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Foreword to Draft Risk Assessment Reports

This Draft Risk Assessment Report is carried oudgoordance with Council Regulation (EEC)
793/93 on the evaluation and control of the risks of &irig” substances. Regulation 793/93
provides a systematic framework for the evaluatadnthe risks to human health and the
environment of these substances if they are pradacenported into the Community in volumes
above 10 tonnes per year.

There are four overall stages in the Regulationréalucing the risks: data collection, priority
setting, risk assessment and risk reduction. Dateigeed by Industry are used by Member States
and the Commission services to determine the priofithe substances which need to be assessed.
For each substance on a priority list, a MemberteStalunteers to act as “Rapporteur”,
undertaking the in-depth Risk Assessment and re@wding a strategy to limit the risks of
exposure to the substance, if necessary.

The methods for carrying out an in-depth Risk Assest at Community level are laid down in
Commission Regulation (EC) 1488Phich is supported by a technical guidance docuien
Normally, the “Rapporteur” and individual companipsoducing, importing and/or using the
chemicals work closely together to develop a dRitkk Assessment Report, which is then
presented to the Competent Group of Member Staperesxfor endorsement. Observers from
Industry, Consumer Organisations, Trade Unions, irBnmental Organisations and certain
International Organisations are also invited teradtthe meetings. The Risk Assessment Report is
then peer-reviewed by the Scientific Committee axidity, Eco-toxicity and the Environment
(SCTEE) which gives its opinion to the European @ussion on the quality of the risk
assessment.

This Draft Risk Assessment Report is currently wndiscussion in the Competent Group of
Member State experts with the aim of reaching amis® In doing so, the scientific interpretation
of the underlying information may change, more linfation may be included and even the
conclusions reached in this draft may change. Ctenp&roup of Member State experts seek as
wide a distribution of these drafts as possiblepider to assure as complete and accurate an
information basis as possible. The information am&d in this Draft Risk Assessment Report
therefore does not necessarily provide a sound basidecision making regarding the hazards,
exposures or the risks associated with the pristitystance.

This Draft Risk Assessment Report is the responsility of the Member State rapporteur. In
order to_avoid possible misinterpretations or misue _of the findings in this draft, anyone
wishing to cite, quote or copy this report must okdin the permission of the Member State
rapporteur beforehand.

1 O.J. No L 084, 05/04/199 p. 0001 - 0075
2 0.J. No. L 161, 29/06/1994 p. 0003 — 0011
3 Technical Guidance Document, Part |-V, ISBN 92-821[1234]
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0. OVERALL RESULTS OF THE RISK ASSESSMENT

CAS Number: 67-66-3
EINECS Number: 200-663-8

IUPAC Name: Chloroform

Environment

This risk assessment has been performed with gégeHsc data when available and the exposure
assessment is therefore only valid for the sitassidered in this evaluation. Any change of
technology at these sites or any new site will leadifferent exposure calculations and thus will
have to be evaluate on a case by case basis.

Conclusions to the risk assessment for the aguattompartment

Conclusion (iii) There is a need for limiting the rsks; risk reduction measures which are
already being applied shall be taken into account

Conclusion (iii) is applied to the use of chlorafoas a solvent. As the PEC estimation is based

on monitoring data and the improvement of the PN&Ght not be sufficient to decrease the

ratio, it is necessary to limit the risk from now for this application.

Conclusion (ii) There is at present no need for fuher information and/or testing and for

risk reduction measures beyond those which are bajapplied already
Conclusion (ii) is applied to all levels of thedi€ycle of chloroform: production, all uses (except
its use as a solvent) and unintended releaseslaioébrm due to losses as a by-product during
chemical manufacturing.

Conclusions to the risk assessment for the sedimezmpartment

Conclusion (iii) There is a need for limiting the rsks; risk reduction measures which are
already being applied shall be taken into account

Conclusion (iii) is applied to the use of chlorafoas a solvent. As additional toxicity testings on

sediment organisms requested under article 10(2jotipermit to decrease the PEC/PNECratio

below 1, it is necessary to limit the risk from now for this application.

Conclusion (i) There is at present no need for fuher information and/or testing and for
risk reduction measures beyond those which are begnapplied already

Conclusion (ii) is applied to all levels of thedi€ycle of chloroform: production, all uses (except
its use as a solvent) and unintended releaseslafoébrm due to losses as a by-product during
chemical manufacturing.

Conclusions to the risk assessment for the sewagm@artment

Conclusion (iii) There is a need for limiting the rsks; risk reduction measures which are
already being applied shall be taken into account

Conclusion (iii) is applied to production sites @, E and J, to all uses and unintended releases.
Given that toxicity testings on micro-organismsuesfed under article 10(2) were not valid, the
exposure assessment could not be refined andgtigkemain. It is therefore necessary to limit
the risk from now on.
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Conclusions to the risk assessment for the atmospieecompartment

Conclusion (ii) There is at present no need for fuher information and/or testing and for
risk reduction measures beyond those which are bajapplied already

Conclusions to the risk assessment for the terresél compartment

Conclusion (ii) There is at present no need for fuher information and/or testing and for
risk reduction measures beyond those which are bajapplied already

It should be noticed that the assessment consitiatssludge from chloroform and HCFC
production sites are not applied on agriculturdksso

Conclusions to the risk assessment for non-comparegnt specific effects relevant to
the food chain

Conclusion (i) There is at present no need for fuher information and/or testing and for
risk reduction measures beyond those which are begnapplied already
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1. GENERAL SUBSTANCE INFORMATION

1.1.IDENTIFICATION OF THE SUBSTANCE

CAS-No.: 67-66-3

EINECS-No.: 200-663-8

Substance name (EINECS name): Chloroform

Synonyms and tradenames : Chloréaterid
Formylchlorid
Freon 20
HCC 20

Methane trichloride
Methane, trichloro-
Methenylenchlortr
Methenyl trichloride
Methinchlorid
Methylenchlortr
Methyl trichloride
R 20 (Refrigerant)
TCM
Trichloroform
Trichloromethane

Molecular formula: CHGl

Molecular weight: 119.5 g.mol

Structural formula:
TI
Cl

1.2.PURITY/IMPURITIES, ADDITIVES

Purity : >99 % wiw

Impurities :  chlorobromomethane (CAS 74-97-5)
carbon tetrachloride (CAS 56-23-5)
chloromethane (CAS 74-87-3) < 0.005 % w/w
1,1-dichloroethylene (CAS 75-35-4) < 0.002 % w/w
others : confidential data

Additives : <1 % (confidential data)
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1.3.PHYSICO-CHEMICAL PROPERTIES

Chloroform is a volatile, heavy, colourless liquitt. is non-flammable and possesses a
characteristic sweet odour.

1.3.1. Melting point

Only handbook data are available, indicating vahetsveen —63.2 and —63.8 °C (Deshon, 1978;
Rossberget al., 1996). No data is available on the used methAdsaverage value of —-63.5°C
will be used in this risk assessment.

1.3.2. Boiling point

Only handbook data are available, indicating ai@alf 61.3 °C (Deshon, 1978; Rossbetrgl.,
1996). No data is available on the used methods.vidhue will be used in the risk assessment.

1.3.3. Relative density

Handbook values of 1,481 to 1,489 kd/are reported (Deshon, 1978; Rosshetrgl., 1996),

while producers report values of 1,476 to 1,478’rl§gat 20 °C (Hoechst, 1996). An average
value of 1,480 kg/rhwill be used in the risk assessment.

1.3.4. Vapour pressure

The vapour pressure of chloroform has been detexriman equilibrium still from 20 °C to the
boiling point (Moelwyn-Hugues and Missen, 1957). 2Q°C, a value of 209 hPa has been
determined.

The value given by one producer in its safety dduet is 211 hPa at 20 °C (Hoechst, 1996)
without detalils.

Handbook values of 185 hPa and 212.8 hPa are dotadcheespectively (Weast, 1973; Deshon,
1978). No details on how these values have beeanrsat are reported.

The value of 209 hPa at 20 °C, the only well docui®& measurement, will be used in this risk
assessment. A vapour pressure of 29.5 kPa is ektagd by EUSES at 25°C.

The vapour pressure being higher than 0.01 kP@&fl2 K, chloroform could be considered as
a Volatile Organic Compound (VOC).

1.3.5. Surface tension

HSDB, 2003 reports a value of 0.0271 N/m at 20°@i@4/, 1986). Lide, 1997 gives a value of

0.0267 N/m. A rounded value of 0.027 N/m will beareed in this risk assessment.

The values reported in the literature for chlorofdend to indicate that this substance is a swface
active reagent. The fact that chloroform showsamedactive properties could thus lead to the
disturbance of analytical method employed to me&asame physico-chemical characteristics.

However, there is a difference between the sudateity of traditional surfactants and substances
that can reduce the surface activity of solutioliee chloroform. What is observed with
chloroform during the surface tension measuremastshe typical non-ideal behaviour of a
mixture of a water miscible solvent such as methand ethanol. The reason for the observed
relationship between surface tension and concenira the disruption of the hydrogen bonding
of the water causing non-linear behaviour of thdase tension against the concentration. In this
case, the substance is not migrating to the syrfasenot acting in the traditional surface-aetiv
manner. Furthermore, chloroform is miscible withtevaand does not form micelles but clear
solutions.
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Therefore, the measurements of the physico-chemiogkrties are not affected and surface-active
properties of chloroform will not be consideredhis assessment.

1.3.6. Water solubility

8 g/L at 20° C is the value given in the EC Safgdya sheet (Hoechst, 1996) without further
details.

A value of 8.7 g/L has been measured at 23 °Catedebottles without headspace. The aqueous
solution was shaken for 12 hours followed by alisgttperiod of at least 2 days. This value
represents the mean of 13 measurements (Broholrrestra, 1995).

The value of 8.7 ¢g/L, the only well documented nueasient, will be used in the risk
assessment. A water solubility of 8.94 g/L is eptdated by EUSES at 25°C.

1.3.7. Henry’s law constant

326 Pa.nfmole at 25° C has been calculated with the QSA&ymmMme developed at the
Syracuse Research Corporation (Meylan and How&@hb)1
According to the TGD, the Henry's law constant tenestimated from the molar mass and the

ratio of the vapour pressure and the water sotyhithich is 394 Pa.iimole.

The Henry's law constant was determined by equulibrpartitioning in 158.8 ml serum bottles
at two air/water ratios (25 & 100 ml water) in trgate. The bottles contained simultaneously
methanol, tetrachloroethylene, 1,1,1-trichloroethatrichloroethylene, dichloromethane, 1,1-
dichloroethane and chloroform. The concentrationhef different substances in the headspace
was determined by GC/FID. For chloroform, the faliing results were obtained:

Temp (°C) H (Pa.m?mol)
9.6 150
17.5 246
248 367
346 563

The result at 24.8°C is very coherent with theneations above. Although the presence of other
substances in the test system would have had suilaerice upon the result, the experimental
result of 367 Pa.fmol will be used in the risk assessment.

1.3.8. Partition coefficient octanol water

A logKow of 1.97 has been experimentally determiriadbottles totally filled to avoid
partitioning with air. The concentration was measum the water phase only and the value
represents the mean of 5 determinations (HansciAaddrson, 1967).

A value of logKow = 1.52 has been calculated whik QSAR programme developed at the
Syracuse Research Corporation (Meylan and How&@hb)1

The measured value of 1.97 will be used in theasdessment.

1.3.9. Other physical-chemical properties

According to Hoechst, 1996, Deshon, 1978 or Rogsbeal., 1996, chloroform has no flash
point, is not flammable and not explosive.
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1.3.10. Summary

The physical and chemical properties of chlorofased in this risk assessment are summarised
in the following table:
Table 1-1 : Physical and chemical properties of theubstance

Property Value

Molecular weight 119.5 g/mol
Melting point 63.5°C

Boiling point 61.3°C

Relative density 1.48 at 20°C
Vapour Pressure 209 hPa at 20°C
Partition coefficient Log Kow 1.97
Henry’s law constant H =367 Pa.m3/mol at 25°C
Water solubility 8,700 mg/L at 23°C
Flash point none

Flammability no

1.4.CLASSIFICATION

1.4.1. Current classification

According to Annex | of Directive 67/548/EEC, chddorm is classified aBarmful and labelled
as follows:

Symbot Xn

R phrases

*1%<conc.<5% R 40[Limited evidence of a carcinogenic effect]

* 5%< conc. <20 % R 22 [Harmful if swallowed]- 40-48/20/22[Harmful: danger of

serious damage to health by prolonged exposureghrmhalation
and if swallowed]

e conc.2 20 % R 22-38[Irritating to skin]40-48/20/22
S-phrases S 2 Keep out of the reach of children
S 36/37 Wear suitable protective clothing and gloves

Chloroform is currently not classified as dangertwuthe environment.

1.4.2. Proposal of rapporteur

Based on the toxicity to fish, invertebrates arghaland the lack of biodegradability in standard
test systems, the following classification couldabeposed for environmental effects :

R52/53 — Harmful to aquatic organisms, may causg-term adverse effects in the aquatic
environment.
S61 — Avoid release to the environment. Refer T instructions/safety data sheets.
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This proposal is based on the acute toxicity v@titor hynchus mykiss (96h-LC 50 = 18 mg/L),
Daphnia magna (48h-LC 50 = 29 mg/L), the alga@hlamydomonas reinhardii (72h-EC 50 =
13.3 mg/L) and the lack of degradation in standeaedly biodegradation tests.

However, because the chronic toxicity is above YLm{§ish NOECOryzias latipes = 1.463
mg/L), chloroform does not need to be classifiadii@ environmental compartment.

Therefore, the proposal of the rapporteur is not toclassify chloroform as dangerous to the
environment.

2. GENERAL INFORMATION ON EXPOSURE

2.1.PRODUCTION, IMPORT, EXPORT AND CONSUMPTION VOL UMES

Data from producers/importers are included in theClID-database. These are listed in
alphabetical order in Table 2-1.
Table 2-1: List of producers/importers during 19972000

Akzo Nobel Chemicals b.v., (NL)
Aragonesas, S.A. (SP)

Atofina S.A., (F)

Ausimont SpA, (1)

Dow Europe S.A., (CH), (prod. : DE)
Ercros, S.A. (SP)

Ineos Chlor plc, (UK)

LIl Europe GmbH, (DE)

Solvay, S.A., (BE)

In 2002 the production volume of chloroform in tBaropean Community was estimated to be
302,800 t/a according to producer information adé to the CEFIC, 2002).

Table 2-2: European Production volumes of chlorofamn (CEFIC, 2001)

1997 1998 1999 2000 2001 2002

Production |253,9374 256,9344 282,0614 301,461 303,955 302,784
(in Tonnes)

EU production volume of 302,800 t/a will be usedhirs risk assessment.
Besides these production volumes, 14 out of theedfppean countries reported import and
export volumes of chloroform.

4 8 companies from the 9 producing chloroform
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Table 2-3 : Import and export volumes of chloroformin the European Union (CEFIC, 2002)

1999 2000 2001 2002

Production | og5 061 | 301461 | 303955 | 302784
(in Tonnes)

Imports 2 546 3.209 38 18
(in Tonnes)

Exports 19,375 19,520 43.908 32,080
(in Tonnes

Tonnage 262,232 285,150 260,085 270,722

Taking into account imported and exported volumses|eading to a European tonnage of
285,150 t. in 2000 and 271,000 t in 2002.
The available information regarding use patteristed in Table 2-4 (CEFIC, 2001).

Table 2-4 : Non-feedstock sales and feedstock satésll European producers for the year 2000.

Figures from (CEFIC, 2001) Corresponding % of total chloroform sales
for 2000

Feedstock sales in EU for HCFC22 243,385t 93.8 %

Feedgtock sales in EU for dyes and 2282t 0.9%

pesticides

Feedstqck sales in EU for other 5519t 219

applications

Total Feedstock sales in EU 251,186 96.8 %

Non feedstock sales in EU 8,277t 32%

Total Sales 259,463 t 100 %

Figures provided by CEFIC concerning the usespahg available for the year 2000. However,

since the European tonnage did not vary much bet®660 and 2002, it seems realistic to make
the assumption that the percentages assigned to e are also valid for 2002. Thus,

considering the tonnage of 271,000 t as the tatalwolume for 2002, the different uses will be
calculated again using the same proportions asigivéable 2-4 (see Table 2-5).

Table 2-5 : Production and uses volumes of chlorofim calculated to account for a total net trade
balance of 271,000 t in 2002.

Figures that will be considered in the RA
Production 302,800
Total Sales = Tonnage 271,000
Non feedstock sales in EU 8,700
Total Feedstock sales in EU 262,300
Feedstock sales in EU for HCFC22 254,200
Feedstock sales in EU for dyes and pesticides 2,400
Feedstock sales in EU for other applications 5,700

RAPPORTEUR RANCE 11 ESR REPORTDRAFT OFJUNE 2007



EU RISK ASSESSMENT — CHLOROFORM CAS 67-66-3 CHAPTER 2. GENERAL INFORMATION ON EXPOSURE

2.2.PRODUCTION, USES AND UNINTENDED FORMATION

2.2.1. Production

Today, two industrial processes are used to prodabroform (Building Research
Establishment, 1994) :

1 / hydrochlorination of methanol

2 / chlorination of methane.

Hydrochlorination of methanol

This is a two-stage process in which methanol sepdmarily with hydrogen chloride and the
resulting methyl chloride is then chlorinated usaidorine gas. The first reaction occurs in the
vapour phase over a catalyst :

CHsOH + HCI O ® - CHsCl + H20

The other chloromethanes are then formed by themtie non-catalytic chlorination of
methylchloride :
CH3Cl +Cl2 — CH2Cl2 + HCI

CH2Cl2+Cl2 - CHCI3+ HCI
CHCI3+Cl2 - CCl4+ HCI

Chlorination of methane

A simpler method for the production of chloroformvolves the thermal, non-catalytic
chlorination of methane. This one stage processaised out at over 400 °C and 200 kPa
pressure to produce a mixture of all four chlordmees.

The ratio of products can be varied by controllihg feed rates of methane and chlorine and by
recycling methane and unwanted lower halocarboms, reethyl chloride (Building Research
Establishment, 1994).

2.2.2. Uses

Chloroform is used mainly as a raw material in pneduction of hydrochlorofluorocarbon-22
(HCFC 22).
Future trends in chloroform use may depend onrdreds of HCFC 22 manufacture. This HCFC
IS an ozone depleting substance and its use has oteatrolled under the Copenhagen
Amendment (1992) to the Montreal protocol : a fee@ 1989 consumption of HCFCs was
agreed. The last regulation adopted off 8@ptember 2000 set up a revised reduction program
for the production of HCFCs (JOCE L. 244, Septend@$&r 2000) :

- Freeze: 1997

- 65% reduction on January 1, 2008,

- 80% reduction on January 1, 2014,

- 85% reduction on January 1, 2020,

- no more production of HCFCs on Decembet,2D25 and thereafter.

In the 90s’, the freeze of HCFCs consumption hanlenslated into a slight freeze in HCFCs
production as shown in the following quantities fglobal HCFC 22 production (personal
communication, 2001):

- 1990: 213,700t

- 1991: 236,800t

- 1992: 245,700 t
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- 1993: 240,600 t
- 1994 239,400t

Total HCFC 22 European production is estimatedacerbeen approximately 150,000 tonnes in
1995 with 53,000 tonnes being sold into dispersavel uses (as refrigerant, fire-fighting
material, foam blowing agent), 57,000 tonnes beisgd as chemical feedstock, the remainder
being exported from the European Union (E.C., 198H)the dispersive end uses of HCFC 22
may also be subjected to control in the next follmywears. This means that there may be a
future reduction in demand for chloroform since HEICE2 production is accounting for 93.8 %
of chloroform uses.
At the European level, EU HCFC 22 production setartsave initiated a slight decrease during
the last years:

- 1995: 150,000 t

- 1998 177,000 t

- 1999 169,000 t

- 2000: 149,000 t

- 2001: 140,000 t

- 2002 : 146,000 t

However, western EU annual capacity for HCFC 22 wtdb reported to be of 175,500 t in
January 2001 (CEFIC, 2001). It was also reported $ince 1996, demand for fluorocarbon
consumption (in particular HCFC 22) has been grgveiteadily in Western European countries.
In 2005, the total Western European consumptidituofocarbons is estimated to reach 198,000
tonnes, most of which will be used in refrigeramisd air-conditioning, in foams and as
fluoropolymer intermediates, whereas this consuomptvas around 176,000 tonnes in 2000. As
there has been only a slight decrease in the H@F&hiction since 1995, an average HCFC 22
production volume 0150,000 t/awill be used in this risk assessment.

Considering the commercial yield of HCFC 22: 1.0upd of product per 1.51 pounds of
chloroform (CEFIC, 2001), the production of HCFC\&@&uld be 168,400 t in 2002. This figure
is not completely in line with the production volanthat is provided by Industry for 2002
(146,000 t). According to Industry, the differenoetween these figures could be attributed to
chloroform storage instead of its use for HCFC gpction.

In conclusion, an HCFC 22 production volume of 080, t/a will be used in the risk assessment,
which is equivalent to a chloroform use of 226,5@0 The difference of 27,700 t between the
volume theoretically affected to HCFC 22 product{@®4,200 t) and the average volume of
226,500 t which seems to be actually used for HQE@roduction will be affected to stocks of

chloroform.

Chloroform is used in other applications includpr@duction and extraction solvent, especially
in the pharmaceutical industry (for example in éixéraction of penicillin and other antibiotics).

It is also used as a degreasing agent and as aaghentermediate in the production of dyes,
pesticides and other substances.

The Swedish Chemicals Agency (KEMI ; formerly Na@b Chemicals Inspectorate of Sweden)

reported that in 1994 chloroform was mainly use®weden as a laboratory chemical and as a
raw material in pharmaceutical plant (23 t/a ; wiawmi.se).
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The Danish Product Register reports for Octobe618®at 291 t/a of chloroform are used in 91
products, the most important product type beingesdk (personal communication).

6 products are registered in the Finnish Produgid®er. No tonnage is given.

According to information transmitted by the US-ERp&rsonal communication), only 19,691 t/a
are used in the USA. These quantities do not ircloeduction volumes claimed confidential
business information. Other than uses as a gesehadnt for adhesives, pesticides, fats, oils,
etc., chloroform is also registered in the USAuee as an insecticidal fumigant on stored grains
and as mildewcide for tobacco seedlings.

In this risk assessment, the following emissiomades will be considered :

Table 2-6 : Emission scenarios

Industry Category Use Category Quantity used (tonng'year)

Use as an intermediate3 33 234,600

(HCFC 22, dyes anqChemical industry | (intermediates) |[(HCFC 22 : 226,50p

pesticides productior}chemicals used i dyes & pesticides : 2,400
synthesis) other applications : 5,700)

Use as a solvent 2 48 8,700

(Chemical industry | (solvents)
basic chemicals)

Total uses 243,300 t/a
Stocks - - 27,700
2.2.3. Unintended formation

Exposure to chloroform can occur from sources novtemed by the life cycle of the
produced/imported chloroform. In accordance witk ffechnical Recommendation from the
European Commission, unintended formations aredidielow. The risk assessment will be
performed with readily available information ongdkesources of chloroform.

Losses as a by-product during chemical manufacturig

Chloroform is produced and emitted as a by-produdhe manufacture of VC/PVC products
and other chlorinated bulk chemicals. It is a bgduct of Ethylene Monochloride (vinyl

chloride, VCM). It is formed during the productiohprecursor ethylene dichloride (EDC) when
produced from ethylene and chlorine by oxychlororat The production of trichloroethylene
and tetrachloroethylene may also result in chlarafemissions (US-EPA, 1984; Building
Research Establishment, 1994).

Water chlorination

Water is disinfected by chlorination in severafeliént applications. Chloroform is produced by
the aqueous reaction of chlorine with various olgaonmpounds in water.

In drinking water, chloroform may be present in thes water as a result of industrial effluents
containing this chemical. In addition, chloroforsmformed from the reaction of chlorine with
humic materials. The amount of chloroform generatedrinking water is a function of both the
amount of humic material present in the raw watet the chlorine feed (US-EPA, 1984). Water
utilities are making efforts to avoid by-productrf@ation in the disinfection processes.
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Chlorine is also sometimes used to disinfect mpailcivastewater. However there is generally a
lower concentration of humic compounds, i.e. halofgrecursors, in wastewater than in raw
water and therefore chlorination of wastewater lesn reported to increase chloroform levels
only slightly (Building Research Establishment, 499

Swimming pool water has been reported as a sourahloroform (Batjeret al., 1980). In
France about 49 % of the swimming pools are distefit by using chlorine or sodium
hypochlorite (Legubest al., 1996). There are some indications that chlommatbf swimming
pool water might be replaced by ozone treatmentldBiy Research Establishment, 1994).
However it seems that alternative treatments torgfdtion have too many drawbacks to be
widely used. For example, the use of ozone alorsenod a persistent biocidal effect. To be
efficient, the ozone treatment must be supplememtéd a chlorination treatment which
becomes very expensive. The UV treatment has cahjgadisadvantages and would not lead to
a reduced consumption of chlorinated products (begual., 1996).

As there is no evidence until now for a decrease¢han use of chlorinated products in the
disinfection processes of swimming pools, the nmecent available data will be used in this risk
assessment without expecting alternative treatments

Cooling water in power plants and other industpiadcesses is often chlorinated to prevent the
heat exchanger and condensing tubes becoming fowhdth would greatly reduce their
efficiency (Building Research Establishment, 199¥gain, the reaction between chlorine and
organic material in the water results in chlorofagemeration.

Pulp and paper bleaching
The most important potential for chloroform forneattiin water is occurring in the pulp and
paper industry. Chloroform is produced where woolp ;s bleached with chlorine.

Chloroform is formed from the aqueous reactiontdbine with organic substances in the wood
pulp and is released to air during the bleachirmg@ss, the subsequent treatment of effluent, and
after the release of the treated effluent to rengiwaters (US-EPA, 1984).

Groundwater

Chloroform may be formed in groundwater as the Itesfi the degradation of carbon
tetrachloride (Laturnuet al., 2000). However this is not expected to be a Bt source. The
chloroform formation in groundwater will not be iestited in this risk assessment.

Atmospheric reactions

The atmospheric degradation of high tonnage chdteoh solvents has been suggested as a major

source of chloroform. Both trichlorethylene andgoroethylene have been implicated.

There are other sources of chloroform releases th# atmosphere (Building Research

Establishment, 1994):

- Chloroform has been measured in vehicle exhadostise United States. Chloroform levels
are 100 fold higher in vehicle exhausts of a cangideaded gasoline than in car using
unleaded gasoline.

- Chloroform may be found in gases from wastewsligige incinerators, chlorinated solvents
incinerators and from disused or active landfisi

- Chloroform may be released from the use of hoeaiseproducts (for example cleaning
products containing chloroform).
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Natural sources

Some scientific studies tend to demonstrate thetraform might be released through natural
processes. Some of the chloroform levels measureithia oceans are higher than would be
expected from equilibrium calculations (Khadtl al., 1983). It has been suggested that natural
production is associated with the oxidation of ngetthloride produced by algal activity and
emissions from countryside fires (Su and Godbe@/6), as cited in Building Research
Establishment, 1994.

Although there is no direct evidence of a natumiree of chloroform, industrial chloroform
releases are not large enough to account for tkerebd global chloroform burden. Whether
known indirect sources of chloroform, such as watklorination, pulp mill effluents and
atmospheric reactions etc., are large enough touatcdor the observed burden or whether a
natural source of chloroform exists is a mattersjpeculation (Building Research Establishment,
1994).
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2.2.4. Legislative Controls

Releases into water:

Chloroform has been identified as a List | chemisadler Council Directive of June 12986
(86/280/EEC) on limit values and quality objectives discharges of certain dangerous
substances included in list 1 of the annex to Divec’/6/464/EEC on pollution caused by certain
dangerous substances discharged into the aquatromment of the Community.

As an organohalogen compound, chloroform may bssiflad as a List | substance under the
Council Directive 80/68/EEC on the protection obgndwater against pollution caused by
certain dangerous substances.

Water Framework Directive:

According to Decision n° 2455/2001/EC of the Eumpdlarliament and of the Council of
20 November 2001, chloroform is included in thé disthe 33 priority substances in the field of
water policy and amending Directive 2000/60/EC sTlist has been established on the basis of a
combined monitoring-based and modelling-based ipyiaettings (COMMPS) scheme. The
European Commission has recently submitted a pedpfws chloroform. Overall Quality
Standard for freshwater, transitional, coastal &ewitorial waters : QS = 2.5 pg/L. This
concentration in water aims at guarantying the gmtoen of the pelagic and benthic
communities. The proposed QS has been calculatptyilagp the Equilibrium Partitioning
Method to the result of the ecotoxicity sedimentstof van Vlaardingen and van Beelen, 1992
presented in section 3.2.3. However, it shouldrabcated that this value is presently only a
proposal that still has to be adopted by the Ewang#arliament and the Council.

Releasesinto the air:

In a general scope, chloride and chlorinated comg@suare listed in Annex Il of Directive
84/360/EEC on the combating of air pollution frondistrial plants dated on June28984.
According to article 4 of this directive, all appraate preventive measures against air pollution,
including the application of the best availablentemiogy, provided that the application of such
measures does not entail excessive costs shouhdpbemented. The competent authority that is
delivering the authorization should also check thatindustrial plants will not cause significant
air pollution and that all emission limits are saéd.

The regulation is becoming more precise in Direc®6/61/EC concerning integrated pollution
prevention and control. Chlorine and chlorinatedhpounds are listed in annex Il for the air
compartment, meaning that emission limit valuesuhde defined for these substances in the
authorization that is delivered by the competetha@rities.

Chloroform is not listed in Annex | of Directive 82/EC on Ambient Air Quality Assessment
and Management, which is setting limit values ded #hresholds for ambient air.

However, as a volatile organic compound, chlorofonay be regulated under other more recent
legislations including Directive 99/13/EC on theniiation of emissions of volatile organic
compounds due to the use of organic solvents itaiceactivities and installations. The use of
chloroform for the extraction in chemical and phaceutical industry may be regulated under
this directive: when the consumption of chlorofagrabove 50 tonnes/year for this activity, the
equipment is required to meet an emission lim2@fng C/N.nT in waste gases. Besides, limits
to the fugitive and total emissions are set up5% bf the solvent input for existing installations
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(existing installations before the date on whicé thirective is brought into effect) and limits to
the fugitive and total emissions are set up to %@ solvent input for new installations. While
these limits are immediately applicable for newtatiations, existing installations are required to
meet these limits by 2007.

Chloroform may also be concerned with relevantrivagonal legislations for volatile organic
compounds: the UN/ECE Convention on Long Range slrandary Air Pollution (Geneva,
1979) and the Basel Convention and its eight rélptetocols (1989, entered into force in 1992).

Under the first Convention, Parties are committeddntrol and to restrain their VOC emissions
by 1999 in order to reduce fluxes of these compsuartl fluxes of secondary photochemical
oxydants and therefore protect Health and the Bnument from harmful effects.

Under the Basel Convention, Parties are committddrtit and regulate the production and the
transportation of hazardous wastes.

The various European Directives dealing with végadrganic substances are implemented in the
French legislation under a range of orders leadmgnore precise controls for chloroform
emissions:

- For air pollution, when fluxes are above 2 kdte concentration of all the volatile organic
compounds (VOC) should be below 110 mg/mvhen fluxes are above 0.1 kg/h,
concentration of all organic compounds listed innéx Il (and including chloroform)
should be below 20 mgfnThe use of chloroform for the extraction in cheahiand
pharmaceutical industry is also regulated with #siaene emission limits as in Directive
99/13/EC on the limitation of emissions of volatdeganic compounds due to the use of
organic solvents in certain activities and installass (see above). Finally, emission
measurements and air monitoring are required wpenific VOC emission thresholds are
reached.

- For pollution of superficial waters, the thregshokoncentration in effluents from
chloromethane production facilities should be belomg/L. Releases should be below 10g/t
and 7.5 g/t of chloromethane produced respecticglfacilities using methanol and facilities
using chloration of methane.

Uses:

According to the European parliament and Councik&ive 94/60/EC amending for the 14th
time Directive 76/769/EEC chloroform may not be dis®om 20 June 1996 in concentrations
equal to or greater than 0.1 % in substances awhpation placed on the market for sale to the
general public. By way of derogation, this prowisishall apply neither to medicinal nor
veterinary products nor to cosmetic products.

The Commission Directive 96/55/EC replacing the ebilve 94/60/EC determines that
chloroform may not be used in concentrations edqoabr greater than 0.1 % by weight in
substances and preparations placed on the marketafe to the general public and/or in
diffusive applications such as in surface clearang cleaning of fabrics. The provisions entered
into force on June 301998.

RAPPORTEUR RANCE 18 ESR REPORTDRAFT OFJUNE 2007



EU RISK ASSESSMENT — CHLOROFORM CAS 67-66-3 CHAPTER 3. ENVIRONMENT

3. ENVIRONMENT
3.1.ENVIRONMENTAL EXPOSURE

3.1.1. General discussion

The environmental exposure assessment of chlorofadhinbe based on the expected releases of
the substance during the following life cycle stge

I Production

lla. Use as an intermediate
* HCFC 22 production
* dyes and pesticides production
* other applications

lIb. Use as a solvent
* extraction solvent in chemical and pharmaceutradlistry

llla  Unintended formation
* losses as a by product during chemical and VC/Bk@ucts manufacturing

[llb < Water chlorination
= drinking water
* municipal wastewater
= swimming pools
= cooling water
* pulp and paper bleaching
atmospheric reaction of high tonnage chlorinatédents
vehicle emissions
landfills
incineration processes
natural sources

For life cycle stages I, lla and Ilb both site-gfe@nd generic emission scenarios are used for
calculating the Predicted Environmental Concerdrati (PEC) values in the various
compartments.

Stage Ill can be regarded as a diffuse source tfraform. Except for the losses during
chemical and VC/PVC products manufacturing whete-specific information might be found,

all the other emissions will be considered in PEfneal calculations only.

The releases due to uses in household productsetilbe considered as a proposal has already
been made within the European Community to limgt ¢hloroform concentration to < 0.1 % by
weight in substances placed on the market fortealee general public.
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3.1.1.1 Releases from production

3.1.1.1.1. Default release estimate

The emission factors proposed in the TGD in takblelAIC2, Main Category 1b) can be used

for the whole production of 302,800 tonnes. Vapguessure being > 10,000 Pa, default

emission factors are 0.005 to air, 0.003 to wastewa

Therefore, the total releases are 1,514 t/a tarair908 t/a to wastewater. Considering that 10 %
of these total releases will occur at a regionalesadhe default release estimates are :

For the regional scale : 151 t/ato air

91 t/a to wastewater
For the continental scale : 1,363 t/a to air

817 t/a to wastewater

As there are only ten production sites of chlorafpthe 10% rule is not applied. In 1992, all the
production sites mentioned in the IUCLID databassorted production volumes around 10,000
to 50,000 tonnesl/year. In 2000, for 5 companies, gfoduction ranged between 15,000 and
40,000 tonnes/year. As there was still one complaatyin 1995 reported production volumes up
to 50,000 t/a with 300 days/year of emission, tleestvcase of a site producing 53,615 t/a during
300 daysl/year is considered in the estimation efdéfault releases. The default release estimate
can be calculated for such a typical site usingsirae emission factors as for the total releases :

Local: 268 t/a to air
161 t/a to wastewater
Local estimations are higher than the regional ofbs situation might come from the generic
proportions for the standardised regional enviromnthat might not necessary include the
“worst case” of a production site of 50,000 t/a. take into account the situation when such a
site is included in the regional environment, thkeases at the regional scale must include the
releases at the local scale. This is the reason ledsl release estimate will be used at the
regional scale.
To summarise, the default release estimate duni@gtoduction of chloroform are :
Local : 268 t/a to air
161 t/a to wastewater

Regional : 268 t/a to air
161 t/a to wastewater

Continental : 1,246 t/a to air
747 t/a to wastewater

3.1.1.1.2. Industry specific release information

In section 2.2.1 two industrial processes of cHtmm production have been introduced.
According to US-EPA, 1984, losses to air do notedibetween the two procedures. Therefore,
no distinction is made between the two differerddoiction methods in this assessment. In the
same document, an uncontrolled production proaessdf 2 kg per tonne plus 3.1 kg per hour
fugitive loss due to leaks in process valves, pymapmpressors and pressure relief valves are
reported.

The emissions from process fugitive sources dodsgend on their size, but only on their
number. Therefore the process fugitive emissioasat dependent on plant capacity. Emissions
to water were however not specified.
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Reynolds and Harrison, 1982 reported a liquid effluloss of 0.1 - 1 kg per tonne chloroform
produced. However, these values are based on ¢ssinamdtained from discussions with a
number of American and European producers and ti;epoesent accurate assessments.

There are ten major chloroform production siteshimitthe EU with an overall production of

302,800 tonnes in 2002. Three production sitesomaded on the seaside.

All the ten EU producers informed about specificissions to water and to air at their

production sites. These data are considered asldbal emissions during production

(Elocal production water @nd Elocal production air). EMissions linked to handling and storage wese al

taken into account when available. Production gpssed to occur 365 days/year for all sites
except for site C. Release factors ranging fron08%4 to 0.16% to air and 2*1%% to 0.0014%

to surface water can be derived. This is illusttatedetail in Table 3-1.

Table 3-1 : Specific emissions to surface water arair during production

Site  [Production Emission to air Emission to surface water
[t/a] Local emission | Release| Calculated | Local emission | Release to surface | Release to Calculated
toair (kg/d) | toair |release factor|to surface water water or sea wastewater | release factor to
Elocalydionar| () [%] or sea [t2] [t/a] surfa;)z ]water
kg/d]
A 19,500 83.7 305 0.16 0.0077 0.0028 0.019 Negligible
(1.4*10%)
B 15,100 0.036 0.013 | Negligible 0.014 0.005 (inked tothe | 5[] Negligible
(8*10%) storage)
(nowwtp) | (83710%)
C 53,615 7.2 2.16 0.005 0.737 0.221 0.75 0.0004
D 44,399 42 15.33 0.04 0.0078 0.0028 0.048 Negligible
(6.3*10%)
E 28,226 418 1.526 0.005 0.0017 0.0006 0.004 Negligible
(2.110%)
Fl@ 135,000 216 79 0.023 0.98 0.356 0.356 "] 0.0010
(no WWTP)
G 27,500 3.70 1.352 0.005 1.08 0.396 275 0.0014
H 40,039 0.14 0.05 Negligible 145 0.53 3.68 0.0013
(0.0001)
20,183 244 0.89 0.004 0.011 0.004 0.027 Negligible
(2.0710%)
J 11,926 nd. nd. nd. 0.047 0.017 0.102 1.4*104
Total (295,488 166.6 60.23 0.02 4.34 1.54 7.74 5.2*10+4

nd.: no data available

[ These sites specified that there was no biological wastewater treatment plant but process effluents underwent a steam stripping
treatment. However, as no quantitative data is available concerning the efficiency of this treatment, no removal will be considered.

[2] Site F had stopped manufacturing chloroform in 2004 and is being dismantled. Even if the company does no longer produce
chloroform, all its data are still presented in this RAR in order to realistically describe the situation in the year 2002.
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On site B and H, emissions to air are negligibler. site B, it was reported that all vents were

connected to a purification unit before release.

Concerning releases to WWTP, values for sites @G Bnd J, are stemming from measurements in
effluents. For production sites A, E, H and |, agdata was available for the removal percentage in
STP, releases to wastewater were calculated takingaccount a 85.6% removal (see section
3.1.1.5.2). These calculated values are presentedlics in Table 3-1. Releases to surface water
for site G were estimated considering the measugledses to wastewater and applying an 85.6%
removal (see section 3.1.1.5.2).

For releases to air, well-documented productiassitre covering more than 97% of the European
chloroform production and a wide range of planesifTable 3-1). Among these 9 production

sites, the highest emission factor to air is 0.16Ps highest value is more than 3 times lower than
the default value from TGD (0.5%, main category. Tinerefore, the highest release rate of 0.16%
from site A could be considered as a realistic woase situation for production site J where no
information on releases to air was provided.

The production is supposed to occur 300 days/yel¢ B 1.6. of TGD).

Table 3-2 : Calculated specific emissions to air diing production

Site | Production | Local emission | Releasestoair | default release

[ta] to air [kg/d] [t/a] factor [%]
E local producton air
J 11,926 63.6 19 0.16

The whole releases at production sites can be sdnupdo 230.2 kg/d to air and 4.34 kg/d to
surface water.

Total production reported in Table 3-1 (295,488stJower than the total production volume
reported in section 2: 302, 800 t in 2002. The axation of this difference of 7,312 t is that
global tonnage used in section 2 was availabl¢hf®ryear 2002 whereas specific tonnage for the
year 2000 was available for 6 of the 10 producsites. For the other 4 production sites, more
recent production volumes or, on the contrary, potion volumes of 1995 were available.

Considering the 10 EU producers, the sum of thenastd and reported releases is considered as
the continental release. As the number of prodaocsites is low, the regional releases due to
production are supposed equal to the highest estiacal releases (site A for release to air and
site E for release to wastewater (see Table 3-5)).

Regional input: 30.5 t/a to air 5.1 t/a to wastewatr
Continental input:  29.7 t/a to air 7.74 t/a to wastwater
3.1.1.1.3. Transportation losses

Transport to customer may occur by rail or truakktar occasionally by vessel. No information
has been found regarding losses of chloroformbaitied to transportation of the product for its
use. The releases during this stage are supposéa tmken into account in the releases
calculated during production and uses of the produc

RAPPORTEUR RANCE 22 ESR REPORTDRAFT OFJUNE 2007



EU RISK ASSESSMENT — CHLOROFORM CAS 67-66-3 CHAPTER 3. ENVIRONMENT

3.1.1.2 Releases from use
3.1.1.2.1. Use as an intermediate (life-stage lla)

3.11.2.1.1. Default release estimation

In 2002, 234,600 tonnes of chloroform have beeonted to be used as an intermediate (section
2.2.2).

Default release estimates are given in the TGDcf@micals used in synthesis. The release
factors during chemical synthesis are 0.005 toaaid 0.007 to water (Table A 3.3, Main
Category 1c). Thus, total releases of 1,173 tartand 1,642 t/a to water can be calculated.

Production of HCFC 22 is accounting for 96.5 % bé ttonnage of chloroform used as
intermediate (Table 2-6). As there are only ten BCR production sites in Europe, the 10%
rule is not applied. However, information conceghiHCFC 22 production tonnage is available
for 6 out of the 10 HCFC 22 production sites, vathighest reported tonnage of 35,000 it&a (
52,850 t/a of chloroform used; see section 2.2\®r 800 days/year. If we assume a total
European HCFC 22 production volume of 150,000 $kee (section 2.2.2), the 4 remaining
production sites for which no data is availablggrehess than 24,000 t/a.

Thus, the highest tonnage of 52,850 t/a of chlorofaised in HCFC 22 production will be
considered to estimate the default local release:

Local release : 264 t/ato air
370 t/a to wastewater

Furthermore, at the regional scale, chloroform A@FC 22 are produced by companies distant
of more than 100 km. Therefore, local release eg@rwill be used at the regional scale.
To summarise, the default release estimate dun@gises of chloroform as an intermediate are :

Local release : 264 t/a to air
370 t/a to wastewater

Regional release : 264 t/a to air
370 t/a to wastewater

Continental release : 909 t/a to air
1,272 t/a to wastewater

3.1.1.2.1.2. Industry specific release estimation

HCFEC 22 production

The production of HCFC 22 from chloroform can letw chloroform emissions to the
environment. US-EPA, 1984 estimated that an unobett emission to air of 0.59 to 2.5 kg/t
HCFC 22 produced takes place. HCFC 22 is produgetthd catalytic liquid-phase reaction of
anhydrous hydrogen fluoride (HF) and chloroformlda@bform, HF and chlorine are pumped
from storage to the reactor, operating at tempezattanging from 0 °C to 200 °C and pressures
of 100 to 34,000 kPa. Vapour from the reactor étfea distillation column, which removes as
overheads hydrogen chloride, the desired fluoramapgyoducts, and some HF (US-EPA, 1984).

In the plants that operate in liquid phase, rele@®eur from the columns used to neutralise and
dry the chlorofluoromethanes produced. The typ@HICl; concentration in aqueous effluents
from HCFC 22 production plants operating in ligpisase is about 63 mg/L. It is calculated that
about 50 - 80 kg CHGIs emitted to wastewater per 1,000 t productioBI8z 1989).
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The plants operating in the gas phase in prindiyglee no water effluent and therefore their
contribution of chlorocarbons to the aqueous efitagnay be neglected.

It is assumed in this Risk Assessment that allEbeHCFC production takes place in liquid
phase.

There are ten HCFC 22 production sites in the EBFIC reported that 96.5 % of chloroform
used as an intermediate is used for HCFC 22 pramfudhccording to the data from 2002 (Table
2-5), a EU consumption of 254,200 t/a could be meslfor HCFC 22 production.

Although HCFC 22 production volumes provided byustly show an initial increase after 1995,
(a total European production volume of 150,000 ¢ watimated), a decreasing tendency could
be observed since 1999 with a reported productanmne of 146,000 in 2002 (see section
2.2.2).

The more recent figures will be used in this riskessment, with a total European HCFC 22
production of 150,000 t (using 226,500 t of chlorof).

Chloroform emissions from HCFC 22 production plants:
Emissions from 8 of the 10 European plants wherroform is used as feedstock for
hydrofluorocarbon production are presented theze#fflighest release factors are in bold) :

Table 3-3 : Chloroform emissions to air and waterfom HCFC 22 production plants

Location Emissions to air Emissions to water
Reported data (kg/a) Releases factors (kg/t | Reported data | Releases factors (kg/t
HCFC 22) (kg/a) HCFC 22)
Site 1, 2001 3,800 0.17 35 0.002
Site 2, 1998 << 1000 <<0.05 100 0.005
Site 2, 1999 << 1000 <<0.06 100 0.006
Site 2, 2000 << 1000 <<0.05 100 0.005
Site 3, 2000 105 (all vents are connected to 0.007 170 0.011
recycling circuits. Emissions are mainly
linked to the storage)
Site 4 All the off-gases are collected and sent to the Thermal Oxidation 2.02 0.058

Plant, in which they are converted to CO2, HF and HCI (HF and
HCl are removed in a scrubber system)

Site 5, 1998 1,400 About 0.05 23 About 0.05
Site 5, 1999 1,400 About 0.05 10 About 0.05
Site 5, 2000 3,700 About 0.05 20 About 0.05
Site 6, 1995 4,080 0.70 0.09 0.002
Site 7, 2000 <10 <0.001 nd. nd.
Site 7, 2001 5,600 nd. 0.014 nd.
Site 8 1,190 0.045 67 0.003

nd.: no data available
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As information is available for 8 of the 10 HCFC @®duction sites, the highest releases factors
reported will be used in the risk assessment: 0.@0&ir (site 6) and 0.00006 to wastewater (site
4). At the regional scale, the highest productiapacity for one site (35,000 t) will be used:

Local release : 24.5 t/a to air
2.1 t/a to wastewater

Regional release : 24.5t/ato air
2.1 t/a to wastewater

Continental release : 80.5 t/a to air
6.9 t/a to wastewater

Integrated manufacturers for chloromethane and flugocarbon productions.

Among the ten chloroform production sites, eigigsiare not simultaneously producing HCFC
22. The information has been made available eftbben personal communication (ECSA, 2003)
or from the Draft Risk Assessment of Chlorodiflumethane (E.C., 1997).

For two sites, chloroform and HCFC 22 are produbgdiwo independent companies being

situated in very close sites (about 1 km distaretvéen the two sites). Therefore, it could be
considered that releases might reach the same aivérlocal emissions to water due to both

chloroform and HCFC 22 will be added for thesessiteor the air compartment, the releases will
be considered separately because the local scaaasbimating the concentration at 100 meters
from the source. Finally, for the soil compartmehe contributions of both productions to wet

and dry depositions will be added because the lscahario is related to a surrounding area
within 1000 m from the source.

In the following table, specific data on chloroforeteases during HCFC 22 production over 365
days, are taken into account for both sites.

Table 3-4 : Local emissions to air and to wastewateluring integrated production of chloroform and
HCFC 22

Site Emission to air Emission to wastewater
Local emission to air Releases to air (t/a) Local emissiontg Releases to
Elocalair (kg/d) wastewater (kg/d) wastewater (t/8
For Gocal air | FOr Gocai soil | FOr Gocat air | FOr Gocal soil Elocalyater
calculation | calculation | calculation | calculation
pi! 3.3 45.3 1.46 16.5 0.32 0.12
=e 2.7 6.9 1 2.5 0.28 0.1
Total 6 52.2 2.5 19 0.6 0.2

[ Addition of the emissions to air will only be considered for the soil compartment (addition of the wet and dry depositions in a
surrounding area within 1000 m from the source)

For production site D, addition of the emissionsMastewater due to both productions will be
considered to determine PE&Gi water fOr the site. For production site E, another indtgu
scenario presented below will be applied.
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Dyes and pesticide production

Chloroform is used as a chemical intermediate gsthnd pesticide production processes.

0.91 % of feedstock sales of chloroform were useBuropean Union for dyes and pesticides,
which corresponds to a volume of 2,400 t/a (Tabtg.2

With an emission factor of 0.5 % to air and 0.70%wvater (Table A3.3, Main Category 1c), total
releases of 12 t/a to air and 16.8 t/a to waterbeacalculated.

As no information on the number of sites using oiflorm for the production of dyes and

pesticides in Europe was provided, the 10% ruletsapplied and the total volume of 2,400t is
used as input in table B3.2. of the TGD.

f main source = 0.3 and number of days = 144 d/a.

Local release : 3.6 t/a to air
5.04 t/a to wastewater

It is assumed that the total EU dyes and pestjgidduction using chloroform could occur at the
regional scale. Therefore, these total releasddwilised at the regional level:

Local release : 3.6 t/a to air

5.04 t/a to wastewater
Regional release : 12 t/a to air

16.8 t/a to wastewater

Integrated manufacturers for chloromethane and dyeg pesticides productions.

It is possible that some manufacturers have botloramethanes and dyes or pesticides
productions on the same site. Nine production sitedirmed that chloroform was not used on
site for this purpose. For the remaining site, reiegrated scenario will have to be considered.
Given that chloroform and HCFC 22 are also produatesite E, a "worst case" scenario taking
into account all these three productions will bedusConsequently, releases to water and air due
to production of chloroform, HCFC 22 and dyes /tiogdes, will be added for site E.

Table 3-5 : Local emissions to air and to wastewataluring integrated production of chloroform,
HCFC 22 and dyes or pesticides

Site Emission to air Emission to wastewater
Local emission to air Releases to air (t/a) Local emissiontg Releases to
Elocalair (kg/d) wastewater (kg/d) wastewater (t/8

For Gocal air | FOr Gocal soil| FOr Gocal air | FOr Gocal soil Elocalwater
calculation | calculation | calculation| calculation
gl 25 31.9 3.6 6.1 35.3 51

[ Addition of the emissions to air will only be considered for the soil compartment (addition of the wet and dry depositions in a
surrounding area within 1000 m from the source)

This worst-case situation will be considered intiis& characterization for production site E:
- For the water compartment, PE& waterWill be calculated using this data.

- For the air compartment, releases will be consdiseparately because the local scenario is
estimating the concentration at 100 meters fronsthece.

- For the soil compartment, the contributions ofoobform, HCFC 22 and dyes / pesticides
productions to wet and dry depositions will be atidecause the local scenario is related to a
surrounding area within 2000 m from the source.
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According to this scenario, at production site éleases to wastewater are the highest compared
to the 9 other production sites (see Table 3-1)thesnumber of production site is low, regional
and continental releases to wastewater will beredéd based on this data for site E.

Other applications (considered as confidential)

Chloroform is sold as feedstock for other applmasi considered as confidential (IC3 / UC33).
2.1 % of feedstock sales of chloroform were use®®®0 in European Union for other
applications. A volume of 5,700 t/a is then assunmede used in 2002 for these confidential
applications (Table 2-6).

With an emission factor of 0.5 % to air and 0.7 &smater (Table A 3.3, Main Category 1¢),
total releases of 28.4 t/a to air and 39.8 t/adtewcan be calculated.

For the local scale, it is not expected that sumhfidential applications might occur in many
sites over Europe. Therefore, the 10% rule is pptied and the total volume of 5,700 t is used
as input in table B3.2. of the TGD :
f main source = 0.25 and number of days = 300 d/a
Local release : 7. 11 t/a to air
9.96 t/a to wastewater

It is assumed that these total confidential usesdcoccur at the regional scale, therefore, total
releases will be used at the regional level.
To summarise, the default releases estimate dtimmgses of chloroform for other confidential
applications, are :
Local release : 7.11 t/a to air
9.96 t/a to wastewater
Regional release : 28.4 t/a to air
39.8 t/a to wastewater

- Effluent monitoring

- A vast number of effluent monitoring was perfodniea France over the last years. In the
following table, the results of measurements pentat in the effluents from the chemical
industry are summarised.
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Table 3-6 : results of monitoring studies of wasteater effluents from chemical industry

Region / year Number of average highest average highest releases | Reference

positive concentration concentrations releases

1] [kg/d]

samples [ug/L] [ug/L] [kg/d]
Picardie, 29 27 239,120,110,100 0.030 0.271,0.135, DRIRE  Picardie,
France |/ 1992- 0.062, 0.043 1996
1998
Rhone-Alpes, 32 1243 35475, 1200, 815, 3.32 37.9,29.0,19.1, |INERIS, 1994
France / 1993 660, 650 18.9,0.34
(57 sites were
investigated)
Rhone-Alpes, 50 100 1088, 1078, 641, 1.49 38.9, 14.1,7.0,4.1, | INERIS, 2000
France / 1998- 602, 349, 266 042
1999
(58 sites were
investigated)
Franche- 1 59 - 15 - DRIRE  Franche-
Comté, France Comté, 1996
11993-1995
Poitou- 1 18 - 0.02 - DRIRE Poitou-
Charente, Charentes, 1998
France / 1996-
1998

[ When no concentration is available in the monitoring studies, it is not known whether chloroform was not analysed or whether the
concentration was below the detection limit.

Releases as high as 38.9 kg/d were measured. 8@npiéxr values would be approximately

10 kg/d. Even assuming that on-site biological tirest was performed, and using an

elimination rate of 85.6 % (cf. section 3.1.1.5&)elease into raw wastewater of respectively

278 and 69 kg/d can be estimated. This is highar the quantities estimated above with default

release factors. However results from this momgprprogramme could be considered as an

overestimation of a realistic situation for thed@ling reasons :

- It is not specified on the respective reports tvbechloroform was used as an intermediate
or as a solvent.

- ltis furthermore not indicated whether on-siEatment was performed or not.

The above calculated releases are therefore rdtéonéhe risk assessment.

3.1.1.2.2. Use as a solvent (life-stage 11b)

Non feedstock sales of 8,700 t of chloroform indp@an Union have been estimated for 2002
(Table 2-6). It is suggested that chloroform is mhaused as a solvent in the manufacturing of
pharmaceutical and chemical products by chemicalhggis. Each step of the manufacturing
process may be a source of chloroform emissions.
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3.11.2.21. Default release estimation

Default release estimates are given in table AGtbésic chemicals. The release factors during
this use are 0.5 to air and 0.4 to water (1,000Lmg¥ater solubility < 10,000 mg/L), vapour
pressure 1,000 Pa).

According to the Technical Guidance Document, 10%e total use volume i.e. 870 t/a would
be used in a region.

As for the local estimation, no details of tonnggeduced for individual sites are given. Then,
the default values from Table B3.2 will be usedsueing that the use is well spread over
Europe, for a yearly use of 870 tonnes it is assuthat the process occurs for 87 days in a unit
representing 40% of the main source.

Therefore the default release estimates are :

Local release : 174 t/a to air
139 t/a to wastewater

Regional release : 433 t/a to air
346 t/a to wastewater

Continental release : 3,900 t/a to air
3,120 t/a to wastewater
3.1.1.2.2.2. Industry specific release estimation

- Extraction in chemical and pharmaceutical industy

According to US-EPA, 1984, the magnitude of emissivaries widely among operations.
Therefore it is impossible to define specific enuesrates for various operations. In this
document, no information on water emissions is mgividowever, industry (ECSA, personal
communication, 2006) has provided some qualitatimformation from six European
pharmaceutical industries (location unknown) oreasés of chloroform. According to it,
guantity of chloroform in treated effluents relecide the sea never exceeds 0.5 mg/L and the
concentration of chlorinated solvent in untreatest@water is below 1 mg/L. Moreover, a plant
declared that concentrations of chloroform in effits are below the limit of detection (5 pg/L)
and another one stated that all the solvents anedrated.

As a matter of fact, the representativeness ofetldesa for all the European facilities cannot be
established and default values will be used inrislsassessment.

In US-EPA, 1984, it is roughly estimated that 1@&®£ghloroform used in this industry is emitted
to air. Releases to the air can be estimated witkehuse of 8700 t/a.

For local uses, emissions to air from 3 pharmacalfplants from European countries are
available for 2000 (CEFIC, 2001):

Table 3-7 : Emissions of chloroform to air from phamaceutical plants (kg/y)

Location 1998 1999 2000
France 3,060 1,620 187
The Netherlands 130 100 nd.
Spain nd. 2 3

nd.. no data available
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The yearly changes seem to show a continuing rextuat the French site, some reduction at the
Dutch sites and negligible emissions at the Spamisiithe local scale, the emissions reported
from these 3 sites are far below the estimated.ohles representativeness of these data is
however not established and the default valuesbeilbreferred.

- Use as solvent in analytical and research laboraiies

Releases of chloroform between 1 and 2 kg/a toaad about 1 kg/a to water have been
measured in a Belgian analytical and research dabiyr. These releases could be considered as
negligible.

- Aqueous effluent monitoring

A vast number of effluent monitoring was performedrrance over the last years. In Table 3-6
above, the results of measurements performed irefflents from the chemical industry are
summarised. Releases as high as 38.9 kg/d wereureda90-percentile values would be
approximately 10 kg/d. Assuming that on-site biataytreatment was performed, and using an
elimination rate of 85.6 % (cf. section 3.1.1.5&)elease into raw wastewater of respectively
278 and 69 kg/d can be estimated. Although thiswikh lower than the quantities estimated
above with default release factors the resultdisf tonitoring programme could be considered
as a “worst case situation” because :
- It is not specified on the respective reports tvbechloroform was used as an intermediate
or as a solvent. Therefore, chloroform concentratimight come from other releases than
the releases due to the specific use of chlorofasra solvent.

- It is furthermore not indicated whether on-sieatment was performed or not.

In comparison with the results of this monitorimpgramme, default releases estimates seem to
greatly overestimate the real situation. Howevetate@ into account a worst case situation, the
highest measured release into wastewater of 27@ gl be assumed on a local scale. The
regional and continental releases as estimatedeabibhbe retained:

Local release : 24.2 t/a to wastewater
Regional release : 346 t/a to wastewater
Continental release : 3,120 t/a to wastewater
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3.1.1.3 Unintended formation (life-stage III)
3.1.1.3.1. Losses as a by-product during chemicalamufacturing (life-
stage llla)

Chloroform is produced and emitted as a by-produtite manufacture of other chlorinated bulk
chemicals: ethylene monochloride (VCM), ethylenehtbride (EDC), trichloroethylene (TCE)
perchlorethylene (PCE) and other VC/PVC products.

3.1.1.3.1.1. Default release estimation

In Western Europe, ethylene dichloride (1,2-dichéthane) production was estimated to be
approximatively 11.6 million t/a in 2001 (ECSA, Benal communication, 2002). The
production of trichloroethylene amounted to 142,00@ in 2000 (ECSA, personal
communication, 2002), whereas perchlorethylene prasluced at a tonnage of 164,000 t in
1994 (E.C., 2003). The whole production of these 3 chited chemicals amounts to
11,906,000 t/a. The production volume of ethylermmachloride is not known.

The TGD does not foresee emission factors due batended formation. As this chloroform
formation is taking place in chemical synthesiscpdure, it seems appropriate to assume the
same emission factor as those for production ofmeted used in synthesis. 1,2-dichloroethane is
mainly used as chemical intermediate in the manufacof polymers. As this compound is
representing 97.4% of the whole production of 18,000 t/a, release factors due to production
of chemical intermediates will be considered (tahle.2, Main Category 1b). As chloroform has
a vapour pressure of 20,900 Pa, the emission faater: 0.01 to air and 0.003 to water.

The production of tri- and tetrachloroethylene ohbppens at a few locations, but there are
more than 29 companies in Europe producing EDC raady other plants are involved in
VC/PVC productions. Therefore, the 10% rule is sggpbnd a production of 1,190,600t/a will
be used as input in the B-table. Then, for thellesimation, a fraction of main source of 0.5
and a duration of production of 300 days/year ballused (Table B1.6).

The releases of chloroform can then be evaluated :

Local release : 5,953 t/a to air
1,786 t/a to wastewater

Regional release : 11,906t/a to air
3,572 t/a to wastewater

Continental release : 107,154 t/a to air
32,146 t/a to wastewater

3.1.1.3.1.2. Industry specific release estimation

Chloroform is a by-product of EDC in the oxychlaiion step. Some goes to the quench water,
whence it is removed by stripping, some stays endfude EDC. Chloroform and EDC are then
separated in the EDC purification.

No emission limit is specified for chloroform inetliegulations for PVC production from EDC
and vinyl chloride (or ethylene monochloride, VCMJhloroform is regulated as part of the
chlorinated hydrocarbons emitted. It is the sametli@ industry Charter on environmental
emissions from the European PVC production unitsickv does not state a specific limit for
chloroform but has a primary objective to reduceCEihd VCM emissions.

Tetrachloroethylene (PCE) and Trichloroethylene EJCare produced separately or as
coproducts by either oxychlorination of EDC or ot chlorinated hydrocarbons.
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Emissions to air :

US-EPA, 1984 reported uncontrolled emission factorair of 1.77 kg of chloroform per tonne

of EDC formed. This data has been obtained by gddmission factors calculated for each
process vent associated with EDC production. HowedMants may incinerate vent gases and
reduce their chloroform emissions by 98 percenis €mission factor of 1.77 kg/t to air is then a
highly worst-case situation. Furthermore, it carabsumed that production processes have been
improved since that time. In comparison, a DutchCADCM plant reported in 1998 an emission
of 3.6 g chloroform plus tetrachloroethylene pam® VCM (EU IPPC draft dated December
2000). Using this emission factor to a total EDGdurction capacity of 11,600,000 t/a, the total
emission due to EDC production is calculated tdb&a.

On the other hand, one facility that produced peroethylene (PCE) by EDC chlorination
calculated an emission factor to air of 3 kg ofocbform per tonne perchlorethylene produced
(US-EPA, 1984). This figure is old and one can assthat production facilities improved their
processes since that time. According to informatioade available by ECSA, there was a
significant reduction in chloroform emissions betwel 985 and 1999 both due to a decrease in
use/import/production of such products between 1898 1999 and a significant reduction in
emissions. Emission data from about 80 Europeantplaf Euro Chlor member companies
among which all major European PVC and chlorinagelyents (PCE, TCE, chloromethanes)
producers reported a reduction in air emissionhddroform from 1985 to 1997 by a factor of
four to 426 t/lyear (ECSA, Personal CommunicatiodQ0Z). We will therefore consider that
chloroform releases due to PCE production is 25@oréheases reported in 1984 by US-EPA.
PCE and trichloroethylene (TCE) are produced séglgrar as coproducts by either chlorination
of EDC or other ¢ chlorinated hydrocarbons. The same value of Og%ds tonne produced
will be considered in the risk assessment for I8 and TCE in the absence of any other data.
However, in Europe, only one producer is manufanguPCE and TCE from ethylene dichloride
which could give rise to emissions of chloroformCEA, personal communication, 2002). A
trichloroethylene production site ranges typicalffom 1,000 to 50,000 t/a whereas
tetrachloroethylene plant capacities vary and mtbe range of 10,000-50,000 tonnes per annum
(E.C., 2001b and E.C., 2001a). Considering thatitgkest European TCE / PCE from ethylene
dichloride production capacity would be 100,000 tédeases of chloroform are estimated to be
75 t/a on local scale as well as on regional scale.

In conclusion, total European releases of chlorofdo air due to EDC, TCE and PCE
productions could be estimated to 117 t/a. Thiarégis consistent with the total emissions of
Euro Chlor members reported for 1997 : 426 t/a (ECfersonal communication, 2002). A
production of 300 days per year will be considefedthe manufacture of these chlorinated
compounds. Applying the 10% rule, a fraction of maource of 0.5 is applied to EDC
production. For TCE / PCE production, as only oteis considered, the total production at this
site will be considered for the local and regioneleases estimations. The releases for the
different scales are :

Local release : 77 t/ato air
Regional release : 79.2 t/a to air
Continental release : 37.8 t/ato air
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- Air monitoring

Emissions of chloroform during VC/PVC productioressb been reported for 2 European plants,
with a capacity ca 350,000 t/a each, ranging frot@®5 t/a (CEFIC, 2001).

Releases seem to be fluctuating depending on tn&rgo on the year and on the period when the
incinerators are out of service. As a matter of,ftlte representativeness of these data is not
established. Then, the calculated values basetieDuatch plant emissions and the “modified”
US-EPA emission factor (section 3.1.1.3.1.2) wdlgyeferred in this risk assessment.

Emissions to water :

The OSPAR Decision 98/4 that will apply to existipignts as from January'12006 gives an
overall limit value for discharge of chlorinateddngcarbons to water at 0.7 g/tonne of EDC
purification capacity. As this information is oniglated to VCM production plants in a future
regulation, we will consider a 10 fold higher enussof chloroform to water due to the
11,600,000 t of EDC produced per year.

Besides, in a "Best Available Techniques" (BA@ocument related to VCM manufacturing, the
emission limit for chloroform in water is set tomg/L before biological treatment, if any. A
wastewater stream assumption of 1% MCM will lead to an amount emitted below 1.5 ¢EM
when using Best Available Techniques. As this imfation is only related to VCM production
plants in a future regulation, we will considerGafald higher emission of chloroform to water due
to TCE / PCE productions on a 100,000 t produgtiant.

The total releases calculated with these data.i& 2 A production of 300 days per year will be
considered for the manufacture of these chlorinatedpounds. Still applying the 10% rule for
EDC production facilities, a fraction of main soeiraf 0.5 is applied. For TCE / PCE production,
the total production at one site (100,000 t productapacity) will be considered for the local
and regional releases estimations. The releaséldatifferent scales are :

Local release : 5.56 t/a to wastewater

Regional release :  9.62 t/a to wastewater

Continental release : 73.1 t/a to wastewater

- Aqueous effluent monitoring

A vast number of effluent monitoring was performed-rance over the last years. In Table 3-6
above, the results of measurements performed ireffligents from the chemical industry are
summarised. The origin of the detected chlorofoemnot specified. Therefore, chloroform
concentrations might come from other releases thameleases due to the manufacture of other
chlorinated bulk chemicals. It is furthermore notlicated whether on-site treatment was
performed or not. Releases as high as 40 kg/d wexsured. 90-percentile values would be
approximately 10 kg/d. Even assuming that on-sitdogical treatment was performed, and
using an elimination rate of 85.6 % (cf. sectiod.B.5.2), a release into raw wastewater of
respectively 278 and 69 kg/d can be estimated. iEhisf course higher than the quantities
estimated above with the release factor of 7 ang/tl&hlorinated compound.

Emissions of chloroform during VC/PVC productioresva been reported for 5 European plants
of which 3 represented a total capacity of 775 08(CEFIC, 2001):

5 Best Available Tecniques (BAT) are reference doemtsi describing materials, products,
technology and management systems for chlorofoodymtion.
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Table 3-8 : Emissions of chloroform to water as aysproduct of VC/DCE production processes (kg/d
assuming a production of 300 d/year)

Site 1998 1999 2000
K 0.50 0.49 nd
L 0.14 0.01 nd
M 0.06 0.05 0.06
N 0.32 0.22 0.15
0 nd nd 0.57

nd: no data available

Releases of chloroform to water from EDC/VCM prditut plants before treatment is ranging
from 0.05 to 0.6 kg/d. These emissions are muchetotian the above estimated figures.
However, as these figures are representing less20% of the European production facilities by
number and less than 10% of the European producagpacity, they will not be considered as
representative for all the European situationse 3¢enario with the estimated releases based on
the OSPAR decision and on the BAT document is th&ined in the risk assessment.

3.1.1.3.2. Water chlorination (life-stage Il1b)

Chloroform may be produced by the aqueous reactibrchlorine with various organic
compounds in water. Chloroform is however scaroadasured in chlorinated waters. Integrated
parameters like Total Residual Chlorine (TRC, idahg inorganic and organic chloramines) or
Total Residual Oxidants (TRO, collection of reaetivalogenated species) are rather measured
for analysis methods convenience.

3.1.1.3.2.1. Drinking water

Chlorine tends to react with natural organic matesuch as resorcinol-type phenols or alpha-
methyl ketones, present in raw water, to produde-beganic compounds, the most prevalent of
which is chloroform. Chloroform production seemsh higher in summer due to increased
reaction rates at the higher temperatures. Thdgspite the lower levels of humic material in the
water compared to winter.

The amount of chloroform can be minimised by cdhbg the pH in the treatment works.
Ozonation used as a pre-treatment proved also tséfel for reducing disinfection by-products,
especially trihalomethanes (Chaetgal., 2002). However, effective removal of algae cplier

to ozonation is necessary because algae can adgetriignificantly to the formation of
disinfection by-products (Plummer and Edzwald, 200here are alternative disinfectants such
as chlorine dioxide, ozone and chloramines whichnailead to chloroform formation but it is
not known to what extent, if any, these have regdacchlorine (Building Research
Establishment, 1994).

In their study, Gallard and von Gunten, 2002 ingeséd the kinetics of chlorination and of
Trihalomethanes formation. Four types of Europeatunal waters were treated with chlorine
dioxine and ozone to yield a final concentratior2afpuM, which is a typical dose for drinking
water treatment. Trihalomethanes were then slowddyced during 3 weeks until a plateau was
reached to 194 ug/L for chloroform. This concemratould be considered as an upper limit of
chloroform in drinking water because the experirakptocedure for chlorinated water sampling
was conducted in order to avoid any volatilisatdrihalomethanes during the reaction time.
The authors could also determine a linear relatign®etween trihalomethanes and chlorine
demand: 0.029 mole of chloroform was formed perenodichlorine consumed.
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In another French study on trihalomethanes conatoiis in distribution networks with varied
treatment processes, chloroform concentrations fddrto 60 pug/L were measured on different
points of the network (AGHTM, 2001). These measwei® are consistent with the "worst case”
scenario presented below.

In the EU risk assessment of sodium hypochloriteC(E2002), chloroform concentration in
drinking water due to hypochlorite application weported to be in the range of 11.7 — 13.4 jig.L
These values are consistent with the results giriag@ous French study.

US-EPA, 1984 assumed that chloroform produced inkolrg water is transferred to air from
leaks in the distribution system and during usehds been estimated that around 0.041 kg

chloroform/16L drinking water treated are produced, assuming #flaof the chloroform in
drinking water evaporates from the distributiontegs and during use. In this risk assessment,
we will assume that chloroform produced in drinkimgter is mainly transferred to air and the
releases due to drinking water treatment will besadered only for the air compartment.
Considering the mean per capita consumption irEldeof 200 L/day, 364 millions inhabitants
(proposed parameters for the continental estimatioRhGD, Annex Xll, p. 503), and a worst
case chlorination of 100 %, total chloroform enossdue to chlorination of drinking water can
be estimated to be 1,089 t/a.

At the regional scale, the TGD suggest a model @@mmillions inhabitants. The regional input
would be 59.9 t/a.

Regional release : 59.9 t/a to air
Continental release : 1,029 t/a to air

3.1.1.3.2.2. Municipal wastewater

Chlorine and the chlorine-containing compoundscioat and sodium hypochlorite, are used
sometimes in the EU to disinfect municipal wast@wdefore it is discharged to surface water.
The amount of chloroform formed is much smallentki@e amount formed during the treatment
of drinking water because of a lower concentradbhumic compounds.

An emission of 0.014 kg chloroform/AGvastewater discharged has been estimated (US-EPA,
1984).

Unlike for drinking water, it is assumed that théseno distribution system that would allow
chloroform to evaporate from the disinfected wastigw Then it can be admitted that all the
chloroform is discharged in the receiving surfacten.

Assuming on the one hand that the whole consumptidtimes are treated and discharged to
surface water and on the other hand that all mpaigewage treatment plants in the EU treat
their effluents with chlorine, the chloroform emas due to chlorination of wastewater can be
estimated:

In Europe, with 364 millions inhabitants, chlorafoemission due to chlorination of wastewater
could then be estimated to be 372 t/a to water.

The amount of wastewater discharged at the regieoale is estimated to be 20.4 t/a for
20 millions inhabitant at the regional scale.

Regional release : 20.4 t/a to surface water
Continental release : 352 t/a to surface water

3.1.1.3.2.3. Swimming pools

Water used for filling swimming pools does not @ntenough haloform precursors to account
for chloroform emissions. However the users camtp ithe pools enough organic matter to
explain chloroform formation.
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Kim et al., 2002 examined the formation of disinfection bggucts by the chlorination of the
materials of human origin in a swimming pool modsistem using two types of water:
physically treated surface water and groundwatenoAg the disinfection by-products formed,
chloroform was a major compound in both ground simdace waters. After 72 hours reaction
with different materials of human origin, chlorofioraverage concentration ranged between 12 to
76 pg/L. A longer reaction period (72 h instea®4th) or a higher content of organic materials
led to increased formation of disinfection by-protu Then the authors suggest that in order to
keep the disinfection by-products in chlorinatedinsming pools at minimum levels, some
mitigation measures such as frequent water chandecaculation of pool water through an
appropriate filtering system need to be taken.

Chloroform is found both in air and water from th@imming pools that are supposed to be
opened 300 days/year.

Releases to air :

Total releases of adsorbable organohalides (AOXE Hzeen estimated for indoor swimming
pools in France (Legubet al., 1996) 1.4 to 1.8 t/a to air

In France, there are about the same number of ingl@imming pools (1600-1800) as outdoor
swimming pools (1900-2100). It is often admittecttioutdoor swimming pool water contains
higher concentration of AOX than indoor swimmingopavater. As no data could be found to
check this assertion, a total release of 3.6 t/airtavill be considered in France. This quantity
represents the releases of 56.8 million inhabitami$ the total EU releases are calculated for
364.32 million inhabitants. It has also been ediahat trihalomethanes (including chloroform)
represent 5 to 10% of adsorbable organohalidesigusiworst case of 10 % chloroform in AOX,
the total releases of chloroform to air due to swing pool disinfection processes would be
2.3 t/a. Regional releases are calculated to be dfOf#te total with 20 million inhabitants on the
regional scale.

Releases to water :
Total releases of adsorbable organohalides (AOXE Heen estimated for swimming pools in
some European countries (Legudbal., 1996) :

France 10 t/a
Germany 30 t/a
Netherlands 9t/a
Spain 35.5t/a

This estimation does not take into account prigatanming pools. As the four above countries
represent about 50% of the European populationotiaé EU releases of AOX to water could be
evaluated to 169 t/a.

It has also been estimated that trihalomethanesufimg chloroform) represent 5 to 10% of
adsorbable organohalides. Using a worst case dfoléhloroform in AOX releases, the total

releases of chloroform in water due to swimminglpdisinfection processes would be 17 t/a.
Regional releases are calculated to be 10% obthéreleases with 20 million inhabitants on the
regional scale.
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To summarize :
Regional release :  0.230 t/a to air
1.7 t/a to wastewater

Continental release : 2.1 t/a to air
15.3 t/a to wastewater

3.1.1.3.2.4. Cooling water

Cooling water in power plants and other industpiacesses are disinfected to prevent the heat
exchange and condensing tubes becoming fouled,hwhkauld reduce their efficiency. When
chlorine is used in these disinfection processdsraform might be generated. A “once-
through” cooling system is reported to emit 0.41ckdproform per 1dlitres of cooling water
whereas cooling systems where the water is recyobedd emit to the atmosphere 2.3 kg of
chloroform per 1Blitres of cooling water plus 0.75 kg in effluergrpl@ litres of cooling water
(US-EPA, 1984). In France, chlorine is no more ugedooling systems of power plants
(personal communication). Monochloramine is nowduse place of chlorine. Chloroform
concentrations in cooling waters of power planesaways below the detection limit (1 pg/L). It
iIs not known how many other industrial processes il using chlorine in Europe to treat
cooling water.
Typical concentrations of chloroform in cooling watvere reported in the EU risk assessment
of sodium hypochlorite (E.C., 2002): 2.3 — 22.91y.However, a proportion of these cooling
waters might be treated through wastewater treatpiants before release into the environment.
In the United States, it was suggested that appravaly 70% as much chloroform is released
from cooling and other water treatments as fromking and wastewater treatments (Aucstt
al., 1999). Assuming that a similar proportion is gdr Europe, the following releases could
be estimated :

Regional release : 41.9 t/ato air

84.7 t/a to wastewater

Continental release : 720 t/a to air
1,458 t/a to wastewater

3.1.1.3.3. Other releases

A vast number of effluent monitoring was performadFrance over the last years, revealing
chloroform concentrations in effluents from a langember of industrial branches. In the
following table, the results of measurements pertat in the effluents from different industrial
branches are summarised. It is not indicated inrélspective reports whether on-site treatment
was performed or not.
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Table 3-9: Results of monitoring studies of wastever effluents from different industrial branches,

except chemical industry

Region / year Number of average highest average highest releases Reference

positive concentration concentrations releases

samples® [ke/cl]

[ug/L] [wg/L] [kg/d]

Surface treatment & metal processing
Picardie, France / 33 2215 5200; 490; 390; 0.002 0.014;0.013; DRIRE Picardie,
1992-1998 140 0.013;0.01; 1996
Rhéne-Alpes, 10 45 140; 103; 90 0.002 0.007; 0.005; 0.002 | INERIS, 1994
France /1993
Rhéne-Alpes, 35 45 341, 270; 160; 150 0.005 0.07; 0.017; 0.016; INERIS, 2000
France / 1998- 0.012
1999
Franche-Comté, 10 73 350; 95; 90 0.109 0.99; 0.02; 0.02 DRIRE Franche-
France | 1993- Comté, 1996
1995
Poitou-Charente, 4 195 54 0.003 0.005 DRIRE Poitou-
France /| 1996- Charentes, 1998
1998
Textile industry
Picardie, France / 20 16.8 95;47; 35 0.014 0.09; 0.03; 0.025 DRIRE Picardie,
1992-1998 1996
Rhéne-Alpes, 3 34 73 0.026 0.045 INERIS, 1994
France /1993
Rhéne-Alpes, 6 46 16 0.006 0.01 INERIS, 2000
France / 1998-
1999
Poitou-Charente, 1 4 - 0.006 - DRIRE Poitou-
France | 1996- Charentes, 1998
1998
Other, e.g. food industry, paint industry, electronics industry, polymer industry, etc
Picardie, France / 33 11 185; 79; 14; 11 0.014 0.28;0.1; 0.015; DRIRE Picardie,
1992-1998 0.013 1996
Rhéne-Alpes, 9 92.6 420; 325 0.042 0.28; 0.05 INERIS, 1994
France /1993
Rhone-Alpes, 17 3.1 14;13.6; 11 0.002 0.009; 0.006; 0.005 | INERIS, 2000
France / 1998-
1999
Other, e.g. food industry, paint industry, electronics industry, polymer industry, etc (continuation)
Franche-Comté, 2 275 49 <0.001 - DRIRE Franche-
France |/ 1993- Comté, 1996
1995
Poitou-Charente, 5 852 3600; 600 0.004 0.01; 0.06 DRIRE Poitou-

France | 1996-
1998

Charentes, 1998

6 When no concentration is available in the momigrstudies, it is not known whether the

substance was not analysed or wheher the condentveds below the detection limit.
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While most releases are directly to surface waeme results are related to effluents that are
transferred to municipal STPs. Although very higimeentrations (up to 5,200 pug/L) have been
measured in some effluents, the actual quantieésased are rather low (maximum 1 kg/d;
maximum average: 0.1 kg/d). The total releasesitiase water based on the results in Table 3-9
can be estimated at approx. 2.2 kg/d (keeping timdy most recent measurements from the
Rhéne-Alpes region).

The origin of chloroform in these effluents is ratown. For surface treatment and metal
processing, one could imagine that chloroform waeduas degreasing agent, especially for those
measures performed before 1998 when the use agreadeng agent was still allowed. For the
textile industry, the releases could be due toube of chlorine or sodium hypochlorite as a
bleaching agent. In the food industry, the releasedd be due to disinfection operations with
sodium hypochlorite. The origin of the releasesnfrother industrial branches could not be
explained.

Based on the results in Table 3-9, a representatimest-case release into surface water of
0.1 kg/d could be chosen. Only 3 higher valuesobdi88 were determined. It is furthermore not
indicated whether on-site treatment was perfornreabt. Even assuming that on-site biological
treatment was performed, and using an eliminatate of 85.6 % (cf. section 3.1.1.5.2), a
release into raw wastewater of respectively 0.d kgh be estimated. The number of inhabitants
in the regions covered by the monitoring studie®amed to 10.26 million in 1999 (INSEE,
2000), including the highly industrialised regioh Rhéne-Alpes. The overall releases could
therefore be used for a regional input in the EUSERIel. Some releases identified in the
monitoring program might though already be covepgdestimations made above. Assuming
again on-site treatment and using an eliminatio® 0&85.6 %, the regional releases from other,
not further defined, uses or transformation proegsgould be 15.3 kg/d.
In summary:

Regional release : 5.58 t/a to wastewater

Continental release :41.9 t/a to wastewater
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3.1.1.3.4. Pulp and paper bleaching (life-stage 1)

Chloroform is produced as a by-product during thkgdification of wood and other cellulose
pulps and the bleaching of paper by chlorine. Otfdorine-containing oxidants used in these
processes such as chlorine dioxine (§l&@so generate chloroform (Aucettal., 1999). Based
on chlorine production capacities and chlorine propn used for pulp and paper manufacture,
chloroform emission factors were derived for West&urope (Switzerland + 15 European
countries). The calculation is taking into accotlm@ conversions of many mills to chlorine free
paper manufacture. The emission factor is estim&ed.025 g CHGlkg-! pulp and paper
(Aucottet al., 1999).

In the EU risk assessment of sodium hypochlorités assumed that 50 kg NaCLO is used to
bleach one tonne of pulp (E.C., 2002). AssumingNa®CI-AOX conversion of 10%, a 50%
removal of AOX formed and a chloroform content @4 in AOX is giving a chloroform
production ratio of 250 g CHgkg-' pulp, which is higher by a factor of “.than the previous
estimation by Aucotet al., 1999. However, as the proportion of paper mariufag plants
using bleaching process is not known, the previmisnated factor of 0.025 g CH®Mg-" pulp
will be used and applied to the European paperyntooh.

Using the global production figures of paper (88.6210 t in 1999) and pulp (34.879 x 40in
1999) in Europe plus Switzerland (CEPI, 1999),|to#beases of chloroform due to this industry
is derived:

Total EU releases: 2,900 t/a

The U.S. Toxic Release Inventory (TRI) reported @90 a total release of chloroform into the
environment of 9,970 t of chloroform from paperpoitp manufacturing facilities. 2.6 % of these
releases were transferred to sewage treatmens@adt0.49 % to non incinerating treatment or
disposal facilities, including ponds and lagoons. these non incinerating treatments might
ultimately attain the atmosphere, we will consideat only 2.6 % of the global releases of
chloroform will be released to wastewater and thmaining 97.4 % will be released to the
atmosphere. The specific scenario on pulp, papehaard industry from TGD will be used to

assess releases into the environment :

Regional release : 282 t/a to air
7.54 t/a to wastewater

Continental release : 2,542 t/a to air
67.9 t/a wastewater

High effluent concentrations have been found, u@26 pug/L in France corresponding to an
annual release of 101 kg/a (INERIS, 1994), andoup33 ug/L even after treatment (US-EPA,
1980 cited in Building Research Establishment, 1994

It is not known to which extent these figures apresentative of other paper mills. There are
moreover various processes for paper and pulp llegicThe above calculation will be retained
in this risk assessment.

3.1.1.35. Atmospheric reaction of high tonnage abiinated solvents

Photolysis of trichloroethylene and reaction ofghdoroethylene with hydroxyl radicals may
produce chloroform. No details have been foundhendonditions in which these processes are
supposed to occur.

Trichloroethylene and Perchloroethylene are maielgased to the atmosphere during their use.
According to the corresponding EU risk assessménttriohloroethylene (E.C., 2001b),
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dichloroacethyl chloride can result from chlorinadical reaction with trichloroethylene.
Chloroacetyl chloride then reacts further to formhocoacetic acids. However, the initial reaction
of chlorine radical with trichloroethylene only acmts for about 3% of trichloroethylene
degradation in air. In fact the other main degradaproducts of trichloroethylene in air are
formyl chloride and phosgene.

Some authors argued that the formation of differenbducts depends on the relative
concentrations of hydroxyl radicals and chlorinenad.

However, it does not seem that chloroform is a maproduct of degradation of
trichloroethylene.

In the same way the main products formed througfradtation of tetrachloroethylene are
phosgene, trichloroacetyl chloride, hydrogen cllericarbon dioxide and carbon monoxide.
Chloroform may be formed too but it does not beltmthe major reaction products.

In a recent study, the possible role of perchldrgene (PCE) in respect of high levels
trichloroaceticacid (TCA) was investigated in fdre®ils in mountainous regions of Central
Europe (ECSA, 2003). In the scope of this projedtloroform concentrations were also
measured in air to account for the photochemicdiviac and to investigate degradation
processes. During the 6-months site survey, TCAceomation in all soil horizons declined
more or less exponentially while PCE concentratiothe atmosphere first increased and then
decreased (see Figure 3-1). Atmospheric chlorofmntentration measured at 40-60 cm above
the forest soil varied around 0.10 pgd/fsee Figure 3-2).

Figure 3-1 Ambient average PCE concentrations permsnpling period
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Figure 3-2 Ambient spatial average chloroform comicgions per sampling period

0,15 -
0,14 ___c
0,12 ____,,ﬁr-"" h‘“‘a.
0,10
008
0,08
0,04
002 -
0,00

o
4\
\
/
{

Chlorofrom in air [ug/im3]

aug sep oct nov dec
Period [manth]

Increases of chloroform concentrations over 0.20mfigvere observed during the autumn in

some sites. However, this observation could ndirtked to TCA concentrations. It is therefore

suggested that atmospheric chloroform concentratadoove forest soils are mainly expected to
be chlorination products of humic acids (naturalgeisses).

In conclusion, releases of chloroform due to thegraeation of tricholoethylene and
perchloroethylene will be neglected in the absesfany details on the conditions in which this
way of degradation prevails.

3.1.1.3.6. Vehicle emissions

As a result of the decomposition of 1,2-dichloraeit added to fuel as a lead scavenger, exhaust
emissions from vehicles may release chloroform iinéoatmosphere. Chloroform levels in vehicle
exhaust have been measured in the United States €ar using unleaded gasoline chloroform
levels about 0.32 — 0.44 pgirhave been reported in 1977 (Building Researchbistenent,
1994). There are chances that vehicle exhaustactkéstics are markedly different nowadays and
in European countries. Therefore these data cdrenosed for the risk assessment.

3.1.1.3.7. Landfills and incineration processes

Chloroform could be measured in gases from larsdfith air above waste sites containing
hazardous products and in exhausts from wastewsfaidge incinerators.

In a recent study, the formation of chlorinated fogdrbons from the reaction of chlorine atoms
with carbon at temperatures as high as 200°C wassiigated (Khachatryan and Dellinger,
2003). The results have shown that carbon tetradelos the major product with chloroform,
methylene chloride and methyl chloride being fornreg@rogressively decreasing yields. These
findings also proved that chlorinated hydrocarbmetuding chloroform may be forming in the
post combustion cool-zone regions of combustorsreviteey can be emitted without being
exposed to destructive conditions.

Chloroform measurements at the exhausts of indimesrare generally not performed but some
specific values were found : in the Netherlands,@mission of chloroform from waste disposal
was 1.05 t/a to air in 1999 (personal communicati@mloroform was measured in the emission
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of a municipal waste incineration plant at a comgion of 2.0 pg/r(Jay and Stieglitz, 1995).
Due to the specificity of each site and to thedapiolution of incineration processes, it does not
seem possible to extrapolate the data for the Eampountries.

3.1.1.3.8. Natural sources

According to some authors, the observed globalrofdom burden can not be fully explained by
industrial releases (Building Research Establishm&894). Natural source of chloroform
should be considered as well.

Many studies were conducted to assess the globadsgheric chlorine cycle and the role of
natural processes. To address this issue, emissidh& major reactive chlorine species in the
troposphere were calculated. Four major sources veensidered: oceanic and terrestrial
biogenic emissions, sea-salt production and deiclatbon, biomass burning, and anthropogenic
emissions (industrial sources, fossil-fuel comtmrsand incineration).

According to Keenet al., 1999, the major global sources for troposphenioroform would be
direct emissions from the surface ocean, soilsfandi, although biological processes are not
well defined (Keeneet al., 1999). Estimated emissions from anthropogenicrcasuwould
account for only about 10% of the total emittedrirall sources. However, there is still a large
inconsistency between the estimated sources akd, gpartly due to sparse observational data
currently available.

Although there are very few data for concentratiohshloroform in seawater, these data show a
supersaturation suggesting that the oceans arereesof chloroform to the atmosphere. Using a
standard model for the exchanges of gases betweeanoand the atmosphere, an oceanic
emission is estimated to represent half of thd tdtlroform emissions (Khalgt al., 1999).
Natural production associated with the oxidatiomatthyl chloride produced by algal activity is
also mentioned by other authors (Nightingalel., 1995 in Environment Canada and Health
Canada, 2000). Coastal areas were specificallystigaged for chloroform natural emissions.
Some algae species were found to release “signtfic@uantities of chloroform (up to 2,400
ng.g'.h'EuroChlor, 2002). Although some authors tried tdcwate the global flux of
chloroform from sea shore, they recognized it wagpidcal (Nightingaleet al., 1995 in
EuroChlor, 2002). However, the real contributiortted natural process in the global chloroform
flux is not known. The supersaturation of chlorofioin seawater is therefore not explained and
there is no evidence that oceanic emission is amsajurce for chloroform concentration in the
atmosphere.

Besides, global chloroform emissions from biomasming have been quantified and it was
estimated that the amounts emitted from fires sgreed only 0.4% of their global source
strengths (Lobertt al., 1999).

Finally it is also suggested that chlorination ofl organic matter is one possible source of
chloroform. Several pathways were suggested fofaimeation of chloroform above soils (Frank
et al., 1989):

(a) wet deposition of airbone trichloromethan,
(b) reaction with chlorocarbon precursors (e.gatgdtloroethylene),

(c) chlorination of humic acids in soil and emissto air.

(a) With a Henry’s law constant of 275 Pamol* at 20°C, chloroform is unlikely to contribute
to wet deposition. Some experimental studies on degtosition of chlorinated hydrocarbons
confirmed that this phenomenon is not an imporfamicess that could explain chloroform
formation in soils (Frankt al., 1989, ECSA, 2003).
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(b) In a recent study (ECSA, 2003), chloroform antcations in the atmosphere at approx. 40-
60 cm above 18 forest soils were measured for abtims period (august to december 2002).
Test sites with high trichloroaceticacid (TCA) lé&vevere chosen in South —Western Germany
and Eastern France. The study was performed tomexfhe possible role of Perchloroethylene
(PCE) in respect of high levels of trichloroacetida However, chloroform concentrations were
measured to investigate the photochemical actigitythe atmosphere in TCA degradation
processes. Results indicated an average chlorofomsentration at 0.1+ 0.02 pg/m. This
concentration was stable except in three test gitere the concentration increased over 0.20
ng/nt during the autumn. However, these concentratiomsldc not be correlated to the
concentration of other chlorinated hydrocarbonsicaihg that reaction with chlorocarbon
precursors is not an important process for the &bion of chloroform in soils. The results of this
study are not in accordance with a previous studyaselmanret al., 2000b in ECSA, 2003:
the rate of chloroform production in laboratory ddaimons was doubled by spiking the soils with
trichloroacetic acid. These chemical processes tmiigh highly dependent to environmental
conditions.

(c) Finally, the source of chloroform in soils aatinospheric air above soils could be explained
by the microbially induced halogenation of orgamatter in the upper soil layers (Laturrets
al., 2000). Khalil and Rasmussen, 2000 measured dblono emissions from five soils
representing different ecosystems. Emissions rariged O (arctic gras, crops in China) to
52 pg/nt/d, with a middle value of & 4 pg/nf/d. As the scale of values is extensive and none of
the five ecosystems was taken from a European@mwient, it is not possible to extrapolate the
data for Europe. Other studies showed that chlomfwas mainly emitted by soils that contain a
humic top layer or are covered by wood chips. la study by Hoekstrat al., 2001, wood
degrading areas and soils with a humic layer wewad to emit up to 1,000 ng CHGh?.h*

and seemed to be the largest chloroform sourcestbeeother studied areas. However, above
canopy, all concentration gradients indicated dijpos Other studies reported highly variable
rates: 0.1 to 4 pg.tfad’ in Danish forest soils (Haselmasnal., 2000b). Results from the same
group indicated an expected flux of 12 pg.dt (Haselmanret al., 2000a).

As these processes seem to be highly dependemvimoranental conditions, the derivation of
the global contribution of these natural procedseschloroform concentrations in air and in
soils would need specific measurements all ovepjaean ecosystems. With a great uncertainty
in extrapolation of a median emission value, Khetlifdl., 1999 estimated that chloroform land-
based biogenic emission could represent betweend&¥60% of the global emission. At the
moment it is not clear whether or not soils in temnape zones contribute significantly to the
atmospheric burden.

In conclusion, although one cannot deny that clitwrno might be released by natural processes,
the global contribution of these phenomena to dfitbm emissions to the air and the terrestrial
compartments cannot be assessed. All availabléestade actually giving empirical calculations
based on specific measurements. Therefore, naomakions of chloroform will be neglected in
this risk assessment.

3.1.14 Summary of release estimates

In the following table, all releases based on thesa@lerations above are presented.

In the Netherlands, the emission to air of chlonofdrom the industry was 41.2 t/a in 1999
(personal communication). This value could be camxbdo the regional emissions that were
calculated for industrial activities. Dependingtbe activity, industrial releases are ranging from
4.35 to 515 t/a (Table 3-9). Emissions from thehddands are right in the range of these
calculated values. However, it is not known to \mhiodustry the Dutch releases are coming
from.
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Table 3-10 : Summary of environmental release estiates for chloroform

Life cycle stage

Comment

Estimated local release

Estimated regional release

Estimated continental release

Production

Site A

0.052 kg/d to wastewater
83.7 kg/d to air
365 d/a

5.1 t/a to wastewater

30.5 t/a to air

7.74 t/a to wastewater

29.7 tla to air

Site B

0.014 kg/d to wastewater
0.036 kg/d to air
365 d/a

Site C

2.5 kg/d to wastewater
7.2 kg/d to air
300 d/a

Site D8

0.32 kg/d to wastewater
45.3 kg/d to air
365 d/a

Site E9

35.3 kg/d to wastewater
31.9 kg/d to air
365 d/a

Site F

0.98 kg/d to wastewater
21.6 kg/d to air
365 d/a

7 Releases to wastewater are calculated using emsssbm section 3.1.1.1.2 and 85.6% removal

8 Releases of chloroform considering a simultan@ooguction of chloroform and HCFC 22 at the localle

9 Releases of chloroform considering a simultangooduction of chloroform, HCFC 22 and dyes / pédéis at the local scale
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Life cycle stage

Comment

Estimated local release

Estimated regional release

Estimated continental release

Site G

7.53 kg/d to wastewater
3.7 kg/d to air
365 d/a

Site H

10.1 kg/d to wastewater'0
0.14 kg/d to air
365d/a

Site |

0.074 kg/d to wastewater 10

2.44 kg/d to air
365 d/a

Site J

0.28 kg/d to wastewater
63.6 kg/d to air
365 d/a

Releases from uses

Use as an intermediate Use for HCFC 22| 7 kg/dto wastewater 2.1 t/a to wastewater 6.9 t/a to wastewater
production 81.7 kg/d to air 245 t/a to air 805 t/a to air
300 d/a
Use for dyes and |35 kg/d to wastewater 16.8 t/a to wastewater
pesticide production 25kg/d to air 12 t/a to air
144 dfa
Other applications 33.2 kg/d to wastewater 39.8 t/a to wastewater
23.7 kg/d to air 28.4 tla to air
300 d/a

10 Releases to wastewater are calculated using emssgom section 3.1.1.1.2 and 85.6% removal
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Life cycle stage Comment Estimated local release Estimated regional release Estimated continental release
Use as a solvent Extraction solvent in | 278 kg/d to wastewater 346 t/a to wastewater 3,120 t/a to wastewater

chemical and |, 406y to ai 433 Yato air 3,900 Ya to air

pharmaceutical

industry 87 d/a
Unintended formation
Losses as a by-product during chemical | Industry  specific | 18.5 kg/d to wastewater 9.62 t/a to wastewater 73.1 t/a to wastewater
manufacturing release estimation 257 kg/d to air 792 tia to air 37.8t/ato air

300 d/a

Water chlorination Drinking water

negligible to wastewater
59.9 t/a to air

Negligible to wastewater
1,029 t/a to air

Municipal
wastewater

20.4 t/a to surface water

negligible to air

352 t/a to surface water

negligible to air

Swimming pools

1.7 t/a to wastewater

15.3 t/a to wastewater

negligible to air

0.23 t/a to air 2,1t/ato air

Cooling water 84.7 t/a to wastewater 1,458 t/a to wastewater
41.9 t/ato air 720 t/a to air

Other releases 5.58 t/a to wastewater 41.9 t/a to wastewater

negligible to air

7.54 t/a to wastewater

67.9 t/a to wastewater

Pulp and paper bleaching
282 t/a to air 2,542 t/a to air

Total emissions’! 1.14 t/d to wastewater 10.5 t/d to wastewater
340 kg/d to surface water 3.59 t/d to surface water
2.72 t/d to air 22.8 t/d to air

11 Total emissions reported by EUSES.
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3.1.1.5 Distribution: Steady-state partitioning

Based on the physico-chemical properties of chtorof the preferred target compartment in
the environment at equilibrium is the air companim@uilding Research Establishment,
1994).

3.1.1.5.1. Degradation

3.1.15.1.1. Hydrolysis

Pearson and McConnell, 1975 observed that chlarofoydrolyses in contact with water.
Dilling et al., 1975 determined experimentally a hydrolysis fosder rate of 0.045 morith
which corresponds to half-life of 15 months at 25 °C The study was conducted for 12
months with a CHGIlconcentration of 1 ppm in light proof pyrex tub&kse pH is not known.
Mabey and Mill, 1978and Jeffees al., 1989 measured lifetimes at different pH valudse T
half-life atpH 7 was 1850 years at 25 °Gt pH 9, 24 years and 0.24 years at pH 11. Nib aci
catalysis was observed.

Conclusion: hydrolysis is an unimportant fate proces at a neutral pH value.

3.1.15.1.2. Photolysis in water

Hubrich and Stuhl, 1980 and Dilling al., 1975 did not observe any photodegradation of
chloroform in water. The test substance was exposeadt-saturated water for one year. No
absorption of UV (> 175 nm) or visible light and radbsorption under environmental
conditions (> 290 nm) were determined.

Zepp et al., 1987 estimated the first order rate by photoepatlectrons near the surface
water in a lake during July, assuming a concemtnadif dissolved organic carbon of 4 mg/L.

With a first order rate of 1.3 x Tth™, a half-life of 533 hours can be derived.

A lack of light absorption has been determined. ®bserved photolysis by Zegpal., 1987

is probably only important in the very upper suefdayer and depends on the dissolved
organic carbon content.

It is concluded that direct photolysis is not an irportant fate process.

3.1.1.5.1.3. Photodegradation in air

The rate of chloroform removal by reaction with hoxdyl radicals has been estimated by
many different authors.

Pearson and McConnell, 1975 exposed 2000 - 4000 gparoform in flasks filled with
ambient air to diurnal and climatic variations Emiperature and radiation. A half-life of
23 weeks (161 days) was determined, which was dreaig reduced in the presence of O or
Cl atoms.

Spenceet al., 1976 determined a degradation of 75 % after Srradiation in presence of ClI
radicals and air. Chloroform was exposed in a gtassnber with an optical path of 360 m.
Applebyet al., 1976 irradiated a synthetic mixture of trichldiodene, nitrogen oxide, water
vapour and gasoline in Teflon bags. The light seusas a fluorescent lamp designed to
simulate light of the lower troposphere. Chlorofaappeared within two hours of irradiation.
The tropospheric stability of chloroform suggesiat tthis compound must be considered as a
secondary anthropogenic pollutant, a potential ymssr of ozone destroying stratospheric
chlorine atoms.

However, according to Building Research Establigim#994, chloroform may account for
0.4 % of the chlorine in the upper atmosphere. Onc¢he stratosphere, chloroform is
attacked by hydroxyl radicals, although some mayphetolysed by the lower wavelength
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radiation present to form ozone depleting spe€ddoroform is not covered by the Montreal
Protocol and its ozone depleting potential is timagight to be lower than that of many CFCs.

Crutzenet al., 1978 determined a rate constant of 4.0 ®%10r/molecules.s at a sensitizer

concentration of 400 molecules/Emf O (1D) which is the concentration at 45 kmtatie.
This result is only relevant for the stratosphere.
Kloepffer and Daniel, 1990 calculated according Atkinson, 1985 a rate constant of

Kow=1-: 10 cm¥molecules.s.In a review of the atmospheric reactions of chlonof
Atkinson, 1985 recommended a rate constant fortimacof hydroxyl radicals with

chloroform ofkgy = 1.03: 10" cm*molecules.s

Using the specific degradation rate constant wititH Qadicals of 1.03- 10"

cm’molecules.sasrecommended bpitkinson, 1985, and using a mean OH concentratfon o
500,000 molecules/cina pseudo first order rate constant for degradatio air can be
derived:

kdegur [OH] = 0.0044 d*
Kloepffer and Daniel, 1990 calculated according Atkinson, 1985 a rate constant of

knos= 2.6+ 10°cm*molecules.s. Using a mean N@radical concentration of
1- 1¢ molecules/cry a pseudo first order rate constant for degradati@ir can be derived:
kdeg.: [NO3-] = 0.0022 ¢

The overall degradation rate due to \&dd OH radical concentration is:
kdeg.r [NO4] + [OH] = 0.0066 d*

An atmospheritalf-life of 105 dayscan be deduced for chloroform.

3.1.1.5.1.4. Biodegradation

Aerobic biodegradation

in water:

The only study performed according to OECD Guidel@®1 C (MITI, 1992did not show
any biodegradation after 14 days. The initial concentration was 10§/lmand the test was
performed at 25 °C.

Tabaket al., 1981 found chloroforndegradable under aerobic conditions, with gradual
adaptation. Chloroform at concentrations of 5 and 10 mg/L waubated at 25 °C for 7
days in static cultures inoculated with settled detic wastewater. The screening was
performed by a 7-day static incubation followed3weekly subcultures. Part of the removal
of chloroform was due to volatilisation. In thisudy, the potential for slow biodegradation
with a long adaptation period has been reportedhag to be stressed however that an
additional carbon source (5 mg/L yeast extract) hasn used, also controls have been
performed unsatisfactory, the abiotic one beingieadrout without biomass.

Bouweret al., 1981 tested chloroform in a concentration of u@@L with primary sewage.
Under the test conditions, 20 °C in the dark fom&#eks,no biodegradationwas observed.
Even with lower initial concentrations (10 pg/L, B@/L) no decomposition under the same
conditions could be noticed.

Thomaset al., 2000 found that unlike other trihalomethanespdfbrm added to aquifers
does not degrade in either aerobic or anaerobiditons. The decrease of chloroform that
could be observed in wells over aquifer storage @ubvery seasons was mainly due to
dilution. In the same aquifer, no significant bigdedation of chloroform by the indigenous
aquifer microorganisms was observed under aerabanaerobic conditions (Thomatal.,
2000). The authors described the specific condition which biodegradation could be
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observed: aerobic degradation could occur throwgimetabolism when sufficient quantity of
oxydative co-metabolites (methane, ammonia) and¢dhesponding bacteria are present.

In conclusion, the results by Tabaket al., 1981 could not be confirmed under more
realistic conditions. Therefore, in this assessmenta first order rate constant for
biodegradation in surface water of 0 d-1will be use

in soil:

No results from standardised biodegradation systemdor soil and sediment are
available.

In a study performed on a sandy soil (Strand angdeht, 1986), it was found that
acclimation to an air-natural gas mixture stimudatiee biological oxidation of chloroform to
carbon dioxide. Acclimation of the soil was carrma for 3-8 weeks in an atmosphere of 1 %
natural gas in air and around 200 ml of dechloedatp water/day constantly applied to the
soil during this period. Degradation experimentgenearried out using around 5 g of the
acclimated soil and a chloroform concentration @f |Bg/kg wet soil. Incubations were
performed at 22-25°C for 5 days. Chloroform oxidaticontinued up to 31 days but was
inhibited by acetylene and high concentrations efhane, indicating that methane oxidising
bacteria may catalyse chloroform oxidation. Thees wome chloroform oxidation observed
in soils that were exposed only to ambient air hinay have included some hydrocarbons)
but the rate in the natural gas enriched soilsfaastimes greater.

In conclusion, these results demonstrate that degdation of chloroform occurs only

under certain aerobic conditions by methane-utilisng bacteria. However, they cannot be
used in the generic assessment. The first order matconstant for aerobic biodegradation
in soil and sediment is 0 d-1.

Anaerobic biodegradation

in water:

The anaerobic primary degradation of chloroform wsasdied by Gosset, 1985 in batch
studies with an inoculum based on municipal digesttudge at 35 degrees C. At a
concentration of 5.1 mg/L, chloroform disappearathiw 9 days. The main metabolite was
dichloromethane (31%), which remained near consf@ant21l days and then disappeared
slowly over the remaining 60 days.

Further studies with radiolabelled chloroform iratied that most of the initial disappearance
is due to mineralisation:

Initial CHCI; conc.Duration of primaryFinal CQ prod. (%) | CHCI, prod. (%)
(mg/L) degr. (d)

ca. 1.7 3 43.5 34.1

ca. b5 5 40.3 29.9

ca. 17 12 32.1 27.7

The quantity of CH produced was negligible. Even at 1.7 mg/L, the grasluction by the
inoculum was inhibited by more than 60%, and byertban 80% at 17 mg/L.

Bouweret al., 1981 carried out a study on the degradation tfroform with methanogenic
bacteria over 112 days. At an initial concentratainl6 pg/L, 81 % of chloroform was
degraded within two weeks. Degradation also ocdwvigh initial concentrations of 34 pg/L
(> 70% after 28 days) and 157 pg/L (43 % after &sfl Degradation at the high
concentration of 157 pg/L was less conclusive, thete appears to have been a gradual
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reduction in chloroform concentratioRemoval percentages vary in an important way, as
they are based on variable CH@leasurements in controls.

Bouwer and McCarty, 1983 found that in seeded cedtwnder methanogenic conditions,
chloroform was almost completely oxidised to L@t initial concentrations of 15 and

40 pg/L a lag period of 40 and 20 days was obseresgectively. “C-measurements
confirmed the removal by biooxidation.

Rhee and Speece, 1992 carried out a study with amegfenic bacteria under optimised
conditions in a continuous fed anaerobic reactdre Teed contained a primary substrate
(either formate, acetate or propionate) so as tmtaia a concentration of 2000 mg/L of
substrate in the reactor. The concentration of GHICthe influent feed solution were 304,
1230 and 1960 mg/L in formate, acetate and propt@®enrichment cultures, respectively.
The feed concentrations were chosen to produce &o5@duction in gas production. A
degradation of 90, 89 and 93 % after 30 days otitoous operation was observed. The
concentrations were monitored in the liquid and gfflsient. The removal by volatilisation
was 6.2 - 10 % whereas the removal with the ligfftlent was < 0.08 %, corresponding to
concentrations of <0.24, <0.98, <1.57 mg/L.

Fathepure and Vogel, 1991 determined a total deositipn of 83 % after two days in a
sequential decomposition process in an anaerobi@arobic column. A pre-adaptation of 4-
6 weeks took place; the aerobic column was workingne year.

In conclusion, although a certain biodegradation ca be mentioned to take place under
some anaerobic conditions, chloroform is not conseted readily biodegradable in water
systems.

in sediment:

van Beelen and van Keulen, 1990 have also showorafblm to be degraded to G@sing
anaerobic methanogenic sediment. The inoculum vk ral sediment suspension incubated
for 64 days without any headspace. 63 % of radelleth chloroform at an initial
concentration of 4 ug/L was biodegraded. Halfdio# 10 - 14 days at 10 °C and 2.6 days at
20 ° C have been determined. Based on the inteateedesults, the biodegradation is
supposed to follow 1st order kinetics.

Using an initial concentration of 400 ug/L the fipeercentage level in carbon dioxide and
chloroform are similar to the values of the expemtusing an initial concentration of 4 pug/L.
However at other time intervals, the percentagefoohed CQ were lower at the higher
concentration. Based on the intermediate resuits,biodegradation is supposed to follow
logarithmic kinetics. Therefore the concentratid@0 pg/L was considered to be above the
threshold for growth and adaptation.

van Beelen and van Vlaardingen, 1993 found ¥@atabelled chloroform was mineralised to
CO, when incubated at low concentrations (2.7-3.4 pgilbottles containing no sandy fresh
natural sediments at 20 °C. Chloroform was foundeanineralised in all samples with half-
lives in the range 0.9 to 37 days. No mineralisatieas observed in the majority of sandy
sediment samples.

In conclusion, chloroform biodegradation is observe in anaerobic sediment. Based on
these results, half-lives determined by van Beeleand van Keulen, 1990 are assumed to
be valid for the anaerobic part of the sediment andhe half-life value of 14 days will be
considered here. The TGD proposes to assume that 90 of the sediment is anaerobic
and suggests, when only data is available for thenaerobic part, correcting the half-life
value in order to take into consideration the aerolrt fraction of the sediment
compartment. Therefore, if we consider the whole skment compartment (90 %
anaerobic / 10 % aerobic), only 45 % of the chlorarm is biodegraded in 14 days and
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the actual half-life in sediment is circa 15 daysrlhis value of 15 days will be used in the
assessment for the sediment.

The biodegradation rates for surface water, sod ardiment are therefore estimated,
according to the procedure outlined in the TGD.

Table 3-11: Estimation of biodegradation rate consints in the different compartments

Compartment / medium Biodegradation rate
Surface water kgy=0d""
Sediment kseg = 0.046 d"1
Soil (aerobic) kegii = 0”7
3.1.1.5.2. Elimination in sewage treatment plantsS{TP)

Based on the above cited physical chemical pragseftog H = 2.5 and log Pow = 1.97) as

well as the biodegradation rate of ®im a STP, the elimination through biodegradatiod a
distribution can be estimated with the model SIMPREAT :

Table 3-12: Estimation of removal of chloroform inSTPs according to SIMPLETREAT:

% to air 83.9%
% to water 144 %
% to sludge 1.7%
% degraded 0%

% removal 85.6 %

On the other hand, STP monitoring data are avaigiroviding a more realistic description
on the behaviour of chloroform in STPs.

The elimination of chloroform was monitored in pilelants and in full scale STPs (Table
3-13 & Table 3-14).
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Table 3-13: Chloroform removal in full scale STPs :

CHCl3 operating parameters: Reference
removal [%)] Influent Effluent conc. SRT* HRT* Flow rate
[‘:);/E] kgl [days] [hours] [ms/d]
86 428 6 - - 757000 US-EPA, 1982
62 55 21 - - 340000 US-EPA, 1982
51 120 59 - - 290000 US-EPA, 1982
95 26 1.3 - - - Canviro Consultants, 1988
93 32.8 23 - - - Canviro Consultants, 1988
94.5 27.3 15 - - - Canviro Consultants, 1988
97.3 48 1.3 - - - Canviro Consultants, 1988
94.5 218 1.2 - - - Canviro Consultants, 1988
94.9 235 1.2 - - - Canviro Consultants, 1988
92.5 29.3 22 - - - Canviro Consultants, 1988
954 1543 71 - - - NPDES, 1986-1988
53 81 38 - 5 180000 US-EPA, 1982
81 - ? 741 218000 Parker et al., 1993
>75 4.0 <1 - - 44800 van Luin and van Starkenburg, 1984
0 4.0 71 55 5.1 866800 Namkung and Rittmann, 1987
454 44 24 6.7 6.1 3164300 Namkung and Rittmann, 1987
41/61 1.7/3.1 1.01.2 - 75 51840/ Neiheisel et al., 1988
37152
>46/54 1.311.1 <0.7/0.6 - 3.6 8640/ Neiheisel et al., 1988
6912
39/65 313.7 1.91.3 - 6.0 140832/ | Neiheisel et al., 1988
95040
81/72 6.9/8.2 1.32.3 - 49 14688/ Neiheisel et al., 1988
16416
84/70 8.3/1.3 1.3/2.2 - 6.2 253152/ | Neiheisel et al., 1988
245376
98/77 30.8/1.3 0.5/0.3 - 74 59616/ Neiheisel et al., 1988
91584

* SRT: sludge retention time

** HRT: hydraulic retention time
None of the monitored STPs had an anaerobic tredtsiage.
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Table 3-14: Chloroform removal in pilot STPs:

CHCl3 Operating parameters: Reference
removal
[%] Influent conc. Effluent SRT HRT Flow rate

[ug/L] eone. [days] [hours] [m’/d]

[Mg/L]

>78 33 <72 12 5.1 1.06 Greeley and Hansen, 1988
974 138 3.6 59 75 190 Petrasek et al., 1983
98 100 2 7 75 8.2 Hannah et al., 1988
86 128 18 7 75 8.2 Hannah et al., 1986
91.7 43 3.6 5 6.5 - Parker et al., 1993
85 293 44 4 75 190 Battacharya et al., 1988

* SRT: sludge retention time
** HRT: hydraulic retention time

Only during the pilot plant study of Parker al., 1993 removal percentages by different
mechanisms have been determined: 32.5 % was sirippereas 59.2 % degraded. These
results are based on three measurements. Hastrahl) 1986 and Hanna#& al., 1988 also
measured concentrations in activated sludge anddfdghe same concentrations as in the
effluent, indicating no significant adsorption ostadge.

Comparing these data with the SIMPLETREAT estimmgti@ becomes clear that the
chloroform removal of 85.6 % in STPs is very redadisin full scale domestic STPs, removal
rates between 0 and 98 % have been observed. Westloemoval rates were observed for
very low influent concentrations. For point sourekeases, higher influent concentrations can
be expected. If the results from STPs with influeahcentrations below 10 pg/L are set
aside, removal rates of less than 80% have beesnadusin only 3 out of 14 full scale STP
and in none of the pilot plants, while removal sabé more than 95% were observed in 4 out
of 14 full scale STPs and in 2 out of 6 pilot pkant

The higher removals in the pilot plant study midpet explained by higher air/water ratios
(Namkung and Rittmann, 1987), although not all apeg parameters are available for all
monitored STPs.

When no site-specific data is available, theseltesuth SIMPLETREAT will be used in the
risk assessment.

3.1.1.5.3. Adsorption-Accumulation in soll

In a percolation column study (Wilsahal., 1981) Lincoln fine sand (92 % sand, 5.9 % silt,
2.1 % clay and 0.087 % organic carbon) was tesi#édinitial chloroform concentrations of
0.25 mg/L and 0.9 mg/L. A rapid percolation through soil was observed whereas 54 % of
the test substance volatilised, 41 % was deteaotéuki effluent and 5 % were lost.

A log Koc of 1.9 can be taken from a graph, whiolresponds to a Koc value of 79.

In a Cohansey aquifer system with a soil conter® &6 clay, 8 % silt, 90 % sand and 4.4 %

organic matter, Uchrin and Mangels, 1986 test&dabelled chloroform for adsorption.
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Depending on the adsorbent mass (predetermindddnied solids) the following Koc values

have been observed:

Adsorbent mass

1d

b

59

1049

Koc

167

151

86.7

The same authors determined with a Potomac-RaMé&gothy aquifer system (soil content:
5.6 % clay, 24 % silt, 70.4 % sand and 2.2 % oryaratter) the following Koc values:

1d

b

Adsorbent masg 5¢ 109

Koc 398 92.5 63.4

The dependency on adsorbent mass was not explained.
Four different contaminated soil samples have lex@mined by Liljestrand and Charbeneau,
1987 for chloroform desorption. Soil and water wariged for 24 hours and 4 - 8 successive

extractions were carried out. The following valhese been determined:

Organic matter Koc Kp Residual Sorbed Fraction
[L/kg] [L/kg] [%]
soil 1 0.2 65 0.13
soil 2 05 806 4.03 1.2
soil 3 16.9 4.8 0.82
soil 4 0.14 1000 1.26

As several data on soil characterisation are nggsirthis publication, the variations of results
cannot be explained.

The OECD Guideline 106 suggests an organic carbatent of 0.6 - 3.5 %. By eliminating
the results with soils outside this range, only Katues of 398, 92.5 and 63.4 I/kg remain
(Uchrin and Mangels, 1986). A mean value would 8%.6 I/kg. Using the (Q)SAR
relationship recommended in the TGD for hydrophspa& Koc-value of 50 I/kg is derived.
This value is well in line with the measured values

In conclusion, a Koc value of 185 will be used irhe assessment.

For the different media, using the standard orgaarbon contents proposed in the TGD, the
water - solids and total compartments - water panticoefficients can be estimated. The
results are presented in the following table.

Table 3-15: Partition coefficients between differencompartments

Compartments OC-content (%) Solid_water partition Total compartment - water part.
of solid phase coefficient coefficient
soil-water 2 Kp_soil = 3.7 llkg Ksoil_water = 5.78 m*/m’
sediment - water 5 Kp_sed = 9.25 Iikg Ksed water = 5.42 m’/m°
suspended matter - water 10 Kp_susp = 18.5 Ikg Ksusp_water = 5.53 mm?
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3.1.1.6

Bioaccumulation

In the following table, the results from bioaccuatidn experiments are summarised:
Table 3-16 Results from bioaccumulation assays

Species System Exposure [d] | Water conc. Depuration BCF Ref.
[ug/L]
Cyprinus carpio Flow through 42 1000 - 14-4.7 MITI, 1992
Cyprinus carpio Flow through 42 100 - 41-13 MITI, 1992
Oncorhynchus mykiss | Flow through 1 1000 Total depuration within |  3.4-10.4 | Anderson and
24 h Lustry, 1980
Lepomis macrochirus | Flow through 1 1000 Total depuration within 16-25 Anderson and
24 h Lustry, 1980
Micropterus Flow through 1 1000 Total depuration within 21-22 Anderson and
salmoides 24 h Lustry, 1980
(1) | Flow through 1 1000 91 % depuration within 3-34 Anderson and
Ictalurus punctatus % h Lustry, 1980

) Equilibrium has not been reached

The test conditions are not available in detail drtests. The results obtained fall in the
range of 1.4 — 13, which is the range obtained W¥IML992 in Cyprinus carpio at two
different water concentrations. In fact, the tegitems used in the two studies are very
similar, which explains that the results obtainezlia the same range.

For the assessment a worst case BCF of 13 will beadl.
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3.1.2. Aquatic compartment (including sediment)
3.1.2.1 Estimation of local aquatic concentrations

3.1.2.1.1. Estimation of local water and sedimenbacentrations

The concentration of chloroform in the influenttbé STP is calculated using the following
formula :

Clocals = Elocal e - 10°
EFFLUENTSstp

Explanation of symbols:

Elocal,er  local emission rate to (waste) water during erarsgieriod [kg/d]
EFFLUENTSstp effluent discharge of the STP [I/d]

Clocalq concentration in untreated water [mg/L]

The concentration of chloroform in the effluent ¢ClLy; ) of a STP is calculated with the
formula:

Clocals = Clocals x % not removed STP

For chloroform it is assumed that 85.6 % eliminat@curs in a STP (see above).
From the effluent concentration in the STP, thealamncentration in the receiving surface
water can be calculated with the equation:

Clocalyater = Clocaks/ [(1 + Kp susp- SUSP- 10'6) - D]

with  Kp susp = 18.5 I/kg (see above)
SUSP = 15 mg/L (concentration of suspendedenattriver)
D = dilution factor

Due to the low Kp_susp value, the fraction remobgdadsorption to suspended matter is
negligible and will therefore not be further taketo account.

The concentration of freshly deposited sedimemdken as the PEC for sediment. Therefore,
the properties of suspended matter are used:

Clocakegiment = (Ksusp_water/RHOsusp)Clocalyater- 1000 (wet weight)

According to EUSES (EUSES 2.0.1 Release Ndt#p;//ecb.jrc.it], conversion factor based
on suspended matter (4.6) is used as conversidar fiom wet weight to dry weight for
sediment instead of the old one based on sedimgkdensity (2.6).

3.1.2.1.2. Production

TGD default figures are indicated in Italics in fioowing tables.

Effluent discharge rate of STP were available fibrpeoduction site except for site B, for
which TGD default value has been used (2.0E+06. L/d)

Concerning the dilution factor, TGD default vallese been used for sites B, C, F and J (see
TGD chapter 3 and the emission scenario for intdrates, chapter 7). For the other sites,
TGD methodology has been applied: in case of gigzific assessment of the dilution factor,
this latter should not exceed 1000 (assumption avhpiete mixing). Consequently, the
dilution factor was set to 1000 for production si#e E and I, and to its actual value (below
1000) for sites D, G and H.
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For all production sites except for sites D ancclproform releases presented in the table
hereunder are due to the production of chloroformaah site. For production sites D and E,
as described in section 3.1.1.2.1.2, integratedasgehave been considered:

- For site D, chloroform releases are due to theubaneous production of chloroform and
HCFC 22 at this site. Specific values for EFFLUEN-Tand removal percentage in STP
were available for the chloroform production plaritereas generic data have to be used
to integrate HCFC 22 production releases (EFFLUENE 2E+06 and 85.6 % removal).
The releases to wastewater have been added (sée @ as well as the effluent
discharge rates of both STPs. This sum is then tsedktermine the dilution factor,
knowing the actual river flow rate.

- For site E, chloroform releases are due to theukaneous production of chloroform,
HCFC 22 and dyes / pesticides at this site. Specifilue for EFFLUENE was
available for the chloroform production plant whresedefault value has been used to
integrate HCFC 22 and dyes / pesticides produc{iBR§LUENTstp = 2E+06). 85.6 % of
removal was assumed for each STP. Chloroform re¢emswastewater due to production
of chloroform, HCFC 22 and dyes / pesticides onghme site have been added (Table
3-5) as well as the effluent discharge rates ofttliee STPs. This sum is then used to
determine the dilution factor, knowing the actueér flow rate.

Table 3-17 : Local water concentration at each chfoform production site

A B c D E F G H | J
Local emission| 00077 0.014 0.737 - - 098 1.08 145 0.011 0.047
to surface water
or sea (B, C and
F) (kg/d)
Elocalwater 0.052 No WWTP 25 0.32 353 No 7.53 10.1 0.074 0.280
WWTP
released to
wastewater [kg/d]
as reported in
Table 3-1, Table
3.4 and Table 3-5
EFFLUENTSse 6.0E+04 2E+06 1.7E+06 2.3E+06 | 4.4E+06 - 9.5E+07 | 5.1E+07 | 6.7E+05 | 6.5E+05
(L/d)
Dilution in| 1000 10 100011 376 1000 100 262 21 1000 40
receiving water (release to the | (release to the (release
Mediterranean | Mediterranean to the
sea) sea) sea)
Clocalin (mg/L) 0.867 0.007 1.447 0.139 8.07 049 0079 | 0198 | 0.111 0432
Clocal « (mg/L) 0.12 0.007 043 0.020 1.16 0.49 0.01 0.03 0.02 0.06
Clocalwater (Mg/L) 0.12 0.68 0.43 0.05 1.16 4.90 0.043 1.34 0.016 1.56
PEClocalwater 0.96 1.52 1.27 0.89 1.99 5.74 0.88 218 0.85 2.39
(Mg/L) @

[ Site C declared diluting by 100 its effluents in a lagoon before spilling them into the sea. Thus, its dilution factor is equal to
10*100

[ Based on PECregional calculated below.
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The following PEClocalgimentcan be derived :

Table 3-18 : Local sediment concentrations at eaahloroform production site

A B c D E F G H | J
PEClocaled dry| 513 | 337 | 28 | 197 | 441 | 12 195 | 487 | 189 | 528
weight [ug/kg]
3.1.2.1.3. All other uses
Table 3-19 : Local water concentrations during usesf chloroform
HCFC 22 Dyes and Other Use as a solvent | Losses as a by product
production pesticide applications during chemical
production manufacturing
Elocalwater
released to 7 35 33.2 278 185
wastewater [kg/d]
Clocalinf(mg/L) [ 0.7 35 3.32 139 1.85
Elimination in STP 85.6 %
Clocal et (mg/L) 0.10 0.50 0.48 20.02 0.27
Dilution 40 40 40 10 40
Clocalwater (Hg/L) 2.52 12.6 12 2001 6.7
PEClocalwater (ug/L) @ 3.36 13.4 12.8 2001.9 75

g TGD default value of 10,000 m%d has been applied for all uses (Emission scenario for intermediates, TGD chapter 7) except
for “use as solvent’ (TGD default value of 2E+6 L/d used).

[ Based on PEC regional calculated below.

Table 3-20 : Local sediment concentrations duringses of chloroform

HCFC 22 Dyes and | Other Use as asolvent | Losses as a by product
production pesticide applications during chemical
production manufacturing
PEClocalses  dry | 73.9 297 282 44200 165
weight [g/kg]
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3.1.2.2 Regional and continental concentrations

The EUSES model 2.0.3 has been used to predianaigand continental concentrations of
chloroform in water and sediments.

The regional emission of chloroform was set to 1t/tldto wastewater, 340 kg/d to surface
water and 2.72 t/d to air. Regional PECs could thepalculated :

PEC regional yater = 0.828 pg/L (in surface water)
PEC regionalseg= 5.35 pg/kg (dry weight)

The continental estimation takes into account the sf all EU countries together. Emission
estimation is based on the EU-wide production v@um302,800 t of chloroform/year.
Continental emission of chloroform was set to 1d5to wastewater and 3.59 t/d to surface
water. Continental PECs are then calculated by E2J3B.3 :

PEC continental yater = 0.109 pg/L (in surface water)
PEC continentalsgg= 0.153 pg/kg (wet weight)

3.1.23 Measured concentrations

An overview of available monitoring results in sagé water and sediment is presented in the
following tables.

Table 3-21: Measured average inland surface wateoacentrations

Location Year of Mean concentration Ref.
measurement (Mg/L)

Belgium

Meuse, Tailfer 1992 0.2 RIWA, 1995

Netherlands:

Meuse, Eijsden 1992 09 RIWA, 1995

Meuse, Keizersveer 1992 0.07 RIWA, 1995

Rhine, Lobith 1991 0.2 RIWA, 1993

Rhine, Hagestein 1991 0.3 RIWA, 1993

lisselmeer, Andijk 1990-91 <0.1 RIWA, 1993

United Kingdom:

26 monitoring stations ca. 1993 3.5 (max.55) DOE, 1993

210 sites ca. 1993 <05 DOE, 1993
12 sites: >2
17 sites: 1-2
>180 sites: <1

Canal water <1988 12.8-177 DOE, 1993

9 regions; 2-45 sites each 1993-96 0.05 - 6.1 (max: 0.3 - | Environment Agency UK, 1997
240)

Switzerland
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Location Year of Mean concentration Ref.
measurement (Mg/L)

Rhine, Basel ca. 1982 1.19 Ballschmitter et al., 1988

Typical river 1981-83 0.062(max.1) Fahrni, 1985

Typical lake ca. 1984 <0.01 Fahrni, 1985

Germany, Rhine:

Constanz-Emmerich profile 1983 2 Ballschmitter et al., 1988

Oehningen 1991 N.D Fleig and Brauch, 1991

Village Neuf 1991 0.1 (max.0.23) Fleig and Brauch, 1991

Seltz 1991 0.1 (max.0.14) Fleig and Brauch, 1991

Karlsruhe 1991 0.1 (max.0.45) Fleig and Brauch, 1991

Worms 1991 1.17 (max. 3) Fleig and Brauch, 1991

Mainz 1991 0.5 (max.0.98) Fleig and Brauch, 1991

Bischofsheim 1991 0.36 (max.0.7) Fleig and Brauch, 1991

Koblenz 1991 0.40 (max.1) Fleig and Brauch, 1991

Disseldorf 1991 0.23 (max.0.48) Fleig and Brauch, 1991

Bimmen 1991 0.15 (max.0.3) Fleig and Brauch, 1991

Lobith 1991 0.19 (max.0.69) Fleig and Brauch, 1991

Hessen 1985-89 2.6 (max.9) Ott, 1990

Bad-Honnef 1986 max. 0.4 LWA, 1987

Kdln 1994 max. 0.39 ARW, 1994

Wiesbaden 1994 max. 0.40 ARW, 1994

Germany, Rhine affluents:

Main, Hessen 1985-89 3.8 (max.12) Ott, 1990

Sieg 1986 <0.1 LWA, 1987

Wupper 1986 max. 0.4 LWA, 1987

Ruhr 1986 max. 0.1 LWA, 1987

Ruhr (Duisburg bis Wildshaven) | 1984 0.15-15 Ballschmitter ef al., 1988

Emscher 1986 max. 0.1 LWA, 1987

Main, Kahl am Main 1989 3.17 (90%:4.6) 1ng;arisches Landesamt fiir Wasserwirtschaft,

Germany, Elbe:

Elbe 1988 0.94 (max.2.7) Malle, 1990

Schnackenburg 1990 0.595 ARGE Elbe, 1991

Geesthacht 1981 0.594 ARGE Elbe, 1982

Wedel 1981 0.450 ARGE Elbe, 1982

Scharhoern 1981 0.168 ARGE Elbe, 1982

Hamburg harbour 1983-85 1.54 Freie und Hansestadt Hamburg
(Umweltbehdrde), 1988
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Location Year of Mean concentration Ref.
measurement (Mg/L)
Germany, Donau:
Bofinger Halde 1989 <1.017 (90%:1.9) ?gg;arisches Landesamt fiir Wasserwirtschaft,
Jochenstein 1989 0.908 (90%:1.8) ?gg;arisches Landesamt fiir Wasserwirtschaft,
Germany:
Unterweser 1985-87 0.56(max.5) Bohlen et al., 1989
Inn, Kirschdorf am Inn 1989 <0.16 (90%:<0.41) ?gg;arisches Landesamt fir Wasserwirtschaft,
Salzach, Laufen 1989 <1.592 (90%:2.7) 1ng)qerisches Landesamt fiir Wasserwirtschaft,
Regnitz, Hausen 1989 <0.177 (90%:0.3) 1ng;erisches Landesamt fiir Wasserwirtschaft,
Séchsische Saale,Joditz 1989 <0.131(90%:0.3) 1Bg%/;erisches Landesamt fiir Wasserwirtschaft,
Mosel 1984 0.5-1.1 LWA, 1987
Weser 1991 0.04 DOE, 1993
Ems 1991 0.06 DOE, 1993
Bodensee 1984-90 0.01-0.029 DOE, 1993
Bodensee, Lindau 1983 0.1 Ballschmitter et al., 1988
Bodensee, Uberlingen 1983 <0.05 Ballschmitter et al., 1988
Japan
Kako river 1991 0.035 Yamasaki et al., 1992
Tokyo 1974 0.006 Morita et al., 1974
areas from all over Japan 1974 1.4-70 Environment Agency Japan, 1995
1975 0.09-17 Environment Agency Japan, 1995
USA
Ohio R. mainstream 1977-78 0.1-4.6 Ohio R valley water Sanit. Comm, 1980
Tributaries 1977-78 0.1-22 Ohio R valley water Sanit. Comm, 1980
Lake Erie 1975-76 9-18 Konasewich et al., 1978
St Clair R. 1975-76 1-4 Konasewich et al., 1978
Lake Huron 1975-76 1 Konasewich et al., 1978
Lake Michigan 1975-1976 1-30 Konasewich et al., 1978
Niagara Falls <1979 3.1 Pellizzari et al., 1979
NJ area <1979 14 Pellizzari et al., 1979
Baton Rouge, LA <1979 20 (max. 394) Pellizzari et al., 1979
Houston, TX <1979 8.2 (max.8.9) Pellizzari et al., 1979
Montebello Forebay, CA 1979-1981 5.8-84 Bookman Edmonston Engineering Inc, 1985
Manasquan river, NJ 1978-1983 nd-1570 US-EPA, 1987
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For a number of substances, the available data frational monitoring programmes in EU-
Member States were aggregated in 1999 (Ké&eial., 1999). The final database contained
monitoring results covering the years 1994 to 1998.

Monitoring sites related to marine water or grouathw and point sources were eliminated.
For chloroform, 11,498 analytical results from 53&mpling stations are available. 4,480
results were above the detection limit (DL).

Because of the heterogeneous data and the vargiaggdality, sampling stations with more
than 90% negative findings were removed. In the esamay, data sets with very high

detection limits were excluded if more than 80%h&f measurements fell below the DL. By
this procedure, 334 sampling stations and 5,14%ce results were excluded. With the

remaining data sets, arithmetic means at samptatgps level and an EU-level 90-percentile
were calculated.

90-percentile: 1.17 pg/L
Median: 0.28 pg/L

Arithmetic mean: 0.79 ng/L
Standard dev.: 1.61 pg/L
N. sampling stations: 241

N. entries: 6,349

N. entries > DL: 4,139

Table 3-22: measured average seawater concentraten

Location Year of Mean concentration Ref.
measurement (MglL)

Northern hemisphere, open ocean <1983 0.33-1.09 Khalil et al., 1983

Atlantic ocean:

North-Eastern Atlantic 1972 0.008 Murray and Riley, 1973
Ernst, 1983

Between Madeira-Gibraltar (31 °N-18 °W) 1985 0.0016 Class and Ballschmiter, 1987

West African coast (25 °N-18 °W) 1985 0.0016 Class and Ballschmiter, 1987

Pacific ocean:

Eastern Pacific <1976 0.015 Su and Godberg, 1976

Open ocean <1979 <0.00005 Singh, 1979

Gulf of Mexico (only in coastal samples) 1977 0.04-0.2 Sauer Jr, 1981

Table 3-23: Average measured concentrations coastahters and estuaries

Location Year of Mean concentration Ref.
measurement (MglL)

Netherlands/Belgium

Schelde estuary (Doel) 1993 0.15 MVW, 1994

Netherlands

Rhine estuary 1992 0.0048-0.091 Krijsell and Nightingale, 1993
Schelde/Maas 1993 <0.06-0.15 MVW, 1994

United Kingdom
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Location Year of Mean concentration Ref.
measurement (MglL)

River estuaries 1993-95 <0.025-1.5 MAFF, 1995
NRA, 1996

Baywater <1975 1 Pearson and McConnell, 1975

Estuarine water <1988 <0.02-2.4 WRC., 1988

Solent estuary <1991 0.01-7.5 Bianchi et al., 1991

Mersey estuary 1987-90 2.7-70 Rogers et al., 1992

Humber and Poole estuaries 1992 <0.010-0.0364 Dawes and Waldock, 1994

Tees estuary 1992 <0.010-11.5 Dawes and Waldock, 1994

Tyne, Wear and Southampton estuaries 1992 <0.010-0.242 Dawes and Waldock, 1994

Liverpool estuary 1992 0.0283-0.0889 Dawes and Waldock, 1994

Other estuaries (Tweed, Bristol channel, | 1992 <0.010 Dawes and Waldock, 1994

Falmouth, ...)

France

Seine estuary 1995 <1 Agence de bassin Seine-
Normandie, 1995

Germany

Ostsee coasts 1983 0.06-0.17 Hellmann, 1984

Nordsee coasts 1983 0.56-3.8 Hellmann, 1984

Unterelbe, Gliickstadt 1976 0714 Bauer, 1981

Unterelbe, Scharhoern 1981-82 0.04 Ballschmitter et al., 1988

Elbe mouth, St Margarethen 1993 <0.01-0.09 Gewassergitebericht Elbe mit
Zahlentafeln, 1994

Weser mouth,Bremerhaven 1993 <0.02-0.20 Arbeitsgemeinschaft ur
Reinhaltung der Weser, 1994

Sweden, Stenungsund 1988 0.0054-0.0148 Abrahamsson et al., 1989

USA, California coasts <1976 0.009-0.012 Su and Godberg, 1976

Gulf of Mexico <1991 20-35 Bianchi et al., 1991

Maledives, Ziyaaraifushi 1986 0.0015 Class and Ballschmiter, 1987

Coral Sea, Lohifushi 1986 Class and Ballschmiter, 1987

high tide 0.004
low tide 0.01
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Table 3-24: Average measured concentrations in sedénts

Location Year of Mean Ref.
measurement concentration
(MglL)

United Kingdom, Solent estuary <1991 23 Bianchi et al., 1991
Germany
Elbesediments 1981 ARGE Elbe, 1982
Geesthacht 1.9
Wedel 2.3
Scharhoern 2.1
Hamburg, harbour+Elbe 1983-85 18.1 Freie und Hansestadt Hamburg

(Umweltbehérde), 1988
out of harbour +Elbe 39 (Umweltbehdrde, 1988)
Rhine sediments 1982-83 ca. 18 LWA, 1986
Hitdorf Hafen 1987-88 ca. 90 Alberti, 1989
Wesel Hafen 1987-88 ca. 190 !
Bodensee 1984-90 50-680 Landesanstalt fir Umweltschutz Baden-

Wiirttemberg, 1992
USA
STORET database 425 sediment samples | < 1985 <5 (detected in 8%) | Staples et al., 1985
Pettaquamscutt river estuary (anoxic | <1983 Whelan et al., 1983
marine environment)
(0-6 cm depth) 64
(78-84 cm depth) 1

3.1.24

Regarding surface water monitoring, the most cotegdudy has been performed by Klein
al., 1999, aggregating monitoring results from a nundfenational monitoring programmes
in Europe. The median value from this study isehrmes lower than the estimated regional
concentrations. However, the mean concentratiom fsome German rivers is perfectly in
line with the estimated regional concentration aothe estimated local concentrations are
also coherent with high-end measured concentrations

Comparison of measured and predicted condeations

As the estimated concentrations are tentativelyficoad by the monitoring data, the
estimated PECs will be used in the risk characgas.

The database from monitoring in sediment is noy eatensive and the few available data are
mostly higher than the estimated regional concéntraHowever, measured concentrations
might be representative of local situations.
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3.1.3. Atmosphere

3.13.1 Estimation of local air concentrations andeposition rates
The concentration in air at 100 m from a point sewan be estimated as follows:

Clocal 4 (mg/m3) = max (Elocalyir , EStp_air) X Cstd_air

where Elocal (kg/d) = local direct emission rate to air durgmjsode
Estp ,ir (kg/d) = local indirect emission to air from th&RS= Fstpy- Elocalyater
Fstp.ir = 83.9 % (see Table 3-12)

-4 3
Cstd air =2.78 10 mg/m (standard concentration in air at source streoifgthkg/d)

T, 3
Clocalair annual = Cloca|a|r ) % mg/m

~

Based on its vapour pressure and a log HENRY, éipesition over a radius of 1000 m around
the source can be estimated as:

DEPtotal = (Elocal 4 + EStp_air) - (Fass,, - DEPstd,,, + (1-Fass,,) - DEPstd;a9
where: Fasg = 4,78 10° (calculated according to the TGD)
(Fraction of the chemical bound ¢ocsol)
DEPstd_ = 1 10° mg.m?.d*
(Standard deposition flux of aerosol-bound compsuatd source strength of 1 kg/d)

DEPSstgas= 3 10* mg.m%d*
(Deposition flux of gaseous compounds (log HENRZ2) zat source strength of 1 kg/d)

3.1.3.1.1. Production

Nine over the ten production companies have pravapeecific data on how measurements or
estimations have been performed.
The tables hereunder describe the three followiegarios:

1.  Only chloroform is produced on site (Table 3-25)

2.  Chloroform and HCFC 22 are produced simultanigoas sites D (Addition of the
releases to air due to both productions will by @ainsidered for the soil compartment) (Table
3-26)

3.  Chloroform, HCFC 22 and dyes / pesticides amdyred simultaneously at site E
(Releases to air due to the three productionsdateda This scenario will be only considered for
the soil compartment) (Table 3-27)
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Table 3-25 : Local concentration in air at each prduction site during chloroform production
periods and emission

A B c D E F G H | J
Elocal ar (kg/d) 83.7 0.036 7.2 42 418 216 3.7 0.14 244 63.6
(1 [2] (3] 4 ]
Elocalwater 0.052 | 0.014 25 0.32 0.01 0.98 753 10.1 0.074 0.28
released to wastewater
kg/d]
Estp ar (kg/d) 0.044 | 0.012 1.76 0.27 0.008 0.82 6.32 8.47 0.06 0.24
Clocalai 23.3 0.01 2.00 1.7 1.16 6.00 1.76 2.36 0.68 17.7
(Mg.m?)
Clocalair annuai 23.3 0.01 1.64 1.7 1.16 6.00 1.76 2.36 0.68 17.7
(Mg.m)
PEClocal airann [© 234 0.15 1.8 11.8 1.3 6.2 1.9 25 0.8 17.8
DEPtotal 251 0.01 28 12.7 1.3 6.7 3.0 2.6 0.75 19.2
[ug/m? x d]

[l Mainly linked to storage and handling.
2 Weekly atmosphere analysis performed in 6 different areas.

g Based on 153 measurements performed 3 to 5 times per week; max. value monitored in 2004 in exposure measurements in
the plant 0.3 mg/m3 (mean value = 0.05 mg/m3, 136 values lower than the detection limit 0.05 mg/m3).

4 o o ; ; o

Based on measurements of most critical air outlets and calculation models, all approved by national competent authority;
waste gas incinerator; max. value monitored in 1995 in exposure measurements in the plant (n=90) 1.8 mg/m3 (90 % percentile
0.2 mg/m3, detection limit 1 mg/m3).

13 Calculated theoretical emission from diffuse sources, VDI guideline 2440.

6 Based on PECregional air calculated below .
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Table 3-26 : Local concentration in air at producton site D during integrated production of

chloroform and HCFC 22

Production site D For the air For the soil
compartment compartment

Elocal air (kg/d) 3.3 453

Elocalwater 0.32 0.32

released to wastewater [kg/d]

Estp ar (kg/d) 0.268 0.27

Clocalair 0.92 12.59

(Mg.m?)

Clocalair annual 0.92 12.59

(Mg.m?)

PEClocal airann'® 1.06 12.74

DEPtotal 1.07 13.67

[ug/m* x d] ®

6 Based on PECregional, air calculated below

Table 3-27 : Local concentration in air at producton site E during integrated production of
chloroform, HCFC 22 and dyes / pesticides

RAPPORTEUR RANCE

Production site E For the soil
compartment

Elocal air (kg/d) 319

Elocalwater 35.3

released to wastewater [kg/d]

Estp air (kg/d) 29.6

Clocalair 8.87

(Mg.m?)

Clocalair annual 8.87

(ug.m?)

PEClocal airannl® 9.01

DEPtotal 18.46

[ug/m*x d] ®

6 Based on PECregional, air calculated below
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3.1.3.1.2. All other uses

Table 3-28: Local air concentrations during uses athloroform

HCFC 22 Dyes and Other applications | Use as a solvent | Losses as a by product
production pesticide during chemical
production manufacturing
Elocalair (kg/d) 81.7 25 23.7 2,000 257
Elocalwater 7 35 33.2 278 18.5
released to
wastewater [kg/d]
Estpair (kg/d) 59 294 279 233 15.5
Clocal air (Mg.m"3) 22.7 8.2 7.7 556 714
Clocal ar annual 18.7 3.2 6.4 132.5 58.7
(ug.m?)
PEClocal air, annl®! 18.8 34 6.5 132.7 58.9
DEPtotal
26.3 16.3 15.5 670 81.8
[ug/m? x d]

% Based on PECregional, air calculated below

3.1.3.2 Regional and continental concentrations

The EUSES model has been used to predict regiamél cantinental concentrations of
chloroform in air.

The regional emission of chloroform was set to 2/d2o air. Regional PEC could then be
calculated:

PEC regional,; = 0.145 pg.nt

The continental estimation takes into account the of all EU countries together. Emission
estimation is based on the EU-wide production vaurB802,800 t of chloroform/year.
Continental emission of chloroform to air was set2f.8 t/d. Continental PECs are then
calculated by EUSES :

PEC continental s, = 0.0746 pg.rit
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3.1.3.3

Measured concentrations

An overview of measured concentrations is preseintéte following tables.
Table 3-29: Average measured concentrations in ain remote areas

Location Year of Mean Ref.
measurement | concentration
(ng/im?)

Northern hemisphere 1974 130 Cox etal., 1976

1981 102 Singh et al., 1983
Southern hemisphere 1974 <15 Cox etal., 1976

1981 54 Singh et al., 1983
Atlantic ocean:
Open sea <1989 60-110 Bruckmann et al., 1989
Between England and 1972 1.7 Murray and Riley, 1973
North-Western Africa 1973 92 Lovelock, 1974
Northern Atlantic 1982-85 100-250 Class and Ballschmiter, 1986
North-Eastern Atlantic <1987 59-110 Tille and Bachmann, 1987
Arctic
Norway coasts; summer 1982 80 Hov et al., 1984

spring 1983 132

23.8 °N-25.3°N 1991-92 15.3 Schauffler et al., 1993
Norway, Spitzberg <1990 98 Miller and Oehme, 1990
USA, Alaska, Point Barrow 1981 195 van der Heijden et al., 1986
Northern hemisphere
Madeira, Pico Arieiro (1810 m) 1982 100 Kirschmer and Ballschmiter, 1983
Madeira, Porto Santo (100 m) 1982 110 “
Bermuda 1985 75 Ballschmitter et al., 1988
USA,at 2360 m 1976 85 Singh, 1977
Pacific ocean:
North-Western Pacific 1976 44 van der Heijden et al., 1986
Marshall Islands (NH) 1981 130 van der Heijden et al., 1986
Equatorial Pacific (15 °N-10 °S/144 °W- [ 1990 41 Atlas et al., 1993
165 °W)
North-Eastern Pacific (0-40 °N) 1981 105 van der Heijden et al., 1986
South-Eastern Pacific (0-40 °S) 1981 55 van der Heijden et al., 1986
OSE)uth-Eastern Pacific (30-40 °S/138-146 | 1981 105 van der Heijden et al., 1986
Coastal sites near San Francisco 1975 116 Singh et al., 1977
Southern hemisphere
South Pole 1979-81 78 Khalil et al., 1983
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Location Year of Mean Ref.
measurement | concentration
(Mg/m?)
Cape Town 1974 <15 van der Heijden et al., 1986
South-Africa 1977 <15 van der Heijden et al., 1986
Samoa Islands 1981 110 Khalil et al., 1983
Table 3-30: Average measured concentrations in ain rural areas
Location Year of measurement Mean concentration Ref.
(ug/ m’)
France, Brittany 1985 0.105 Ballschmitter et al., 1988
Netherlands 1991 RIVM, 1993
Wijnandsrade 0.11
Zegveld 0.08
Witteveen 0.12
United-Kingdom <1973 0.004 Murray and Riley, 1973
<1975 0.12-0.59 Pearson and McConnell, 1975
Ireland, Cork 1974 0.132 Lovelock, 1974
Germany
German Alps, Hochgrat (1800 1982 0.103 Kirschmer and Ballschmiter,
m) 1983
Schwabische Alb, Asch 1985 0.33(max.0.69) Guthner et al., 1990
Oberfranken, Hof 1985 <07 Bayerisches Staatsministerium
fir Landesentwicklung und
Umweltfragen, 1986
South-Western Germany, 1987 0.05-0.5 Frank et al., 1989
Nordschwarzwald, 1988 0.2 Frank et al., 1991
Berchtesgaden 1989-90 0.18 “
Freudenstadt 1990 06 ¢
Fichtelberg 1990 0.3 ¢
Deuselbach, Hunsrtick, 420m 1987-1996 0.10-0.15 Miiller, 1995
Miiller, 1996
Schauinsland, Black Forrest, 1987-1996 0.07-0.11 i
1205m
Norway, Birkenes <1990 0.073 Miiller and Oehme, 1990
Finland, rural 1987 0.063 Kroneld, 1989
USA
rural background 1980-81 0.097 Singh et al., 1982
rural Pullmann, WA 1974-75 0.1 Grimsrud and Rasmussen,
1975
Talladega national forest, AL 1977 0.5 Holzer et al., 1977
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Location Year of measurement Mean concentration Ref.
(Mg/ m)
Magna, UT 1976-78 0 Pellizzari, 1978
<1983 0.19
South-Western Germany 2002 0.11+0.02 ECSA, 2003
8 sites)
and Norhern France (2 sites)

Table 3-31: Average measured concentrations in ain urban and suburban areas

Location Year of measurement | Mean concentration (ug/ Ref.
m?)
Belgium, Brussels 1974-75 2.39-14.6 Su and Godberg, 1976
Netherlands 1980 0.01-1 (max.36.6) Guicherit and Schulting, 1985
1979-81 0.15 (max.10) Den Hartog, 1980-81
Apeldoorn 1991 0.13 RIVM, 1993
Dordrecht 1991 0.14 ¢
Rotterdam 1991 0.16 !

United-Kingdom

Runcorn works perimeter <1975 11.9-47.4 Pearson and McConnell, 1975
Liverpool and Manchester <1975 3.6-9.5 !

cities

Southampton,  commuting <1991 1 Bevan et al., 1991
route

Southampton town centre <1991 <02 ¢

Germany

Bremen 1979 0.12 Batjer et al., 1980
Bremerhaven 1979 0.03 ¢

Koln 1980 0.07 Anonym, 1987
Koblenz 1983 0.05-1.6 Hellmann, 1987

Ulm 1982-85 0.85 Class and Ballschmiter, 1986
Goppingen 1986 0.16-0.69 Hecht et al., 1987
Petersberg (suburban) 1986-87 1.14 Heil et al., 1989
Hamburg 1986-87 0.2-0.6 Bruckmann et al., 1989
Essen 1988 0.23 ¢

Berlin 1990 0.26 Berliner Senatsverwaltung fiir

Stadtenwicklung und
Umweltschutz Berlin, 1991

Leipzig, Tiibingen, 1990 0.6-0.95 (max.30) Frank et al., 1991

Freudenstadt

Offenbach 1987-1996 0.11-0.22 Miller, 1995; Muiller, 1996

Iltaly, Turin (winter) 1987-88 0.83 Gilli et al., 1990
(summer) 1988 0.14
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Location Year of measurement | Mean concentration (ug/ Ref.
m3)
Finland, industrial site 1987 95 Kroneld, 1989
France (Paris) 2000 0.9 (mean of 128 Personal communication
measurements) Laboratoire d’'Hygiene de la
min: <03 Ville de Paris (2002)
median: 0.7
95t percentile; 2.2

max: 3.2
USA
industrial  sites, Iberville 1977 04-5.9 Pellizzari, 1982
Parish, LA
xij;inity of chemical plants in 1976-1978 0.13-0.77 Pellizzari, 1978
11 highly industrialized 1976-1978 0-53.8 Pellizzari, 1978
locations
Waste disposal site, Kin-Buc, 1976 Pellizzari, 1982
NJ
vapor phase organics: trace-6.4
ambient air 0.9-28
Old Love canal 1978 (1-110) 30 Barkley et al., 1980
Houston, TX 1980-81 2.055 Singh et al.,, 1982
St. Louis, MO 1980-81 0.335 ‘
Denver, Co 1980-81 0.899 ¢
Riverside, CA 1980-81 3415 ‘
Staten Island, NY 1980-81 0.709 “
Pittsburgh, PA 1980-81 0.471 ‘
Chicago, IL 1980-81 0.393 ‘
Tuscaloosa, AL 1977 3.96 Holzer et al., 1977
Los Angeles, CA 1978 0. Singh et al., 1981
Phoenix, AR 1978 0.6 ¢
Oakland, CA 1978 0.16 ‘
Niagara Falls, NY 1979 89 Pellizzari et al., 1979
NJ area 1979 47 ¢
Baton Rouge, LA 1979 55 !
Houston, TX 1979 1 ¢
Rutherford, NJ 1978 23 (max. 150) Bozzelli and Kebbekus, 1982
Residential 30 (max.90)
east, industrial 25 (max. 153)
north, industrial 14 (max. 33)
west, industrial 22 (max. 50)
Newark, NJ 1978 19 (max. 37) ¢
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Location Year of measurement | Mean concentration (ug/ Ref.
m3)
Middlesex, NJ 1978 11 (max. 14) ¢
Sommerset, NJ 1978 0 “
Summerville, NJ 1978 25 (max. 50) “
Overall (1739 measure points) <1983 1.3 Brodinsky and Singh, 1983
Industrial (306 measure 11
points)
Japan, Tokyo 1974 35-1320 Ohtaetal., 1974
measurements all over Japan 1979 0.11-24.8 Environment Agency Japan,
1995
1980 0.08-22.8
1983 0.05-10.9
1991 0.037-5.3
1992 nd-3.2
Table 3-32: Average measured concentrations in prggtations
Location Year of measurement Mean concentration (ug/L) Ref.
United Kingdom, rainwater <1975 <02 Pearson and McConnell, 1975
Germany
Hesse, pine forests, rainwater 1989 0.039-0.097 Renner et al., 1990
fields, rainwater 1989 0.011-0.017
Koblenz, rainwater 1982-83 0.6-0.9 Hellmann, 1984
Schwabische Alb, rainwater 1985 0.025 Ballschmitter et al., 1988
Kolmbach, Odenwald, 1987-88 0.014-0.520 Kubin et al., 1989
rainwater
Kolmbach, Odenwald,mist 1988 0.79
Ulm, rainwater 1985 0.025 Class and Ballschmiter, 1986
USA, Alaska, snow <1976 0.094 Su and Godberg, 1976
Los Angeles, rainwater 1982 0.25 Kawamura and Kaplan, 1983
Japan 1974 10-118 Environment Agency Japan,
1995
1975 0.1-43 Environment Agency Japan,
1995
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3.1.34 Comparison of measured and predicted condesations

Concentrations in remote and rural areas are yshativeen 0.05 and 0.2 ug/ma3. In urban or
suburban areas, recent measured chloroform coatiens are usually below 5 pg/m3, while
concentrations measured recently in the vicinitynolustrial areas reached up to 95 pg/m3.
The estimated regional concentration is coheretit many urban concentrations. However, it
may underestimate the actual concentrations of Iigindustrialised areas where
concentration far above 1 pgfmvere measured at many locations. Such a differeateeen
the measured concentrations and the estimated Rg@ be explained by the oldness of the
measures (eighties, nineties) compared to thesedeaolumes from 1995 — 2000 that were
used to estimate the PEC. Since the eightiesnibeaassumed that the releases of chlorinated
solvents have been significantly reduced. This mp$ion is confirmed by the measurements
all over Japan that show a significant decreagbanmeasured concentrations from 1979 to
1992. No other data can support this assumptiomeder, with recent measurements, we can
observe that the estimated regional concentraticaay ralso underestimate the actual
concentrations of highly urbanised area: 0.26 [fgimBerlin in 1990, 0.6 — 0.95 ugHin
Leipzig - Tubingen in 1990, 0.83 pughn Turin in 1987-88 and 0.9 pgfin Paris in 2000.
These higher concentrations might be due to theepiee of chloroform precursors in such
urbanised area. In particular, trichloroethylend &trachloroethylene were also detected at
high concentrations in Paris in 2000 (Personal camioation, Laboratoire d’Hygiene de la
Ville de Paris, 2002): mean concentrations werpaetvely 2.0 and 2.3 pg:inThese results
could imply that trichloroethylene and tetrachldiggene might be preferred precursors for
chloroform formation in highly urbanised areas. & explanation could be the emissions
from chlorination of drinking and cooling water imban areas, which does not seem to have
been reduced over the last decennia.
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3.1.4. Terrestrial compartment

3.14.1 Estimation of local concentrations in soil.

Because of the low bioaccumulation potential obobfiorm, the PEC in agricultural soil will
be considered. The release of chloroform to theséial compartment is small. Chloroform
IS not expected to adsorb to soil to any significaxtent. Using the EUSES model, local
concentrations in soil are estimated. These coratois are the results of emission and
atmospheric deposition.

According to the European regulation, biologicaldgle containing dangerous substances is
identified as hazardous waste when the waste emntaore than a certain percentage, which
is specific to each hazardous property. In the cdstloroform biological sludge containing
more than 1% of chloroform should be consideredaasyerous waste and cannot be used in
agriculture.

However, for most chloroform production sites, c¢bform is not the only dangerous
substance in the biological sludge. Therefore stadard practise to consider sludge from
chemical industries as dangerous waste and naeatun agriculture. In addition, producers
also confirmed this statement.

Therefore, the application of sludge from sewagatment plants was not taken into account
in the calculation of the local concentrations ailss However, these local concentrations in
soils could be assimilated to long-term steadyestahcentrations.

3.14.1.1. Production

For all production sites except for sites D andloroform releases presented in Table 3-33
are due to the production of chloroform at eacle. skor production sites D and E, as
described in section 3.1.1.2.1.2, integrated sadmare been considered:

* For site D, chloroform releases are due to the kameous production of chloroform and
HCFC 22 at this site. Releases to wastewater aad thue to both productions have been
added (see Table 3-4).

* For site E, chloroform releases are due to the Isameous production of chloroform,
HCFC 22 and dyes / pesticides at this site. Retetis@vastewater and to air due to the
three productions have been added (see Table 3-5).

Table 3-33 : Local concentration in soil at each mduction site during emission period and
chloroform production

A B C D E F G H | J
DEPtotal

251 0.01 2.8 13.7 18.5 6.7 3.0 22 0.75 19.2
[ug/m? x d]
Temission [d/a] 365 365 300 365 365 365 365 365 365 365
DEPtotalannual

251 0.01 2.3 13.7 18.5 6.7 3.0 22 0.75 19.2
[ug/m? x d]
Clocal soi

1.15 0.0005 0.10 0.62 0.84 0.30 0.14 0.12 0.03 0.87
[Hg/kg] (ww)
PEClocal soi

1.16 0.01 0.12 0.64 0.85 0.31 0.15 0.13 0.05 0.89
[Hg/kg] (ww) ["

[ Based on PECregional naral soil Calculated below.
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3.1.4.1.2. All other uses
Table 3-34: Local soil concentrations during usesf @hloroform
HCFC 22 Dyes_ a_nd Other Losses. asaby product
. pesticide L Use as a solvent during chemical
production . applications .
production manufacturing
DEPtotal 23 16.3 155 670.0 816
[ug/m? x d]
Temission [d/a] 300 144 300 87 300
DEPtotalemue 216 6.4 12.7 150.7 67.1
[ug/m? x d]
Clocal sai 0.99 0.29 0.58 7.25 3,07
[uglkg] (ww)
PEClocal soil
0.995 0.30 0.59 7.26 3.08
[uglkg] (ww) ™
I Based on PECregiongl,qa soicalculated below
3.1.4.2 Regional and continental concentrations

The EUSES model 2.0.3 has been used to prediainaigand continental concentrations of
chloroform in soil. Regional PECs are calculated :

PEC regional sy = 1.86 pg.kgh (ww)
PEC regional nawral soil = 11.5 ng.kg" (ww)
PEC reglonal soil pore Water: 549 ngl__l
The continental estimation takes into account the of all EU countries together. Emission

estimation is based on the EU-wide production vaum302,800 t of chloroform/year.
Continental PECs are then calculated by EUSES 2.0.3

PEC continental soil = 0.202 pg.kg-1 (ww)
PEC continental natural soil = 5.22 ng.kg-1 (ww)
PEC continental soil pore water = 59.6 ng.L-1

3.1.4.3 Measured concentrations

An overview of available monitoring results in saihd groundwater is presented in the
following tables.

Table 3-35: Average measured concentrations in soil

SOIL

Location Year of measurement | Mean concentration (mg/kg dw) Ref.

Netherlands <1989 Kliest et al., 1989
uncontaminated site 13

near to a garage <5

near to a waste dump site <5

Germany, Hamburg 1983-85 0.0044 Freie und Hansestadt Hamburg
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| | | (Umweltbehdrde), 1988
SOIL-AIR
Location Year of measurement Mean concentration (jg/m3) Ref.
United Kingdom, disused fire <1991 <=770 Eastwood et al., 1991.
station site
Germany
Berchtesgaden 1989 0.145-1.030 Frank et al., 1991
Forests in South Germany 1987 Frank et al., 1989
Mauzenberg 11.9-77.4
Bernstein 04-1.8
Schénbuch 04-72
SOIL PERCOLATION WATER
Location Year of measurement Mean concentration (ug/L) Ref.
Germany, Hesse forests 1989 Renner et al., 1990
pine forests 0.017-0.087
fields 0.030-0.540

Table 3-36: Average measured concentrations in grogiwater

Location Year of measurement Mean concentration (ug/L) Ref.
Netherlands, 29 deepwells ca. 1980 >=0.1(in 8/29) van der Heijden et al., 1986
United Kingdom
Groundwater <1988 0.16 WRC., 1988
36 groundwater sites <1984 <0.1-4.6 (in 35/36) Folkard, 1984
groundwater from site of <1991 12.8-20.8 Eastwood et al., 1991.
disused fire station
Birmingham aquifer 1986-88 Rivett et al., 1990b
59 supply boreholes >=0.02(in 53%) Rivett et al.,, 1990a

5%: 0.02-0.1

31%: 0.2-1

17%: 1.1-10
15 monitoring wells <=20
Coventry area <1993 > 1 (in 43%) Burston et al., 1993
42 boreholes (18: industrial (mean: 2.1) Nazari et al., 1993

water supplies, 20: public water
supplies, 4: agricultural

purposes)

Germany

Rhine-Sieg area, groundwater <1984 <=3 Schoeler et al., 1984
Hessen, groundwater 1988-89 0.01-2.5 Renner and Miihlhausen, 1989
Bremen, groundwater 1978-79 2.0 Lahl et al., 1981

mixed groundwater/treated 1978-79 0.3

surface water from Weser river
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Switzerland 1981-83 0.021(max.1.2) Fahrni, 1985

Spain, Galicia <1992 9-48 Freiria-Gandara et al., 1992

USA, Pittman, Nevada <1987 nd-866 Kerfoot, 1987

[contaminated site]

Montebello Forebay, CA <1984 Bookman Edmonston
Engineering Inc, 1985

unchlorinated well water <0.2-2.6 !

chlorinated well water <0.1-1.6 !

reclaimed water 5.8-84 !

imported water sources 0.2-29 i

3.14.4 Comparison of measured and predicted condeations

There are not sufficient measured concentrationssail available for a meaningful
comparison.

3.1.5. Non compartment specific exposure relevant the food chain

Because of the low bioaccumulation potential ofoobilorm (BCF = 13), the potential for
secondary poisoning can be considered to be nblgigi

This is furthermore confirmed by the monitoringadavailable from marine aquatic biota as
well as in birds as presented in Table 3-37 andeTat38.

Table 3-37: Average measured concentrations in maré biota from around the United Kingdom

Organism / organ L (¥) Level (ug/kg) Ref.
Plankton ) 0.02-0.9 (w) R1
2 5 (w) R1
Ragworm (Nereis diversicolor) (3) ND R1
Mussel (Mytilus edulis) ) 9-10 (w) R1
(4) 8 (w) R1
() 3 (w) R1

Whelk (Buccinum u.)
digestive gland (6) 117 (d) R2
muscle (6) 129 (d) R2

Mussel (Modiolus m.)
digestive tissue (6) 56 (d) R2
mantle (6) 438 (d) R2
muscle (6) 200 (d) R2
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Organism / organ L (¥) Level (ug/kg) Ref.
Scallop (Pecten m.)
gill (6) 1040 (d) R2
mantle (6) 224 (d) R2
muscle (6) 440 (d) R2
ovary (6) 720 (d) R2
testis (6) 448 (d) R2
Cockle (Cerastoderma edule) ) 4-150 (w) R1
Oyster (Ostrea edulis) (5) 3(w) R1
Whelk (Buccinum undatum) (5) 10 (w) R1
Slipper limpet (Crepidula fornicata) (5) 6 (d) R1
Crab (Cancer pagurus) (7 ND R1
(1) 3-115(w) R1
(4) 180 (w) R1
Shore crab (Carcinus maenas) 4) 15 (w) R1
Hermit crab 4) 73 (w) R1
(Eupagurus bernhardus) (5) 20 (w) R1
Shrimp (Crangon crangon) 4) 45 (w) R1
Starfish (Asterias rubens) (5) 13 (w) R1
Sunstar (Solaster sp.) (5) 3(w) R1
Sea urchin (Echinus esculentus) (5) 2 (w) R1
Flounder (Platychthys f.)
flesh ) 21 (w) R1
liver (1) 6 (w) R1
Eel (Conger c.)
gill (6) 50 (d) R2
gut (6) 43 (d) R2
liver (6) 474 (d) R2
muscle (6) 219 (d) R2
Cod (Gadus m.)
brain (6) 167 (d) R2
gill (6) 156 (d) R2
heart (6) 67(d) R2
liver (6) 19 (d) R2
muscle (6) 168 (d) R2
skeletal tissue (6) 29 (d) R2
stomach (6) 7(d) R2
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Organism / organ L (¥) Level (ug/kg) Ref.
Coalfish (Pollachius b.)
alimentary canal (6) 51(d) R2
gill (6) 294 (d) R2
heart (6) 112 (d) R2
liver (6) 851 (d) R2
muscle (6) 168 (d) R2
Dogfish (Scylliorhinus c.)
brain (6) 404 (d) R2
gill (6) 755 (d) R2
gut (6) 544 (d) R2
heart (6) 210 (d) R2
liver (6) 76 (d) R2
muscle (6) 649 (d) R2
spleen (6) 80 (d) R2
Mackerel (Scomber s.)
flesh (1) 50 (w) R1
liver () 18 (w) R1
flesh ) 5 (w) R1
Dab (Limanda l.) / flesh (5) 23 (w) R1
Plaice (Pleuronectes p.) / flesh (5) 17 (w) R1
Sole (Solea s.)/flesh
flesh () 26 (w) R1
guts (5) 9 (w) R1
Red gurnard (Aspitrigla c.)
flesh (5) 21 (w) R1
guts 5) 2(w) R1
Scad (Trachurus t.) / flesh (5) 48 (w) R1
Pout (Trisopterus 1.) / flesh (5) 15 (w) R1
Spurdog (Squalus a.) / flesh 5) 110 (w) R1
Sprat (Clupea s.) / flesh 2) 5(w) R1
Grey seal (Halichoerus g.) / blubber (8) 7.6-22 (w) R1

(*): Locations:

(6): Irish Sea; (7): Tees Bay; (8): Fame Isles

ND : not detectable; (d): dry weight basis; (w): wet weight basis

References: R1: Pearson and McConnell, 1975; R2: Dickson and Riley, 1976
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Table 3-38: Average measured concentrations in biglfrom around the United Kingdom (Pearson

and McConnell, 1975)

Organism / organ Location Level (nglkg wet weight)
Gannet (Sula bassana) Irish Sea

liver 74

eggs 1.9-2.0
Shag (Phalacrocerax a.) / eggs Irish Sea 0.7
Razorbill (Alca torda) / eggs Irish Sea 6.6-19.7
Guillemot (Uria aalge) / eggs Irish Sea 8-65
Kittiwake (Rissa t.)

eggs North Sea 58

liver Frodsham Marsh 173

kidney Merseyside 8.4
Moorhen (Gallinula c.) Merseyside

liver 1.3

muscle 8.2

eggs 19.5-29
Mallard (Anas p.) / eggs Merseyside 10-22
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3.2.EFFECTS ASSESSMENT: HAZARD |IDENTIFICATION AND DOSE
(CONCENTRATION) - RESPONSE (EFFECT) ASSESSMENT

3.2.1. Aquatic compartment

Results have been obtained with various fish specie general, chloroform toxicity
measurements are limited by its high volatility,iethhas to be considered sufficiently during
testing.

3.21.1 Acute and prolonged toxicity to aquatic veebrates (fish and
amphibians)

Table 3-39: acute toxicity results towards fish

Species Method Endpoint (duration) Reliability | Remarks Reference
index2
Limanda limanda LC 50 (96 h) = 28 mg/L 4 Flow-through system, Pearson and
analytical monitoring McConnell, 1975

No details on the
experimental conditions

Lepomis LC 50 (96 h) = 18 mg/L 3 Daily analytical monitoring. | Anderson and

macrochirus (mean LC 50 of 5 tests) No clear dose-effect relation. | Lustry, 1980

High mortality due to
Columnaris infection in the
control and the lower

concentration
Poecelia reticulata | US EPA, 1971 | LC 50 (96 h) = 300 mg/L 3 No analytical monitoring Hazdra et al., 1979
static test, insufficient
documentation
Leuciscusidus DIN 38412 LC 0 (48 h)=51mglL 3 The test system is not Knie et al., 1983
_ appropriate for volatile
LC 50 (48 h) = 92 mg/L substances
LC 100 (48 h) = 151 mg/L
Leuciscusidus DIN 38412 LC 0 (48 h) =147 mg/L 3 No analytical monitoring Juhnke and
melatorus LC 50 (48 h) = 162 mg/L The test system is not Lidemann, 1978
_ appropriate for volatile
LC 100 (48 h) = 176 mg/L substances
Oncorhynchus LC 50 (48 h) = 20 mg/L 3 No analytical monitoring. Slooff, 1979
mykiss Insufficient documentation

12 Reliability index:
Reliability index 1 : Valid: method and description accordance with test guidelines and
with accurate actual concentrations measurements

Reliability index 2 :  Valid with restriction: fallg short of highest standards concerning
protocol or reporting

Reliability index 3: Not valid
Reliability index 4 :  Validity cannot be estabkghdue to missing information
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per day) with analytical
monitoring

Species Method Endpoint (duration) Reliability | Remarks Reference
index'2
Brachydanio rerio LC 50 (48 h) = 100 mg/L 3 No analytical monitoring. Slooff, 1979
Insufficient documentation
Oryzias latipes Testing LC 50 (48 h) =117 mg/L 3 No analytical monitoring MITI, 1992
methods for o
industrial and Semi-static system
wastewater,
Japan
Cyprinus carpio LC 50 (3-5d) =97 mg/L 2 Semi-static system Mattice et al., 1981
(toxicity to carp embryos) 2 initial concentrations are
measured.
LC 50 value is corrected with
estimated mean
concentration during the
static period
Ictalurus LC 50 (96 h) = 75 mg/L 2 Daily analytical monitoring. | Anderson and
punctatus Flow-through toxicant Lustry, 1980
(juvenile catfish) delivery system
Pimephales US-EPA LC 50 (96) =71 mglL 2 Flow-through system, daily | Geiger et al., 1990
promelas analytical monitoring
Pimephales ASTM, 1980 Fry: 2 static, closed system Mayes et al., 1983
promelas LC 50 (96 h) = 129 mg/L . .
, N0 analytical monitoring
Juvenile :
LC 50 (96 h) =171 mg/L
Subadults :
LC 50 (96 h) = 103 mg/L
Oncorhyn-chus LC 50 (96 h) = 18 mg/L 2 Daily analytical monitoring. | Anderson and
ki L f 5 test Lustry, 198
mykiss (mean LC 50 of 5 tests) Flow-through toxicant ustry, 1980
delivery system
Micropterus LC 50 (96 h) =51 mg/L 2 Daily analytical monitoring. | Anderson and
salmoides (mean LC 50 of 3 tests) , Lustry, 1980
Flow-through toxicant
delivery system
Poecelia reticulata experimental : 2 No analytical monitoring Kénemann, 1981
LC 50 (14 d) = 102 mg/L _—
Semi-static system
calculated :  sol
LC 50 (14d) = 154 mglL Use of solvent
Brachydanio rerio | OECD 203 LC50 (96h) =121 mg/L 1 Flow-through test (6 renewals | Rdderer, 1990

Slooff, 1979 performed acute toxicity tests witachydanio rerio. Ten fish were exposed for
48 hours in 10 L aquaria with a dynamic closed esys{6L/h). The fish were not fed. No
measurement of the concentrations is mentionetkast three concentrations were tested but
there is no precision about the range of conceatrainor the confidence limits of the results.
The test is too short and the result is used dsdicative range of concentrations that could

lead to acute toxicity towards fish.
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The acute toxicity of chloroform to four speciesfishwater fish has been studied in flow-
through 96-hours toxicity tests by Anderson andtiysl980. Test concentrations have been
checked by daily measurement. Behaviour of the iBslepending upon the species : trout
and catfish tend to exhibit an initial tolerancectdoroform with mortality increasing later
whereas mortality rate of bluegill and largemoutiswere high during the first day.

As columnaris infection on fish caused high motyatiate in the control and in the low
concentration aquarium, the results lfepomis macrochirus could not be considered.
Kdénemann, 1981 conducted acute toxicity tests orindBstrial pollutants using guppies
(Poecilia reticulata) and compared the results with values that haes lodtained with the
QSAR method. Tests were performed in semi-statiitions for 14 days on 8 fishes per
concentration. The concentrations increased in gé&acrprogression with a ratio of 1.8. Both
final experimental and calculated LC 50 resultsgaven and the model seems to fit well with

the chloroform substance, as the ratic,c‘aI culated. C50

experimental LC50
results of 72 industrial chemicals, experimentadditons are reported in general and nothing
is known about the specific conditions for chlomofio(which solvent is used, solvent control,
control results...). Nor is the concentration Eeffrelation reported.
The objective of the study from Mayetsal., 1983 was to examine the influence of age on the
acute toxic response of fathead minnow exposedite organic compounds including
chloroform. 96 h-LC 50 of the three stages of tish &re reported. The subadults seem to be
the most sensitive to chloroform.
In the six validated studies, the LC 50 range frb& mg/L for Oncorhynchus mykiss to
171 mg/L forPimephales promelas.
The first value 96 h-LC 50 = 18 mg/L is retainetdthk more as the study was performed
with daily analytical monitoring and a flow-througixicant delivery system.

is 1.5. As the article is reporting

Chronic toxicity to fish and amphibians
Chronic toxicity results in determining the morgliat post hatching are shown in the
following table.

Table 3-40 : Chronic Toxicity results towards fishand amphibians

Species Method Endpoint (duration) Reliability | Remarks Reference
ind
(95 % confidence limit) | o
Pimephales LC 50 (9 d) > 58 mg/L 3 Flow through; exposure period: | Black et al., 1982
promelas: 9 days; analytical monitoring
Oncorhynchus LC10=83.2 yg/lL 3 Flow through; exposure period: | cited by Black et
mykiss (9.4 - 251.4 uglL) 27 days; analytical monitoring | al., 1982
Oncorhynchus LC 1 (27 d) = 0.0062 mg/L 3 Flow through; exposure period | Birge et al., 1979
mykiss LC50 (27 d)=2.03mg/L : 27 days; analytical monitoring
(water hardness = 48
mg/L)
LC 1 (27 d) = 0.0049 mg/L
LC50 (27 d)=1.24mg/L
(water hardness = 210
mglL)
Oncorhynchus LOEC (24 h) =20 mg/L 3 No analytical monitoring, Slooff, 1979
mykiss , , Uncommon endpoint
(increasing of the
respiration frequency) Flow-through closed dynamic
system
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Species Method Endpoint (duration) Reliability | Remarks Reference
(95 % confidence limit) | 0%
Poecilia sphenops NOEC (60 d) < 1.5 mg/L 3 Semi-static system (complete | Loekle et al,
(mortality, distress, renewal every 2 weeks) 1983
inhibition of growth and N Wiical i
fatty change of the liver) 0 analytical monitoring
2 concentrations, no replicate,
only 6 fish per concentration
Oryzias latipes LOEC (6/9 months) 1 Flow-through exposure system | Toussaint et al.,
=1.464 mg/L with weekly analyses 2001
NOEC (6/9 months) Lesions in gallbladder and
=0.151 mglL abnormalities of the bile ducts
NOEC (6/9 months) > Length, growth
1.463 mg/L
Brachydanio rerio LOEC (14 d) =13 mg/L, 3 Flow-through system (6 Raderer, 1990
renewals per day) with
NOEC (14 d) = 6.1 mg/L . e
(position of the fish in the analytical monitoring
aquaria)
Rana temporaria* LC 50 (5d) =16.95 mg/L 3 Flow through; exposure period: | Black et al., 1982
(11.05-28.91 mglL) 5 days; analytical monitoring
Ambystoma LC 50 (5d) =21.58 mg/L 3 Flow through; exposure period: | Black et al., 1982
gracile* (13.25-41.77 mglL) 5 days; analytical monitoring
Xenopus laevis* LC 50 (5 d) > 68 mg/L 3 Flow through; exposure period: | Black et al., 1982
5 days; analytical monitoring
Hyla crucifer* LC 50 (7 d)=0.27 mg/L 3 Flow through; exposure period: | Birge et al., 1980
(0.19-0.37 mg/L) 7 days; analytical monitoring
LC 10 (7 d)=17.7 pglL
(9.9-28.1 pg/lL
LC1(7d)=1.9 pglL
(0.8-3.9 pglL)
Bufo fowleri* LC 50 (7 d) = 35.14 mg/L 3 Flow through; exposure period: | Birge et al., 1980
(18.37 = 92.25 mglL) 7 days; analytical monitoring
Rana pipiens* LC50 (9 d) =4.16mg/L 3 Flow through; exposure period: | Birge et al., 1980
(1.96 - 7.06 mg/L) 9 days; analytical monitoring
LC 10 (9 d) = 383.4 pg/L
(60.1- 985 pglL)
LC1(9d)=54.9 uglL
(3.1-225 pglL)
Rana palustris* LC 50 (8 d) = 20.55 mg/L 3 Flow through; exposure period: | Birge et al., 1980
(11.53 - 43.83 mglL) 8 days; analytical monitoring
* amphibians

Slooff, 1979 studied chronic toxicity of 13 compasnHe used rainbow trouts to detect the
concentration at which a respiration frequencytdkast three fourth of the test fish exceed
the predetermined individual critical values. The@ammon endpoint, the lack of precision of
the experimental conditions and of the resultsygmeus from considering the chronic results

as valid.

Chronic effects have been determined in a eantydihge test with fish and amphibians for

chloroform (Birgeet al., 1979; Blacket al., 1982; Birgeet al., 1980). Volatility was
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effectively prevented in a dynamic closed througstem. The test water was monitored daily
for chloroform.

NOEC values for the fish and amphibian speciesccoot be determined for the following
reasons:

- The only chronic result of the study is a LC 1hiet is not usable in the risk
assessment. The results are very low because e d@ffect curve is plane. As
survival data are control-adjusted it is not pdssib use the data to calculate any EC
10 or NOEC.

- Control survival is only 72 %

- Confidence limit cannot be determined becausethef big ratio between test

concentrations (3.3 to 17).

- No replicate has been performed in the study

In the study by Loeklet al., 1983, adult black molliefoecilia sphenops were exposed for a
60-day test period to water contaminated with afmm. 100% of fish exposed to 7.4 mg/L
and 67% of fish exposed to 1.5 mg/L of chloroforither died or were distressed (inability to
swim, to feed or react to a stimulus). In additepmlecline in weight could be measured at
both concentrations. Finally, chloroform inducedstaiking change in liver morphology
(increase of fat accumulation). Because the test“s@mi-static” with a complete renewal of
water every two weeks, concentrations of chlorofeould not be maintained throughout the
experiment. In addition, no replicate was performaal there were only 6 fish per
concentration. Therefore, the result could not $edun the derivation of a PNEC.

In the study from Roderer, 1990, the most sensiwdpoint used for the derivation of the
NOEC was the position of the fish in the aquati@ahnot be used in the risk assessment. No
other chronic endpoint is available in this study.

The only chronic valid study has been publishedTbyssaintet al., 2001. 14-day-old fry
Japanese Medaka fish were continuously exposelléooform in a flow-through system for
6 and 9 months. Mean measured test concentratieres @017 0.004 mg/L, 0.15% 0.034
mg/L and 1.463+ 0.242 mg/L. Endpoints were growth, survival, hepatcinogenicity,
hepatocellular proliferation, histopathology anttahepatic chloroform concentration.

After 6 months exposure, there was a suggestigrafth and length reductions, but these
results were statistically not significant. At 9 mles, no reduction in growth was found for
length or weight. Chloroform did not either apptmbioconcentrate in fish livers.

Chronic toxicity effects could be found on histdpdbgy of gallbladder (lesions) and bile
ducts (abnormalities) after 6 and 9 months expoatre463 mg/L (Toussair al., 2001).
There were significant differences between malesfamales in their response to chloroform,
the later being more significantly affected: aftér months exposure at the highest
concentration (1.463 mg/L), a significative effacas found only on one endpoint in the
males (proliferation or hyperplasia of bile ductk tbe liver). In contrast, at the same
concentration, female exhibited nine significanidfngs in the bile ducts of the liver and the
gallbladder (bile duct hyperplasia, bile duct egiithm hyperplasia, dilatation of the bile
ducts, concretions in the lumen, inflamations atbbile ducts, concretions in the lumen of
the gallbladder, gallbladder and cystic duct hyfzsip and cystic duct dilatation). After 9
months exposure males exhibited higher incidencelilatation of the cystic duct of the
gallbladder and a tendency toward a significantghér incidence of epithelium hyperplasia
of the gallbladder. At 1.463 mg/L, females respa@hdath a higher incidence for 3 of the 9
endpoints already significantly affected after 6mis plus a significative effect on the
inflammation of the wall of the gallbladder (graomiatous inflammation). At the lower
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concentration of 0.151 mg/L, these hepathologicalifgs were not found to occur at such a
higher incidence (only bile duct dilatation was riduat a higher incidence after 9 months
exposure).

Pathology findings were dissimilar between thiglgtand other studies with mammalians. As
an example, biliary concretions that are observedmammalians are usually caused by
infection while in the case of fish, the reason tbe occurrence of concretions in the
gallbladder and the bile ducts is unknown. Thessidhilarities could be attributed to the
different routes of exposure, different exposedcentrations and obviously to the choice of
the animal model.

In conclusion, despite there was no effect on gnowhis study is demonstrating that a
chloroform concentration of 1.463 mg/L is causimgngicant effects on histopathology of
gallbladder (lesions) and bile ducts (abnormaljtieslthough these findings should be
considered ecotoxicologically significant, this esff concentration will be considered as a
NOEC because of the very specific effects that vedrserved at this concentration and the
uncertainty about effects at the population leitab(not proved that there might be effects on
population level with longer exposure periods).

Finally, the NOEC = 1.463 mg/L will be consideread this risk assessment to take into
account the abnormalities and all other effectsw®ae observed on the fish.

Therefore, the only valid chronic result on fish MOEC = 1.463 mg/L.

3.21.2

Several studies have been realised determining &figcts on invertebrates.
For acute effects:

Acute and prolonged toxicity to invertebrags

Table 3-41 : Acute toxicity results towards inverterates

Species Method Endpoint (duration) Reliability | Remarks Reference
index
Panaeus LC 50 (96 h) = 81.5 mg/L 4 Insufficient documentation | US-EPA, 1980
duorarum on test method
Daphnia magna Static three- | LC 50 (48 h) = 353 mg/L 3 No analytical monitoring. | Cowill and
brood test, . . Milazzo, 1991
Cowgill & Volatility is not sufficiently
Milazzo, 1989 taken into account
Organisms are fed during
the test
Ceriodaphnia Static three- | LC 50 (48 h) = 290 mg/L 3 No analytical monitoring. | Cowill and
dubia brood test, e ) Milazzo, 1991
; Volatility is not sufficiently
Cowgill & ken |
Milazzo, 1989 taken into account
Organisms are fed during
the test
Daphnia magna ASTM LC 50 (48 h) = 65.7 mg/L 3 No analytical monitoring Gersich et al., 1986
subcommitte on | (geometric mean of 3 Volatiltv is not sufficientl
safety to aquatic | results) ?(a My 1S not su iciently
organisms taken into account
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Species Method Endpoint (duration) Reliability | Remarks Reference
index
Daphnia magna DIN 38412 LC 0 (24 h) =62 mg/L 3 No analytical monitoring. | Knie et al., 1983
LC 50 (24 h) = 290 mg/L Test system is not
LC 100 (24h) = 500 mg/L appropriatefo voatle
Crassostrea LC 50 (48 h) = 0.385 mg/L 3 Analytical monitoringata | Stewart et al., 1979
virginica (estimated from a graph) median concentration:

100pg/L The result is
based on a calculated
time-weighted mean
concentration that is taking
into account the loss of

chloroform)
Crassostrea EC 50 (48 h) = 152.5 mg/L 1 Analytical monitoring at WRc-NSF, 2002
gigas _ every tested concentration
NOEC (48 h) = 50.4 mg/L (48h losses were below
12%). Larvae with
incompletely developed
shells were counted dead
Daphnia magna | US-EPA-660/3, | LC 50 (48 h) = 29 mg/L 2 No analytical monitoring LeBlanc, 1980
1975
Closed vessels
Daphnia magna Bobraetal, |LC50(48h)=79mg/lL 2 No analytical monitoring Abernethy et al,
1983 ) 1986
Static closed test,
No air-spaces in exposure
chambers to minimize
volatilisation daphnids 4-5
days old
Daphnia magna DIN 38412 LC 50 (24 h) =79 mg/L 2 Nominal concentration Kiihn et al., 1989
LC 0 (48 h) =48 mg/L Static closed test
Artemia salina EC 50 (24 h) = 31.1 mg/L 2 No monitoring but the Foster and Tullis,
(25% ASW) volatility is sufficiently taken | 1985
EC 50 (24 h) = 37 mglL into consideration
(25% ASW) (immobilisa- ASW = Artificial Sea Water

tion of stage Il nauplii)

There was no analytical monitoring in any test erfed with daphnia. The tests in which
volatility has not been taken sufficiently into aoat have not been considered as valid
(reliability > 3). Among the other tests with a reliability of the results on th®aphnia
magna tests are homogeneous with a 48 h-LC 50 betweem@®0 mg/L.

These results are supported by the quantitativetstre-activity relationships (QSARS) that
were calculated by Hermemtsal. Relationships between toxicity and hydrophobi¢kypw)
were calculated with a computer program for 19 dhals with anaesthetic (Hermeassal.,
1984). The equation was then applied to derivetakiity of 31 other substances including
chloroform for daphnia. : 79 mg/L < LC 50-48h < 10§/L.

Artemia salina cysts proved to be of a similar range of sensjtigis daphnia (24 h-EC 50
from 31 to 37 mg/L depending of the salinity of #iréificial medium).
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A test with an analytical monitoring has been penied on larvae of the oyst@rassostrea
virginica : 15,000 freshly spawned and fertilised oysterseggre exposed to chloroform in
1.1 | beakers (Stewaet al., 1979). In the 100 pg/L test system, the init@h@entration fell
to 14 pg/L at the end of the test. The test has Ipegformed 5 times and the 48 h-LC 50
could be estimated about 1 mg/L from a graph. @asmated result is based on initial
concentration. Suggesting that the loss of chlarofes the same at 100 and 1000 pg/L and
using the measured concentration after 5 and 48shiouthe 100 pg/L solution, a time-
weighted mean concentration of 385 pg/L is calealat his value is 100 fold lower than the
lowest valid result on Daphnia (29 mg/L). Howeuéis article is short: testing methods and
endpoints were not that much described. In additiea study is not specific to chloroform:
several disinfection byproducts were assessed.

Because of these uncertainties in methodology &ecduse the lowest result was based on a
graphical extrapolation and an assumption aboutdbse of substance during the course of
exposure, another study with a better maintenafdbeoexposure level was conducted in

2002.

The test was conducted with oyster embryos accgrthnASTM Method E724-94 (WRc-
NSF, 2002). Fertilised ova were exposed during 48irdr to chloroform nominal
concentrations ranging from 2.8 to 278 mg/L. Durihig period, the embryos were supposed
to develop to D-shaped larvae. Under a subsequ&rbsoopic examination, larvae with
incompletely developed shells were counted as theaduse a retarded development would
likely reduce survival. Concentrations were meagwethe beginning and at the end of the
test. Losses of chloroform during the preparatibthe test vessels were <30% and losses of
chloroform during the 48h test was <12%. With tasults, a clear dose-response relationship
could be established and some endpoints calcuteteeld on measured concentrations :

48 h-EC50 = 152.5 mg/L, LOEC = 80.4 mg/L, NOEC =4bMg/L.

A test was simultaneously performed with a refeeesubstance, zinc.

The result, 24 h-EC50 = 0.4 mg Zfl.was consistent with the historical control chdrthe
laboratory. The proportion of abnormal embryoshi@ tontrol vessels was < 30%. Therefore,
the test could be considered as valid.

The difference in the results from the test by Steet al with the new test by WRc could be
explained by several factors :

1) In the study by Stewaet al., 1979, assumption had to be made to derive coratents
taking into account a decrease of the substandagithre test. Losses of the substances
might have been overestimated. In addition, chenainalyses of chloroform might have
been improved since the test by Stewart,

2) In the oyster tests, microscopy examination setdined persons. Even with trained
persons, interpretation of the endpoints might lghtby different from one to the other
laboratory : some are considering the larvae asrafa only if they could not observe
the D-form whereas other are taking into accoumnt @mormal aspect with an accurate
observation. Such differences in endpoints mightlyaxplain the gap between both
results. In Stewast al., 1979 study, the effects were based on whetheddibleaped were
alive or dead. No information is given in the papsrto how this was carried but it is
assumed it is based on whether the organisms wetidenn the unfixed sample. Since
chloroform has narcotic properties, larvae in thew@rtet al. paper could have been
considered to be dead when in fact they were imladi#cause they were narcotised. In
the study conducted by WRc-NSF, 2002, the asses¢soh¢ne proportion of larvae in a
sample which have developed to the D-shaped is ratielethe organisms are fixed with
formaldehyde. Therefore, endpoints of both studresnot directly comparable.
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Considering all the technical shortcomings in thelg by Stewartt al., 1979, the results of
this older test can not be used. Results fromeabkelty WRc will be preferably considered. In
this new test, test conditions are completely deedr analytical measurements were
performed at every concentration and the methogolags close to an international
standardised method (ASTM). In addition the 48h&XCseems to fit more closely to other
acute toxicity results on invertebrates (LC 50-48hging from 29 to 79 mg/L fobaphnia
magna).

For chronic effects:

Table 3-42 : Chronic toxicity results towards invetebrates

Species Method Endpoint (duration) Reliability | Remarks Reference
Daphnia Static three- | NOEC (10 d) = 120 mg/L 3 No analytical monitoring. Cowgill and
magna brood test, (mortality, brood size and Volatility is not sufficiently Milazzo,
Cowgill & progeny) taken into account. 1991
Milazzo, 1989
Cerio-daphnia Static three- | NOEC (9d) = 3.4 mg/L 3 No analytical monitoring. Cowgill and
dubia brood test, (mortality) o - Milazzo,
: Volatility is not sufficiently
Cowgill & keni 1991
Milazzo, 1989 taken into account
Daphnia Hermens, 1984 | EC 50 (16 d) = 59.9 mg/L 2 endpoint : length Hermens et
magna NOEC (16 d) = 15 mglL mﬁﬁg;ir:on) analytical al., 1985
g
(growth)
Daphnia German Federal [ NOEC (21 d) = 6.3 mg/L 1 Analytical monitoring Kiihn et al,
magna Environ-mental (reproduction) NOEC refers to the parent 1989
Agency, 1984 . .
animal mortality, the
reproduction rate and the
appearance of first
offsprings.

The study from Cowgill and Milazzo, 1991 is not smtered as the volatility of the substance
is not sufficiently taken into account.

In their study on the toxicity of chemicals withamsthetic potency, Hermeesal., 1985
calculated the 16 d-EC 50 (reproduction endpoimmf the relationship they could
established between the hydrophobicity and thecityxof 5 compounds.

The result (3.6 mg/L <16d-EC50< 6.2 mg/L) is lovilean the experimental result from the
subsequent chronic study performed in 1985 : 168EG 59.9 mg/L. However the
experimental NOEC from the same study is highen tha 21 days reproduction NOEC from
the study by Kiuhret al., 1989. Both volatility and loss of substance wesasidered in the
study by Kihret al., 1989 by using closed test vessels and perforauadytical monitoring.

Therefore &NOEC for Daphnia = 6.3 mg/L can be retained.
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3.2.1.3

Several tests with algae have been carried out:

Toxicity to algae

Table 3-43 : Toxicity results towards algae

provide sufficient
CO: concentra-
tion. Guideline
validity criteria
are fulfilled

EC 10 (72h) = 3.61 mg/L
(biomass)

bipartite vessels

Species Method Endpoint (duration) Relia- | Remarks Reference
bility
Haematococcus Warburg EC 10 (4 h) = 440 mg/L 4 Static test. Knie et al., 1983
pluvialis apparatus, 1983 | (reduction of Oz i
production) No alnallytlcal
monitoring.
No indication on
volatility consideration
Skeletonema costatum EPA NOEC (5d) =216 mg/L 3 No analytical Cowgill et al., 1989
EC 50 (5) monitoring
= 437-477 mg/L Closed bottles
Low growth in the
controls
Skeletonema costatum | Erickson etal., | EC 50 (7 d) > 32 mg/L 3 No analytical Erickson and
1970-1972 (biomass measured by monitoring Volatility is | Freeman, 1977
turbidity) not sufficiently taken
into account
Thalassiosira Erickson etal., | EC 50 (7 d) > 32 mg/L 3 No analytical Erickson and
pseudonana 1970-1972 (biomass measured by monitoring Volatility is | Freeman, 1977
turbidity) not sufficiently taken
into account
Scenedesmus Concentration of | NOEC (8 d) = 1100 mg/L 2 No analytical Bringmann & Kiihn,
quadricauda: algal suspension monitoring 1977-1980
is measured Closed
turbidimetrically osed system
Determination of the
Toxicity Threshold
Microcystis Concentration of | NOEC (8 d) = 185 mg/L 2 No analytical Bringmann & Kuhn,
aeruginosa algal suspension monitoring 1975-1978
is measured Closed
turbidimetrically osed system
Determination of the
Toxicity Threshold
Scenedesmus DIN 38412, Part | Biomass : 2 No analytical Kihn and Pattard,
subspicatus 9 EC 50 (48 h) = 560 mg/L monitoring 1990
trati EC 10 (48 h) =22 L
Con:):? glézlmns Clo{eh) 5 mg/ Closed system Validity
suspension is Growth rate : criteria are fulfilled
measured EC 50 (48h) = 950 mg/L
o EC 10 (48h) = 360 mg/L
turbidimetrically
Chlamydomonas Modified EC 50 (72h) = 13.3 mg/L 1 Analytical monitoring, | Brack and Rottler,
reinhardii protocol to closed system using 1994
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The studies from Kniet al., 1983, Cowqgillet al., 1989 and Erickson and Freeman, 1977 are
not considered. The main reason put forward is vodtility is not sufficiently taken into
account. Bringman & Kuhn (1975-1978) performed aidity test with the green algae
Scenedesmus quadricauda and the blue-green algadicrocystis aeruginosa. Test cultures
were kept under standardised conditions for a desio8 days. The algal concentrations are
determined with turbidity measurements. The cultulees are closed with cotton-lined metal
caps but there was no analytical monitoring oftds concentrations.

Results based on nominal concentrations are therefonsidered as indicative ranges of
toxicity for algae. The same comments could applthe study from Kihn and Pattard, 1990
on Scenedesmus subspicatus.

The only test on algae with analytical monitorirestbeen performed by Brack and Rottler,
1994. The test method has been adjusted to préversubstances from volatilising : closed
flasks in which KHCQ / K,COs; buffer is supplying the algae with GQ@re employed.
Bipartite culture flasks are used to separate tifeebfrom the test medium. The effective
concentrations are determined using GC / ECD aisaly®easurements showed no significant
losses of chloroform during the assay. Only peragmbitions (related to biomass) for each
concentration are provided. Therefore, it is nosgioe to calculate growth rate effect
concentrations. Algal growth rate inhibition is n@ily the preferred observational endpoint
because it is not dependant on the test desigmeatidiomass depends both on growth rate
of the test species as well as test duration aner @lements of the test design. Nonetheless,
as the validity criteria are fulfilled, as this ike only test on algae with an analytical
monitoring and as the result is finally the lowealue compared to the other results based on
nominal concentrations in closed systems it wilcbasidered for the PNEC derivation.

A NOEC value = 3.61 mg/Lcan be retained for the risk assessment.

3.2.14 Determination of PNECaqua

Fish :
NOEC-6/9 months : 1.463 mg/L Qryzas latipes, Toussaintet al., 2001)

Invertebrate :
NOEC-21d : 6.3 mg/L Daphnia magna, Kihn et al., 1989)

Algae:
72h-EC 10 : 3.61 mg/L  Chlamydomonas reinhardii, Brack and Raottler,
1994

There are three long-term NOECs from species reptieg) three trophic levels.
Therefore, the PNEC is derived using an assessiaetor of 10 to the lowest NOEC.

PNECaqua = 1.463 /10 = 146 ug/L
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3.2.2.

3.2.21

Toxicity to micro-organisms

Effects assessment for micro-organisms

Table 3-44 : Toxicity results from tests towards n@ro-organisms

Species Method Endpoint (duration) Relia- Remarks Reference
bility
Aeromonas hydrophila LOEC =815 mg/L 4 Static test. Schubert, 1979
(bacteria) Insufficient documentation.
Acetone is used to solubilize
the substances
Bacillus subtilis LOEC =4077 mg/L 4 Static test. Schubert, 1979
(bacteria) Insufficient documentation.
Acetone is used to solubilize
the substances
Pseudomonas capacia LOEC =4077 mg/L 4 Static test. Schubert, 1979
(bacteria) Insufficient documentation.
Acetone is used to solubilize
the substances
Polytox culture of Polytox EC50 (20 min) 4 The test is not assignable Elnabarawy et al.,
bacteria respiration | = 1550 mg/L . 1988
inhibition test Lack of precision on the
EC50 (30 min) procedure and the mixture of
=1360 mg/L bacteria
(Inhibition of oxygen Volatility not taken into
uptake rate) account
Photobacterium Microtox EC 50 (5 min) = 520 mg/L 4 Measurement of the Elnabarawy et al.,
phosphoreum EC50 (15 min) = 670 mglL inhibition of light production | 1988
(bacteria) EC50 (30 min) = 670 mglL Uncommon endpoint
(concentration needed to Volatility not taken into
reduce light produc-tion account
by 50 %)
Bacillus cereus Liuetal, EC 3 (20 min) = 500 mg/L 4 Inhibition of dehydrogenase | Brouwer, 1991
b . 1983-1986 | (Inhibition of bacterial activity is measured with a
(bacteria) growth) dyes (resazurin)
Use of methanol
Irrelevant endpoint
Glenodinium halli | Erickson et al., | EC50 > 32 mg/L 3 Closed vessel Erickson and
ine dinoflagell 1970-1972 F 1977
(marine dinoflagellate) 97019 EC20 > 32 mg/L Insufficient information reeman, 19
(Inhibition of growth) Results are not usable
Isochrysis galbana | Erickson et al., | EC 50 (7 d) > 32 mg/L 3 Closed vessel Erickson and
i 1970-1972 F , 1977
srr::ta:rrg};gellate) EC 20 (7 d)> 32 mglL Insufficient information reeman
(Inhibition of growth) Results are not usable
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Species Method Endpoint (duration) Relia- Remarks Reference
bility
Activated sludge OECD EC50(3h)=1,010 mg/L 3 Test system : unaclimated | Elnabarawy et al.,
ideline 2 le of activated slud 1988
guideline 209 EC50 (30 min) = 840 mglL sample of activated sludge 98
- - Volatility is not sufficient!
(Inhibition of respiration taken ir?lto account y
rate)
Anaerobic sludge ISO/DIS NOEC (72 h)=2.5 ug/L 3 Measurement of the pressure [ Dr.  U.  Noack
13641-1 in the incubation vessels to laboratorium,
EC 50 (72h) = 76.6 ugll study the inhibition of gas | 2004a
(Inhibition of respiration) production
Loss of test item in three
tested concentrations
Activated sludge DINENISO | NOEC (4h)=5pglL 3 Oxidized nitrogen and Dr.  U. Noack
9509 _ ammonia was measured by | laboratorium,
EC 50 (4 h) = 66 ug/L photometric determination 2004b
(Inhibition of the
nitrification) Closed system
Loss of test item in two
tested concentrations
Pseudomonas putida Bringmann, | NOEC (16 h) = 125 mg/L 2 No analytical monitoring Bringmann  and
. 1980 (Inhibition of bacteria Kiihn, 1976
(bacteria) . Closed system
multiplication) .
. . Bringmann  and
Bacteria suspension are Kiihn. 1980
measured turbidimetrically '
Entosiphon sulcatum Bringmann, [ NOEC (72h) = 6,560 mg/L 2 No analytical monitoring Bringmann  and
1980 . Kiihn, 1980
(protozoa) (Inhibition of cell Closed system
multplication) Number of protozoa are
determined with a cell
counter
Chilomonas Static cell | NOEC (48h) = 3,200 mg/L 2 No analytical monitoring Bringmann  and
paramecium multiplication o L . Kiihn, 1980
(Inhibition of cell Determination of the biomass
(protozoa) multiplication) by cell counter Closed
system
activated sludge Non standard | EC 50 (15 h) = 640 mg/L 2 Sealed glass bottles. Blum and Speece,
method (inhibition of oxygen Th iibri 1991
(extended | uptake) © equiliorium
time peri concentration is calculated
period - : ,
15 h) using the Henry’s law
constant to take into account
volatilization.
Nitrosomonas sp. Blum & EC 50 (24 h) = 0.48 mg/L 2 Sealed glass bottles. Blum and Speece,
. Speece, 1991 | (inhibition of ammonia . 1991
(bacteria) . The equilibrium
consumption) .
concentration is calculated
using the Henry’s law
constant to take into account
volatilization
Methanogenic bacteria | Owenetal., | EC 50 (48 h)=0.9 mg/L 2 Sealed glass bottles. Blum and Speece,
1979 (inhibition of gas Th iibri 1991
production) e equilibrium

concentration is calculated
using the Henry’s law
constant to take into account
volatilisation
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Studies from Schubert, 1979, Elnabaraetyal., 1988, Brouwer, 1991 and Erickson and
Freeman, 1977 could not be considered becauseetdvant endpoints, unusable results and
ignorance of volatility and use of saltwater spgecie

Two testings on micro-organisms have been maddadairecently after their request under
a conclusion (i) program. Inhibition of nitrificam by chloroform and its toxicity to anaerobic
bacteria was investigated by Dr.U.Noack-laborataritn 2004. Throughout these tests,
severe losses of chloroform were observed. Atemaihation of both studies, no chloroform
could be detected in many test vessels, actualecwrations being below the limit of
guantification (LOQ = 0.002 mg/L). For those whefhdoroform could be detected, recovery
rates were rather low (2 % and 30 % for the teshbibition of methanogenic bacteria; 12 %
47 % and 75 % for the inhibition nitrification tesk is unknown whether chloroform leaked
out of the system, was degraded, or if the analtimethods failed for some reason.
Consequently, the exposure of sludge micro-orgasison chloroform cannot have been
insured during these tests. During the tests, dagl$pace volume in test vessels was widely
higher than the recommended one in OECD guidelid@$o versus [10 % — 40 %]) and the
test substance was tested after its expiry datehése reasons lead to the invalidation of both
tests that will not be used for the PNEC derivation

In their studies, Bringman & Kuhn (1976-1980) apglithe cell multiplication test to the
bacteriaPseudomonas putida and the protozoRntosiphon sulcatum. The results are valid but
the NOEC values are higher than the EC 50 detednimeéhe well-documented study from
Blum and Speece, 1991.

The lower EC 50 was found with Nitrosomonas baateshich convert ammonia nitrogen to
nitrite as the first step of oxidation. The reswatbe considered for the toxicity to micro-
organisms is thereforeEC 50 = 0.48 mg.L*. This value for aerobic bacteria is in accordance
with the results from the study by van Vlaardingerd van Beelen, 1992 on inhibition of
methanogenic activity with chloroform : EC 50-1% &,9 mg/kg with a 3.2 % organic carbon
sediment sampled in the estuary of the river Rfsee 3.2.3.1).

3.2.2.2 Determination of PNEGicro-organisms

An assessment factor of 10 being applied to sushiltee the PNECmicro-organisms is
therefore :

PNECmicro—organimz%rgg/L =48 IJg/L
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3.2.3. Effects assessment for the sediment

3.231 Toxicity to sediment

Table 3-45 : Toxicity results to sediment dwellingrganisms

Species Method Endpoint (duration) Relia- Remarks Reference
bility
Methanogenic EC 10 (11 d) = 5.5 mg/kg (dw) 2 Theoretical toxicant van Vlaardingen
bacteria concentration and van Beelen,
(sediment  from EC 50 (11d) = 6.9 mg/kg (dw) 1992

Sterile incubation closed

IEZ ri\?:rt L;;%e)o f (Inh(;bititg)n of methane bottles. No indication of the
production) number of concentration and
the final volume of methanol.
Chironomus OECD EC 50 (28 d) = 20.1 mg/kg (dw) 1 Five toxicant concentrations | Woodburn et al.,
riparius (Midge) analytically monitored. 2006a

Guideline 218 | (Emergence)
Flow-through system.

NOEC (28 d) = 4.5 mg/kg (dw) Sealed glass jars with
minimal headspace.
(Males development rate)
NOEC refers to the
emergence of midges, the
NOEC (28 d) = 10 mg/kg (dw) development rate of males,
(Emergence, development rate females, females + males
for females, and males + pooled.
females pooled)
Lumbriculus Proposed NOEC (28d) = 19.2 mg/kg (dw) 1 Five toxicant concentrations | Woodburn et al,,
variegatus OECD guideline analytically monitored. 2006b

; (Survival/reproduction, growth)
(Oligochaete) (OECD, 2005) Flow-through system.

(US-EPA, 2000) Sealed glass jars with

minimal headspace.

NOEC refers to the
survival/reproduction and the
growth (total dry biomass) of
worms.

van Vlaardingen and van Beelen, 1992 studied thacitp of chloroform to the
methanogenesis. Chloroform solution as a dilutiormiethanol was added to a sediment /
water suspension. The sediment was primarily coeg@$ methanogenic mud. Test bottles
were incubated for 11 days at 20°C in a rotary shalMethane production in the
contaminated bottles was measured at the end @Xjheriment and compared to the methane
production of the blank bottles. Then EC 10 and30Ccould be calculated. Although some
details on experimental conditions are lacking,E@ 10 can be used as a long-term toxicity
test result as methanogenesis is an important odutegradation of organic matter.

Two long-term testings on sediment organisn@hifonomus riparius and Lumbriculus
variegatus) have been made available recently after theiuesgunder a conclusion (i)
program. Woodburmt al., 2006b and Woodburet al., 2006a performed these two 28-days
toxicity tests using sealed glass jars and spilagtinsent in a flow-through test system in
order to maintain consistent sediment concentratiéireliminary work indicated that this
system would permit maintenance of relatively staitiloroform sediment concentrations and
required dissolved oxygen levels in overlying wgtew).
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For the study with the midgeChironomus riparius Woodburnet al., 2006a accurately
followed the OECD guideline 218 with some particupgecautions to avoid chloroform
volatilisation during the test period (sealed glgss, headspace set to minimum to ensure
adults emergence...) and ensure required dissolvagkoxevels in OW (gentle aeratjon

The flow of pre-treated renewal water was initiadthe beginning of the seven days
equilibration period, prior to organism additionwdnty, two-to-three-day-old midge larvae
(first-instar larvae) were introduced into eachsetsand there were four replicates per control
and treatment level. Each vessel was administemagpension of ground fish food daily, at
an elevated rate due to the unique flow-througtditmms.

Water was monitored periodically for pH (7.4 + Q.®®mperature (20.0 £ 0.4 °C), hardness
(58 — 66 mg/L CaC@), dissolved oxygen (7.2 £ 0.3 mg/L), alkalinity,nctuctivity and total
ammonia nitrogen.

Sediment samples in vessels were dosed at targe¢ictvations of O (water control), 1.4, 2.8,
5.5, 11.0, and 22.0 mg/kg-dw sediment. Chlorofoamcentrations in sediment and OW were
weekly measured in sacrificial replicates and realemater was analysed daily to ensure that
appropriate OW concentrations were maintained theicourse of the study. Concentrations
in the OW exhibited percent relative standard demia (Y%0RSD) of 7.0 to 24.2% over the 28-
day exposure period and did not demonstrate anyindeduring the study. Sediment
concentrations demonstrated good reproducibilitgrahe 28-day exposure period (Y%0RSD
varied from 8.3% to 11.3%), with the exception bk tlowest nominal dose level of
1.4 mg/kg-dw (%0RSD of 66%).

Daily observations of organism activity and emergeaf adult male and female midges were
counted and collecte@he endpoints of interest in this study were thepprtion of larvae
emerged (emergence ratio) and the developmentarséysed separately by gender and
pooled males and females. Results were evaluated appropriate statistical procedures and
are presented as time-weighted average concemsatd chloroform in sediment. The
emergence ratio EC 50 value is 20.1 mg/kg-dw aedNN®EC and LOEC values are 10.0 and
20.4 mg/kg-dw, respectively. The development ra@ER and LOEC values for both the
female midges and pooled male/female midges ar@ 40d 20.4 mg/kg-dw, respectively,
while the NOEC and LOEC values for the male midges 4.5 and 10.0 mg/kg-dw,
respectively.

As this study is in accordance with the OECD gurdel218 requirements, the results are
considered valid and will be used for the derivatid the PNECsed.

As no standard (finalized) guideline is currentlyaidable for ecotoxicity test with the
oligochaete Lumbriculus variegatus, the design of the study performed by Woodburalet
2006b was based on a proposed guideline (OECD,)2005

An equilibration period was initiated nine daysdrefaddition of the worms. Ten artificially
synchronized worms were added to each of four caf@s per dose level. This uniform
physiological state allows for natural fragmentatemd morphallaxis (regeneration) to occur
at the same rate across the population of organesrakiated. ThdJrtica and peat moss
present in the formulated sediment served as tbd &ources during this study, and no
additional food was added during the test.

Water was monitored periodically for pH (7.6 = Q.®®mperature (20.4 £ 0.2 °C), hardness
(60 — 103 mg/L CaCg), dissolved oxygen (8.1 £ 0.3 mg/L), alkalinity,ncluctivity and total
ammonia nitrogen.

Sediment samples in vessels were dosed at targeewwations of 0 (water control), 2.75,
5.5, 11.0, 22.0 and 44.0 mg/kg-dw sediment. Over 2B-day exposure period, a good
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reproducibility in sediment concentrations (%RSD®nf 10.3 to 17.3%) and OW
concentrations (%0RSD from 1.1 to 10.9%) could bseoked.

The test vessels were observed approximately timees per week in order to assess any
behavioural differences in the worms compared withcontrols. The endpoints of interest in
this study were the total number of live worms amatrm biomass. Results were analysed
using appropriate statistical procedures and aresgmted as time-weighted average
concentrations of chloroform in sediment. The rsglsurvival, reproduction, and biomass
endpoints calculated from these data produced N@&{L LOEC values of 19.2 and 36.9
mg/kg-dw, respectively.

As the study meets the validation requirementsosgtin the proposed OECD Guideline
(OECD, 2005), the results will therefore be consdevalid and will be used for the
derivation of the PNECsed.

3.23.2 Determination of PNECsed
There are two methods of determination of PNECsed :

1) Determination of the PNECsed using the sedimertdxicity test

As three long-term ecotoxicity tests with benthpeaes representing different living and
feeding conditions are available, an assessmeturfat 10 should be applied to the lowest
NOEC, which is the one from the test on the mi@beonomusriparius:

PNECsed (1) = 4.5 mg/kg /10 = 450 pg/kg (dw)

2) Determination of the PNECsed using the Equilibm partitioning method

_ Ksusp — water
RHOsusp

Ksusp_water = suspended matter_water partitiorfic@ft = 5.53 mi.m™ (Table 3-15)

Therefore: PNECsed = 702 pgkgvw)
PNECsed = 3230 pg.Rgdw)

The result with the Equilibrium partitioning methamuch higher than the result based on
the toxicity to Chironomus riparius. The value based on experimental results will be
preferred:

According to the TGDPNECsed (ww) [PNECaquatic* 1000

PNECsed = 450 pg/kg (dw) and PNECsed = 97.8 pg/kgw)
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3.2.4. Atmosphere

3.24.1 Effects on plants

Table 3-46 : Toxicity result to terrestrial organiam through atmospheric exposure

Species Method Endpoint Relia- | Remarks Reference
bility
Lycopersicum esculentum Visible symptoms (on 2 Effects on photosynthesis | Christ, 1996
) foliage) and effects on were measured by
Helianthus annuus photosynthesis at 100 comparison of COz content
Phaseolus vulgaris g/m?3 after 3 hours in inflowing and outflowing
exposure air.

Tropaeolum majus
Beta vulgaris
Glycine maxima

Triticium aestivum

The lowest test concentration at which effects welbserved for visible symptoms and
photosynthesis was 100 ginThe test was however very short (3 hours) arsirésult could
even not be used to assess an acute toxicity aneg@PNECair.

3.2.4.2 Abiotic effects
Global Warning Potential (GWP)

The impact of a substance on global warning dependss IR absorption characteristics and

its atmospheric lifetime. Using a lifetime of 1.@ars and an infrared absorption strength of
2,389/cm?atm, the GWP is calculated to be 0.082&Mloroform (Environment Canada and

Health Canada, 2000). In comparison with the refe@ecompound CFC-11, which has a
GWP of 1, the global warning potential of chlorafois low and the substance is not classed
as a greenhouse gas under the Kyoto protocol.

Stratospheric Ozone Depletion PotenfaDP)

With an atmospheric lifetime above one year (1.&rgg chloroform may have an effect on
stratospheric ozone depletion.

Estimating the risks posed by chloroform to thetsspheric ozone layer requires realistic
estimates of tropospheric half-lives, as well dsrimation on the transport of chloroform and
its breakdown products to and from the stratosph&ssuming an atmospheric half-life of
193 days (which represents a worst case in congravisth the atmospheric half-life of 105
days (see section 3.1.1.5.1.3)), 1.7% of the chdono in the trosposphere is expected to
migrate to the stratosphere where its half-life lddee 3.18 years (Environment Canada and
Health Canada, 2000). In addition, with the estiomthat 1 — 1.8% of the chlorine in
chloroform molecules released at the earth’s sarfactransported into the stratosphere as
reactive chlorine, a stratospheric Ozone Deplefrmiential of 0.0083 is calculated for
chloroform. In comparison with an ODP of 1 for theference compound, CFC-11,
chloroform is not expected to be an effective agéistratospheric ozone depletion.
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Photochemical Ozone Creation Potential (POCP)

Assuming a rate constant for the reaction of clitoro with OH radicals of
2.95x10" cn/molecule.s, which is slightly higher than the ratensidered in section
3.1.1.5.1.3), the POCP is estimated to be 8.14%1This result could be considered as
negligible in comparison with the POCP of 100 ckited for the reference substance
(Environment Canada and Health Canada, 2000).

Acidification

No information on the acidification of receivingilsoor surface water due to chloroform
releases to air could be found in the literaturewelver, chloroform degradation in the
atmosphere is not expected to form the main acdidifycomponents responsible for
acidification.

In conclusion, the potential contribution of chifmon to climate change, stratospheric ozone
depletion, ground-level ozone formation and aaidifion processes could be considered as
negligible.

3.2.5. Terrestrial compartment
Table 3-47 : Toxicity results to soil dwelling orgaisms
Species Method Endpoint (duration) Reliability | Remarks Reference
Eisenia fetida LC 50 (48 h) = 111 pg/cm? 2 Contact test method with filter paper N/eu1h;;53er et
al.,

The only toxicity test on terrestrial organismshwithloroform is a contact filter paper test
with the earthwormEisenia fetida (Neuhauseret al., 1985). In the definitive test, 5
concentrations were tested and 10 worms were uhaly exposed to chloroform
impregnated filter papers (12 by 6.7 cm). The fibaper lined and completely covered the
sides of the vial where the worm was introducece Tontact test was prepared as rapidly as
possible to avoid volatilization from the vials. &hauthors classified chloroform as
moderately toxic in comparison with the other resoh organic chemicals (0.6 < LC50-48h
< 5.9 pg/cm? for phenols). This result is howevet used for the PNECsolil derivation as the
test used filter paper and assessed only toxigityomtact.

A PNEG,; can be derived with the equilibrium partitioningetimod, using the PNECaqua as
proposed by the TGD. However, additional informatis available for other aquatic
compartments showing that micro-organisms (for SaRj insects (for sediment) are more
sensitive to chloroform. Micro-organisms are patcly sensitive to chloroform exposure
and represent a relevant taxa for the soil compantnTherefore, the PNEfero-organismsWill

be used instead of the PNEGa As the PNEGicro-organismsiS based on very short term tests
relevant for the WWTP assessment but not for thlecemnpartment, an additional factor of
10 will be used to take into account the acute Hmmic toxicity extrapolation. A higher
assessment factor is not suitable here since &isertaxon has been identified.

K soil ~water °NECmicro-organisms1000
RHOsoil — 1C

Ksoil_water = soil _water partition coefficient =78 nt.m™ (Table 3-15)
Therefore: PNECsoil = 16.3 pg.kg (ww)
PNEC soil = 18.4 pg.kd (dw)

PNECsoil (ww)=
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3.2.6. Non compartment specific effects relevant the food chain

Because of the low bioaccumulation potential ofoobilorm (BCF = 13), the potential for
secondary poisoning can be considered to be nblgigi
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3.3.RISK CHARACTERISATION

3.3.1. Aquatic compartment

3.3.1.1 Water

The PNEGquaichas been estimated to be 146 pg/L (see sectich$)2
Using the PE€ggional aquaicOf 0.828 pg/L, (see section 3.1.2.2) a RECaquaic could be

calculated: ~ PEClocal ;. = Clocal ., + PECregional

The resulting PEC/PNEC ratios for the various sdesaconsidered in this assessment are
presented below.
Table 3-48 : Estimated PEC/PNEC ratios for surfacevater

Scenario Step PEC (ug/L) PEC/PNEC

Production Site A 0.96 0.007
Site B 1.52 0.010
Site C 1.27 0.009
Site D 0.89 0.006
Site E 1.99 0.014
Site B 5.74 0.039
Site G 0.88 0.006
Site H 2.18 0.015
Site | 0.85 0.006
Site J 2.39 0.017

Uses HCFC Production 3.4 0.023
Dyes and Pesticide
Production 13.4 0.092
Other applications 12.8 0.088
Uses as a solvent 2001.9 13.71

Unintended releases| Losses asaby- |7.48 0.051
product during
chemical
manufacturing

Regional scale 0.828 0.0057

g Site F had stopped manufacturing chloroform in 2004 and is being dismantled

The PEC/PNEC ratios obtained for surface water dioloroform are below 1.0 for all
production sites. It can be concluded that ther@asrisk to aquatic organisms through
production of chloroformgonclusion ii.

Only theuse of chloroform as a solvenhas a PEC/PNEC ratio above 1. The PEC value for
this scenario is based on effluent monitoring imrée (see section 3.1.1.2.2.2). In this
monitoring study, chloroform concentrations migbie from other releases than the releases
due to the specific use of chloroform as a solv€he highest release value of 38.9 kg/d after
treatment was used assuming that on-site biologieatment was performed and using an
elimination rate of 85.6 %.

Using the 90-percentile value of the monitoringdst10 kg/d after treatment) would give a
PEC/PNEC ratio of 3.4, which is still above 1.

Therefore, it can be concluded that there is a fieetmiting the risks for this application
(conclusion iii).
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3.3.1.2 Sediment

A PNECsed for the sediment compartment of 450 pgdkg weight) has been estimated
using a test ohironomus riparius (see section 3.2.3.2).

Using the PECregionakqof 5.35 ug.kg (dw) (see section 3.1.2.2), a PEClogakould be
calculated: PEClocal ., = Clocal ., + PECregional .,

The resulting PEC/PNEC ratios for chloroform rislaracterization are presented below.

Table 3-49 : Estimated PEC/PNEC ratios for sedimesst

Scenario Step PECsed (ng/kg) (dWPEC/PNEC

Production Site A 21.3 0.047
Site B 33.7 0.075
Site C 28 0.062
Site D 19.7 0.044
Site E 44.1 0.098
Site £ 127 0.28
Site G 19.5 0.043
Site H 48.7 0.108
Site | 18.9 0.042
Site J 52.8 0.117

Uses HCFC Production 73.9 0.164
Dyes and Pesticide
Production 297 0.660
Other applications 282 0.628
Uses as a solvent 44200 98.2

Unintended releases| Losses as aby- |165 0.368
product during
chemical
manufacturing

Regional scale 5.35 0.012

g Site F had stopped manufacturing chloroform in 2004 and is being dismantled

Additional toxicity testings on sediment organishae been requested under article 10(2).
Two long-term testings on sediment organisn@hifonomus riparius and Lumbriculus
variegatus) have been performed under the conclusion (i) ramgand risks for the sediment
compartment have been refined.

For all production sites, PEC/PNEC-ratios are below

It can be concluded that there is no risk to sedinm@rganisms through production of
chloroform gonclusion (ii)).

For all usesexcept theuse of chloroform as a solventPEC/PNEC ratios are below 1 and a
conclusion (ii) can be derived.

Concerning thaise of chloroform as a solventthe outcome of both new sediment toxicity
tests is not sufficient to cover the risk identifior this application and the PEC/PNEC ratio
is far above 1. The PEg has been calculated based on the RECwhich is based on
effluent monitoring in France. However, as expldime the risk charcaterisation part for the
aguatic compartment, based on available informattaa ratio cannot be reduced below 1.
Therefore, there is a need for limiting the risksthis applicationdonclusion (iii)).
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3.3.1.3 Sewage treatment process

A PNEC micro-organisms of 48 pg/L has been estithfitesewage treatment plants. Assuming
a homogeneous mixing in the aeration tank and rootis releases into the STP, the PECstp is
equal to the effluent concentration (Clogal The resulting PEC/PNEC ratios are shown below:

Table 3-50 : Estimated PEC/PNEC ratios for sewagedatment plants

Scenario Step Gocal e (Ug/L) PEC/PNEC
Production Site A 124.8 2.60
Site B - ;
Site C 426.3 8.88
Site D 25.6 0.42
Site E 1162.3 24.21
Site Y - ;
Site G 11.4 0.24
Site H 28.5 0.59
Site | 16.0 0.33
Site J 62.2 1.30
Uses HCFC Production 101 2.1
Dyes and Pesticide
Production 504 10.5
Other applications |478 10
Uses as a solvent |20,016 417
Unintended releaseg Losses as a by- 266.4 5.6
product during
chemical
manufacturing

y No Wastewater Treatment Plant

PEC/PNEC-ratios above 1 have been derived for fooduction sites, although specific
information for these sites has been included.

For production site E, specific information hasreequested in order to check whether dyes
and pesticides were actually produced on this Bgeno data was provided by the producer, a
worst-case scenario has been anticipated leadiagRBEC/PNEC-ratio above 1. However, it
should be specified that if no dyes and pesticatesactually produced on this site, this ratio
falls below 1 for site E.

PEC/PNEC-ratios above 1 have also been derivedses where release estimates are based
on effluent monitoring. Additional tests on microganisms have been performed in order to

derive a NOEC and refine the PNEC. However, asagxgtl in section 3.2.2.1, these studies

have been invalidated and no improvement of tHeaimracterisation for STP processes has

been possible.

Specific information on site sewage treatment pleast recently been provided by industry for
site C and E. For site E, data confirm that no rsskexpected from chloroform production

only at this site, but from integrated productidrcbloroform, HCFC22 and dyes/pesticides.
For site C, data were in line with these resul®ashg that emissions have been realistically
guantified.

Therefore, aonclusion (iii) has to be derived for production sites A, C, E anfbr all uses
and for unintended releases.

RAPPORTEUR RANCE 105 ESR RPORTDRAFT OFJUNE 2007



EU RISK ASSESSMENT — CHLOROFORM CAS 67-66-3 CHAPTER 3. ENVIRONMENT

3.3.2. Atmosphere

In the only experimental result available, the Istv@st concentration at which effects were
observed for visible symptoms and photosynthesis 1@ g/m (see section 3.2.4). The test
duration was too short to consider the result folPlMEC derivation. However, this
concentration is much higher (more than 5 ordermagnitude) than local concentrations that
were calculated at each production site and foryewse (see section 3.1.3.1).

In addition the potential contribution of chlorofiorto climate change, stratospheric ozone
depletion, ground-level ozone formation and aaidifion processes could be considered as
negligible.

Therefore, although air is the main final receptommpartment for chloroform, no further
work is recommended at present.

= Conclusion (ii)

3.3.3. Terrestrial compartment

The PNEG,,; has been estimated to be 16.3 pg/kg. (ww)
Using the PEC regionalura soiof 11.5 ng.kd (ww), a PEGs; could be calculated to be :

PEClocal ., =Clocal; + PECregional

The resulting PEC/PNEC ratios for the various sdesaconsidered in this assessment are
presented below.

natural soil

Table 3-51 : Estimated PEC/PNEC ratios for agricultiral soil

Scenario Step PEC (ng/kg) (ww) PEC/PNEC

Production Site A 1.16 0.07
Site B 0.01 < 0.001
Site C 0.11 0.007
Site D 0.64 0.039
Site E 0.85 0.052
Site £ 0.31 0.019
Site G 0.15 0.009
Site H 0.13 0.008
Site | 0.05 0.003
Site J 0.89 0.055

Uses HCFC Production 0.995 0.06
Dyes and Pesticid®.3 0.018
Production
Other applications 0.59 0.036
Uses as a solvent 7.26 0.45

Unintended releaseg Losses as a |By8 0.19
product during
chemical
manufacturing

Regional scale 0.0115 <0.001

g Site F had stopped manufacturing chloroform in 2004 and is being dismantled
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For the terrestrial compartment, the depositiorcidbroform due to application of sludges
from wastewater treatment plants was assumed tadpigible because sludges from
chemical producing industries are not supposedeaoajplied on agricultural soils. The
resulting PEC/PNEC ratios are below 1 for all prithn or uses scenarios. It could be
concluded that there is at present no need fohdurihformation and/or testing and no need
for risk reduction measures beyond those that a@ireggtalready applieccénclusion (ii).

3.3.4. Non compartment specific effects relevant the food chain

Because of the low bioaccumulation potential ofoobilorm (BCF = 13), the potential for
secondary poisoning can be considered to be nblgigi

=> Conclusion (ii)

RAPPORTEUR RANCE 107 ESR RPORTDRAFT OFJUNE 2007



EU RISK ASSESSMENT — CHLOROFORM CAS 67-66-3 CHAPTER 3. ENVIRONMENT

4. HUMAN HEALTH

The risk assessment for human health is currerglggocarried out by the Member State
Rapporteur.
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5. CONCLUSIONS / RESULTS

Conclusion (iii) There is a need for limiting the risks; risk redot measures which are
already being applied shall be taken into account

Conclusion (iii) is applied to the use of chlorafoas a solvent for all compartments.
Conclusion (iii) is also applied to production sit&, C, E and J, to all uses and to unintended
releases for the sewage compartment.

Conclusion (i)  There is at present no need for fuher information and/or testing and
no need for risk reduction measures beyond those wih are being
applied already.

Conclusion (ii) is applied to all levels of thedlitycle of chloroform (except the use as a
solvent) for the following compartments: aquatiedisnent, atmosphere, terrestrial (the
assessment considers that sludge from chlorofoinHEFC production sites are not applied
on agricultural soils) and non-compartment speeifiects relevant to the food chain.
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