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‘ Introduction

= Industrial utilization since middle 20th century

o Dry cleaning
o Metal degreasing
o Pharmaceutical production

= Soll and groundwater contaminants

= Exposed people
o Workers (producer and user)
o General population: Drinking water

- Public Health issue
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'DNAPLS’ chemical properties

Chlorinated hydrocarbons
DNAPLSs : Denser-than water No Aqueous-Phase Liquid
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‘ DNAPLS’ physical properties

Denser than water

Q
o Volatile
o Mobile in the soil
o Poorly soluble in water
o Form pools in soils and plumes in groundwater
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‘ Biodegradation

= Degradation by microorganism

Hydrolysis Dehydrohalogenation
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= But possiblility that daugnhter molecules are
0 more persistent in environment
o more toxic
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Human Toxicity
= High toxicity in low concentration

M Targets organs
Central Nervous System
Liver

Heart

Lung T+ - Trés toxique
Kidneys

Skin

L0000 Do

= Toxicity Acute or Chronic

H Cl
: .. . : \ /
= Carcinogenicity (IARC classification) C=C
o Vinyl chloride : Group 1 - Angiosarcoma H H
Vinylchloride
 \

fsgasd]  UNIVERSITAT DE BARCELONA BIOH EA}_TH %OM PUTING 6
e [rasmus Mundus programme



‘ Objectives

= To assess human risk of contaminated
groundwater by Chlorinated
Hydrocarbons with RBCA model.

= To verify the correct toxicological and exposure
values to be used Iin the model.

= To establish representative exposure scenarios.
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‘ Methodology

= RBCA: Risk Based Corrective Action

- Tool for determining the amount and urgency of action necessary
regarding to the human health

= Uses
o ldentify exposure pathways and receptors at a site
o Determine the level and urgency of response required at a site
o Determine the level of surveillance appropriate for a site
o Incorporate risk analysis into all phases of the corrective action process

lsm@aad]  UNIVERSITAT DE BARCELONA A

___BIOHEALTHGOMEQTING 8



'Methodology

= Steps of the risk assessment with RBCA

o EXposure assessment

. e . L= - i
Identification of source . £l L >
Identification population exposed

Determination of the exposure scenario and pathway exposure
Exposure factors
Exposure dose

Booth P, 2011

o Toxicity assessment

For non-carcinogenic : Exposure dose without significant effect
= According to the entrance way (dermal, oral, inhalation)
For carcinogenic : Slope Factor (SF)
= According to the entrance way (dermal, oral, inhalation)

o Risk Analysis

For non-carcinogenic : Hazard Ratio (HR) >1 = Risk
HR = Exposure Dose / Exposure dose without significant effect
For carcinogenic : Exposure Calculated x SF > 10E - = Risk

= Uncertainties
o Values use
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‘ S tudy a1r1ca : 1000 m

500 m

Polluted site :

= Tarragona, Spain Commercial reseptors receptors 1 recoptors 2
o Industry
o Pollution detected in 1996 F“
o CTandCF

= Groundwater characteristics polluted plume:
o 4 m of thickness 196 m2
o 2 m big '
o 7.5 m: depth of water table

0.5 m

Caolurmna

6m
T 7.5m
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‘ Scenarios

= Play with the different value of :

o Toxicological parameters

o EXposure parameters

= According the ages
= According the genders
= According the life style

o Soll parameters
[ | pH
= Concentration of Organic Carbon

o Groundwater parameters
[ ] pH
= Concentration of Organic Carbon
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‘ Results: Water pollution

Mean Groundwater concentrations used for the risk analyses (in ug L-1)

Chloromethane

Chloroethene

Chloroethane

1,11 1,1,2
CT CF CM DCM PCE TCE | tDCE cDCE VC TCA TCA DCA | CA
164.08 | 103.71 1.96 0.46 0.35 9.23 0.20 0.36 0.35 | 0.02 26.74 DDL | DDL
Drinking water WHQO quideline (in ug L-1) (WHO 2004)
Chloromethane Chloroethene Chloroethane
1,11 1,1,2
CT CF CM DCM PCE TCE | tDCE cDCE VC TCA TCA DCA | CA
4 200 20 40 70 30 30 0.30 | 2000 2000 DDL | DDL
= CT and CF : majority compounds
= Carcinogenic compounds : no threshold
= CT and VC in excess according the guideline
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Results: Risk assessment for Catalonia

Excess cancer risk and HR by exposition to the polluted groundwater for commercial and residential receptors

Acceptable
Excess cancer risk: GW Expo Study area value
Commercial | Res 1 Res 2
Female 1.9E-04 7.4E-07 | 1.9E-07 1.0E-05
Male 1.9E-04 6.8E-07 | 1.7E-07 1.0E-05
Acceptable
Hazard ratio : GW Study area value
Commercial | Res 1 Res 2
Female 1.2 8.6E-03 2.2E-03 1
Male 1.2 8.6E-03 2.2E-03 1
= EXxcess risk of cancer and toxicological effect
o Commercial receptors 1000 m
. 500 m
= Acceptable risk:
0 ReSidential receptors Polluted site : Residential Residential
Commercial reseptors  receptors 1 receptors 2

= Low variation between genders
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‘Results: Buropean exposure parametets

Excess cancer risk and HR by exposition to the polluted groundwater according different life

style in European countries and USA for commercial receptors

Excess risk HR
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‘ Results: European exXposure parameters

Excess risk of cancer and HR by exposition to the polluted groundwater according different

life style in European countries and USA for residential receptors

Excess risk HR
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‘ Conclusion

Risk :
o Excess risk : commercial receptor
o Acceptable risk :receptors residential

Variation of the risk with exposure factors

o Excess risk : commercial receptor (BC, Cat, USA, UK female)

o Acceptable risk : receptors residential + commercial receptors (Ndl, Fr, It,
Uk male)

No risk variation with water and soil parameters

> Carcinogenic compounds = Risk

> But acceptable risk by exposure to polluted water
after 500 m from the polluted site

& sl UNIVERSITAT DE BARCELONA BiOH EA}.TH %OMPUTl NG 16
e [rasmus Mundus programme



References

Puigserver D, Carmona JM, Cortes A, Viladevall M, Nieto JM, Grifoll M, Vila J, Parker BL. Subsoil heterogeneities controlling porewater contaminant
mass and microbial diversity at a site with a complex pollution history, Journal of contaminant hydrology, Oct 2012, 144(2013)1-19.0ct 2012

Encyclopedia of environmental heath, editor in chief: Jerome O Nriagu, Elsevier 2011, tome 3 page 514, tome 4 page 301 and 304

Ramade F, Dictionnaire encyclopédique des pollutions : les polluants : de I'environnement a ’lhomme. Ediscience international 2000 Paris. Pages 77
et 136

Viala A, Eléments de toxicologie, édition médicales internationales, 1998, Cachan pages: 241-250
Testud F, Toxicologie médicale professionnelle et environnementale, page 439-454, 2012, Paris
Danaché B, Fevotte J, Element technique sur I'exposition professionnelle a cing solvants chloré- INvS 2007-Lyon

Kueper B.H, Wealthall G.P, Smith J.W.N, Leharne S.A, Lerner D.N. An illustrated handbook of DNAPL transport and fate in the subsurface.
Environment agency, Bristol. June 2003.

IARC, Monographs, Dry Cleaning, Some Chlorinated Solvents and Other Industrial Chemicals. Vol 63. IARC Monogr Eval Carcinog Risks Hum,
1995, Lyon

9. IARkC (2008). 1,3-Butadiene, ethylene oxide and vinyl halides (vinyl fluoride, vinyl chloride and vinyl bromide). vol 97, IARC Monogr Eval Carcinog
Risks Hum,, Lyon

10. :Cortes A, Puigserver D, Carmona JM, Viladevall M, Biological remediation approach involving soils and groundwater’s polluted with chlorinated
solvents in a Mediterranean context, Recent advances in pharmaceutical science, 2011: 223-246 ISBN: 978-81-7895-528-5, editor : Diego Munoz-
Torrero

11. Kueper B.H, Davies K.L, Ground water issue: Assessment and delineation of DNAPL source zones at hazardous water sites. United States
Environment Protection Agency. September 2009

12. Scheutz C, Durant N.D, Hansen M.H, Bjerg P.L. Natural and enhanced anaerobic degradation of 1,1,1-trichloroethane and its degradation products
in the subsurface A critical review, Water research, 4 5 (2011) 2701 et 2723

13.  ChemicalBook 2010, chloroform

14.  The Dow Chemical Company, Chlorinated solvent: physical properties

15.  National Toxicology Program, Department of Health and Human Services, Report on Carcinogens, Twelfth Edition (2011) Chlorophorm
16. INERIS - Fiche de données toxicologiques et environnementales des substances chimiques. Chlorure de vinyle. Mai 2010

17.  National Toxicology Program, Department of Health and Human Services, Report on Carcinogens, Twelfth Edition (2011) Carbon tetrachloride
18.  SIDS Initial Assessment Report For SIAM 15 (Boston, USA, October 2002) Chloromethane

19.  Agency for Toxic Substances and Disease Registry, Toxicological profile for Dichloroethane

20. MEGS, 1, 1, 2-Trichloroethane-Material safety data sheet 1999

21.  EuroChlor 2011

22.  CEFIC: The European Chemical Industries Council. 2011

23. WHO, Appendix 1: Potential sources and uses of Chemicals considered in the WHO Guidelines for drinking-water Quality, WHO 2004
24. Data base Reaxys. Centre de Recursos per a I'Aprenentatge i la Investigacio Biblioteques. Universitat de Barcelona.

25.  EPA 2000, introduction to phytoremediation National Risk Management Research Laboratory Office of Research and Development U.S.
Environmental Protection Agency, Ohio

26.  World Health Organization. Concise International Chemical Assessment Document 68 TETRACHLOROETHENE, Geneva 2006.
27. SCOEL/SUM/142, Recommendation from the Scientific Committee on Occupational Exposure Limits for Trichloroethylene. 2009

28.  Scheutz C,Durant N.D, HansenM.H, Bjerg P.L, Natural and enhanced anaerobic degradation of 1,1,1-trichloroethane and its degradation products in
the subsurface — A critical review. Water Research, Volume 45, Issue 9, 2011, Pages 2701-2723

=

Nooahks wbd

o

B|0HEA}_TH %OMPU'HNG 17
——

rasmus undusprogramme

lsm@aad]  UNIVERSITAT DE BARCELONA A



Thank you for your attention
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