number 09J4, 

DOJ Case Number 90-11-3-08737, and the Civil Action Number 1:07-CV-00491-LJO-MJS. 

d. Penalties shall accrue as provided in this Paragraph regardless of 

whether EPA has notified Settling Defendants of the violation or made a demand for payment, 

but need only be paid upon demand.  All penalties shall begin to accrue on the day after payment 

is due or the day a violation occurs, and shall continue to accrue through the date of payment or 

the final day of correction of the noncompliance or completion of the activity.  Nothing herein 

shall prevent the simultaneous accrual of separate penalties for separate violations of this Consent 

Decree. 

14. If the United States brings an action to enforce this Consent Decree and 

substantially prevails, Settling Defendants shall reimburse the United States for all costs of such 

action, including but not limited to costs of attorney time. 

15. Payments made under this Section shall be in addition to any other 

remedies or sanctions available to Plaintiff by virtue of Settling Defendants’ failure to comply 

with the requirements of this Consent Decree. 

16. The obligations of Settling Defendants to pay amounts owed the United 

States under this Consent Decree are joint and several.  In the event of the failure of any one or 

more Settling Defendants to make the payments required under this Consent Decree, the 

remaining Settling Defendants shall be responsible for such payments. 

17. Notwithstanding any other provision of this Section, the United States 

may, in its unreviewable discretion, waive payment of any portion of the stipulated penalties that 

have accrued pursuant to this Consent Decree.  Payment of stipulated penalties shall not excuse 

Settling Defendants from payment as required by Section V or from performance of any other 

requirements of this Consent Decree. 
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VIII. COVENANT NOT TO SUE BY UNITED STATES 

18. Covenant Not to Sue by United States.  Except as specifically provided in 

Section IX (Reservation of Rights by United States), the United States covenants not to sue or to 

take administrative action against Settling Defendants and their Affiliates:  (a) pursuant to 

Sections 106 and 107(a) of CERCLA, 42 U.S.C. §§ 9606 and 9607(a), and Section 7003 of 

RCRA, 42 U.S.C. § 6973, with regard to the Site; and (b) for penalties for violations of Section 

104 of CERCLA, 42 U.S.C. § 9604, arising prior to the Effective Date.  This covenant not to sue 

shall take effect upon receipt by EPA of all payments required by Section V, Paragraph 4 

(Payment of Response Costs) and any amount due under Section VII (Failure to Comply with 

Consent Decree).  This covenant not to sue is conditioned upon the satisfactory performance by 

Settling Defendants of their obligations under this Consent Decree.  This covenant not to sue 

extends only to Settling Defendants and their Affiliates and does not extend to any other person.  

IX. RESERVATIONS OF RIGHTS BY UNITED STATES 

19. The United States reserves, and this Consent Decree is without prejudice 

to, all rights against Settling Defendants and Affiliates with respect to all matters not expressly 

included within the Covenant Not to Sue by United States in Paragraph 18.  Notwithstanding any 

other provision of this Consent Decree, the United States reserves all rights against Settling 

Defendants and Affiliates with respect to: 

a. liability for failure of Settling Defendants to meet a requirement of 

this Consent Decree; 

b. criminal liability; 

c. liability for damages for injury to, destruction of, or loss of natural 

resources, and for the costs of any natural resource damage assessments; 

d. liability arising from, disposal, release or threat of release of a 

hazardous substance, pollutant, or contaminant at the Site after signature of this Consent Decree 

by Settling Defendants; and 

e. liability arising from the past, present, or future disposal, release or 

threat of release of a hazardous substance, pollutant, or contaminant outside of the Site. 

Case 1:07-cv-00491-LJO -MJS   Document 469-1    Filed 01/28/11   Page 12 of 190



 

 
Consent Decree Pertaining To Defendants Lyons And Tondas 

 

Page 12

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

X. COVENANT NOT TO SUE BY SETTLING DEFENDANTS 

20. Settling Defendants covenant not to sue and agree not to assert any claims 

or causes of action against the United States, or its contractors or employees, with respect to 

Response Costs or this Consent Decree, including but not limited to: 

a. any direct or indirect claim for reimbursement from the Hazardous 

Substance Superfund based on Sections 106(b)(2), 107, 111, 112, or 113 of CERCLA, 42 U.S.C. 

§§ 9606(b)(2), 9607, 9611, 9612, or 9613, or any other provision of law; 

b. any claim arising out of the response actions at the Site, including 

any claim under the United States Constitution, the Constitution of the State of California, the 

Tucker Act, 28 U.S.C. § 1491, the Equal Access to Justice Act, 28 U.S.C. § 2412, as amended, or 

at common law; or 

c. any claim against the United States pursuant to Sections 107 and 

113 of CERCLA, 42 U.S.C. §§ 9607 and 9613. 

21. Nothing in this Consent Decree shall be deemed to constitute approval or 

preauthorization of a claim within the meaning of Section 111 of CERCLA, 42 U.S.C. § 9611, or 

40 C.F.R. 300.700(d). 

XI. EFFECT OF SETTLEMENT/CONTRIBUTION PROTECTION 

22. Nothing in this Consent Decree shall be construed to create any rights in, 

or grant any cause of action to, any person not a Party to this Consent Decree. 

23. Contribution Protection.  The Parties agree, and by entering this Consent 

Decree this Court finds, that Settling Defendants and Affiliates are entitled, as of the date of entry 

of this Consent Decree, to protection from contribution actions or claims as provided by Section 

113(f)(2) of CERCLA, 42 U.S.C. § 9613(f)(2), for “matters addressed” in this Consent Decree.  

The “matters addressed” in this Consent Decree are all response actions taken or to be taken and 

all response costs incurred or to be incurred, at or in connection with the Site, by the United 

States or any other person, except the State of California.  The “matters addressed” in this 

Consent Decree do not include those response costs or response actions as to which the United 

States has reserved its rights under this Consent Decree (except for claims for failure to comply 
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with this Consent Decree), in the event that the United States asserts rights against the Settling 

Defendants or Affiliates coming within the scope of such reservations.  

24. Each Settling Defendant agrees that, with respect to any suit or claim for 

contribution brought by it for matters related to this Consent Decree, it will notify EPA and DOJ 

in writing no later than sixty (60) days prior to the initiation of such suit or claim.  Each Settling 

Defendant also agrees that, with respect to any suit or claim for contribution brought against it for 

matters related to this Consent Decree, it will notify EPA and DOJ in writing within ten (10) days 

of service of the complaint or claim upon it.  In addition, each Settling Defendant shall notify 

EPA and DOJ within ten (10) days of service or receipt of any Motion for Summary Judgment, 

and within ten (10) days of receipt of any order from a court setting a case for trial, for matters 

related to this Consent Decree. 

25. In any subsequent administrative or judicial proceeding initiated by the 

United States for injunctive relief, recovery of response costs, or other relief relating to the Site, 

Settling Defendants shall not assert, and may not maintain, any defense or claim based upon the 

principles of waiver, res judicata, collateral estoppel, issue preclusion, claim-splitting, or other 

defenses based upon any contention that the claims raised by the United States in the subsequent 

proceeding were or should have been brought in the instant case; provided, however, that nothing 

in this Paragraph affects the enforceability of the Covenant Not to Sue by the United States set 

forth in Section X. 

XII. RETENTION OF RECORDS   

26. Until three (3) years after the entry of this Consent Decree, each Settling 

Defendant shall preserve and retain all records now in its possession or control, or which come 

into its possession or control, that relate in any manner to response actions taken at the Site or the 

liability of any person under CERCLA with respect to the Site, regardless of any corporate 

retention policy to the contrary. 

27. After the conclusion of the three (3)-year document retention period in the 

preceding Paragraph, Settling Defendants shall notify EPA and DOJ at least ninety (90) days 

prior to the destruction of any such records, and, upon request by EPA or DOJ, Settling 
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Defendants shall deliver any such records to EPA.  Settling Defendants may assert that certain 

records are privileged under the attorney-client privilege or any other privilege recognized by 

federal law.  If Settling Defendants assert such a privilege, they shall provide Plaintiff with the 

following: 1) the title of the record; 2) the date of the record; 3) the name, title, affiliation (e.g., 

company or firm), and address of the author of the record; 4) the name and title of each addressee 

and recipient; 5) a description of the subject of the record; and 6) the privilege asserted.  If a 

claim of privilege applies only to a portion of a record, the record shall be provided to Plaintiff in 

redacted form to mask the privileged information only.  Settling Defendants shall retain all 

records that they claim to be privileged until the United States has had a reasonable opportunity 

to dispute the privilege claim and any such dispute has been resolved in the Settling Defendants’ 

favor.  However, no records created or generated pursuant to the requirements of this or any other 

settlement with the EPA pertaining to the Site shall be withheld on the grounds that they are 

privileged. 

28. Each Settling Defendant hereby certifies individually that, to the best of its 

knowledge and belief, after thorough inquiry, it has not altered, mutilated, discarded, destroyed or 

otherwise disposed of any records, reports, or information relating to its potential liability 

regarding the Site since notification of potential liability by the United States, or the State, or the 

filing of suit against it regarding the Site and that it has fully complied with any and all EPA 

requests for information pursuant to Sections 104(e) and 122(e) of CERCLA, 42 U.S.C. 

§§ 9604(e) and 9622(e), and Section 3007 of RCRA, 42 U.S.C. § 6972. 

XIII. NOTICES AND SUBMISSIONS 

29. Whenever, under the terms of this Consent Decree, notice is required to be 

given or a document is required to be sent by one party to another, it shall be directed to the 

individuals at the addresses specified below, unless those individuals or their successors give 

notice of a change to the other Defendants in writing.  Written notice as specified herein shall 

constitute complete satisfaction of any written notice requirement of the Consent Decree with 

respect to the United States, EPA, DOJ, and Settling Defendants, respectively. 

As to the United States: 
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As to DOJ: 

Chief, Environmental Enforcement Section 
Environment and Natural Resources Division 
U.S. Department of Justice (DJ # 90-11-3-08737) 
P.O. Box 7611 
Washington, DC  20044-7611 

As to EPA: 

Laurie Williams (ORC-3) 
Assistant Regional Counsel 
U.S. Environmental Protection Agency Region IX 
75 Hawthorne Street 
San Francisco, CA  94105 
 
Marie Lacey (SFD-7-2) 
Remedial Project Manager 
U.S. Environmental Protection Agency Region IX 
75 Hawthorne Street 
San Francisco, CA  94105 
 
David Wood (MTS-4-2) 
Superfund Accounting 
U.S. Environmental Protection Agency Region IX 
75 Hawthorne Street 
San Francisco, CA  94105 
 
As to Settling Defendants: 
 
Stephen and Suzanne Lyon 
424 Liberty Street 
San Francisco, CA  94114-2949 
 
Russell and Diane Tonda 
9760 Rimrock Circle 
Loomis, CA  95650-7117 

XIV. RETENTION OF JURISDICTION 

30. This Court shall retain jurisdiction over this matter for the purpose of 

interpreting and enforcing the terms of this Consent Decree. 

XV. INTEGRATION 

31. This Consent Decree constitutes the final, complete, and exclusive 

agreement and understanding among the Settling Defendants with respect to the settlement 

embodied in this Consent Decree.  The Parties acknowledge that there are no representations, 

agreements, or understandings relating to the settlement other than those expressly contained in 
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this Consent Decree. 

XVI. LODGING AND OPPORTUNITY FOR PUBLIC COMMENT 

32. This Consent Decree shall be lodged with the Court for a period of not less 

than thirty (30) days for public notice and comment.  The United States reserves the right to 

withdraw or withhold its consent if the comments regarding the Consent Decree disclose facts or 

considerations which indicate that this Consent Decree is inappropriate, improper, or inadequate.  

Settling Defendants consent to the entry of this Consent Decree without further notice. 

33. If for any reason this Court should decline to approve this Consent Decree 

in the form presented, this agreement is voidable at the sole discretion of any party and the terms 

of the agreement may not be used as evidence in any litigation between the Parties. 

XVII. SIGNATORIES/SERVICE 

34. Each undersigned representative of a Settling Defendant to this Consent 

Decree and the Assistant Attorney General for the Environment and Natural Resources Division 

of the United States Department of Justice certifies that he or she is authorized to enter into the 

terms and conditions of this Consent Decree and to execute and bind legally such Party to this 

document. 

35. Each Settling Defendant hereby agrees not to oppose entry of this Consent 

Decree by this Court or to challenge any provision of this Consent Decree, unless the United 

States has notified Settling Defendants in writing that it no longer supports entry of the Consent 

Decree. 

36. Each Settling Defendant shall identify, on the attached signature page, the 

name and address of an agent who is authorized to accept service of process by mail on behalf of 

that Party with respect to all matters arising under or relating to this Consent Decree.  Settling 

Defendants hereby agree to accept service in that manner and to waive the formal service 

requirements set forth in Rule 4 of the Federal Rules of Civil Procedure and any applicable local 

rules of this Court, including but not limited to, service of a summons. 

XVIII.  FINAL JUDGMENT 

37. Upon approval and entry of this Consent Decree by the Court, this Consent 
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Decree shall constitute the final judgment between and among the United States and the Settling 

Defendants.  The Court finds that there is no just reason for delay and therefore enters this 

judgment as a final judgment under Fed. R. Civ. P. 54 and 58. 

SO ORDERED THIS __ DAY OF _______, 2010. 

 

 
 ___________________________ 

    United States District Judge 
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THE UNDERSIGNED PARTIES enter into this Consent Decree in the matter of United States v, 

2 Lyon, et aI., 07-CV-00491-LJO-MJS, relating to the Modesto Groundwater Superfund Site. 

3 FOR THE UNITED STATES OF AMERICA 
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Dated: 
--"---;---=------,!"--'---

Dated: -+-----'-----

ACIA S, MORENO 
Assistant Attorney General 
Environmental and Natural Resources Division 
U,S, Department of Justice 
Washington, DC 20530 

ELISE FELDMAN 
MATTHEWD. THURLOW 
Attorneys 
Environmental Enforcement Section 
Environmental and Natural Resources Division 
U.S, Department ofJustice 
30 I Howard Street, Suite 1050 
San Francisco, CA 94105 
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THE UNDERSIGNED PARTIES enter into this Consent Decree in the matter of United States v. 

2 Lyon, et al., 07 -CV -00491-LJO-MJS, relating to the Modesto Groundwater Superfund Site. 

3 FOR THE UNITED STATES ENVIRONMENTAL 
PROTECTION AGENCY 
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Dated: -J....idLL.k--f.'7-1...f>o_l \_ 

Dated: ;/626 hI 
/1 

JAN IAMOND 
Dir cto , Superfund Division 
V.. vironmental Protection Agency 

Region IX 
75 Hawthorne Street 
San Francisco, CA 94105 

  
Assistant Regional Counsel 
V.S. Environmental Protection Agency 

Region IX 
75 Hawthorne Street 
San Francisco, CA 94105 
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1 THE UNDERSIGNED PARTIES enter into this Consent Decree in the matter of United States v. 

2 Lyon, et aI., 07-CV-00491-LIO-MJS, relating to the Modesto Groundwater Superfund Site. 

3 FOR DEFENDANT STEPHEN C. LYON 
AND SUZANNE S. LYON 
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Dated: 10000j&O 

10 Agent Authorized to Accept Service on Behalf of Above-Signed Party: 

II Name: __________________ ~ 

12 Title: ________ ~ ________ _ 

13 Address: _______ __ 
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1 THE UNDERSIGNED PARTIES enter intoWs O:m~ent.Decr!!e in themiltter of United Stales v. 

2 Lyon, el aL, 07-CV -OO491-UO-MlS, relating to the Modesto Grolindwater Superfund Site. 
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:7 
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. . 

10· . Agent Aucli~d~ wAccepi $etviceon Belia.lf:ofAbo:ve-Sigi;ledP~: 

11 Nrume; __ ~~ __________ __ 

12· .. Tltle: ~ __ ~~~ __ ~~ __ _ 

U· Address: 
------------~~-
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APPENDIX A 

 
Collette Fearneyhough  

Dave Fearneyhough  

Luc Fearneyhough  

Sophie Fearneyhough. 

Avery Lyon 

Adam W. Lyon  

Chad H. Lyon  

Cody Lyon  

Grant Lyon  

Kaisa Lyon 

Quincy Lyon  

Shelly Lyon 

Drew Tonda  

Kellie Tonda  

Regan Tonda  

Scott Tonda  

Taylor Tonda  
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Join~ '1'8Dan~a, ~s = an un4i"idedone-half interellt, an4S!fBVBR LYON and 
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interest, 
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. , AHD. WHat RECORDCD MAIl. TO : r ,,' ,',' 
", ,:~ HAid IIrS. oa1mhe D. Halford 
:, '''-- C/o Douglas II. Sutter 

ern • 1939 G Street 

Title Order No, ____ _ 
BY ~~~ 

sr~":L Modesto,' California 95354.J ~ 

--------------------------~~rs ~~~ 
DEED OF mUST JJri&Gii~icOF#:BENTS~iTS-

RECORDER'S USE 

BY 'DDS DEED OF mUST. made this 17th day of July 
husband and trife, and 
and vife, 

• 19 74 . between 
RDSSBLL '1'01fDA and DIAHB M. 'fOHDA, 
S'l'BVBH LYON and SOB LYON, husband 

• herein called Trustor. whose address is 
28 Chilton Avenue, San Carlos, CA 94270 

(number and AI","I) Icllr) IOlato, zip) 

and SlIFECO mI.E INSlJRAHCE COMPANY. a California corpOration. herein called Trustoo. CDld 

DAIIIIINB D. IIALl'ORD, 
a widow, 

Truslor grant:!. transfers. and Cl:ISigns to 
• heroin called Bopa6c:lary. 

trustee. in trust. with powor of salo. Ihal property in 
Staniala1lO County. California. desaibed (]:I: 

Lot 2 of the PALX TRACT, a. per Kap fUed July 5, 1939, 
in Vol. 11 of KaPil, page 62, Sbmis1au CoUDty Recorda. 
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Record and return to 
City Clerk. City Hall 
Modesto. California 

O()799 .!: 1 683 OfJICIAL IICORDS 
JlANISLAUS co., CAUF. 

NO P'8E DAVID A. WURM, 
RECOICOfN 

NOTICE OF LIEN 
Pursuant to the authority vested in me by the Improvement Act of 1911. 

[ did. on the 19th day of April' • 192L. cause the sidewalk 
. to be constnlcted, and the legislative body 
of said city did. on the 24th day of ~1a,y , 19~. by Resolution 
No. 83-329 • ass ass the cost of such construction upon the real property 
hereinafter described and the same has not been paid nor anY part thereof, and 
the said city does here~ claim a lien on sai~ real property in th, sum of 
$1,005.00 • and the same shall be a lien upon said real property until the 

said sum, with interest at the rate of seven (7S) per cent per annum, from the 
24th day of June , 19~, has been paid in full and discharged 

of record. 
The real property hereinbefore mentioned and upon which a lien is claimed. 

is that certain piece or parcel of land lying and being in the City of Modesto, 
County of Stanislaus, State of California. and more particularly described as 
follows; 

Lot 2 of Bl. 727 of the Falk Tract as per map filed July 5, 
1939 in Vol. 11 of Maps, Pg. 62, Stan. Cty. Records. 

(Stan. Cty. Assessor's Parcel No. 002-03 113-0636-400) 

Standing in the name of: kiJssell E. 

DATE: June 1. 1983 

S'1'A!B or CALIPOJUfIA ) 
COUlft'f or S'l'AIISLAVS ) B8 

& Diane        on 

    

011 tbis ~L da¥ ot 19 8:1 before me. tfte \lDdera~d. tfte 
Clt, Clert 0F"'U8 Cl~ ft"""";;~ii::'-:-;;"lr: .. wlthln the Bald Count, aDd ltate, 
,.nODally '-- t to be tbe .... AU... 0" 
~Ii 
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028852 APR21S9 

RECORDING REQUESTED BY 
Bernard H. King, Esq. 

WHEN RECORDED RETURN TO: 
Allan E. and Josephine E. Walton 
196 Hill Creek Road 
Fremont, CA 94539 

~l:iI~il(D Ali..' ¥ 0 BY 

Qo=o~t til 
STANISlAUS CO., CAliF. T 

DAVID A. WUIIM. 
RtCORDER 

ASSIGNMENT OF NOTE AND PEEP OF TRUST 

For value received, the undersigned hereby grants, assigns and 
transfers to ALLAN E. WALTON and JOSEPHINE E. WALTON, Co-Trustees 
of the WALTON FAMILY TRUST, all of her beneficial interest under 
that certain deed of trust dated July 17, 1974, executed by Russell 
Tonda, Diane H. Tonda, Steven Lyon and Sue Lyon, Trustors, to 
Safeco Title Insurance Company, a California, corporation, Trustee, 
recorded August 14, 1974, under Recorder's Series No. 6348, Book 
2647, Page 632, of Official Records in the County Recorder's Office 
of Stanislaus County, Califol~ia. 

This assignment also covers the undersigned's interest in the 
~romissory nete for which s~id de eo of trust ie bocurity. 

Dated: Aprilr, 

STATE OF CALIFORNIA ) 
COUNTY OF ALAMEDA ) ss 

1989 

 WALTON 

On this ~~day ot April, 1989, before me, the undorsigned, 
personally ap~d JOSEPHINE E. WALTON, personally known to me (or 
proved to me on the basis of satisfactory evidence) to be the 
person whose name is subsc ed to this instrument, and 
acknowledged to me that she ex ad it. 

1 

/ 
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Stanislaus, Co Recorder's Office I 

Karen Mathews, CoImty Recorder 

DOC - 95-0050911_00 
Acct 501-Chicago Titl. 
Priday, JUN 30, 1995 08:00:00 
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ummxyp' "p. - PULL RBCONYBYANCB 
SECURITY UNION TITLE INSURANCE COMPANY,. corporatJoa. rormarly SAPSCO TITLE INSURANCe 
COMPANY, 
u TIuItee, or SUCCCIIOr TrUileo, or Sublllluled Trwtce, UDdcr Deed or Trwt dated July 17, 1974 
tllCUtedby 
aU'.ILL 'fOND" AND DIANI H. '1'ONDA, HU.IAND AND NIPI, AND 
If.YlN LYON AND lUI LYON, HU.IAND AND NSPI 

!. Truilor, ucI recordod u lnatrumonl/Sorloa No. 6348 on Au;u.t 14, 1974 III 
Book/Reol 264' Pfllo/lmqo 632 • ur Omchd Recorda In Iho amco or lho Recorder or 

;~. 

IfAHllLAUI Counly, Callfornll, dClcrlblDa Iud therein u: 
11011 rvLLY DI.caIAD 1M lAID DIID or nu.~ 

llavlq rocolved rram haldor or lho Obi! I lIanl Ihoroundor I wrltton requell to recanvcy, recilln, thlt III luml ICcurod by 
uJd Dead of TrUll have been ruUy d, and uld Deed or TrUll Ind lho nato or notGl ICcurcd thereby hlwl", boen 
lurreadered 10 IIId TrUltco ror CInCO .tlan, docs horeby RECONVEY, wllhout wurwuy, 10 tho parlOn or paraona leplly 
omilled therelo, tho OllltO now held by II thoreunder. 

Dllo June 21, 1991 

STATE OF CALIFORNIA 
CCUNTVOF SWIIWS )S.s. 

On JUllII 29« 1995 before m •• 
JlVBLlfH IRlDaBa 

a Notary Pullllo In and fat laid County and 81111. plrtOnally app.arld 
HAM AHH GAIUfIIR 
PIfIOftIllV known 10 me (or proved to me on thl ballt of utIlfaotory avldlnOl) 
to be tile pareon(l)..mOle rwne(l) 1I/IIIIUblcrlbed to thl within Il\ItIUmlnt 
and ..,owtldgld to me that he/n/thftf exacutad ttl • .."" In hll/ll.r/thllr 
authOItlld capaltyOa). and that by hll/hlr/thelr -'lnatur.'I) on th, 
InItrumant the patIOn(l). or the .ntIty upon blhIIt of whld1 th' plrtOn(l) 
1CI8d. uecutId tho l/lllrUmcnt. 

WITNESS my hind and ottIeIII ..... 

secuRITY UNION'ITI"'! INSURANCU COMPANY •• 
corpontloll. lormert)' 
SAI'I!CO 'JTI1.B INSURANce COMPANY. 'l'ruaICO 

Authorized Signature 

r_-m - - - -EVELYNiRioof{1 
N COMM. 111057758 ~ 
~. • NOTARY PUBUC·CALIFORHIA i . ",' STANISLAUS COUNTY f 

• My Comm. Elplres May 3. 1999 ______ uo __ =_u_=_ 

-



 
 
 

Appendix C 
(Land Use Covenant) 

 
 

to  
 
 

Consent Decree Pertaining to Defendants 
Lyons and Tondas 
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RECORDING REQUESTED BY:   |                 
Stephen C. Lyon, Suzanne S. Lyon,  | 
Russell R. Tonda and Diane M. Tonda  | 
939 & 941 McHenry Street    | 
Modesto, California 95350-5416   | 
       | 
WHEN RECORDED, MAIL TO:   | 
       | 
 ADDRESS ABOVE, and,    | 
       | 
State of California     | 
Department of Toxic Substances Control | 
8800 Cal Center Drive    | 
Sacramento California 95826   | 
Attention: James L. Tjosvold, Chief  | 
Northern California – Central Cleanup  | 
Operations Branch     | 
       | 

SPACE ABOVE THIS LINE RESERVED FOR RECORDER’S USE 
 

COVENANT TO RESTRICT USE OF PROPERTY 

ENVIRONMENTAL RESTRICTION 

(Re: Parcel Number 113-006-036)  

DTSC Site Code 100111 

______________________________________________________________________ 

 

This Covenant and Agreement ("Covenant") is made by and between Stephen C. 
Lyons, Suzanne S. Lyon, Russell R. Tonda and Diane M. Tonda ("Covenantors"), the 
current owners of property situated in Modesto, County of Stanislaus, State of 
California, described in Exhibit "A" and depicted in Exhibit “B,” attached, (the 
"Property"), and the Department of Toxic Substances Control (the "Department").  
Pursuant to Civil Code section 1471, the Department has determined that this Covenant 
is reasonably necessary to protect present or future human health or safety or the 
environment as a result of the presence on the land of hazardous materials as defined 
in Health and Safety Code section 25260.  The Covenantors and the Department, 
collectively referred to as the "Parties," hereby agree, pursuant to Civil Code section 
1471, and Health and Safety Code section 25355.5, that the use of the Property be 
restricted as set forth in this Covenant; and the Parties further agree that the Covenant 
shall conform with the requirements of California Code of Regulations, title 22, section 
67391.1.  The provisions of this Covenant shall be for the benefit of, and shall be 
enforceable by, the United States Environmental Protection Agency (“U.S. EPA”), as a 
third party beneficiary pursuant to general contract law, including, but not limited to, Civil 
Code Section 1559. 
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ARTICLE I 

STATEMENT OF FACTS 

 

1.01. The Property.  The Property, totaling approximately .31 acres, is more 

particularly described and depicted in the attached Exhibits "A" and “B”. The Property is 

located in the area now generally bounded by McHenry Avenue to the East, and located 

in the city block that is bounded by West Fairmont Avenue to the North, Douglas Street 

to the West and Griswold Avenue to the South.  The Property is also generally 

described as Stanislaus County Assessor's Parcel No: 113-006-036. 

  

1.02. Hazardous Substances.  As defined in section 25316 of the California Health and 

Safety Code (“H&SC”), (within Chapter 6.8, Division 20 of the H&SC), and in section 

101(14) of the Comprehensive Environmental Response, Compensation and Liability 

Act of 1980, as amended (“CERCLA”) (42 USC §9601 (14)); and also Title 40 Code of 

Federal Regulations (“CFR”) parts 261.3 and 302.4, hazardous substances remain on 

portions of the Property. These substances are also hazardous materials as defined in 

Health and Safety Code section 25260(d).  These contaminant(s) include 

tetrachloroethylene (PCE) in the soil and groundwater. 

 

1.03. Remediation of the Property.  The Property is being remediated pursuant to an 

Interim Record of Decision ("ROD") for the Modesto Groundwater Superfund Site (the 

“Site”) issued by the U.S. EPA, dated September 26, 1997.  Under the ROD, as 

modified, the U.S. EPA Region IX Superfund Division Director selected interim remedial 

actions for the Property pursuant to CERCLA.  The Department concurred with this 

remedy.  Pursuant to the ROD, EPA Region 9 has implemented soil vapor extraction 

and treatment, and groundwater extraction and treatment.  Pursuant to a five-year 

review, EPA Region 9 has addressed contamination of indoor air with PCE.  EPA 

anticipates issuance of a final ROD that may select additional or different measures or 

goals.  If necessary, an updated Covenant may need to be recorded at that time.  The 

Risk Assessments that document the risk posed by the PCE in soil and groundwater at 

the Property and the Site are provided as Exhibits C and D.  Response actions on the 

Property may include, but not be limited to, monitoring, maintenance of remediation 
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systems, removal or modification of structures, and installation of additional treatment 

works. 

 

1.04. Land Use Covenant.  A land use covenant is necessary to preclude residential 

use of the Property given that hazardous substances will remain at the Property 

following completion of the remediation and to preclude disruption of the selected 

constructed remedy.  As noted above, the Interim ROD provides for a land use 

covenant to limit future uses of the Property.  U.S. EPA, with the concurrence of the 

Department, has concluded that the Property, when remedied to the interim goals 

presented in the Interim ROD, and when used in compliance with the terms of this 

Covenant, does not present an unacceptable threat to human safety or the 

environment.   

 

ARTICLE II 

DEFINITIONS 

 

2.01. Department.  "Department" means the California Department of Toxic 

Substances Control and includes its successor agencies, if any. 

 

2.02. U.S. EPA.  "U.S. EPA" means the United States Environmental Protection 

Agency and includes its successor agencies, if any. 

 

2.03. Owners.  "Owners" means the Covenantors and their successors in interest, 

including heirs and assigns, which at any time hold title or an ownership interest to all or 

any portion of the Property. 

 

2.04. Occupant.  "Occupant" means Owners and any person or entity entitled by 

ownership, leasehold, or other legal relationship to the right to occupy any portion of the 

Property. 

 

2.05. CERCLA Lead Agency.  "CERCLA Lead Agency" means the governmental entity 

having the designated lead responsibility to implement response action under the 

National Contingency Plan ("NCP"), 40 C.F.R. Part 300.  U.S. EPA or a state agency 
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acting pursuant to a contract or cooperative agreement executed under CERCLA 

section 104(d)(1), 42 U.S.C. 9604(d)(1), or designated pursuant to a CERCLA 

Memorandum of Agreement entered into under subpart F of the NCP (40 C.F.R. 

300.505) may be designated CERCLA Lead Agency. 

  

2.06 Environmental Restrictions. “Environmental Restrictions” means all protective 

provisions, covenants, restrictions, prohibitions, and terms and conditions as set forth in 

any section of this Covenant. 

 

2.07 Improvements. “Improvements” include, but are not limited to: buildings, 

structures, roads, driveways, improved parking areas, wells, pipelines, or other utilities. 

 

2.08 Lease.  “Lease” means lease, rental agreement, or any other document that 

creates a right to use or occupy any portion of the Property. 

 

2.09 Remedial Systems.  “Remedial Systems” shall mean the remedial equipment and 

systems located on the Property, including the soil vapor extraction and treatment, and 

groundwater extraction and treatment systems located at the Property and shown in 

Exhibit E. 

 

ARTICLE III 

GENERAL PROVISIONS 

 

3.01. Restrictions to Run with the Land.  This Covenant sets forth Environmental 

Restrictions, that apply to and encumber the Property and every portion thereof no 

matter how it is improved, held, used, occupied, leased, sold, hypothecated, 

encumbered, and/or conveyed.  This Covenant: (a) Runs with the land pursuant to 

Health and Safety Code section 25355.5(a) and Civil Code section 1471; (b) Inures to 

the benefit of and passes with each and every portion of the Property; (c) Is for the 

benefit of, and is enforceable by the Department; and (d) Is imposed upon the entire 

Property unless expressly stated as applicable only to a specific portion thereof. 
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3.02. Binding upon Owners/Occupants.  Pursuant to the Health and Safety Code, this 

Covenant binds all Owners and Occupants of the Property.  Pursuant to Civil Code 

section 1471, all successive owners of the Property are expressly bound hereby for the 

benefit of the Department.   

 

3.03. Incorporation into Deeds and Leases.  The Covenant and its Environmental 

Restrictions shall be incorporated by reference in each and every deed and lease for 

any portion of the Property.   

 

3.05.  Conveyance of Property.  The Owner shall provide notice to the Department not 

later than thirty (30) days after any conveyance of any ownership interest in the 

Property (excluding mortgages, liens, and other non-possessory encumbrances). The 

written notice shall include the name and mailing address of the new owner of the 

Property and shall reference DTSC site code 100111.  The notice shall also include the 

Assessor’s Parcel Number ("APN") listed in Section 1.01.  If the new owner’s property 

has been assigned a different APN, each such APN that covers the Property must be 

provided. The Department shall not, by reason of this Covenant, have authority to 

approve, disapprove, or otherwise affect proposed conveyance, except as otherwise 

provided by law or by administrative order. 

 

ARTICLE IV 

RESTRICTIONS 

 

4.01.  Prohibited Uses.  The Property shall not be used for any of the following 

purposes: 

 (a) A residence, including any mobile home or factory built housing, constructed or 

installed for use as residential human habitation. 

(b) A hospital for humans. 

(c) A public or private school for persons under 21 years of age. 

(d) A day care center for children. 

(e)  A long-term care facility for the elderly, handicapped, or infirm. 

(f) Any other purpose involving residential occupancy on a 24-hour basis. 
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4.02. Soil Management.  Any contaminated soils or contaminated materials brought to 

the surface by grading, excavation, trenching or backfilling shall be managed in 

accordance with all applicable provisions of State and federal law.  Such soils and 

materials shall not be removed from the Property without a Soil Management Plan 

approved by the Department.  

 

4.03. Prohibited Activities.  Unless a change is authorized pursuant to Article VI of this 

Covenant, the following activities are specifically prohibited without prior written 

approval from the CERCLA Lead Agency: 

(a) Drilling for drinking water, oil, or gas. 

(b) Extraction of groundwater for purposes or uses other than site remediation.  

(c) Alteration of existing drainage patterns as anticipated or constructed as part of 

the Remedial System.  

(d) Creation of significant topographic low areas where water may pond, including 

accessory structures, swimming pools and spas.  

 

4.04. Non-Interference with Remedial Systems.   

 

(a) The Owner and Occupant shall not participate in or allow any activity that would 

interfere with the operation of the Remedial Systems or other Site-wide response 

activities at the Property without prior written approval from the CERCLA Lead 

Agency, such approval not to be unreasonably withheld. 

(b) All uses and development of the Property shall preserve the integrity of the 

Remedial Systems or other Site-wide response activities. 

(c) Owner shall provide a copy of this Covenant to all easement holders for all or any 

portion of the Property.     

 

4.05. Access for the Department and U.S. EPA.  The Department shall have 

reasonable right of entry and access to the Property for inspection, monitoring, and 

other activities for the Remedial Systems on the Property consistent with the purposes 

of this Covenant as deemed necessary by the Department in order to protect the public 

health or safety, or the environment.  Nothing in this instrument shall limit or otherwise 

affect U.S. EPA’s right of entry and access, or U.S. EPA's authority to take response 
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actions, under CERCLA; the National Contingency Plan, 40 Code of Federal 

Regulations Part 300 (1997) and its successor provisions; or federal law. Nothing in this 

instrument shall limit or otherwise effect the Department’s right of entry and access, or 

authority to take response actions, under CERCLA; the National Contingency Plan, 40 

Code of Federal Regulations Part 300 (1997) and its successor provisions; Chapter 6.8, 

Division 20 of the California Health and Safety Code; California Civil Code, or other 

applicable State Law.     

 

4.06 Access for Implementing Operation and Maintenance.  The entity, person or 

persons responsible for implementing the operation and maintenance activities related 

to the Remedial Systems shall have reasonable right of entry and access to the 

Property for the purpose of implementing these operation and maintenance activities.  

Such right of entry and access shall continue until such time as the CERCLA Lead 

Agency determines that such activities are no longer required.  

 

4.07  Inspection and Reporting Requirements.  The Owner shall conduct an annual 

inspection and submit an Annual Inspection Report to the Department for its approval 

by January 15th of each year. The annual report shall describe how all requirements 

outlined in this Covenant have been met. The annual report, filed under penalty of 

perjury, shall certify that the Property is being used in a manner consistent with this 

Covenant. The annual report must include the dates, times, and names of those who 

conducted and reviewed the annual inspection report. It also shall describe how the 

observations were performed that were the basis for the statements and conclusions in 

the annual report (e.g., drive by, fly over, walk in, etc.) If violations are noted, the annual 

report must detail the steps taken to return to compliance.  If the Owner identifies any 

violations of this Covenant during the annual inspections or at any other time, the 

Owner must, within ten (10) days of identifying the violation: determine the identity of 

the party in violation; send a letter advising the party of the violation of the Covenant; 

and demand that the violation cease immediately. Additionally, copies of any 

correspondence related to the enforcement of this covenant shall be sent to the 

Department and U.S. EPA within ten (10) days of its original transmission. 
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ARTICLE V 

ENFORCEMENT 

 

5.01. Enforcement.  Failure of the Covenantor, Owner or Occupant to comply with this 

Covenant shall be grounds for the Department to require modification or removal of any 

Improvements constructed or placed upon any portion of the Property in violation of this 

Covenant.  Violation of this Covenant, including but not limited to, failure to submit, or 

the submission of any false statement, record or report to the Department shall be 

grounds for the Department to pursue administrative, civil or criminal actions. 

 

5.02   Enforcement Rights of U.S. EPA as a Third Party Beneficiary.  U.S. EPA, as a 

third party beneficiary, has the right to enforce the Environmental Restrictions contained 

herein.   

 

ARTICLE VI 

VARIANCE, TERMINATION, AND TERM 

 

6.01. Variance.  Owner, or any other aggrieved person, may apply to the Department 

for a written variance from the provisions of this Covenant.  Such application shall be 

made in accordance with Health and Safety Code section 25233 and a copy of the 

application shall be submitted to U.S. EPA simultaneously with the application 

submitted to the Department.  No variance may be granted under this paragraph without 

prior notice to and an opportunity to comment by U.S. EPA.   

 

6.02 Termination.  Owner, or any other aggrieved person, may apply to the 

Department for a termination or modification of one or more terms of this Covenant as 

they apply to all or any portion of the Property.  Such application shall be made in 

accordance with Health and Safety Code section 25234 and a copy of the application 

shall be submitted to U.S. EPA simultaneously with the application submitted to the 

Department.  No termination may be granted under this paragraph without prior notice 

to and opportunity to comment by U.S. EPA. 
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6.03 Term.  Unless ended in accordance with paragraph 6.02, by law, or by the 

Department in the exercise of its discretion, after providing notice to and an opportunity 

to comment by U.S. EPA, this Covenant shall continue in effect in perpetuity. 

 

ARTICLE VII 

MISCELLANEOUS 

 

7.01. No Dedication or Taking Intended.  Nothing set forth in this Covenant shall be 

construed to be a gift or dedication, or offer of a gift or dedication, of the Property, or 

any portion thereof to the general public or anyone else for any purpose whatsoever.  

Further, nothing in this Covenant shall be construed to effect a taking under State or 

federal law. 

 

7.02. Notices.  Whenever any person gives or serves any Notice ("Notice" as used 

herein includes any demand or other communication with respect to this Covenant), 

each such Notice shall be in writing and shall be deemed effective:  (1) when delivered, 

if personally delivered to the person being served or to an officer of a corporate party 

being served, or (2) three (3) business days after deposit in the mail, if mailed by United 

States mail, postage paid, certified, return receipt requested: 

 

 To Owners:  Stephen C. Lyon, Suzanne S. Lyon,   
    Russell R. Tonda and Diane M. Tonda   
    939 & 941 McHenry Street     

   Modesto, California 95350-5416  
 
   and 
 

 Stephen and Suzanne Lyon 
 424 Liberty Street 
 San Francisco CA 94114-2949 
 
 and 
 
    Russell and Diane Tonda 
    9760 Rimrock Circle 
    Loomis, CA  95650-7117 
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To Department:  __________________, Chief 

Northern California-Central Cleanup Operations Branch 

Site Mitigation and Brownfield Reuse Program 

California Department of Toxic Substances Control 

    8800 Cal Center Drive 

    Sacramento CA 95826-3200 

 
To the U.S. EPA: U.S. Environmental Protection Agency 

Region IX 
Attention:  Marie Lacey  
75 Hawthorne Street  
San Francisco, CA  94105-3901 

 

Any party may change its address or the individual to whose attention a Notice is to be 

sent by giving written Notice in compliance with this paragraph. 

 

7.03. Partial Invalidity.  If this Covenant or any of its terms are determined by a court of 

competent jurisdiction to be invalid for any reason, the surviving portions of this 

Covenant, or the application of it to any person or circumstance, shall remain in full 

force and effect as if such portion found invalid had not been included herein. 

 

7.04. Statutory and Regulatory References.  All statutory and regulatory references 

include successor provisions. 

 

7.05. Incorporation of Attachments.  All attachments and exhibits to this Covenant are 

incorporated herein by reference.   

 

 7.06. California Law.  This Covenant shall be governed, performed and interpreted 

under the laws of the State of California.   

 

7.07. No Delegation.  Nothing set forth in this Covenant shall be construed to be a 

delegation of any authorities of DTSC under any statute or regulation.   
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IN WITNESS WHEREOF, the Parties execute this Covenant. 

 

Covenantors, Stephen C. Lyon, Suzanne S. Lyon, Russell R. Tonda and Diane M. 
Tonda :  
 

By:         Date:      
         Stephen C. Lyon 
 
By:         Date:      
         Suzanne S. Lyon 
 
By:         Date:      
         Russell R. Tonda 
 
By:         Date:      
        Diane M. Tonda 
 
 
 
Department of Toxic Substances Control 
 
 
 
By:         Date:      
 
________________________, Chief 
Department of Toxic Substances Control 
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State of California 

County of _________ 

  

On ________________________ before me,  

 

(Here insert name and title of the officer/notary),  

Personally appeared_______________________________________________ 

______________________________________________________________________

__________________________________________________________, personally 

known to me (or proved to me on the basis of satisfactory evidence) to be the person(s) 

whose name(s) is/are subscribed to the within instrument and acknowledged to me that 

he/she/they executed the same in his/her/their authorized capacity(ies), and that by 

his/her/their signature(s) on the instrument the person(s), or the entity upon behalf of 

which the person(s) acted, executed the instrument. 

WITNESS my hand and official seal.  

 

 

Signature __________________________________ (Seal) 
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State of California 

County of _________ 

  

On ________________________ before me,  

 

(here insert name and title of the officer/notary),  

Personally appeared_______________________________________________ 

______________________________________________________________________

__________________________________________________________, personally 

known to me (or proved to me on the basis of satisfactory evidence) to be the person(s) 

whose name(s) is/are subscribed to the within instrument and acknowledged to me that 

he/she/they executed the same in his/her/their authorized capacity(ies), and that by 

his/her/their signature(s) on the instrument the person(s), or the entity upon behalf of 

which the person(s) acted, executed the instrument. 

WITNESS my hand and official seal.  

 

 

Signature __________________________________ (Seal) 
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EXHIBITS 

 
A – Legal Property Description 
 
B – Assessor’s Map 

 
C –  Baseline Human Health Risk Assessment, Modesto Groundwater Contamination 
Site, Modesto, California, May 1994, prepared for EPA by Ecology & Environment, Inc.  
 
D –  Baseline Human Health Risk Assessment (Revision 1), Modesto Groundwater 
Contamination Site, Modesto, California, July 1997, prepared for EPA by Ecology & 
Environment, Inc. 
 
E – Diagram of SVE and Groundwater Treatment Systems at the Property 
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Exhibit A 
Legal Property Description 

Property Subject to Environmental Restriction  
 
Lot 2 of the FALK TRACT, as per Map filed July 5, 1939, in Vol. 11 of Maps, page 62, 
Stanislaus County Records, EXCEPTING THEREFROM the East 18 feet thereof. 
 
(Stanislaus County Assessor Parcel 113-006-036)  
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Exhibit B 
Assessor’s Parcel Map of 

Property Subject to Environmental Restriction 
 

Note:  The dimensions found in the current County Assessor Map reflect the correct 
legal description of the parcel, including the exception of the eastern 18 feet of the 
parcel in the 1939 FALK TRACT map. 
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Exhibit C 
(Baseline Human Health Risk Assessment, 
Modesto Groundwater Contamination Site,  

Modesto, California, May 1994)  
 

to 
 

Appendix C 
(Land Use Covenant) 

 
 

to  
 
 

Consent Decree Pertaining to Defendants 
Lyons and Tondas 
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EXECUTIVE SUMMARY

Ecology and Environment, Inc. (E & E), and the U.S. Environmental Protection

Agency (EPA) conducted a Remedial Investigation/Feasibility Study (RI/FS) at the Modesto

Groundwater Contamination Site, a Superfund site in Modesto, California. As an attachment

to the FS report, this report describes the risk assessment that evaluated the human health

risks from volatile organic compounds (VOCs), primarily per- or tetrachloroethylene (PCE),

in site groundwater and soil gas. The residential groundwater ingestion and inhalation of

indoor air exposure pathways were evaluated for current and future land use scenarios using

soil gas and groundwater data collected during the RI. The inhalation exposure to ambient

indoor air was estimated from the soil gas data using an EPA-approved model (1992b). The

inhalation of volatile chemicals released during routine household water use (e.g., showering

and dish washing) was also evaluated. For the current land use scenarios, risks were

estimated for exposure to treated and untreated Municipal Well 11 drinking water. The future

land use scenario assumed ingestion of untreated site groundwater from a "hot spot" near

Halford's Cleaners. Average and reasonable maximum exposures (RMEs) were calculated to

assess carcinogenic and noncarcinogenic risks.

In conducting the risk assessment, conservative upper-bound exposure values

developed by EPA were used to calculate the "theoretical excess cancer risk." The theoretical

excess cancer risk is an estimation of the probability of developing cancer over and above the

normal background incidence of cancer. A number of assumptions were made in the risk

assessment that were designed to err on the side of health protection in order to avoid

underestimating the risk to the public. Moreover, the chemical concentrations used to

estimate the increased individual carcinogenic risk assumed that continuous exposure occurs

over a 30-year period; therefore, the actual probability of cancer is likely to be much lower

than the estimates and may even be as low as zero (EPA 1989a).
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EXECUTIVE SUMMARY 

Ecology and Environment, Inc. (E & E), and the U.S. Environmental Protection 

Agency (EPA) conducted a Remedial Investigation/Feasibility Study (RIIFS) at the Modesto 

Groundwater Contamination Site, a Superfund site in Modesto, California. As an attachment 

to the FS report, this report describes the risk assessment that evaluated the human health 

risks from volatile organic compounds (VOCs), primarily per- or tetrachloroethylene (PCE), 

in site groundwater and soil gas. The residential groundwater ingestion and inhalation of 

indoor air exposure pathways were evaluated for current and future land use scenarios using 

soil gas and groundwater data collected during the RI. The inhalation exposure to ambient 

indoor air was estimated from the soil gas data using an EPA-approved model (l992b). The 

inhalation of volatile chemicals released during routine household water use (e.g., showering 

and dish washing) was also evaluated. For the current land use scenarios, risks were 

estimated for exposure to treated and untreated Municipal Well 11 drinking water. The future 

land use scenario assumed ingestion of untreated site groundwater from a "hot spot" near 

Halford's Cleaners. Average and reasonable maximum exposures (RMEs) were calculated to 

assess carcinogenic and noncarcinogenic risks. 

In conducting the risk assessment, conservative upper-bound exposure values 

developed by EPA were used to calculate the "theoretical excess cancer risk." The theoretical 

excess cancer risk is an estimation of the probability of developing cancer over and above the 

normal background incidence of cancer. A number of assumptions were made in the risk 

assessment that were designed to err on the side of health protection in order to avoid 

underestimating the risk to the public. Moreover, the chemical concentrations used to 

estimate the increased individual carcinogenic risk assumed that continuous exposure occurs 

over a 30-year period; therefore, the actual probability of cancer is likely to be much lower 

than the estimates and may even be as low as zero (EPA 1989a). 
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As shown in the table below, current carcinogenic risks range from 1 x 10"* to 4 x 10~5

while hazard indices range from 0.5 to 1; under future land use conditions, carcinogenic risks

range from 4 x ICT2 to 5 x 10"' while hazard indices range from 4 to 46. The groundwater

ingestion and inhalation pathways contribute the greatest risk.

SUMMARY OF ESTIMATED RISK VALUES:
RISK BY PATHWAY AND EXPOSURE SCENARIO

Pathway
Hazard Index

RME
Hazard Index

Average
Cancer Risk

RME
Cancer Risk

Average

Current Scenario: Assumes treated Well 11 groundwater use"

Indoor Air:
Inhalation of Soil
Gas

Drinking Water:
Ingestion and
Inhalation

Total Risk

1

9 x 107

1

0.5

4 x If/7

0.5

1 x lO'5

I x 1C'8

1 x 10s

1 x 10-*

5 x 10-'

1 x 10-1

Current Scenario: Assumes untreated Well 11 groundwater useb

Indoor Air:
Inhalation of Soil
Gas

Drinking Water:
Ingestion and
Inhalation

Total Risk

1

2 x Id'3

1

0.5

2 x 10-4

0.5

1 x lO'3

3 x ID'3

4x 10-5

1 x 10'6

3 x ID'6

4x 10*

Future Scenario: Assumes onsite groundwater use at a hot spot near HalfordV

Indoor Air:
Inhalation of Soil
Gas

Drinking Water:
Ingestion and
Inhalation

Total Risk

1

45

46

0.5

3

4

1 x lO'5

5 x 10-'

5 x 10-'

1 x 10-6

4 x 10'2

4 x 10'2

RME = Reasonable Maximum Exposure
Average = Average of typical exposure parameters
a. Risk values derived from PCE concentrations of 0.60 and 0.47 fig/L for RME and average, respectively.
b. Risk values derived from PCE concentrations of 30.4 and 10.3 ng/L for RME and average, respectively.
c. Risk values derived from PCE concentrations of 4,200 and 1,239 jig/L for RME and average, respectively.

09:wpuz ZS507I D004I MODESTO RISK-05/13/94-DI VII

Case 1:07-cv-00491-LJO -MJS   Document 469-1    Filed 01/28/11   Page 57 of 190

As shown in the table below, current carcinogenic risks range from 1 x lO"6 to 4 X 10-5 

while hazard indices range from 0.5 to 1; under future land use conditions, carcinogenic risks 

range from 4 x lO-2 to 5 X lO-1 while hazard indices range from 4 to 46. The groundwater 

ingestion and inhalation pathways contribute the greatest risk. 

SUMMARY OF ESTIMATED RISK VALUES: 
RISK BY PATHWAY AND EXPOSURE SCENARIO 

Hazard Index Hazard Index Cancer Risk Cancer Risk 
Pathway RME Average RME Average 

Current Scenario: Asswnes treated Well 11 groundwater use& 

Indoor Air: 1 0.5 1 x 10-5 1 X 10-6 

Inhalation of Soil 
Gas 

Drinking Water: 9 x 10-7 4 X 10-7 1 X 10-8 5 X 10-9 

Ingestion and 
Inhalation 

Total Risk 1 0.5 1 x 10-5 1 x 10""' 

Current Scenario: Asswnes untreated Well 11 groundwater useb 

Indoor Air: 1 0.5 1 x W-5 1 X 10-6 

Inhalation of Soil 
Gas 

Drinking Water: 2 x W-3 2 X 10-4 3 X 10-5 3 X 10-6 

Ingestion and 
Inhalation 

Total Risk 1 0.5 4 x 10-5 4 x 10""' 

Future Scenario: Asswnes onsite groundwater use at a hot spot near Halford's" 

Indoor Air: I 0.5 1 x 10.5 1 X 10.6 

Inhalation of Soil 
Gas 

Drinking Water: 45 3 5 x 10.1 4 X W- 2 

Ingestion and 
Inhalation 

Total Risk 46 4 5 X 10-1 4 X 10-2 

RME = Reasonable Maximum Exposure 
Average = Average of typical exposure parameters 
a. Risk values derived from peE concentrations of 0.60 and 0.47 "giL for RME and average, respectively. 
b. Risk values derived from peE concentrations of 30.4 and 10.3 "giL for RME and average, respectively. 
c. Risk values derived from peE concentrations of 4.200 ond 1.239 "giL for RME and average. respectively. 
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EPA has adopted the policy that acceptable exposures to known or suspected

carcinogens fall within an excess upper-bound lifetime cancer risk of between one in 10,000

(10") and one in a million (10"6) (EPA 1991a). In this risk assessment, the inhalation and

drinking water risks associated with current land use scenarios were within acceptable risk

levels; however, the risks associated with a future exposure scenario, which assumed

consumption of untreated site groundwater at the hot spot, were above the currently

acceptable standards (EPA 199la).

In summary, this risk assessment found that current risk levels are within EPA's

acceptable levels; however, for the hypothetical future scenario in which an individual ingests

untreated groundwater directly from the hot spot, the risks were found to be outside EPA's

acceptable levels. To safeguard against such a scenario, EPA will be implementing

institutional controls that will prohibit groundwater usage at this site.
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EPA has adopted the policy that acceptable exposures to known or suspected 

carcinogens fall within an excess upper-bound lifetime cancer risk of between one in 10,000 

(10-4) and one in a million (10-6
) (EPA 1991a). In this risk assessment, the inhalation and 

drinking water risks associated with current land use scenarios were within acceptable risk 

levels; however, the risks associated with a future exposure scenario, which assumed 

consumption of untreated site groundwater at the hot spot, were above the currently 

acceptable standards (EPA 1991a). 

In summary, this risk assessment found that current risk levels are within EPA's 

acceptable levels; however, for the hypothetical future scenario in which an individual ingests 

untreated groundwater directly from the hot spot, the risks were found to be outside EPA's 

acceptable levels. To safeguard against such a scenario, EPA will be implementing 

institutional controls that will prohibit groundwater usage at this site. 
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1. INTRODUCTION

Ecology and Environment, Inc. (E & E), was tasked by the U.S. Environmental

Protection Agency (EPA) to assess public health risks from volatile organic compounds

(VOCs) in groundwater at the Modesto Groundwater Contamination Site, a Superfund site in

Modesto, California. E & E and EPA conducted the remedial investigation (RI) and

feasibility study (FS); this risk assessment report is an attachment to the FS report. This

baseline risk assessment was conducted by E & E under Work Assignment 20-15-9LJ4 issued

under EPA Region IX/X Superfund Alternative Remedial Contracts Strategy (ARCS) Contract

68-W9-0020.

The Modesto Groundwater Contamination Site was placed on the National Priorities

List on March 31, 1989. The site includes Municipal Well 11 (Well 11), which has been

found to contain per- or tetrachloroethylene (PCE) above the federal and state maximum

contaminant level (MCL) of 5.0 parts per billion (ppb). This introduction describes the

physical setting of the site and summarizes the investigations and groundwater treatment to

date. Additional background information can be found in the RI and FS reports (E & E

1993a,b; 1994).

1.1 BACKGROUND

1.1.1 Site Description

Modesto is in Stanislaus County in the San Joaquin Valley approximately four miles

south of the Stanislaus River and five miles west of the Tuolumne River. The city

encompasses approximately 12 square miles and has a population of approximately 170,000.

Major industries include canneries, wineries, and dairy, meat, poultry, and frozen food

processing plants.

The climate is characterized by hot, dry summers and mild winters. The mean annual

precipitation is 12 inches with 87 percent occurring between October and May. Groundwater

09:wpuz ZS607I D0041JHODEyTO_RlSK-05/l3/94-DI 1-1
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1. INTRODUCTION 

Ecology and Environment, Inc. (E & E), was tasked by the U.S. Environmental 

Protection Agency (EPA) to assess public health risks from volatile organic compounds 

(VOCs) in groundwater at the Modesto Groundwater Contamination Site, a Superfund site in 

Modesto, California. E & E and EPA conducted the remedial investigation (RI) and 

feasibility study (FS); this risk assessment report is an attachment to the FS report. This 

baseline risk assessment was conducted by E & E under Work Assignment 20-15-9U4 issued 

under EPA Region IX/X Superfund Alternative Remedial Contracts Strategy (ARCS) Contract 

68-W9-0020. 

The Modesto Groundwater Contamination Site was placed on the National Priorities 

List on March 31, 1989. The site includes Municipal Well 11 (Well 11), which has been 

found to contain per- or tetrachloroethylene (PCE) above the federal and state maximum 

contaminant level (MCL) of 5.0 parts per billion (Ppb). This introduction describes the 

physical setting of the site and summarizes the investigations and groundwater treatment to 

date. Additional background information can be found in the RI and FS reports (E & E 

1993a,b; 1994). 

1.1 BACKGROUND 

1.1.1 Site Description 

Modesto is in Stanislaus County in the San Joaquin Valley approximately four miles 

south of the Stanislaus River and five miles west of the Tuolumne River. The city 

encompasses approximately 12 square miles and has a population of approximately 170,000. 

Major industries include canneries, wineries, and dairy, meat, poultry, and frozen food 

processing plants. 

The climate is characterized by hot, dry summers and mild winters. The mean annual 

precipitation is 12 inches with 87 percent occurring between October and May. Groundwater 
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is the primary source of water for municipal, industrial, and agricultural use in Modesto.

Water supplies include 49 wells owned by the City of Modesto, 62 wells owned by the Del

Este Water Company, and numerous private domestic wells.

Figure 1-1 shows the site location and facilities. The RI study area was at an

approximate elevation of 90 feet above mean sea level (MSL). The site and vicinity are

nearly flat with a gentle slope to the west at a gradient of approximately 0.001.

1.1.2 Site Investigations

The City of Modesto regularly tests the water from Well 11 for PCE and other

contaminants of concern to ensure that drinking water standards are met. PCE was initially

detected in Well 11 in September 1984 at 16.7 ppb, which is above the federal and state MCL

of 5 ppb. Well 11 was one of 12 wells initially sampled in Modesto under provisions of

California Assembly Bill (AB) 1803. Within a few weeks after contamination was detected in

Well 11, local regulatory agency representatives raised the possibility that Haltbrd's Cleaners

at 941 McHenry Avenue was the source of PCE contamination. Haltbrd's was suspected

because of its proximity to Well 11 (approximately 1,000 feet southeast) and the likely use of

PCE at a drycleaning facility. A timeline of various activities at Well 11 is shown in Figure

1-2.

In April 1985, the Stanislaus County Department of Environmental Resources

conducted a groundwater investigation in the immediate vicinity of Halford's. An inactive air

conditioning well at the Elks Lodge, approximately 100 feet northwest of Halford's, contained

PCE at 84.6 ppb. Following the groundwater investigation, the county collected soil samples

at Halford's near a drycleaning machine. The results revealed a maximum PCE soil

concentration of 176,000 ppb.

After being deactivated in 1984 when PCE contamination was initially detected, Well

11 was reactivated in April 1987, six months after monitoring indicated no detectable levels of

PCE or other chlorinated solvents. In February 1989, Well 11 was again taken out of service

after PCE was detected at 8.28 ppb in December 1989. The well remained out of service

until a wellhead granular activated carbon (GAC) treatment system was installed by the City

of Modesto in May 1991. Well 11 was returned to service in June 1991 and is currently

operating.

In August 1985, the City of Modesto collected sludge and sediment samples from

sewer lines north and south of Halford's. A maximum PCE concentration in sludge of 1,360
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is the primary source of water for municipal, industrial, and agricultural use in Modesto. 

Water supplies include 49 wells owned by the City of Modesto, 62 wells owned by the Del 

Este Water Company, and numerous private domestic wells. 

Figure 1-1 shows the site location and facilities. The RI study area was at an 

approximate elevation of 90 feet above mean sea level (MSL). The site and vicinity are 

nearly flat with a gentle slope to the west at a gradient of approximately 0.001. 

1.1.2 Site Investigations 

The City of Modesto regularly tests the water from Well 11 for PCE and other 

contaminants of concern to ensure that drinking water standards are met. PCE was initially 

detected in Well 11 in September 1984 at 16.7 ppb, which is above the federal and state MCL 

of 5 ppb. Well 11 was one of 12 wells initially sampled in Modesto under provisions of 

California Assembly Bill (AB) 1803. Within a few weeks after contamination was detected in 

Well 11, local regulatory agency representatives raised the possibility that Halford's Cleaners 

at 941 McHenry Avenue was the source of PCE contamination. Halford's was suspected 

because of its proximity to Well 11 (approximately 1,000 feet southeast) and the likely use of 

PCE at a drycleaning facility. A timeline of various activities at Well II is shown in Figure 

1-2. 

In April 1985, the Stanislaus County Department of Environmental Resources 

conducted a groundwater investigation in the immediate vicinity of Halford's. An inactive air 

conditioning well at the Elks Lodge, approximately 100 feet northwest of Halford's, contained 

PCE at 84.6 ppb. Following the groundwater investigation, the county collected soil samples 

at Halford's near a drycleaning machine. The results revealed a maximum PCE soil 

concentration of 176,000 ppb. 

After being deactivated in 1984 when PCE contamination was initially detected, Well 

11 was reactivated in April 1987, six months after monitoring indicated no detectable levels of 

PCE or other chlorinated solvents. In February 1989, Well 11 was again taken out of servi.:e 

after PCE was detected at 8.28 ppb in December 1989. The well remained out of service 

until a wellhead granular activated carbon (GAC) treatment system was installed by the City 

of Modesto in May 1991. Well 11 was returned to service in June 1991 and is currently 

operating. 

In August 1985, the City of Modesto collected sludge and sediment samples from 

sewer lines north and south of Halford's. A maximum PCE concentration in sludge of 1,360 
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ppb was found in the main sewer line immediately downgradient from Halford's service

connection.

In 1987, Radian Corporation, under contract to the California Department of Health

Services (DHS), conducted an investigation of potential groundwater contaminant sources in

Modesto. The objectives of the Radian investigation were to:

• Identify the businesses that potentially use PCE and could be associated
with contamination found in 10 Modesto domestic water supply wells.

• Evaluate potential health risks associated with the drinking water
ingestion.

• Develop a list of remedial alternatives.

The results indicated that 106 businesses warranted further investigation as potential

contaminant sources. A followup evaluation eliminated 73 businesses from the list, leaving

34 businesses considered for soil gas sampling.

In December 1989, as EPA's Technical Assistance Team (TAT) contractor, E & E

collected soil and soil gas samples in the vicinity of Halford's. The results showed PCE at a

maximum of 6,050 parts per million (ppm) in the soil near the northwest corner of the

Halford's building and an elevated PCE concentration of 1,965 ppm in soil gas adjacent to the

automobile dealership immediately south of Halford's. Both the soil and soil gas data

suggested decreasing PCE concentrations at increasing distances from Halford's.

A second TAT investigation was conducted in July 1990 and consisted of:

• Drilling and sampling of six boreholes in the vicinity of Halford's.

• Video monitoring of the nearby Elks Lodge well to determine whether
it could be acting as a conduit for the downward migration of
contaminants.

• Sampling of the Elks Lodge well.

The highest PCE concentration in soil (21,000 ppb) was detected within 5 feet of the surface

of the borehole closest to Halford's, approximately 1,000 feet southeast of Well 11 (Figure

1-1). Water sample results from the Elks Lodge well indicated PCE at 73 ppb although

information from the video monitoring was inconclusive.

In March and April of 1990, the Regional Water Quality Control Board (RWQCB)

conducted a second soil gas investigation to delineate potential contaminant plumes associated
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ppb was found in the main sewer line immediately downgradient from Halford's service 

connection. 

In 1987, Radian Corporation, under contract to the California Department of Health 

Services (DHS), conducted an investigation of potential groundwater contaminant sources in 

Modesto. The objectives of the Radian investigation were to: 

• Identify the businesses that potentially use PCE and could be associated 
with contamination found in 10 Modesto domestic water supply wells. 

• Evaluate potential health risks associated with the drinking water 
ingestion. 

• Develop a list of remedial alternatives. 

The results indicated that 106 businesses warranted further investigation as potential 

contaminant sources. A followup evaluation eliminated 73 businesses from the list, leaving 

34 businesses considered for soil gas sampling. 

In December 1989, as EPA's Technical Assistance Team (fAT) contractor, E & E 

collected soil and soil gas samples in the vicinity of Halford's. The results showed PCE at a 

maximum of 6,050 parts per million (ppm) in the soil near the northwest corner of the 

Halford's building and an elevated PCE concentration of 1,965 ppm in soil gas adjacent to the 

automobile dealership immediately south of Halford's. Both the soil and soil gas data 

suggested decreasing PCE concentrations at increasing distances from Halford's. 

A second TAT investigation was conducted in July 1990 and consisted of: 

• Drilling and sampling of six boreholes in the vicinity of Halford's. 

• Video monitoring of the nearby Elks Lodge well to determine whether 
it could be acting as a conduit for the downward migration of 
contaminants. 

• Sampling of the Elks Lodge well. 

The highest PCE concentration in soil (21,000 ppb) was detected within 5 feet of the surface 

of the borehole closest to Halford's, approximately 1,000 fe~t southeast of Well 11 (Figure 

1-1). Water sample results from the Elks Lodge well indicated PCE at 73 ppb although 

information from the video monitoring was inconclusive. 

In March and April of 1990, the Regional Water Quality Control Board (RWQCB) 

conducted a second soil gas investigation to delineate potential contaminant plumes associated 
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with the City of Modesto's Wells 11, 14, and 21 (Well 21 is not on Figure 1). The results

indicated that the "Halford's Plume" just west of McHenry Avenue and south of Roseburg

Avenue is most likely affecting Well 11. The southern portion of this plume coincides with

the city sewer line, indicating that PCE discharges to the sewer line may be a source of the

contamination. Halford's is also a likely source of this plume. Another plume, the "Village

Plume," may also be impacting Well 11 according to the RWQCB results although the source

is likely to be another drycleaner upgradient from Well 11. The Village Plume reportedly

originates at McHenry Village Mall, extends west along Grange Avenue, and migrates

southwest near the Doctors' Hospital Medical Complex.

On September 25, 1990, the EPA Emergency Response Section issued a Removal

Order to the potential responsible parties (PRPs) for soil remediation at Halford's. Halford's

installed a soil vapor extraction system in compliance with the Removal Order. E & E

conducted Phase I and II RIs at the site to determine the chemicals of concern and locate PCE

hot spots. The Phase I investigation consisted of conducting a soil gas survey, installing four

monitoring wells, sampling and analyzing subsurface soils, testing groundwater from the

monitoring wells and Well 11, and conducting an aquifer pump test. The Phase II

investigation was designed to support this risk assessment by defining the horizontal and

vertical extent of the PCE soil gas contamination identified in the Phase I RI. Both biased

and random sampling methods to characterize the PCE contamination, and additional

groundwater samples were collected and analyzed (E & E 1993a,b).

1.1.3 Groundwater Treatment System at Municipal Well 11

Well 11 is located at the corner of Magnolia and Mensinger avenues and is owned and

operated by the City of Modesto. This well is part of the system that supplies potable water

to over 150,000 residents. As reported in AB 1803, Well 11 (State Number 3S/9E-20J1) was

installed in 1936 and has a capacity of 1,150 gallons per minute (gpm) and a well casing

depth of 116 feet.

As discussed in Section 1.1.2, Well 11 has a history of off-line use since 1984. Since

the installation of the GAC treatment system, Well 11 has not gone off line. Both treated

(effluent) and untreated (influent) groundwater are regularly analyzed for VOCs.

1.2 SCOPE OF THE RISK ASSESSMENT

This baseline risk assessment evaluated the potential human health risk from VOCs

identified in groundwater at the Modesto Groundwater Contamination Site. The preliminary
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with the City of Modesto's Wells 11, 14, and 21 (Well 21 is not on Figure 1). The results 

indicated that the "Halford's Plume" just west of McHenry Avenue and south of Roseburg 

Avenue is most likely affecting Well 11. The southern portion of this plume coincides with 

the city sewer line, indicating that PCE discharges to the sewer line may be a source of the 

contamination. Halford's is also a likely source of this plume. Another plume, the "Village 

Plume," may also be impacting Well 11 according to the RWQCB results although the source 

is likely to be another drycleaner upgradient from Well 11. The Village Plume reportedly 

originates at McHenry Village Mall, extends west along Grange Avenue, and migrates 

southwest near the Doctors' Hospital Medical Complex. 

On September 25, 1990, the EPA Emergency Response Section issued a Removal 

Order to the potential responsible parties (PRPs) for soil remediation at Halford's. Halford's 

installed a soil vapor extraction system in compliance with the Removal Order. E & E 

conducted Phase I and II RIs at the site to determine the chemicals of concern and locate PCE 

hot spots. The Phase I investigation consisted of conducting a soil gas survey, installing four 

monitoring wells, sampling and analyzing subsurface soils, testing groundwater from the 

monitoring wells and Well 11, and conducting an aquifer pump test. The Phase II 

investigation was designed to support this risk assessment by defining the horizontal and 

vertical extent of the PCE soil gas contamination identified in the Phase I RI. Both biased 

and random sampling methods to characterize the PCE contamination, and additional 

groundwater samples were collected and analyzed (E & E 1993a,b). 

1.1.3 Groundwater Treatment System at Municipal Well 11 

Well 11 is located at the corner of Magnolia and Mensinger avenues and is owned and 

operated by the City of Modesto. This well is part of the system that supplies potable water 

to over 150,000 residents. As reported in AB 1803, Well 11 (State Number 3S/9E-2OJI) was 

installed in 1936 and has a capacity of 1,150 gallons per minute (gpm) and a well casing 

depth of 116 feet. 

As discussed in Section 1.1.2, Well 11 has a history of off-line use since 1984. Since 

the installation of the GAC treatment system, Well 11 has not gone off line. Both treated 

(effluent) and untreated (influent) groundwater are regularly analyzed for VOCs. 

1.2 SCOPE OF THE RISK ASSESSMENT 

This baseline risk assessment evaluated the potential human health risk from VOCs 

identified in groundwater at the Modesto Groundwater Contamination Site. The preliminary 
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residential exposure pathways investigated included the inhalation of soil gas vapors as well as

the inhalation and ingestion of groundwater by residents. This report was prepared in

accordance with the following federal and regional risk assessment guidance as well as other

references mentioned throughout:

• Risk Assessment Guidance for Superfund: Volume 1 - Human Health
Evaluation Manual (Pan A), EPA/540/1-89/002, December 1989.

• Risk Assessment Guidance for Superfund Human Health Risk
Assessment, U.S. EPA Region IX Recommendations (Interim Final),
December 15, 1989.

• EPA Region IX Preliminary Remediation Goals (PRGs), Third Quarter,
1993.

The risk assessment was conducted according to standard risk assessment procedures for the

following (EPA 1989b, 1988):

• Identification of contaminants of potential concern

• Exposure assessment

• Toxicity assessment

• Risk characterization

• Uncertainty analysis.

Current (treated and untreated) drinking water and future land use exposure scenarios were

evaluated in this assessment.
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residential exposure pathways investigated included the inhalation of soil gas vapors as well as 

the inhalation and ingestion of groundwater by residents. This report was prepared in 

accordance with the following federal and regional risk assessment guidance as well as other 

references mentioned throughout: 

• Risk Assessment Guidance for Superfund: Volume 1 - Human Health 
Evaluation Manual (Part A), EPAI54011-89/002, December 1989. 

• Risk Assessment Guidance for Superfund Human Health Risk 
Assessment, U.S. EPA Region IX Recommendations (Interim Final), 
December 15, 1989. 

• EPA Region IX Preliminary Remediation Goals (PRGs), Third Quarter, 
1993. 

The risk assessment was conducted according to standard risk assessment procedures for the 

following (EPA 1989b, 1988): 

• Identification of contaminants of potential concern 

• Exposure assessment 

• Toxicity assessment 

• Risk characterization 

• V ncertainty anal ysis. 

Current (treated and untreated) drinking water and future land use exposure scenarios were 

evaluated in this assessment. 
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2. DATA COLLECTION AND EVALUATION

This section summarizes the results of E & E's Phase I and II RIs (E & E 1993a,b).

The RI data and data obtained from the City of Modesto (1993) were used exclusively in this

risk assessment. The sampled media were soil, groundwater, and soil gas.

Selected samples were analyzed and validated by EPA contract laboratories using EPA

functional guidelines (EPA 1983, 1989c, 1990). Data review and validation is a two-step

process. First, laboratory personnel qualitatively review the data for overall precision,

accuracy, comparability, and completeness using standard quality assurance/quality control

(QA/QC) procedures. Second, an independent validation specialist evaluates the data and

assigns validation qualifiers that account for any variability encountered in the chemical

analyses. For example, a "J" qualifier indicates that a laboratory instrument identified the

chemical, but the concentration was too low to be accurately quantified (i.e., the chemical was

present but at a concentration below the quantitation limit). If the chemical was analyzed for

but not detected, the result is qualified with a "U." In accordance with EPA guidance

(1989a), if there is no reason to believe a chemical was present in a sample, a U-qualified

result is regarded as zero. If, however, there is reason to believe a chemical is present

because, for example, it was detected in other samples collected nearby, one-half the method

detection limit is used in the exposure assessment.

The following sections list the types of chemical compounds that were analyzed for

and summarize the analytical laboratory results.

2.1 REMEDIAL INVESTIGATION ANALYTICAL RESULTS

2.1.1 Groundwater Results

Groundwater samples were collected from four monitoring wells (Wells MW-1

through MW-4), Well 11, and the Elks Club well in February and March 1992 (Phase I) and

again in November 1993 (Phase II). Effluent (treated) and influent (untreated) samples were

collected from Well 11. Duplicate samples were collected for QA/QC purposes, and average
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2. DATA COLLECTION AND EVALUATION 

This section summarizes the results of E & E's Phase I and II RIs (E & E 1993a,b). 

The RI data and data obtained from the City of Modesto (1993) were used exclusively in this 

risk assessment. The sampled media were soil, groundwater, and soil gas. 

Selected samples were analyzed and validated by EPA contract laboratories using EPA 

functional guidelines (EPA 1983, 1989c, 1990). Data review and validation is a two-step 

process. First, laboratory personnel qualitatively review the data for overall precision, 

accuracy, comparability, and completeness using standard quality assurance/quality control 

(QA/QC) procedures. Second, an independent validation specialist evaluates the data and 

assigns validation qualifiers that account for any variability encountered in the chemical 

analyses. For example, a "J" qualifier indicates that a laboratory instrument identitled the 

chemical, but the concentration was too low to be accurately quantifIed (i.e., the chemical was 

present but at a concentration below the quantitation limit). If the chemical was analyzed for 

but not detected, the result is qualitied with a "U." In accordance with EPA guidance 

(1989a), if there is no reason to believe a chemical was present in a sample, aU-qualified 

result is regarded as zero. If, however, there is reason to believe a chemical is present 

because, for example, it was detected in other samples collected nearby, one-half the method 

detection limit is used in the exposure assessment. 

The following sections list the types of chemical compounds that were analyzed for 

and summarize the analytical laboratory results. 

2.1 REMEDIAL INVESTIGATION ANALYTICAL RESULTS 

2.1.1 Groundwater Results 

Groundwater samples were collected from four monitoring wells (Wells MW-l 

through MW-4), Well 11, and the Elks Club well in February and March 1992 (Phase 1) and 

again in November 1993 (phase II). Effluent (treated) and influent (untreated) samples were 

collected from Well 11. Duplicate samples were collected for QA/QC purposes, and average 

09""1""'_ZS6071_ 00041_ MODESrO _ RlSK'()S/13/94-Dl 2-1 



concentrations were used in exposure calculations. All samples were analyzed by an EPA

Contract Laboratory Program (CLP) laboratory using Routine Analytical Service (RAS) and

Special Analytical Services (SAS) methods. All data underwent validation according to EPA

guidelines (EPA 1990). Groundwater samples collected from monitoring wells during the

Phase I RI were analyzed for Target Compound List (TCL) VOCs, TCL semivolatile organic

compounds (SOCs), TCL pesticides, polychlorinated biphenyls (PCBs), Target Analyte List

(TAL) metals, herbicides, and radionuclides including alpha, beta, radium-226/228, and

radon-222.

No detectable levels of pesticides, PCBs, SOCs, or herbicides were found. In the

Phase I RI, several tentatively identified compounds (TICs) were identified in samples from

the Elks Club well and qualified with a "J" meaning "estimated." The TICs were butane,

pentane, methyl pentane, hexane, and methyl hexane. The quantitation limit for these

compounds was 2 micrograms per liter (/*g/L). One equipment blank and two field

duplicates were analyzed. The field duplicates had comparable PCE concentrations; the

equipment blank had analyte concentrations below the quantitation limits. PCE was detected

in all samples except Well 11 effluent. Trace quantities of several other VOCs were detected,

but the number of exceedances did not warrant further analysis. None of the TICs were

suspect at the site so they were eliminated from further consideration per EPA guidance

(1989a).

Since many of the compounds tested for in the Phase I RI such as PCBs and pesticides

were not present at significant quantities, only VOCs were analyzed for in the Phase II RI.

The Phase II VOC data were similar to the Phase I data (i.e., same chemical identification at

similar concentrations).

About 12 TICs of unknown identity were observed in samples from Well MW-3.

Methyl pyrrolidinone was identified (probability of identification assigned "B" or "moderate")

at concentrations of 20 to 100 ng/L (J-qualified) in five of the samples. None of the 64

possible SOCs were detected above the quantitation limits. Two field duplicates and one

equipment blank were collected and analyzed for SOCs.

Herbicides were analyzed for using EPA Test Method 8150. Again, two field

duplicates and one equipment blank were analyzed for QA/QC purposes. No herbicides were

detected above the quantitation limits.

Water samples were also analyzed for SAS metals and molybdenum. The data were

reviewed in accordance with the SAS requirements for molybdenum and EPA guidance (EPA

1983, 1989c). During Phase I, one well (Well MW-3) contained the following compounds
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concentrations were used in exposure calculations. All samples were analyzed by an EPA 

Contract Laboratory Program (CLP) laboratory using Routine Analytical Service (RAS) and 

Special Analytical Services (SAS) methods. All data underwent validation according to EPA 

guidelines (EPA 1990). Groundwater samples collected from monitoring wells during the 

Phase I RI were analyzed for Target Compound List (TCL) YOCs, TCL semivolatile organic 

compounds (SOCs), TCL pesticides, polychlorinated biphenyls (PCBs), Target Analyte List 

(TAL) metals, herbicides, and radionuclides including alpha, beta, radium-226/228, and 

radon-222. 

No detectable levels of pesticides, PCBs, SOCs, or herbicides were found. In the 

Phase I RI, several tentatively identified compounds (TICs) were identified in samples from 

the Elks Club well and qualified with a "J" meaning "estimated." The TICs were butane, 

pentane, methyl pentane, hexane, and methyl hexane. The quantitation limit for these 

compounds was 2 micrograms per liter (p.g/L). One equipment blank and two field 

duplicates were analyzed. The field duplicates had comparable PCE concentrations; the 

equipment blank had analyte concentrations below the quantitation limits. PCE was detected 

in all samples except Well 11 effluent. Trace quantities of several other VOCs were detected, 

but the number of exceedances did not warrant further analysis. None of the TICs were 

suspect at the site so they were eliminated from further consideration per EPA guidance 

(1989a). 

Since many of the compounds tested for in the Phase I RI such as PCBs and pesticides 

were not present at significant quantities, only VOCs were analyzed for in the Phase II RI. 

The Phase II VOC data were similar to the Phase I data (i.e., same chemical identification at 

similar concentrations). 

About 12 TICs of unknown identity were observed in samples from Well MW-3. 

Methyl pyrrolidinone was identified (probability of identification assigned "B" or "moderate") 

at concentrations of 20 to 100 JLg/L (J-qualified) in five of the samples. None of the 64 

possible SOCs were detected above the quantitation limits. Two field duplicates and one 

equipment blank were collected and analyzed for SOCs. 

Herbicides were analyzed for using EPA Test Method 8150. Again, two field 

duplicates and one equipment blank were analyzed for QA/QC purposes. No herbicides were 

detected above the quantitation limits. 

Water samples were also analyzed for SAS metals and molybdenum. The data were 

reviewed in accordance with the SAS requirements for molybdenum and EPA guidance (EPA 

1983, 1989c). During Phase I, one well (Well MW-3) contained the following compounds 
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above the MCLs: aluminum (12,000 /ig/L), chromium (65 ng/L), iron (11,800 ng/L), and

manganese (282 ng/L). Secondary values were used for aluminum, iron, and manganese

because primary standards were not available; secondary standards provide information on

aesthetics and payability (EPA 1994a). The field crew noted that the Well MW-3 sample

was unusually turbid and that the well is near a storm drain where dumping may have

occurred. The metal concentrations were below the primary MCLs in all other monitoring

well samples. Phase II sampling found that the metals concentrations in Well MW-3 had

decreased substantially to 177 /ig/L for aluminum, 92.4 ^ig/L for iron, and 34 ^g/L for

manganese; chromium was below the detection limit. Because these concentrations were

below the MCLs and EPA Region IX Preliminary Remediation Goals* (PRGs) and because

the analyte concentrations had decreased from Phase I to Phase II, these metals were not

considered chemicals of potential concern (COPCs). The results are discussed in more detail

in Section 2.3.

None of the 11 water samples analyzed contained RAS pesticides or PCBs above the

0.05 to 1 /ig/L quantitation limits.

Gross alpha and beta radioactivity, radium-226 and -228, and uranium analyses were

also performed on water samples collected March 6 through 26, 1992. Several different

methods were used to analyze the various types of radioactivity. The data were reviewed for

completeness and compliance with the methods only; no judgment was made on data quality.

The results did not indicate a need for further study.

2.1.2 Soil Gas Results

The objective of the Phase I soil gas survey was to identify potential sources of PCE

contamination impacting Well 11 groundwater. On the basis of a conservative estimate of the

radius of influence of Well 11, a one-mile radius was initially selected as the study area for

the soil gas survey. A Field Analytical Screening Procedure (FASP) was used to screen

samples for PCE, 1,1,1-trichloroethane (TCE), cw-1,2 dichloroethene (cw-l,2-DCE), trans-

1,2-dichloroethene (trans-\,2-DCE), 1,2-dichloroethane (1,2-DCA), and 1,1-dichIoroethane

(1,1-DCA) (E & E 1990). PCE was detected in most samples, and several samples contained

TCE and m-l,2-DCE. Soil gas samples were collected from 10 to 20 feet below ground

surface (bgs).

* PRGs are developed from EPA toxicity values combined with health-protective exposure assumptions to estimate "safe* contaminant levels in

environmental media (e.g., soil, air, and water). In general, chemical concentrations above the PRGs need closer examination by a lexicologist

and/or site-specific review and evaluation.
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above the MCLs: aluminum (12,000 JLg/L), chromium (65 JLg/L), iron (11,800 JLg/L), and 

manganese (282 JLg/L). Secondary values were used for aluminum, iron, and manganese 

because primary standards were not available; secondary standards provide information on 

aesthetics and palatability (EPA 1994a). The field crew noted that the Well MW-3 sample 

was unusually turbid and that the well is near a storm drain where dumping may have 

occurred. The metal concentrations were below the primary MCLs in all other monitoring 

well samples. Phase II sampling found that the metals concentrations in Well MW-3 had 

decreased substantially to 177 JLg/L for aluminum, 92.4 JLg/L for iron, and 34 JLg/L for 

manganese; chromium was below the detection limit. Because these concentrations were 

below the MCLs and EPA Region IX Preliminary Remediation Goals* (PRGs) and because 

the analyte concentrations had decreased from Phase I to Phase II, these metals were not 

considered chemicals of potential concern (COPCs). The results are discussed in more detail 

in Section 2.3. 

None of the 11 water samples analyzed contained RAS pesticides or PCBs above the 

0.05 to 1 JLg/L quantitation limits. 

Gross alpha and beta radioactivity, radium-226 and -228, and uranium analyses were 

also performed on water samples collected March 6 through 26, 1992. Several different 

methods were used to analyze the various types of radioactivity. The data were reviewed for 

completeness and compliance with the methods only; no judgment was made on data quality. 

The results did not indicate a need for further study. 

2.1.2 Soil Gas Results 

The objective of the Phase I soil gas survey was to identify potential sources of PCE 

contamination impacting Well II groundwater. On the basis of a conservative estimate of the 

radius of influence of Well 11, a one-mile radius was initially selected as the study area for 

the soil gas survey. A Field Analytical Screening Procedure (F ASP) was used to screen 

samples for PCE, 1, I, I-trichloroethane (TCE), cis-I,2 dichloroethene (cis-l ,2-DCE), trans

I,2-dichloroethene (trans-l ,2-DCE), 1,2-dichloroethane (I ,2-DCA), and 1, I-dichloroethane 

(1, I-DCA) (E & E 1990). PCE was detected in most samples, and several samples contained 

TCE and cis-I,2-DCE. Soil gas samples were collected from IO to 20 feet below ground 

surface (bgs) . 

• PRO. are developed from EPA toxicity values combined with health· protective exposure .... umptiOIlB to estimate • safe· contaminant levels in 

euvironmeul8.l media (e., .• soil, air, and waler). In genersJ, chemical concenll1ltioM above the PRO. need closer examination by a toxicologist 

andlor aite-speciflC review and evaluation. 
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Preliminary soil gas samples were collected during the Phase I RI survey at 17

businesses within one-mile radius of Well 11. Three samples collected around Halford's had

relatively high PCE concentrations (21 to 96 /ig/L), suggesting that this area might be a hot

spot (E & E, 1993a). A second soil gas survey was therefore conducted in November 1993

to further define the soil gas concentrations around Halford's. The Phase II survey focused

on a smaller area than the Phase I soil gas survey to further characterize soil gas

concentrations (Figure 2-1).

In the Phase II soil gas survey, 57 samples were collected 3 to 15 feet bgs and

screened by a mobile laboratory for PCE, TCE, and vinyl chloride; 28 samples were random,

and 29 were biased as shown in Figure 2-1. When a high PCE concentration (> 10 /*g/L)

was observed, a duplicate sample was collected in a Summa canister (6-liter, stainless steel);

14 canisters were submitted to a laboratory and analyzed for PCE, TCE, and vinyl chloride

by EPA Test Method TO-14. As shown in Table 2-1, PCE was found in nearly all the

samples, and cw-l,2-DCE and TCE were found in several samples, but vinyl chloride was not

detected. The highest PCE concentration (78 /xg/L) was found in a sample collected behind

Halford's near the sewer line, which was consistent with the Phase I data (96 /*g/L at 20 feet

bgs). The data showed a common trend in that the PCE concentrations were highest near the

sewer line and decreased away from the sewer line. As noted in other studies, the sewer line

appears to be the primary PCE source (E & E 1993a).

2.1.3 Soil Results

Soil samples were collected from the four soil borings during monitoring well

installation and analyzed for VOCs by RAS and SAS methods. The highest PCE

concentrations ranged from 180 to 230 micrograms per kilogram (jug/kg) of soil and were

found in samples collected at or below the groundwater surface (70 to 90 feet bgs) in the

boring for Well MW-4 near the sewer line (Figure 2-1). In six subsurface soil samples

collected less than 15 feet bgs, PCE concentrations ranged from nondetect in five samples to 5

/xg/kg in one sample. The maximum detected PCE concentration was 230 /xg/kg in a sample

collected 90 feet bgs in the boring for Well MW-4.

2.2 CITY OF MODESTO QUARTERLY GROUNDWATER SAMPLING DATA

Quarterly groundwater monitoring data received from the City of Modesto (1993)

were used to augment the Phase I and II Well 11 data. The City of Modesto samples

collected from May 7, 1985, to August 3, 1993, were analyzed using EPA Test Methods 602
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Preliminary soil gas samples were collected during the Phase I RI survey at 17 

businesses within one-mile radius of Well 11. Three samples collected around Halford's had 

relatively high PCE concentrations (21 to 96 JLg/L), suggesting that this area might be a hot 

spot (E & E, 1993a). A second soil gas survey was therefore conducted in November 1993 

to further define the soil gas concentrations around Halford's. The Phase II survey focused 

on a smaller area than the Phase I soil gas survey to further characterize soil gas 

concentrations (Figure 2-1). 

In the Phase II soil gas survey, 57 samples were collected 3 to 15 feet bgs and 

screened by a mobile laboratory for PCE, TCE, and vinyl chloride; 28 samples were random, 

and 29 were biased as shown in Figure 2-1. When a high PCE concentration (> 10 JLg/L) 

was observed, a duplicate sample was collected in a Summa canister (6-liter, stainless steel); 

14 canisters were submitted to a laboratory and analyzed for PCE, TCE, and vinyl chloride 

by EPA Test Method TO-14. As shown in Table 2-1, PCE was found in nearly all the 

samples, and cis-l,2-DCE and TCE were found in several samples, but vinyl chloride was not 

detected. The highest PCE concentration (78 JLg/L) was found in a sample collected behind 

Halford's near the sewer line, which was consistent with the Phase I data (96 JLg/L at 20 feet 

bgs). The data showed a common trend in that the PCE concentrations were highest near the 

sewer line and decreased away from the sewer line. As noted in other studies, the sewer line 

appears to be the primary PCE source (E & E 1993a). 

2.1.3 Soil Results 

Soil samples were collected from the four soil borings during monitoring well 

installation and analyzed for VOCs by RAS and SAS methods. The highest PCE 

concentrations ranged from 180 to 230 micrograms per kilogram (p.g/kg) of soil and were 

found in samples collected at or below the groundwater surface (70 to 90 feet bgs) in the 

boring for Well MW-4 near the sewer line (Figure 2-1). In six subsurface soil samples 

collected less than 15 feet bgs, PCE concentrations ranged from nondetect in five samples to 5 

JLg/kg in one sample. The maximum detected PCE concentration was 230 JLg/kg in a sample 

collected 90 feet bgs in the boring for Well MW-4. 

2.2 CITY OF MODESTO QUARTERLY GROUNDWATER SAMPLING DATA 

Quarterly groundwater monitoring data received from the City of Modesto (1993) 

were used to augment the Phase I and II Well 11 data. The City of Modesto samples 

collected from May 7, 1985, to August 3, 1993, were analyzed using EPA Test Methods 602 
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and 502.2. Data from August 1, 1991, to August 3, 1993, were used in the exposure

assessment. Tables 2-2, 2-3, and 2-4 list Phase I and II RI PCE concentrations in untreated

Well 11 water, treated Well 11 water, and water from Monitoring Wells 1 through 4,

respectively. According to DHS (1993), the PCE detection limit (reportable or "DLR") for

the City of Modesto data was 0.5 /ig/L.

2.3 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN

Because PCE was detected in nearly all soil gas and groundwater samples, it was

considered the leading COPC. In both the Phase I and II soil gas surveys, cw-l,2-DCE and

TCE were also detected at a frequency of detection that exceeded the EPA criteria for

identifying COPCs and so were also considered COPCs for the inhalation exposure pathway

(EPA 1989a).

As discussed in Section 2.1.1, the Phase I chemical analyses indicated that Well MW-

3 contained aluminum, chromium, iron, and manganese at concentrations above the MCLs.

The metals concentrations in all other monitoring well samples were below the primary

MCLs, and Phase II sampling indicated that the metals concentrations in Well MW-3 had

decreased substantially to below the MCLs and EPA Region IX PRGs. These metals were,

therefore, not considered COPCs.

Groundwater samples from the four monitoring wells showed trace quantities of cis-

1,2-DCE, 1,1,1-TCA, TCE, chloroform, benzene, toluene, ethylbenzene, and xylenes in

addition to PCE. All maximum concentrations found were below EPA's PRGs except for the

concentrations of TCE (34 /xg/L) and chloroform (0.5 /ug/L) in samples from Well MW-3

during the Phase II RI (EPA 1993). It should be noted that none of these chemicals were

found at any time in Well 11. Because the detection frequency of 5% was exceeded for TCE

and chloroform, both of these chemicals are eligible for selection as COPCs in the

groundwater ingestion and inhalation pathways. Chloroform was, however, present at a

concentration (0.2 /ig/L, J-qualified) very close to the screening level (0.21 ^g/L), and the

groundwater inhalation and ingestion cancer risks calculated using the maximum detected

chloroform concentration were negligible, about 108 (see Section 3.3.5 and Table 3-3) .

Chloroform was, dierefore, not considered to be a COPC.

In summary, PCE and c«-l,2-DCE were considered COPCs for the residential

groundwater ingestion and inhalation pathways. PCE, TCE, and a's-l,2-DCE were

considered COPCs for the soil gas inhalation pathway.
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and 502.2. Data from August 1, 1991, to August 3, 1993, were used in the exposure 

assessment. Tables 2-2, 2-3, and 2-4 list Phase I and II RI PCE concentrations in untreated 

Well 11 water, treated Well 11 water, and water from Monitoring Wells I through 4, 

respectively. According to DHS (1993), the PCE detection limit (reportable or "OLR ") for 

the City of Modesto data was 0.5 ILg/L. 

2.3 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN 

Because PCE was detected in nearly all soil gas and groundwater samples, it was 

considered the leading COpe. In both the Phase I and II soil gas surveys, cis-J ,2-0CE and 

TCE were also detected at a frequency of detection that exceeded the EPA criteria for 

identifying COPCs and so were also considered COPCs for the inhalation exposure pathway 

(EPA 1989a). 

As discussed in Section 2.1.1, the Phase I chemical analyses indicated that Well MW-

3 contained aluminum, chromium, iron, and manganese at concentrations above the MCLs. 

The metals concentrations in all other monitoring well samples were below the primary 

MCLs, and Phase II sampling indicated that the metals concentrations in Well MW-3 had 

decreased substantially to below the MCLs and EPA Region IX PRGs. These metals were, 

therefore, not considered COPCs. 

Groundwater samples from the four monitoring wells showed trace quantities of cis-

1,2-0CE, 1,1,1-TCA, TCE, chloroform, benzene, toluene, ethylbenzene, and xylenes in 

addition to PCE. All maximum concentrations found were below EPA's PRGs except for the 

concentrations of TCE (34 ILg/L) and chloroform (0.5 ILg/L) in samples from Well MW-3 

during the Phase II RI (EPA 1993). It should be noted that none of these chemicals were 

found at any time in Well 11. Because the detection frequency of 5 % was exceeded for TCE 

and chloroform, both of these chemicals are eligible for selection as COPCs in the 

groundwater ingestion and inhalation pathways. Chloroform was, however, present at a 

concentration (0.2 IJ-g/L, J-qualified) very close to the screening level (0.21 ILg/L), and the 

groundwater inhalation and ingestion cancer risks calculated using the maximum detected 

chloroform concentration were negligible, about 10-8 (see Section 3.3.5 and Table 3-3) . 

Chloroform was, therefore, not considered to be a COPC. 

In summary, PCE and cis-l,2-DCE were considered COPCs for the residential 

groundwater ingestion and inhalation pathways. peE, TCE, and cis-J ,2-DCE were 

considered COPCs for the soil gas inhalation pathway. 
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_S_amp|_e___
SG1-3
SG1-15
SG4-3
SG3-3
SG3-15
SG6-3
SG6-15
SG11-15
SG13-15
SG17-15
SG24-15
SG30-15

Average
Maximum

PCE
ppb (v/y)

3,300
5,600
1,800
7,100

21, 000 (b)
15,000
15,000
25,000

2,500
12,000
14,000
20(c)

SOILC
PCE

(ug/L)(a)
22.8
38.6
12.4
49.0

144.9
103.5
103.5
172.5

17.2
82.8
96.6
0.14

70.3
172

Table 2-1

3AS RESUL
TCE

_pj>b (y/v)
nd
nd
nd
nd
nd

1200
1400

nd
nd

350
nd
nd

TS
TCE

(ug/L)(a)
nd
nd
nd
nd
nd

6.6
7.7
nd
nd
1.9
nd
nd

1.3
7.7

cis-1,2-DCE
jy>b (v/v)

nd
nd
nd
nd
nd

740
380

nd
nd
nd
nd
nd

cis-1,2-DCE
(ug/L)(a)

nd
nd
nd
nd
nd

3.0
1.5
nd
nd
nd
nd
nd

0.4
3.0

Calculate the 95% UCL using formula in Section 3.3:

Given:

Then:

x = 3.98, sd= 0.92
H(df=9, sd=0.9, 0.95) = 3.074

95%UCL = 212ug/L

(Land, 1975)

Notes:

(a) Convert ppb (v/v) to ug/L by (MW/24.04)(1/1000); assumes temp = 20C

(b) Average of duplicate samples 30,000 and 12,000 ppb

(c) One-half the detection limit of 40 ppb

PCE: Tetrachloroethylene

TCE: trichloroethylene

1,2-DCE: cis-1,2-dichloroethylene

Filename: [RISK_AST.XLWJLAB_VAN.XLS
Date: 5/13/94 2-7 Ecology and Environment, Inc.
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I 
Table 2-1 

SOIL GAS RESULTS 

I II ~~~~;/V~ I ~u~i~{a)][ ~~~~;Iv! I TCE I cis-1,2-DCE 
Sam~le ~ug/LHa~ ppb (v/v) 

SG1-3 3,300 22.8 nd nd nd 
SG1-15 5,600 38.6 nd nd nd 
SG4-3 1,800 12.4 nd nd nd 
SG3-3 7,100 49.0 nd nd nd 
SG3-15 21,000 (b) 144.9 nd nd nd 
SG6-3 15,000 103.5 1200 6.6 740 
SG6-15 15,000 103.5 1400 7.7 380 
SG11-15 25,000 172.5 nd nd nd 
SG13-15 2,500 17.2 nd nd nd 
SG17-15 12,000 82.8 350 1.9 nd 
SG24-15 14,000 96.6 nd nd nd 
SG30-15 20 (c) 0.14 nd nd nd 

1 Average 70.3 1.3 
172 7.7 MaXimum 

Calculate the 95% UCL using formula in Section 3.3: 

Given: X = 3.98, sd= 0.92 

H(df=9, sd=0.9, 0.95) = 3.074 (Land, 1975) 

Then: 95% UCL = 212 ug/L 

Notes: 
(a) Convert ppb (v/v) to ug/L by (MW/24.04){1 11 000); assumes temp = 20C 

(b) Average of duplicate samples 30,000 and 12,000 ppb 

(c) One-half the detection limit of 40 ppb 

PCE : Tetrachloroethylene 

TCE: trichloroethylene 

1,2-DCE: cis-1 ,2-dichloroethylene 

Filename: [RISK_AST.XLW1LAB_ VAN.xLS 
Date: 5/13/94 2-7 

I 
cis-1,2-DCE 

(ug/L)(a) 
nd 
nd 
nd 
nd 
nd 

3.0 
1.5 
nd 
nd 
nd 
nd 
nd 

0.41 
3.0 

Ecology and Enviroment, Inc. 



Table 2-2

PCE IN UNTREATED WELL 11
GROUNDWATER (8/1/91 to 8/3/93)

Date
4/28/92
5/5/92
11/3/92
3/3/92
8/1/91
1/7/92
4/1/93
10/1/91
2/28/92
12/3/91
2/4/92

2/25/92 *
11/1/91
6/2/92
7/1/92
8/4/92
1/5/93
9/1/92
10/1/92
7/1/93

11/24/93*

Average
Stand, dev.

Concentration
(ug/L)

0.6
0.6
1.2
1.3
1.4
1.7
1.8

3
4.2
5.3
7.3

7
10

12.2
16
17
18
21
27
27
32

10.3
10.0

ln(conc.)
(ug/L)

-0.511
-0.51
0.18
0.26
0.34
0.53
0.59
1.10
1.44
1.67
1.99
1.95
2.30
2.50
2.77
2.83
2.89
3.04
3.30
3.30
3.47

1.69
1.30

Calculate 95% UCL using formula in Section 3.3:

Given:

Then:

x= 1.69, sd=1.30
H(df=20, sd=1.3, 0.95) = 2.923 (Land 1975)

95% UCL = 30.4 ug/L

Notes
(*) E&E Rl data; all other data from City of Modesto
Detection Limit: 0.5 ug/L

pel 5/13/94
[RJSK_AST.XLWJPCE_INFT.XLS 2-8
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Table 2-2 

peE IN UNTREATED WELL 11 

GROUNDWATER (8/1/91 to 8/3/93) 
Concentration In(conc.) 

Date (ug/L) (ug/l) 

4/28/92 0.6 -0.511 
5/5/92 0.6 -0.51 

11/3/92 1.2 0.18 
3/3/92 1.3 0.26 
8/1/91 1.4 0.34 
1/7/92 1.7 0.53 
4/1/93 1.8 0.59 
10/1/91 3 1.10 
2/28/92 4.2 1.44 
12/3/91 5.3 1.67 
2/4/92 7.3 1.99 

2/25/92 * 7 1.95 
11/1/91 10 2.30 
6/2/92 12.2 2.50 
7/1/92 16 2.77 
8/4/92 17 2.83 
1/5/93 18 2.89 
9/1/92 21 3.04 

10/1/92 27 3.30 
7/1/93 27 3.30 

11/24/93 * 32 3.47 

IAverage 
.Stand. dev. ! 

10.3! 
10.0 

1.69! 
1.30 

Calculate 95% UCL using formula in Section 3.3: 

Given: x= 1.69, sd=1.30 
H(df=20, sd=1.3, 0.95) = 2.923 (Land 1975) 

Then: 95% UCL = 30.4 ug/L 

Notes 
(*) E&E RI data; all other data from City of Modesto 
Detection Limit: 0.5 ug/L 

pcl 5/13/94 
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Notes
(*) E&E Rl data

ND: non detected
Detection Level: 0.5 ug/L

Table 2-3

PCE IN TREATED WELL 11
GROUNDWATER {8/1/91 to 8/3/93)

Date
8/1/91
10/1/91
11/1/91
12/3/91
1/7/92
2/4/92

2/28/92
3/3/92

2/25/92 *
4/28/92
5/5/92
6/2/92
7/1/92
8/4/92
9/1/92
10/1/92
11/3/92
12/1/92
1/5/93
2/3/93
3/2/93
4/1/93
5/4/93
6/2/93
7/1/93
8/3/93

11/24/93*

Concentration
(ug/L)

ND
ND
ND
ND
ND
ND

<0.500
ND
<2
ND
ND

<0.500
ND
ND
ND
ND
ND
ND
ND

0.600
ND
ND
ND
ND
ND
ND
<1

pel 5/13/94
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Notes 
(*) E&E RI data 

ND: non detected 
Detection Level: 0.5 ug/L 

pel 5/13/94 
[RISK_ASTXLW1PCE_EFFXLS 

Table 2-3 

peE IN TREATED WELL 11 
GROUNDWATER (8/1/91 to 813193) 

Concentration 
Date (ug/L) 

8/1/91 NO 
10/1/91 NO 
11/1/91 NO 
12/3/91 NO 
1/7/92 NO 
2/4/92 NO 

2/28/92 <0.500 
3/3/92 NO 

2/25/92 * <2 
4/28/92 NO 
5/5/92 NO 
6/2/92 <0.500 
7/1/92 NO 
8/4/92 NO 
9/1/92 NO 

10/1/92 NO 
1113/92 NO 
12/1/92 NO 
1/5/93 NO 
2/3/93 0.600 
3/2/93 NO 
4/1/93 NO 
5/4/93 NO 
6/2/93 ND 
7/1/93 ND 
8/3/93 NO 

11124/93 * <1 
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Table 2-4

Phase 1 and II Rl PCE Monitoring
Well Concentrations

Monitoring
Well

1
2
3
4

Phase I (3/92) PCE
Concentration (ug/L)

71
47
900

2,800

Phase II (11/93) PCE
Concentration (ug/l_L

340
51

4,200
1,500

pel 5/13/94
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pel 5/13/94 

MW_DATAXLS 

Monitoring 
Well 

1 
2 
3 
4 

Table 2-4 

Phase I and II RI PCE Monitoring 

Well Concentrations 
Phase I (3/92) PCE Phase II (11/93) PCE 

Concentration (ug/L) Concentration (ug/L) 
71 340 
47 51 

900 4,200 
2,800 1,500 

2-10 



3. EXPOSURE ASSESSMENT

The objective of the exposure assessment was to estimate the magnitude, frequency,

duration, and routes of human exposure to site-related chemicals. Accomplishing this

objective involved the following tasks:

• Characterizing the exposure setting including the physical environment
and potentially exposed populations.

• Identifying the exposure pathways including contaminant sources and releases,
exposure points, and exposure routes.

• Quantifying the exposure including exposure concentrations and intake variables.

The results are expressed as the daily dose of each COPC (per body weight) calculated

independently for each of the exposure pathways investigated.

3.1 EXPOSURE SETTING

3.1.1 Physical Setting

The basic physical features of the site were discussed in Section 1.1. The site and

surrounding area are both residential and commercial (Figure 1-1). They are zoned for both

low- and medium-density residential (R-l and R-2) and heavy and light business (C-l and C-

2) (City of Modesto Planning Office 1993). To a large extent, the area around the site is R-l

and C-2. The primary businesses on Griswold and West Fairmont avenues are the Elk's

Club, Halford's Cleaners, several automobile dealerships, and the Stanislaus Integrated

Service Agency (SISA) Community Center. Most of the surface of the site is paved with

asphalt or concrete except for the yards of residences.
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3. EXPOSURE ASSESSMENT 

The objective of the exposure assessment was to estimate the magnitude, frequency, 

duration, and routes of human exposure to site-related chemicals. Accomplishing this 

objective involved the following tasks: 

• Characterizing the exposure setting including the physical environment 
and potentially exposed populations. 

• Identifying the exposure pathways including contaminant sources and releases, 
exposure points, and exposure routes. 

• Quantifying the exposure including exposure concentrations and intake variables. 

The results are expressed as the daily dose of each COPC (per body weight) calculated 

independently for each of the exposure pathways investigated. 

3.1 EXPOSURE SE'ITING 

3.1.1 Physical Setting 

The basic physical features of the site were discussed in Section I. I. The site and 

surrounding area are both residential and commercial (Figure 1-1). They are zoned for both 

low- and medium-density residential (R-l and R-2) and heavy and light business (C-I and C-

2) (City of Modesto Planning Office 1993). To a large extent, the area around the site is R-I 

and C-2. The primary businesses on Griswold and West Fairmont avenues are the Elk's 

Club, Halford's Cleaners, several automobile dealerships, and the Stanislaus Integrated 

Service Agency (SIS A) Community Center. Most of the surface of the site is paved with 

asphalt or concrete except for the yards of residences. 
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3.1.2 Characteristics of PCE Contamination

PCE is the primary COPC and was detected in groundwater at levels above the state

and federal maximum contaminant levels (MCLs). Known sources of PCE contamination in

the study area include current and former drycleaning operations that discharge to sewer lines.

PCE is denser than and moderately soluble in water (up to 150 mg/1 at 25 °C). It has a

moderate to high soil mobility and exhibits little soil affinity, i.e., the chemical does not

readily sorb onto soil particles (PHS 1987). PCE, therefore, tends to leach into groundwater

and migrate vertically through the saturated zone until a low-permeability layer such as a clay

bed is encountered. Depending on the rate of PCE migration and the mineralogy and lithology

of the low-permeability layer, a fraction of the undissolved PCE (i.e., pure product) can

remain adsorbed in the upper portion of the low-permeability layer, or the PCE can continue

to migrate vertically along the low-permeability layer.

PCE is a relatively volatile chemical, evaporating readily. The Henry's Law constant

for PCE, which relates to its volatilization from water, is 2.3xlO"2 atmosphere cubic meters

per mole (atm-m3/mol). This value is similar to that of other volatile gasoline-type

hydrocarbons such as benzene as well as the other two COPCs, cw-l,2-DCE and TCE. Thus,

soil VOC concentrations were expected to be low as was observed (Section 2.1.3). In

addition, surface soil concentrations are expected to remain low as the plume migrates,

assuming steady-state conditions. The paving over much of the surface area at the site also

limits volatilization.

Although direct discharges of PCE to the environment are generally not well

documented, recent studies support the concept of contamination from sewer lines. According

to the Central Valley RWQCB (1992), there are five possible mechanisms by which PCE can

be released from sewer lines:

• Through breaks or cracks in pipes.

• Through pipe joints and other connections.

• By leaching in liquid form directly through pipes into the vadose zone.

• By saturation of the bottoms of pipes with a liquid containing a high
concentration of PCE and then volatilization of PCE from the outer
surfaces of the pipes into the soil.

• By penetrating pipes as a gas.
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3.1.2 Characteristics of PCE Contamination 

PCE is the primary COPC and was detected in groundwater at levels above the state 

and federal maximum contaminant levels (MCLs). Known sources of PCE contamination in 

the study area include current and former drycleaning operations that discharge to sewer lines. 

PCE is denser than and moderately soluble in water (up to 150 mg/I at 25 cC). It has a 

moderate to high soil mobility and exhibits little soil affinity, i.e., the chemical does not 

readily sorb onto soil particles (pHS 1987). PCE, therefore, tends to leach into groundwater 

and migrate vertically through the saturated zone until a low-permeability layer such as a clay 

bed is encountered. Depending on the rate of PCE migration and the mineralogy and lithology 

of the low-permeability layer, a fraction of the undissolved PCE (Le., pure product) can 

remain adsorbed in the upper portion of the low-permeability layer, or the PCE can continue 

to migrate vertically along the low-permeability layer. 

PCE is a relatively volatile chemical, evaporating readily. The Henry's Law constant 

for PCE, which relates to its volatilization from water, is 2. 3x 10.2 atmosphere cubic meters 

per mole (atm-m 3/mol). This value is similar to that of other volatile gasoline-type 

hydrocarbons such as benzene as well as the other two cOPCs, cis-I,2-DCE and TCE. Thus, 

soil VOC concentrations were expected to be low as was observed (Section 2.1.3). In 

addition, surface soil concentrations are expected to remain low as the plume migrates, 

assuming steady-state conditions. The paving over much of the surface area at the site also 

limits volatilization. 

Although direct discharges of PCE to the environment are generally not well 

documented, recent studies support the concept of contamination from sewer lines. According 

to the Central Valley RWQCB (1992), there are five possible mechanisms by which PCE can 

be released from sewer lines: 

• Through breaks or cracks in pipes. 

• Through pipe joints and other connections. 

• By leaching in liquid form directly through pipes into the vadose zone. 

• By saturation of the bottoms of pipes with a liquid containing a high 
concentration of PCE and then volatilization of PCE from the outer 
surfaces of the pipes into the soil. 

• By penetrating pipes as a gas. 
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The report stated that all sewer lines leak to some extent and that the last three mechanisms

listed probably occur in all pipes.

Whether PCE is discharged directly to the environment or leaks from sewer lines, it

subsequently migrates through the vadose zone to the saturated zone. PCE separates into

three phases upon entering the subsurface environment: a vapor phase that migrates through

the vadose zone, a dissolved (miscible) phase entrained in groundwater that migrates

according to groundwater flow patterns, and an undissolved (immiscible) phase that sinks

through the unsaturated and saturated zones.

3.1.3 Potentially Exposed Populations

The people living on site or in the immediate vicinity are considered primary

receptors. Long-time residents are considered to have the greatest risk since potential

carcinogenic risk is based on a cumulative exposure. To a lesser extent, employees of nearby

businesses are also potentially exposed to the COPCs at the site. Such employees likely work

eight-hour shifts five to six days per week. The Elks Club patrons who use the asphalt

parking lot likely have minimal exposure to PCE. When the estimated risk to the long-time

residents who have greater potential exposure is insignificant, the risk to other receptors with

less potential exposure is also insignificant.

3.2 IDENTIFICATION OF EXPOSURE PATHWAYS

An exposure pathway is the means by which an individual or population is exposed to

a chemical originating from a given source. Each pathway represents a different mechanism

of exposure. Pathways include incidental dermal contact with soil, inhalation of soil dust or

vapors, and ingestion of groundwater or surface water. The route of exposure is die method

of entry of a chemical into the body such as inhalation, ingestion, or dermal contact. As

described in EPA guidance on exposure assessments, four elements comprise an exposure

pathway (EPA 1989b, 1988):

• Source and mechanism of chemical release

• Retention or transport medium (air, soil, or water)

• Point of potential human contact with the contaminated medium

• Route of entry into the body at the point of contact.
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The report stated that all sewer lines leak to some extent and that the last three mechanisms 

listed probably occur in all pipes. 

Whether PCE is discharged directly to the environment or leaks from sewer lines, it 

subsequently migrates through the vadose zone to the saturated zone. PCE separates into 

three phases upon entering the subsurface environment: a vapor phase that migrates through 

the vadose zone, a dissolved (miscible) phase entrained in groundwater that migrates 

according to groundwater flow patterns, and an undissolved (immiscible) phase that sinks 

through the unsaturated and saturated zones. 

3.1.3 Potentially Exposed Populations 

The people living on site or in the immediate vicinity are considered primary 

receptors. Long-time residents are considered to have the greatest risk since potential 

carcinogenic risk is based on a cumulative exposure. To a lesser extent, employees of nearby 

businesses are also potentially exposed to the COPCs at the site. Such employees likely work 

eight-hour shifts five to six days per week. The Elks Club patrons who use the asphalt 

parking lot likely have minimal exposure to PCE. When the estimated risk to the long-time 

residents who have greater potential exposure is insignificant, the risk to other receptors with 

less potential exposure is also insignificant. 

3.2 IDENTIFICATION OF EXPOSURE PATHWAYS 

An exposure pathway is the means by which an individual or population is exposed to 

a chemical originating from a given source. Each pathway represents a different mechanism 

of exposure. Pathways include incidental dermal contact with soil, inhalation of soil dust or 

vapors, and ingestion of groundwater or surface water. The route of exposure is the method 

of entry of a chemical into the body such as inhalation, ingestion, or dermal contact. As 

described in EPA guidance on exposure assessments, four elements comprise an exposure 

pathway (EPA 1989b, 1988): 

• Source and mechanism of chemical release 

• Retention or transport medium (air, soil, or water) 

• Point of potential human contact with the contaminated medium 

• Route of entry into the body at the point of contact. 
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Potential exposure pathways are evaluated for these four elements, and pathways found to be

complete, i.e., that have all four elements, are then evaluated for potential risk. The sections

below discuss the rationale for eliminating or retaining exposure pathways for further risk

evaluation.

3.2.1 Incomplete Pathways

During the Phase I RI, soil samples were collected at 10-foot intervals during the

installation of four monitoring wells to about 100 feet bgs. The samples were analyzed for

PCE, but those collected below 15 feet bgs were not quantitatively evaluated since resident

contact with such deep soils is unlikely. Overall, the maximum detected PCE concentration

was 0.230 mg/kg at 90 feet bgs the boring for Well MW-4. Both of these values are below

the residential PRO for soils of 22 mg/kg (EPA 1994b). As discussed in Section 3.1.2, low

PCE soil concentrations are characteristic of high-volatility, low-soil-affinity VOCs. The

pathways associated with soils (i.e., dermal contact, inhalation of soil dust, ingestion of

vegetables, and incidental soil ingestion) were, therefore, considered negligible and not

evaluated further.

The inhalation of soil gas vapors outdoors is not expected to significantly impact

human health for several reasons:

• Unlike in buildings where soil gases might accumulate, soil gases
released to ambient outside air will largely disperse into the
atmosphere.

• The inhalation rate for an individual outdoors (5 nvVday) is only one-
third of the inhalation rate indoors (15 mVday), reducing exposure and
hence the risk proportionally.

• Most of the site is paved with asphalt or concrete, which will limit the
mobilization of soil gases.

• Indoor air inhalation risk values (see Section 5.3), based on more
conservative exposure parameters than outdoor inhalation exposure
scenarios, are not significantly large.

Dermal contact with contaminated soil was not evaluated in this risk assessment

because of the high degree of uncertainty associated with this pathway. These uncertainties

are discussed in detail in Section 5.2.4.
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Potential exposure pathways are evaluated for these four elements, and pathways found to be 

complete, i.e., that have all four elements, are then evaluated for potential risk. The sections 

below discuss the rationale for eliminating or retaining exposure pathways for further risk 

evaluation. 

3.2.1 Incomplete Pathways 

During the Phase I RI, soil samples were collected at to-foot intervals during the 

installation of four monitoring wells to about 100 feet bgs. The samples were analyzed for 

peE, but those collected below 15 feet bgs were not quantitatively evaluated since resident 

contact with such deep soils is unlikely. Overall, the maximum detected peE concentration 

was 0.230 mg/kg at 90 feet bgs the boring for Well MW-4. Both of these values are below 

the residential PRG for soils of 22 mg/kg (EPA 1994b). As discussed in Section 3.1.2, low 

peE soil concentrations are characteristic of high-volatility, low-soil-aftinity VOCs. The 

pathways associated with soils (i.e., dermal contact, inhalation of soil dust, ingestion of 

vegetables, and incidental soil ingestion) were, therefore, considered negligible and not 

evaluated further. 

The inhalation of soil gas vapors outdoors is not expected to significantly impact 

human health for several reasons: 

• Unlike in buildings where soil gases might accumulate, soil gases 
released to ambient outside air will largely disperse into the 
atmosphere. 

• The inhalation rate for an individual outdoors (5 m3/day) is only one
third of the inhalation rate indoors (15 m3/day), reducing exposure and 
hence the risk proportionally. 

• Most of the site is paved with asphalt or concrete, which will limit the 
mobilization of soil gases. 

• Indoor air inhalation risk values (see Section 5.3), based on more 
conservative exposure parameters than outdoor inhalation exposure 
scenarios, are not significantly large. 

Dermal contact with contaminated soil was not evaluated in this risk assessment 

because of the high degree of uncertainty associated with this pathway. These uncertainties 

are discussed in detail in Section 5.2.4. 
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3.2.2 Complete Pathways

The potentially complete pathways under current site conditions were, therefore,

considered to be:

• Indoor inhalation of vapors emanating from contaminated soil.

• Inhalation of vapors emanating from contaminated groundwater used
during household activities (e.g., showering and dish washing).

• Ingestion of contaminated groundwater.

These potential pathways are depicted schematically in Figure 3-1. Because this baseline risk

assessment was designed to be a representative characterization of the site, pathways were

selected to reflect the range of exposures. Those considered were exposure pathways for

adult residents. Industrial exposure pathways were not evaluated since residential scenarios

are more conservative and therefore yield higher risk values.

Current zoning suggests that land use is unlikely to change significantly in the future;

however, additional drinking water wells could be installed on site if future residential

development occurs. A future residential scenario was, therefore, evaluated using the VOC

concentrations in the monitoring wells; it is discussed in greater detail in the next section.

3.3 QUANTITATIVE ASSESSMENT OF EXPOSURE

This section describes how the quantitative exposure values were derived from the site

data presented in Section 3.3.1 and how the average daily intakes were calculated for each

pathway.

Average and RME residential exposure pathways were evaluated for three different

scenarios:

• Current, treated: Inhalation risks were calculated using Phase II RI
soil gas data. For the groundwater pathway, PCE exposure-point
concentrations were calculated using the latest two years of treated
(effluent) groundwater data.

• Current, untreated: Again, inhalation risks were calculated using
Phase II RI soil gas data. PCE exposure-point concentrations were
calculated using the latest two years of untreated (influent) groundwater
data.
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3.2.2 Complete Pathways 

The potentially complete pathways under current site conditions were, therefore, 

considered to be: 

• Indoor inhalation of vapors emanating from contaminated soil. 

• Inhalation of vapors emanating from contaminated groundwater used 
during household activities (e.g., showering and dish washing). 

• Ingestion of contaminated groundwater. 

These potential pathways are depicted schematically in Figure 3-1. Because this baseline risk 

assessment was designed to be a representative characterization of the site, pathways were 

selected to reflect the range of exposures. Those considered were exposure pathways for 

adult residents. Industrial exposure pathways were not evaluated since residential scenarios 

are more conservative and therefore yield higher risk values. 

Current zoning suggests that land use is unlikely to change significantly in the future; 

however, additional drinking water wells could be installed on site if future residential 

development occurs. A future residential scenario was, therefore, evaluated using the VOC 

concentrations in the monitoring wells; it is discussed in greater detail in the next section. 

3.3 QUANTITATIVE ASSESSMENT OF EXPOSURE 

This section describes how the quantitative exposure values were derived from the site 

data presented in Section 3.3.1 and how the average daily intakes were calculated for each 

pathway. 

A verage and RME residential exposure pathways were evaluated for three different 

scenarios: 

• Current, treated: Inhalation risks were calculated using Phase II RI 
soil gas data. For the groundwater pathway, peE exposure-point 
concentrations were calculated using the latest two years of treated 
(eftluent) groundwater data. 

• Current, untreated: Again, inhalation risks were calculated using 
Phase II RI soil gas data. PCE exposure-point concentrations were 
calculated using the latest two years of untreated (influent) groundwater 
data. 
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• Future: Analytical data for the four monitoring wells were used to
evaluate potential risks from residential usage of groundwater assuming
the installation of drinking water wells on site. Groundwater ingestion
and inhalation risks were determined. The inhalation of soil gas under
current scenarios was used to estimate future inhalation risks.

According to EPA (I989b, 1992a), both the RME and average (central tendency)

exposure calculations should be used in Superfund risk assessments. The RME is defined as

the highest exposure that could reasonably be expected to occur by a given exposure pathway

at a site; it is intended to account for both uncertainty in the contaminant concentration and

variability in exposure parameters such as exposure frequency or averaging time. The RME,

sometimes called the "high-end" risk, characterizes the risk to an individual "at the upper end

of the risk distribution at approximately the 90th percentile of the population distribution"

(EPA 1992c). The goal of the RME approach is to combine upper-bound and mid-range

exposure factors to estimate exposures that are both protective and reasonable but not worst-

case (EPA 1991b).

The central tendency (CT), on the other hand, incorporates the arithmetic mean source

term concentration and default exposure factors approximating the average or 50th percentile

value. The arithmetic mean is simply the sum of the concentrations divided by the total

number of concentration values.

Because of the uncertainty associated with estimating the true average concentration at

a site, the 95% upper confidence limit (UCL) of the arithmetic mean is used for the

concentration term in the RME calculations. The 95% UCL provides reasonable confidence

that the true site average will not be underestimated (EPA 1989b, 1992a). This estimate of

the average concentration is also used because carcinogenic and chronic noncarcinogenic

toxicity criteria are based on lifetime average exposures and because average concentrations

are most representative of the concentration that would be contacted at a site over an extended

period of time.

The W-test was used to determine whether medium-specific data sets were consistent

with a normal or log normal distribution (Gilbert 1987). A normal distribution is typically

described as a bell-shaped curve whereas a log normal distribution peaks closer to zero and is

skewed toward the x-axis. This test was performed using a computerized statistical software

package, Statistica™ (StatSoft 1993).
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• Future: Analytical data for the four monitoring wells were used to 
evaluate potential risks from residential usage of groundwater assuming 
the installation of drinking water wells on site. Groundwater ingestion 
and inhalation risks were determined. The inhalation of soil gas under 
current scenarios was used to estimate future inhalation risks. 

According to EPA (l989b, 1992a), both the RME and average (central tendency) 

exposure calculations should be used in Superfund risk assessments. The RME is detlned as 

the highest exposure that could reasonably be expected to occur by a given exposure pathway 

at a site; it is intended to account for both uncertainty in the contaminant concentration and 

variability in exposure parameters such as exposure frequency or averaging time. The RME, 

sometimes called the "high-end" risk, characterizes the risk to an individual "at the upper end 

of the risk distribution at approximately the 90th percentile of the population distribution" 

(EPA 1992c). The goal of the RME approach is to combine upper-bound and mid-range 

exposure factors to estimate exposures that are both protective and reasonable but not worst

case (EPA 1991b). 

The central tendency (CT), on the other hand, incorporates the arithmetic mean source 

term concentration and default exposure factors approximating the average or 50th percentile 

value. The arithmetic mean is simply the sum of the concentrations divided by the total 

number of concentration values. 

Because of the uncertainty associated with estimating the true average concentration at 

a site, the 95% upper confidence limit (VCL) of the arithmetic mean is used for the 

concentration term in the RME calculations. The 95% VCL provides reasonable confidence 

that the true site average will not be underestimated (EPA 1989b, 1992a). This estimate of 

the average concentration is also used because carcinogenic and chronic noncarcinogenic 

toxicity criteria are based on lifetime average exposures and because average concentrations 

are most representative of the concentration that would be contacted at a site over an extended 

period of time. 

The W-test was used to determine whether medium-specific data sets were consistent 

with a normal or log normal distribution (Gilbert 1987). A normal distribution is typically 

described as a bell-shaped curve whereas a log normal distribution peaks closer to zero and is 

skewed toward the x-axis. This test was performed using a computerized statistical software 

package, Statistica TIl (StatSoft 1993). 
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In general, both groundwater and soil gas data were log normally distributed;

therefore, the UCL was calculated as:

v/V
UCL = exp[jc + 0.5s + ""' ]

where x is the mean concentration, s is the standard deviation, n is the number of samples,

and H^, is the one-sided upper 95% UCL (Gilbert 1987).

3.3.1 Exposure Concentrations

3.3.1.1 Groundwater Ingestion and Inhalation Concentrations

Exposure-point concentrations for the combined groundwater ingestion and inhalation

pathway assessment were derived from the City of Modesto quarterly groundwater and Phase

I and II RI data sets. The City of Modesto data for PCE was collected from May 1985 to

July 1, 1993. For the current, treated drinking water exposure scenario, the data were from

the last two years of monthly sampling (August 1, 1991, to July 1, 1993) plus data collected

during the Phase I and II RI. For the current, untreated drinking water scenario, PCE

concentrations were obtained from the treated water data, which consisted mostly of non-

detected values and where one-half the detection limit was used to estimate the average

concentration. The 95% UCL could not be generated since the data did not fit log normal or

normal distributions. Finally, for the future scenario, monitoring well data from the Phase I

and II RI were used to develop exposure point concentrations. Again, 95% UCL

concentrations could not be generated from these data because of the limited number of data

points (eight) and the highly variable concentrations (1 to 4,200 /xg/L). In these cases, the

maximum concentration was used to estimate the RME exposure concentration (EPA 1989b).

A single equation (see Section 3.3.5) was used to estimate exposure from groundwater

through the inhalation and ingestion pathways. The resulting exposure point concentrations

are given in Table 3.3.

3.3.1.2 Indoor Air Concentrations

The results for the Phase II RI Summa canister soil gas samples were used to calculate

exposure-point concentrations for the indoor inhalation route of exposure. Since the

calculated 95% UCL for PCE was greater than the maximum concentration, the maximum

concentration was used instead for the RME scenario per EPA guidance (EPA 1989b).
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In general, both groundwater and soil gas data were log normally distributed; 

therefore, the VeL was calculated as: 

SH"'_l 
VeL = exp [x + O.5s + 

J n-l 

where x is the mean concentration, s is the standard deviation, n is the number of samples, 

and H<>-l is the one-sided upper 95% VeL (Gilbert 1987). 

3.3.1 Exposure Concentrations 

3.3.1.1 Groundwater Ingestion and Inhalation Concentrations 

Exposure-point concentrations for the combined groundwater ingestion and inhalation 

pathway assessment were derived from the City of Modesto quarterly groundwater and Phase 

I and II RI data sets. The City of Modesto data for PCE was collected from May 1985 to 

July 1, 1993. For the current, treated drinking water exposure scenario, the data were from 

the last two years of monthly sampling (August 1, 1991, to July 1, 1993) plus data collected 

during the Phase I and II RI. For the current, untreated drinking water scenario, PCE 

concentrations were obtained from the treated water data, which consisted mostly of non

detected values and where one-half the detection limit was used to estimate the average 

concentration. The 95% VCL could not be generated since the data did not fit log normal or 

normal distributions. Finally, for the future scenario, monitoring well data from the Phase I 

and II RI were used to develop exposure point concentrations. Again, 95% VCl 

concentrations could not be gen~rated from these data because of the limited number of data 

points (eight) and the highly variable concentrations (l to 4,200 Ilg/L). In these cases, the 

maximum concentration was used to estimate the RME exposure concentration (EPA 1989b). 

A single equation (see Section 3.3.5) was used to estimate exposure from groundwater 

through the inhalation and ingestion pathways. The resulting exposure point concentrations 

are given in Table 3.3. 

3.3.1.2 Indoor Air Concentrations 

The results for the Phase II RI Summa canister soil gas samples were used to calculate 

exposure-point concentrations for the indoor inhalation route of exposure. Since the 

calculated 95% VeL for PCE was greater than the maximum concentration, the maximum 

concentration was used instead for the RME scenario per EPA guidance (EPA 1989b). 
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Soil gas sampling data were input to the Farmers Model, a predictive model used to

estimate the indoor air concentration (EPA 1992b). The Farmers Model was originally

developed to estimate emission rates from covered landfills experiencing internal gas

generation as described in the EPA (1986) Superfund Exposure Assessment Manual (SEAM).

The SEAM's model differs from the Farmer's Model in assuming completely dry soil and

containing an explicit surface area term for estimating soil gas concentration from waste

decomposition. The Farmers Model can be used to calculate emissions from chemicals

dissolved in groundwater or in contaminated soil. It assumes that the chemical concentration

in the soil does not decrease as the contaminant migrates upward (i.e., no microbiological

degradation) and that the depth to the top of the pollutant source remains constant.

In this risk assessment, EPA (1989a) screening parameter values were used as model

inputs. For example, the fraction of the floor that is accessible to intrusion was assigned a

value of 50%, and the building exchange rate was assigned a value of 0.25 change per hour.

The building volume was assumed to be =35,000 ft3, and the building area was assumed to

be =2,100 ft2, which are typical of California home dimensions. Additional details and

results are in Appendix A.

3.3.2 Intake Rates

All exposure parameter values used in this risk assessment were obtained from EPA

sources or guidance documents. The average and RME ingestion rates used were 1.4 and 2

L/day (EPA 1989d, 1991b). Typically, 20 nrVday is used as the inhalation rate, which

assumes 15 nrVday indoors and 5 nvVday outdoors (EPA 1991b). Since this assessment was

based on indoor exposure, 15 nrVday was used in the inhalation exposure calculations for both

average and RME exposures. The exposure parameters are given in Table 3-1 and discussed

in more detail below.

3.3.3 Duration and Frequency of Exposure

The exposure duration over which chemical intake may occur is based on assumptions

about the exposure period and the averaging time. The frequency of exposure is the

proportion of time that residents might be exposed to soil gas vapors or groundwater (e.g.,

350 days per year), whereas the exposure duration is the total amount of time that residents

might be exposed (e.g., 30 years). For both the inhalation of soil vapors and ingestion and

inhalation of groundwater, 350 days/year was used as the exposure frequency for the average
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Soil gas sampling data were input to the Farmers Model, a predictive model used to 

estimate the indoor air concentration (EPA 1992b). The Farmers Model was originally 

developed to estimate emission rates from covered landfills experiencing internal gas 

generation as described in the EPA (1986) Superfund Exposure Assessment Manual (SEAM). 

The SEAM's model differs from the Farmer's Model in assuming completely dry soil and 

containing an explicit surface area term for estimating soil gas concentration from waste 

decomposition. The Farmers Model can be used to calculate emissions from chemicals 

dissolved in groundwater or in contaminated soil. It assumes that the chemical concentration 

in the soil does not decrease as the contaminant migrates upward (i.e., no microbiological 

degradation) and that the depth to the top of the pollutant source remains constant. 

In this risk assessment, EPA (l989a) screening parameter values were used as model 

inputs. For example, the fraction of the floor that is accessible to intrusion was assigned a 

value of 50%, and the building exchange rate was assigned a value of 0.25 change per hour. 

The building volume was assumed to be ::::: 35,000 1'e, and the building area was assumed to 

be ::::: 2, 100 fe, which are typical of California home dimensions. Additional details and 

results are in Appendix A. 

3.3.2 Intake Rates 

All exposure parameter values used in this risk assessment were obtained from EPA 

sources or guidance documents. The average and RME ingestion rates used were 1.4 and 2 

L/day (EPA 1989d, 1991b). Typically, 20 m3/day is used as the inhalation rate, which 

assumes 15 mJ/day indoors and 5 m3/day outdoors (EPA 1991b). Since this assessment was 

based on indoor exposure, 15 mJ/day was used in the inhalation exposure calculations for both 

average and RME exposures. The exposure parameters are given in Table 3-1 and discussed 

in more detail below. 

3.3.3 Duration and Frequency of Exposure 

The exposure duration over which chemical intake may occur is based on assumptions 

about the exposure period and the averaging time. The frequency of exposure is the 

proportion of time that residents might be exposed to soil gas vapors or groundwater (e.g., 

350 days per year), whereas the exposure duration is the total amount of time that residents 

might be exposed (e.g., 30 years). For both the inhalation of soil vapors and ingestion and 

inhalation of groundwater, 350 days/year was used as the exposure frequency for the average 
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and RME scenarios except 275 days/year was used for the average inhalation frequency of

exposure scenario (EPA 1989d, 199 Ib).
/

The dose for evaluating carcinogenic effects is calculated differently from the dose for

noncarcinogenic effects (EPA 1989b). In calculating the lifetime dose for assessing

carcinogenic effects, the period of exposure is prorated over the life span (e.g., 30 years

divided by 70 years). For noncarcinogenic effects, however, the dose is calculated as the

daily dose averaged over the period of exposure and not prorated over the life span.

The RME and average exposure scenarios assume continuous 30-year exposure for all

pathways of exposure from childhood to age 30, which was determined to be a conservative

estimate of the RME on the basis of population statistics (EPA 1991b). For the average

exposure scenario, nine years was assumed on the basis of the average residence time

reported by EPA (1989d).

3.3.4 Body Weight

For all exposure scenarios, a standard lifetime body weight of 70 kg was assumed for

all ages (EPA 1991b). This value is commonly used as the average adult body weight.

3.3.5 Calculation of Dose and Risk

Health risk is determined from the amount of chemical taken up by the body at the

exposure-point concentration. Intake rates are expressed in milligrams per kilogram of body

weight per day (mg/kg-day). For the inhalation pathway, exposure is calculated as (EPA

1989b):

Intake = CW x IR x ET x EF * ED

BW x AT

where

CW = chemical concentration in air (jig/m3)

IR = inhalation rate (m3/hour)

ET = exposure time (hours/day)

EF = exposure frequency (day/year)

ED = exposure duration (years)

BW = body weight (kg)

AT = period over which exposure is averaged (day).
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and RME scenarios except 275 days/year was used for the average inhalation frequency of 

exposure scenario (EPA 1989d, 1991 b). 

The dose for evaluating carcinogenic effects is calculated differently from the dose for 

noncarcinogenic effects (EPA 1989b). In calculating the lifetime dose for assessing 

carcinogenic effects, the period of exposure is prorated over the life span (e.g., 30 years 

divided by 70 years). For noncarcinogenic effects, however, the dose is calculated as the 

daily dose averaged over the period of exposure and not prorated over the life span. 

The RME and average exposure scenarios assume continuous 30-year exposure for all 

pathways of exposure from childhood to age 30, which was determined to be a conservative 

estimate of the RME on the basis of population statistics (EPA 1991b). For the average 

exposure scenario, nine years was assumed on the basis of the average residence time 

reported by EPA (l989d). 

3.3.4 Body Weight 

For all exposure scenarios, a standard lifetime body weight of 70 kg was assumed for 

all ages (EPA 1991b). This value is commonly used as the average adult body weight. 

3.3.5 Calculation of Dose and Risk 

Health risk is determined from the amount of chemical taken up by the body at the 

exposure-point concentration. Intake rates are expressed in milligrams per kilogram of body 

weight per day (mg/kg-day). For the inhalation pathway, exposure is calculated as (EPA 

1989b): 

where 

CW = 
IR = 
ET = 
EF = 
ED = 
BW = 
AT = 

Intake 
CW x IR x ET x EF x ED 

BWxAT 

chemical concentration in air (J.tg/m3) 

inhalation rate (m3/hour) 

exposure time (hours/day) 

exposure frequency (day/year) 

exposure duration (years) 

body weight (kg) 

period over which exposure is averaged (day). 

09:wpuz _ZS6J71_ DOO4I_ MODESTO _RISK~SI13f94.DI 3-9 



For carcinogens, risk is estimated by multiplying the intake by the slope factor (SF),

which accounts for a chemical's toxicity. The SF has units of (mg/kg-day)"1, which

corresponds to an inverse dose (mg) per unit body weight (kg) per unit time (day). SFs are

derived from animal studies and are discussed in more detail in Section 4.0. In general,

carcinogenic risk is the probability of an incremental increase in the likelihood of cancer over

a lifetime exposure. Somewhat analogous to the SF used to calculate carcinogenic risk, the

reference dose (RfD) represents the toxicity of noncarcinogenic compounds. The SF and RfD

terms are introduced in this section since they are incorporated into the groundwater risk

equations presented below. The equations, exposure parameters, and dose/risk calculations

for the inhalation pathways are shown in Table 3-2.

Under residential land use, the risk from contaminated groundwater is primarily due to

direct ingestion and inhalation of volatile chemicals released from the water during household

activities such as showering and dishwashing. According to EPA guidance (I99lc), the

inhalation and ingestion of volatile chemicals can be evaluated simultaneously when the COPC

has a Henry's Law constant greater than 10 atm-nvVmole and a molecular weight less than

200 g/mole. PCE meets these criteria so the following equations were used. The equation to

calculate carcinogenic risk incorporates two terms to account for the groundwater ingestion

and inhalation pathways (EPA 199 Ic):

EF x ED x C x j(SFo x IRJ + (SFi x K x IRa)}
15 BWxATx 165days/yr

where

C = chemical concentration in water (mg/L)

IK, = indoor inhalation rate (m3/day)

IR,^ = water ingestion rate (L/day)

SFj = inhalation slope factor (kg-day/mg)

SF0 = oral slope factor (kg-day/mg)

EF = exposure frequency (days/year)

ED = exposure duration (years)

K = volatilization factor (unitless)

BW = body weight (kg)

AT = period over which exposure is averaged (day).
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For carcinogens, risk is estimated by multiplying the intake by the slope factor (SF), 

which accounts for a chemical's toxicity. The SF has units of (mg/kg-day)'l, which 

corresponds to an inverse dose (mg) per unit body weight (kg) per unit time (day). SFs are 

derived from animal studies and are discussed in more detail in Section 4.0. In general, 

carcinogenic risk is the probability of an incremental increase in the likelihood of cancer over 

a lifetime exposure. Somewhat analogous to the SF used to calculate carcinogenic risk, the 

reference dose (RID) represents the toxicity of noncarcinogenic compounds. The SF and RtD 

terms are introduced in this section since they are incorporated into the groundwater risk 

equations presented below. The equations, exposure parameters, and dose/risk calculations 

for the inhalation pathways are shown in Table 3-2. 

Under residential land use, the risk from contaminated groundwater is primarily due to 

direct ingestion and inhalation of volatile chemicals released from the water during household 

activities such as showering and dishwashing. According to EPA guidance (l991c), the 

inhalation and ingestion of volatile chemicals can be evaluated simultaneously when the cope 
has a Henry's Law constant greater than 10 atm-m3/mole and a molecular weight less than 

200 g/mole. PCE meets these criteria so the following equations were used. The equation to 

calculate carcinogenic risk incorporates two terms to account for the groundwater ingestion 

and inhalation pathways (EPA 1991c): 

where 

C = 
IR. = 
IRw = 
SFi = 
SFo = 
EF = 
ED = 
K = 
BW = 
AT = 

Risk = EF x ED x C x [(SFo x 1Rw) + (SFj x K x IR)] 

BW x AT x 365dayslyr 

chemical concentration in water (mg/L) 

indoor inhalation rate (m3/day) 

water ingestion rate (L/day) 

inhalation slope factor (kg-day/mg) 

oral slope factor (kg-day/mg) 

exposure frequency (days/year) 

exposure duration (years) 

volatilization factor (unitless) 

body weight (kg) 

period over which exposure is averaged (day). 

09:wpuz _ZS607J _ DOO4J _MODESTO _RlSK-05!13I94-DJ 3-10 



Primarily on the basis of experimental data for the volatilization of radon from

household uses of water, Andelman (1990) derived an equation that defines the relationship

between the concentration of a contaminant in household water and the average concentration

of the volatilized contaminant in air. In the derivation, all uses of household water were

considered including showering, laundering, and dishwashing. The equation uses a default

volatilization constant (K) upper-bound value of 0.0005 x 1,000 L/m3. The 1,000 L/m3 factor

converts the air concentration to a water concentration.

In cases where the chemical intakes produced risks greater than 10~2, the one-hit

equation was used to calculate carcinogenic risks (EPA 1989b). This equation, risk = 1 -

exp(-CDI x SF), is consistent with the linear low-dose model.

GDI is the chronic daily intake averaged over 70 years. For noncarcinogens, an

analogous equation was used:

EFxEDxC [(IIRJD. x IRJ + (IIR/D, x IRJ]
Hazard Index = — ° , " . ! —

BW x ATx 365days/yr

where

RfD0 = oral chronic reference dose (mg/kg-day)

RfD; = inhalation chronic reference dose (mg/kg-day).

These equations, exposure parameters, and dose/risk calculations are shown in Table 3-3.
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Primarily on the basis of experimental data for the volatilization of radon from 

household uses of water, Andelman (1990) derived an equation that defines the relationship 

between the concentration of a contaminant in household water and the average concentration 

of the volatilized contaminant in air. In the derivation, all uses of household water were 

considered including showering, laundering, and dishwashing. The equation uses a default 

volatilization constant (K) upper-bound value of 0.0005 x 1,000 Llm3
• The 1,000 Llm3 factor 

converts the air concentration to a water concentration. 

In cases where the chemical intakes produced risks greater than 10-2, the one-hit 

equation was used to calculate carcinogenic risks (EPA 1989b). This equation, risk = 1 -

exp(-CDI x SF), is consistent with the linear low-dose model. 

CDI is the chronic daily intake averaged over 70 years. For noncarcinogens, an 

analogous equation was used: 

where 

EF x ED x C [(l/RJDo x lRw) + (lIRJDj x IR)] 
Hazard Index = 

BW x AT x 365days/yr 

RfDo = oral chronic reference dose (mg/kg-day) 

RfDj = inhalation chronic reference dose (mg/kg-day). 

These equations, exposure parameters, and dose/risk calculations are shown in Table 3-3. 
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Table 3-1

Exposure Parameters
Groundwater Ingestion Pathway

Variable
CW
IR
EF
ED
BW
AT
AT

Describtion
Chemical Concentration in Water
Ingestion Rate (average, RME)
Exposure Frequency
Exposure Duration (average, RME)
Body Weight
Averaging Time - Carcinogens
Averaging Time - Nonarcinogens

Value
--

1.4,2
350

9,30
70

25,550
10,950

Units
ug/L
L/day

days/year
years

kg
days
days

Reference
--

EPA 1989d, 1991 a
EPA 1991 a

EPA 1989d, 1991 a
EPA 1991 a
EPA 1991 a
EPA 1991 a

Inhalation Pathways
CA
IR
ET
EF
ED
CF
BW
AT
AT

Chemical Concentration in Air
Inhalation Rate: (15 m3/day) / (24 hrs/day)
Exposure Time
Exposure Frequency (average, RME)
Exposure Duration (average, RME)
Conversion Factor
Body Weight
Averaging Time - Carcinogens
Averaging Time - Nonarcinogens

-
0.63
24

275, 350
9,30
1E-03

70
25,550
10,950

ug/m3
m3/hour
hrs/day

days/year
years
mg/ug

kg
days
days

-
EPA 1991 a
EPA 1991 a

EPA 1989d, 1991 a
EPA 1989d, 1991 a

--
EPA 1991 a
EPA 1991 a
EPA 1991 a

pel 4/19/94
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Table 3·1 

Exposure Parameters 

Groundwater Ingestion Pathway 

Variable Describtion Value Units Reference 
CW Chemical Concentration in Water -- uglL --
fR Ingestion Rate (average, RME) 1.4,2 Uday EPA 1989d, 1991a 
EF Exposure Frequency 350 days/year EPA 1991a 
ED Exposure Duration (average, RME) 9,30 years EPA 1989d,1991a 
BW Body Weight 70 kg EPA 1991a 
AT Averaging Time - Carcinogens 25,550 days EPA 1991a 
AT Averaging Time - Nonarcinogens 10,950 days EPA 1991a 

Inhalation Pathways 
CA Chemical Concentration in Air - ug/m3 --
IR Inhalation Rate: (15 m3/day) / (24 hrs/day) 0.63 rn3/hour EPA 1991a 
ET Exposure Time 24 hrs/day EPA 1991a 
EF Exposure Frequency (average, RME) 275,350 days/year EPA 1989d,1991a 
ED Exposure Duration (average, RME) 9,30 years EPA 1989d, 1991a 
CF Conversion Factor 1E-03 mglug --
BW Body Weight 70 kg EPA 1991a 
AT Averaging Time - Carcinogens 25,550 days EPA 1991a 
AT Averaging TIme - Nonarcino~ens 10,950 da1's EPA 1991a 

pel 4/19/94 
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Equation

Parameters

Table 3-2
Inhalation Exposure/Risk Using Farmers Model Results

Intake (mg/kg-day) = (CA)(IR)(ET)(EF)(ED)(CF) / (BW)(AT)

CA = Chemical Concentration in Air Estimated by Farmer Model (ug/m3)
IR = Inhalation Rate (m3/hour)
ET = Exposure Time (hours/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
CF = Conversion Factor (1E-3 mg/ug)
BW = Body Weight (kg)
AT = Averaging Time (Period over which exposure is averaged - days)

Carcinogens

Chemical

PCE - ave
TCE - ave

1 ,2-DCE - ave

PCE - max
TCE - UCL

1,2-DCE-UCL

CA
ug/m3
20.7
0.4

0.1

57.1
2.5
1.0

IR
m&hour
0.63
0.63
0.63

0.63
0.63
0.63

ET
hours/day

24
24
24

24
24
24

EF
day/yr
275
275
275

350
350
350

ED
years

9
9
9

30
30
30

mgAjg

1E-03
1E-03

1E-03

1E-03
1E-03
1E-03

BW
ho
70
70
70

70
70
70

AT
: days
25,550
25,550
25,550

25,550
25,550
25,550

Intake

4.3E-4
8.3E-6
2.3E-6

5.1 E-3
2.3E-4
8.8E-5

Subtotals Average
RME

Noncarcinoaens

Chemical

PCE - ave
TCE - ave

1 ,2-DCE - ave

PCE - max
TCE - UCL

1,2-DCE-UCL

CA
ug/m3
20.7
0.40
0.1

57.1
2.5
1.0

IR
matwur
0.63
0.63
0.63

0.63
0.63
0.63

room/day
24
24
24

24
24
24

EF

275
275
275

350
350
350

ED
years

9
9
9

30
30
30

CF
mgAjg
1E-03
1E-03
1E-03

1E-03
1E-03
1E-03

BW

70
70
70

70
70
70

i.AT^

3,285
3,285
3,285

10,950
10.950
10,950

Intake

3.4E-3
6.4E-5
1.8E-5

1.2E-2
5.3E-4
2.0E-4

Subtotals Average
RME

Slope Factor ;:|;;: RisK;
'

2.0E-3(1)
6.0E-3(1)

2.0E-3(1)
6.0E-3(1)

8.7E-7
5.0E-8

1.0E-5
1 .4E-6

9.2E-7
1.1 E-5

I nhal RfD Hazard Index
(rng/KB*ffay)

1.0E-2(2)
6.0E-3(1)
9.0E-3 (3)

1 .OE-2 (2)
6.0E-3(1)
9.0E-3 (3)

0.3
0.01
0.002

1 2
009
002

0.35
1.29

Footnotes

(1) From EPA- ECAO

(2) Route-to-route extraplolation
(3) HEAST

Abbreviations

PCE: Tefrachloroethylene

TCE: trichloroethylene
1,2-DCE: cis-1,2-dlchloroethylene

PCL 4/19/94
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Table 3-2 
Inhalation Exposure/Risk Using Farmers Model Results 

EQuation 

Intake (mg/kg-day) = (CA)(IA)(ET)(EF)(ED)(CF) / (BW)(AT) 

Parameters 

CA = Chemical Concentration in Air Estimated by Farmer Model (ug/m3) 
IA = Inhalation Aate (m3/hour) 
ET = Exposure Time (hours/day) 
EF = Exposure Frequency (days/year) 
ED = Exposure Duration (years) 
CF = Conversion Factor (1 E-3 mg/ug) 
BW = Body Weight (kg) 
AT = Averaging Time (Period over which exposure is averaged - days) 

Qa~ioQgeos 

Chemical CA IR ET EF ED CF BW AT Intak~; .. Slope FactQr :,:\Risk;·. 
3 mMlour (m'''' ... u·t; ;:;., ;::' 

PCE - ave 20.7 0.63 2.0E-3 (1) S.7E·7 
TCE - ave 0.4 0.63 6.0E-3 (1) 5.0E-S 

1 ,2-DCE - ave 0.1 0.63 24 

PCE - max 57.1 0.63 24 350 30 1E-03 70 25,550 5.1 E-3 2.0E-3 (1) 1.0E-5 
TCE - UCL 2.5 0.63 24 350 30 1E-03 70 25,550 2.3E-4 6.0E-3 (1) 1.4E·6 

1,2-DCE - UCL 1.0 0.63 24 350 30 1 E-03 70 25,550 S.SE-5 

Subtotals Average 9.2E-7 
RME 1.1E-S 

~gD~a~ioQgeos 

Chemical CA IR lnhaJ.RfD .; Hazard Index 
m3.h0ur 

. ;;' .. ;. ;~~. 'c. 

PCE - ave 20.7 0.63 1.0E-2 (2) 0.3 
TCE - ave 0.40 0.63 6.0E-3 (1) 0.01 

1,2-0CE - ave 0.1 0.63 9.0E-3 (3) 0.002 

PCE - max 57.1 0.63 24 350 30 1E-03 70 10,950 1.2E-2 1.0E-2 (2) 1 2 
TCE - UCL 2.5 0.63 24 350 30 1E-03 70 10,950 5.3E-4 6.0E-3 (1) 009 

1,2-DCE - UCL 1.0 0.63 24 350 30 1E-03 70 10.950 2.0E-4 9.0E-3 (3) 002 

Subtotals Average 035 
RME 1.29 

E22mglll Abb[l~lllgDI 

(1) From EPA - ECAO PCE : Te1rachloroelhylene 

(2) Route-to-route eX1raplolation TCE: 1richloroethylene 

(3) HEAST 1 ,2-0CE: cis·1 ,2-dlc:hloroethylene 

PCL 4/19194 
[RISK_ASTXL WlINHALXLS 3-14 



Table 3-3
Ingestion and Inhalation of Volatiles in Groundwater
From Risk Assessment Guidance for Superfund: Volume I (Part B, Development of Risk-Based Preliminary Remediation Goals)

Publication 92SS.7-01B. December 1991.

Risk = SFo x (Intake from ingestion of water) + SFi x (Intake from inhalation of volatiles in water)

= SFo x C x IRw x EF x ED
BWx ATx365days/yr

SFi x C x K x IRa x EF x ED
BW x AT x 365 days/yr

where,

= EF x ED x C x [(SFo x IRw) + (SFi x K xIRa)]
BW x AT x 365 days/yr

C: chemical concentration in water (mg/L)
SFi: inhalation slope factor (mg/kg-day)A-1
SFo: oral cancer slope factor (mg/kg-day)A-1
BW: adult body weight (kg)
AT: averaging time (yr)

EF: exposure frequency (days/year)
ED: exposure duration (yr)
IRa: indoor inhalation rate (m3/day)
IRw: daily water ingestion rate (L/day)
K: volatiozation factor (unitless)

Chemical

PCE - {Untrtd. UCL)
PCE - (Untrtd ave}

PCE - (Trtd, ave)
PCE •> (Trtd, max!

PCE-(MW.ave)
chtorfm - (MW. ave)
TCE (MW.ave)

PCE - (MW.max)
chlorfm - (MW, max)
TCE (MW.max)

C
UB/L
30.4
10.3

0.47
0.60

1,239
0.56
5.4

4.200
1

34

C- EF ED IRa IRw SFo SFi K BW AT
mg/L days/yr yr m3/day Ulay {mgfcg-dayJM (mg/kg-day)*-! kg yr

3.0E-2 350 30 0.63 2 5.5E-2(e) 2.0E-3 (e) 0.5 70 70
1.0E-2 350 9 0.63 1.4 5.5E-2(e) 2.0E-3 (e) 0.5 70 70

4.7E-4 350 9 0.63 1.4 5.5E-2(e) 2.0E-3 (e) 0.5 70 70
6.0E-4 350 30 0.63 2 5.5E-2(e) 2.0E-3 (e) 0.5 70 70

1.2 350 9 0.63 1.4 5.5E-2(e) 2.0E-3 (e) 0.5 70 70
5.6E-4 350 9 0.63 1.4 6.1E-3(i) 8.05E-2(i) 0.5 70 70
5.4E-3 350 9 0.63 1.4 1.1E-2(e) 6.0E-3 (e) 0.5 70 70

4.2 350 30 0.63 2 5.5E-2(e) 2.0E-3 (e) 0.5 70 70
1.0E-3 350 30 0.63 2 6.1E-3(i) 8.05E-2(i) 0.5 70 70
3.4E-2 350 30 0.63 2 1.1E-2(e) 6.0E-3 (e) 0.5 70 70

Risk

3.2E-5
2.5E-6

5.3E-9
1.2E-8

3.6E-2
7.6E-9
7.1E-7

4.6E-1
3.5E-8
4.0E-5

Filename: [RISK_AST.XLW]INHL_ING.XLS
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Table 3-3 
Ingestion and Inhalation of Volatiles in Groundwater 
From Risk Assessment Guidance tor SUperfund: Volume I (Part B. OewIopment of Risk-Based Preliminary Remedia1Ion Goals) 

Publication 9285.7-01B. December 1991. 

Risk = SFo X (Intake from ingestion of water) + SFi x (Intake from inhalation of volatiles in water) 

U.l where, , -U\ 

Chemical 

PCE -(Untrtd, UCl) 
PCE • (Untrtd ave) 

PCE ~ (Trtd, ~ve) 
,PCE o(T rtd, max} 

PCE - (MW,ave) 
chlorfm· (MW,ave) 

TCE (MW,ave) 

peE - (MW.max) 
chlorfm - (MW, max) 
TCE (MWmax) 

= SFo x C x IRw x EF x ED 
BW x AT x 365 daysJyr 

+ SFi x C x K x IRa x EF x ED 
BW x AT x 365 dayslyr 

= EF x ED x C x ((SFo x IRw) + (SFi x K xlRa)) 
BW x AT x 365 dayslyr 

C: 
SFi: 
SFo: 
BW: 
AT: 

C 
ugIl 

30.4 
10.3 

0.47 
0.60 

1,239 
0.56 
5.4 

4.200 
1 

34 

chemical concentration in water (mg/L) 
inhalation slope factor (rngJ1<g-day)"-l 
oral cancer slope factor (mglkg-day)"-l 
adult body weight (kg) 
averaging time (yr) 

C- EF ED IRa 
mgIl. dajsIyr yr m3IdBy 

3.0E-2 350 30 0.63 
1.0E-2 350 9 0.63 

4.7E-4 350 9 0.63 
6.0E-4 350 30 0.63 

1.2 350 9 0.63 
5.6E-4 350 9 0.63 

5.4E-3 350 9 0.63 

4.2 350 30 0.63 
1.0E-3 350 30 0.63 
3.4E-2 350 30 0.63 

EF: 
ED: 
IRa: 
IRw: 
K: 

lAw SFo 
'l,tjay I. • .... ""'-1 

2 5.5E-2 (e) 
1.4 5.5E-2 (e) 

1.4 5.5E-2 (e) 
2 5.5E-2 (e) 

1.4 5.5E-2 (e) 
1.4 6.1E-3 (i) 
1.4 1.lE-2 (e) 

2 5.5E-2 (e) 
2 6.1 E-3 (i) 
2 1.lE-2(e) 

Filename: (RISK_AST.XLW]INHL_ING.XLS 
Date: 4115194 

exposure frequency (days/year) 
exposure duration (yr) 
indoor inhalation rate (m3/day) 
daily water ingestion rate (Uday) 
volatiozation factor (unitless) 

SFi K OW 
I • • JI,. "'-1 _. kg 

2.0E-3 (e) 0.5 70 
2.0E-3 (e) 0.5 70 

2.0E-3 (e) 0.5 70 
2.0E-3(e} 0.5 70 

2.0E-3 (e) 0.5 70 
B.OSE-2 (i) 0.5 70 
6.0E-3 (e) 0.5 70 

2.0E-3 (e) 0.5 70 
B.05E-2 (i) 0.5 70 
6.0E-3 (e) 0.5 70 

AT Risk 
'If 

70 3.2E-5 
70 2.SE-6 

70 5.3E-9 
70 1.2E-B 

70 3.6E-2 
70 7.6E-9 

70 7.1E-7 

70 4.6E-l 
70 3.5E-8 
70 4.0E-5 

Erology and Enviroment, Inc. 



Table 3-3 (cont)
Noncarcinogens

Risk = EF x ED x C x [(1/RfDo x IRw) + (1/RfDi x K x IRa))
BW x AT x 365 days/yr

Chemical

PCE - (Untrtd, UCL)
PCE - (Untrtd aye)

PCE - (Trtd, ave)
PCE - (Trtd, max)

PCE - (MW.ave)
chlorfm - (MW, ave)
TCE (MW.ave)

PCE - (MW,max)
chlorfm - (MW, max)
TCE (MW.max)

C
ug/L
30.4
10.3

0.47
0.60

1239
0.6
5.4

4200
1

34

C_
mg/L

3.0E-2
1.0E-2

4.7E-4
6.0E-4

1.2
5.6E-4
5.4E-3

4.2
1.0E-3
3.4E-2

EF
days/yr

350
350

350
350

350
350
350

350
350
350

ED

y
30
9

9
30

9
9
9

30
30
30

IRa
m3/day

0.63
0.63

0.63
0.63

0.63
0.63
0.63

0.63
0.63
0.63

IRw
L/day
2

1.4

1.4
2

1.4
1.4
1.4

2
2
2

RfDo
(mg/kg-day)

1.0E-2(i)
1.0E-20)

1.0E-20)
1.0E-2(i)

1.0E-20)
1.0E-2(i)
6.0E-3 (e)

1 .OE-2 (i)
1 .OE-2 (i)
6.0E-3 (e)

RfDi
(mg/kg-day)

1 .OE-2 (r)
1.0E-2(r)

1 .OE-2 (r)
1 .OE-2 (r)

1.0E-2(r)
—

6.0E-3 (r)

1 .OE-2 (r)
...

6.0E-3 (r)

K
-

0.5
0.5

0.5
0.5

0.5
0.5
0.5

0.5
0.5
0.5

BW AT
kg yr

70 70
70 70

70 70
70 70

70 70
70 70
70 70

70 70
70 70
70 70

Hazard
Index
2.4E-3
2.1 E-4

4.4E-7
9.2E-7

3.0E+0
5.4E-7
9.1 E-5

4.5E+1
1 .7E-6
4.3E-3

Footnotes

i: IRIS
h: HEAST
e: ECAO
r: route-to-route
NA: Not available

PCE : Tetrachloroethylene
cis 1,2-DCE : cis 1,2-dichloroethylene
1,1,1-TCA: 1,1,1-trichloroethane
TCE: trichloroethylene

untrtd: untreated groundwater
trtd. treated groundwater
MW: monitoring well
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Noncarcinogens 

Risk = EF x ED x C x [(1/RfDo x IRw) + (1/RfDi x K x IRa)} 
BW x AT x 365 days/yr 

Chemical 

PCE - (Untrtd, UCL) 
PCE - (Untrtd ave) 

PCE - (frtd, ave) 
PCE- (frtd, max) :---._-.---_ .. -_. 

PCE - (MW,ave) 
chlorfm - (MW, ave) 

C 
uglL 

30.4 
10.3 

0.47 
0.60 

1239 
0.6 
5.4 

3.0E-2 
1.0E-2 

4.7E-4 
6.0E-4 

1.2 
5.6E-4 
5.4E-3 

EF 
daysJyr 

350 
350 

350 
350 

350 
350 
350 

ED 
yr 

30 
9 

9 
30 

9 
9 
9 

IRa 
m3Jday 

0.63 
0.63 

0.63 
0.63 

0.63 
0.63 
0.63 

Table 3-3 (cont) 

tRw 
Uday 

2 
1.4 

1.4 
2 

1.4 
1.4 
1.4 

RIDo· 
(mgJkg-day) 

1.0E-2 (i) 
1.0E-2 (i) 

RfOi 
. (mg/kg-day) 

1.0E-2 (r) 
1.0E-2 (r) 

K 

0.5 
0.5 

BW 
kg 

70 
70 

AT 
yr 

70 
70 

Hazard .. 
Index 
2.4E-3 
2.1E-4 

1.0E-2 (i) 1.0E-2 (r) 0.5 70 70 4.4E-7 
1.0E-2..<i) _._1.0E~?_Q:L __ ~:~_~ __ 7_0 ___ ._9~_E-_7 __ 

1.0E-2 (i) 1.0E-2 (r) 0.5 70 70 3.0E+0 
1.0E-2 (i) --- 0.5 70 70 5.4E-7 

TC:;.!: .. (fI.1.~!~y.~L .... ..................................... ...... ?:g.~~~(I:!) ..... ?:QE-3 (r>. ........... Q:S ........ ?Q........ 70 ............... 9.1 E-~ ..... .. 

PCE - (MW,max) 
chlorfm - (MW, max) 
TCE (MW,max) 

Footnotes 

i: IRIS 
h: HEAST 
e: ECAO 
r: route-to-route 
NA: Not available 

4200 
1 

34 

4.2 
1.0E-3 
3.4E-2 

350 
350 
350 

PCE : Tetrachloroethylene 

30 
30 
30 

cis 1,2-DCE : cis 1.2-dichloroethylene 
1,1,1-TCA: 1,1,1-trichloroethane 
TCE: trichloroethylene 

Filename [RISK_ASTXLWIINHUNGXLS 
Dale: 5/12194 

0.63 
0.63 
0.63 

2 
2 
2 

1.0E-2 (i) 
1.0E-2 (i) 
6.0E-3 (e) 

untrtd: untreated groundwater 

trtd: treated groundwater 
MW: monitoring well 

1.0E-2 (r) 

6.0E-3 (r) 

0.5 
0.5 
0.5 

70 
70 
70 

70 
70 
70 

4.SE+1 
1.7E-6 
4.3E-3 

Ecology and Enviromenl, Inc. 



4. TOXICITY ASSESSMENT

The purpose of the toxicity assessment was to develop toxicity and carcinogenicity

data for the COPCs and to estimate the relationship between the extent of exposure and the

likelihood and severity of adverse effects. The toxicity assessment was accomplished in two

steps, a hazard identification and a dose-response assessment, which are discussed in detail in

the following subsections. The dose-response assessment process results in a risk probability

that indicates the potential to cause adverse effects on human health as a result of exposure on

site.

The COPCs evaluated in this risk assessment can be classified in one of two groups,

noncarcinogens and probable human carcinogens, on the basis of guidance contained in an

online database system called the Integrated Risk Information System (IRIS 1994). This

section presents a brief toxicity profile for each of the COPCs. Health risk assessment

information on a chemical is included in IRIS only after a comprehensive review of chronic

toxicity data by work groups composed of EPA scientists from several program offices. Of

the COPCs, only PCE and chloroform have IRIS-approved values; all other toxicity values

used in this assessment are from EPA Region IX guidance (1993), which cites the Health

Effects Assessment Summary Tables (HEAST) and the EPA Environmental Criteria and

Assessment Office (ECAO) references or uses route-to-route extrapolation.

4.1 PCE TOXICITY

PCE is a synthetic VOC widely used in drycleaning, metal-degreasing, and the

manufacture of chemicals. It can be found in many household products including suede

protectors, water repellents, spot removers, and wood cleaners. Most PCE released surface

soil or surface water will rapidly evaporate. PCE is moderately soluble in water, biodegrades

slowly in groundwater, and has medium to high mobility in soil (USDHHS 1987). Under

anaerobic conditions (i.e., without oxygen), PCE has been reported to break down to DCE,
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4. TOXICITY ASSESSMENT 

The purpose of the toxicity assessment was to develop toxicity and carcinogenicity 

data for the COPCs and to estimate the relationship between the extent of exposure and the 

likelihood and severity of adverse effects. The toxicity assessment was accomplished in two 

steps, a hazard identification and a dose-response assessment, which are discussed in detail in 

the following subsections. The dose-response assessment process results in a risk probability 

that indicates the potential to cause adverse effects on human health as a result of exposure on 

site. 

The COPCs evaluated in this risk assessment can be classified in one of two groups, 

noncarcinogens and probable human carcinogens, on the basis of guidance contained in an 

online database system called the Integrated Risk Information System (IRIS 1994). This 

section presents a brief toxicity profile for each of the COPCs. Health risk assessment 

information on a chemical is included in IRIS only after a comprehensive review of chronic 

toxicity data by work groups composed of EPA scientists from several program offices. Of 

the COPCs, only PCE and chloroform have IRIS-approved values; all other toxicity values 

used in this assessment are from EPA Region IX guidance (1993), which cites the Health 

Effects Assessment Summary Tables (HEAST) and the EPA Environmental Criteria and 

Assessment Office (ECAO) references or uses route-to-route extrapolation. 

4.1 PCE TOXICITY 

PCE is a synthetic VOC widely used in drycleaning, metal-degreasing, and the 

manufacture of chemicals. It can be found in many household products including suede 

protectors, water repellents, spot removers, and wood cleaners. Most PCE released surface 

soil or surface water will rapidly evaporate. PCE is moderately soluble in water, biodegrades 

slowly in groundwater, and has medium to high mobility in soil (USDHHS 1987). Under 

anaerobic conditions (Le., without oxygen), PCE has been reported to break down to DCE, 
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TCE, and vinyl chloride (Vogel and McCarty 1985). Others have reported that PCE does not

undergo significant biodegradation under aerobic conditions (Bouwer et al. 1982). Detectable

background levels of PCE frequently occur in air and less frequently in drinking water.

Exposure to PCE may occur by breathing contaminated air or ingesting contaminated food or

water. For the general public, inhalation is the most likely route of exposure.

4.1.1 Noncarcinogenic Effects of PCE

Exposure to high concentrations of PCE in air, particularly in confined areas, can

cause acute effects on the central nervous system such as dizziness, headache, sleepiness,

confusion, nausea, and possibly unconsciousness and death. Animal studies conducted with

concentrations much higher than those usually encountered in the environment suggest that

PCE can cause liver and kidney damage, developmental effects on fetuses, and toxicity to

pregnant animals (IRIS, 1993). Liver toxicity is the most critical effect and serves as the

basis for the RfD used in the risk assessment.

The RfD is based on the assumption that thresholds exist for certain toxic effects such

as cellular necrosis but may not exist for other toxic effects such as carcinogenicity. In

general, the RfD is an estimate, with uncertainty spanning perhaps an order of magnitude, of

the daily exposure to the human population including sensitive subgroups that is likely to be

encountered without an appreciable risk of deleterious effects during a lifetime (IRIS 1993).

RfDs can also be derived for the noncarcinogenic health effects of compounds that are also

carcinogens.

An uncertainty factor of 1,000 was used in calculating the RfD to account for intra-

and interspecies variability and extrapolate a subchronic effect level to its chronic equivalent.

A medium confidence level was assigned by EPA to the RfD because no one study combines

the features desired for deriving an RfD. These features include oral exposure, a large

number of animals, multiple dose groups, testing in both sexes, and chronic exposure (IRIS

1993). The toxicity values used in this risk assessment are given in Table 4-1.

4.1.2 Carcinogenic Effects of PCE

PCE causes liver and kidney cancer in mice and rats. There are conflicting results

from studies of human PCE exposure in relationship to increased cancer risk. EPA classified

PCE as a Group B2 carcinogen, meaning that sufficient evidence exists in animals but

inadequate evidence in humans. This classification is currently under review, and a final

decision on whether this substance should be classified in Group B2 or C has not been made

09n«pui_ZSe07l D004]_MODESTO RISK-OS/I 3/94-D1 4-2
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TCE, and vinyl chloride (Vogel and McCarty 1985). Others have reported that PCE does not 

undergo significant biodegradation under aerobic conditions (Bouwer et al. 1982). Detectable 

background levels of PCE frequently occur in air and less frequently in drinking water. 

Exposure to PCE may occur by breathing contaminated air or ingesting contaminated food or 

water. For the general public, inhalation is the most likely route of exposure. 

4.1.1 Noncarcinogenic Effects of PCE 

Exposure to high concentrations of PCE in air, particularly in confined areas, can 

cause acute effects on the central nervous system such as dizziness, headache, sleepiness, 

confusion, nausea, and possibly unconsciousness and death. Animal studies conducted with 

concentrations much higher than those usually encountered in the environment suggest that 

PCE can cause liver and kidney damage, developmental effects on fetuses, and toxicity to 

pregnant animals (IRIS, 1993). Liver toxicity is the most critical effect and serves as the 

basis for the RID used in the risk assessment. 

The RtD is based on the assumption that thresholds exist fOr certain toxic effects such 

as cellular necrosis but may not exist for other toxic effects such as carcinogenicity. In 

general, the RID is an estimate, with uncertainty spanning perhaps an order of magnitude, of 

the daily exposure to the human population including sensitive subgroups that is likely to be 

encountered without an appreciable risk of deleterious effects during a lifetime (IRIS 1993). 

RIDs can also be derived for the noncarcinogenic health effects of compounds that are also 

carcinogens. 

An uncertainty factor of 1,000 was used in calculating the RID to account for intra

and interspecies variability and extrapolate a subchronic effect level to its chronic equivalent. 

A medium confidence level was assigned by EPA to the RID because no one study combines 

the features desired for deriving an RID. These features include oral exposure, a large 

number of animals, multiple dose groups, testing in both sexes, and chronic exposure (IRIS 

1993). The toxicity values used in this risk assessment are given in Table 4-1. 

4.1.2 Carcinogenic Effects of peE 

PCE causes liver and kidney cancer in mice and rats. There are contlicting results 

from studies of human PCE exposure in relationship to increased cancer risk. EPA classified 

PCE as a Group B2 carcinogen, meaning that suft1cient evidence exists in animals but 

inadequate evidence in humans. This classification is currently under review, and a final 

decision on whether this substance should be classified in Group B2 or C has not been made 
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(IRIS 1993). PCE is currently being reviewed by an interoffice EPA work group, and a risk

assessment summary will be included in IRIS when the review has been completed (IRIS

1993). For this risk assessment, the toxicity values in Table 4-1 were used to estimate risk.

4.2 TCE TOXICITY

TCE is a synthetic widely used as a cleaning agent and solvent in degreasing

operations. TCE may also occur in drinking water supplies and consumer products including

metal cleaners, spot removers, rug cleaning fluids, paints, and paint removers. Most TCE

released into surface water or surface soil will evaporate rapidly. In the subsurface, TCE is

moderately to highly mobile and can migrate to groundwater. TCE biodegrades very slowly

in subsurface soils and groundwater, and microbial degradation products may include

dichloroethylene and vinyl chloride. Humans are most likely to be exposed to TCE in air.

4.2.1 Noncarcinogenic Effects of TCE

TCE may cause adverse health effects following exposure via inhalation, ingestion, or

skin or eye contact. Exposure to high levels of TCE can cause central nervous system

disorders including drowsiness, dizziness, headache, blurred vision, tremors, lack of

coordination, and mental confusion. Other effects include flushed skin, nausea, vomiting,

fatigue, irregular heartbeat, and, in some cases, death. In the past, TCE was used as an

anesthetic, but this use was discontinued when TCE was found to cause irregular heartbeats.

Chronic exposure to TCE can cause liver damage and skin reactions as well as central

nervous system effects.

4.2.2 Carcinogenic Effects of TCE

The exposure of laboratory animals to TCE has been associated with an increased

incidence of a variety of tumors including kidney, liver, and lung cancers; however, it is

uncertain whether people exposed to TCE have a higher risk of cancer. TCE is classified in

Group B2, meaning sufficient evidence exists in animals but inadequate evidence in humans.

This designation is currently undergoing review. The toxicity values used in this risk

assessment are shown in Table 4-1.

4.3 Os-l,2-DCE TOXICITY

Cw-l,2-DCE is a flammable liquid with a sharp, harsh odor. It is used primarily in

the production of solvents and as an additive to dyes, lacquer solutions, perfumes, and
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(IRIS 1993). PCE is currently being reviewed by an interoffice EPA work group, and a risk 

assessment summary will be included in IRIS when the review has been completed (IRIS 

1993). For this risk assessment, the toxicity values in Table 4-1 were used to estimate risk. 

4.2 TCE TOXICITY 

TCE is a synthetic widely used as a cleaning agent and solvent in degreasing 

operations. TCE may also occur in drinking water supplies and consumer products including 

metal cleaners, spot removers, rug cleaning fluids, paints, and paint removers. Most TCE 

released into surface water or surface soil will evaporate rapidly. In the subsurface, TCE is 

moderately to highly mobile and can migrate to groundwater. TCE biodegrades very slowly 

in subsurface soils and groundwater, and microbial degradation products may include 

dichloroethylene and vinyl chloride. Humans are most likely to be exposed to TCE in air. 

4.2.1 Noncarcinogenic Effects of TCE 

TCE may cause adverse health effects following exposure via inhalation, ingestion, or 

skin or eye contact. Exposure to high levels of TCE can cause central nervous system 

disorders including drowsiness, dizziness, headache, blurred vision, tremors, lack of 

coordination, and mental confusion. Other effects include flushed skin, nausea, vomiting, 

fatigue, irregular heartbeat, and, in some cases, death. In the past, TCE was used as an 

anesthetic, but this use was discontinued when TCE was found to cause irregular heartbeats. 

Chronic exposure to TCE can cause liver damage and skin reactions as well as central 

nervous system effects. 

4.2.2 Carcinogenic Effects of TCE 

The exposure of laboratory animals to TCE has been associated with an increased 

incidence of a variety of tumors including kidney, liver, and lung cancers; however, it is 

uncertain whether people exposed to TCE have a higher risk of cancer, TCE is classified in 

Group B2, meaning sufficient evidence exists in animals but inadequate evidence in humans, 

This designation is currently undergoing review. The toxicity values used in this risk 

assessment are shown in Table 4-1. 

4.3 Cis-l,2-DCE TOXICITY 

Cis-1,2-DCE is a flammable liquid with a sharp, harsh odor. It is used primarily in 

the production of solvents and as an additive to dyes, lacquer solutions, perfumes, and 
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thermoplastics. There are two forms of 1,2-DCE — cw-l,2-DCE and trans-l,2-DCE —

which may occur separately or as a mixture. In the environment, both forms of 1,2-DCE

evaporate rapidly. When cis-1,2-DCE occurs underground in landfills or chemical waste sites,

it can dissolve in water and migrate into groundwater where it can degrade to vinyl chloride.

Cis-l,2-DCE can enter the body by drinking water, eating food, or breathing air that contains

the compound. Because it evaporates readily, inhalation is the most likely route of human

exposure.

4.3.1 Noncarcinogenic Effects of cis-1,2-DCE

The inhalation of high levels of cis-l,2-DCE can cause nausea, drowsiness, dizziness,

and even death. Liver, heart, and lung damage were observed in laboratory animals after

short- and long-term exposures to cis- 1,2-DCE in air. Liver and lung damage was also

reported in animals fed cis- 1,2-DCE, and death can occur in animals fed large amounts of cis-

1,2-DCE. Changes in blood chemistry are the most critical effects and the basis of the RfD

used in this risk assessment.

4.3.2 Carcinogenic Effects of cis-1,2-DCE

The long-term health effects resulting from exposure to c«-l,2-DCE are unknown. It

is classified in Group D, meaning not classifiable as to human carcinogenicity. An increased

risk of cancer has not been reported in humans or animals exposed to m-l,2-DCE.

4.4 TOXICITY ASSESSMENT SUMMARY

The toxicity values used in this risk assessment are shown in Table 4-1. The "o" and

"i" denote ingestion (oral) and inhalation, and the I, E, and H signify the source, IRIS,

ECAO, and HEAST, respectively.

Table 4-1

TOXICITY SUMMARY OF COPCs

COPC

PCE

TCE

cis- 1,2-DCE

oRfD

1 .OE-2 a)

6.0e-3 (E)

9.0E-3 (H)

iRfD

l.OE-2 (R)

6.0E-3 (E)

9.0E-3 (H)

oSF

5.5E-2 (E)

1.1 E-2 (E)

_

iSF

2.0E-3 (E)

6.0E-3 (E)

__
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thermoplastics. There are two forms of 1,2-DCE - cis-l,2-DCE and trans-l,2-DCE -

which may occur separately or as a mixture. In the environment, both forms of 1,2-DCE 

evaporate rapidly. When cis-l,2-DCE occurs underground in landfills or chemical waste sites, 

it can dissolve in water and migrate into groundwater where it can degrade to vinyl chloride. 

Cis-I,2-DCE can enter the body by drinking water, eating food, or breathing air that contains 

the compound. Because it evaporates readily, inhalation is the most likely route of human 

exposure. 

4.3.1 Noncarcinogenic Effects of cis-l,2-DCE 

The inhalation of high levels of cis-l ,2-DCE can cause nausea, drowsiness, dizziness, 

and even death. Liver, heart, and lung damage were observed in laboratory animals after 

short- and long-term exposures to cis-l,2-DCE in air. Liver and lung damage was also 

reported in animals fed cis-l,2-DCE, and death can occur in animals fed large amounts of Gis

I,2-DCE. Changes in blood chemistry are the most critical effects and the basis of the RID 

used in this risk assessment. 

4.3.2 Carcinogenic Effects of cis-l,2-DCE 

The long-term health effects resulting from exposure to cis-l ,2-DCE are unknown. It 

is classified in Group D, meaning not classifiable as to human carcinogenicity. An increased 

risk of cancer has not been reported in humans or animals exposed to cis-l ,2-DCE. 

4.4 TOXICITY ASSESSMENT SUMMARY 

The toxicity values used in this risk assessment are shown in Table 4-1. The "0" and 

"i" denote ingestion (oral) and inhalation, and the I, E, and H signify the source, IRIS, 

ECAO, and HEAST, respectively. 

I 
Table 4-1 

TOXICITY SUMMARY OF COPCs 

COPC oRm iRm oSF iSF 

PCE 1.0E-2 (I) 1.0E-2 (R) 5.5E-2 (E) 2.0E-3 (E) 

TCE 6.0e-3 (E) 6.0E-3 (E) 1.1E-2 (E) 6.0E-3 (E) 

cis-l,2-DCE 9.0E-3 (H) 9.0E-3 (H) 
- -
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5. RISK CHARACTERIZATION

This section presents the estimates of the magnitude of potential adverse health effects

under the various conditions defined in the exposure assessment. The risk characterization

integrated all of the information developed during the exposure and toxicity assessments to

characterize the overall potential health effects by the different exposure pathways.

5.1 HEALTH IMPACT RISK CALCULATIONS

5.1.1 Carcinogenic Risk

According to EPA (1989b) guidance, carcinogenic risk is the chance of developing

cancer due to exposure to a carcinogen; it does not imply death due to cancer. An example

of a 1 x 10"* incidental cancer risk is illustrated below. On average, one in every four

Americans will develop some form of cancer such as skin cancer from ultraviolet light or lung

cancer from smoking at some time during his or her lifetime. This is equivalent to 250,000

cases of cancer for every 1,000,000 people. Thus, a one in 1,000,000 (or 1 x 10'6)

incremental cancer risk corresponds to 250,001 cases of cancer for 1,000,000 people. The

one theoretical extra case results from the calculated chemical exposure.

The potential risks associated with the various exposure pathways are estimated as the

probabilities of excess cancer using the equation:

Risk, = SF x D,

where

risk, = the risk associated with pathway i

SF = cancer slope factor (kg-day/mg)"1

D; = dose from pathways i, (kg-day/mg).
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5. RISK CHARACTERIZATION 

This section presents the estimates of the magnitude of potential adverse health effects 

under the various conditions defined in the exposure assessment. The risk characterization 

integrated all of the information developed during the exposure and toxicity assessments to 

characterize the overall potential health effects by the different exposure pathways. 

5.1 HEALTH IMPACT RISK CALCULATIONS 

5.1.1 Carcinogenic Risk 

According to EPA (1989b) guidance, carcinogenic risk is the chance of developing 

cancer due to exposure to a carcinogen; it does not imply death due to cancer. An example 

of a 1 x 10-6 incidental cancer risk is illustrated below. On average, one in every four 

Americans will develop some form of cancer such as skin cancer from ultraviolet light or lung 

cancer from smoking at some time during his or her lifetime. This is equivalent to 250,000 

cases of cancer for every 1,000,000 people. Thus, a one in 1,000,000 (or 1 x 10-6
) 

incremental cancer risk corresponds to 250,001 cases of cancer for 1,000,000 people. The 

one theoretical extra case results from the calculated chemical exposure. 

The potential risks associated with the various exposure pathways are estimated as the 

probabilities of excess cancer using the equation: 

where 

risk; = the risk associated with pathway i 

SF = cancer slope factor (kg-day/mg)"1 

D; = dose from pathways i, (kg-day/mg). 

09:,."...._ ZStS071_ DOO4I_MODESTO _ R1SK-05/13194-DI 5-1 



The potential cumulative health risk associated with exposure via multiple exposure

pathways is determined by summing the risks across all exposure pathways:

Cancer risk = T~ risk.

The cumulative risk for all pathways (i) indicates the lifetime probability of excess cancer that

may occur through exposure to the COPCs. Equations, exposure parameters, and dose/risk

calculations for calculating carcinogenic risk are given in Tables 3-1 through 3-3.

5.1.2 Noncarcinogenic Health Impacts

Noncarcinogenic health impacts are evaluated separately from carcinogenic risks.

Unlike carcinogenic effects, noncarcinogenic effects are assumed to have a threshold dose

below which no adverse effect is observed. Health risks are therefore evaluated by

comparing the calculated daily dose to an EPA RFD. The RFD is calculated from the no

adverse effect dose, which considers sensitive populations, after taking into account

uncertainties and species differences.

The noncarcinogenic health risk is expressed as the hazard quotient (HQ)

calculated as:

D
HQ, -

RfD

where

= hazard quotient associated with pathway /

D; = chronic dose from pathway / (mg/kg-day)

RfD = reference dose (mg/kg-day).

An HQ greater than 1.0 suggests that exposure to a substance exceeds a generalized level

of concern.
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The potential cumulative health risk associated with exposure via multiple exposure 

pathways is determined by summing the risks across all exposure pathways: 

Cancer risk = L risk; 

The cumulative risk for all pathways (i) indicates the lifetime probability of excess cancer that 

may occur through exposure to the COPCs. Equations, exposure parameters, and dose/risk 

calculations for calculating carcinogenic risk are given in Tables 3-1 through 3-3. 

5.1.2 Noncarcinogenic Health Impacts 

Noncarcinogenic health impacts are evaluated separately from carcinogenic risks. 

Unlike carcinogenic effects, noncarcinogenic effects are assumed to have a threshold dose 

below which no adverse effect is observed. Health risks are therefore evaluated by 

comparing the calculated daily dose to an EPA RFD. The RFD is calculated from the no 

adverse effect dose, which considers sensitive populations, after taking into account 

uncertainties and species differences. 

The noncarcinogenic health risk is expressed as the hazard quotient (HQ) 

calculated as: 

where 

HQi 

D· I 

RID 

= 
= 
= 

D. 
HQ.= -' , RjD 

hazard quotient associated with pathway i 

chronic dose from pathway i (mg/kg-day) 

reference dose (mg/kg-day). 

An HQ greater than 1.0 suggests that exposure to a substance exceeds a generalized level 

of concern. 
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Cumulative noncarcinogenic impacts for all relevant pathways of exposure (i) are

calculated as:

Hazard index = ]T HQ.

The cumulative hazard index should only be calculated for exposures that affect similar

target organs or similar mechanisms. Since the COPCs evaluated in this risk assessment

affect kidney and liver systems, it is appropriate to assess their hazard index. A hazard

index of 1 or less is generally recognized as the level at which no adverse health effects

are expected. Equations, exposure parameters, and risk calculations for noncarcinogens

are given in Tables 3-1 through 3-3.

5.2 UNCERTAINTIES

In most risk assessments, numerous assumptions must be made in estimating

exposure and chemical toxicity because of a lack of actual data. While such assumptions

may not be universally agreed upon, they should be based on sound scientific information

and site-specific conditions, and their rationale should be explicitly stated. Uncertainties

in the risk assessment process may cause the exposure levels to differ from the exposures

that the populations might actually experience. This section identifies these factors,

discusses their potential effects on exposure estimates, and presents an estimate of the

degree of confidence in the risk assessment results.

5.2.1 Estimated Exposure Media Concentrations

Samples collected during the RI were analyzed to characterize the nature and

extent of VOC contamination at the site. Accordingly, sampling locations were selected

in a biased or directed manner. As a result, most samples were collected where the

highest VOC concentrations were likely to be found. Such sampling provides

considerable information about the site, but the results are not statistically representative

of the entire study area and tend to overestimate average and RME concentrations. In

some cases, because of data limitations, the maximum COPC concentration detected was

used to estimate the source concentration (see Section 3.3.1), which results in

overestimating risk.
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Cumulative noncarcinogenic impacts for all relevant pathways of exposure (i) are 

calculated as: 

Hazard index = ')' HQ 
~ , 

The cumulative hazard index should only be calculated for exposures that affect similar 

target organs or similar mechanisms. Since the COPCs evaluated in this risk assessment 

affect kidney and liver systems, it is appropriate to assess their hazard index. A hazard 

index of 1 or less is generally recognized as the level at which no adverse health effects 

are expected. Equations, exposure parameters, and risk calculations for noncarcinogens 

are given in Tables 3-1 through 3-3. 

5.2 UNCERTAINTIES 

In most risk assessments, numerous assumptions must be made in estimating 

exposure and chemical toxicity because of a lack of actual data. While such assumptions 

may not be universally agreed upon, they should be based on sound scientific information 

and site-specific conditions, and their rationale should be explicitly stated. Uncertainties 

in the risk assessment process may cause the exposure levels to differ from the exposures 

that the populations might actually experience. This section identifies these factors, 

discusses their potential effects on exposure estimates, and presents an estimate of the 

degree of confidence in the risk assessment results. 

5.2.1 Estimated Exposure Media Concentrations 

Samples collected during the RI were analyzed to characterize the nature and 

extent of VOC contamination at the site. Accordingly, sampling locations were selected 

in a biased or directed manner. As a result, most samples were collected where the 

highest VOC concentrations were likely to be found. Such sampling provides 

considerable information about the site, but the results are not statistically representative 

of the entire study area and tend to overestimate average and RME concentrations. In 

some cases, because of data limitations, the maximum cope concentration detected was 

used to estimate the source concentration (see Section 3.3.1), which results in 

overestimating risk. 
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In order to estimate vapor transport, air transport modeling uses many

conservative assumptions as discussed in Appendix A. The Farmers Model, for example,

ignores attenuation factors, and, therefore, it is "likely that this model overpredicts the

contaminate flux," which results in a larger source concentration value and hence a

greater degree of potential risk (EPA 19925).

Chemical degradation, partitioning between groundwater, soil, and air, absorption

rates in humans from various routes of exposure, and other physical chemical properties

are not taken into account, nor are they well understand for the COPCs. By ignoring

such factors, potential risk tends to be overestimated.

5.2.2 Analytical Data Limitations

Two factors associated with analytical data can marginally reduce the level of

confidence in the COPC concentrations. First, J-qualified data will not have the same

level of accuracy or precision as data meeting all of the standard quality assurance

criteria. Second, high analytical detection limits can allow some chemicals to go

undetected, which reduces the level of confidence in the calculated upper limit of the

potential risk associated with each environmental medium.

As noted in Section 2.1.2, the Phase II RI soil gas survey produced data in both

mobile and standard laboratories. The standard laboratory data were used in the exposure

estimates because they were higher and therefore more conservative concentrations and

because standard laboratory data are generally regarded as higher in quality.

5.2.3 Exposure Estimate Calculations

The exposure parameters used in calculating the exposure estimates were obtained

primarily from EPA guidance. These values are intentionally conservative and designed

to err on the side of overestimating exposure; therefore, there is considerable uncertainty

regarding the actual exposure that a receptor would experience. A major source of

uncertainty in the quantitative aspect of risk assessments is the propagation of error. The

calculation of risk is a sequential process with assumptions in one calculation carried

foreword as assumptions in the next calculation. As a result, the errors are compounded

at each step in the assessment.
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In order to estimate vapor transport, air transport modeling uses many 

conservative assumptions as discussed in Appendix A. The Farmers Model, for example, 

ignores attenuation factors, and, therefore, it is "likely that this model overpredicts the 

contaminate flux," which results in a larger source concentration value and hence a 

greater degree of potential risk (EPA 1992b). 

Chemical degradation, partitioning between groundwater, soil, and air, absorption 

rates in humans from various routes of exposure, and other physical chemical properties 

are not taken into account, nor are they wen understand for the COPCs. By ignoring 

such factors, potential risk tends to be overestimated. 

5.2.2 Analytical Data Limitations 

Two factors associated with analytical data can marginally reduce the level of 

confidence in the COPC concentrations. First, J-qualified data will not hav.e the same 

level of accuracy or precision as data meeting all of the standard quality assurance 

criteria. Second, high analytical detection limits can allow some chemicals to go 

undetected, which reduces the level of confidence in the calculated upper limit of the 

potential risk associated with each environmental medium. 

As noted in Section 2.1.2, the Phase II RI soil gas survey produced data in both 

mobile and standard laboratories. The standard laboratory data were used in the exposure 

estimates because they were higher and therefore more conservative concentrations and 

because standard laboratory data are generally regarded as higher in quality. 

5.2.3 Exposure Estimate Calculations 

The exposure parameters used in calculating the exposure estimates were obtained 

primarily from EPA guidance. These values are intentionally conservative and designed 

to err on the side of overestimating exposure; therefore, there is considerable uncertainty 

regarding the actual exposure that a receptor would experience. A major source of 

uncertainty in the quantitative aspect of risk assessments is the propagation of error. The 

calculation of risk is a sequential process with assumptions in one calculation carried 

foreword as assumptions in the next calculation. As a result, the errors are compounded 

at each step in the assessment. 
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The RME ingestion of groundwater assumes that residents of all ages drink 2

liters of groundwater almost every day, which may be an overestimate considering the

increase in the consumption of bottled water as well as other beverages over the last

several years. Furthermore, the future scenario assumes this same quantity of

groundwater will be ingested at the site and will come from new drinking water wells

installed at the hot spot identified on site.

The amount of uncertainty in risk assessment cannot be easily quantified. In order

to accomplish a standard statistical analysis of uncertainty, it is necessary to have a

quantitative estimate of the range of uncertainty in each variable and each source as well

as information on the underlying statistical distribution of each parameter. At that point,

a Monte Carlo uncertainty analysis can be performed.

5.2.4 Uncertainties Related to Toxicity Assessment

For carcinogens, the conservative assumption is made that some finite risk is

associated with exposure to a single molecule of a compound ("no dose threshold"). EPA

slope factors are generally based on linear high-to-low dose extrapolations, and

detoxification mechanisms, which significantly reduce the risk of cancer at low doses, are

not considered. Moreover, the EPA criteria used for the toxicity assessment and risk

characterization steps are inherently conservative. Because of the numerous data gaps

involved at all levels, conservative assumptions are multiplied at various stages of these

calculations. In addition, chemicals from the site may have synergistic or antagonistic

interactions, which can increase or decrease their toxicity. Finally, when the response

from high-dose animal toxicity or epidemiological studies are extrapolated to low doses in

humans, an uncertainty factor of 10 or more is applied to the no-observed-adverse-effect

level (NOAEL) to estimate an acceptable dose for humans.

Uncertainties in the assessment of dermal exposure via soil and water were noted

in Section 3.2.1. Uncertainties that limit the evaluation of dermal assessment are (EPA

1992d):

• Oral reference doses and slope factors are used to evaluate
potential toxicity from the dermal route of exposure.

• Information to quantitatively evaluate potential toxicity at the skin
surface is unavailable.
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The RME ingestion of groundwater assumes that residents of all ages drink 2 

liters of groundwater almost every day, which may be an overestimate considering the 

increase in the consumption of bottled water as well as other beverages over the last 

several years. Furthermore, the future scenario assumes this same quantity of 

groundwater will be ingested at the site and will come from new drinking water wells 

installed at the hot spot identified on site. 

The amount of uncertainty in risk assessment cannot be easily quantified. In order 

to accomplish a standard statistical analysis of uncertainty, it is necessary to have a 

quantitative estimate of the range of uncenainty in each variable and each source as well 

as information on the underlying statistical distribution of each parameter. At that point, 

a Monte Carlo uncenainty analysis can be performed. 

5.2.4 Uncertainties Related to Toxicity Assessment 

For carcinogens, the conservative assumption is made that some finite risk is 

associated with exposure to a single molecule of a compound ("no dose threshold"). EPA 

slope factors are generally based on linear high-to-Iow dose extrapolations, and 

detoxification mechanisms, which significantly reduce the risk of cancer at low doses, are 

not considered. Moreover, the EPA criteria used for the toxicity assessment and risk 

characterization steps are inherently conservative. Because of the numerous data gaps 

involved at all levels, conservative assumptions are multiplied at various stages of these 

calculations. In addition, chemicals from the site may have synergistic or antagonistic 

interactions, which can increase or decrease their toxicity. Finally, when the response 

from high-dose animal toxicity or epidemiological studies are extrapolated to low doses in 

humans, an uncertainty factor of 10 or more is applied to the no-observed-adverse-effect 

level (NOAEL) to estimate an acceptable dose for humans. 

Uncertainties in the assessment of dermal exposure via soil and water were noted 

in Section 3.2.1. Uncertainties that limit the evaluation of dermal assessment are (EPA 

1992d): 

• Oral reference doses and slope factors are used to evaluate 
potential toxicity from the dermal route of exposure. 

• Information to quantitatively evaluate potential toxicity at the skin 
surface is unavailable. 
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• For dermal exposure to soil, exposure factors such as exposed
skin surface area and frequency of exposure are not well defined.

• For most chemicals, there are no data to quantify the percentage
absorbed through the skin.

• Permeability coefficients for water are based on estimated model
predictions.

5.3 SUMMARY OF HUMAN HEALTH RISKS

This risk assessment evaluated the human health risks associated with the VOCs

— PCE, TCE, and cis-1,2 DCE — in groundwater and soil gas at the Modesto

Groundwater Contamination Site. Two residential exposure pathways, groundwater

ingestion and indoor air inhalation, were evaluated under current and future land use

scenarios using soil gas and groundwater data collected during the RI. The inhalation of

the COPCs released during routine household water use such as showering and

dishwashing was also evaluated. For the current land use scenarios, the risks were

estimated for ingesting treated and untreated Well 11 drinking water. For the future land

use scenario, risks were estimated for ingesting untreated site groundwater from a hot

spot near Halford's. Both average and RME exposures were calculated to assess the

carcinogenic and noncarcinogenic risks.

In conducting this risk assessment, conservative upper-bound exposure values

developed by EPA were used to calculate the "theoretical excess cancer risk," which is

an estimation of the probability of developing cancer over and above the normal

background incidence of cancer. A number of assumptions were made in the risk

assessment that were intended to err on the side of health protection in order to avoid

underestimating the risk to the public. Moreover, the chemical concentrations used to

estimate the increased individual carcinogenic risk were based on continuous exposure

over a 30-year period. The actual probability of cancer is, therefore, likely to be much

lower than these estimates and may even be as low as zero.

As shown in Table 5-1, the current carcinogenic risk estimates range from 1 x 106

to 4 x 10"5 while the hazard indices range from 0.5 to 1. Under future land use

conditions, the carcinogenic risk estimates range from 4 x 102 to 5 x 10"' while the

hazard indices range from 4 to 46. The groundwater ingestion and inhalation pathways

contribute the greatest risks.
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• For dermal exposure to soil, exposure factors such as exposed 
skin surface area and frequency of exposure are not well defined. 

• For most chemicals, there are no data to quantify the percentage 
absorbed through the skin. 

• Permeability coefficients for water are based on estimated model 
predictions. 

5.3 SUMMARY OF HUMAN HEALTH RISKS 

This risk assessment evaluated the human health risks associated with the VOCs 

- PCE, TCE, and cis-1,2 DCE - in groundwater and soil gas at the Modesto 

Groundwater Contamination Site. Two residential exposure pathways, groundwater 

ingestion and indoor air inhalation, were evaluated under current and future land use 

scenarios using soil gas and groundwater data collected during the RI. The inhalation of 

the COPCs released during routine household water use such as showering and 

dishwashing was also evaluated. For the current land use scenarios, the risks were 

estimated for ingesting treated and untreated Well 11 drinking water. For the future land 

use scenario, risks were estimated for ingesting untreated site groundwater from a hot 

spot near Halford's. Both average and RME exposures were calculated to assess the 

carcinogenic and noncarcinogenic risks. 

In conducting this risk assessment, conservative upper-bound exposure values 

developed by EPA were used to calculate the "theoretical excess cancer risk," which is 

an estimation of the probability of developing cancer over and above the normal 

background incidence of cancer. A number of assumptions were made in the risk 

assessment that were intended to err on the side of health protection in order to avoid 

underestimating the risk to the public. Moreover, the chemical concentrations used to 

estimate the increased individual carcinogenic risk were based on continuous exposure 

over a 30-year period. The actual probability of cancer is, therefore, likely to be much 

lower than these estimates and may even be as low as zero. 

As shown in Table 5-1, the current carcinogenic risk estimates range from 1 x 10.6 

to 4 X 10.5 while the hazard indices range from 0.5 to 1. Under future land use 

conditions, the carcinogenic risk estimates range from 4 x 10-2 to 5 X 10- 1 while the 

hazard indices range from 4 to 46. The groundwater ingestion and inhalation pathways 

contribute the greatest risks. 
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EPA has adopted a policy that acceptable exposures to known or suspected

carcinogens fall within an excess upper-bound lifetime cancer risk range of one in 10,000

(10"4) to one in a million (10"*) (EPA 1991a). The inhalation and drinking water risks

associated with current land use scenarios calculated in this assessment are within acceptable

risk levels. The risks calculated for a future exposure scenario in which on-site, untreated

groundwater at the hot spot is ingested are higher than the currently acceptable standards

(EPA 1991a).

In summary, in this risk assessment, it was found that the current risk levels are

within acceptable EPA parameters. Unacceptable risks were, however, predicted in a

hypothetical, future scenario in which an individual ingests untreated groundwater from the

hot spot on site. To safeguard against such an occurrence, EPA will be implementing

institutional controls to prohibit groundwater use at this site.
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EPA has adopted a policy that acceptable exposures to known or suspected 

carcinogens fall within an excess upper-bound lifetime cancer risk range of one in 10,000 

(10-4) to one in a million (lQ-6) (EPA 1991a). The inhalation and drinking water risks 

associated with current land use scenarios calculated in this assessment are within acceptable 

risk levels. The risks calculated for a future exposure scenario in which on-site, untreated 

groundwater at the hot spot is ingested are higher than the currently acceptable standards 

(EPA 1991a). 

In summary, in this risk assessment, it was found that the current risk levels are 

within acceptable EPA parameters. Unacceptable risks were, however, predicted in a 

hypothetical, future scenario in which an individual ingests untreated groundwater from the 

hot spot on site. To safeguard against such an occurrence, EPA will be implementing 

institutional controls to prohibit groundwater use at this site. 
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Table 5-1

SUMMARY OF ESTIMATED RISK VALUES:
RISK BY PATHWAY AND EXPOSURE SCENARIO

Pathway Hazard Index
RME

Hazard Index
Average

Cancer Risk
RME

Cancer Risk
Average

Current Scenario: Assumes treated Well 11 groundwater use*

Indoor Air:
Inhalation of Soil
Gas

Drinking Water:
Ingestion and
Inhalation

Total Risk

1

9 x 1C'7

1

0.5

4 x ID'7

0.5

1 x 10-5

1 x lO'8

1 x 10s

1 x ID'6

5 x 10-"

1 x 10-6

Current Scenario: Assumes untreated Well 11 groundwater useb

Indoor Air:
Inhalation of Soil
Gas

Drinking Water:
Ingestion and
Inhalation

Total Risk

1

2 x lO'3

1

0.5

2 x lO'4

0.5

i x ia5

3 x 10-s

4 x 10s

1 x 10-'

3 x ID'6

4x 10^

Future Scenario: Assumes use of onsite groundwater from at a hot spot near HalfordV

Indoor Air:
Inhalation of Soil
Gas

Drinking Water:
Ingestion and
Inhalation

Total Risk

1

45

46

0.5

3

4

1 x 10'3

5 x 10-'

5 x lO'1

1 x 10'6

4 x 10'2

4 x 10 2

RME = Reasonable Maximum Exposure
Average = Average of typical exposure parameters
a. Risk values derived from PCE concentrations of 0.60 and 0.47 /ig/L for RME and average, respectively.
b. Risk values derived from PCE concentrations of 30.4 and 10.3 /ig/L for RME and average, respectively.
c. Risk values derived from PCE concentrations of 4,200 and 1,239 j*g/L for RME and average, respectively.
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Table 5-1 

SUMMARY OF ESTIMATED RISK V ALVES: 
RISK BY PATHWAY AND EXPOSURE SCENARIO 

Pathway Hazard Index Hazard Index Cancer Risk Cancer Risk 
Rl't1E Average RME Average 

Current Scenario: Asswnes treated Well II groundwater use" 

Indoor Air: I 0.5 I x 10-5 I X 10-6 

Inhalation of Soil 
Gas 

Drinking Water: 9 x 10'7 4 X 10'7 I X 10-8 5 X 10-9 

Ingestion and 
Inhalation 

Total Risk 1 0.5 I x IO-s 1 x 10~ 

Current Scenario: Asswnes untreated Well II groundwater useb 

Indoor Air: 1 0.5 I x 10-5 1 X 10-6 

Inhalation of Soil 
Gas 

Drinking Water: 2 x 10'3 2 X 10-4 3 X 10-5 3 X 10'6 
Ingestion and 
Inhalation 

Total Risk I 0.5 4 x IO-s 4 x IO~ 

Future Scenario: Asswnes use of OIlSite groundwater from at a hot spot near Halford's" 

Indoor Air: 1 0.5 I x 10-5 1 X 10-6 

Inhalation of Soil 
Gas 

Drinking Water: 45 3 5 x 10-1 4 X 10'2 
Ingestion and 
Inhalation 

Total Risk 46 4 5x 10-1 4 X 10-2 

RME = Reasonable Maximum Exposure 
Average = Avaage of typical exposure parameters 
a. Risk values derived from peE concentrations of 0.60 and 0.47 p.glL for EU.tE and average, respectively. 
b. Risk values derived from peE concentrations of 30.4 and 10.3 ",giL for RME and average, respectively. 
c. Risk values derived from peE concentrations of 4,200 and 1.239 J.<glL for RME and average, respectively. 
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Appendix A

FARMERS MODEL

The Farmers Model can be used for calculating emissions from chemicals

dissolved in groundwater or in contaminated soil (EPA 1992b). It assumes that the

chemical concentration in the soil does not decrease as the contaminant migrates

upward (i.e., no microbiological degradation) and that the depth to the top of the

pollutant source remains constant.

The vapor phase contaminant diffuses through the soil at a rate dependent on

the soil porosity, pore space geometry, the chemical's air diffusion coefficient, and

the concentration gradient between the source and point of exit form the soil. The

effective diffusion coefficient (Ds) is calculated as:

n
P'r

where

DA = vapor phase diffusion coefficient in air (cm2/sec)

Ps = air filled soil porosity (unitless)

PT = total soil porosity (unitless).

The flux is the quantity of the chemical that passes through a fixed unit of

space in a certain amount of time. The steady-state flux, J (mg/cm2-sec), is

calculated as:
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Appendix A 

FARMERS MODEL 

The Farmers Model can be used for calculating emissions from chemicals 

dissolved in groundwater or in contaminated soil (EPA 1992b). It assumes that the 

chemical concentration in the soil does not decrease as the contaminant migrates 

upward (i.e., no microbiological degradation) and that the depth to the top of the 

pollutant source remains constant. 

The vapor phase contaminant diffuses through the soil at a rate dependent on 

the soil porosity, pore space geometry, the chemical's air diffusion coefficient, and 

the concentration gradient between the source and point of exit form the soil. The 

effective diffusion coefficient (Ds) is calculated as: 

where 

DA = 
Pa = 
PT = 

D = , 
D p3.33 

A a 

p2 
T 

vapor phase diffusion coefficient in air (cm2/sec) 

air filled soil porosity (unitless) 

total soil porosity (unitless). 

The flux is the quantity of the chemical that passes through a fixed unit of 

space in a certain amount of time. The steady-state flux, J (mg/cm2-sec), is 

calculated as: 
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- Q

where

Cg = chemical concentration in the vapor phase (mg/cm3)

C2 = vapor phase concentration at the surface, assumed to be zero

to maximize flux value (mg/cm3)

L = the distance from the source to the surface (cm).

Because the model ignores all attenuating factors, it is likely to overestimate

the contaminant flux (EPA 1992b). Because of the model's simplicity however, it

provides a simple method to estimate the likely maximum rate at which chemicals

could be transported to a building. After calculating chemical flux, the indoor air

concentration is estimated as:

C. -J.indoor s\

where

Cindoor = indoor air concentration (mg/cm3)

E = contaminant infiltration rate (mg/sec)

Q = building ventilation rate (cm3/sec).

The contaminant infiltration rate, E, is approximated by:

E = J x A x F

where

J = steady-state flux (mg/cm2-sec)

A = area of the building floor (cm2)

F = fraction of floor though which soil gas can enter (unitless).

The building ventilation rate (Q) is estimated as:
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where 

Cg = chemical concentration in the vapor phase (mg/cm3) 

C2 - vapor phase concentration at the surface, assumed to be zero 

to maximize flux value (mg/cm3) 

L = the distance from the source to the surface (cm). 

Because the model ignores all attenuating factors, it is likely to overestimate 

the contaminant flux (EPA 1992b). Because of the model's simplicity however, it 

provides a simple method to estimate the likely maximum rate at which chemicals 

could be transported to a building. After calculating chemical flux, the indoor air 

concentration is estimated as: 

where 

Cindoor = 

E = 
Q = 

Cindoor 

E 
Q 

indoor air concentration (mg/cm3) 

contaminant infiltration rate (mg/sec) 

building ventilation rate (cm3/sec). 

The contaminant infiltration rate, E, is approximated by: 

where 

J 

A 

F 

= 

= 

E=JxAxF 

steady-state flux (mg/cm2-sec) 

area of the building floor (cm2
) 

fraction of floor though which soil gas can enter (unitless). 

The building ventilation rate (Q) is estimated as: 

A-2 



0 = ACH x v

3600

where ACH is the number of air changes per hour (hr'), V is the volume of the

building (cm3), and 3,600 converts hours to seconds.

The values for the ACH and F, 0.25 and 0.50, respectively, were taken from

EPA Region IX PRGs (1993), and the area and volume were consistent with a 2,000-

square-foot home. For comparison, Mueller et al. reported that typical ACHs for

single-family residences range from 0.5 to 1.5 with the ACHs for new or weatherized

structures generally 0.5 to 0.8 but possibly as low as 0.2 (EPA 1992b). Fractional

floor space values range from 0.001 for slab floors to 0.01 to 0.1 for the floors of

average California houses (Grummund et al., cited in EPA 1992b).
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Q = ACH x V 
3600 

where ACH is the number of air changes per hour (hr-I), V is the volume of the 

building (cm3
), and 3,600 converts hours to seconds. 

The values for the ACH and F, 0.25 and 0.50, respectively, were taken from 

EPA Region IX PRGs (1993), and the area and volume were consistent with a 2,000-

square-foot home. For comparison, Mueller et al. reported that typical ACHs for 

single-family residences range from 0.5 to 1.5 with the ACHs for new or weatherized 

structures generally 0.5 to 0.8 but possibly as low as 0.2 (EPA 1992b). Fractional 

floor space values range from 0.001 for slab floors to 0.01 to 0.1 for the floors of 

average California houses (Grummund et al., cited in EPA 1992b). 
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Appendix B

ACRONYM LIST

AB

ARCS

bgs

cw-l,2-DCE

COPC

1,2-DCA

1,1-DC A

DHS

DLR

E & E

ECAO

EPA

FS

g/mole

GAC

gpm

HEAST

HQ

IRIS

MCL

MSL

MW

Assembly Bill

Alternative Remedial Contracts Strategy

below ground surface

cis-1,2-dichloroethene

chemical of potential concern

1,2-dichloroethane

1,1-dichloroethane

Department of Health Services (California)

detection limit reported

Ecology and Environment, Inc.

EPA Environmental Criteria and Assessment Office

U.S. Environmental Protection Agency

feasibility study

grams per mole

granular activated carbon

gallons per minute

Health Effects Assessment Summary Tables

hazard quotient

Integrated Risk Information System

maximum contaminant level

mean sea level

monitoring well
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AB 

ARCS 

bgs 

cis-l,2-DCE 

COPC 

I,2-DCA 

I,I-DCA 

DHS 

DLR 

E&E 

ECAO 

EPA 

FS 

g/mole 

GAC 

gpm 

HEAST 

HQ 

IRIS 

MCL 

MSL 

MW 

Appendix B 

ACRONYM LIST 

Assembly Bill 

Alternative Remedial Contracts Strategy 

below ground surface 

cis-I,2-dichloroethene 

chemical of potential concern 

1,2-dichloroethane 

1, I-dichloroethane 

Department of Health Services (California) 

detection limit reported 

Ecology and Environment, Inc. 

EPA Environmental Criteria and Assessment Office 

U.S. ~nvironmentaI Protection Agency 

feasibility study 

grams per mole 

granular activated carbon 

gallons per minute 

Health Effects Assessment Summary Tables 

hazard quotient 

Integrated Risk Information System 

maximum contaminant level 

mean sea level 

monitoring well 
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NOAEL

PCB

PCE

ppm

PRG

PRP

QA/QC

PCE

ppb

RAS

RfD

RI

RME

RWQCB

SAS

SISA

SEAM

SF

SOC

SAS

TAT

TCE

TCL

TIC

truns-l,2-DCE

UCL

v/v

voc

no-observed-adverse-effect level

polychlorinated biphenyls

tetrachloroethylene

parts per million

preliminary remediation goal

potentially responsible party

quality assurance/quality control

tetrachloroethylene

parts per billion

Routine Analytical Services

reference dose

remedial investigation

reasonable maximum exposure

Regional Water Quality Control Board (California)

Special Analytical Service

Stanislaus Integrated Service Agency

Superfund Exposure Assessment Manual

slope factor

semivolatile organic chemical

Special Analytical Services

Technical Assistance Team

1,1,1-trichloroethane

Target Compound List

tentatively identified compound

trans-1,2-dichloroethene

upper confidence limit

volume/volume

volatile organic compound
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NOAEL 

PCB 

PCE 

ppm 

PRG 

PRP 

QA/QC 

PCE 

ppb 

RAS 

RID 

RI 

RME 

RWQCB 

SAS 

SISA 

SEAM 

SF 

SOC 

SAS 

TAT 

TeE 

TeL 

TIC 

trans-I,2-DCE 

DeL 

v/v 

VOC 

no-observed-adverse-effect level 

polychlorinated biphenyls 

tetrachloroethylene 

parts per million 

preliminary remediation goal 

potentially responsible party 

quality assurance/quality control 

tetrachloroeth y lene 

parts per billion 

Routine Analytical Services 

reference dose 

remedial investigation 

reasonable maximum exposure 

Regional Water Quality Control Board (California) 

Special Analytical Service 

Stanislaus Integrated Service Agency 

Superfund Exposure Assessment Manual 

slope factor 

semi volatile organic chemical 

Special Analytical Services 

Technical Assistance Team 

1, 1 , I-trichloroethane 

Target Compound List 

tentatively identified compound 

trans-l,2-dichloroethene 

upper confidence limit 

volume/volume 

volatile organic compound 
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Exhibit D 
(Baseline Human Health Risk Assessment (Revision 1), 

Modesto Groundwater Contamination Site,  
Modesto, California, July 1997)  
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Appendix C 
(Land Use Covenant) 

 
 

to  
 
 

Consent Decree Pertaining to Defendants 
Lyons and Tondas 
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Modesto RI
Executive Summary

Revision 1
July 1997

EXECUTIVE SUMMARY

The U.S. Environmental Protection Agency (EPA) conducted a Remedial Investiga-

tion/Feasibility (RI/FS) at the Modesto Groundwater Contamination Site, a Superfund site in Modesto,

California. As an attachment to the RI report, this report describes the risk assessment that evaluated

the human health risks from volatile organic compounds (VOCs), primarily tetrachloroethene (PCE),

in site groundwater and soil gas. This report updates the original EPA risk assessment report,

prepared in May 1994. The results of the original risk assessment concluded that current risks

are within EPA's acceptable levels; however, for the hypothetical future scenarios in which an

individual ingests untreated groundwater directly from the "hot spot", the risks were greater than

EPA acceptable levels. The original risk assessment was conducted using data collected during

EPA's Phase 1 (1991) and Phase 2 (1993) RIs. This update was prepared to incorporate Phase

3 RI data (1995).

The residential groundwater ingestion and inhalation of indoor air exposure pathways were

evaluated for current and future land use scenarios using soil gas and groundwater data collected

during the RI. The inhalation exposure to ambient indoor air was estimated from the soil gas data

using the Farmers Model (1992b) (see Appendix A). The inhalation of volatile chemicals released

during routine household water use (e.g., showering and dish washing) also was evaluated. For

the current land use scenarios, risks were estimated for exposure to indoor vapors based on modeling

of soil gas concentrations. The future land use scenario assumed ingestion of untreated site

groundwater from a "hot spot" near Halford's Cleaners. Average and reasonable maximum exposure

(RMEs) were calculated to assess carcinogenic and noncarcinogenic risks.

In conducting the risk assessment, conservative upper-bound exposure values developed

by EPA were used to calculate the "theoretical excess'cancer risk." The theoretical excess cancer

risk is an estimation of the probability of developing cancer over and above the normal background
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The U.S. Environmental Protection Agency (EPA) conducted a Remedial Investiga

tion/Feasibility (RIfFS) at the Modesto Groundwater Contamination Site, a Superfund site in Modesto. 

California. As an attachment to the RI report, this report describes the risk assessment that evaluated 

the human health risks from volatile organic compounds (VOCs). primarily tetrachloroethene (PCE). 

in site groundwater and soil gas. This report updates the original EPA risk assessment report. 

prepared in May 1994. The results of the original risk assessment concluded that current risks 

are within EPA's acceptable levels; however, for the hypothetical future scenarios in which an 

individual ingests untreated groundwater directly from the "hot spot". the risks were greater than 

EPA acceptable levels. The original risk assessment was conducted using data collected during 

EPA's Phase 1 (1991) and Phase 2 (1993) RIs. This update was prepared to incorporate Phase 

3 RI data (1995). 

The residential groundwater ingestion and inhalation of indoor air exposure pathways were 

evaluated for current and future land use scenarios using soil gas and groundwater data collected 

during the RI. The inhalation exposure to ambient indoor air was estimated from the soil gas data 

using the Farmers Model (1992b) (see Appendix A). The inhalation of volatile chemicals released 

during routine household water use (e.g., showering and dish washing) also was evaluated. For 

the current land use scenarios, risks were estimated for exposure to indoor vapors based on modeling 

of soil gas concentrations. The future land use scenario assumed ingestion of untreated site 

groundwater from a "hot spot" near Halford's Cleaners. Average and reasonable maximum exposure 

(RMEs) were calculated to assess carcinogenic and noncarcinogenic risks. 

In conducting the risk assessment, conservative upper-bound exposure values developed 

by EPA were used to calculate the "theoretical excess 'cancer risk." The theoretical excess cancer 

risk is an estimation of the probability of developing cancer over and above the normal background 
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incidence of cancer. A number of assumptions were made in the risk assessment that were designed

to err on the side of health protection in order to avoid underestimating the risk to the public.

Moreover, the chemical concentrations used to estimate the increased individual carcinogenic risk

assumed that continuous exposure occurs over a 30-year period; therefore, the actual probability

of cancer is likely to be much lower than the estimates and may even be as low as zero (EPA 1989a).

As shown in Table ES-1, current carcinogenic risks range from 9 x 10"7 to 9 x 10~6 while

hazard indices range from 0.1 to 0.5 under future land use conditions, carcinogenic risks range

from 1 x 10"2 to 5 x 10~2 while hazard indices range from 100 to 400 The ingestion of untreated

groundwater at the hot spot and inhalation pathways contribute the greatest risk.

EPA has adopted the policy that acceptable exposures to known or suspected carcinogens

fall within an excess upper-bound lifetime cancer risk of between one in 10,000 (10~4) and one

in a million (10~6) (EPA 199la). For noncarcinogens, a hazard index of 1 or less is recognized

as the level at which no adverse health effects would be expected. In this risk assessment, the

inhalation risks associated with current land use scenarios were generally within acceptable risk

levels; however, the risks associated with a future exposure scenario, which assumed consumption

of untreated site groundwater at the hot spot (i.e., MW-8), were above the currently acceptable

standards (EPA 199la).

In summary, this risk assessment found the current risk levels are within EPA's acceptable

levels; however, for the hypothetical future scenario in which an individual ingests untreated

groundwater directly from the hot spot, the risks were found to be outside EPA's acceptable levels.
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Incidence of cancer. A number of assumptions were made In the nsk assessment that were desIgned 

to err on the side of health protection in order to avoId underestImating the rISk to the public. 

Moreover, the chemIcal concentratIOns used to estimate the Increased Individual carcinogenic nsk 

assumed that continuous exposure occurs over a 30-year period; therefore, [he actual probabilIty 

of cancer is likely to be much lower than the estimates and may even be as low as zero (EPA 1989a). 

As shown in Table ES-l, current carclnogemc risks range from 9 x 10-7 to 9 x 10-6 while 

hazard Indices range from 0.1 to 0.5 under future land use conditions, carcinogenic risks range 

from 1 x 10-2 to 5 x 10-2 whIle hazard indices range from 100 to 400 The ingestIOn of untreated 

groundwater at the hot spot and inhalatIon pathways contnbute the greatest risk. 

EPA has adopted the policy that acceptable exposures to known or suspected carcinogens 

fall within an excess upper-bound lifetime cancer risk of between one In 10,000 (10-4) and one 

in a million (10-6) (EPA 1991a). For noncarcinogens, a hazard index of 1 or less IS recogmzed 

as the level at which no adverse health effects would be expected. In thIS rISk assessment, the 

inhalation risks assocIated with current land use scenarios were generally wIthin acceptable risk 

levels; however, the risks associated wIth a future exposure scenano, which assumed consump[]on 

of untreated site groundwater at the hot spot (i.e., MW-8), were above the currently acceptable 

standards (EPA 1991a). 

In summary, this risk assessment found the current nsk levels are wIthin EPA's acceptable 

levels; however, for the hypothetIcal fumre scenario In WhICh an indivIdual ingests untreated 

groundwater directly from the hot spot, the risks were found to be outSIde EPA's acceptable levels. 
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Table ES-1

SUMMARY OF ESTIMATED RISK VALUES
BASELINE HUMAN HEALTH RISK ASSESSMENT

MODESTO GROUNDWATER CONTAMINATION SITE
MODESTO, CALIFORNIA

Pathway
Hazard Index

RME
Hazard Index

Average
Cancer Risk

RME
Cancer Risk

Average

Current Scenario:

Indoor Air.
Inhalation of Soil Gas

Total Risk3

0.5

0.5

0.1

0.1

9 x lO'6

9 x 10-'

9 x lO'7

9 x 10-7

Future Scenario: Assumes residential use of groundvvater from MVV-8

Indoor Air:
Inhalation of Soil Gas

Drinking Water'
Ingestion and Inhalation

Total Riskb

0 5

400

400

0.1

100

100

9 x 10"

5 x 10'2

5 x 10'2

9 x 10'7

1 x 10'2

1 x lO'2

RME = Reasonable Maximum Exposure
Average = Average of typical exposure parameters

H See Table 3-2.
b See Tables 3-3 and 3-4
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Table ES-l 

SUMMARY OF ESTIMATED RISK VALUES 
BASELINE lflJMAN HEALTH RISK ASSESSMENT 

MODESTO GROUNDWATER CONTAMINATION SITE 
MODESTO, CALIFORNIA 

Hazard Index Hazard Index Cancer Risk 
Pathway RME Average RME 

Current Scenario: 

Indoor AIr. 0.5 0.1 9 x 10.6 

InhalatIon of Soil Gas 

Total Riska I 0.5 I 0.1 I 9 x 10-6 I 
Future Scenario: Assumes residential use of groundwater from M\V-8 

Indoor AIr: 05 0.1 9 x 10 6 

InhalatIOn of SOIl Gas 

Drmkmg Water· 400 100 5 X 10-2 

IngestIOn and Inhalation 

Total Riskb 400 100 5 X 10-2 

RME = Reasonable MaxImum Exposure 
Average = Average of typIcal exposure parameters 

a See Table 3-2. 
b See Tables 3-3 and 3-4 
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Cancer Risk 
Average 

9 X 10.7 

9 X 10-7 I 
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1 X 10.2 
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1. INTRODUCTION

The Modesto Groundwater Contamination Site was placed on the National Priorities List

on March 31. 1989. The sue initially included Municipal Well 11 (Well 11). which has been found

to contain tetrachloroethene (PCE) above the federal and state maximum contaminant level (MCL)

of 5.0 pans per billion (ppb), the sue is currently defined to include contaminant sources This

introductory section describes the physical setting of the sue and summarizes the investigations

and groundwater treatment to date.

1.1 BACKGROUND

1.1.1 Site Description

Modesto is in Stanislaus County approximately four miles south of the Stanislaus River

and five miles west of the Tuolumne River in the San Joaquin Valley. The city encompasses

approximately 12 square miles and has a population of approximately 170.000. Major industries

include canneries, wineries, and dairy, meat, poultry, and frozen food processing plants.

The climate is characterized by hot, dry summers and mild winters. The mean annual

precipitation is 12 inches. 87 percent occurring between October and May Groundwater is the

primary source of water for municipal, industrial, and agricultural use m Modesto Water supplies

include 49 wells owned by the City of Modesto. 62 wells owned by the Del Este Water Company,

and numerous private domestic wells.

A site location map and a sue plan are shown in Figures 1-la and 1-lb. The RI study

area lies at an appropriate elevation of 90 feet above mean sea level (MSL). The site and vicinity

are nearly flat with a gentle slope to the west at a gradient of approximately 0 001

Well 11 is outside the RI study area at the corner of Magnolia and Mensmger avenues

and is owned by the City of Modesto. Although Well 11 is no longer in operation (see Section

1 1.2), it was formerly operated by the City as part of a system that supplies potable water to over

150.000 residents. As reported in California Assembly Bill (AB) 1803. Well 11 (State Number

ZS6073

Case 1:07-cv-00491-LJO -MJS   Document 469-1    Filed 01/28/11   Page 124 of 190• • • • • • • • • • • • • • • • 
• • 
• • • • • • • • • • • • • • 

1. INTRODUCTION 

Modesto RI 
SectIon I 

ReVIsion I 
July 1997 

The Modesto Groundwater ContammatIon Site was placed on the National PriofI(ies LIst 

on March 31. 1989. The site mltIally mcluded MUnICIpal Well 11 (Well 11), WhICh has been found 

to contam tetrachloroethene (PCE) above [he federal and state maXImum contammant level (MCL) 

of 5.0 parts per billion (ppb). the SHe IS currently defined to mclude contammant sources This 

introductory sectIOn descnbes the phYSIcal settmg of the site and summanzes the mveStIgatIOns 

and groundwater treatment to date. 

1.1 BACKGROUND 

1.1.1 Site Description 

Modesto IS m StanIslaus County approxImately four miles south of the StanIslaus River 

and five miles west of the Tuolumne RIver m the San J oaqum Valley. The CIty encompasses 

approxImately 12 square mIles and has a populatIon of approxImately 170.000. i\'laJor mdustrIes 

Include cannenes. wmenes. and daIry. meat. poultry, and frozen food processIng plants. 

The climate IS charactenzed by hot. dry summers and mild wmters. The mean annual 

precIpitatIOn IS 12 inches. 87 percent occurrmg between October and May Groundwater IS the 

pnmary source of water for mUnICIpal. mdustnal. and agncultural use m Modesto Water supplies 

mclude 49 wells owned by the City of Modesto. 62 wells owned by the Del Este Water Company. 

and numerous pnvate domestic wells. 

A site locatIon map and a site plan are shown m Figures I-la and I-lb. The RI study 

area lies at an appropnate elevatIon of 90 feet above mean sea level (MSL). The site and VICInIty 

are nearly tlat WIth a gentle slope [Q the west at a gradIent of approxImately 0 00 I 

Well 11 IS outSIde the RI study area at the corner of Magnolia and Mensmger avenues 

and is owned by the City of Modesto. Although Well 11 IS no longer In operatIon (see SectIon 

I 1.2), it was formerly operated by the City as part of a system that supplies potable water to over 

150.000 reSIdents. As reported In CalifornIa Assembly Bill (AB) 1803. Well 11 (State Number 

1-1 ZS6073 
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3S/9E-20J1) was installed in 1936 and has a 1.150 gallons-per-mmute (gpm) capacity and a well

casing depth of 116 feet.

Dry Creek, a naturally occurring stream approximately one mile to the southeast, is the

closest drainage to the site. Dry Creek flows west to the Tuolomne River, a tributary of the San

Joaquin River. Water delivery laterals extend from the Modesto Main Canal and run east-west

0.8 mile north and 0 3 mile south of the site.

1.1.2 Site Investigations

PCE was initially detected in Well 11 in September 1984 at 16 7 ppb. which is above

the federal and state MCL of 5 ppb. Well 11 was one of 12 wells initially sampled in Modesto

under provisions of AB 1803. Within a few weeks after contamination was detected in Well 11.

local regulatory agency representatives raised the possibility that Halford's Cleaners, 941 McHenry

Avenue, was the source of PCE contamination. Halford's was suspected because of its proximity

to Well 11 (approximately 1.000 feet southeast) and the likely use of PCE at the drycleaning facility

A timeline of various activities at Well 11 is shown in Figure 1-2.

In April 1985. the Stanislaus County Department of Environmental Resources conducted

a groundwater investigation in the immediate vicini ty of Halford's. An inactive air conditioning

well at the Elks Lodge, approximately 100 feet northwest of Halford's. contained PCE at 84 6

ppb Following the groundwater investigation, the county collected soil samples at Halford's near

a drycleaning machine. The results revealed a maximum PCE soil concentration of 176.000 ppb

After being deactivated in 1984 when PCE contamination was initially detected. Well 11

was reactivated in April 1987, after continued monitoring indicated to detectable levels of PCE

or other chlorinated solvents. In February 1989. Well 11 was again taken out of service after

PCE at 8.28 ppb was detected in December 1989. The well remained out of service until a wellhead

granular activated carbon (GAC) treatment system was installed by the City of Modesto in May

1991 Well 11 was returned to service in June 1991 butagam taken off line in 1995 when naturally

occurring uranium was detected above MCLs. Well 11 is currently stil l inactive.

In August 1985, the City of Modesto collected sludge and sediment samples from sewer

lines north and south of Halford's. A maximum PCE concentration in sludge of 1.360 ppb was

found in the main sewer line immediately downeradient from Halford's service connection.

_ ZS6073
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3S/9E-20J 1) was Installed in 1936 and has aLISO gallons-per-mInute (gpm) capacny and a well 

casIng depth of 116 feet. 

Dry Creek. a naturally occurnng stream approxImately one mIle to the southeast. IS the 

closest drainage to the site. Dry Creek flows west to the Tuolomne River. a tributary of the San 

Joaquin River. Water delivery laterals extend from the Modesto Main Canal and run east-west 

0.8 mIle north and 0 3 mtle south of the SHe. 

1.1.2 Site Investigations 

PCE was Initially detected In Well 11 In September 1984 at 16 7 ppb. whIch IS above 

the federal and state MCL of 5 ppb. Well 11 was one of 12 wells InitIally sampled in Modesto 

under proVISIOns of AB 1803. WithIn a few weeks after contamInatIon was detected In Well 11. 

local regulatory agency representatIves raIsed the possibility that Halford's Cleaners. 941 McHenry 

Avenue. was the source of PCE contamInation. Halford's was suspected because of its proxmllty 

to Well 11 (approxImately 1.000 feet southeast) and the Itkely use ofPCE at the drycleanmg facility 

A timeline of vanous actIvities at Well 11 IS shown in Figure 1-2. 

In April 1985. the Stamslaus Coumy Departmem of EnVIronmental Resources conducted 

a groundwater InvestigatIon In the ImmedIate \'ICInity of Halford·s. An mactlve aIr conditionIng 

well at the Elks Lodge. approxImately 100 feet northwest of Halford·s. contamed PCE at 84 6 

ppb Followmg the groundwater InvestIgation. the coumy collected SOIl samples at Halford's near 

a drycleanmg machme. The results revealed a maxImum PCE sotl concemratlOn of 176.000 ppb 

After bemg deactivated In 1984 when PCE comamInatlon was Initially detected . Well 11 

was reactIvated In AprIl 1987. after contInued momtorIng mdlcated to detectable levels of PCE 

or other chlonnated solvems. In February 1989. Well 11 was agam taken out of servIce after 

PCE at 8.28 ppb was detected in December 1989. The well remamed out of servIce untIl a wellhead 

granular actIvated carbon (GAC) treatment system was Installed by the City of Modesto In May 

1991 Well 11 was returned to servIce In June 1991 but agaIn taken off line In 1995 when naturally 

occurrIng uramum was detected above MCLs. Well 11 is currently stIll mactlve. 

[n August 1985. the CIty of Modesto collected sludge and sedIment samples from sewer 

lines north and south of Halford's. A maxImum PCE concentratIon In sludge of 1.360 ppb was 

found In the maIn sewer lIne ImmedIately downgradlent from Halford's servIce connectIon. 

1-4 ZS6073 
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Figure I -2

TIMELINE OF ACTIVITIES AT WELL I I
Modesto Groundwater
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In 1987, Radian Corporation, under contract to the California Department of Health Services

(DHS), conducted an investigation of potential groundwater contaminant sources in Modesto

The objectives of the Radian investigation were to:

• Identify the businesses that potentially use PCE and could be associated
with contamination found in 10 Modesto domestic water supply wells.

• Evaluate potential health risks associated with the drinking water mgestion

• Develop a list of remedial alternatives

The results indicated that 106 businesses warranted further investigation as potential

contaminant sources. A followup evaluation eliminated 73 businesses from the list, leaving 34

business considered for soil gas sampling.

In December 1989, as EPA collected soil and soil gas samples in the vicinity of Halford's

Cleaners. The results showed PCE at a maximum of 6,050 ppm in the soil near the northwest

corner of the Halford's building and an elevated PCE concentration of 1,965 ppm in soil gas adjacent

to the automobile dealership immediately south of Halford's Both the soil and soil gas data suggested

decreasing PCE concentrations at increasing distances from Halford 's A second EPA investigation

was conducted in July 1990 and consisted of.

• Drilling and sampling six boreholes in the vicinity of Halford's

• Video monitoring of the nearby Elks Lodge well to determine whether
it could be acting as a conduit for downward migration of contaminants

• Sampling the Elks Lodge well.

The highest PCE concentrations in soil (21,000 ppb) were detected within 5 feet of the

surface of the borehole closest to Halford's. approximately 1.000 feet southeast of Well 11 CFigure

1 -1 b). Water sample results from the Elks Lodge well indicated PCE at 73 ppb although information

from the video monitoring of the Elks Lodge well was inconclusive.

In March and April of 1990. the Regional Water Quality Control Board (RWQCB) conducted

a soil gas investigation to delineate potential contaminant plumes associated with City of Modesto

Wells 11. 14, and 21. Although the results do not necessarily correlate with groundwater

_ ZS6073
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In 1987, Radian Corporauon. under contract to the CaiIforrua Department of Health ServIces 

(DHS), conducted an Investigauon of potential groundwater contaminant sources In Modesto 

The objectives of the RadIan Investlganon were ro: 

• Identify the businesses that potentially use PCE and could be assocIated 
WIth contaminatIOn found m 10 Modesto domestic water supply wells. 

• Evaluate potennal health rISks assOCIated with the drInking water Ingesnon 

• Develop a i1st of remedIal alternatives 

The results Indicated that 106 bUSinesses warranted further Invesnganon as porentlal 

contamInant sources. A followup evaluanon eilminated 73 bUSinesses from the list. leaVing 34 

business considered for soIl gas samplIng. 

In December 1989. as EPA collected soIl and soIl gas samples In the VICInity of Halford's 

Cleaners. The results showed PCE at a maxImum of 6.050 ppm In the SOli near the northwest 

corner of the Halford's bUIlding and an elevated PCE concentration of 1.965 ppm In soIl gas adjacent 

to the automobile dealership munedlately south of Halford's Borh the soIl and soli gas data suggested 

decreaSIng PCE concentranons at Increasmg distances from Halford' s A second EPA Il1vestlgatlon 

was conducted In July 1990 and conSIsted of. 

• DrIlling and sampling SIX boreholes In the VICinity of Halford's 

• Video momtorIng of the nearby Elks Lodge well to determine whether 
It could be acting as a conduit for downward mIgration of contaminants 

• Sampling the Elks Lodge well. 

The hIghest PCE concentranons In soli (21.000 ppb) were detected within 5 feet of the 

surface of the borehole closest to Halford's. approximately 1.000 feet southeast of Well 11 (Figure 

1-1 b). Water sample results from the Elks Lodge wellll1dlcated PCE at 73 ppb although Informanon 

from the VIdeo monitoring of the Elks Lodge well was inconclUSIve. 

In March and AprIl of 1990. the RegIonal Water Quality Control Board ( RWQCB) conducted 

a soIl gas Invesnganon ro dehneate potennal contaminant plumes assocIated with CIty of Modesto 

Wells 11. 14, and 21. Although the results do nor necessanly correlate with groundwater 
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contamination the southern portion of this plume coincides with the city sewer line, indicating

that PCE discharges to the sewer line may be a source of the contamination. Halford's Cleaners

is also a likely source of this plume.

On September 25. 1990. the EPA Emergency Response Section issued a Removal Order

to the potential responsible parties (PRPs) for soil remediation at Halford's Cleaners. Halford's

has installed a soil vapor extraction system in compliance with the Removal Order. EPA conducted

Phase 1 and 2 RJs at the site to determine the chemicals of concern and locate PCE hot spots (E & E

1993a. b). The Phase 1 investigation consisted of a soil gas survey, installing four monitoring

wells, sampling and analyzing subsurface soils, groundwater testing at the monitoring wells and

Well 11. and an aquifer pump test. The pump test confirmed that Halford's Cleaners is the only

dry cleaner within the capture zone of Well 11. The Phase 2 investigation was designed to support

this risk assessment by defining the horizontal and vertical extent of the PCE soil gas contamination

identified in the Phase I RI and collecting additional groundwater samples. The Phase 2 RI used

both biased and random sampling methods to characterize the PCE contamination

The Phase 3 RI. conducted in 1995. included more comprehensive sampling of soil,

groundwater and soil gas in the vicinity of Halford's Cleaners, five new groundwater monitoring

wells and two soil vapor monitoring wells were installed and sampled. Monitoring well borings

were also sampled to better establish vertical contammant profiles.

1.2 SCOPE OF THE RISK ASSESSMENT

This baseline risk assessment evaluated potential human health risk from VOCs identified

in groundwater at the Modesto Groundwater Contamination Site The results of the original risk

assessment concluded that current risks are within EPA's acceptable levels; however, for the

hypothetical future scenarios in which an individual ingests untreated groundwater directly from

the "hot spot", the risks were greater than EPA acceptable levels.

This report updates the original human health risk assessment conducted by EPA in 1994

The update is necessary to incorporate data collected in 1995 (Phase 3 RD. The preliminary residential

exposure pathways investigated included inhalation of soil gas vapors as well as inhalation and

mgestion of groundwater by residents. This report was prepared in accordance with the following

federal as well as regional risk assessment guidance:

1-7 ZS6073
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contammatlon the southern pomon of thIs plume cOincIdes with the city sewer line. 111dlcatlng 

that PCE discharges to the sewer Ime may be a source of the contammatlon. Halford's Cleaners 

is also a likely source of this plume. 

On September 25. 1990. the EPA Emergency Response Section Issued a Removal Order 

to the potential responsIble pames (PRPs) for soli remediatIOn at Halford's Cleaners. Halford's 

has mstalled a soli vapor extraction system In compliance with the Removal Order. EPA conducted 

Phase I and 2 RIs at the site ro determme the chemIcals of concern and locate PCE hot SpotS (E & E 

1993a. b). The Phase I investigation consISted of a soli gas survey. mstalling four mOnltonng 

wells. sampling and analyzmg subsurface SOIls. groundwater testing at the mOnltormg wells and 

Well 1 L and an aqUIfer pump test. The pump test confIrmed that Halford's Cleaners is the only 

dry cleaner within the capture zone of Well 11. The Phase 2 investigation was designed to suppOrt 

thIS risk assessment by defmlng the honzontal and vemcal extent of the PCE soli gas contammatlon 

Identified in the Phase I RI and collecting additional groundwater samples. The Phase 2 RI used 

both biased and random sampling methods to charactenze the PCE contamination 

The Phase 3 RI. conducted In 1995. included more comprehensIve samplmg of soli. 

groundwater and soli gas in the VICinity of Halford's Cleaners. fIve new groundwater mOnitoring 

wells and two soli vapor monltonng wells were mstalled and sampled. Monltonng well bonngs 

were also sampled to better establish vemcal contanlmant proflies. 

1.2 SCOPE OF THE RISK ASSESSMENT 

This baseline nsk assessment evaluated potential human health fisk from VOCs IdentifIed 

m groundwater at the Modesto Groundwater Contamination Site The results of the oflgmal rISk 

assessment concluded [hat current rISks are within EPA's acceptable levels: however. for the 

hypothetical future scenanos In whIch an mdIvidual mgests untreated groundwater dIrectly from 

the "hot spot". the nsks were greater than EPA acceptable levels. 

This report updates the onglnal human health fisk assessment condUCted by EPA 111 199.:1-

The update IS necessary to Incorporate data collected in 1995 (Phase 3 RI). The prellmmary reSIdential 

exposure pathways investigated Included inhalation of soli gas vapors as well as Inhalat10n and 

mgesnon of groundwater by residents. This report was prepared In accordance with [he follOWIng 

federal as well as regIOnal fisk assessment gUIdance: 
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• Risk Assessment Guidance for Snperfimd. Volume 1 - Human Health
Evaluation Manual (Part A), EPA/540/1-89/002. December 1989

• Risk Assessment Guidance for Superfund Human Health Risk Assessment.
U.S. EPA Region IX Recommendations (Interim Final). December 15.
1989.

• EPA Region IX Preliminary Remediation Goals (PRGs). 1996.

The risk assessment was conducted according to standard risk assessment procedures (EPA

1989a) that include the following processes.

• Identification of contaminants of potential concern

• Exposure assessment

• Toxicity assessment

• Risk characterization

• Uncertainty analysis

Current (treated and untreated) drinking water and future land use exposure scenarios were

evaluated in this assessment.
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The fIsk assessment was conducted accordmg to standard nsk assessment procedures (EPA 

1989a) that mclude the followmg processes. 

• Identification of contammants of potentIal concern 

• Exposure assessment 

• TOXICIty assessment 

• Risk charactenzatlon 

• UncertaInty analysIs 

Current (treated and untreated) dnnkmg water and future land use exposure scenanos were 

evaluated in this assessment. 
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2. DATA COLLECTION AND EVALUATION

This section summarizes the results of EPA's Phase 1.2. and 3 remedial investigations

(E & E 1996. 1994b. 1993). The RI data and data obtained from the City of Modesto (1993)

were used exclusively m this risk assessment. The sampled media were soil, groundwater.and

soil gas.

All laboratory data were reviewed and validated by EPA contract laboratories using EPA

functional guidelines (EPA 1983, 1985. 1989c, 1990). Only validated data were used in the

quantitative risk assessment. Data review and validation is a two-step process. First, laboratory

personnel review the data qualitatively for overall precision, accuracy, comparability, and completeness

using standard quality assurance/quality control (QA/QC) procedures. Second, an independent

validation specialist evaluates the data and assigns validation qualifiers ("flags"). The qualifiers

account for variability encountered in the chemical analyses: for example, a "J" qualifier indicates

that a laboratory instrument identified the chemical, but the concentration was too low to be accurately

quantified (i.e.. the chemical was present but at a concentration below the quantitation l imit ) .

If the chemical was analyzed for but not detected, the result is qualified with a "U" In accordance

with EPA guidance (1989a). if there was no reason to believe a chemical was present in a sample,

a U-quahfied result is regarded as zero.

The following sections list the types of chemical compounds that were analyzed for and

summarize the analytical laboratory results.

2.1 REMEDIAL INVESTIGATION ANALYTICAL RESULTS

2.1.1 Groundwater Results

Phase 1 and 2 RI

Groundwater samples were collected from four monitoring wells (Wells MW-l through

MW-4), Well 11. and the Elks Club well in February 1992 (Phase 1) and again in November 1993

(Phase 2). At Well 11. effluent (treated) and influent (untreated) samples were collected. For
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This seC[Ion summanzes the results of EPA's Phase 1. 2. and 3 remedial mvesnganons 

(E & E 1996. 1994b. 1993). The RI data and data obtamed from the City of Modesro 0993) 

were used exclUSIvely In this risk assessmem. The sampled medIa were soIl. groundwater.and 

soIl gas. 

All Iaborarory data were reviewed and valIdated by EPA comract laborarones uSing EPA 

funcrronal gUIdelines (EPA 1983, 1985. 1989c, 1990). Only validated data were used in the 

quamitative risk assessmem. Data revIew and valIdation IS a two-step process. First. laborarory 

personnel revIew the data quahtauvely for overall precIsIon. accuracy. comparabilIty, and completeness 

using standard quality assurance/quahty control (QA/QC) procedures. Second. an independem 

validation speCIalist evaluates the data and assigns valIdatIon qualitiers ("flags "). The qualIfiers 

accoum for vanabliity encoumered In the chemIcal analyses: for example. a "]" qualIfier Indicates 

that a laborarory mstrument Identdied the chemIcal. but the concentration was roo low to be accurately 

quamified (I.e .. the chemical was presem bur at a concentranon below the quamltatlOn lImit). 

If the chemIcal was analyzed for but not detected. the result IS qualified with a "U" In accordance 

with EPA gUIdance (1989a). If there was no reason ro believe a chemIcal was present In a sample. 

a U-qualIfied result IS regarded as zero. 

The follOWing secnons lIst the types of chemIcal compounds that were analyzed for and 

summanze the analyncal laborarory results. 

2.1 REMEDIAL INVESTIGATION ANALYTICAL RESULTS 

2.1.1 Groundwater Results 

Phase 1 and 2 RI 

Groundwater samples were collected from four mOnItoring wells (Wells MW-l through 

MW -4). Well 11. and the Elks Club well in February i 992 (Phase l) and agam m November 1993 

(Phase 2). At Well 11. eftluem (treated) and Influem (untreated) samples were collected. For 
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QA/QC purposes, duplicate samples were collected, and average concentrations were used in exposure

calculations. All samples were analyzed by an EPA Contract Laboratory Program (CLP) laboratory

using a Routine Analytical Service (RAS) volatiles method. Special Analytical Services (SAS)

methods were also used to analyze groundwater samples for VOCs. All data underwent validation

according to EPA guidelines (EPA 1990). Groundwater samples collected from monitoring wells

during the Phase I RI were analyzed for Target Compound List (TCL) VOCs. TCL semivolatile

organic compounds (SOCs), TCL pesticides, polychlonnated biphenyls (PCBs), TCL metals,

radionuchdes including alpha, beta, radium-226/228. and radon-222, and herbicides

No detectable levels of pesticides. PCBs. SOCs. or herbicides were found. In the Phase

1 RI, several tentatively identified compounds (TICs) were identified in samples from the Elks

Club well. All TIC results were qualified with a "J" meaning estimated. The TICs were butane,

pentane, methyl pentane, hexane, and methyl hexane. The quantitation limit for these compounds

was 2 micrograms per liter dug/L). One equipment blank and two field duplicates were analyzed.

The field duplicates had comparable PCE concentrations: the equipment blank had analyte

concentrations below the quantitation limits. PCE was detected in all samples except Well 11 effluent.

Trace quantities of several other VOCs were detected, but none exceeded MCLs. None of the

TICs are suspect at the site so they were eliminated from further consideration per EPA guidance

(1989a).

Since many of the compounds tested for in the Phase I RI were not detected (e.g., PCB,

pesticides, semivolatiles), and others were below MCLs and/or tentatively identified as discussed

above, only VOCs analyses were conducted for the Phase 2 RI The Phase 2 VOC data were similar

to the Phase I data (same chemical identification at similar concentrations).

Approximately a dozen TICs of unknown identity were observed in samples from MW-3.

and methyl pyrrolidinone was identified (probability of identification equal to "B" or "moderate")

at concentrations of 20 to 100 ng/L (J-quahfied) in five of the samples. None of the 64 possible

SOCs were detected above the quantitation l imits. Two field duplicates and one equipment blank

were collected and analyzed for SOCs.

Herbicides were analyzed for using EPA Test Method 8150. Again, two field duplicates

and one equipment blank were analyzed for QA/QC. No herbicides were detected above the

quantitation limits.
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QA/QC purposes. duplicate samples were collected. and average concentrations were used in exposure 

calculations. All samples were analyzed by an EPA Contract Laboratory Program (CLP) laboratory 

using a Routme Analytical Service (RAS) volatiles method. Special Analytical Services (SAS) 

methods were also used to analyze groundwater samples for VOCs. All data underwent validation 

according to EPA gUidelines (EPA 1990). Groundwater samples collected from mOnitoring wells 

dunng the Phase I RI were analyzed for Target Compound List (TCL) VOCs. TCL semiVolatile 

organic compounds (SOCs), TCL pesticides. polychlonnated biphenyls (PCBs), TCL metals. 

radionuclIdes includmg alpha. beta. radium-226/228. and radon-222. and herbicides 

No detectable levels of pesticides. PCBs. SOCs. or herbicides were found. In the Phase 

RI, several tentatively Identified compounds (TICs) were Identified m samples from the Elks 

Club well. All TIC results were qualified with a "J" meaning estimated. The TICs were butane. 

pentane, methyl pentane, hexane. and methyl hexane. The quantitation limit for these compounds 

was 2 micrograms per liter (/tg/L). One equipment blank and two field duplIcates were analyzed. 

The field duplicates had comparable PCE concentrations: the eqUipment blank had analyte 

concentrations below the quanutauon limits. PCE was detected in all samples except Well II effluent. 

Trace quantities of several other VOCs were detected. but none exceeded MCLs. None of the 

TICs are suspect at the site so they were elimmated from funher conSideratIon per EPA gUidance 

(l989a). 

Since many of the compounds tested for m the Phase I RI were not detected (e.g., PCB. 

pesticides, semlvolatiles), and others were below MCLs and/or tentatively Identified as discussed 

above, only VOCs analyses were conducted for the Phase 2 RI The Phase 2 VOC data were Similar 

to the Phase I data (same chemical Identification at Similar concentrations). 

ApproXimately a dozen TICs of unknown Identity were observed in samples from MW -3. 

and methyl pyrrolidinone was Identified (probabIiily of Identification equallo "B" or "moderate") 

at concentrations of 20 to 100 /tg/L O-quahfied) in five of the samples. None of the 64 pOSSible 

SOCs were detected above the quantltatJon limns. Two held duplicates and one equipment blank 

were collected and analyzed for sacs. 

HerbiCides were analyzed for usmg EPA Test Method 8150. Agam. two field duplicates 

and one eqUipmem blank were analyzed for QA/QC. No herbiCides were detected above the 

quantItatIon limits. 
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Water samples were also analyzed for SAS metals and molybdenum. The data were reviewed

in accordance with the SAS requirements for molybdenum and EPA guidance (EPA 1983, 1989c).

Samples from MW-3 were found to contain the following compounds above the MCLs. aluminum

(12,000 /xg/L), chromium (65 ^g/L). iron (11.800 /^g/L), and manganese (282 ,ug/L).

Validation of RAS Pesticides/PCBs were performed using EPA guidance (EPA 1985).

None of the 11 water samples analyzed contained pesticides or PCBs above the quantitation limits

Gross alpha and beta radioactivity, radium-226 and -228, and uranium analyses were also

performed on the water samples collected March 6 through 26. 1992. Several different methods

were used to analyze the various types of radioactivity. The data were reviewed for completeness

and compliance with the methods only: no judgment was made on data quality.

Phase 3 RI

As pan of the Phase 3 RI, additional monitoring wells were installed at "hot spots."

upgradient, and downgradient from the site. Phase 3 groundwater samples were analyzed for total

and dissolved metals, volatile organic compounds, general chemistry, and radionuchdes, except

the sample from MW-8, which was analyzed for volatile organic compounds only. Volatile organic

analyses were performed in the onsite FASP laboratory using EPA Method 8010/8020 Metals

analyses were conducted through the Contract Laboratory Program (CLP), and analyses for

groundwater quality parameters (e.g., alkalinity, hardness, sulfides. etc.) were conducted at the

EPA Richmond Laboratory.

The PCE concentration in groundwater is highest in wells near Halford's Cleaners (wells

MW-3, MW-4, MW-5, and MW-8). The federal and state MCLs for PCE in drinking water is

5.0 /ug/L. The MCL was exceeded in all wells except MW-7, and the highest concentration of

PCE was 74,000 /xg/L in MW-8 near Halford's Cleaners sewer connection to the mam line. The

other shallow groundwater sample near Halford's Cleaners (MW-5) indicated 17,300 ^g/L PCE.

MW-7. which was placed upgradient ot Halford's Cleaners, indicated the lowest PCE concentration

of 4.2 /ig/L, based on this low relative concentration, an upgradient source of contamination appears

unlikely. MW-6. which was placed downgradient of Halford's Cleaners to help define the lateral

extent of contamination, indicated 44 0 jag/L of PCE.
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Water samples were also analyzed for SAS metals and molybdenum. TIle data were reviewed 

In accordance\vnh the SAS reqUiremems for molybdenum and EPA gUidance (EPA 1983. 1989c). 

Samples from MW-3 were found (Q comam the followmg compounds above the MCLs. alummum 

(12,000 Ilg/L), chromium (65 IlgiL). Iron (11.800 Ilg/L), and manganese (282 Ilg/L). 

ValidatIOn of RAS PesucldesiPCBs were performed usmg EPA gUldance (EPA 1985). 

None of the II water samples analyzed comamed pesticides or PCBs above the quanmauon limns 

Gross alpha and beta radioactivity, radium-226 and -228. and uranIum analyses were also 

performed on the water samples collected March 6 through 26. 1992. Several differem methods 

were used ro analyze the vanous types of radioacuvity. The data were reviewed for completeness 

and compliance with the methods only: no Judgmem was made on data quality. 

Phase 3 RI 

As pan of the Phase 3 RI. additional mOnIronng wells were mstalled at "hot spots." 

upgradient, and downgradiem from the site. Phase 3 groundwater samples were analyzed for rotal 

and dissolved metals, volatile organic compounds. general chemlsrry. and radionuclldes. except 

the sample from MW-8, which was analyzed for volatile organIc compounds only. Vola£Ile organIc 

analyses were performed m the onSHe F ASP laboratory usmg EPA Method 80 I 0/8020 Metals 

analyses were conducted through the Contract Laborarory Program (CLP). and analyses for 

groundwater quality parameters (e.g., alkalinIty. hardness. sulfides. etc.) were conducted at the 

EPA Richmond Laborarory. 

The PCE concentration m groundwater IS highest m wells near Halford's Cleaners (wells 

MW-3. MW-4, MW-5. and MW-8). The federal and state MCLs for PCE m drmkmg water IS 

5.0 Ilg/L. The MCL was exceeded in all wells except MW -7, and the highest concentra£Ion of 

PCE was 74,000 Ilg/L in MW-8 near Halford's Cleaners sewer conneC£Ion ro the mam Ime. The 

other shallow groundwater sample near Halford's Cleaners (MW-5) indicated 17.300 Ilg/L PCE. 

MW-7. which was placed upgradlem ot Halford's Cleaners. mdlca[ed the lowes[ PCE concentratlon 

of 4.2Ilg/L. based on thiS low relative concentrauon. an upgradlem source of contammatlon appears 

unlikely. MW -6. which was placed downgradlem of Halford' s Cleaners ro help define [ile lateral 

extent of comammatlon. Indicated 440 Ilg/L of PCE. 
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Toluene was found at MW-8 at 13.200 ng/L. the state MCL for toluene is 150 p.g/L.

Since toluene is not a breakdown product of PCE and is not typically associated with the PCE

manufacturing process, the presence of toluene may indicate a separate source of contamination.

Toluene was not detected at other wells near Halford's Cleaners. Low levels were detected at

MW-6 (8.2 Mg/L) and MW-7 (4.0/xg/L). Other volatile organic analytes were acetone, chloroform,

and chloromethane.

2.1.2 Soil Gas Results

Phase 1 and 2 RI

The objective of the Phase 1 soil gas survey was to identify potential sources of PCE

contamination impacting Well 11 groundwater. On the basis of a conservative estimate of the

radius of influence of Well 11, a one-mile radius was initially selected as the study area for the

soil gas survey. One sample was collected 20 feet below ground surface (bgs); others were collected

10 feet bgs.

The EPA "Region IX ASP Volatile Organic Compounds in Soil Gas" method was used

to analyze the samples for PCE. 1,1,1 -tnchloroethane (TCE), as-1,2 dichloroethene (as-1.2-DCE),

fraAw-l.2-dichIoroethene(rra/zs-1.2-DCE), 1,2-dichloroethanei 1.2-DCA). and 1.1-dichloroethane

(1,1-DCA). PCE was detected in all five samples collected, and one sample contained TCE and

cis-l,2-DCE.

Since only five samples were collected during the Phase 1 RI. a second soil gas survey

was conducted in November 1993. The Phase 2 soil gas survey focused on a smaller study area

(Figure 2-1), and the objective was to further define hot spots detected in the Phase 1 survey.

Samples from 3 and 15 feet bgs were collected and analyzed in a mobile van for PCE. TCE. and

vinyl chloride. A total of 57 samples were collected: 28 were random, and 29 were biased as

shown in Figure 2-1 Then 14 additional samples were collected in Summa canisters (6-liter, stainless

steel) where high PCE concentrations (> 10 Atg/L) were found by the mobile laboratory The Summa

canister samples were submitted to a laboratory and analyzed for PCE. TCE. and vinyl chloride

by EPA Test Method TO-14 PCE was found in nearly all samples and ay-1.2-DCE and TCE

were found in several samples. No vinyl chloride was found. The highest PCE concentration
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Toluene was found at MW-8 at 13.200 /lgiL. the state MCL for toluene IS 150 /lg/L. 

Since toluene IS not a breakdown product of PCE and IS not tYPIcally assocIated with the PCE 

manufacturIng process, the presence of toluene may Indicate a separate source of contamInatIon. 

Toluene was not detected at other wells near Halford's Cleaners. Low levels were detected at 

MW-6 (8.2 /lg/L) and MW-7 (4.0 /lg/L). Other volatile organIc analytes were acetone, chloroform. 

and chloromethane. 

2.1.2 Soil Gas Results 

Phase 1 and 2 RI 

The objective of the Phase 1 soil gas survey was to Identify potential sources of PCE 

contamination ImpactIng Well 11 groundwater. On the baSIS of a conservative estimate of the 

radius of influence of Well 11. a one-mile radIUS was Initially selected as the study area for the 

soil gas survey. One sample was collected 20 feet below ground surface (bgs); others were collected 

10 feet bgs. 

The EPA "RegIOn IX ASP Volatile OrganIc Compounds In Soil Gas" method was used 

to analyze the samples for PCE. 1,1, I-trichloroethane (TCE), cls-l.2dichloroethene (cls-l.2-DCE). 

{rans-l.2-dichloroethene urans-l.2-DCEL 1.2-dlchloroethane ( 1.2-DCA). and 1.I-dlchloroethane 

(l, I-DCA). PCE was detected In all five samples collected. and one sample contaIned TCE and 

clS-1,2-DCE. 

Since only five samples were collected dUrIng the Phase 1 RI. a second soil gas survey 

was conducted In November 1993. The Phase 2 soil gas survey focused on a smaller srudy area 

(Figure 2-1), and the objective was to further define hot spots detected In the Phase I survey. 

Samples from 3 and 15 feet bgs were collected and analyzed In a mobile van for PCE. TCE. and 

vinyl chloride. A total of 57 samples were collected: 28 were random. and 29 were biased as 

shown in Figure 2-1 Then 14 additional samples were collected In Summa canisters (6-liter. stamless 

steel) where hIgh PCE concentratIons (> 10 /lgiU were found by (he mobile laboratory The Summa 

canIster samples were submmed to a laboratory and analyzed for PCE, TCE. and VInyl chloride 

by EPA Test Method TO-14 PCE was found In nearly all samples and cls-1.2-DCE and TCE 

were found In several samples. No VInyl chlOrIde was found. The highest PCE concentratIon 
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(78 fj.g/L) was found in a sample collected behind Halford's Cleaners near the sewer line, which

was consistent with the Phase I data (96 fig/L at 20 feet bgs).

A comparison of PCE concentrations analyzed by the mobile and analytical laboratories

is shown in Table 2-1. In general. the two data sets correspond reasonably well: both share similar

minima and maxima; however, analytical laboratory concentrations were greater than mobile laboratory

concentrations, and the mobile laboratory found vinyl chloride in several samples whereas the analytical

laboratory did not.

A large home adjacent to the site is of special concern since it is currently occupied by

a family with small children. Eight samples were collected close to the house (Figure 2-1). All

samples from 3 feet bgs contained PCE at less than 1 ng/L, and the maximum concentration in

samples from 15 feet bgs was 15 jig/L (Sample SG17-15) A corresponding Summa canister sample

contained 83 /xg/L. A common trend among the data is that PCE concentrations are highest near

the sewer lines and decrease significantly at increasing distance from the sewer line.

Phase 3 RI

As pan of the Phase 3 RI, two additional soil gas monitoring wells were installed Soil

gas samples were analyzed in the onsite FASP laboratory using EPA Method 8010/1020 Soil

vapor data were collected to determine the occurrence of PCE in the vicinity of Halford's Cleaner

private sewer connection to the main line. PCE was present in each soil gas sample and concentrations

ranged from 200.0 /zg/L in SV2-C (32 to 34 feet bgs) to 1591.7 /xg/L in SV1-A (50-55 feet bgs).

2.1.3 Soil Results

Phase 1

Soil samples were collected from the four soil borings during Phase 1 monitoring well

installation and analyzed for VOCs by RAS and SAS methods. The highest PCE concentrations,

approximately 80 to 230 micrograms per kilogram of soil (^g/kg) were found in samples collected

at or below the groundwater surface (approximately 70 to 90 feet bgs) in MW-4. which is near

the sewer line (Figure 2-1). In six subsurface soil samples collected less than 15 feet bgs, the

PCE concentrations ranged from nondetect in five samples to 5 /xg/kg in one sample. Overall.
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(78 Ilg/L) was found In a sample collected behind Halford's Cleaners near the sewer line. which 

was consistent with the Phase I data (96 Ilg/L at 20 feet bgs). 

A comparIson of PCE concentrations analyzed by the mobile and analytical laboratories 

IS shown In Table 2-1. In general. the two data sets correspond reasonably well: both share Similar 

minima and maxIma; however. analytical laboratory concentrations were greater than mobile laboratory 

concentratlons. and the mobile laboratory found Vinyl chlOrIde In several samples whereas the analytical 

laboratory did not. 

A large home adjacent to the site IS of speCial concern Since It IS currently occupied by 

a family with small children. Eight samples were collected close to the house (Figure 2-1). All 

samples from 3 feet bgs contained PCE at less than I Ilg/L. and the maximum concentration In 

samples from 15 feet bgs was 151lg/L (Sample SG 17-15) A corresponding Summa canister sample 

contained 83 Ilg/L. A common trend among the data is that PCE concentratIOns are highest near 

the sewer lines and decrease significantly at increasing distance from the sewer line. 

Phase 3 RI 

As pan of the Phase 3 RI, two additional soIl gas mOnitoring wells were Installed SoIl 

gas samples were analyzed In the onSIte F ASP laboratory USing EPA Method 8010/1020 SoIl 

vapor data were collected to determine the occurrence of PCE in the VICInity of Halford's Cleaner 

prIvate sewer connection to the maIn line. PCE was present in each soil gas sample and concentrations 

ranged from 200.0 Ilg/L in SV2-C (32 to 34 feet bgs) to 1591.7 Ilg/L in SVI-A (50-55 feet bgs). 

2.1.3 Soil Results 

Phase 1 

Soil samples were collected from the four soil borings during Phase 1 monitorIng well 

installation and analyzed for VOCs by RAS and SAS methods. The highest PCE concentrations. 

approximately 80 to 230 micrograms per kilogram of soil (llg/kg1 were found In samples collected 

at or below the groundwater surface (approximately 70 to 90 feet bgs) In MW-4. which IS near 

the sewer line (Figure 2-1). In SIX subsurface soIl samples collected less than 15 feet bgs, the 

PCE concentratIOns ranged from nondetect In five samples to 5 Ilg/kg In one sample. Overall. 
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Table 2-1

CHEMICALS OF POTENTIAL CONCERN
MODESTO GROUNDWATER CONTAMINATION SITE

MODESTO, CALIFORNIA

Groundwater Soil Gas

Benzene
Chloroform
1,2-Dibromoethane •
1,2-Dichloroethane
1,2-Dichloropropane
Tetrachloroethene
Toluene
Trichloroethene

cis-1.2-Dichloroethene
Tetrachloroethene
Trichloroethene

ZS6013
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Table 2-1 

CHEMICALS OF POTENTIAL CONCERN 
MODESTO GROUNDWATER CONTAMINATION SITE 

MODESTO, CALIFORNIA 

Groundwater I Soil Gas 

Benzene cis-l.2-Dichloroethene 
Chloroform Tetrachloroethene 
1,2-Dibromoethane . Trich loroethene 
1,2-Dichloroethane 
1,2-Dichloropropane 
Tetrachloroethene 
Toluene 
Trichloroethene 
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the maximum detected PCE concentration was 230 Mg/kg (0 230 mg/kg) in a sample collected

90 feet bgs in Well MW-4

PhaseS

No soil samples were collected during the Phase 2 RI. For the Phase 3 RI. boring samples

were submitted for volatile organic analysis for each 5-foot depth interval. In addition, selected

soil samples were submitted to offsite laboratories for Total Organic Carbon (TOC) analysis using

SW-846 Method 9060 A. bulk density using ASTM Method D 2937. gram size using ASTM method

D-422. moisture content using ASTM method 2216-90. and pH using SW-846 Method 9045.

Volatile organic data were collected to identify discrete areas of PCE and related organic

contamination. The TOC and physical property data will be used for future design of a soil vapor

extraction system.

Elevated concentrations of PCE in the unsaturated soils were only found in samples from

MW-5 and MW-9 The highest PCE concentration in unsaturated soil was 248.4 /xg/kg at 31.5

feet bgs in boring MW-5. near the former location of the leaking dry cleaning machine. Samples

from other borings in the immediate vicinity of Halford's Cleaners (MW-8. MW-9. and SV-1)

also indicated detectable levels of PCE in the unsaturated zone Samples from outlying borings

(MW-6 and MW-7) indicated no detectable levels of PCE in the unsaturated zone.

Elevated PCE concentrations in saturated soils were found in samples fromMW-3. MW-4.

MW-5 and MW-9. The highest PCE concentration found in saturated soil was 555 ^g/kg at 67.5

feet bgs in boring MW-8, near Halford's Cleaners sewer connection to the main line. Detectable

levels of PCE were found in saturated soil samples from all other borings, although the outlying

borings again indicated the lowest levels. Maximum PCE levels in saturated soil were 32.7 ng/kg

at MW-6 (90 feet bgs) and 4.8 jug/kg at MW-7 (90 feet bgs).

2.2 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN (COPCs)

For this assessment. COPCs were determined by comparing detected concentrations of

groundwater contaminants to Preliminary Remediation Goals (PRGs. EPA 1996). Tins approach

is consistent with EPA. Region IX. guidance. In addition, inorganic contaminants were compared

to MCLs. Arsenic, lead, and thal l ium were detected in groundwater at concentrations exceeding
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the maximum detected PCE concentration was 230 f-tg/kg (0 230 mg/kg) In a sample collected 

90 feet bgs In Well MW-4 

Phase 3 

No soil samples were collected during the Phase 2 RI. For the Phase 3 RI. bOring samples 

were submitted for volatile orgamc analYSIS for each 5-foot depth Interval. In addition. selected 

soil samples were submitted to offsite laboratories for Total Orgamc Carbon (TOC) analYSIS USing 

SW-846 Method 9060 A. bulk density USing ASTM Method 0 2937. grain size usmg ASTM method 

0-422. moisture content usmg ASTM method 2216-90. and pH usmg SW-846 Method 9045. 

Volatile orgamc data were collected to Identify discrete areas of PCE and related orgamc 

contamination. The TOC and physical property data Will be used for future deSign of a soil vapor 

extraction system. 

Elevated concentrations of PCE in the unsaturated SOlis were only found in samples from 

MW -5 and MW -9 The highest PCE concentration in unsaturated soil was 248.4 f-tg/kg at 31. 5 

feet bgs in bOring MW-5. near the former location of the leaking dry cleanmg machme. Samples 

from other bonngs In the immediate vlcimty of Halford's Cleaners (MW-8. MW-9. and SV-I) 

also mdicated detectable levels of PCE in the unsaturated zone Samples from outlymg bormgs 

(MW-6 and MW-7) indicated no detectable levels of PCE in the unsaturated zone. 

Elevated PCE concentrations In saturated sorls were found in samples from MW -3. MW -4. 

MW-5 and MW-9. The highest PCE concentration found in saturated soil was 555 f-tg/kg at 67.5 

feet bgs m bOring MW-8, near Halford's Cleaners sewer connection to the mam line. Detectable 

levels of PCE were found in saturated soil samples from all other borings, although the outlymg 

bormgs again mdicated the lowest levels. MaXimum PCE levels m saturated soil were 32.7 f-tgikg 

at MW-6 (90 feet bgs) and 4.8 f-tg/kg at MW-7 (90 feet bgs). 

2.2 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN (COPCs) 

For thiS assessment. COPCs were determined by companng detected concentrations of 

groundwater contaminants to PrelIminary Remediation Goals (PRGs. EPA 1996). TIllS approach 

IS consistent with EPA. Region IX. guidance. 111 addition. 1I10rgamc contaminants were compared 

to MCLs. ArseniC. lead. and thallium were detected In groundwater at concentratIOns exceeding 
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PRGs: however, these contaminants are not site-related and did not show any apparent correlation

with the organic contamination. As a result, no inorganics were retained as COPCs for this risk

assessment. PCE concentrations in groundwater exceeded PRGs in all three phases of sampling.

In addition, this compound also was detected in nearly all soil gas samples. Consequently, PCE

is the leading COPC. Cis-l,2-Dichloroethane and TCE also were detected frequently in soil gas;

therefore, these compounds were considered for the inhalation of indoor vapors exposure pathway.

Results of the COPC screening are presented in Table 2-1.

The analytical results for Phase 1. Phase 2. and Phase 3 are provided in E & E (1993),

E & E (1994b). and E & E (1996). respectively.
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PRGs: however. these contaminants are not site-related and did not show any apparent correlation 

with the organiC contamination. As a result. no inorganIcs were retained as COPCs for thiS fisk 

assessment. PCE concentrations In groundwater exceeded PRGs In all three phases of sampling. 

In addition. this compound also was detected in nearly all sod gas samples. Consequently, PCE 

is the leading COPe. Cis-I,2-Dichloroethane and TCE also were detected frequently In sod gas; 

therefore, these compounds were conSidered for the inhalation of indoor vapors exposure pathway. 

Results of the COPC screening are presented in Table 2-1. 

The analytical results for Phase 1. Phase 2. and Phase 3 are provided In E & E (1993), 

E & E (1994b). and E & E (1996). respectively. 
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3. EXPOSURE ASSESSMENT

The objective of the exposure assessment was to estimate the magnitude, frequency,

duration, and routes of human exposure to site-related chemicals. Accomplishing this

objective involved the following tasks:

• Characterizing the exposure setting including the physical environ-
ment and potentially exposed populations.

• Identifying the exposure pathways including contaminant sources and releases,
exposure points, and exposure routes.

• Quantifying the exposure concentrations and intake variables.

The results are expressed as the daily doses of each COPC (per body weight) calculated

independently for each of the exposure pathways investigated.

3.1 EXPOSURE SETTING

3.1.1 Physical Setting

The basic physical features of the site were discussed in Section 1.1 The site and

surrounding area are both residential and commercial (Figure 1-1). They are zoned for both

low- and medium-density residential (R-l and R-2) and heavy and light business (C-l and C-

.2) (City of Modesto Planning Office 1993). To a large extent, the area around the site is R-l

and C-2. The primary businesses on Griswold and West Fairmont avenues are the Elk's Club.

Haiford's Cleaners, several automobile dealerships, and the Stanislaus integrated Service

Agency (SISA) Community Center. Most of the surface of the site is paved with asphalt or

concrete except for the yards of residences.
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The objective of the exposure assessment was to estimate the magnitude, frequency. 

duration. and routes of human exposure to site-related chemicals. AccomplIshing this 

objective involved the follOWing tasks: 

• CharacterIzing the exposure setting Including the physical environ
ment and potentially exposed populations. 

• Identifying the exposure pathways including contaminant sources and releases. 
exposure pOints. and exposure routes. 

• Quantifying the exposure concentrations and intake varIables. 

The results are expressed as the dUlly doses of each CO PC (per body weight) calculated 

Independently for each of the exposure pathways investigated. 

3.1 EXPOSURE SETTING 

3.1.1 Physical Setting 

The basic physical features of the site \vere discussed III Section 1.1 The site and 

surrounding area are both residentIal and commercial (Figure 1-1). They are zoned for both 

low- and medium-density reSidential (R-I and R-2) and heavy and light business (C-l and c

)) (City of Modesto Planning Office 1993). To a large extent. the area around the site is R- J 

and C-2. The prImary businesses on Griswold and West Fairmont avenues are the Elk's Club. 

Haiford's Cleaners. several automobile dealerships. and the StanIslaus inregrated Service 

Agency (S[SA) CommunIty Center. Most of the surface of the site IS paved with asphalt or 

concrete except for the yards of residences. 

3-1 ZS6073 



Modesto RI
Section 3

Revision 1
Julv 1997

3.1.2 Characteristics of PCE Contamination

PCE is the primary COPC and was detected in groundwater at levels above the state

and federal maximum contaminant levels (MCLs). Known sources of PCE contamination in

the study area include current and former drycleanmg operations that discharge to sewer lines.

PCE is denser than water and moderately soluble in water (up to 150 mg/1 at 25°C). It has a

moderate to high soil mobility and exhibits little soil affinity, i.e.. the chemical does not

readily sorb onto soil particles (PHS 1987). PCE, therefore, tends to leach into groundwater

and migrate vertically through the saturated zone unti l a low-permeability layer such as a clay

bed is encountered. Depending on the rate of PCE migration and the mineralogy and lithology

of the low-permeability layer, a fraction of the undissolved PCE (i.e., pure product) can

remain adsorbed in the upper portion of the low- permeability layer, or the PCE can continue

to migrate vertically along the low-permeability layer.

PCE is a relatively volatile chemical, evaporating readily. The Henry's Law constant

for PCE, which relates to the volatilization of PCE from water, is 2.3x10"- atmosphere cubic

meters per mole (atm-m j/mol). This value is similar to that of other volatile gasoline-type

hydrocarbons such as benzene. Thus, soil VOC concentrations were expected to be low. as

was observed (Section 2.1.3). In addition, surface soil concentrations are expected to remain

low as the plume migrates, assuming steady-state conditions. The paving over much of the

surface area at the site also limits volatilization.

Although direct discharges of PCE to the environment are generally not well

documented, recent studies support the concept of contamination from sewer lines. According

to the Central Valley RWQCB (1992). there are five possible mechanisms by which PCE can

be released from sewer lines:

• Through breaks or cracks in pipes.

• Through pipe joints and other connections

• By leaching in l iqu id form directly through pipes into the vadose
zone.
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PCE is the prImary COPC and was detected in groundwater at levels above the state 

and federal maximum contaminant levels (MCLs). Known sources of PCE contamination In 

the study area include current and former drycleanIng operations that discharge to sewer lines. 

PCE is denser than water and moderately soluble in water (up to 150 mg/l at 25°C). It has a 

moderate to high soIl mobility and exhibits little soIl affinity. i.e .. the chemIcal does not 

readIly sorb onto soIl particles (PHS 1987). PCE, therefore. tends to leach Into groundwater 

and migrate vertically through the saturated zone untIl a low-permeabIlity layer such as a clay 

bed is encountered. DependIng on the rate of PCE migratIOn and the mineralogy and lithology 

of the low-permeability layer, a fraction of the undissolved PCE (i.e., pure product) can 

remain adsorbed in the upper portion of the low- permeability layer. or the PCE can continue 

to migrate vertically along the low-permeability layer. 

PCE is a relatively volatIle chemical. evaporating readIly. The Henry·s Law constant 

for PCE, which relates to the volatilization of PCE from water. is 2.3x 10-2 atmosphere cubic 

meters per mole (atm-m3/mol). This value is SImIlar to that of other volatIle gasoline-type 

hydrocarbons such as benzene. Thus. sod VOC concentratIOns were expected to be low. as 

was observed (SectIon 2.1.3). In addition. surface soil concentratIOns are expected to remall1 

low as the plume migrates. assumIng steady-state conditions. The paving over much of the 

surface area at the SIte also limits volatilizatIOn. 

Although direct discharges of PCE to the envIronment are generally not well 

documented. recent studies support the concept of contamInation from sewer I meso AccordIng 

to the Central Valley R WQCB (1992). there are five pOSSIble mechanIsms by whIch PCE can 

be released from sewer lines: 

• Through breaks or cracks in pipes. 

• Through pipe JOInts and other connections 

• By leaching in liqUid form directly through pIpes into the vadose 
zone. 
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• By saturation of the bottoms of pipes wi th l iqu id containing a high
concentration of PCE and then volatilization of PCE from the outer
surfaces of the pipes into the soil

• By penetrating pipes as a gas.

The report stated that all sewer lines leak to some extent and that last three mechanisms listed

probably occur in all pipes.

Whether PCE is discharged directly to the environment or leaks from sewer lines, it

subsequently migrates through the vadose zone to the saturated zone. PCE separates into three

phases upon entering the subsurface environment: a vapor phase that migrates through the

vadose zone, a dissolved (miscible) phase entrained in groundwater that migrates according to

groundwater flow patterns, and an undissoived (immiscible) phase that sinks through the

unsaturated and saturated zones.

3.1.3 Potentially Exposed Populations

The people l iv ing on site or in the immediate v ic in i ty are considered primary

receptors. Long-time residents are considered to have the greatest risk since potential

carcinogenic risk is based on a cumulative exposure. To a lesser extent, employees of nearby

businesses are also potentially exposed to the COPCs at the site. Such employees l ikely work

eight-hour shifts five to six days per week. The Elks Club patrons who the use the asphalt

parking lot likely have minimal exposure to PCE. When estimated risk to the long-time

residents who have greater potential exposure is insignificant, the risk to other receptors with

less potential exposure is also insignificant.

3.2 IDENTIFICATION OF EXPOSURE PATHWAYS

An exposure pathway is the means by which an individual or population is exposed to

a chemical originating from a source. Each pathway represents a different mechanism of

exposure. Pathways include incidental dermal contact wi th soil, inhalation of soil dust or

vapors, and ingestion of groundwater or surface water. The route of exposure is the method

of entrv of a chemical into the bodv such as inhalation, inaestion. or dermal contact. A
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The report stated that all sewer lines leak to some extent and that last three mechanisms listed 

probably occur In all pipes. 

Whether PCE is discharged directly to the environment or leaks from sewer lines. It 

subsequently migrates through the vadose zone to the saturated zone. PCE separates Into three 

phases upon entering the subsurface environment: a vapor phase that migrates through the 

vadose zone, a dissolved (miscible) phase entrained in groundwater that migrates according to 

groundwater flow patterns. and an undissolved (immiscible) phase that sinks through the 

unsaturated and saturated zones. 

3.1.3 Potentially Exposed Populations 

The people living on site or In the Immediate Vicinity are considered primary 

receptors. Long-time reSidents are conSidered to have the greatest risk since potential 

carcinogeniC risk is based on a cumulative exposure. To a lesser extent. employees of nearby 

businesses are also potentially exposed to the COPCs at the site. Such employees likely work 

eight-hour shifts five to six days per week. The Elks Club patrons who the lise the asphalt 

parking lot likely have minimal exposure to PCE. When estimated risk to the long-time 

residents who have greater potential exposure IS insignificant. the risk to other receptors With 

less potential exposure is also insignificant. 

3.2 IDENTIFICATION OF EXPOSURE PATHWAYS 

An exposure pathway IS the means by which an indiVidual or popuiatlon is exposed to 

a chemical Originating from a source. Each pathway represents a different mechanism of 

exposure. Pathways Include inCidental dermal contact with soli. inhalation of soli dust or 

vapors. and ingestIOn of groundwater or surface water. The route of exposure IS the method 

of entry of a chemical into the body such as inhalatIOn. ingestion. or dermal contact. A 
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complete exposure pathway must exist for a contaminant to pose a potential human health risk

and must consist of the following four elements:

• A mechanism for contaminant release to the environment (e.g..
dispersion of contaminants in soil);

• An environmental transport medium (e g., groundwater) for the
released contaminant:

• A point of potential human contact with the contaminated medium
(e.g., breathing zone), and

• A route of entry into the body at the point of contact.

If an exposure pathway is incomplete, then it can be concluded that there is no current

human exposure. Consequently, adverse effects to human health would not be expected under

current conditions. However, future changes in land use may result on completion of some

potential exposure pathways. The sections below discuss the rationale for eliminating or

retaining exposure pathways for further risk evaluation.

3.2.1 Incomplete Pathways

During the Phase I RI. soil samples were collected at 10-foot intervals during the

installation of four monitoring wells to about 100 feet bgs. The samples were analyzed for

PCE; however, those collected below 15 feet bgs were not quantitatively evaluated since

resident contact with such deep soils is unl ikely. The maximum detected PCE concentration

was 0.230 mg/kg at 90 feet bgs in the boring for Well MW-4 Soil samples were collected

and submitted for volatile organic analysis during the installation of additional monitoring

wells in the Phase 3 RI. In general, boring samples were submitted for each 5-foot interval.

The highest PCE concentration in unsaturated soil was 2.5 mg/kg at 31.5 feet bgs in the boring

for MW-5. Both of these values are below the residential PRG for soils of 5 4 ing/kg (EPA

1996). In addition, the site area is paved. For these reasons, the exposure pathways associat-

ed with soils (i.e., dermal contact, inhalation of soil dust, ingestion of vegetables, and

incidental soil ingestion) were, considered negligible and not evaluated further.
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complete exposure pathway must exist for a contaminant to pose a potential human health risk 

and must consist of the following four elements: 

• A mechanism for contaminant release to the environment (e.g .. 
dispersion of contaminants in soil); 

• An environmental transport medium (e g., groundwater) for the 
released contaminant: 

• A pOint of potential human contact with the contaminated medium 
(e.g., breathing zone), and 

• A route of entry into the body at the point of contact. 

If an exposure pathway IS Incomplete, then It can be concluded that there IS no current 

human exposure. Consequently, adverse effects to human health would not be expected under 

current conditions. However, future changes in land use may result on completion of some 

potential exposure pathways. The sections below discuss the rationale for eliminating or 

retaining exposure pathways for further risk evaluation. 

3.2.1 Incomplete Pathways 

During the Phase I RI. soil samples were collected at 10-foot intervals dUring the 

installation of four monitoring wells to about 100 feet bgs. The samples were analyzed for 

PCE: however, those collected below 15 feet bgs were not quantitatively evaluated since 

resident contact with such deep soils is unlikely. The maximum detected PCE concentration 

was 0.230 mg/kg at 90 feet bgs in the boring for Well MW-4 Soil samples were collected 

and submitted for volatile organic analysis during the installation of additional monitoring 

wells in the Phase 3 RI. In general. boring samples were submitted for each 5-foot interval. 

The highest peE concentration in unsaturated ~oIi was 2.5 mg/kg at 31.5 feet bgs in the bOling 

for MW-5. Both of these values are below the reSidential PRG for soils of 5 4 mg/kg (EPA 

1996). In addition. the site area is paved. For these reasons. the exposure pathways associat

ed with soils (i.e., dennal contact. inhalation of soil dust. IIlgestlon of vegetables. and 

Incidental soil ingestion) were. considered negligible and not evaluated further. 
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The inhalation of soil gas vapors outdoors is not expected to significantly impact

human health for several reasons:

• Unlike in buildings, where soil gases might accumulate, soil gases
released to ambient outside air wi l l largely disperse into the atmo-
sphere.

• The inhalation rate for an individual outdoors (5 m j/day) is only one-
third of the inhalation rate indoors (15 nr/day), reducing exposure
and hence the risk proportionally.

• Most of the site is paved with asphalt or concrete, which wi l l limit
the mobilization of soil gases.

Dermal contact with contaminated soil was not evaluated in this risk assessment

because the highest PCE concentrations were found at depth and the site is paved.

3.2.2. Complete Pathways

The potentially complete pathways under current or future site conditions were,

therefore, considered to be:

• Indoor inhalation of vapors emanating from contaminated soil.

• Inhalation of vapors emanating from contaminated groundwater used
during household activities (e.g., showering and dish washing).

• Ingestion of contaminated groundwater.

A conceptual exposure model indicating sources, release mechanism, exposure pathways, and

receptors is presented in Figure 3-1. Because this baseline risk assessment was designed to be

a representative characterization of the site, pathways were selected to reflect the range of

potential exposures. Those considered were exposure pathways for adult residents: although

children were not explicitly considered, no additional pathways unique to children are

anticipated. Industrial exposure pathways were not evaluated since residential scenarios are

more conservative and would therefore yield higher risk values.
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The inhalation of soil gas vapors outdoors IS not expected to significantly Impact 

human health for several reasons: 

• Unlike in buildings, \vhere soil gases might accumulate. soil gases 
released to ambient outside air will largely disperse Into the atmo
sphere. 

• The Inhalation rate for an individual outdoors (5 m3/day) IS only one
third of the inhalation rate Indoors (15 m3/day), reducing exposure 
and hence the risk proportionally. 

• Most of the site IS paved with asphalt or concrete. which will limit 
the mobilizatIOn of soil gases. 

Dermal contact with contaminated soil was not evaluated in thiS risk assessment 

because the highest peE concentrations were found at depth and the site is paved. 

3.2.2. Complete Pathways 

The potentIally complete pathways under current or future site conditions were. 

therefore. considered to be: 

• Indoor Inhalation of vapors emanating from contaminated soil. 

• Inhalation of vapors emanating from contaminated groundwater lIsed 
during household activities (e.g., showering and dish washing). 

• Ingestion of contaminated groundwater. 

A conceptual exposure model indicating sources, release mechanism. exposure pathways. and 

receptors is presented in Figure 3-1. Because this baseline rISk assessment was designed to be 

a representative characterization of the site. pathways were selected to retlect the range of 

potential exposures. Those considered were exposure pathways for adult reSidents: although 

children were not explicitly conSidered. no additional pathways Unique to children are 

anticipated. Industrial exposure pathways were not evaluated sll1ce reSidentIal scenariOS are 

more conservative and would therefore yield higher risk values. 
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Current zoning suggests that land use is unlikely to change significantly in the future:

however, additional drinking water wells could be installed on site if future residential

development occurs. A future residential scenario was, therefore, evaluated using the VOC

concentrations in the monitoring wells: it is discussed in greater detail in the next section.

3.3 QUANTITATIVE ASSESSMENT OF EXPOSURE

This section describes how the quantitative exposure values were derived from the site

data presented in Section 3.3.1 and how the average daily intakes were calculated for each

pathway.

Average and RME residential exposure pathways were evaluated for two different

scenarios:

• Current: Inhalation risks were calculated using Phase 2 and Phase 3
RI soil gas data.

• Future: Analytical data for the nine monitoring wells were used to
evaluate potential risks from residential usage of groundwater assum-
ing the installation of drinking water wells on site. Groundwater
ingestion and inhalation risks were determined separately for each of
the nine wells. The inhalation of soil gas under current scenarios was
used to estimate future inhalation risks. Because MW-1 1 is no longer
used as a source of domestic water, risks for this well were not
determined.

According to EPA (1989b. 1992a), both the RME and average (central tendency)

exposure calculations should be used in Superfund risk assessments. The RJME is defined as

the highest exposure that could reasonably be expected to occur by a given exposure pathway

at a site; it is intended to account for both uncertainty in the contaminant concentration and

variability in exposure parameters such as exposure frequency or averaging time. The RME.

sometimes called the "high-end" risk, characterizes the risk to an ind iv idua l "at the upper end

of the risk distribution at approximately the 90th percentile of the population distribution"

(EPA I992c). The goal of the RME approach is to combine upper-bound and mid-range

exposure factors to estimate exposures that are both protective and reasonable but not work-

case (EPA 1991b).
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Current zoning suggests that land use is unlikely to change slgmficamly in the future: 

however. additional drinking water wells could be Il1stalled on sIte If future residential 

development occurs. A future resIdential scenano was, therefore. evaluated using the VOC 

concentratIOns in the momtonng wells: it is discussed In greater detail in the next section. 

3.3 QUANTITATIVE ASSESSMENT OF EXPOSURE 

This section describes how the quantItatIve exposure values were derived from the site 

data presented in Section 3.3.1 and how the average daily intakes were calculated for each 

pathway. 

Average and RME resIdential exposure pathways were evaluated for two different 

scenarios: 

• Current: Inhalation rISks were calculated using Phase 2 and Phase 3 
RI so i I gas data. 

• Future: Analytical data for the nine monitonng wells were used to 
evaluate potentIal risks from resIdential usage of groundwater assum
ing the installation of drinking water wells on sIte. Groundwater 
ingestIon and inhalation rISks were determined separately for each of 
the nme wells. The inhalatIOn of soil gas under current scenarios was 
used to estImate future inhalatIOn risks. Because MW-II is no longer 
used as a source of domestic water. risks for this well were not 
determined. 

According to EPA (1989b. 1992a), both the RME and average (central tendency) 

exposure calculatIOns should be used in Superfund nsk assessments. The RME is defined as 

the highest exposure that could reasonably be expected to occur by a given exposure pathway 

at a site; it is intended to account for both uncertainty in the contaminant concentration and 

variability In exposure parameters sllch as exposure frequency or averaging time. The RME. 

sometImes called the "high-end" risk. characterizes the risk to an Il1divldual "at the LIpper end 

of the risk distributIon at approximately the 90th percentile of the population distributIOn If 

(EPA I 992c). The goal of the RME approach is to combine upper-bound and mId-range 

exposure factors to estImate exposures that are both protective and reasonable but not work-

case (EPA 199tb). 
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The central tendency (CT), on the other hand, incorporates the arithmetic mean source

term concentration and default exposure factors approximating the average of 50th percentile

value. The arithmetic mean is simply the sum of the concentrations divided by the total

number of concentration values.

Because of the uncertainty associated with estimating the true average concentration at

a site, the 95-percent upper confidence l imi t (UCL) of the arithmetic mean is used for the

concentration term in the RME calculations. The 95% UCL provides reasonable confidence

that the true site average wi l l not be underestimated (EPA 1989b. 1992a). This estimate of the

average concentration also is used because carcinogenic and chronic noncarcinogenic toxicity

criteria are based on lifetime average exposures and because average concentrations are most

representative of the concentration that would be contacted at a site over an extended period of

time.

The W-test was used to determine whether medium-specific data sets were consistent

with a normal or lognormal distribution (Gilbert 1987) A normal distribution is typically

described as a bell- shaped curve whereas a log normal distribution peaks closer to zero and is

skewed toward the x-axis. This test was performed using a computerized statistical software

package. Statistical™ (StatSoft 1993).

In general, both groundwater and soil gas data were lognormally distributed: therefore,

the UCL was calculated as:

sH .
UCL = exp[.v - Q5s - -^—!-]

\jn -1

where, x is the mean concentration, s is the standard deviation, n is the number of samples,

and H x _ | is the one-sided upper 95% UCL (Gilbert 1987)

3.3.1 Exposure Concentrations

3.3.1.1 Groundwater Ingestion and Inhalation Concentrations

EPCs for groundwater were developed for each monitoring well m which at least one

COPC was positively detected. This weil-by-weil approach was used because it is possible
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The central tendency (CT)' on the other hand. ll1corporates the arithmetic mean source 

term concentration and default exposure factors approxlmatmg the average of 50th percentile 

value. The arithmetic mean is simply the sum of the concentrations divided by the total 

number of concentratIOn values. 

Because of the uncertainty associated with estlmatmg the true average concentration at 

a site. the 95-percent upper confidence limit (UCL) of the arithmetic mean IS used for the 

concentration term in the RME calculatIOns. The 95% UCL provides reasonable confidence 

that the true site average will not be underestimated (EPA 1989b. 1992a). This estimate of the 

average concentration also IS used because carcmogenlc and chronic noncarcinogenic toxIcity 

criteria are based on lifetime average exposures and because average concentrations are most 

representative of the concentratIOn that would be contacted at a site over an extended period of 

time. 

The W-test was used to determme whether medium-specific data sets were consistent 

with a normal or lognormal distribution (Gilbert 1987) A normal distTlbution IS typically 

deSCrIbed as a bell- shaped curve \\hereas a log normal distrIbution peaks closer to zero and IS 

skewed toward the x-axIs. This test was performed using a computerIzed statIstical software 

package. S tatlstical™ (StatSoft 1993). 

In general. both groundwater and soil gas data were lognormally distributed: therefore. 

the UCL was calculated as: 

sH . 
VeL exp[X - 05s - --' J 

/Ii -I 

where. x is the mean concentratIOn. s is the standard deviatIon. n IS the number of samples. 

and H
X

_ 1 IS the one-Sided upper 95% UeL (Gilbert i 987) 

3.3.1 Exposure Concentrations 

3.3.1.1 Groundwater Ingestion and Inhalation Concentrations 

EPCs for groundwater were developed for each monitoring well III which at least one 

COPC \\as pOSitively detected. This well-by-well approach was used because It is pOSSible 
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that an individual monitoring well could represent the sole source of exposure to groundwater.

Groundwater monitoring well data from the Phase 1. 2. 3 RI were used to develop exposure

point concentrations for the future scenario. COPCs were identified separately in each

monitoring well. The maximum detected concentration of each COPC in each well was used

as the RME and average concentration. A single equation (see Section 3 3.5) was used to

estimate exposure from groundwater through the inhalation and ingestion pathways. The

resulting exposure point concentrations for each COPC in each monitoring well are given in

Table 3.3.

3.3.1.2 Indoor Air Concentrations

The results for the Phase 2 and Phase 3 RI soil gas samples were used to calculate

exposure-point concentrations for the indoor inhalation route of exposure. Because limited

soil gas data were available at each sampling location, the maximum concentration value for

each sampling location was used in the RME scenario per EPA guidance (EPA 1989b)

Soil gas sampling data were input to Farmers Model, a predictive model used to

estimate the indoor air concentrations (EPA 1992b). The Fanners Model was originally

developed to estimate emission rates from covered landfi l ls experiencing internal gas genera-

tion as described \n the EPA (1988) Sitperfimd Exposure Assessment Manual (SEAM) The

SEAM's model differs from the Farmer's Model in assuming completely dry soil and

containing an explicit surface area term for estimating soil gas concentration from waste

decomposition. The Farmers Model can be used to calculate emissions from chemicals

dissolved in groundwater or in contaminated soil. It assumes that the chemical concentration

in the soil does not decrease as the contaminant migrates upward (i.e.. no microbiological

degradation) and that the depth to the top of the pollutant source remains constant

In this risk assessment, EPA (1989a) screening parameter values were used as model

inputs For example, the fraction of the floor that is accessible to in t rus ion was assigned a

value of 50%. and the bui ld ing exchange rate was assigned a value of 0.25 change per hour.

The bu i ld ing volume was assumed to be ^35.000 ft j. and the bu i ld ing area was assumed to be

^2.100 fr, which are typical California home dimensions. Additional details and results are

provided in Appendix A.
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that an individual mOnItoring well could represent the sole source of exposure to groundwater. 

Groundwater monItorIng well data from the Phase I. 2. 3 RI were used to develop exposure 

point concentrations for the future scenario. COPCs were Identified separately in each 

monitoring well. The maximum detected concentration of each COPC in each well was used 

as the RME and average concentratIOn. A single equation (see Section 3 3.5) was used to 

estimate exposure from groundwater through the mhalation and mgestlon pathways. The 

resulting exposure point concentratIOns for each COPC in each monitoring well are given m 

Table 3.3. 

3.3.1.2 Indoor Air Concentrations 

The results for the Phase 2 and Phase 3 R1 soIl gas samples were used to calculate 

exposure-pomt concentrations for the indoor inhalation route of exposure. Because limited 

soil gas data were avaIlable at each samplmg locatIOn. the maximum concentratIOn value for 

each sampling location was used in the RME scenario per EPA gUidance (EPA 1989b) 

Soil gas sampling data \vere mput to Farmers Model. a predictive model used to 

estimate the indoor air concentratIOns (EPA 1992b). The Farmers Model was origmally 

developed to eStimate emission rates from covered landfills experIencmg mternal gas genera-

tlon as deSCrIbed m the EPA (1988) Superfund Exposure Assessment Manual (SEAM) The 

SEAM's model differs from the Farmer's J'vlodel in assummg completely dry soIl and 

contaming an explIcit surface area term for estimating soIl gas concentration from waste 

decomposition. The Farmers Model can be used to calculate emissions from chemicals 

dissolved in groundwater or m contammated soil. It assumes that the chemical concentration 

in the soil does not decrease as the contaminant migrates upward (i.e .. no microbiological 

degradation) and that the depth to the top of the pollutant source remams constant 

(n this fisk assessment EPA (1989a) screening parameter values were used as model 

Inputs f-or e:-..ample. the fraction of the tloor that IS accessible to llltruslOll was assigned a 

value of 50%. and the bui lding exchange rate was assigned a value of 0.25 change per hour. 

The budding volume was assumed to be ~35.000 ft3. and the budding area was assumed to be 

~2.1 00 A:2, which are tYPical CalIfornIa home dimensions. Additional detaIls and results are 

proVided in Appendix A. 
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3.3.2 Intake Rates

All exposure parameter values used in this risk assessment were obtained from EPA

sources or guidance documents. The average and RME ingestion rates used in this risk

assessment were 1.4 and 2 L/day, respectively (EPA 1988. 1991c). Typically, 20 m j/day is

used as the inhalation rate, which assumes 15 m j/day indoors and 5 nrVday outdoors (EPA
•̂

1991b). Since this assessment was based on indoor exposure, the 15 m j/day rate was used in

the inhalation exposure calculations for both average and RME exposures. The exposure

parameters are given in Table 3-1 and discussed in more detail below.

3.3.3 Duration and Frequency of Exposure

The exposure duration over which chemical intake may occur is based on assumptions

about the exposure period and the averaging time. The frequency of exposure is the propor-

tion of time that residents might be exposed to soil gas vapors or groundwater (e g., 350 days

per year), whereas the exposure duration is the total amount of time that residents might be

exposed (e.g., 30 years). Three hundred fifty days per year was used as the exposure

frequency for the average and RME groundwater ingestion scenario The exposure frequency

was 275 days/year for the average exposure scenario, and 350 days/year for the RME

inhalation exposure scenario (EPA 1989d. 1991b).

The dose for evaluating carcinogenic effects is calculated differently from the dose for

noncarcmogenic effects (EPA 1989b). In calculating the l ifet ime dose for assessing carcino-

genic effects, the period of exposure is prorated over the l i fe span (e g., 30 years divided by

70 years). For noncarcmogenic effects, however, the dose is calculated as the dai ly dose

averaged over the period of exposure and not prorated over the l i fe span.

The RME and average exposure scenarios assume continuous 30-year exposure for all

pathways, which was determined to be a conservative estimate of the RME on the basis of

population statistics (EPA 1991b). For the average exposure scenario, n ine years uas assumed

on the basis of the average residence time reported by EPA (1989d).
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All exposure parameter values used in this risk assessment were obtall1ed from EPA 

sources or guidance documents. The average and RME ingestion rates used 111 this risk 

assessment were 1.4 and 2 Llday, respectively (EPA 1988. 1991c). TYPically, 20 mJ/day IS 

used as the inhalation rate. which assumes 15 mJ /day II1doors and 5 mJ /day outdoors (EPA 

1991b). Since this assessment was based on II1door exposure. the 15 mJ/day rate \'vas used in 

the II1halation exposure calculatIOns for both average and R,\1E exposures. The exposure 

parameters are given 111 Table 3-1 and discussed in more detail below. 

3.3.3 Duration and Frequency of Exposure 

The exposure duration over which chemical intake may occur IS based on assumptions 

about the exposure period and the averagmg time. The frequency of exposure is the propor

tIOn of time that residents might be exposed to soil gas vapors or groundwater (e g., 350 days 

per year), whereas the exposure duration IS the total amount of time that residents might be 

exposed (e.g., 30 years). Three hundred fifty days per year was used as the exposure 

frequency for the average and RME groundwater II1gestlon scenariO The exposure frequency 

was 275 days/year for the average exposure scenario. and 350 days/year for the RME 

IIlhalation exposure scenario (EPA 1989d. 1991 b). 

The dose for evaluating carcll10gelllc effects IS calculated differently from the dose for 

noncarcll1ogenic effects (EPA 1989b). In calculatll1g the lifetime dose for assessing carcll1o

genic effects, the period of exposure IS prorated over the life span (e g., 30 years divided by 

70 years). For noncarcmogelllc effects. however. the dose IS calculated as the daIly dose 

averaged over the period of exposure and not prorated over the life span. 

The RME and average exposure scenarios assume contllluous 30-year exposure for all 

pathways, which was detennmed to be a conservative estimate of the RME on the basIs of 

population statistics (EPA 199 I b). rllr the a\ erage exposure scenarIo. nine years \\ a'i assumed 

on the basis of the average residence time reported by EPA ( 1989d). 
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3.3.4 Body Weight

For all exposure scenarios, a standard lifetime body weight of 70 kg was assumed for

all ages (EPA 1991b). This value is commonly used as the average adult body weight.

3.3.5 Calculation of Dose and Risk

Health risk is determined from the amount of chemical taken up by the body at the

exposure-point concentration. Intake rates are expressed in mill igrams per kilogram of body

weight per day (mg/kg/day). For the inhalation pathway, exposure is calculated as (EPA

1989b)-

. . CA x IR x EF x ED x CF
Intake -

BW x AT x 365 c//v

where:

CA • = chemical concentration in air (j-ig/m j)
IR = inhalation rate (rrr/'day)
EF = exposure frequency (day/year)
ED = exposure duration (years)
CF = conversion factor < 1\10~ J mg/jig)
BW = body weight (kg)
AT = period over which exposure is averaged (years)

For carcinogens, risk is estimated by mul t ip ly ing the intake by the slope factor (SF),

which account for a chemical's toxicity The SF has units of (mg/kg/day) , which corre-

sponds to an inverse dose (mg) per uni t body weight (kg) per unit time (day). In general.

carcinogenic risk is the probability of an incremental increase in the l ikel ihood of cancer over

a lifetime exposure. Somewhat analogous to the SF used to calculate carcinogenic risk, the

reference dose (RfD) represents the toxicity of noncarcmogenic compounds. SFs and RfDs are

discussed in detail in the Toxicity Assessment (Section 4). The equations, exposure parame-

ters. and dose/risk calculations for the indoor air inhalation pathway are shown in Table 3-2.
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For all exposure scenarIOs. a standard lifetime body weight of 70 kg was assumed for 

all ages (EPA 1991 b). This value IS commonly used as the average adult body weight. 

3.3.5 Calculation of Dose and Risk 

Health risk is determmed from the amount of chemical taken up by the body at the 

exposure-point concentratIOn. Intake rates are expressed in milligrams per kilogram of body 

weight per day (mg/kg/day). For the inhalation pathway. exposure IS calculated as (EPA 

1989b)' 

where: 

CA 
IR 
EF 
ED 
CF 
BW 
AT 

Intake 
CA x IR x EF x ED x CF 

BW x A T x 365 dly 

chemical concentr?tIon m air (~lg/m-') 
mhalatlon rate (m.) /day) 
exposure frequency (day/year) 
exposure duration (vears) 
conversIOn factor (1'\ I 0-.3 mg/~g) 
body weight (kg) 
period over which exposure IS averaged (years) 

For carcinogens. risk is estimated by multiplymg the II1take by the slope factor (SF), 

which account for a chemical's tOXicity The SF has units of (mg/kg/daYf I, which corre

sponds to an inverse dose (mg) per unit body weight (kg) per UnIt time (day). In general. 

carcll10genic risk is the probability of an mcremental increase in the likelihood of cancer over 

a lifetime exposure. Somewhat analogous to the SF used to calculate carcll10gemc risk. the 

reference dose (RfD) represents the toxICity of noncarcmogemc compounds. SFs and RfDs are 

discussed in detail in the TOXICity Assessment (SectIOn 4). The equations. exposure parame

ters. and dose/risk calculations for the indoor air inhalation pathway are shown 111 Table 3-2. 
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Under residential land use. the risk from contaminated groundwater is primarily due to

direct mgestion and inhalation of volatile chemicals released from the water during household

activities such as dishwashing and showering. According to EPA guidance (1991c), inhalation

and ingestion of volatile chemicals can be evaluated simultaneously when the COPC has a

Henry's Law constant greater than 10"5 atm-m j/mole and a molecular weight less than 200

g/mole. All groundwater COPCs meet these criteria so the following equations were used.

The equation to calculate carcinogenic risk incorporates two terms to account for the ground-

water ingestion and inhalation pathways (EPA 1991c).

EF x ED x C x [(SF x IR ) - (SF x K x IR )]
Risk = —

BW x AT x 365 days/yr

where:
C = chemical concentration in water (mg/L)
IRa = indoor inhalation rate (m j/day)
IR-^v = water ingestion rate (L/day)
SFj = inhalation slope factor (kg-day/mg)
SFQ = oral slope factor (kg-day/mg)
EF = exposure frequency (days/year)
ED = exposure duration (years)
K = volatilization factor (unitless. see text)
BW = body weight (kg)
AT = period over which exposure is averaged (day).

Primarily on the basis of experimental data for the volatilization of radon from

household uses of \\ater. Andelman (1990) derived an equation that defines the re la t ionship

between the concentration of a contaminant in household water and the average concentration

of the volatilized contaminant in air. In the derivation, all uses of household water were

considered including showering, laundering, and dishwashing. The equation uses a default
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Under residential land use. the risk from contamll1ated groundwater is primarily due to 

direct Ingestion and inhalation of volatile chemicals released from the \vater during household 

activities such as dlshwashll1g and showering. According to EPA gUidance (1991 c), Inhalation 

and ingestion of volatile chemicals can be evaluated simultaneously when the COPC has a 

Henry's Law constant greater than 10-5 atm-m3lmole and a molecular weight less than 200 

glmole. All groundwater COPCs meet these Criteria so the following equations were used. 

The equation to calculate carcInogemc rISk II1corporates two terms to account for the ground

water Ingestion and inhalatIOn pathways (EPA 1991 c). 

where: 
C 

IRa 

I~v 
SF· 

1 

SFo 
EF 
ED 
K 
BW 
AT 

Risk 
EF x ED x C x [(SF(I x IRJ - (SF, x K x IR)] 

BW x AT x 365 davs/yr 

chern Ical concentratIOn 111 water (m giL) 
II1door inhalation rate (m 3/day) ~ 
water ingestion rate (L/day) 
II1halatlOn slope factor (kg-day/mg) 
oral slope factor (kg-day/mg) 
exposure frequency (days/year) 
exposure duration (years) 
volatilization factor (umtless. see text) 
body weight (kg) 
penod over which exposure IS averaged (day). 

Primarily on the baSIS of experimental data for the volatilizatIOn of radon from 

household uses of \\ater. i\ndelman ~ 1990) derived an equation that defines the relationship 

between the concentration of a contaminant in household water and the average concentration 

of the volatilized contamll1ant In air. In the derivation. all lIses of household water were 

conSidered including showerIng, laundering, and dishwashll1g. The equation uses a default 
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volatilization constant (K) upper-bound value of 0 0005 x 1.000 L/m3. The 1.000 L/m3

conversion factor converts the air concentration to a water concentration.

In cases where the chemical intakes produced risks greater than 10"-. the one-hit

equation was used to calculate carcinogenic risks (EPA 1989b). This equation, risk =

l-exp(-CDI x SF). is consistent with the linear low-dose model.

GDI is the chronic daily intake averaged over 70 years. For noncarcmogens. an

analogous equation was used:

EF x ED x C .v [(\IRfD „ v /fl ) - ( \ IRfD, v //?,)]
Hazard Index = - :—

BW x AT x 365 davs/vr

where

RfDQ = oral chronic reference dose (mg/kg-day)
RfDj = inhalation chronic reference dose (mg/kg-day)

These equations, exposure parameters, and dose/risk calculations are shown in Tables 3-3 and
3-4.
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volatIlization constant (K) upper-bound value of 00005 x 1.000 Llm3. The 1.000 Llm 3 

conversIOn factor converts the air concentration to a water concentratIOn. 

In cases where the chemical intakes produced risks greater than 10-2. the one-hit 

equatIOn was used to calculate carcinogenic risks (EPA 1989b). This equation. risk = 

I-exp( -cor x SF). is consistent with the lmear low-dose model. 

COl is the chronic daily Intake averaged over 70 years. For noncarcInogens. an 

analogous equation was used: 

where 

Hazard Index 
EF x ED xC.\' [( l/R/D" \" IRJ - (l/R/D, \" IR)] 

BW x AT :( 365 days/yr 

RfDo 
RfD· 

I 

oral chrOnIC reference dose (mg/kg-day) 
inhalation chrOnIC reference dose (mg/kg-day) 

These equations. exposure parameters. and dose/rIsk calculations are shown In Tables 3-3 and 
3-4. 
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Table 3-1

Exposure Parameters
Groundwater Ingestion Pathway

Variable

CW
IR
EF
ED
BW

ATrt icarc

A-inon

Description

Chemical Concentration in Water
Ingestion Rate
Exposure Frequency
Exposure Duration
Body Weight
Averaging Time - Carcinogens
Averaging Time - NoncarcmoL'ens

Value
Average

Well Specific
1.4
350
9
70

25,550
10,950

RME
Well Specific

2
350
30
70

25,550
10.950

Units

ug/L
L/day

days/year
years

kg
days
days

Reference

See Tables 3-3.3-4
EPA 1989d, 1991a

EPA 1991a
EPA 1989d, 1991a

EPA 1991a
EPA 1991a
EAP 1991a

Groundwater and Indoor Air Inhalation Pathwavs

CA

IR
ET
EF
ED
CF
BW
AT
AT

Chemical Concentration in Air

Inhalation Rate
Exposure Time
Exposure Frequency
Exposure Duration
Conversion Factor
Body Weight
Averaging Time - Carcinogens
Averaging Time - Noncarcmogens

Chem. Specific

15
24

275
9

0.001
70

25,550
10.950

Chem. Specific

15
24

350
30

0001
70

25.550
10.950

ug/m3

m Ydav
hours/day
days/year

years
mg/ug

kg
days
davs

See Tables 3-2-3-4

EPA 1991a
EPA 1991a

EPA 1989d. 1991a
EPA 1989d. 1991a

-
EPA 199 la
EPA 1991a
EPA 1991a
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Table 3·1 

Ex~osure Parameters 
Groundwater Ingestion Pathwav 

Vanable Descnpuon Value 
Avera!!e RME 

CW Chemical Concentrauon In Water Well Specific Well Specific 
IR IngestIOn Rate 1.4 2 
EF Exposure Frequency 350 350 
ED Exposure Durauon 9 30 
BW Body WeIght 70 70 

ATcarc A veragmg Time - Carcmogens 25,550 25,550 

ATnon A veragmg Time - Noncarcmogens 10.950 10.950 

Groundwater and Indoor Air Inhalation Pathwavs 

CA ChemIcal Concentrauon In Au Chern. SpecIfic Chern. SpecIfic 

IR InhalatIOn Rate 15 15 
ET Exposure Time 24 24 
EF Exposure Frequency 275 350 
ED Exposure Durauon 9 30 
CF ConversIOn Factor 0.001 () 001 
BW Body Weight 70 70 
AT A veragmg Time - Carcmogens 25.550 25.550 
AT A veragln!! Ttme - Noncarclno!.!ens 10.950 10.950 

Page 1 ot 1 

I 
Umts Reference 

ug/L See Tables 3-3.3-4 
Llday EPA 1989d, 1991a 

days/year EPA 1991a 
years EPA 1989d, 1991a 

kg EPA 1991a 
days EPA 1991a 

days EAP 1991a 

1 
ug/rn' See Tables 3-2-3-4 

rn'/day EPA 1991a 
hours/day EPA 1991a 
days/year EPA 19lNd. 1991a 

years EPA 1989d. 1991a 
rng/ug -. 

kg EPA 1991a 
Jays EPA 1991a 
days EPA 1991a 



Table 3-2

Equation:

Inhalation Exposure/Risk Using Farmers Model Results

Intake (mg/kg-day) = CA x IR x EF x ED x CF
BWx AT

Parameters:

Carcinogens:

CA = Chemical Concentration in Air Estimated by Fanner Model (ug/m )

IR = Inhalation Rate (m /day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)

CF = Conversion Factor (1 x 10"" mg/ug)
BW = Body Weight (kg)
AT = Averaging Time (days)

Chemical

PCE - ave
TCE - ave
1,2-DCE-ave

PCE - max
TCE - max
1,2-DCE- may

CA
ug/m'

6.6
0.48
0.36

19
1.5

0.65

IR
m /hr

15
15
15

15
15
15

EF
davs/yr

275
275
275

350
350
350

ED
vrs

9
9
9

30
30
30

CF
mg/ua

0.001
0.001
0.001

0001
0.001
0001

BW
kc

70
70
70

70
70
70

AT
davs

25550
25550
25550

25550
25550
25550

Intake
me/kg-day

1.4E-4
l.OE-5
7.5E-6

1.7E-3
1.3E-4
5.7E-5

Slope Factor
(mg/kg-day) '

0.00203
0.006

0.0805

0.00203
0.006

0.0805

Risk

2.8E-7
6.0E-8
6.0E-7

3.4E-6
7.9E-7
4.6E-6

Subtotals Average
RME

Noncarcinogens:

9.4E-7
8.8E-6

Chemical

PCE - ave
TCE - ave
1,2-DCE-ave

PCE - max
TCE - max
1,2-DCE - may

CA
ug/mJ

6.6
0.48
0.36

19
1.5

065

IR
m /hr

15
15
15

15
15
15

EF
davs/vr

275
275
275

350
350
350

ED
\T'

9
9
9

30
30
30

CF
me/us

0001
0001
0.001

0.001
0.001
0001

BW
ku
70
70
70

70
70
70

AT
davs

3285
3285
3285

10950
10950
10950

Intake
me/ke-dav

1 1E-3
77E-5
5.8E-5

3.9E-3
3.1E-4
1 3E-4

Inhal. RfD
me/kg-day

0.01

0.006
0 00286

0.01
0.006

0.00286

Risk

0.11
0.01
0.02

0.39
0.05
0.05

Subtotals Average
RME

0.14
0.49

PCE - Tetrachloroethylene
TCE - Tnchloroethylene
1,2-DCE - us-1.2-dichloroethvlene
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Table 3-2 

Inhalation Exposure/Risk Using Farmers Model Results 

Equation: 

Intake (mg/kg-day) = CA x lR x EF x ED x CF 
BWxAT 

Parameters: 

CA= 

IR= 
EF= 
ED= 

3 
ChemIcal ConcentratlOIl In AIr EstImated by Farmer Madej (ug/m ) 

InhalatIOn Rate (m3/day) 
Exposure Frequency (days/year> 
Exposure Durauon (years) 

CF= 
BW= 
AT= 

ConversIOn Factor (1 x 10-3 mg/ug) 
Body Weight (kg) 
Averagmg Time (days) 

Carcinogens: 

ChemIcal CA lR 
ug/m

3 mJ/hr 

PCE - ave 6.6 15 
TCE - ave 0.48 15 
1.2-DCE - ave 0.36 15 

PCE - max 19 15 
TCE - max 1.5 15 
1.2-DCE - mID 0.65 15 

Noncarcinogens: 

Chemical CA IR 
ug/m' mJ/hr 

PCE - ave 6.6 15 
TCE - ave 0.48 15 
I.2-DCE - ave 0.36 15 

PCE - max 19 15 
TCE - max 1.5 15 
1.2-DCE - mal 065 15 

PCE - Tetrachloroethylene 
TCE - TrIchloroethylene 

EF 
davs/yr 

275 
275 
275 

350 
350 
350 

EF 
davs/vr 

275 
275 
275 

350 
350 
350 

1,2-DCE - Cls-l.2-dlchloroethylene 

ED 
vrs 

9 
9 
9 

30 
30 
30 

ED 
:T~ 

'-) 

'-) 

'-) 

30 
30 
30 

CF BW 
mg/ue kg 

0.001 70 
0.001 70 
0.001 70 

0001 70 
0.001 70 
0001 70 

Subtotals 

CF BW 
mg/ug k~ 

0001 70 
0001 70 
0.001 70 

0.001 70 
0.001 70 
0001 70 

Subtotals 

AT 
days 

25550 
25550 
25550 

25550 
25550 
25550 

AT 
days 

3285 
3285 
3285 

10950 
10950 
10950 

Intake 
mg/kg-dav 

I.4E-4 
1.0E-5 
7.5E-6 

1.7E-3 
1.3E-4 
5.7E-5 

Average 
RME 

Intake 
mg/ke-dav 

1 lE-3 
77E-5 
5.8E-5 

3.9E-3 
3.1E-4 
1 3E-4 

Average 
RME 

Slope Factor 
(mg/kg-day) I 

0.00203 
0.006 

0.0805 

0.00203 
0.006 

0.0805 

Inhal. RID 
me/kg-dav 

0.01 
0.006 

000286 

0.01 
0.006 

0.00286 

Risk 

2.8E-7 
6.0E-8 
6.0E-7 

3.4E-6 
7.9E-7 
4.6E-6 

9.4E-7 
8.8E-6 

Risk 

0.11 
0.01 
0.02 

0.39 
0.05 
0.05 

0.14 
0.49 
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Table 3-3
Ingestion and Inhalation of Carcinogenic Volatiles in Groundwater

= SFo x (Intake Irom mgeslion ol \v;ilcr) + SFi x ( In lake l i o in nilialalion ol volaliles in water)

= SFn \Cx I R w x E F x ED + SFi x C x K x IRa x EF x ED

Page 1 of 3

BW x AT x 365 days/yr

= EF x E D x C x | ( S F , , x I

BW x AT x 365 days/yr

(SF, x K x IR , ) |

Where

BW x AT x 365 days/yr

SFU = Oral cancer slope laclor (mg/kg-day)

SF, - Inhalation cancer slope hicior (mg/kg-day)
C = Chemical concentration in water (mg/L)
I R W = Daily water ingestion rale (L/day)

EF = Exposure frequency (days/year)

ED = Exposure duration (years)

BW = Adult body weight (kg)
AT = Averaging lime (years)
K = Volatilization factor (unilless)

IR, = Indoor inhalation rale (in /day)

RMIi Scenario

Well

Elk
Elk
Elk
MW-1
MW-I
MW-1
MW-1
MW-2
MW-2
MW-2
MW-3
MW-3
MW-3
MW-3
MW-3
MW-4

COl'C

1,2-Dichloroethane
Ben/cue
Tetrai-hloroelhene
1,2-Dibromoe thane
1,2-Dichloropropane
Ben/cue
Telrachloroeihene
1.2-Dibromoc thane
Chloiolonn
Teir.idiloroethene
1,2-Dibromoethane
l,2-I)ichloropropane
Chloiolonn
Tetracliloroelhene
Tnchloroelhene
1,2-Dibromoethane

C
HK/I .

0.3
04
32

02
0 2
0-1
340
0.2
0 1

171 S
8
6

05
4200

34
0.4

C

M I K / I .

3E-04
4E-04
0032
2E-04
2E-04
4E-04

034
2E-04
1E-04
0 172
0 008
0006
5E-04

4 2
0 034
4E-04

EF
<l.iys/>r

350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350

lil)
j rs

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

ma
iii3/<lay

15

15

15
15
15
15
15
15
15
15
15
15
15
15
15
15

IRW
iyda>

2
2
2
2
~>
2
2
2
2
2
2
2
2
2
2
2

SF0

(niU/kn-<lj))- l

o.oyi
0029
0052

85
0068
0.02')
0052

85
0.0061

0.052
85

0068
0.0061
0052
0011

85

SF,
( l i iK/k |>-<l . i ) ) - l

0 0805
0 029

000203
0.77

0068
0029

000203
077

00805
000203

0.77
0068

0.0805
0 00203

0.006
0.77

K

0.5
05
05
05
0 5
0 5
05
0.5
05
0.5
0.5
05
0.5
0.5
0.5
0.5

BW

kf;
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT
yr

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

Risk

1 4E-6
6 5H-7
2 2E-5
2 1E-4
7 6 P.- 7
6 51:- 7
24E-4
2 1 E-4
3 6E-7
1 2 E-4
83E-3
23E-5
1 8E-6
2.9E-3
1.3E-5
4.1 E-4

Total Risk
liy Well

2 4 b - 5

4 5 E-4

3 3L>4

1.1 E-2
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Ingestion and Inhalation of Carcinogenic Volatiles in Groundwater 

RI~k = SF\) x (Intake lrolIllllge~tJ(J11 01 watcr) + Sf! x (Intakc llOlll IIlhalallon 01 volatllc~ III water) 

Where 

= SFII :.. C x IRw x EF x ED + 
BW x AT x 365 day~/yr 

SFI X C x K x IRa x EF x ED 
BW x AT x 365 days/yr 

= EF:.. ED x C x I(SF" x IR,,) + (SF, x K x IR . .)I 
BW x AT x 365 days/yr 

SFu =: Oral cancer ~Iope lactor (Illg/kg-dayr i 

SF, =0 Inhalation cancer ~Iope tactor (mglkg-dayr l 

C = Chemical UlIlcentratlOn III water (mglL) 
IRw == D,lIly water mgestHln ratc (Llday) 

EF = E:..po~lIrc fre4ucncy (Jay~/ycar) 

ED = Expo~ure duration (years) 

BW = Adult body weight (kg) 
AT = A veraglllg \line (years) 
K = VolallhzatlOn factor (ullltle~s) 

3 IR, = Indoor IIlIJalallO/l rate (m /day) 

RM E SC~llario 

Wdl cope c c EF EJ) IRa IRw SF. 
IIWI. Ilig/L d •• ),'!} r } r, 1113!day lid,,} (IIIWkl-:-dd} )-1 

Elk 1,2- Ulchlof()ethane 0.3 3E-04 35(J 30 15 2 O.lll) I 
Elk Ben/cne ()4 -IE-()-I 350 30 15 2 () ()29 

Elk Tetr,ILhh)f( lcthenc 32 () Il3 2 350 30 15 2 0052 
----

MW-I 1,2-DIIJromoethane 02 2E-04 350 30 15 2 85 
~IW-I 1,2-1 )Ichloropropanc 02 2E-O-l 35() 30 15 2 o (loX 
MW-I Bcn/clle 0-1 -IE-()-I 35() 3() 15 2 0.029 
MW-I Tet r,ILhlof(lcthcliC 340 03-1 350 30 15 2 0052 

--- -~---- -----
MW-2 1.2-Dlhromocthane 0.2 2E-O-l 350 30 15 2 X5 
MW-2 ChIlli 01 onn 01 I E-O-l 350 30 15 2 (U)(lol 

MW-2 Tetrdl h lorocthcnc 171 X () 172 35() 30 15 2 0.1)52 
----

MW-3 1,2- Dlhromoethane X () OOX 35() 30 15 2 85 
MW-3 1,2-1 )Ichloropropane 0 o (JOo 35() 3() 15 2 () !loX 
MW-3 Chhliolonn US 5E-04 35() 30 15 2 0.0001 
MW-3 Telr;ldlloroetllenc 4200 -12 35!l 30 15 2 0052 
MW-3 Tflchloroethene 34 0034 350 30 15 2 0011 
MW-4 1,2- Dlhromocthane 0.4 4E-04 350 30 15 2 85 

SF, 
(1III-:/kl-:-<I..} )-1 

() OX05 
0019 

() 00203 
0.77 

() ()6X 
o 02l) 

o 00203 
-----

077 
o OX05 

o O()203 
0.77 

!l 06S 
O.OX05 

000203 
0.006 
0.77 

K 

0.5 
05 
OS 

--
OS 
05 
05 
OS 

---
0.5 
05 
0.5 
0.5 
OS 
0.5 
0.5 
0.5 
0.5 

Page 1 013 

BW AT nisk Total Rbk 

"I-: yr hyWdl 
70 70 I -I E-6 
70 70 h 5E-7 
7() 7() 221:-5 2 -Il:-5 

--~ f--------- -----
70 70 2 J E-4 
70 7() 7 hE-7 
7() 7() (j 5 J:- 7 
70 70 2 -IE--I -I :'i \:--1 ---- -- -------- ----- ----. 
70 70 2IE--I 
70 70 3 6E-7 
70 70 12E-4 3 3 \,:--1 

--
70 70 83E-3 
70 70 23E-5 
70 70 I XE-6 
70 7U 2.%-3 
70 70 1.3E-5 1.1 E-2 
70 70 4.IE-4 



RMK Scenario (Cont.)
Table 3-3

Ingestion and Inhalation of Carcinogenic Volatiles in Groundwater
Page 2 of 3

Well

MW-4
MVV-4
MW-4
MW-4
MW-5
MW-5
MW-5
MW-5
MW-5
MW-6
MW-7
MW-7
MVV-8
MW-8
MW-9

core

1 ,2-Dichloropropane
Chloroform
Tetrach loroctlicne
Tnchloroethene
l,2-Dihroinoeil);iiic
l,2-I)icliloropropane
Chlorolorm
Tcirin-hloroclhcnc
Tncliloroethene
TctraJiloroethene
Chloiolonn
TetniLhloroetheiie
TclniLhloroetliene
Toluene
TciraJilorocihenc

C
ug/l.

0.2
1

2800
3

04
0 2
0.3

17300
3

44
1 6
4 2

74000
13200

40

C
niK/L

2E-04
0001

28
0003
4E-04
2E-04
3E-04

1 7 3
0003
0.044
0.002
0004

74
1 3 2
004

KK
days/yr

350
350
350
350
350
350
350
350
350
350
350
350
350
350
350

1 1 )
)TS

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

IRa

in3/day

15

15
15
15
15
15
15
15
15
15
15
15
15
15
15

1RW
\Jday

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

SI'1,.
(niK/kg-<ljyM

0.068
0 0061
0.052
0011

85
0068

00061
0052
0 0 1 1
0.052

0.0061
0052
0052

NA
0 052

SI-,
(i i iK/ki;-<l<iy)-l

0.068
0 0805

0.00203
0.006

0.77
0068

0 0805
000203

0.006
0.00203
00805

000203
0.00203

NA
0 00203

K

0.5
05
0.5
05
0.5
05
05
05
0.5
05
05
05
05
0.5
05

BW
k«

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT

y
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

Risk

7.6E-7
3.6E-6
20E-3
1 2E-6
4. IE-4
7 6E-7
1 IE-6
1 2E-2
1 2E-6
31E-5
5 8E-6
2 9E-6
52E-2
--
2 SE-5

Total Risk
hy Well

24E-3

1 3E-2
3 IE- 5

8 7 l £ - ( >

(1.1
2 KE-5

Average Scenario

Well

Elk
Elk
Elk
MW-1
MW-I
MW-1
MW-1
MW-2
MW-2
MW-2
MW-3
MW-3

core

1.2-lJiLliloroetliane
Ben/ene
Telraihloioel l iene
1.2-Diliromoethane
1,2-Dicliloropropanc
Ben/cue
TetraJiloroetliene
1,2-Diliromoe thane
Chlomlonn
TctraJiloroelliene
1.2-Dihromoetlianc
1 ,2-Dichloropropane

C

I IK/I

0.3
04
32

0 2
0 2
04
340
0 2
0 1

171 8
8
6

C

l»«/l.

3E-04
4E-04
0032
2E-04
2E-04
4E-04

034
2E-04
1E-04
0 172
0.008
0006

ttl
< l . i > s / ) r

350
350
350
350
350
350
350
350
350
350
350
350

F.l)
\ rs

y
y
y
y
y
y
9
9
y
y
y
9

IRa

iii3/ddy

15

15
15
15
15
15
15
15
15
15
15
15

IRW
Uiljy

1.4

1 4
1.4
1.4
14
1.4
1.4
14
14
1.4
1.4
14

SF,,
(iii(yk<j-dj) )- l

0091
0029
0052

85
0068
0 029
005?

85
00061

0052
85

0068

SF,
(lllK/k(!-(l.i5)-l

0 0805
002')

000203
077

0068
0029

000203
0.77

0 0805
000203

0.77
0068

K

0.5
0 5
05
0.5
05
0.5
05
0.5
0.5
0.5
05
0.5

BW

kc
70
70
70
70
70
70
70
70
70
70
70
70

AT

5 "

70
70
70
70
70
70
70
70
70
70
70
70

Risk

3 9E-7
1 8E-7
5 OE-6
4 4E-5
2 IE- 7
1 8E-7
5 3E-5
4 4E-5
1 IE -7
2 7E-5
1 8E-3
64E-6

Total Risk
hy WYI1

5 5E-6

9 7 II- 5

7 1 E-5
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R!\IE Sl:enario (Cont.) 
Table 3-3 

Ingestion and Inhalation of Carcinogenic Volatiles in Groundwater 
Page 2 of 3 

Well cope C c EF ED m. tRw SF" SF, K BW AT t{bk TotalRbk 

.. giL IIIg/L Ilal'~/yr F' 1113/day /Jdal' (lIIg/kg-ddy)-1 IIIIg/kg-d.ll')-1 kg l'r hy Well 
MW-4 1,2-0 Ichloropropane 0.2 2E-04 350 30 15 2 0.068 0.068 0.5 70 70 7.6E-7 
MW-4 Chlof()fonn 1 o 00 I 350 30 15 2 0(1061 () mm5 05 70 70 3.6E-6 
MW-4 TelraLillofl)Clhcnc 2800 2X 3S0 30 15 2 O.()51 0.00203 0.5 70 70 2 OE-3 
MW-4 Tnchloroethene 3 () 003 350 30 15 2 o 01 I 0.006 OS 70 70 12E-6 24E-3 ---- --- -- -- --- ---- -----
MW-5 1,2-Dlhromoclhallc 04 4E-04 350 30 15 2 X5 0.77 0.5 70 70 4.IE-4 
MW-5 1,2- \)Ichlof()pmpanc 02 2E-04 350 30 15 2 o O(1X () O(lX OS 7() 7() 7 (lE-7 

MW-5 Chlor()lorm 0.3 3E-04 350 30 15 2 o OO() I o OX05 OS 70 70 I IE-6 
tl1W-5 TClraLh loroClhcllc 17300 173 350 30 15 2 o OS 2 000203 OS 70 7() 12E-2 
MW-5 Tnchloroelhene 3 o (lI)3 350 30 15 2 o 011 0.006 0.5 70 70 12E-6 131::-2 

---- -- ----- -- ----- ------
MW-6 TClraLilloroelhellc 44 0.044 350 30 15 2 0.052 0.00203 OS 70 70 31 E-S 3 I E-S ---- --- -- --- -- -----
MW-7 Chlm 1)1 onn 1 6 0.002 350 30 15 2 0.0061 OmW5 05 70 70 58E-6 
MW-7 TelraLillorol:lhcllc 42 o 004 350 30 15 2 o OS 2 o 00203 OS 70 70 2 lJE-(l X 71:-(, 
----- --- ------- ---- --- -- ------- -~-.---- ----- ----- ------- ----- - - ------
rvlW-X TClraLilloroethene 740()O 74 3S0 30 15 2 o OS 2 (UI0203 OS 70 7() 52E-2 

---
MW-X Tolucllc 13200 132 35() 30 15 2 NA NA O.S 70 70 -- n.l 
---- ---- I---- --f--- ------
MW-9 TClraLilil)f()Clhcllc 40 o 04 3511 30 15 2 0052 000203 OS 70 7() 2 XE-5 2 XE-5 

-\ verage Sl:enario 

Well COI'C C C EF ED JR. tRw SF" SF, K nw AT Rbk TotaltU.,k 

.. g/I lng/I. 1(.') ,I) r ~ .. " 1113/dd)' 1111.1)' (lIIg/kg-dd) )-1 11IIg/I,g-II.,) )-1 I..g )1' hy W"'I 
Elk 1.2- UILhloroclhanc n.3 3E-04 350 l) 15 1.4 o 09 I () OXO 5 0.5 70 7() 3 1)E-7 

Elk BCIl/CIlC 04 4E-04 3S() ') 15 14 0029 () 029 OS 70 70 I XE-7 
Elk TCIr;IL h It)( ()ClhcllL' 32 !l 032 350 l) 15 1.4 o 052 () 110203 ()S 7() 70 5 OE-() 551:-(, 

--- ~---- ---- --- -- ---- -~-------- -- ----- --- -- ------- ----- _. - -- ~ 

MW-I 1.2- DibromocI11anc 02 lE-04 3.5() l) 15 1.4 X5 077 0.5 70 70 441-:-5 
MW-I 1,2-])lchloropropanc 02 2E-04 350 ') 15 I 4 o ()(1 X o 06X OS 70 70 1 I E-7 
rvlW-1 BCIl/Clle 04 4E-1l4 3511 9 15 1.4 o 029 o (21) 0.5 70 70 I XE-7 
MW-I Telr:ILh It )fl)clhcIIC 340 n 34 350 Y 15 1.4 () ()52 000203 05 70 70 53E-5 l) 7E-'i 
---- --- --------- --- ------ ------- -----
tllW-2 1,2-Dlbromoethane 02 2E-04 350 9 15 1 4 X5 0.77 0.5 70 7!l 44E-S 
tl1W-2 Chll)(ol()nn !l I I E-04 350 l) 15 I 4 !l O()6 I o OX05 !l.S 70 70 I IE-7 
MW-2 TClr:ILh 1t)fl)CIIICIIl: 171 X () 172 3511 l) 15 1.4 () 052 II 00203 !l_5 70 70 27E-5 7 11::-5 

-- ---- ------- -- -- ---
7(1 

------
MW-3 1_2- Dlhromoel11anc X !l_OOX 350 9 15 1.4 XS (J.77 05 7!l I XE-3 
MW-3 1.2-Dlchloroproranc 6 o 00(1 350 9 15 1 4 o 06X () !l68 0.5 70 70 (14E-(i 



Table 3-3
Ingestion and Inhalation of Carcinogenic Volatiles in Groundwater

Page 3 of 3

Average Scenario (Cont.)

Well

MW-3
MW-3
MW-3
MW-4
MVV-4
MW-4
MW-4
MW 4

MW-5
MW-5

MW-5
MW-5
MW-5
MW-6
MW-7
MW-7
MW-8
MW-8
MW-9

core

Chlomlonn
Tctradilorocthcnc
TriLhloroeihenc
l,2-Dihmmoc(h;inc
l . 2 - l ) n liloropmp.me
Cliloinlorm
Tcir.iJilorociliiJiic

l,2-r)ihm]noci]i.iiie
l . 2 - l ) iL l i l o rnpmpi inc
Clilnmlonn
Tciraihlorocilieiie
Truhloroeihenc
Tctnuli loroclhenc
Chlomlomi
TciraJilnrocllicnc
TcliaLliloroethene
Tollk ' l le

Telradilnioeihcne

C
UK/1.

0.5
4200

34
04
0 2

1
2800

T!

04
0 2
0 3

17300
3

44
1 6
4 2

74000
13200

40

C

niK/l .

5E-04
4 2

0034
4E-04
2 E 0 4
0001

2 8
(I 0(13

4E-04
2E-04
3E-04

17 3
0003
0044
0002
0004

74
1 3 2
004

i<:i'
ll jys/J 1

350
350
350
350
350
350
35(1
^50
350
350
350
350
350
350
350
350
350
350
350

I D

> r i <

y
9
y
y
y
y
y
i)
y
y
y
y
y
y
y
y
y
y
y

•Ka

in3/day

15
15
15
15
15
15
15
i < «

15
15
15
15
15
15
15
15
15
15
15

IKW

IVdaj

1.4
1 4
1 4
1 4
1 4
1 4
1 4
1 4
1 4
1 4
1 4
1 4
1 4
1 4
1 4
1 4
1 4
1 4
1 4

SF0

(ing/kg-day)-!

0.006 1
0052
001 1

85
0.068

00061
0052

001 1

85
0068

00061

0052
0 0 1 1
0052

00061
0052
0052

NA
0052

SI-',

(i i in/kR-il . iyi-1

0 0805
000203

0006
077

0068
00805

000203
0 006

0.77
0068

00805
000203

0006
000203

0 0805
000203
000203

NA
000203

K

0.5
0 5
0 5
0 5
0 5
0 5
0 5
0 5
0 5
0 5
0 5
0 5
0 5
0 5
0 5
0 5
0 5
0 5
0.5

IIW

kt!

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT
VI

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

Kisk

5 4E-7
65E-4
3 6E 6
8 8E-5
2 I I : - 7
1 IE-6
4 3E-4
•» ->p 7

8 8E-5
2 1E-7
3 2E-7
2 7E-3
3 2E-7
6 8E-6
1 7E-6
6 5E-7
1 1E-2
--
6 2E-6

Total Risk
by Well

2 4 E - ?

441". 1

2 8E-3
3 IE- 5

1 l E - ( >

l . l l i - 2
62E-6

Hold - Momioni iL! \vcl l L o n i a i n i n u ihc 'ji KME 01 avc iane scenar io risk
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Ingestion and Inhalation of Carcinogenic Volatiles in Groundwater 

Average Sl:enario (Cunt.) 

Well cope C C EF ED IR. IR .. SF" SF, K UW AT I{bk Total Uhk 

II~L IIIg/l, Ildy,/). ~P. 1IJ3/day 11iIdY (lII~kg-"d)')-1 (lII~k~-".,y)-1 kg )'. hy Well 

1\IW-3 ehl()II)lonn O.S 5E-04 350 l) 15 1.4 O.O()61 omws (l.S 70 70 54E-7 
MW-3 Tctradllorocthclle 420() -I 2 3S0 l) 15 14 () 052 () 00203 () S 70 70 65E-4 
MW-3 TrtLlll()fOcthcnc 3-1 () 03-1 3S0 I) IS I -I o 0 I I o O()(l OS 70 70 36E6 2 -IL- 1 --_. . __ ... 

------" _._- ---- - ---------- --- ---- --- -------- ---------
MW-4 1,2- Dlhromocthallc 04 -IE-O-l 3S0 lJ IS I -I XS 077 OS 70 70 X XE-S 
MW--I 1.2-))1l hl()fOPI()PdIlC 02 2E·()-I lSII l) IS I -I (I.( 16X II O(lX OS 711 711 2 IE· 7 
M \\'--1 Chllllldmm I () ()() I 3S11 I) IS 14 () ()()() I () ()X()S OS 7() 7() I I E-() 
~1W-4 TClrdchlt)f(lClliCIlC 2X(J(1 2 X 35() I) 15 J -I () 1152 () 00203 ()5 711 711 -I.IE·'" 
MW--I TrtLi 11 I ,mcthenc 3 () ()() 3 3S11 II IS 14 o () I I o O()() OS 7() 70 321:-7 -I -11':--\ 
----- ~------ ----- ----- --------- --- _._- ---- --- ------- -- --- - - - _______ -0 _____ - --- ----- --- --- - -- -- "-- --- ----- - ._-_._--

MW-S 1.2-Dilmlinoclh.lIlc ()-I 4E-O-l 3S0 l) IS I -I XS 0,77 OS 70 70 X XE-S 
1\IW-S 1.2-1 )ILlilor()prop.lIlC 02 2E-()-I 3S() II IS I -I () (11)X () ()6X ()S 7() 7() 2 I E-7 
1\IW-S Chlt)J()lonn ()3 3 E-()-I 3S() I) IS I -I () ()()() 1 () ()XO S ()S 71) 7() 3 2E-7 
1\IW-S TClraL hloroclhellc 1730() 17 3 3S0 l) IS 1-1 () 052 o ()()21)3 OS 70 70 27E-J 

MW-S 1 rll hll )fOcthenc 3 o 1)( 13 3S0 II IS I -I o 0 I I () ()()6 (l S 7(l 7(l 3 2E· 7 2 XL·J 
.- ------ -_._- ---- -~---- ----- ._- -- -------- -- -------- ----"- ------ ----- ----_. -- -- ---- ---- - -----

MW-I) TL:lral hlllfOCthclIC -1-1 o (l-l4 3S() l) IS 1-1 (l ()S 2 () O()203 (l S 70 70 () XE-6 3 I E-S 
---- ------------ ---- ----- ------- ---- -- ._- ------- --------- ----- --- ---------- -_._------ ---

t--IW-7 Chll)J,)lonn II) () ()() 2 3S() I) IS 14 (l ()Ol) I () ()X()5 OS 70 7(l I 7 E-h 
t--IW-7 TelLll hlmoclllL:IIC -I::! I) ()()-I .lSI) II IS 1-1 () lIS 2 (J(J()203 OS 7() 71) (l SI:-7 1 II >(, --------- ------- - ---- --- --_.- --~-------- -- ._--- -- ---_._---- - ---- --- ------- -- -- ---- ------- ------- --. ------- - -
MW-X T ci ral It loroethellc 7-1()()() 7-1 3S0 I) 15 I 4 () OS 2 o 0020J (lS 7() 7() I I E-2 

---------
1\IW-X ToIIIl'IIC 132()() 132 35() l) IS I -I NA NA (lS 70 7() _. 1.1 E-2 ----- ---- -----_ .. _- ----- ------ --- ---_. ---- . - .. --- ._------ ----- - -------- --- ---- --- ----- --- ----- - - ----
MW-lJ T ct r:ldil()J oClhellC 40 o 0-1 3S() II IS 14 (l OS 2 () ()0203 (l.S 7(l 70 (i 2L-(, 62E-(l 

Bolli - M'lIll!()llIl~ \l'dl Lllll!;lIlllllg Ihc glcdlc,1 Rt--IE (li al'cl<lgc: ,CCII:II(() fisk 



Table 3-4
Ingestion and Inhalation of Noncarcinogenic Volatiles in Groundwater

Risk

Where-

= EF.\ E D x C x | ( l / R I D u x IRJ + ( I / R I D , x Kx I K . ) |
BW x AT x 365 days/yr

KID,, - Oral relerencc dose (mg/kg-day)

RID, = Inhalation reference dose mg/kg-day
C = Cheinicid concentration in \ \aler (mg/L)
IRu = Daily water ingeslion rale (L/day)

EF = Exposure frequency (days/year)

ED - Exposure duralion (years)

BW = Adull body weight (kg)
AT = Averaging time (years)
K = Volat i l izat ion factor (nnilless)

IR, = Indoor inhala t ion rale (m /day)

KMIi Scenario

Well

Elk
Elk
Elk
MW-1
MW-1
M W - I
MW-1
MW-2
MW-2
MW-2

MW-3
MW-3
MW-3
MW-3
MW-3
MW-4

COI'C

1.2-DiiJdorocthane
Ben/ene
Telra ih lo ioethenc
1.2-Dihroinocthane
1.2-Du hloropropane
Bcn/cne
Tetracliloroeihenc
1,2-Dihromoe thane
Chloinlor in
Teira i l i lomct l icnc
1.2-Dihroinoethane
1,2-Dn.hloroprop.ine
Chlorolonn
Telracliloroclhenc
Trichliiroelhene
1,2-Dihromoetliane

C

UK/1.

0.3
04
32

0 2
0 2
04
340
0 2
0 1

171 8
X
6

05
4200

34
04

C

my.ll

3E-04

4E-04
0032
2E-04
2E-04
4E-04

034
2E-04
IE-0-1
0 172
0008
0006
5E-04

4.2
0034
4E-04

EV

(1.15 1/> 1

350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350

ED
>rs

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

IKa

in3/day

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

IR*
I.'(I..N

2

2
2
2
~>
o

2
?
2
2
2
2
2
2
2

2

Rtnu
niK/kjj-d.iy

0.00286
000171

001
0000052
00001 14

0 0 0 1 7 1
0 0 1

0 000052
001
001

0000052
0.000114

001
001

0 006
0 000052

RID,

inn/kn-da)

0.00286
000171

001
0000052
00001 14

000171
001

0000052
0 0 1
001

0000052
0000114

001
0 0 1

0.006
0.000052

K

05
05
05
05
0 5
0 5
05
05
05
05
05
05
05
0.5
05
05

BW

I>K

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT

K

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

Ha/ard
Quotient

5 9E-3
1 111-2
1 8E-1
2 1 E- 1
l > X E - 2

1 3E-2
1 ')E+0
2 I E - 1
5 6E-4
9 6E- 1
8 6E+0
2 9E+0
2 8E-3

23E+1
3 2 E - I
4 3 E - I

Hazard
Index

2 0 E - I

2 2E+0

1 2 l i i - ( l

3 5E+I
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Table 3-4 
Ingestion and Inhalation of Noncarcinogenic Volatiles in Groundwater 

KI,k = EF;>. ED x C x I (lfRlDu x IRIIl + (If RID, x K x IKJI 
BW x AT x 365 daysfyr 

KID" = Oral rckrellce dose (lIlgfkg-ddy) 

RID, = IlIhalalHlIl reference dose IIlgfkg-uay 
C = Cllcll1lcal COllccntratHlII III \\ ater (mgfL) 
IR" = I)dlly watcr IIIge\tHlII rall: (UU<lY) 

EF = E\p()~urc Ircqucncy (day~fycaf) 

Ul\1E Scenario 

Well cope c c EF 
IIWI. III~/l d.I),/) I 

Elk 1.2- DILillorocthallc n.3 3 E-O-l 35(1 

Elk BCIl/CIIC ()-I -I E-()-I Vill 

Elk TctLll hhll(ICthcllc jJ (1032 35() --_ .. -- _._- --------
tvlW-1 1.2- D I hroll1octhane 02 '2 E-O-l 35(1 

1\IW-I 1.2-DII hl()foprop,lIlc () '2 '2E-O-1 3511 
1\IW-I BCIl/CIIC 0-1 -I E-O-l 351l 
MW-I TetrdLh hlf(lClhcllc 3-10 () 3-1 35() 
- --- .----- --------
MW-2 1,2-Dtllfomoethanc (l2 '2E-O-l 350 
M\V-2 Ch II lI' II ()fill 01 I E-()-I 3S() 
MW-2 TClr<llld()focthcllc 171 X () 17 '2 35() 
----- -_ .. _---- --- -+--- -------
MW-3 1.2-Dlhfllllloethanc X () OOX 35(1 

1\'IW-3 1,2- DILIlIoroprop,\Ilc (i () OO(i 35() 

MW-3 Chlorllllliln US 5E-O-l 350 
MW-3 Tetra,lllof()cthcllc 4200 4.2 351l 
MW-3 Tnchl'lroclhene 34 (1034 35() 

-----
MW-4 1,2-DlhromocUlaIlC ()4 -IE-04 35() 

ED = Expo~ure duratHlII (ycar~) 

BW = Adull body wcight (kg) 
AT = Avcraglllg tllnc (ye,lfs) 
K = VolatillZ<lllOIl factor (unllle~~) 

IR, = Illdoor IIlhalatHlII ratc (1Il
3fday) 

ED lHol IR,. RlOu 

) r, 1113/rlay IJdd) mWk~-d'IY 
](1 IS 2 O.O()2X() 
3(1 15 2 () (I() I 7 I 
3() 15 2 () () I 

---- ---- --------
3() 15 2 o O()O() 5 2 
]() 15 '2 o 000 I 1-1 
j() IS '1 () O() I 7 I -
3() IS 2 () () I 

--- -
30 15 2 o (lO()O52 
]() 15 2 o (II 
3(1 IS 2 () () I 

--- --
30 15 2 o ()()(l() 5 2 

30 15 2 O.OO(l I 14 
30 IS 2 o () I 
3() 15 2 o 0 I 
3(J 15 2 o 000 

---
30 15 2 0000052 

UID, K 
1II~1kl!-dd) 

O.OO2X6 05 
() (I() I 71 ()5 

() () I 05 
--------- -_.-

o (IIH)()52 ()5 
o OO() I 14 o 5 

O(H1l71 (I'i 

() () I 05 
------- --o OO()O 5 2 OS 

o 0 I ()5 

o 0 I 05 
----- ---

o (lOOO 52 OS 
o OO() I 14 ()5 

o () I OS 
o 0 I 0.5 

0.006 OS 
O.OO(}fl52 05 

nw AT Hazard Hazard 
I,g ) r Quoticnt Indc\ 

7(1 7() 5 1)E-3 
7() 7() / 1/:-2 
7(1 7(1 I XE-I ::. Ill:- / 

----- ----- ----- --- ---- - ---- ----_. -
7(1 7() 2 IE-I 
7(1 7() l) X E- 2 
7(1 7(1 I 11:· 2 
7() 70 / l)E+() 221.:+11 

--- I----- ------- -----------
70 70 '2 IE-I 
7(1 7() 5 M:--I 
7(1 7() I) (1E:- I / 21: 1-11 

---- -_._- ._-------

70 70 X (iE+O 
7() 70 2 ~E+(l 
70 70 2 XE-J 
70 70 23E+1 
70 70 32E-1 3SE+/ -- -- ~---- -----
70 70 43E-1 



Table 3-4
Ingestion and Inhalation of Noncarcinogenic Volatiles in Groundwater

UME Scenario (Cont.)

Well

MW-4
MW-4
MW-4
MW-4
MW-5
MW-5
MW-5
MW-5
MW 5
MW-6
MW-7
MW-7
MW-8
MW-8
MW-y

coi'c:

1,2-DnJiloropropane
Chlorolonn
TciraiJiloroclhene
Tricliloroeihene
1,2-Dihiomoc thane
1,2-Dkliloropropanc
Chlorolonn
Tetrachloroelliene

Telracliloroeihenc
Chlorolorni
TeiraLliloroeiliL'ne
Tetrachloroethene
Toluene
Tctracliloroclhene

C
»8/l.

02
1

2800
3

04
0 2
03

17300
T

44
1 6
4 2

74000
13200

40

C
niK/l.

2E-04
0001

2 8
0003
4E-04
2E-04
3E-04

1 7 3
(i otn
0044
0 002
0004

74
13 2
004

EF
days/yr

350
350
350
350
350
350
350
350
-!s()

350
350
350
350
350
350

El)
yrs

30
30
30
30
30
30
30
30
TO

30
30
30
30
30
30

IRa

in3/day

15
15
15
15
15
15
15
15
i <;

15
15
15
15
15
15

IRW

lyday

2

2

2

2

2

2
2
2
9

2
2
2
2

2
2

RfD0
ing/kjj-dj)

0.000114
001
001

0.006
0.000052
00001 14

001
0 0 1

u niiis

0.01
001
001
001

0 2
0 0 1

Rfl),
ms/kK-duy

0.0001 14
001
0 0 1

0006
0000052
0.000114

001
001

0 OOfi
0.01
001
001
001

0 114
00!

K

0.5
0 5
0.5
0.5
0 5
0 5
0 5
05
n s

0 5
05
0 5
05
0 5
0 5

BW

kK

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT
yr

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

Hazard

Quotient
y 8E-2
5 6E-3

1 6E+I
28E-2
4 3 E - 1
l )8E-2
1 7E-3

y 6E+1
9 XF ~>

25E-1
8 'JE-3
2 3E-2

4 I I E + 2
5 ()E+0
2 2 E - I

Hazard

Index

1 6E+I

i) 7p+ i

2 5 E - I

3 -Mi-.!

4.2K+2
2 2 E - I

Average Scenario

Well

Elk
Elk
Elk
MW-1
MW-1
M W - I
MW-1
MW-2
MW-2
MW-2
MW-3
MW-3

core

1,2-DiLliloroelhanc
Ben/ene
TeinidiloroelhcHe
1,2-Dihromoe thane
1 ,2-Dichlor()prop,inc
Bcii/i.'iic
Telnahlorocilicni;
1,2-Dibromoe thane
Chliirolonn
Tetr.iLliloroetlicne
1,2-Dibromoethane
1 ,2-DiL.hloropropane

C
i.K/1.

03
04
32

0.2
0 2
04
340
0 2
0 1

171.8

8
6

C

"IK/I.
3E-04
4E-04
0032
2E-04
2E-04
4E-04

034
2E-04
1E-04
(.) 172
0.008
0 006

El'
(l.i)sAr

350
350
350
350
350
350
350
350
350
350
350
350

El)
>rs

y
i)
y
y
i)
y
y
y
y
y
y
y

IKa

in3/day

15
15
15
15
15
15
15
15
15
15
15
15

IRW

\Jt\ty
1.4
1 4
1 4
1.4
1 4
1.4
1.4
1.4
1 4
1.4
1.4
1.4

RID,,
Ml(!/kn-da)

0 00286
000171

001
0 000052
00001 14

000171
001

0 000052
001
0.01

0.000052
0.000114

RID,
m^/k»-(l.ij

0.00286
000171

001
0000052
0000114

000171
001

0000052
0.01
001

0.000052
0000114

K

0.5
().?
0 5
05
0 5
0 5
0 5
0.5
05
0.5
0.5
0.5

IIW

K}!

70
70
70
70
70
70
70
70
70
70
70
70

AT

5"

70
70
70
70
70
70
70
70
70
70
70
70

Ha/ard
Quotient

1 6E-3
3 7E-3
5 OE-2
60E-2
28E-2
3 7E-3
5 3 E - 1
6.0E-2
1 6E-4
2 7 E - I

2.4E+0
83E-I

Hazard
Index

5 5L-2

6 2 L - 1

3.3E-I
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Table 3-4 
Ingestion and Inhalation of Noncarcinogenic Volatiles in Groundwater 

RME Scenario (ConL) 

Wdl co PC C C EF EI> IRa IRw RfIlo IUD, K BW AT Hazard Hazard 

"gil. III gil , daY~/lr )T' 1113/day I ida)' mg!kll-dd) 1IIg!kIl-dd)' !,Il yr Quotient Inde:\. 
MW-4 1,2- OILilioropropanc 02 2E-04 350 30 15 2 OJ)OOI14 (1.000114 0,5 70 70 I) XE-2 
1\IW-4 Chiomlllnn I o ()O I 3'iO 3() 15 2 001 001 OS 70 70 S fiE-3 
MW-4 TClrdllll(l[OLlhl:lll: 2X()0 2 X 3'i() 30 15 2 o 01 o 0 I 0,5 70 70 16E+1 
1\IW-4 Tm:hl( lroelhene 3 o om 35() 3() 15 2 O,()()() () O()t) O,'i 7() 70 2 XE-2 I hE+1 
---- ------ - ~-- --------- --- ---------- --------- --- --- -- ----- --------
MW-S 1,2- OlilJ()lnoCUl.IlIC ()4 4E-04 3S() 3() 15 2 0, O()()() 'i 2 o ()()O()'i2 O'i 70 7() 43E-1 
MW-S I ,2-0Il hlompropanc 02 2E-04 3S() 3() 15 2 o 000 I 14 0,0001 14 OS 7() 7() l) XE-2 
1\lW-5 Chlorolonn 03 3E-04 3S() 30 l'i 2 o 0 I () 01 ()5 7() 7() 17E-3 
1\IW-5 Telfdch loroelhelle 173()() 17 3 3'i() 3() 15 2 o () 1 o () I OS 7() 70 l) 6E+I 
M\",,-S Tnchll,roelhene 3 () 003 3S() 3() 15 2 o O()(1 () O()6 OS 70 7() 2 XE-2 97E+1 --- ------~ --- -- ------ ---- ------------
MW-fi Telfacill! lroelhenc 44 0044 3'iO 30 15 2 ( 1.I11 O,() I US 7() 70 2 'iE-I 25E-1 

--- --I---- ------ ----~-

MW-7 C'hlor()lnnn 16 o 002 3'iO 30 15 2 o () 1 o 01 O'i 70 70 X ')E-3 
MW-7 Telrallll!lroelhl:lI1: 42 o 004 3'i() 3() 15 2 () () 1 () () I O'i 7() 7() 21E-2 3 ~E-2 

----- --- -- ----- ---- -------- ----------- c------- ----- --- ------- ---- -- -- --- - ---
MW-X TClral III( lfl)elhcnc 74()()O 74 3S() 3() IS 2 () () I () () 1 ()S 7() 7() 4 11:+2 

MW-X Tohll:lI1: 1320() 132 350 30 l'i 2 () 1 () 114 O'i 7() 7() S ()E+O ·UF+! ----- ---,--- ----- -------- -------- - - - - -- -- - - --- - - -- - --. ----- ---~- ------- --- -- - - -- - - - --- ---- - -- - - - - ---- - - - --- ---
MW-9 Tclfacill()f(lCIIII:III: 40 o ()4 3S11 30 15 2 II 0 I II 0 I ()'i 711 7() :2 2E-1 22L-1 

-\ \ erage Scenario 

Wdl COPt: C C EF ED IRd IRw RfD" RIJ), K HW AT Hazard Hazard 

1Ig11. 'II:.:!I, d.,~ ,/~ r ) r' 1lI3/day liridY 1I'J.!Ik~-dd) IIig/kg-d.l) kg )r Quotienl Inde'\ 
Elk 1,2- [)Ilhloroelhallc ()3 3E-04 3'i() L) 15 1.4 o 002X6 O,O02~6 O,'i 70 70 1 ClE-3 
Elk BCIl7l:IlC ()4 4E-04 15() l) 15 I 4 o O() I 7 1 o ()() I 71 OJ 7() 7() j 7E-3 

Elk TClrdlhhlfl)dhl:lll: 32 () 03 2 3S() I) 15 I 4 o III () () I OS 711 7() 5 ()E-2 S SI.:-2 
--- --- --- -- ------ --~-----

MW-I 1,2-0Ilmllnoelhallc 0,2 1E-04 3'iO L) 15 IA 0000052 o 000052 OS 7() 70 60E-2 
MW-I 1.2-Dlchloroprop,\IIc 02 1E-1I4 3511 l) IS 14 () oom 14 o OO() 1 14 ()'i 70 70 2 XE-l 
MW-I BCIlIl'IIC 04 4E-1l4 3S11 l) IS 1.4 000171 () ()() 171 O'i 711 71l 37E-3 
MW-I Telr,ll h loroel helll: 34() Il 34 3S() I) 15 1.4 o Il I 001 O'i 70 70 'i 3E-1 (12L-1 
---- -- --- ~~.--- ---- f---------- ------ ----- ---- .-----. 
MW-1 1,2-0IlmlinocUwlc Ol 1E-04 350 l) 15 1.4 (J O()()O S1 o ()()O052 0,5 7() 70 fi.!)E-1 

MW-2 Chlof()lllnn () I I E-04 3SIl L) l'i I 4 o () I ().oJ OS 70 70 16E-4 
MW-2 Telfdlhloroclhcllc 171.8 0171 3SIl l) 15 1.4 (Ull 001 0,5 70 70 27E-1 3.3E-1 

-
MW-3 1,2-0Ibromoelhane 8 O,OOX 3S0 l) 15 1.4 0,000052 0,000052 0,5 7() 70 2.4E+0 
MW-3 1,2-Ollhloropropane fi o O()fi 350 l) 15 1.4 0,000114 0000114 0,5 70 70 X 3E-1 



Table 3-4
Ingestion and Inhalation of Noncarcinogenic Volatiles in Groundwater

Average Scenario (Cont.)

Well

MW-3
MW-3
MW-3
MW-4
MW-4
MW-4
MW-4
MW-4
MW-5
MW-5
MW-5
MW-5
MW-5
MW-6
MW-7
MW-7
MW-8
MW-8
MW-y

COl'c:

Chlorolonn
Tetrat.l»loroetliene
Trielilnroeihene
1,2-Dibromoc thane
1 ,2-Didiloropropane
Chlorolonn
Tetradikimclheiie
Tncliloroelhene
1,2-Dibromoe thane
1,2-Dichloropropane
Chlorolonn
Tetrad) loroethene
Tncliloroelhene
Tciraihlorocthcnc
Chlorolonn
Teir.kliloroelhene
Telradiloroelhene
Toluene
Tetnuhloroelhene

C

HK/L
0.5

4200
34

04
0 2

1
2X00

3
04
0 2
0 3

17300
3

44
1.6
4 2

74000
13201

4(

C
IIIR/I.

5E-04
4 2

0034
4E-04
2E-04
0001

2 X
0003
4E-04
2E-04
3E-04

17 3
0003
0044
0002
0004

74
1 3 2
004

EF
(lays/yr

350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350

ED
yr-

y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
c;
y
i
i;

IRa

in3/(lay

15

15
15
15
15
15
15
15
15
15
15
15
15

15
15
15
15
15
15

IRW

lyday

.4
4
.4
.4
.4
.4
4
.4
.4
4
4

1.4
1 4
1 4
1.4
1 4
1 4
1 4
1.4

Rro0
niK/kg-day

001

001
0.006

0.000052
0000114

001
001

0006
0 000052
0000114

001
001

0006
001
001
001
001
0 2

001

RfD,
mK/kn-dd)'

001
001

0006
0 000052
0000114

001
001

0 006
0 000052
0000114

001
001

0006
001
001
001
001

0 114
001

K

0.5
0.5
05
05
0 5
0 5
0.5
0 5
05
0 5
05
0.5
0 5
0.5
0 5
0 5
05
0 5
0 5

BW

M
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

AT

y
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

Hazard
Index

7.8E-4
6 6E+0
8 yE-2
I .2E-1
28E-2
1 6E-3

44E+0
7 HE- 3
1 2E-1
2 H E - 2
47E-4
2 7E+I
78E-1
6')E-2
2 5E-3
6 6E-3
1 2E+2
1 7E+0
63E-2

Hazard
Index

y y£+o

4 5E+0

2 7 E + I
6 ' )E-2

' ) I I : - 3

I .2K+2
63E-2

Hold - Wel l loni.iimii!! (he h inhes i RME .md .ivei.iL'C sceii.ino h.t / .ud nulex.
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Ingestion and Inhalation of Noncarcinogenic Volatiles in Groundwater 

A verage Scenario (Cont.) 

Well cope c c EF Ell IRa IRw RtDo RtD, K BW AT Hazard Hazard 

IIJ.:/L mg/L .ldy,/yr yr, m3/day IJddy IIIJ.:/kg-d.,y mJ.:/kg-ddy kg yr Index lnde:\ 
MW-3 Chlon llonn 0.5 5E-04 350 Y 15 1.4 001 001 0.5 70 70 7.8E-4 
MW-3 TetraL II \of()clhenc 42()O 42 350 9 IS I 4 o 0 I 001 0.5 70 7() (i ilE+O 
t-.1W-3 Tflchl'lf()Clhene 34 () 034 3S() I) IS 1.4 O.()()t) () OOt) OS 70 70 l') 9E-2 Y YE+O 

'--- ----- --~ :--- ---- -------
MW-4 1,2-Dlhromoclll<lnc 04 4E-04 35() l) 15 1.4 OJ)O()()52 () OO()O 5 2 OS 70 70 I.2E-1 
MW-4 1,2-DILIlIoroprop,l/lC n2 2E-04 35() l) 15 1.4 o O()() I 14 o O()() I 14 OS 70 70 2 XE-2 
MW-4 Chlon donn 1 (J (J(J I 35() I) 15 1.4 (J n I (J 0 I OS 7() 70 1 hE-3 
MW-4 Telr,\Lh ImoclhclIC: 2XOn 2l\ 35() I) 15 14 o () I () () I 0.5 70 7() 44E+() 
MW-4 Tflchl( lroelhene 3 0003 350 l) 15 1.4 U (J()t) o 006 OS 7() 70 "1 XE-3 4 SE+() 

-- -------- -------
MW-5 1,2-Dlhromoellldne 04 4E-04 3S() l) 15 1.4 o 00OOS2 1I OOOOS2 OS 70 70 12E-1 
MW-5 1,2- DILhloropropanc 02 2E-04 35() I) 15 14 n noo I 14 f) ()()() 114 o 5 7() 70 2 XE-2 
MW-S Chlorolol1n 03 3 E-04 3S() .) 15 14 (J () I (J n I OS 70 7() 47E-4 
MW-5 Te\fdl h I< lroclhcllC 1730() 17 3 35() II 15 1.4 () () I I) () I O.S 70 70 :2 71:+1 
MW-5 Trlchl()f(lelhene 3 () 003 3S0 l) 15 I 4 o ()( It) (J ()O6 OS 7(J 70 7 XE-3 :2 7[+ I 

--- ----- -~- -------- --- -- ---~ --------
MW-6 TClrdl hloroclhcnc 44 () 044 350 I) 15 I 4 o 0 I () 0 I O.S 70 70 () l)E-2 (1 IJE-2 

----- -- ----~ -- ~------ --- ---- -- - -~ --- - ---- --- - -- --- -
MW-7 Chlorllionn 1.6 o ()(12 350 I) 15 1.4 () 01 o 0 I ()S 71) 71) '2 5 E-3 
MW-7 TelL11 hlorocthcllc 4'2 o 004 .lSI) l) 15 I 4 I) () I (I 01 (15 71l 71l (1 (lE-.\ '1IL3 
------- ----- ------ --- --~------ ----- ---- -- ~--------- ---------- -~.- ---. ----- ------ --- - -- -- -- --
t--\W-8 TCtrdl IJlof()elhene nooo 74 3SI) l) 15 I 4 o () I o 01 OS 70 70 12E+2 

-----
MW-8 Tohlcnc 13200 132 350 II 15 I 4 02 o 114 OS 70 70 I 7E+O 1.21-:+2 ---- ~- .. --------- ---- ------- ~--- ._-- ----.~ ----- ------- --~- ---- ---- ---------- -- ----- - -- ----
M\V-lJ TClr"l hlllfllCthcllc 40 004 350 I) 15 1.4 o () I o () I OS 70 70 () 3E-2 (i 1 E- 2 
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4. TOXICITY ASSESSMENT

The purpose of this toxicity assessment is to compile toxicity data for the Modesto site

COPCs and estimate the relationship between the extent of exposure to a contaminant (i e.. the

dose level) and the likelihood or seventy of adverse effects. This dose-response relationship

provides the basis for deriving the toxicity values (i e.. SFs and RfDs) used in the baseline risk

assessment. Toxicity values for each COPC are presented in Section 4 1, and uncertainties in

the toxicity assessment process are discussed in Section 4.2.

4.1 TOXICITY VALUES

Toxicity values were compiled to estimate the relationship between the extent of

exposure to a contaminant and the potential increased likelihood or severity of adverse effects.

The methods for deriving toxicity criteria and estimating potential adverse effects are presented

below. The toxicity values for the COPCs evaluated in this baseline risk assessment are

presented at the end of this section.

The following EPA sources were used to obtain toxicity values:

• Integrated Risk Information System (IRIS) computer database (EPA
1997) IRIS is the preferred source of information because this data-
base contains the most recent toxicity values that have been reviewed
extensively by EPA. and

• Health Effects Assessment Summary Table (HEAST. EPA 1995) This
table was consulted if a toxicity value was unavailable on IRIS (EPA
1997). EPA's National Center for Environmental Assessment (NCEA)
compiled these values for use in risk assessments Toxicity values
presented in HEAST are not reviewed as rigorously as those presented
in IRIS.
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The purpose of this tOXICIty assessment IS to compile to:'((city data for the Modesto site 

COPCs and estimate the relationship between the extent of exposure to a contamll1ant (i e .. the 

dose level) and the lIkelihood or seventy of adverse effects. This dose-response relationship 

provIdes the basis for denving the toxIcity values (i e .. SFs and RIDs) used in the baseline nsk 

assessment. ToxIcIty values for each COPC are presented in Section 4 1. and uncertaInties in 

the toxicity assessment process are discussed In SectIOn 4.2. 

4.1 TOXICITY VALVES 

Toxicity values were compiled to estimate the relationship between the extent of 

exposure to a contaminant and the potentIal increased likelIhood or seventy of adverse effects. 

The methods for deriving toxIcity cnteria and estImatIng potentIal adverse effects are presented 

below. The to:ocity values for the COPCs evaluated In thIs baselIne nsk assessment are 

presented at the end of this sectIon. 

The followIng EPA sources were used to obtaIn toxIcity values: 

• Integrated Risk Information System (IRIS) computer database (EPA 
1997) IRIS IS the preferred source of information because this data
base contains the most recent toxIcity values that have been revIewed 
extenSIvely by EPA. and 

• Health Effects Assessment Summary Table (HEAST. EPA 1995) This 
table was consulted if a toxIcIty value was unavaIlable on IRIS (EPA 
1997). EPA's National Center for EnvIronmental Assessment (NCEA) 
compIled these values for use 111 risk assessments ToxicIty values 
presented In HEAST are not revIewed as ngorously as those presented 
in IRIS. 
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4.1.1 Categorization of Chemicals as Carcinogens or Noncarcinogens

Carcinogenic and noncarcmogenic health effects were evaluated quantitatively in this

baseline risk assessment. The endpoints for these two types of effects are assessed differently

because the mechanisms by which chemicals cause cancer are assumed to be fundamentally

different from the processes by which noncarcmogenic effects are caused. The principal

difference reflects the assumption that noncarcinogenic effects are assumed to exhibit a

threshold dose below which no adverse effects occur, whereas no such threshold has been

proven to exist for carcinogenic effects.

As used here the term carcinogen refers to any chemical for which there is sufficient

evidence that exposure may result in continuing uncontrolled cell division (i.e., cancer) in

humans or animals. Conversely, the term noncarcmogen refers to any chemical for which the

carcinogenic evidence is negative or insufficient. These definitions are under constant review

by EPA and are subject to change as new information becomes available and the weight-of-

evidence is modified. Because exposure to some chemicals may result in carcinogenic and

noncarcmogenic effects, both endpoints associated with a COPC were evaluated quantitatively

in the baseline risk assessment.

The likelihood that an agent is a human carcinogen is evaluated using EPA's weight-

of-evidence classification (EPA 1986) Data derived from human and animal studies are

reviewed and characterized as 1) sufficient. 2) limited. 3) inadequate. 4) no data, or 5)

evidence of no effect. The weight-of-evidence classifications are presented in Table 4-1

4.1.2 Assessment of Carcinogens

In contrast to noncarcmogenic effects (for which thresholds are thought to exist),

thresholds have not been demonstrated for carcinogenic effects. Consequently, federal

regulatory agencies (i.e., EPA. the Food and Drug Administration, and the Occupational Safety

and Health Adminis trat ion) assume that any exposure to a carcinogen enta i ls some f in i t e r i sk

of cancer. However, depending on the potency of a specific carcinogen and the level of

exposure, such a risk could be extremely small.

Several mathematical models have been developed to estimate low-dose carcinogenic

risks from high-dose cancer bioassays. Consistent with current theories of carcmogenesis.
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Carcinogenic and noncarcinogenic health effects were evaluated quantitatIvely In thIs 

baseline risk assessment. The endpoints for these two types of effects are assessed differently 

because the mechanisms by which chemIcals cause cancer are assumed to be fundamentally 

dIfferent from the processes by whIch noncarcinogenic etfects are caused. The princIpal 

difference reflects the assumptIon that noncarcinogenic effects are assumed to exhibit a 

threshold dose below which no adverse effects occur. whereas no such threshold has been 

proven to exist for carcinogenic effects. 

As used here the term carcmogen refers to any chern ical for whIch there IS sufficient 

eVIdence that exposure may result In continuing uncontrolled cell divIsion (i.e., cancer) In 

humans or animals. Conversely, the term noncarCl11ogen refers to any chemIcal for which the 

carcinogenic eVIdence is negative or insufficient. These definitions are under constant review 

by EPA and are subject to change as new information becomes available and the welght-of

evidence is modified. Because exposure to some chemIcals may result in carclnogel1lC and 

noncarcinogenic effects, both endpoints assocIated with a COPC were evaluated quantitatIvely 

in the baseline risk assessment. 

The ilkelihood that an agent IS a human carcinogen IS evaluated uSing EPA's \\elght

of-evIdence classificatIOn (EPA 1986) Data derived from human and al1lmal studIes are 

reviewed and characterized as I) sufficient. 2) limIted. 3) Inadequate. 4) no data. or 5) 

evidence of no effect. The welght-of-evldence classificatIons are presented in Table 4-1 

4.1.2 Assessment of Carcinogens 

In contrast to noncarcinogenic effects (for whIch thresholds are thought to eXIst). 

thresholds have not been demonstrated for carcinogeniC etfects. Consequently. federal 

regulatory agencIes (i.e .• EPA. the Food and Drug Adminlstratlon. and the Occupatlonal Safety 

:ll1d Health Adm 1l1lS1ratlOn) assume that any e:\posure to a carCll10gen enratls some ti n He rI sl-.. 

of cancer. However. depending on the potency of a specific carcinogen and the level of 

exposure. such a risk could be extremely small. 

Several mathematIcal models have been developed to estImate low-dose carcinogenic 

risks from hIgh-dose cancer bioassays. ConSIstent wIth current theories of carcinogenesIs. 
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EPA selected the linearized multistage model to estimate toxicity values (EPA 1989b) In this

model. EPA uses the 95% UCL of the slope of the dose-response curve to estimate cancer

SFs. Using these procedures, the regulatory agencies are un l ike ly to underestimate the actual

SFs (also known as carcinogenicpotencv factors) for humans. SFs are expressed as risks per

mg/kg-day" . However, toxicity values for carcinogenic effects sometimes are expressed in

terms of risk per unit concentration of the substance in the medium where human contact

occurs. Inhalation SFs may be derived from inhalation unit risks (expressed as micrograms

per cubic meter [)ig/mj] ) by assuming a body weight of 70 kg and an inhalation rate of

20 cubic meters per day (m j/day) Oral SFs may be derived from dr ink ing water un i t risks by

assuming a 70-kg body weight and a water ingestion rate of 2 liters per day (L/day) Where

an absorption fraction of less than 1 0 was applied in deriving the uni t risk, an additional

conversion factor is necessary so that the SF wi l l be based on an administered dose. The

standard duration assumption for SFs is continuous lifetime exposure. Hence, when no

absorption adjustment is required:

-» I -i

Inhalation Slope Factor = A.ir U n i t Risk (ug/nr)' < 70 kg x 1 0J ug/mg
(mg/kg-day) 20 rrr/day

Oral Slope Factor = Water Uni t Risk duz/L)'1 -- 70 kg x 1Q3 ug/mg
(mg/kg-day)"1 2 L/day

Oral and inhalation SFs for the COPCs identified at the Modesto site are presented in

Table 4-2. EPA's weight-of-evidence classification for the chemical and the type of cancer

that may be associated with exposure to the chemical also are included in Table 4-2.

4.1.3 Assessment of Noncarcinogcns

The potential for adverse health effects associated with noncarcinogens (e g., organ

damage, immunological effects, birth defects, and skin irri tation) usually is assessed by

comparing the estimated average daily intake (i.e.. exposure dose) to an RfD. EPA develops

the RfD by identifying the no-observed-adverse-effect level (NOAEL) or lowest-observed-
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EPA selected the Ill1eanzed multIstage model to esttmate toxICity values (EPA 1989b) In thIs 

model. EPA uses the 95% UCL of the slope of the dose-response curve to estImate cancer 

SFs. Using these procedures. the regulatory agencies are unlIkely to underestImate the actual 

SFs (also known as carcmoge11lc potency factors) for humans. SFs are expressed as risks per 

mg/kg-day-l. However, toxicity values for carcll1ogel1lC effects sometImes are expressed in 

tenns of risk per unit concentration of the substance in the medium where human contact 

occurs. InhalatIOn SFs may be denved from II1halatton unit nsks (expressed as mIcrograms 

per cubic meter [).l.g/m3r l) by assumll1g a body weIght of 70 kg and an II1halatlon rate of 

20 cubic meters per day (m 3/day) Oral SFs may be derived from drll1king water unit risks by 

assummg a 70-kg body weight and a water Il1gestton rate of 2 liters per day (Uday) Where 

an absorptIon fraction of less than I 0 was applied in denving the Ul1lt risk. an additional 

conversion factor IS necessary so that the SF WIll be based on an administered dose. The 

standard duration assumption for SFs is contmuous lifetime exposure. Hence. when no 

absorptIon adjustment is requIred: 

InhalatIon Slope Factor == <\Ir UnIt Risk (~lQlm3r I <' 70 k!l :< 10J Ll!l/mg 
(mgikg-dayf I 20 m.) iday 

Oral Slope Factor == Water Unit Risk (blg/Lf I / 70 kg: :< 10J Ll!l/m!l 
(mg/kg-dayf I 2 Uday 

Oral and inhalatIon SFs for the COPCs IdentIfied at the Modesto site are presented 111 

Table 4-2. EPA's welght-of-evidence claSSIficatIon for the chemIcal and the type of cancer 

that may be assocIated wIth exposure to the chemIcal also are mcluded in Table 4-2. 

~.1.3 Assessment of Noncarcinogcns 

The potentIal for adverse health effects assocJated with noncarcinogens (e g .. organ 

damage, IInmunological effects. birth defects. and skin irrItation) usually IS assessed by 

companng the estimated average daily intake (i.e .. exposure dose) to an RfD. EPA develops 

the Rtb by Identd'ying the no-observed-adverse-effect level (NOAEL) or lowest-observed-
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adverse-effect level (LOAEL) in the scientific literature. NOAELs and LOAELs may be

derived from either human epidemiological studies or animal studies; however, because human

data often are lacking, they usually are derived from laboratory animal studies in which

relatively high doses are administered. Uncertainty factors (UFs) then are applied to the

NOAELs and LOAELs to compensate for the data limitations inherent jn the experiments, in

addition to uncertainties associated with extrapolating high-dose animal data to the relatively

low-dose environmental exposure situation in humans. UFs are applied to NOAELs and

LOAELs as follows (EPA 1989b):

• A UF of 10 is used to account for variation in the general population.
This factor is intended to protect sensitive subpopulations (i.e.. the
elderly and children);

• A UF of 10 is used when extrapolating from animals to humans.
This factor is intended to account for the interspecies variability
between humans and other mammals;

• A UF of 10 is used when a NOAEL is derived from a subchromc.
rather than a chronic, study: and

• A UF of 10 is used when a LOAEL is used instead of a NOAEL.
This factor is intended to account for the uncertainty associated with
extrapolating from LOAELs to NOAELs.

In addition to the UFs listed above, a modifying factor (MF) is applied:

• An MF ranging from 0 to 10 is included to reflect a qualitative
professional assessment of additional uncertainties m the critical study
and in the entire database. The default value for the MF is 1.

To calculate the RfD, the appropriate NOAEL (or the LOAEL if a suitable NOAEL

unavailable) is divided by the product of all of the applicable UFs and the MF:

RfD = NOAEL or LOAEL/(UF, x UF2... x MF)

Oral RfDs typically are expressed in mg/kg-day. The RfD is an estimate (wi th

uncertainty spanning perhaps an order of magnitude) of the daily intake to humans ( i n c l u d i n g
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adverse-effect level (LOAEL) in the sClentdic literature. NOAELs and LOAELs may be 

derived from either human epidemiological studies or animal studies: however. because human 

data often are lacking, they usually are derived from laboratory anImal studies in which 

relatively high doses are administered. Uncertainty factors (UFs) then are applied to the 

NOAELs and LOAELs to compensate for the data limitatIOns inherent 1n the experiments. In 

addition to uncertainties associated with extrapolating high-dose anImal data to the relatively 

low-dose environmental exposure situatIOn In humans. UFs are applied to NOAELs and 

LOAELs as follows (EPA 1989b): 

• A UF of lOIs used to account for variation In the general populatIOn. 
This factor is intended to protect sensitive sUbpopulations (I.e .. the 
elderly and children): 

• A UF of lOis used when extrapolating from animals to humans. 
This factor is intended to account for the interspecies variability 
between humans and other mammals: 

• A UF of lOis used when a NOAEL is derived from a subchronIc. 

• rather than a chronic. study; and 

• • • • • • 
• • • • • • • 

• A UF of lOis used when a LOAEL is used instead of a NOAEL. 
This factor IS intended to accounr for the uncertainty associated with 
extrapolating from LOAELs to NOAELs. 

In addition to the UFs listed above. a modifying factor (MF) is applIed: 

• An MF ranging from 0 to lOis included to reflect a qualitative 
professional assessment of additional uncertainties In the critical study 
and in the entire database. The default value for the MF is I. 

To calculate the RID, the approprIate NOAEL (or the LOAEL if a sUitable NOAEL 

unavailable) is divided by the product of all of the applicable UFs and the MF: 

RID = NOAEL or LOAELI(UF I x. UF2 ... x MF) 

Oral RIDs typically are expressed in mg/kg-day. The RID is an estimate (with 

uncertainty spanning perhaps an order of magnitude) of the daily intake to humans (Including 
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sensitive subgroups) that should not result in an appreciable risk of deleterious effects. EPA

assigns a qualitative level of confidence (i e.. low. medium, or high) to the study used to

derive the toxicity value, database, and RfD. The relative degree of uncertainty associated

with the RfDs and the level of confidence that EPA assigns to the data and the toxicity value

are considered when evaluating the quantitative results of the risk assessment.

RfDs are developed for specific exposure routes (i e.. oral, dermal, and inhalation).

EPA frequently provides noncancer toxicity criteria for inhalation exposure as reference

concentrations (RfCs) rather than RfDs. RfCs are derived using the same principles as those

for oral RfDs. However, the analysis of inhalation exposures is more complex because of the

dynamics of the respiratory system and its diversity across species and because of differences

in the physicochemical properties of contaminants (EPA 1989b) RfCs are expressed as a

concentration in air (in milligrams per cubic meter [mg/m j]) for continuous. 24-hour-per-day

exposure. However, for risk assessment purposes, the RfC must be converted to a correspond-

ing inhalation RfD (RfDj). A human adult body weight of 70 kg and an inhalation rate of 20

nrVday are used to convert an RfC to an

RfD, (mg/kg-day) = RfC (mg/m3) x 20 (m3/day) x ]/(70 [kg])

RfDs and RfCs may be derived for chronic and subchromc exposures: EPA defines

chronic as 7 years or longer and subchromc as 2 weeks to 7 years (EPA 1989b). In this

baseline risk assessment, chronic RfDs were employed to evaluate all potential noncancer

health effects.

RfDs are used as reference points for assessing the likelihood that potential adverse

health effects would be associated with site-related exposures Usually, adverse health effects

are unl ikely to be associated with exposures that are less than the RfD: the l ikel ihood of

adverse health effects in a human population increases as the predicted exposures exceed the

RfD. However, it is impossible to state definitively that all exposures below the RfD are

acceptable (risk-free) and that all exposures above the RfD are unacceptable (causing adverse

effects).

RfDs for the COPCs identified at the Modesto site are presented in Table 4-3 Other

entries in the table include.
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sensitive subgroups) that should not result In an apprecIable risk of deleterious effects. EPA 

assigns a quahtative level of confidence (I e .. low. medium. or hIgh) to the study used to 

derive the toxicity value, database. and RID. The relatIve degree of uncertainty assocIated 

with the RIDs and the level of confidence that EPA assigns to the data and the toxIcity value 

are considered when evaluating the quantitative results of the risk assessment. 

RIDs are developed for specIfic exposure routes (I e .. oral. dermal. and inhalation). 

EPA frequently provides noncancer tOXICIty criteria for inhalatIon exposure as reference 

concentrations (RfCs) rather than RIDs. RfCs are derived uSing the same principles as those 

for oral RIDs. However. the analvsis of inhalation exposures IS more complex because of the 

dynamIcs of the respIratory system and its diversity across species and because of differences 

in the physicochemical propertIes of contaminants (EPA 1989b) RfCs are expressed as a 

concentration in aIr (in milligrams per cubic meter [mg/m3]) for continuous. 24-hour-per-day 

exposure. However. for risk assessment purposes. the RfC must be converted to a correspond

ing inhalation RID (RID j ). A human adult body weIght of 70 kg and an inhalation rate of 20 

m3/day are used to convert an RfC to an RIDI: 

RIDI (mg/kg-day) = RfC (mg/m3) '< 20 (m3/day) x 1/(70 [kg]) 

RIDs and RfCs may be derived for chrOnIC and subchronlc exposures: EPA defines 

chrome as 7 years or longer and slIbchronrc as 2 weeks to 7 years (EPA 1989b). In tl1l5 

baseline risk assessment. chroniC RIDs were employed to evaluate all potential noncancer 

health effects. 

RIDs are used as reference pOints for assessing the likelihood that potential adverse 

health effects would be assOCIated with site-related exposures Usually, adverse health effects 

are unlikely to be assocJated with exposures that are less than the RID: the likelihood of 

adverse health effects In a human population increases as the predicted exposures exceed the 

RtD. However. It is IInposslble to state definitively that all exposures below the RtD are 

acceptable (rISk-free) and that all exposures above the RID are unacceptable (causing adverse 

effects). 

Rills for the COPCs identified at the Modesto site are presented In Table 4-3 Other 

entries 111 the table include. 
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• Confidence level—The degree of confidence that should be placed in
the RfD value:

• Critical effect—The effect or target organ affected by the smallest
dose of the chemical that produces any adverse effect and serves as
the basis for the RfD.

• RfD source—The reference for the RfD; and

• RfD basis—The route through which the chemical was administered,
or the medium of exposure in the study(ies) that served as the basis
for the RfD.

ROUTE-TO-ROUTE EXTRAPOLATION OF REFERENCE DOSES AND
SLOPE FACTORS ORAL-TO-INHALATION EXTRAPOLATION

Oral RfDs and SFs also may be used to derive inhalation toxicity values if inhalation

route RfDs and SFs are unavailable for organic COPCs. However, it is inappropriate to

perform oral-to-mhalation extrapolation of toxicity values if the critical effects for either route

are at the point of contact (as is the case for most metals). For this baseline risk assessment,

oral RfDs and SFs were used as inhalation RfDs and SFs. respectively for organic COPCs.

4-6 ZS6073

Case 1:07-cv-00491-LJO -MJS   Document 469-1    Filed 01/28/11   Page 167 of 190• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

4.2 

• Confidence level-The degree of contidence that should be placed in 
the Rill value: 

• Critical effect-The effect or target organ affected by the smallest 
dose of the chemical that produces any adverse effect and serves as 
the basis for the RID. 

• Rill source-The reference for the Rill: and 

• RID basis-The route through which the chemical was admmlstered. 
or the medium of exposure 1/1 the study(ies) that served as the basis 
for the RID. 
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ROUTE-TO-ROUTE EXTRAPOLATION OF REFERENCE DOSES AND 
SLOPE FACTORS ORAL-TO-INHALATION EXTRAPOLATION 

Oral Rills and SFs also may be used to derive inhalatIOn toxiCity values If inhalation 

route Rills and SFs are unavaIlable for organic COPCs. However. it is inappropnate to 

perfonn oral-to-mhalation extrapolation of toxicity values If the cntlcal effects for either route 

are at the point of contact (as is the case for most metals). For this baselme nsk assessment. 

oral Rills and SFs were used as inhalation RIDs and SFs. respectively for orgal1lc COPCs. 
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Table 4-1

WEIGHT-OF-EVIDENCE CLASSIFICATIONS FOR
CHEMICAL CARCINOGENICITY

MODESTO GROUNDWATER CONTAMINATION SITE
MODESTO, CALIFORNIA

Group

A

B

C

D

E

Descrption

Human Carcinoeen

Probable Human Carcinogen
Bl Limited human data are available
B2 Sufficient evidence in animals or no evidence in humans

Possible Human Carcinogen

Not Classifiable

Evidence of Noncarcinoeemcitv for Humans

Source United States Environmental Protection Acencv (1986)
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Table 4-1 

WEIGHT-OF-EVIDENCE CLASSIFICATIONS FOR 
CHEMICAL CARCINOGENICITY 

MODESTO GROUNDW A TER CONTAMINATION SITE 
MODESTO. CALIFORNIA 

I Grou[! I Descr[!tion 

A Human CarcInogen 

8 Probable Human CarcInogen 
8 I Luruted human data are avaIlable 
82 SufficIent eVIdence In anImals or no eVIdence In humans 

C PossIble Human CarcInogen 

D Not Classlt1able 

E EVIdence of NoncarcInOgenICllV for Humans 

Source U nlled States EnVIronmental ProtectIon Agency ( IlJR6) 
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Table 4-2

TOXICITY VALUES FOR POTENTIAL CARCINOGENIC EFFECTS
BASELINE HUMAN HEALTH RISK ASSESSMENT

MODESTO C.ROIINDWATER CONTAMINATION SITE
MODESTO, CALIFORNIA

Chemical

Benzene

Chloroform

1 2-Dibromocthane

1,2-Dichloroelhane

1 ,2-Dichloropropane

Telrachloioethene

Carcinoytnicity
Classification

A

B2

B2

B2

Route

Oul

Inha la t ion

Oi.il

Inhala t ion

Gull

I n h a l a t i o n

Oral

Inha la t ion

Oral

Inhalation

Oral

Inha la t ion

Slope
Factor

(mg/kg-day)"

0 029

0029

00061

0 08()5a

85

077b

0 09 1

0 08()5C

0068

0068

0052

0 00203

Target
Organ

Blood

Blood

Kidney

Liver

Forestomach

Nasal Cavily

--

--

__

_ _

_ _

_ _

Tumor Type

Leukemia

Lcukcmi.i

A l l

Hepatocellular
tar cinoma

Sqiiamous ecll
caicmoma

Adenoma, adenocar-
cinoma, pap i l l a ry
ailenoma, squanuu i s
cell carcinoma and/oi
papilloma

Mcmangiobarcoma

Hemangiosaicoma

_ _

_ _

_ _

_ _

Species

Human

Human

Ral/Oshorne-
Mendcl, male

Mouse/
B6C'3l ; l . lemalc

Ral/Oshorne-
Mciulc l . m.ile

Rat/Fisher 344.
male

Ral/Osborne-
Mendcl, male

Ral/Osborne-
Mcndel, male

_ _

_ _

_ _

_ _

Exposure
Route

I n h a l a t i o n

I n h a l a t i o n

D u n k i n g w.ilei

Oral, gavage

Ga\age

I n h a l a t i o n

Gavage

Gavage

_ _

_ _

_ _

Source

I R I S

I R I S

I R I S

I R I S

I R I S

I R I S

I R I S

I R I S

HEAST

Oial SF

NCF.A

NCEA

Key at end ol table
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Table 4-2 

TOXICITY VALUES FOR POTENTIAL CARCINOGENIC EFFECrS 
BASELINE HUMAN HEALTH RISK ASSESSMENT 

MODESTO GROlINDWATER CONTAMINATION SITE 
MODESTO, CALIFORNIA 

Slope 
Cardnugcnidly Factor Target Expu~ure 

!II ., Chemical Classification Ruute (In!! kg-day) Organ Tumur TYlle Specie~ Route Suurcc 

Bcnzene A 01.11 () ()~I) Blood Leukclllld HlIllldll Inh,lIdllllll IRIS 

Inh;I\.lllOn () (11) Blolld LCllkclIlI,1 Ilulllall Inh,lIdlllln II~ IS 

Chlorororlll 132 01,11 () ()Oll I Kldll~Y All R,ilfO,hmll~- DllIlhlllg w,II~1 IRIS 
tvklld~1, Illale 

Inh,II,llion o OHOS
a 

Llv~r Hepatoccllular MOll\el Or,lI. g,IVdg~ IRIS 
l ar Cll10lllJ B6C3FI. iclll,lie 

I 2-Dlhrolllocthallc B2 01,11 85 Fore,tomach SqlldllH HI!> L~II R,lI/Cl'>horne- C;d\dgL' IRIS 
L".1I((1ll1l1l,1 ~klidd. 1ll,1Ie: 

Inh,ildtlull 077° Na,al C.lvily AdcIlUIllJ. ,ldenucdr- R.lt/FI,hcr 34-1. Illh,lIdllllll IRIS 
CIIlOIll,I. jJdplilary III ,I ie 

aliellolll,l. ''i"dIlIlHI' 
cell carClIlomd ,mu/ol 
pJpillollla 

1,2-Dlchlmoethallt: B2 Or,ll () 091 -- H C Indll g 1 ()'.J("CLlIll.l RJtJO,borne- GavJg~ IRIS 
Mendcl, Illale 

Inh,lIdlion o OHOS
c 

-- Heillanglo,al cOllla RJt/O,borne- Gavage IRIS 
Melidel, llIale 

1.2·Dlchloropropallc Oml () 06H -- -- .- -- HEAST 

InhalJtlOn () 06R -- -- -- _. 01;11 SF 

TctrJchlOi odhenc Or,1I () 052 -- -- -- -- NCEA 

Inh,llatlon () 00203 -- -- -- -- NCEA 

Key ,Il elld "I ldille 
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Table 4-2

TOXICITY VALUES FOR POTENTIAL CARCINOGENIC EFFECTS
BASELINE HUMAN HEALTH RISK ASSESSMENT

MODESTO C.ROUNDWATER CONTAMINATION SITE
MODESTO, CALIFORNIA

Chemical

Trichloroclhcnc

Carcinogenicity
Classification Route

Oi.il

Inhala t ion

Slope
Factor

(mg/kg-day)~

0 0 1 1

0 00ft

Target
Organ

_,

--

Tumor Type

..

--

Species

..

-

Exposure
Route

..

-

Source

NCI:A

.1 - Inhalation slope l.uior based on the unil risk ol 2 3E-05 ug/m3
b - Inhalation slope Kit.tor based on the unit risk ol 2 2E-04 ug/in3
c - Inhalation slope l':iuor based on the unit risk of 2 5E-05 ug/m3

Key

EPA =
HbAST =

IRIS =

NCEA =

Oi.il Sl: =

United Stales Environmental ProiCLiion Agency
Health Etfects Assessment Summary Table
Integrated Risk Information System
Milligrams per kilogram
Nation.il Center for Enviicimnent.il Assessment
Not delci mined
Derived liomoial slope I.ILIOI
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Table 4-2 

TOXICITY V ALVES FOR POTENTIAL CARCINOGENIC EFFECTS 
BASELINE HUMAN HEALTH RISK ASSESSMENT 

MODESTO GROUNDWATER CONTAMINATION SITE 

Carcinogenicity 
Chemical Classification Route 

TrIchlornClilcnc 01.11 

(nil,lIdlion 

d - (nil,II,lllOn 'Iopc I.lllor hd,ed on the unit n," 01 2 3E·()) ug/m3 
b· Inildlalloll ,lope Ide tor bd>cd 011 the unit mk 01 2 2E·()4 ug/m3 
c . (nhJlaliOIl slope fador hased on the unit rISk of :2 SE-05 ug/m3 

EPA 
III:AST 

IRIS 
1I1"lk I! e _ 

NCEA 

Ol,t! SF 

UllItcJ St,lte> Envlronmcnt.1I Protedllll1 AgcnL), 
Health Elfect> As>essment Summary Tdole 
IntegralLd Risk InformatIOn Syslem 
t'>lJlhgr.lllh per kilogram 
N,ltIOIl,t! CCllter for EnVlIlIIlIlICIII,t! :\"C,'IllCllt 
Not dClclmlllcd 
DerIvcd 110m m.t! ,llIpc 1,ILllIl 

MODESTO, CALIFORNIA 

Slope 
Factor Targd 

19lkg. -1 (m' -day) Organ Tumor Type 

() 0 I I -- --

() 00(, .- --

--

--

Exposure 
Species Route Source 

-- .. 

-- NCLA 
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Table 4-3

TOXICITY VALUES FOR POTENTIAL NONCARCINOGENIC EFFECTS
HASEL1NE HUMAN HEALTH RISK ASSESSMENT

MODESTO C.ROUNDWATER CONTAMINATION SITE
MODES! O, CALIFORNIA

Che lineal

Benzene

Chlorol'oim

1,2-Dibromoethane

1 .2-Dichloroethanc

L I S - 1 ,2-Dii.hloroellK'ne

1.2-Dichloiopropane

Telrachloioethcne

Toluene

TriLhloroelhcnc

Route

Oral

Inhala t ion

Oral

Inha la t ion

Oral

Inha la t ion

Oral

Inha la t ion

Oral

I n h a l a t i o n

Oral

I n h a l a t i o n

Oral

Inha la t ion

Oral

Inhala t ion

Oral

Inha la t ion

Rm
(mg/kg-day)

000171

001

001 10052''

._

000286

0 0 1

.-

ooooiu'1

001

--

0 2

0 114°

0 006

0006

Uncertainty
Factor

„_

„

1,000

._

_ _

1.000

_

--

3 000

300

1,000

--

1 ,000

3000

--

Modifying
Factor

..

_ _

1

_ _

1
_ _

1

__

1

1

_-

1

1

._

.-

Confidence
Level

„.

_ _

Medium

_ _

_ _

..

_ _

-.

_ _

.-

_ _

Medium

Medium

_-

Medium

Medium

_ _

-.

Target
Organ

..

_ _

Liver

„„

_ _

Blood

_ _

Nasal mncosa

Kidney , l iver

Central nervous
system

_ _

-_

Critical
Effect

..

„.

Fatty cyst fo rmat ion

Sperm elleus in humans

_ _

- _

Decreased hemaloui l

.-

_ _

l lyperplasia

Hepa lo lox iL i ly , weight
gam

-.

Alternat ions in organ
weight

Neurological effects

.-

Source

„„

NCEA

I R I S

_ _

I-IEAST

NCI:A

HIiAST

_ -

I R I S

I R I S

I R I S

I R I S

NCEA

Oral RID
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Table 4-3 

TOXICITY VALUES FOR POTENTIAL NONCARCINOGENIC EFFECTS 
IIASELINE HUMAN HEALTH RISK ASSESSMENT 

I\IODESTO GROUNDWATER CONTAMINATION SITE 
MOOESTO, CAUFORNIA 

RID Um:crlllinty Modirying Confidence Tlirget Critical 
ChclIlIl:.t1 Itullte (mJ.:/kJ?-dllY) Fador Factor Level Organ Erfect SUlln:c 

Benzene Oral -- -- -- -- -- -- --

InhalatIOn o O()171 -- -- -- -- -- NCEA 

ChlorofOJ III Or,,1 () 01 I ,000 I MeUIUIIl 1,lvcr F.ltty ey~t lormatlon lRl<; 

Inh.llatlOn -- -- -- -- -- -- --

1,2-Dlhrolllocth.me Ordl -- -- -- -- -- -- --

Inh.ll.lllOn 00(10052" I .000 1 -- -- Sp.:rm .:Ike!> In IHlm,IIl' llEAST 

1,2-Dlchlorocthanc Or.Ii -- -- -- -- -- --

Inh.1I.tllon o OI)2S6 -- -- -- -- -- Nl'EA 

L1~-1 ,2-DILhlurocthcnc Ordl 1)01 1 IlOO 1 -- Blood Dcclc.t,cd hcmatoLiIl III:'\ST 

InhalatIOn -- -- -- -- -- -- --

1,2-Dlchlolllpropanl: Oral -- -- -- -- -- -- --

Inh.1I,ltlon o OIlOII.:!!> 300 1 Medium Na,allllllco,.1 Ilypcrpla,la IRIS 

TctrdlhlllJ ll.:thene Oral o 0 I I,O()() I Ml:dlllln I kp.1l0IOXlllly, wclglll 11< I <; 
gdln 

Inh..Jl.llIon -- -- -- -- -- -- --

Toluene Or.1I 02 I ,000 I Meuluill Kidney, liver Altern.tllOn, In org.1I1 IRIS 
weight 

InhJlatlOn o III 3000 I MedlUIn Central nervuus Neurological effect> IRIS 
sy,[em 

TnL h lome\ hene Oral 0006 -- -- -- -- -- NCEA 

Inh..Jlallon o 006 -- -- -- -- -- Or,11 RtD 
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Key

ECAO
EPA

IIEAST
I R I S

nig/kg
ND

NCEA
Oral RID

RID

Denval from the reference concenlralion ol'2E-()4 mg/mj
Derived from the reference concentration of 4E-03 mg/m3
Derived f rom the reference concentration of 0 4 mg/in3

Not available
Environmental Criteria and Assessment Office
United States Environmental Protection Agency
Health Elfects Assessment Summay Table
Integrated Risk Information System
Milligrams per kilogram
Not determined
National Center lor Environmenta l Assessment
Derived Irom chronic oial reference dose
Reference dose
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b 
c 

Key 

[CAO 
EPA 

IIEAST 
IRIS 

IIlg/kg 
NO 

NCEA 
Or.1I RtI) 

RID 

Den vcd from the reference concentrdllon of 2E-04 mg/mJ 
Denved from the reference concentration of 4E-OJ mg/m3 
Dem'ed Irom the reference concentratIOn of 04 mg/m3 

Not avaIlable 
EnVIronmental Cntena and A"e,slllclll Of rice 
United States Envlronmentdl ProtectIOn Agency 
lIealth EI fect~ Assessment Summay Table 
Integrated Rlsl- Inlormation System 
Mllllgr;JJll> per kilogram 
Nllt dctermmed 
NatlOn.1I Center lor EII\'lronlllcnt.11 A"e~'lllent 
Derlvcd lrom chrollic mal reference dose 
R.efercnL<.~ do,e 
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5. RISK CHARACTERIZATION

This section presents the estimates of the magnitude of potential adverse health effects

under various conditions defined in the exposure assessment. The risk characterization

integrates all of the information developed during the exposure and toxicity assessments to

characterize the potential health effects by the different exposure pathways.

5.1 HEALTH IMPACT RISK CALCULATIONS

5.1.1 Carcinogenic Risk

According to EPA (I989b) guidance, carcinogenic risk is the chance of developing

cancer due to exposure to a carcinogen: it does not imply death due to cancer. An example of

a 1 x IO"6 incidental cancer risk is illustrated below On average, one in every four Ameri-

cans w i l l develop some form of cancer such as skin cancer from ultraviolet l ight or lung

cancer from smoking at some time during his or her lifetime. This is equivalent to 250.000

cases of cancer for every 1.000,000 people. Thus, a one m 1.000.000 (or 1 x 10 ) incremen-

tal cancer risk corresponds to 250.001 cases of cancer for 1.000.000 people The one

theoretical extra case results from the calculated chemical exposure.

The potential risks associated with the various exposure pathways are estimated as the

probability of excess cancer using the equation:

Risk, = SF x D,

where:

risky = the risk associated with pathway /

SF = cancer slope factor (kg-day/mg)

D, = dose from pathways /. (mg/kg-d)

5-1 ZS6072
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This section presents the estimates of the magnItude of potential adverse health effects 

under various conditions defined in the exposure assessment. The nsk charactenzatlon 

Integrates all of the information developed durmg the exposure and toxICIty assessments to 

charactenze the potential health effects by the different exposure pathways. 

5.1 HEALTH IMPACT RISK CALCULATIONS 

5.1.1 Carcinogenic Risk 

According to EPA (1989b) gUidance. carcinogen ic risk is the chance of developIng 

cancer due to exposure to a carcinogen: It does not imply death due to cancer. An example of 

a I x 10-6 incidental cancer risk is illustrated below On average. one in every four Amen

cans \vIlI develop some form of cancer such as skin cancer from ultraviolet light or lung 

cancer from smokIng at some time dunng hiS or her lIfetime. This IS equivalent to 250.000 

cases of cancer for every 1.000.000 people. Thus. a one In 1.000.000 (or I x 10-6) incremen

tal cancer risk corresponds to 250.00 I cases of cancer for 1.000.000 people The one 

theoretical extra case results from the calculated chemical exposure. 

The potentIal risks aSSOCiated with the vanous exposure pathways are estimated as the 

probabIlity of excess cancer USIng the equation: 

where: 

Risk, = SF x D, 

nsk j the nsk associated with pathway I 

SF cancer slope factor (kg-day/mg) 

dose from pathways I. (mg/kg-d) 

5-1 ZS6073 



Modesto RI
Section 5

Revision 1
Julv 1997

The potential cumulative health risks associated wi th exposure via mul t ip le exposure

pathways is determined by summing the risks across all exposure pathways:

v
Cancer Risk = ^ riski '

The cumulative risk for all pathways (ij indicates the excess l i fet ime probability of cancer that

may occur through exposure to the COPCs. Equations, exposure parameters, and dose/risk

calculations for calculating carcinogenic risk are given in Tables 3-1 through 3-4.

5.1.2 Noncarcinogenic Health Impacts

Noncarcmogemc health impacts are evaluated separately from carcinogenic risks.

Unlike carcinogenic effects, noncarcinogenic effects are assumed to have a threshold dose

below which no adverse effect is observed. Health risks are therefore evaluated by comparing

the calculated daily dose to an EPA RfD. The RfD is calculated from the no adverse effect

does, which considers sensitive populations, after taking into account uncertainties and species

differences.

The noncarcinogenic health risk is expressed as the hazard quotient (HQ) which is

calculated as:

HQ, ^
RfD

where

HO,

D,

RfD

hazard quotient associated with pathway /

chronic dose from pathway / (mg/kg-day)

reference dose (mg/kg-day)

5-2 ZS6073
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The potentIal cumulative health rIsks assocIated wIth exposure vIa multIple exposure 

pathways is deterrnll1ed by summll1g the rIsks across all exposure pathways: 

\' 
Callcer Risk L.. rlsk 

I 

The cumulative rIsk for all pathways (i) indIcates the excess lifetIme probability of cancer that 

may occur through exposure to the COPCs. Equations. exposure parameters. and dose/rIsk 

calculations for calculating carcinogel1lc rISk are gIven in Tables 3-1 through 3-4. 

5.1.2 Noncarcinogenic Health Impacts 

NoncarcInogenIc health impacts are evaluated separately from carcinogenIC rIsks. 

Unlike carCll10genIC effects. noncarcinogenic effects are assumed to have a threshold dose 

below which no adverse effect IS observed. Health rIsks are therefore evaluated by comparIng 

the calculated daily dose to an EPA Rill. The Rill is calculated from the no adverse effect 

does. which consIders senSItive populatIons. after takIng Into account uncertaintIes and specIes 

dIfferences. 

The noncarcInogenic health risk IS expressed as the hazard quotIent (HO) whIch IS 

calculated as: 

where 

HO, 

D, 

Rill 

HO, 
D, 

RID 

hazard quotIent associated with pathway I 

chronIC dose from pathway I (mg/kg-day) 

reference dose (m g/kg-day) 
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An HQ greater than 1 0 suggests that exposure to a substance exceeds a generalized

level of concern.

Cumulative noncarcinogenic impacts for all relevant pathways of exposure u) are

calculated as:

Hazard Index = HQi

A hazard index of 1 or less is generally recognized as the level where no adverse health

effects would be expected. Equations, exposure parameters, and risk calculations for

noncarcinogens are given in Tables 3-1 through 3-4.

5.2 UNCERTAINTIES

In most risk assessments, many assumptions must be made in estimating exposure and

chemical toxicity because of a lack of actual data. While such assumptions may not be

universally agreed upon, they should be based on sound scientific information and site-specific

conditions, and their rationale should be explicitly stated. Uncertainties in the risk assessment

process may cause the exposure levels to differ from the exposures that the populations might

actually experience. This section identifies these factors, discusses their potential effects on

exposure estimates, and presents an estimate of the degree of confidence in the risk assessment

results.

5.2.1 Estimated Exposure Media Concentrations

Samples collected during the RI were analyzed to characterize the nature and extent of

VOC contamination at the site. Accordingly, sampling locations were selected in a biased or

directed manner. As a result, most samples were collected where the highest VOC concentra-

tions were l ikely to be found. Such sampling provides considerable information about the site.

but the results are not statistically representative of the entire study area and tend to overesti-

mate average and RME concentrations. In some cases, because of data limitations, the
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An HQ greater than 1 0 suggests that exposure to a substance exceeds a generalized 

level of concern. 

Cumulative noncarcinogenic Impacts for all relevant pathways of exposure (J) are 

calculated as: 

Hazard Index L HQ 
I I 

A hazard index of I or less IS generally recognized as the level where no adverse health 

effects would be expected. Equations. exposure parameters. and risk calculations for 

noncarcinogens are given in Tables 3-1 through 3-4. 

5.2 UNCERTAINTIES 

In most risk assessments. many assumptions must be made In estimating exposure and 

chemical tOXICity because of a lack of actual data. While such assumptions may not be 

universally agreed upon. they should be based on sound SCientific Information and site-specific 

conditions. and their rationale should be explicitly stated. U ncerrall1ties 111 the rISk assessment 

process may cause the exposure levels to differ from the exposures that the populations might 

actually experience. This sectIOn Identifies these tactors. discusses their potential etfects on 

exposure estimates. and presents an estimate of the degree of confidence In the risk assessment 

results. 

5.2.1 Estimated Exposure Media Concentrations 

Samples collected during the RI were analyzed to characterize the nature and extent of 

VOC contamination at the site. Accordingly. sampling location') were selected 111 a biased or 

directed manner. As a result. most samples were collected where the highest VOC concentra

tions were lIJ...ely to be found. Such samplll1g prOVides conSiderable information about the site. 

but the results are not statistically representative of the entire study area and tend to overesti

mate average and RME concentrations. In some cases. because of data IlInItatlons. the 
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maximum COPC concentration detected was used to estimate the source concentration (Section

3.3.1), which results in overestimating risk.

In order to estimate vapor transport, air transport modeling uses many conservative

assumptions as discussed in Appendix A The Farmers Model, for example, ignores attenua-

tion factors, and. therefore, it is "likely that this model overpredicts the contaminate flux"

which results in a larger source concentration value and hence a greater degree of potential

risk (EPA 1992b).

Chemical degradation, partitioning between groundwater. soil, and air. absorption rates

in humans from various routes of exposure, and other physical chemical properties are not

taken into account, nor are they well understood for the COPCs. By ignoring such factors,

potential risk tends to be overestimated.

5.2.2 Analytical Data Limitations

Two factors can be associated with the analytical data that marginally reduce the level

of confidence in the COPC concentrations First. J-quahfied data wi l l not have the same level

of accuracy or precision as data meeting all of the standard quality assurance criteria. Second,

high analytical detection l imi ts could allo\\ some chemicals to go undetected, which reduces

the level of confidence placed in the calculated upper l im i t of the potential risk associated with

each environmental medium.

5.2.3 Exposure Estimate Calculations

The exposure parameters used in calculating the exposure estimates were obtained

primarily from EPA guidance. These values are intentionally conservative and designed to err

on the side of overestimating exposure: therefore, there is considerable uncertainty regarding

the actual exposure that a receptor would experience. A major source of uncertainty in the

quantitative aspect of risk assessments is the propagation of error The calculat ion of risk is a

sequential process with assumptions in one calculation carried forward as assumptions in the

next calculation. As a result, the errors are compounded at each step in the assessment.

The RME mgestion of groundwater assumes that residents of all ages drink 2 liters of

groundwater almost every day. which may be an overestimate considering the increase m the
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maximum COPC concentration detected \\as used to estimate the source concentration (Section 

3.3.1), which results 111 overestimatmg nsk. 

In order to estimate vapor transport. aIr transport modeling uses many conservative 

assumptIons as discussed 111 Appendix A The Farmers Model. for example. Ignores attenua

tion factors, and. therefore, it is "likely that this model overpredicts the contaminate tlux" 

which results in a larger source concentration value and hence a greater degree of potential 

risk (EPA 1992b). 

Chemical degradation. partltlOl1Ing between groundwater. sod. and air. absorption rates 

111 humans from vanous routes of exposure. and other phYSical chemical properties are not 

taken into account. nor are they well understood for the COPCs. By ignonng such factors. 

potential risk tends to be overestimated. 

5.2.2 Analytical Data Limitations 

Two factors can be associated with the analytical data that marginally reduce the level 

of confidence m the COPC concentrations First. J-quailfied data wIll not have the same level 

of accuracy or precIsion as data meeting all of the standard quality assurance criteria. Second. 

high analytical detection Illnits could allo\\ some chemicals to go undetected. which reduces 

the level of confidence placed in the calculated upper limit of the potential risk associated with 

each environmental medium. 

5.2.3 Exposure Estimate Calculations 

The exposure parameters used in calculatll1g the exposure estimates were obtall1ed 

primarily from EPA gUidance. These values are mtentlOnally conservative and deSigned to err 

on the Side of overestlmatmg exposure: therefore. there is conSiderable uncertainty regardmg 

the actual exposure that a receptor would experience. A major source of uncertainty in the 

quantitative aspect of risk assessments IS the propagation of error The calculation of ris" IS a 

sequential process with assumptions in one calculation carried forward as assumptions 111 the 

next calculation. As a result. the errors are compounded at each step m the assessment. 

The RM E ingestion of groundwater assumes that residents of all ages drink 2 liters of 

groundwater almost every day. which may be an overestimate conSidering the II1crease In the 
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consumption of bottled water as well as other beverages over the last several years. Further-

more, the future scenario assumes this same quantity of groundvvater w i l l be ingested at the

site and wi l l come from new drinking water wells installed at the hot spot identified on site.

The amount of uncertainty in risk assessment cannot be easily quantified. In order to

accomplish a standard statistical analysis of uncertainty, it is necessary to have a quantitative

estimate of the range of uncertainty in each variable and each source as well as information on

the underlying statistical distribution of each parameter. At that point, a Monte Carlo

uncertainty analysis can be performed.

5.2.4 Uncertainties Related to Toxicity Assessment

For carcinogens, the conservative assumption is made that some finite risk is associat-

ed with exposure to a single molecule of a compound ("no dose threshold"). EPA slope

factors are generally based on linear high-to-low dose extrapolations, and detoxification

mechanisms, which significantly reduce the risk of cancer at low doses, are not considered.

Moreover, the EPA criteria used for the toxicity assessment and risk characterization steps are

inherently conservative. Because of the numerous data gaps involved at all levels, conserva-

tive assumptions are mul t ip l ied at various stages of these calculations. In addition, chemicals

from the site may have synergistic or antagonistic interactions, which can increase of decrease

their toxicity. Finally, when the response from high-dose animal toxicity or epidemiological

studies are extrapolated to low doses in humans, an uncertainty factor of 10 or more is applied

to the no-observed-adverse-effect level (NOAEL) to estimate an acceptable dose for humans.

Uncertainties in the assessment of dermal exposure were noted in Section 3 2.1 As a

result of these uncertainties, dermal contact with groundwater was not considered in this risk

assessment. These include (EPA 1992d):

• Oral reference doses and slope factors are used to evaluate
potential toxicity from the dermal route of exposure.

• Information to quantitatively evaluate potential toxicity at the
skin surface is unavailable.

• For most chemicals, there are not data to quantify the percent-
age absorbed through the skin.
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consumptIon of bottled water as well as other beverages over the last several years. Further

mOre. the future scenario assumes thIs same quantIty of groundwater \\'111 be 1I1gested at the 

sIte and WIll come from new drinking water wells 1l1stalled at the hot spot IdentIfied on sIte. 

The amount of uncerta1l1ty in rIsk assessment cannot be easily quantIfied. I n order to 

accomplish a standard statIstIcal analysis of uncerta1l1ty. It IS necessary to have a quantItatIve 

estimate of the range of uncertainty 111 each varIable and each source as well as 1I1formation on 

the underlY1l1g statistIcal distrIbutIon of each parameter. At that P01l1t. a Monte Carlo 

uncertainty analYSIS can be performed. 

5.2.4 Uncertainties Related to Toxicity Assessment 

For carcinogens, the conservative assumptIon IS made that some finite rIsk is associat

ed with exposure to a single molecule of a compound ("no dose threshold"). EPA slope 

factors are generally based on lInear hlgh-to-Iow dose extrapolations. and detOXIfication 

mechanisms. which significantly reduce the risk of cancer at low doses. are not considered. 

Moreover, the EPA crtteria used for the tOXIcity assessment and nsk charactenzatlon steps are 

1I1herently conservatIve. Because of the numerous data gaps 1l1volved at all levels. conserva

tive assumptions are multIplIed at vanous stages of these calculatIons. In additIon. chemIcals 

from the site may have synergIstic or antagonistIc 1I1teractlons. whIch can lI1crease of decrease 

their toxicity. Finally. when the response from hIgh-dose anImal tOXIcity or epidemiologIcal 

studIes are extrapolated to low doses 111 humans, an uncerta1l1ty factor of 10 or more IS .applIed 

to the no-observed-adverse-effect level (NOAEL) to estimate an acceptable dose for humans. 

Uncerta1l1ties 111 the assessment of dermal exposure were noted I1l SectIon J 2. I As a 

result of these uncertainties, dennal contact WIth groundwater was not conSIdered in this rIsk 

assessment. These 1l1c1ude (EPA I 992d): 

• 

• 

• 

Oral reference doses and slope factors are used to evaluate 
potentIal toxICIty from the dermal route of exposure. 

Information to quantItatIvely evaluate potentIal to"l:lclty at the 
skin surface IS unavaIlable. 

For most chemIcals. there are not data to quantIfy the percent
age absorbed through the skin. 
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• Permeability coefficients for water are based on estimated
model predictions.

5.3. SUMMARY OF HUMAN HEALTH RISKS

This risk assessment evaluated the human health risks associated with the VOCs in

groundwater and soil gas at the Modesto Groundvvater Contamination Site. Two residential

exposure pathways, residential groundwater use and indoor air inhalation, were evaluated

under a future land use scenario using soil gas and groundwater data collected during the RI.

Currently, groundwater is not being used at the site, therefore, the current land use scenario

incorporates only the indoor air inhalation pathway. Both average and RME exposures were

calculated to assess carcinogenic and noncarcinogenic risks. In conducting this risk assess-

ment, conservative upper-bound exposure values developed by EPA were used to calculate the

"theoretical excess cancer risk." which is an estimation of the probability of developing cancer

over and above the normal background incidence of cancer. A number of assumptions were

made in the risk assessment that were intended to err on the side of health protection in order

to avoid underestimating the risk to the public. Moreover, the chemical concentrations used to

estimate the increased individual carcinogenic risk were based on continuous exposure over a

30-year period. The actual probability of cancer is. therefore. likely to be much lower than

these estimates and mav even be zero

As shown in Table 5-1. the current carcinogenic risk estimates range from 9 \ 10" to

9 x 10 while hazard indices range from 0.1 to 0 5. Under future land use conditions,

carcinogenic risk estimates range from 1 x I0"~ to 5 x 1 0 whi le hazard indices range from

100 to 400. The groundwater ingestion and inhalation pathways contribute the largest risks.

EPA has adopted a policy that acceptable exposures to known or suspected carcino-

gens fall within an excess upper-bound lifetime cancer risk range of one on 10.000

(10~4) to one in a mi l l i on (10"6) (EPA 1991a). The indoor air inhalation risks associated with

the current land use scenario calculated in this assessment are wi thin acceptable risk levels.

The risks calculated for a future exposure scenario in which on-site. untreated groundwater at

the location of the most contaminated monitoring well (MW-8) is ingested are higher than the

currently acceptable standards (EPA 199la).
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This risk assessment evaluated the human health risks associated \\ Ith the VOCs In 

groundwater and soil gas at the Modesto Groundwater Contamination Site. Two residential 

exposure pathways, residential groundwater use and Indoor air inhalation. were evaluated 

under a future land use scenario using soil gas and groundwater data collected dUring the RI. 

Currently, groundwater is not being used at the site. therefore. the current land use scenario 

Incorporates only the indoor air inhalation pathway. Both average and RME exposures were 

calculated to assess carcinogenic and noncarcinogenic risks. In conducting this risk assess

ment, conservative upper-bound exposure values developed by EPA were used to calculate the 

"theoretical excess cancer risk." which is an estimation of the probability of developing cancer 

over and above the nonnal background incidence of cancer. A number of assumptIOns were 

made in the risk assessment that were intended to err on the side of health protectIOn in order 

to avoid underestimating the risk to the public. Moreover. the chemical concentratIOns used to 

estimate the Increased individual carcinogenic risk were based on continuous exposure over a 

30-year period. The actual probabilltv of cancer IS. Iherejore. "ke~v 10 he much lower Ihan 

these eSllmates and mav C\'en be zero 

As shown 111 Table 5-1. the current carclnogel1lc risk estImates range from 9 '{ 10-7 to 

9 '( 10-6 while hazard indices range from 0.1 to 05. Under future land use conditions. 

carcinogenic risk estimates range from I x 10-2 to 5 x 10- 1 while hazard indices range from 

100 to 400. The groundwater ingestion and inhalatIon pathways contribute the largest risks. 

EPA has adopted a policy that acceptable exposures to known or suspected carcino

gens fall within an excess upper-bound lifetime cancer rISk range of one on 10.000 

(10-4) to one In a million (10-6) (EPA 1991 a). The indoor air Inhalation risks associated with 

the current land use scenario calculated In thiS assessment are within acceptable risk levels. 

The risks calculated for a future exposure scenario in which on-site. untreated groundwater at 

the locatIOn of the most contaminated mOl1ltorlng well (MW-8) IS II1gested are higher than the 

currently acceptable standards (EPA 1991 a). 
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For noncarcmogens. a hazard index of 1 or less is generally recognized as the level at

which no adverse health effects would be expected. For the current scenario, the RME and

average hazard indices are less than the benchmark of 1; however, under future scenarios, both

the average and RME hazard indices exceed the benchmark by 2 orders of magnitude.

In summary, in this risk assessment, it was found that the current risk levels are

within acceptable EPA parameters. However, unacceptable risks were, predicted in a

hypothetical, future scenario in which an individual ingests untreated groundwater from the hot

spot on site.
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For noncarcInogens. a hazard index of I or less IS generally recognized as the level at 

which no adverse health effects v.ould be expected. For the current scenano. the RME and 

average hazard mdices are less than the benchmark of I; however. under future scenariOs. both 

the average and RME hazard indices exceed the benchmark by 2 orders of magnitude. 

In summary. In this risk assessment. It was found that the current risk levels are 

within acceptable EPA parameters. However. unacceptable risks \vere. predicted in a 

hypothetical. future scenario in which an individual ingests untreated groundwater from the hot 

spot on site. 
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Table 5-1

SUMMARY OF ESTIMATED RISK VALUES
BASELINE HUMAN HEALTH RISK ASSESSMENT

MODESTO GROUNDWATER CONTAMINATION SITE
MODESTO, CALIFORNIA

Pathway
Hazard Index

RME
Hazard Index

Average
Cancer Risk

RME
Cancer Risk

Average

Current Scenario:

Indoor Air:
Inhalation of Soil Gas

Total Risk3

0.5

0.5

0 1

0.1

9 x 10'6

9 x 10-'

9 x 10-7

9 x 10 7

Future Scenario: Assumes residential use of groundwater from MW-8

Indoor Air.
Inhalation of Soil Gas

Drinking Water
Ingestion and Inhalation

Total Riskb

0 5

400

400

0 1

100

100

9 x 10'6

5 x 10 -

5 x lO'2

9 x 10'7

1 x lO'2

1 x 10'2

RME = Reasonable Maximum Exposure
Average = Average of typical exposure parameters

a See Table 3-2.
b See Tables 3-3 and 3-4
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Table 5-1 

SUMMARY OF ESTIMATED RISK V ALVES 
BASELINE HUMAN HEALTH RISK ASSESSMENT 

MODESTO GROUNDWATER CONT AMINA TION SITE 
MODESTO, CALIFORNIA 

Hazard Index Hazard Index Cancer Risk 
Pathway RME Average RME 

Current Scenario: 

Indoor AIr: 0.5 o 1 9 X 10-6 

InhalatIOn of SOIl Gas 

Total Riska I 0.5 I 0.1 I 9 x 10-6 I 
Future Scenario: Assumes residential use of groundwater from MW-8 

Indoor AIr. 05 01 9 X lOb 

InhalatIOn of Soli Gas 

Drmkmg Water· 400 100 5 X 10 2 

Ingestion and Inhalation 

Total Riskb 400 100 5 X 10-2 

RME = Reasonable MaXimum Exposure 
Average = Average of typical exposure parameters 

a See Table 3-2_ 
b See Tables 3-3 and 3-4 
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Cancer Risk 
Average 

9 X 10-7 

9 X 10-7 I 
9 X 10-7 

I X 10-2 

1 X 10-2 
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Appendix A.

FARMERS MODEL

The Farmers Model can be used for calculating emissions from chemicals dissolved in

groundwater or in contaminated soil (EPA 1992b). It assumes that the chemical concentration

in the soil does not decrease as the contaminant migrates upward (i.e.. no microbiological

degradation) and that the depth to the top of the pollutant source remains constant.

The vapor phase contaminant diffuses through the soil at a rate dependent on the soil

porosity, pore space geometry, the chemical's air diffusion coefficient, and the concentration

gradient between the source and point of exit from the soil. The effective diffusion coefficient

(Ds) is calculated as:

where:

D^ = vapor phase diffusion coefficient in air (crrr/sec)

Pa = air filled soil porosity (unit less)

PT = total soil porosity (unitless).

The flux is the quantity of the chemical that passes through a fixed un i t of space in a

certain amount of time. The steady-state flux. J (mg/crrr-sec), is calculated as:

A-l
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Appendix A 

F A Rl\1 ERS MODEL 

The Fanners Model can be used for calculating emIssIons from chemIcals dissolved in 

groundwater or In contaminated soli (EPA 1992b). It assumes that the chern Ical concentration 

in the soil does not decrease as the contaminant mIgrates upward (I.e .. no microbIOlogIcal 

degradation) and that the depth to the top of the pollutant source remains constant. 

The vapor phase contaminant diffuses through the soli at a rate dependent on the soli 

pOroSIty, pore space geometry, the chemlcal"s air diffusion coefficient. and the concentration 

gradient between the source and point of exit from the soli. The effective diffusion coefficient 

(Os) is calculated as: 

where: 

D po33 
t {/ 

, 
p~ 

r 

vapor phase diffUSion coefficient In air (cm 2;sec) 

air filled soli porosity (unItless) 

total soil porosity (unitless). 

The flux IS the quantity of the chemIcal that passes through a fixed unit of space In a 

certain amount of time. The steady-state flux. J (mg/cm 2-sec), is calculated as: 

J 

A-I 



where:

C^ = chemical concentration in the vapor phase (mg/c i r r )

Cs = vapor phase concentration at the surface, assumed to be zero to

maximize f lux value (mg'ciTr)

L = the distance from the source to the surface ( cm)

Because the model ignores all attenuating factors, it is likely to overestimate the

contaminant flux (EPA I992b). Because of the model's simplicity however, it provides a

simple method to estimate the l ikely maximum rate at w h i c h chemicals could be transporting

to a bu i ld ing . After calculat ing chemical flux, the indoor air concentration is estimated as.

Cnidnftr

where

^indoor = '"door air concentration (mg/crrr)

E = contaminant infiltration rate (ing/sec,)

Q = bu i ld ing ventilation rate (cirr/sec)

The contaminant infiltration rate. E. is approximated as.

E = ./ A A A F

where

J = steady-state flux (mg/cm--sec)

A = area of the bui lding floor (cm~)

F = fraction of floor though which soil gas can enter (umt less )

The b u i l d i n g vent i la t ion rate (Q) is estimated as.

A-2
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where: 

C~ chemical concentration In the vapor phase (mg/cm.)) 

Cs \ apor phase concentration at the surface. assumed to be zero to 

maximize tlux value (lng/cm 3) 

L the distance from the source to the surface (cm) 

Because the model ignores all attenuatmg factors. It is likely to overestlmate the 

contammant flux (EPA I 992b). Because of the model's simplicity however. It provides a 

simple method to estimate the likely maximum rate at \\ hlch chemICals could be transporting 

to a bUilding. After calculating chemical flux. the Indoor air concentration IS estimated as. 

where 

E 

Q 

Cindoor = 1I1door air concentration (mg/cm..J) 

E contammant infiltration rate (mgisec) 

o buIlding ventilation rate (cm-'/sec) 

The contammant infiltration rate. E. is approximated as. 

where 

J 

A 

F 

E=.JxAxF 

'") 

steady-state tlux ~l11g/cm--sec) 
'") 

area of the building floor (cm-) 

fraction of floor though \\hich soIl gas can enter (unltless) 

The buIidll1g ventIlation rate (0) IS estimated as. 

A-2 



Q - ACH

3600

where ACH is the number of air changes per hour (hr ). V is the volume of the bu i ld ing
-> \

(cm^. and 3600 converts hours to seconds.

The value for the ACH (0.25) is consistent with the value used in the PRG table (EPA

1996) and the area and volume were consistent with the dimension of a 2.000 ft" home. For

comparison, Mueller et al. reports that typical ACHs for single-family residences range from

0 5 to 1.5 with the ACHs for new or weatherized structures generally ranging from 0 5 to 0.8.

but possibly as low as 0.2 (EPA 1992b). Fractional floor space values range from 0.001 for

slab floors to 0.01 to 0.1 for the floors of average California houses (Grumund et al. cited in

EPA 1992b). Consequently, the most conservative of these values. 0.1. was used in the

model.

A-3
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o :-lCH X (/ 

3600 

where ACH is the number of air changes per hour (hr- 1). V IS the volume of the building 

(cm 3). and 3600 con verts hours to seconds. 

The value for the ACH (0.25) is consistent with the value used in the PRG table (EPA 
/ 

1996) and the area and volume were consIstent with the dImenSIon of a 2.000 ft- home. For 

companson, Mueller el al. reports that typIcal ACHs for single-family resIdences range from 

05 to 1.5 wIth the ACHs for new or weatherized structures generally rangmg from 0 5 to 0.8. 

but possIbly as low as 0.2 (EPA 1992b). FractIonal floor space values range from 0.00 I for 

slab floors to 0.01 to 0.1 for the tloors of average CalIfornIa houses (Grumund el al . cited 111 

EPA 1992b). Consequently. the most conservatIve of these values. 0.1. \\'as used in the 

model. 
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Table A-1

Flux Calculations

Page 1 of

J= Cs, x xCF2

L x CF3 x

Where:
J = Contaminant flux (g/cm2-s)

Csg = Concentration in soil gas (ug/L)
D^ = Diffusivity in air (cm2/s)
Pa = Air-filled soil porosity (unitless)

CF1 = Conversion factor HO' g/ug)

CF2= Conversion factor (10° L/cm )
L = Depth from ground surface to sampling point ( t t )

CF3 = Conversion factor (30.48 cm/it)
PT = Total soil porosity (unidess)

Phase RI
2
2
2
2
9

2
2
i
-)

~>
~t
-)
o
2
•>
2
•>

3
3
3
3
i

3

Sample
SG1-3
SG1-15
SG6-3
SG6-3
SG6-3
SG6-15
SG6-15
SG6-15
SG11-15
SG3-3
SG3-15
SG3-15A
SG13-15
SG24-15
SG17-15
SG17-15
SG4-3
SV2-B
SV2-C
SV-1 A
SV-1 B
SV-1 C
SV2-B

Analvte
Tetrachloroediene
Tetrachloroediene
cis- 1 .2-Dichloroethene
Tnchloroethene
Tetrachloroediene
cis- 1 .2-Dichloroethene
Trichloroethene
Tetrachlorocthene
Tetrachloroethene
Tetrachloroediene
Tetrachloroediene
Tetrachloroediene
Tetrachloroethene
Tetrachloroediene
Trichloroeihene
Tetrachloroediene
Tetrachloroediene
Tetrachloroediene
Tetrachloroediene
Tetrachloroediene
Tetrachloroediene
Tetradilorocihcnc
Trichloroethene

c,E
22.76
38.63
2.99
654

10.35
1 53
763

103.47
172.45
48.98

20694
S2.78
17.25
96.57

1.91
82.78
12.42

1017.2
200

1591.7
237.2
f i l l 2

2 4

o,
72E-2
72E-2
79E-2
8 1E-2
72E-2
79E-2
8 1E-2
72E-2
72E-2
72E-2
7 2E-2
72E-2
7 2E-2
72E-2
8 1E-2
72E-2
72E-2
72E-2
72E-2
72E-2
72E-2
1 2E-2
8.1E-2

Pa

0.3
03
0.3
0.3
0.3
03
03
0.3
0.3
0.3
03
03
0.3
03
0.3
03
03
03
0.3
03
03
0 3
0.3

L
3

15
3
->_•>
3

15
15
15
15

-*
1

15
15
15
15
15
15
3

50
32
50
30
"1 "̂

50

PT
045
045
0.45
0.45
0.45
045
045
0 45
0.45
045
0.45
045
0.45
045
045
0.45
0.45
0.45
045
045
0.45
045
045

.[
1.6E-12
5.4E-13
2.3E-13
5.2E-13
73E-13
2.4E-14
i 2E-13
1.5E-12
2.4E-12
3 4E-12
2.9E-12
1 2E-12
2.4E-13
1 4E-12
3.0E-14
1 2E-12
8.7E-13
43E-12
1.3E-12
67E-12
1 7E-12
56E-12
I.1E-14
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Phase RI 
2 
2 
2 
2 
2 
2 
2 
, 
-, 
-.., 
-.., 
-, 
-.., 
-
2 
2 
2 
2 

3 
3 
3 
.3 , 
3 

Table A-1 

Flux Calculations 

J= C,g x D~ X p,dom '( CFl x CF2 

Lx CF3 x p/ 

Where: 
] = Contammant nux (g/cm2-~) 

Csg = Concentrauon m sOli gas (uglL) 

D .. = DlffuSIYlty m arr (cm2/s) 

P, = AIr-filled soil porosity (umtless) 

CFl = ConverSIOn tactor 110.6 g/ug) 

CF2 = ConversIOn factor (10.3 Llem') 

L = Depth from ground surface to s,unpimg pomt (tt) 

CF3 = ConverSiOn factor (30.48 em/tt) 

PT = Total soil poroSity (umtless) 

SampJe AnaJyte e,g D .. 
SGl-3 Tetrachloroethene 22.76 72E-2 
SGl-l5 Te trachloroe thene 31S.63 72E-2 

SG6-3 clS-I.2-Dlchloroethene 2.99 79E-2 
SG6-3 T nchloroethene 054 X IE-2 
SG6-3 Te trachloroethene 10.35 72E-2 
SG6-I5 cls-I.2-Dlehloroethcne 1 S3 7 <JE-2 
SG6-I5 Trichloroethene 703 X IE-2 
SG6-1S T e trach loroe thene 103.47 72E-2 
SGll-l5 Tetrachloroethene [ 72.45 72E-2 
SG3-3 Tetrachloroethene -+8.98 72E-2 
SG3-I5 Tetrachloroethene 206<J4 72E-2 
SG3-l5A Te traehloroethene X2.78 72E·2 
SG13-I5 Tetrachloroethene 17.25 72E-2 
SG24-15 Tetraehloroethene YO.57 72E-2 
SG17-I5 Triehloroethene 1.91 8 IE-2 
SG 17-15 Tetrachloroethene 82.78 72E-2 
SG4-3 Tetrachloroethene 12.42 72E-2 
SV2-B Tetrachloroethene 1017.2 72E-2 
SV2-C Tetrachloroe thene 200 72E-2 
SV-I A Tetrachloroethene 159l. 7 72E-2 
SV-I B Tetrachloroethene 237.2 72E-2 
SV-1 C Tctraehloroethene h 11 :2 72E-:2 
SV2-B Trichloroethene 24 X.IE-2 

P~ge 1 ot 1 

Pa L PT .r 
0.3 3 045 1.6E-12 
03 IS 045 S.4E-13 
0.3 3 0.45 2.3E-l3 
0.3 .3 0.45 5.2E-13 
0.3 3 0.45 73E-13 
03 IS 045 2.4E-l4 
03 IS 045 1 2E-13 
0.3 15 045 [ jE-I2 

n.3 15 0,45 2.4E-l2 
0.3 .' 045 .3 4E-l2 
03 15 0.45 2.9E-12 
03 15 () 45 1 2E-12 
0.3 IS OA5 2.4E-13 
03 15 045 14E-l2 
0.3 IS 045 3.0E-l4 
03 IS 0.45 1 2E-12 
03 .3 0.45 ,'UE-13 
03 SO 0.45 -+ 3E-I2 
n.3 32 045 I.3E-I2 
03 50 045 t1 7E-12 
03 30 0.45 1 7E-I2 
I) 3 'i I) -+5 :=; oE-I2 

0.3 50 045 1.1 E-I4 



Table A-2

Indoor Air Concentrations

CA= J x A x F x CF3
CF4 x ACH x V x CF5

CA = Target concentration in air (mg/m3)
A = Area of building floor (cm2)
F = Fraction of building floor through which soil gas can enter

CF4 = Conversion factor (3,600 s/hour)
CF5 = Conversion factor (O.OOlg/mg;
CF6 = Conversion factor (0.000001 m3/cm3)

ACH = Building air changes per hour
V = Volume of building (cm3)

Phase RI
2
2
i
-i
1
i
~>
i
T

1

1

2
T

1

^_

-!

1

3
3
3
-ij
3
3

Sample
SG1-3
SG1-15
SG6-3
SG6-3
SG6-3
SG6-15
SG6-15
SG6-15
SG11-15
SG3-3
SG3-15
SG3-15A
SG13-15
SG24-15
SG17-15
SG17-15
SG4-3
SV2-B
SV2-C
SV-1 A
SV-1 B
SV-1 C
SV2-B

Analvte
Tetrachloroethene
Tetrachloroethene
cis- 1 ,2-Dichloroethene
Trichloroethene
Tetrachloroethene
cis- 1 .2-Dichloroethene
Trichloroethene
Tetrachloroethene
Tetrachloroethene
Tetrachloroethene
Tetrachloroethene
Tetrachloroethene
Tetrachloroethene
Tetrachloroethene
Trichloroethene
Tetrachloroethene
Tetrachloroethene
Tetrachloroethene
Tetrachloroethene
Tetrachloroethene
Tetrachloroethene
Tetrachloroethene
Trichloroethene

.1
1.6E-12

5.43E-13
2.303E-13

5.17E-13
7.272E-13
2.365E-14
1.206E-13
1 454E-12
2.424E-12
3 442E-12
2.909E-12
1.164E-12
2.424E-13
1.357E-12
3.016E-14
1.164E-12
8.727E-13
4.289E-12
1.318E-12
6.712E-12
1.667E-12
5.603E-12
1.139E-14

A
1.950,963
1,950,963
1,950,963
1,950,963
1,950,963
1,950,963
1,950,963
1.950,963
1.950,963
1.950.963
1.950,963
1,950,963
1.950,963
1.950,963
1.950,963
1.950.963
1,950,963
1,950,963
1.950,963
1,950,963
1.950.963
1,950,963
1.950.963

F
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0 1
0.1
0.
0.
0.
0.
0
0.
0.1
0.1
0.1
01
0.1
01

ACH
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
025
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
025
0.25
0.25
0.25
0.25
025

V
991.089,631
991,089,631
991,089,631
991.089.631
991,089,631
991,089,631
991,089,631
991,089,631
991,089,631
991.089.631
991.089.631
991,089,631
991.089.631
991.089.631
991.089,631
991.089.631
991,089,631
991.089,631
991.089.631
991,089,631
991.089,631
991.089,631
991.089.631

CA
4.54E-03
1.54E-03
6.53E-04
1.47E-03
2.06E-03
6.70E-05
3.42E-04
4.12E-03
6.87E-03
9 76E-03
8.25E-03
3.30E-03
6.87E-04
3.85E-03
8.55E-05
3 30E-03
2.47E-03
1.22E-02
3.74E-03
1.90E-02
4 73E-03
1 59E-02
3.23E-05

Bold - Maximum indoor air concentration tor COPC.
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Phase RI 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
.., 
.., 
-
2 
3 
3 
3 
3 
3 
3 

Table A-2 

Indoor Air Concentrations 

CA = J x A x F x CF3 
CF4 x ACH x V x CF5 

CA = Target concentrauon In aIr (mg/m3) 
A = Area of bmldmg Hoor (cm2) 
F = FractlOn of building t100r through WhICh sOIl gas can enter 

CF4 = ConversIOn factor (3,600 s/hour) 
CF5 = ConversIOn factor (O.OOlg/mg) 
CF6 = ConverslOn factor (0.000001 m3/cm3) 

ACH = BuildIng au changes per hour 
V = Volume ofbmlding (cm3) 

Sample Analvte .J A F ACH 
S01-3 Tetracbloroethene 1.6E-12 1.950,963 0.1 0.25 
SGl-15 Tetracbloroetbene 5.43E-13 1,950,963 0.1 0.25 
SG6-3 cis-I ,2-Dichloroetbene 2.303E-13 1,950,963 0.1 0.25 
SG6-3 Trichloroethene 5.17E-13 1,950,963 0.1 0.25 

SG6-3 Tetrachloroetbene 7.272E-13 1,950,963 0.1 0.25 

SG6-15 cis-l.2-Dichloroetbene 2.365E-14 1,950,963 0.1 0.25 
SG6-15 Trichloroethene 1.206E-13 1,950,963 0.1 0.25 

SG6-15 Tetrachloroethene 1454E-12 1.950,963 0.1 0.25 

SGll-15 Tetrachloroethene 2.424E-12 1.950,963 0.1 025 
SG3-3 Tetrachloroethene 3442E-12 1.950.963 o 1 0.25 

SG3-15 Tetrachloroeulene 2.909E-12 1.950,963 0.1 0.25 
SG3-15A Tetrachloroethene 1.164E-12 1.950,963 0.1 0.25 
SG13-15 Tetrachloroethene 2.424E-13 1.950,963 0.1 0.25 
SG24-15 Tetrachloroeulene 1.357E-12 1.950,963 0.1 0.25 
SG17-15 Trichloroeulene 3.016E-14 1.950,963 0.1 0.25 
SG17-15 Tetrachloroethene 1.164E-12 1.950.963 o I 0.25 
SG4-3 Tetrachloroe thene 8.727E-13 1,950,963 0.1 0.25 
SV2-B Tetrachloroethene 4.289E-12 1,950,963 0.1 025 
SV2-C Tetrachloroeulene 1.318E-12 1.950,963 0.1 0.25 
SV-l A Tetrachloroeulene 6.712E-12 1,950,963 0.1 0.25 
SV-l B Tetrachloroethene 1.667E-12 1.950.963 o 1 0.25 
SV-l C Tetrachloroethene 5.603E-12 1.950.963 0.1 0.25 
SV2-B Trichloroethene 1.139E-14 1.950.963 01 025 

130ld - Mwamum Indoor au concentratIon tor COpe. 

V CA 
991.089,631 4.54E-03 
991,089,631 1.54E-03 
991,089,631 6.53E-04 
991.089.631 1.47E-03 
991,089,631 2.06E-03 
991,089,631 6.70E-05 
991,089,631 3.42E-04 
991,089,631 4. 12E-03 
991,089,631 6.87E-03 
991.089.631 976E-03 
991.089.631 8.25E-03 
991,089,631 3.30E-03 
991.089,631 6.87E-04 
991.089.631 3.85E-03 
991.089,631 8.55E-05 
991.089.631 330E-03 
991,089,631 2.47E-03 
991.089,631 1.22E-02 
991.089.631 3.74E-03 
991,089,631 1.90E-02 
991.089,631 473E-03 
991.089.631 I 59E-02 
991.089.631 3.23E-05 



 
 

Exhibit E 
(Diagram of SVE and Groundwater Treatment Systems)  

 
to 
 

Appendix C 
(Land Use Covenant) 

 
 

to  
 
 

Consent Decree Pertaining to Defendants 
Lyons and Tondas 
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Figure 2-1. Site Layout
Modesto Groundwater Superfund Site
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