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Exposure-risk relationship for trichloroethylene 

Tolerable risk  (4:1000): at 11 ppm  
Acceptable risk  (2008) (4:10000): 6 ppm  
Acceptable risk  (after 2013, 2018 at the latest): (4:100000): 0.6 ppm 

 

The following assessments are available: 

A) Example of calculation in the “Guide for the quantification of cancer risk figures 
after exposure to carcinogenic hazardous substances for establishing limit 
values at the workplace” (Leitfaden zur Quantifizierung von Krebsrisikozahlen 
bei Exposition gegenüber krebserzeugenden Substanzen für die 
Grenzwertsetzung am Arbeitsplatz) in the Announcement on Hazardous 
Substances (BekGS) 910  

B) Corresponding reassessment of 2008 of the trichloroethylene assessment of 
2006 

C) Assessment of trichloroethylene of 2006 

 

A) Cf. example 1 in Number 10.2 “Example of calculation” in Annex 2 of 
the “Guide for the quantification of cancer risk figures after exposure 
to carcinogenic hazardous substances for establishing limit values at 
the workplace” in the Announcement on Hazardous Substances 
(BekGS) 910 on “Risk figures and exposure-risk relationships in 
activities involving carcinogenic hazardous substances” 
(Risikowerte und Exposition-Risiko-Beziehungen für Tätigkeiten mit 
krebserzeugenden Gefahrstoffen) 

B) Re-assessment of 2008 of the trichloroethylene assessment of 2006 

1.1  Former decision in Subcommittee III (UAIII) (only the “Conclusions“ 
section from the adopted TRI document) 

The dose-risk relationships for various TRI exposures are described and briefly 
commented here to provide guidance for the derivation of an occupational exposure limit 
(OEL). In case of TRI, an OEL cannot be tied to a clear threshold, as genotoxicity was 
observed in the kidneys, and we cannot exclude local genotoxicity for the liver and non-
Hodgkin lymphoma (NHL). As a result, the derivation of a limit value has to be risk-
based. 

As shown above, multiple assumptions on the safe side (model of a linear dose-
response relationship; risk analyses based on average exposures do not consider 
the additional influence of extreme peak concentrations found at historical 
workplaces) show that a risk characterisation without any threshold results and that a 
4:1000 risk of renal cancer is not exceeded in case of compliance with an exposure 
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level of 6 ppm TRI1. 

It was pointed out that there is a clear contribution to the total body burden resulting from 
skin exposure to liquid TRI (cf. Annex 1). We also refer to Annex 2 (preventive 
occupational medical examinations). 

At a concentration of 6 ppm, renal damage which might provide the basis for the 
promotion/progression to a clinically manifest tumour is not expected. 

It remains doubtful whether TRI can also cause hepatic cancer and non-Hodgkin 
lymphomas in humans. In contrast to renal tumours, dose-response analyses (Table 1) 
indicate a low probability of higher cancer risks for other organs. 

The following Table 1 summarises the assumptions and assessments included in the 
derivations for the endpoints studied. 

Table 1: Dose-risk relationships for the studied tumour locations  

Endpoint and dose range Assumption Assessment 

Renal cancer 
6-100 ppm  Linearity, estimated from 

epidemiological data for a long-
term exposure to 100 ppm with 
additional exposure peaks  

Conservative, toxicologically 
supported assumption, possibly 
clear overestimation, in case of 
a sub-linear curve, especially 
because of the significance of 
high exposure peaks (the scope 
of a potential sublinearity cannot 
be limited more accurately)  

6 ppm  “Point of departure”; below this 
point, there is no relevant 
cytotoxicity and thus a sublinear 
curve for the dose-risk 
relationship. Extrapolated 
cancer risk at 0.4 % (exposure 
peaks were not considered)  

Low risk for carcinogenicity 
supported by negative and non-
significant epidemiological 
findings and the risk level 
following a linear extrapolation;  
POD supported by an effect 
level on average of 32 ppm 
(cytotoxicity). Higher exposure 
not tolerable (criteria: risk still 
tolerated in NL; exposure peaks 
were not considered) 

0.6-6 ppm Reduced risk of tumour 
formation by two orders of 
magnitude in case of an 
exposure which is reduced by 
one order of magnitude 

Convention supported by the 
expected sublinearity or lower 
risk increase compared to the 
dose range above 6 ppm 

Hepatic cancer 

30 ppm  3.3 % cancer risk, uncertainty Supported by a unit risk based 
on epidemiological data; 
uncertainty whether TRI is a 
hepatic carcinogens for 
humans  
Supported by suspicious fact: 
hepatic cancer was observed 
after exposure to 10 ppm 
(contradictory study findings)  

                                            
1  A comparison of “tolerable thresholds” and “acceptable thresholds” used in other regulatory areas 

or countries, has been compiled in a research report [BAuA, 2005] and was discussed in view of 
health risks at the workplace. 
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Endpoint and dose range Assumption Assessment 
3 ppm  0.3 % cancer risk, high 

uncertainty  
Suspicious fact loses 
significance with decreasing 
exposure; need for quantitative 
considerations as total 
uncertainty is decisive for the 
assessment  

NHL 
30 ppm  < 6-7 % cancer risk, uncertain Supported by a unit risk based 

on epidemiological data; 
uncertain whether TRI induces 
NHL in humans. Supported by 
suspicious fact: observed NHL 
with an exposure to 10 ppm 
(contradictory findings) 

 

1.2 Conclusions on TRI in the Guide 

According to observations by Green et al. (2004), still significant subclinical kidney 
effects were found among workers exposed to TRI at a mean exposure level of 
32 ppm. The biomarker for subclinical nephrotoxicity was no longer increased in 23 
workers who had been exposed to 6 ppm TRI for several years (Seldén et al., 1993). 
In view of the only low effect level at 32 ppm, the NOAEL of 6 ppm can be used as a 
threshold for nephrotoxicity even for large cohorts without any further extrapolation 
steps. We therefore use the concentration of 6 ppm as TC* and assume that, at this 
point, the risk is lower by one order of magnitude than that determined by linear 
calculation (see Table above). For 6 ppm, this results in a risk (new) of 0.04 % and 
an equation for the exposure risk of: 

Excess risk [%] = 0.072 x concentration [ppm] – 0.39 
 for the range between concentration [6 ppm, 75 ppm] 

Excess risk [%] =  0.0067 x concentration [ppm] 
 for the range with concentrations [<6 ppm] 

Average 
ppm 

ppm-years Excess risk Remarks 

75 ppm  3000  5 %  POD; German epidemiological 
studies of kidney cancer  

19.3 ppm  772  1 %  linearised (“steep“ part)  
6.8 ppm  272  0.1 %  linearised (“steep“ part) 
6 ppm  240  0.04 %  “Break point“; at threshold for 

non-carcinogenic nephrotoxicity 
after exposure to TRI  

1.5 ppm  60  0.01 %  linearised (“flat“ part) 
0.6 ppm  24  0.004 %  linearised (“flat“ part) 

 

For example, after linear extrapolation, the nominal risk of 1:1000 would be 1.5 ppm, 
while it would be about 7 ppm, if there is a scientific rationale for assuming 
nonlinearity. Below 6 ppm, there is a risk more or less reduced by one order of 
magnitude compared to the linear approach. 

 

The result obtained in the low ppm range is presented graphically in the following figure: 
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Figure: Exposure-risk relationship for trichloroethylene at an assumed threshold of 
6 ppm (TC*) for a cancer-enhancing effect (nephrotoxicity) in humans in large cohorts 
and an excess kidney cancer risk of 5 % derived from epidemiological studies at 
75 ppm (working lifetime exposure). 

 

1.3  Proposal for a resolution (Description of the exposure-risk 
relationship as presented in Section 1.2) 

Tolerable risk  (4:1000)  at 11 ppm 

Acceptable risk  (2008: 4:10000)  at 6 ppm 

Acceptable risk  (after 2013, 2018 at the latest: 4:100000)  at 0.6 ppm 

The acceptable risk may be taken from the above graphics, when the intersection (0.4 % 
risk with the solid “kinked” line) is shown. 

 

C) 2006 assessment of trichlorethene (trichloroethylene, TRI) of the 
working group “Limit values and classification for CM Substances“ 
(AK „Grenzwerte und Einstufungen für CM-Stoffe) of Subcommittee 
III (UA III) of the Committee on Hazardous Substances (AGS) 

1  Preliminary comment 

This paper continues the documentation on trichloroethylene (TRI) prepared by the 
“Toxicology“ Advisory Group (Beraterkreis “Toxikologie”) to the Committee on 
Hazardous Substances (AGS) in 1999 [Dokumentation des BK-Tox 1999]. The 
current status has been documented in various reviews [Siegel-Scott & Cogliano 
2000; EU Draft RAR 2001; MAK 1996, 2000; Brüning & Bolt 2000; Lash et al. 2000]. 
In the meantime, further studies on TRI have been published which are relevant for 
the derivation of a limit value and have again been summarised in reviews 

Excess risk for carcinogenic effects – 

Working lifetime exposure 

Break 

point 

Intersection of the two  lines 
at 75 ppm (5% excess risk) = 
POD
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[Trichloroethylene: Report on Carcinogens 2002; Clewell & Anderson 2004; Harth et 
al. 2005]. Given this background, the Toxicology Advisory Group and the present 
AGS Subcommittee III (UA III) for the “Assessment of Hazardous Substances” (or its 
Working Group on “Limit values and classification of CM substances” (AK CM) 
resumed their deliberations on TRI to examine the possibility of establishing a health- 
and risk-based occupational exposure limit (OEL) and to possibly submit such 
proposals. 

In 2004, AGS adopted a Technical Guidance Concentration (Technische 
Richtkonzentration, TRK) for TRI amounting to 30 ppm (TRK value) which does no 
longer correspond to the requirements for a health-based value according to the new 
German Ordinance on Hazardous Substances (Gefahrstoffverordnung, GefStoffV) of 
1 January 2005 [BMWA 2004]. With the new GefStoffV entering into force, this value 
for TRI had been suspended like all other TRK values.  

In the present paper and in view of an OEL for TRI, a linear risk extrapolation is used 
as a conservative assumption to designate a potential upper risk limit. On the other 
hand, there is a discussion to what extent new scientific findings permit an 
assumption of probable thresholds or whether a risk-oriented establishment of a limit 
value is required.  

In the following sections, “AK CM” (in UA III) presents its views on the major facts 
while referring primarily to reviews and newer studies. 

 

2  Introduction 

Insights into the mechanism of carcinogenicity induced by chemical substances 
permit the justification of an OEL for some carcinogenic agents [Bolt & Degen 2004]. 
The mechanisms of the carcinogenic effect of trichloroethylene (TRI) have been 
studied since the 1970s [cf. Siegel-Scott & Cogliano 2000; EU Draft RAR 2001; MAK 
1996, 2000 and 2001; Brüning & Bolt 2000; Lash et al. 2000; Trichloroethylene: 
Report on Carcinogens 2002; Clewell & Anderson 2004; Harth et al. 2005]. The 
present paper discusses the possibilities for deriving an occupational exposure limit 
for this substance. 

The MAK Commission has classified TRI as carcinogenic to humans [MAK 1996]. 
The MAK Commission based its assessment primarily on a clear correlation between 
TRI exposures and a higher risk of renal cancer, which was detected in case-control 
studies in the Arnsberg region in Germany [Henschler et al. 1995; Vamvakas et al. 
1998]. 

The IARC (1995) based its carcinogenicity assessment for TRI primarily on the liver 
as a tumour location and on non-Hodgkin lymphoma stating a “limited evidence in 
humans”. 

 

3  Carcinogenicity: organ locations 

In its TRI documentation of 1999, BK-Tox discusses the significance of various organ 
locations for the classification of the intrinsically carcinogenic properties of TRI. In 
addition to renal and hepatic cancers, Wartenberg et al. (2000) assessed the 
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epidemiological evidence in terms of the Hill criteria as “moderate support” for a 
causal relationship between non-Hodgkin lymphomas and exposure to TRI; Huff et 
al. (2004) are of the opinion that TRI exposure is “indeed clearly coupled with” a 
higher risk of non-Hodgkin lymphoma, but they do not discuss the studies which did 
not show such associations. In his review, Wong (2004) does not see evidence for a 
higher cancer risk for any of the target organs under discussion.  

In animal studies, the long-term TRI application to mice induces hepatic and 
pulmonary tumours as well as renal tumours in rats with the hepatic and pulmonary 
tumours in mice being assessed as a species-specific finding [MAK 1996 and 
addenda 2000, 2001; Clewell & Anderson 2004].  

To establish a limit value, it is necessary to take into account possible organ-specific 
differences in carcinogenic potency. There are papers of various institutions and 
authors on the subject [US EPA 2001; WHO 1996; Axelson 2004; Wong 2004; 
Lewandowski & Rhomberg 2005] and they are based both on epidemiological data 
and data from animal studies. In an overall analysis of the available experimental and 
epidemiological data, only hepatic and renal carcinomas as well as NHL appear as 
relevant endpoints, while tumours at other locations lack this importance. 

 

4  Carcinogenicity: the mechanisms involved and their relevance  

4.1  Genotoxicity 

As regards the discussion of the numerous genotoxicity tests conducted with TRI, 
reference is made to the justification for the MAK of 1996, its addenda from 
2000/2001 and the review by Brüning & Bolt (2000). The genotoxicity studies must 
be assessed in view of supporting evidence for the underlying mechanisms of TRI 
carcinogenicity; findings on the TRI metabolism must also be taken into account (see 
the detailed presentation in Annex 1). 

Concerning local genotoxic mechanisms, it is necessary to regard their involvement 
in the development of renal tumours as probable. This is supported by the present 
hypothesis on the metabolic activation (via DCVC/thioketene) of the substance (Fig. 
1 in the Annex) and the observation of specific VHL mutations in humans [Brüning & 
Bolt 2000; Lash et al. 2000; Harth et al. 2005; Brauch et al. 2004]. 

As regards hepatic tumours (cf. 4.3) and non-Hodgkin lymphomas (cf. 4.4), there is 
no evidence for a genotoxic mechanism of TRI or its metabolites.  

 

4.2 Renal tumours (epidemiological studies and experimental findings in 
male rats)  

The available epidemiological data for the formation of renal tumours after TRI 
exposure [Henschler et al. 1995; Vamvakas et al. 1998; Brüning et al. 2003; 
Charbotel et al. 2006] as such are not sufficient for a quantitative risk assessment; 
but they may also be used in the sense of a plausibility consideration, when risks are 
derived from animal studies.  

An association of high TRI exposure (in general and repeated peak concentrations 
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above 200 ppm) with a higher risk of renal cancer was described in two cohort 
studies and three case-controlled studies, but it was not reported in a number of 
other studies with low to medium TRI exposure. 

A study with 169 workers, who had been exposed to TRI for at least one year, 
showed a higher incidence of renal tumours. Using workplace descriptions and 
extensive interviews with long-term employees reporting regularly occurring 
headaches, vertigo and clouding of consciousness, as well as an analysis of the 
annual TRI consumption, it was concluded that the ambient air concentration in the 
area of the board machine was “very high“, and it was “high” in the tool shop and the 
electrical workshop of the plant. The reported symptoms occurred in individuals who 
were exposed - according to the measured findings of model experiments - to more 
than 200 ml TRI/m3 in their occupational activities. Measurements of TRI 
concentration in ambient air at the workplace or of TRI metabolites in the urine of 
exposed workers were not available. Compared to the Danish Cancer Register, the 
SIR amounted to 7.97 and was highly significant. Not a single case of renal cancer 
was diagnosed in the control group [Henschler et al. 1995]. In this publication it is 
also reported that (in addition to inhalation exposure at the workplace) TRI was also 
used in liquid form to clean the clothing and the hands, and a dermal absorption 
could therefore not be excluded (cf. Annex 1). 

A case-control study involving 59 patients with renal cell tumours showed an odds 
ratio (OR) of 10.80 (95 % confidence interval, CI: 3.36 – 34.75) for the exposure to 
TRI (all subgroups combined). Of the 20 renal cell tumour patients with an exposure 
history, eight reported higher exposure, nine reported medium exposure and two had 
low exposure. The frequency of pre-narcotic symptoms was between daily and once 
a week. Five participants in the highly exposed group reported a daily incidence of 
these symptoms of a severity, which partly prevented them from continuing their work 
[Vamvakas et al. 1998]. 

Another case-control study in the same catchment area involving 134 cases of renal 
cell cancer resulted in an OR of 1.80 for TRI exposure (95 % CI 1.01- 3.20). Self-
reported narcotic symptoms at work, which were interpreted as signs of peak 
exposures, were associated with a higher risk (OR 3.71, 95 % CI 1.80 – 7.54) 
[Brüning et al. 2003].  

In a retrospective cohort study with employees in the aviation industry [Zhao et al. 
2005] who had also been exposed to a number of other chemicals, a significantly 
increased risk of renal cancer incidence was only found for high (albeit not precisely 
quantifiable) TRI concentrations (relative risk, RR: 4.90; 95 %-CI 1.23 – 19.6, “single 
pollutant model”). The number of highly exposed cases was only four, however. With 
respect to mortality and after adjusting them for an exposure to other chemicals, the 
associations were not significant. 

A new case-control study on renal cell carcinoma in the French Arve valley involving 
86 cases and 316 controls [Charbotel et al., 2006], an association to TRI exposure 
was found which amounted to a cumulative exposure over 335 ppm years for the 
highest exposure group (OR 2.16; 95 % CI 1.02 – 4.60) and was therefore 
significant. When a differentiation was made between the highly exposed participants 
with or without peak concentrations (200 ppm for at least 1 minute), a significant 
effect only emerged for the group with a high cumulative exposure with additional 
peak exposures (OR 2.73; 95 % CI 1.06 – 7.07). 
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In principle, TRI appears to be a complete carcinogen for the kidney and influences 
relevant sub-processes in the initiation and promotion/progression [Brüning & Bolt 
2000; Harth et al. 2005]. The formation of reactive metabolites (chlorothioketenes; cf. 
Fig. 1 in the Annex) in the target tissue of the proximal tubulus is explained by the 
reductive, glutathione-dependent metabolism, which is mediated by glutathione-
transferase(s) and beta-lyase. As regards the metabolism depending on glutathione-
transferase, gender- and species-related differences were reported in rats, mice and 
humans [Lash et al. 2000]; in case of the beta-lyase-dependent metabolism, there is 
an inter-species difference with higher beta-lyase activity in rats as compared to 
humans (in vivo, analysed with PER, for example) [Lash et al. 2000]. The 
glutathione-dependent and quantitatively less important ancillary metabolic pathway 
gets greater weight, when the oxidative main metabolic pathway is saturated at 
higher TRI exposure. This is also illustrated by mapping enzyme-kinetic data on the 
formation of reactive thiol in the kidneys of rats and humans (cf. Fig.2 in Annex 1). 

It is deduced from these findings that the dose-effect characteristics of the genotoxic 
effects of TRI on the kidney are non-linear [Goeptar et al. 1995]. The dose-
dependent shift of the metabolic pathways results in the problem that a consideration 
of average values for exposure levels will do not justice to the real situation; such a 
consideration will instead and most probably lead to an overestimation of the actual 
risk of low TRI exposure. Because of the species-related differences in beta-lyase 
activity, the risk extrapolated on the basis of animal studies also tends to be 
overestimated for humans [Lash et al. 2000]. 

In cases where renal carcinoma occurred after a high occupational exposure to TRI, 
mutations of the VHL tumour suppressor gene were more frequently found, and there 
were also mutations (454 C > T), which are otherwise rarely monitored [Brauch et al. 
1998 und 2004]. The VHL gene and its coded gene products (pVHL) are involved in 
regulating the cellular metabolism under oxygen-deprived conditions and in 
stabilising micro-tubular structures. The mechanistic background of the relationship 
between VHL mutations and the occurrence of renal cancer appears to be complex 
and has not yet been clarified in all its details [Harth et al. 2005].  

In the past, the nephrotoxic effect of TRI was also related to metabolites of the local, 
glutathione-dependent (ancillary) metabolic pathway of TRI [Brüning & Bolt 2000]. 
According to studies of the Green working group, a nephrotoxic effect of TRI in the 
relevant range of exposure is mediated by the metabolites trichloroethanol and 
trichloroacetic acid, whose quantities are more significant and which interact with the 
vitamin B12-dependent C1 metabolism. This interaction results in a folic acid deficit 
and an excess of formic acid leading to an acidification of the cytoplasm and 
consequently to cytotoxicity in higher dose ranges. This is proven in animal studies 
[Green et al. 1998; Dow et al. 2000; Green et al. 2003]: with subacute exposure (28 
days, 6 h/day) of rats to 250 or 500 ppm TRI, no morphological renal damage was 
found, but there was an increase of formic acid in the urine, and this was associated 
with a decreasing pH-value [Green et al. 1998].  

Based on this concept, Green et al. (2004) carried out an occupational medical field 
study with 70 workers with TRI exposure and 54 controls. The average TRI exposure 
- calculated on the basis of trichloroacetic acid excretion - was 32 ppm (total range: 
0.5 - 252 ppm) with an average length of exposure of 4.1 years (total range: 1 - 20 
years). Significant differences between the exposed persons and the controls were 
found in the excretion of biomarkers for subclinical nephrotoxicity - N-
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acetylglucosaminidase (NAG) and albumine as well as formic acid. Associations 
were also found between the excretion of trichloroacetic acid and formic acid on the 
one hand and methylmalonic acid and glutathione-transferase alpha on the other, but 
these were generally within the range in controls. Clinically manifest renal damage 
was not found in this study [Green et al. 2004]. The authors interpreted the results 
that there are dose-dependent subclinical effects in the studied dose range (up to 
250 ppm TRI), but manifest clinical effects of renal damage only occur above this 
range. This view is consistent with the data from animal studies. The meaning of the 
study is restricted by the fact, however, that it is a cross-sectional study with a 
simultaneous analysis for exposure markers and effect markers. This means that the 
exposure values are directly and initially related to the time spent close to the place, 
where the single sample was taken, but the higher excretion of biomarkers must be 
associated with periods dating back further - for which no direct exposure data are 
available -, when a causality is to be established. According to the authors, the 
maximum exposure concentration of approx. 250 ppm only applies to 2 individuals, 
for the overwhelming majority of employees (60 out of a total of 70) current exposure 
concentrations of less than 50 ppm were found. The assumption continues to be 
fraught with uncertainties that there is a threshold for a change in biomarker 
excretion at the level of the former TRK value of 30 ppm for a long-term repeated TRI 
exposure.  

Based on available occupational medical studies, the development of renal cancer 
following several years of high TRI exposure (generally accompanied by pre-narcotic 
episodes [Brüning et al. 2003]) seems to be related to tubular renal damage [Bolt & 
Brüning 2000]. In the sense of promotion/progression, this seems to be essential for 
promoting the development of renal cancer. This view is supported by biomarker 
studies in humans such as the excretion of glutathione-transferase alpha or alpha1-
microglobulin in urine [Brüning et al. 1999a and 1999b; Bolt et al. 2003]. Avoiding 
renal damage by TRI would therefore also mean that the development of renal 
cancer is effectively prevented [Harth et al. 2005]. 

In another study with Scandinavian workers in which the majority of the employees 
(25 of 29) had been exposed to less than 6 to 10 ppm TRI, there was no increased 
excretion of the N-acetyl-ß-D-glucosamine (NAG) biomarker [Selden et al. 1993]. 
This was a small study cohort, but there is a sound assumption that the threshold for 
nephrotoxicity is approx. 6 ppm (33 mg/m3), especially since the effects were not 
pronounced at 32 ppm. 

It must be taken into account that high peak concentrations will most probably induce 
a much higher risk than the corresponding average values of a uniform exposure.  

 

4.3   Hepatic tumours 

The modes of action regarding the experimental development of hepatic tumours in 
mice after TRI exposure have been described and discussed in detail in 2000 by Bull 
and in 2004 by Clewell & Andersen. We refer to this study and also to the more 
detailed presentation in the Annex (Section 3). By way of summary, the following 
points should be highlighted: 

- Relevance for humans: mice are particularly susceptible to hepatic tumours. 
The transferability of these findings to humans is limited and must be discussed 
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specifically in each case against the background of potentially existing 
mechanisms (cf. below).  

- Genotoxicity: as regards the liver as target organ, the available findings seem to 
be inadequate to justify a primary genotoxic genesis of the hepatic tumours 
observed in the studies in mice [Clewell & Anderson 2004]. In this respect, 
uncertainties remain, however, which do not entirely exclude a local hepatic 
genotoxicity. 

- Promotion: two fundamental mechanisms are discussed which are both 
triggered by the oxidative metabolites DCA and TCA [Bull 2000]. TCA, the main 
metabolite, has properties stimulating the peroxisomes in mice and acts through 
the PPAR- mechanism (peroxisome-proliferator-activated receptor alpha). 
DCA, the secondary metabolite, induces hepatic tumours through another 
epigenetic mechanism, i.e. the promotion of spontaneous tumours and the 
inhibition of apoptosis [Clewell & Anderson 2004]. 

With the relevant mode of action, we can assume that there are ineffective doses and 
nonlinear dose-effect relationships. The existing metabolic differences [Clewell & 
Anderson 2004] also explain the species-specific genesis of hepatic tumours 
following a TRI exposure in mice, which are not found in rats. 

Experimental findings indicate a key role of PPAR- in the induction of hepatic 
tumours in mice by TRI: 

- TCA as a TRI metabolite acts as PPAR activator and activates a number of 
genes which are responsible for regulating cell growth. Peroxisome 
proliferation, which is often used as a marker, is most probably not always 
associated with tumourigenesis, but also with the resulting cell proliferation 
[Klaunig et al. 2003; Laughter et al. 2004]. PPAR receptor density is much 
lower in humans than in rodents [Clewell & Anderson 2004], and in contrast to 
murine hepatocytes, human hepatocytes are refractory with respect to the 
induction of DNA synthesis by TCA [Smith et al. 2005].  

 It is therefore probable that this mechanism has an inferior relevance for 
humans. 

- In the studies, in which TRI dissolved in oil was given to the studied animals by 
gavage, cytotoxicity in combination with regenerative hyperplasia also seems to 
contribute to the development of hepatic tumours. Generally, a primary 
involvement of these mechanisms is not considered as an important cause of 
tumourigenesis [Bull 2000; Clewell & Anderson 2004].  

The available data from three Scandinavian studies on the epidemiology of hepatic 
tumours associated with TRI exposure do not show a significant increase in hepatic 
tumour rates [Axelson et al. 1994; Anttila et al. 1995; Hansen et al. 2001], the bigger 
US studies did not contain any indication of a higher risk of hepatic carcinoma 
[Garabrant et al. 1988; Morgan et al. 1998; Blair et al. 1998; Boice et al. 1999]. A 
meta-analysis of the data published by Axelson (2004) is not really usable, as some 
parts are not plausible (the hepatic tumour data from the Boice study have possibly 
been confused with the higher figures for the rectum; the risks calculated by Axelson 
from the Blair study are based on an inadequate control group). In the available 
reviews, there are differing evidence interpretations: while Wartenberg et al. (2000), 
for example, hold the view that the results would suggest a probable increase of the 
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hepatic tumour risk for persons exposed to TRI, Wong (2004) does not see a higher 
risk of hepatic cancer. It should be noted that the characteristics of exposure are only 
insufficiently described in most available studies, there is often a co-exposure to 
various solvents and alcohol consumption data were generally not collected.  

With these premises in mind, the Working Group on “Limit values and classification of 
CM substances” (AK CM) of UA III arrived at the following reasoning not to include 
hepatic tumours in its risk derivation. 

1. The risk derivation performed by US EPA (2001) was only based on the Anttila 
study and does not seem to be conclusive: in this study, there were only five 
cases of hepatic tumours, there were individual quantitative exposure 
parameters for four of them with two cases belonging to the higher exposure 
group and two cases belonging to the lower exposure group. According to 
Lewandowski and Rhomberg (2005), misclassifications might also have 
occurred, as another study was used to convert the TCA values in urine to 
airborne TCE values. In addition, the EPA was not aware of the current values 
on the length of exposure and simply assumed an average exposure of 15 
years. 

2. Quantitative dose-effect relationships cannot be derived for hepatic tumours. 

3. The tumour location in the liver is supported by experimental data in mice. But 
mice are particularly susceptible to hepatic tumours, and therefore the 
transferability of these findings to humans is doubtful especially against the 
background of mechanistic studies (see above). 

4. Furthermore, toxicokinetic differences must be considered: in humans, TCA 
binds much more intensively to plasma proteins than in mice, and consequently 
a smaller share of this major TRI metabolite (which is responsible for the tumour 
promoting effect) will reach the target tissue in the liver [Lumpkin et al. 2003]. 
PBPK models considering these species-related differences in their risk 
assessment for TRI therefore come up with an incremental risk [Keys et al. 
2005], which is lower than previous estimates by a factor between 10 and 100 
[US EPA 2001; IARC 1995].  

 

4.4  Non-Hodgkin lymphomas  

A link between TRI exposure and the occurence of non-Hodgkin lymphomas (NHL) is 
based on epidemiological studies. There is no such model in animal studies. 
Consequently, the rationale for this type of malignant tumours must be developed 
using epidemiological data.  

Lewandowski and Rhomberg (2005) considered the strength of the reported 
associations, their consistency with the database as a whole, and the resulting 
biological plausibility as regards the reported tumour endpoints and concluded that 
the biological plausibility of a TRI-specific causality of non-Hodgkin lymphomas is 
uncertain. After reviewing epidemiological studies with workers exposed to TRI, 
Wong (2004) does not see any causal relationship between TRI exposure and higher 
NHL risks. By contrast, Wartenberg et al. (2000) base their view on available data 
and see “some support” for assuming an association with NHL. Differences regarding 
the risks observed in the specific studies cannot be linked to correlating differences in 
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exposure, as quantitative exposure data are not available for most studies. Even 
semi-quantitative data for individuals are not sufficiently available. And the 
Scandinavian studies with the best data on this issue report an average of only 2 to 3 
measured values per individual. On this basis, it is not possible to estimate a 
cumulative exposure with sufficient certainty. We must assume, however, that the 
exposures in the Scandinavian studies were generally below 30 ppm.  

Based on these data, more detailed considerations of the mode of action are not 
possible. It is the view of the Working Group on “Limit values and classification of CM 
substances” in UA III that it is impossible to quantify a NHL risk in humans based on 
the available data. 

 

5  Quantitative risk analysis and assessment  

Based on the data reported above, it is possible to derive an occupational exposure 
limit (OEL). If possible, the additional cancer risk should be stated, which is estimated 
with the derived OEL and can be attributed to TRI exposure at the workplace. 
Different approaches in a quantitative risk assessment for the relevant cancer 
locations are discussed below. 

 

5.1 Renal cancer  

Based on the epidemiological studies performed in Germany [Henschler et al. 1995); 
Vamvakas et al. 1998; Brüning et al. 2003], an excess lifetime risk of renal cancer 
amounting to 5 % after an assumed cumulative exposure of 3000 ppm-years is 
estimated (cf. Annex, Table 1). This risk quantification cannot be regarded as valid 
for any exposure level, however: it was determined on the basis of higher exposures 
which amounted to approx. 100 ppm over a number of years. CNS effects were 
observed in this range. It is also assumed as probable that exposure peaks of 
approx. 500 ppm made a relevant contribution to the development of genotoxic 
metabolites and to cytotoxicity (nephrotoxicity). Due to the influence of the high-dose 
range (pre-narcotic effect), the estimate probably represents an overestimation in 
comparison to the actual risk. As the scope of this possible overestimation cannot be 
limited more accurately at this time, the stated risk is assumed to represent the 
conservative upper limit.  

It must be expected that, in comparison to the actual dose, there is a 
disproportionately decreasing risk of renal cancer, when the dose falls below the 
cytotoxicity threshold. This means that an overall sublinearity is to be expected, as a 
local genotoxicity in the kidney cannot be excluded in this low-dose range, but there 
is hardly any suspected cytotoxicity (background load only). The risk level below the 
cytotoxicity threshold cannot be quantified at this time, however.  

Green et al. (2004) found subclinical renal effects in workers who had been exposed 
to an average of 32 ppm TRI, and these effects were characterised by significantly 
increased NAG and albumin excretion. These biomarker levels were no longer 
elevated in 29 workers who had been exposed to 6 - 10 ppm TRI over several years 
[Selden et al. 1993]. It may thus be assumed that the threshold for nephrotoxicity is 
approx. (≥) 6 ppm (33 mg/m3). Even though this study only concerns a small cohort, 
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the threshold for nephrotoxicity is also assumed to be at this level for large cohorts, 
as the effects were only minor at 32 ppm. The above-mentioned risk assessment for 
renal cancer is therefore limited to the range > 6 ppm. In case of a linear risk 
assessment, an exposure over 40 years at 6 ppm (cumulative exposure of 40 x 6 = 
240 ppm-years) results in a risk of 0.4 % (3000 ppm-years correspond to 5 %; 240 
years correspond to 0.4 %). But we must also assume for the range of 6 ppm that the 
risk is overestimated in a linear extrapolation, as the dose-response relationship 
above 6 ppm probably has a clearly sublinear shape. This conclusion is based on the 
fact that only subclinical renal effects were observed at exposure to 30 ppm, and 
there were none among the studied workers with exposure to 6 ppm. Furthermore, a 
strongly sublinear dose curve has been shown for the formation of the reactive thiol 
above 100 ppm (Fig. 1 in Annex 1). 

The sublinear dose-response relationship with the resulting overestimation of the risk 
in a simple proportionality analysis is even more pronounced at lower exposure 
levels so that a linear risk extrapolation is not plausible in the range below 6 ppm. 
With an exposure to 3 ppm, for example, the risk is clearly lower than 0.2 % (< 
2:1000). But it is impossible to further define how strong this sublinearity actually is 
across the overall curve. 

The unit risk, which was calculated for renal cancer on the basis of the data by Anttila 
et al. (1995) by US EPA (2001) (according to US EPA; converted to 5 x 10-6 per 
µg/m3 for the workplace), would result in higher risks, and, given the present 
estimation, it must be classified as too conservative. The risk of renal cancer, which 
is derived from the findings in animal studies (according to US EPA (2001); 
converted to 1.4 x 10-8 per µg/m3 for the workplace) and the risk of 10-6 at 240 µg/m3 
(linear extrapolation) calculated for TRI by Clewell und Andersen (2004) are fraught 
with additional uncertainties in the species-specific extrapolation (lack of compatibility 
with the findings in humans at this time), and they will therefore not be included in the 
risk quantification. 

 

5.2 Hepatic cancer 

As shown in Chapter 4.3, there is considerable uncertainty regarding the relevance of 
the liver tumours observed in animal studies with mice and in some of the 
epidemiological studies.  

A higher risk of contracting hepatic cancer due to TRI exposure cannot be excluded 
as a result of the epidemiological studies from the Nordic countries [Axelson et al. 
1994; Anttila et al. 1995; Hansen et al. 2001]. The studies continue to find a non-
significant increase of the cancer risk even with exposures to 10 ppm TRI. Other 
qualified studies do not show any increased risk of liver cancer at 10 ppm [Morgan et 
al. 1998; Wong 2004], however. As regards the meta-analysis by Axelson (2004), 
where a higher risk of hepatic cancer was calculated, we refer to the relevant 
uncertainties (cf. Section 4.3).  

A threshold cannot be stated, as the relevance and the mechanism for hepatic 
cancer in humans after TRI exposure is unknown. Given the available data, local 
genotoxicity in the liver cannot be entirely excluded as a mechanism. Even though 
animal studies with mice also show a higher incidence of hepatic tumours, it was 
apparent (cf. Section 4.3) that these findings could not be quantitatively transferred to 
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humans, as it is probable that differing modes of action and species-specific kinetic 
differences play a role (cf. Annex, 1.3).  

Given the contradictory epidemiological findings or the lack of transferability of the 
mechanism found in animal studies, the risk quantification appears to be so uncertain 
that it cannot be considered as objectively justified.  

 

5.3 Non-Hodgkin lymphomas (NHL) 

As shown in Section 4.4, there is considerable uncertainty regarding the causal 
relationship between TRI exposure and higher NHL risks. A quantification of the risk 
is therefore not meaningful. Based on the study by Antilla et al. (1995), the US EPA 
(2001) calculates a unit risk, which is in the same order of magnitude as the unit risk 
for renal cancer (it is higher for NHL than for renal cancer by a factor of 3.3), but 
there are no comparative data from animal studies which could provide evidence for 
this tumour location and the risk level. In a meta-analysis by Axelson (2004), an 
increased NHL risk is derived from epidemiological data. Again we refer to relevant 
uncertainties with respect to this meta-analysis (see above in Section 4.3.).  

Given these uncertainties, the available quantifications for NHL are not used for a 
characterisation of the risk. To cover the suspicions, it may be assumed that the 
protection against carcinogenic effects in the kidney seems to cover the NHL risk to a 
roughly similar extent. But there are no data for a NHL induction caused by TRI. 

 

6  Conclusions 

As an orientation for the derivation of an occupational exposure limit (OEL), the dose-
risk relationships are described and briefly commented for various TRI exposures. 

In case of TRI, an OEL cannot be associated with a clear threshold, as genotoxicity 
was observed in the kidneys and local genotoxicity cannot be excluded for the liver 
and for NHL either. Consequently, the derivation of limit value is regarded as risk-
based. 

As shown above, multiple assumptions on the safe side (model of a linear dose-
response relationship; based on average exposures do not consider the additional 
influence of extreme peak concentrations found at historical workplaces) so that the 
result is a risk consideration without any threshold and the 4:1000 risk of developing 
renal cancer is not exceeded in case of compliance with an exposure level of 6 ppm 
TRI2.   

It was pointed out that there is a clear contribution to the total body burden resulting from 
skin exposure to liquid TRI (cf. Annex 1). We also refer to Annex 2 (preventive 
occupational medical examinations). 

At a concentration of 6 ppm, renal damage is not expected to an extent that it might 
provide the basis for the promotion/progression to a clinically manifest tumour. 
                                            
2  A comparison of “tolerable thresholds” and “acceptable thresholds” which is used in other 

regulatory areas or countries, has been compiled in a research report [BAuA, 2005] and was 
discussed in view of health risks at the workplace. 



Exposure-risk relationship for trichloroethylene in BekGS 910 Page - 15 - 

- Committee on Hazardous Substances (AGS) – AGS Management - BAuA - www.baua.de - 

It remains doubtful whether TRI can also cause hepatic cancer and non-Hodgkin 
lymphomas in humans. In comparison to the triggering of renal tumours, the dose-
response analyses (Table 1) indicate a low probability of higher cancer risks for other 
organs. 

The following Table 1 summarises the assumptions and assessments included in the 
derivations for the studied endpoints. 

Table 1: Dose-risk relationships for the studied tumour locations  

Endpoint and dose range Assumption Assessment 

Renal cancer 

6-100 ppm  Linearity, estimated from 
epidemiological data for a long-
term exposure to 100 ppm with 
additional exposure peaks  

Conservative, toxicologically 
supported assumption, possibly 
clear overestimation, in case of 
a sublinear curve, especially 
because of the significance of 
high exposure peaks (the scope 
of a potential sublinearity cannot 
be limited more accurately)  

6 ppm  “Point of departure”; below this 
point, there is no relevant 
cytotoxicity and thus a sublinear 
curve for the dose-risk 
relationship. Extrapolated 
cancer risk at 0.4 % (exposure 
peaks were not considered)  

Low risk for carcinogenicity 
supported by negative and non-
significant epidemiological 
findings and the risk level 
following a linear extrapolation;  
POD supported by an average 
effective concentration of 32 
ppm (cytotoxicity). High 
exposure not tolerable (criteria: 
risk still tolerated in NL; 
exposure peaks were not 
considered) 

0.6-6 ppm  Reduced risk of tumour 
formation by two orders of 
magnitude in case of an 
exposure which is reduced by 
one order of magnitude  

General agreement supported 
by the expected sublinearity or 
lower risk increase compared to 
the dose range above 6 ppm  

Hepatic cancer 

30 ppm  3.3 % cancer risk, uncertainty Supported by a unit risk based 
on epidemiological data; 
uncertainty whether TRI is a 
hepatic carcinogen for 
humans  
Supported by suspicious fact: 
hepatic cancer was observed 
with exposure to 10 ppm 
(contradictory study findings)  

3 ppm  0.3 % cancer risk, high 
uncertainty  

Suspicious fact loses 
significance with decreasing 
exposure level; need for 
quantitative considerations as 
total uncertainty is decisive for 
the assessment  

NHL 
30 ppm  < 6-7 % cancer risk, uncertain Supported by a unit risk based 

on epidemiological data; 
uncertain whether TRI 
induces NHL in humans. 
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Endpoint and dose range Assumption Assessment 
Supported by suspicious fact: 
observed NHL with an exposure 
to 10 ppm (contradictory 
findings) 
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Annex 1 for trichloroethene (trichloroethylene, TRI) 2006 

Background information on the mode of action and the risk assessment 

1  Intake and metabolism 

Because of its lipophilic nature, TRI is quickly and to a large extent resorbed by 
inhalation, oral intake or dermal contact and then distributed to the entire organism. 
Inhalation exposure at the workplace is generally decisive, but a potential dermal 
absorption of TRI should also be considered.  

A comparison of blood levels after an epicutaneous exposure of rats to undiluted 
solvents for up to 24 hours (3.1 cm2 of exposed skin) showed that TRI was as 
effciently absorbed as 1,1,1-trichloroethane, but only half as efficiently as benzene, 
tetrachloroethene, toluene and ethyl benzene. A steady-state blood level of approx. 
10 µg TRI/ml was found after 0.5 hours of exposure [Morgan et al. 1991]. The 
participants only absorbed 0.3 % of the trichloroethylene from the gaseous phase 
through their skin, the rest was absorbed through the lungs [Kezic et al. 2000]. With a 
3-minute exposure of test persons to liquid trichloroethylene (27 cm2 of skin), the 
calculated flux was 430 nmol/cm2/min. With an exposed skin of 360 cm2 and 8 
repeated exposures of 3 minutes each, this corresponds to 3.7 mmol. By 
comparison, 3.1 mmol are absorbed by inhalation during an 8-hour exposure to 50 
ml/m3 [Kezic et al. 2001]. 

Consequently, it should be assumed that there is a non-negligible contribution to total 
intake by the cutaneous absorption of liquid TRI. 

Resorbed TRI is metabolised both by oxidative and by reductive pathways (Fig. 1). 

 
Fig. 1: Model of the TRI metabolism (Clewell und Anderson, 2004, Fig.2, modified) 
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The main metabolites, i.e. trichloroacetic acid (TCA) and trichloroethanol (TCOH) and 
their glucuronide (TCOG) as well as other end products (such as oxalic acid and N-
hydroxyaminoethanol) are the result of an oxidative hepatic metabolism by CYP450 
enzymes and afterwards excreted in the urine. The second, reductive metabolic 
pathway works via glutathione transferase and accounts for a lower overall share, but 
it will be more significant, when the oxidative metabolic pathway is saturated in case 
of high TRI exposure.  

Starting from the genotoxicity test findings, it is postulated that the glutathione-
dependent metabolites 1,2-dichlorovinyl-glutathione (DCVG) 1,2-dichlorovinyl-
cysteine (DCVC) and N-acetyl-1,2-dichlorovinylcysteine (NADCVC) are of special 
significance as regards the carcinogenic activity of TRI in the kidneys [Clewell & 
Anderson 2004; Harth et al. 2005]. According to studies by the working group of 
Green [Green et al. 1998; Dow & Green 2000; Green et al. 2003] the nephrotoxic 
effect of TRI is also mediated by its quantitatively more important metabolites 
trichloroethanol and trichloroacetic acid, which interact with the vitamin B12-
dependent C1 metabolism. This leads to a folic acid deficit and an excess of formic 
acid which results in an acidification of the cytoplasm with higher TRI dose ranges 
and ultimately results in cytotoxicity. 

 

2  Renal tumours 

Table 1 is a compilation of exposure-risk relationships. 

Table 1: Exposure-risk relationships for TRI exposure calculated with assumed 
linearity. Conditions: an excess lifetime risk of renal cancer amounting to 
5 % after a cumulative exposure of 3000 ppm-years (according to studies 
from Germany, see text), linear dependence of risk and cumulative 
exposure. 

Exposure 
concentration 
[ppm] 

Length of exposure Cumulative 
exposure [ppm-
years] 

Excess riska Comment 

500 and 100 18 y, 2 h/d, 3 d/w, peak 
exposure, otherwise 
approx. 100 ppm 

3000 5 % Point of reference 
according to the studies 
by Henschler et al. (1995), 
Vamvakas et al (1998), 
Brüning et al (2003) from 
Germany 

30 40 y, full-time shift work 1200 2 % TRK value (suspended) 
15 8 y, full-time shift work 120 0.2 % Average exposure 

estimated for the study by 
Axelson et al. (1994)  

6.5 10 y, full-time shift work 65 0.11 % Average exposure 
estimated for the study by 
Anttila et al. (1995)  

1.5 40 y, full-time shift work 60 0.1 % "Limit value" for a 
risk of 1 to 1000 

0.072 40 y, full-time shift work 2.9 5 x 10-5 According to the limit 
value proposed by Clewell 
and Andersen (2004) 

a Excess-lifetime risk of renal cancer calculated with assumed linearity and starting from the point of 
reference  
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The increased risks of renal cancer found in the studies by Henschler et al. (1995), 
Vamvakas et al. (1998) and Brüning et al (2003) for TRI exposure show slight 
variations depending on the test period and the definition of “exposed” as a 
characteristic (also see Greim, 1996). The values for the odds ratio (OR) in the case-
controlled studies are mostly statistically significant in a range around 2 or 3 (while 
higher values were also found such as the value for “any exposure in metal 
degreasing” with OR = 5.57; Brüning et al., 2003), the highest OR was found in the 
study by Vamvakas et al. (1998) and amounted to 10.8. For the risk assessment, the 
numerical data for the “relative risk” (especially OR) must be converted to numerical 
figures for the “absolute risk”. Information on cancer mortality in the general 
population is available in the WHO database (2003). According to these figures, the 
mortality share of “malignant neoplasm of kidney except pelvis” (ICD/9 189.0) among 
all deaths in Germany in 1990 was 0.66 % (2811 / 425093) among males, among 
females it was 0.42 % (2085 / 496352); in 1997 the figures were 0.77 and 0.48 % 
respectively (WHO 2003). According to these figures, we must assume a lifetime 
mortality risk for renal cancer in the general male population in Germany amounting 
to approx. 0.7 %. Doubling this risk (RR, SMR or OR of 2.0) means an additional 
(excess) lifetime cancer risk amounting to the same figure. An OR of 10.8 then 
corresponds to an excess risk of 10.8 x 0.7 % - 0.7 % = 6.9 %. The figures stated for 
the renal cancer cases in the general population are mortality figures, while the 
incidence risk, which should really be considered, is higher.  

Precise data on the incidence of renal cancer in the entire Federal Republic of 
Germany are not available, the publication “Cancer in Germany” (Krebs in 
Deutschland, 2004) contains estimates of incidence rates, however, which are based 
on specific data. For the year 2000, this publication compares the estimated 
incidence rates for renal cancer and the mortality rates provided by the official 
statistics. The rates for males amount to 22.0 (incidence) and 9.7 (mortality) per 
100000 and year, the corresponding figures for females are 15.0 and 6.2. The ratio of 
incidence to mortality is then calculated as a value of approx. 2.3. When this factor is 
applied to the mortality risk of 0.7 %, a value of 1.6 % emerges for the absolute 
baseline-incidence risk for renal cancer among males in Germany in the 1990s. The 
odds-ratio values in the epidemiological studies on renal cancer after TRI exposure 
naturally involve uncertainties; there is generally no doubt that a significant increase 
of the renal cancer risk on the basis of a causal relationship to TRI exposure is only 
probable, when this significance corresponds to an excess-incidence risk in the 
percentage range. With a baseline risk of 1.6 %, a relative risk of 2.0 also means an 
excess risk of 1.6 %. It therefore appears to be justified that the very high cumulative 
exposure of 3000 ppm-years is associated with an excess renal cancer risk of 5 %. 

For the study cohort of Axelson et al. (1994), the estimated cumulative exposure is 
120 ppm-years. According to Table 1, the calculated excess risk of renal cancer 
amounts to 0.2 %. At the end of the follow-up, 229 (16.1 %) of the 1421 males in this 
cohort had died, therefore the cohort must be considered as relatively “young”. In line 
with the incidence of renal cancer in the general male population in Sweden and in 
line with the age distribution of the exposed cohort, Axelson et al. (1994) expected 
5.2 cases of renal cancer, they observed 6 cases which corresponds to a SIR of 1.16 
with a 95 % confidence interval between 0.42 and 2.52. According to these data, the 
power of this study does not seem to be sufficient to discover an excess risk of renal 
cancer of 0.2 %. Even if the exposure-risk relationship corresponding to an allocation 
of 5 % per 3000 ppm-years really showed a linear dependence on the cumulative 
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exposure, and even if the risk were to emerge at an identical level, a higher risk of 
renal cancer would not be expected with any statistical significance in the Axelson 
study. This is also illustrated by the consideration that a lifetime mortality risk of 0.2 % 
among 229 deceased persons (see above) would only result in 0.46 expected 
additional cancer deaths, which would most probably correspond to “zero“ additional 
cancer deaths being observed. The same applies to the study by Anttila et al. (1995) 
(Table 1), where 6 cases of renal cancer were observed with 6.9 being expected, 
which corresponds to a SIR of 0.87 with an upper 95 % confidence limit of 1.89. Even 
when linearity is assumed, the low average cumulative exposure of 65 ppm-years 
does not lead to expecting evidence for a statistically significant risk increase. The 
data in the publication by Hansen et al. (2001) result in an even lower cumulative 
exposure (median of 18 ppm-years). 

The empirical data from the Scandinavian studies (such as Axelson et al., 1994) are 
generally in line with the assumption of a threshold for renal carcinogenicity due to 
TRI and indicate that it is below the average exposure conditions at the affected 
workplaces. As the average cumulative exposures in the cohorts must be considered 
as relatively low (for the Axelson study, they amount to no more than 120 ppm-years, 
for example), the results are again in line with the assumption of a linear exposure-
risk relationship and a slope of 5 % per 3000 ppm-years (upper 95 % confidence limit 
of the SIR in the study: 2.52). These results are therefore not suitable as an “active 
indication” or evidence for such a threshold; they do not exclude the above-
mentioned linear exposure-risk relationships. 

The calculations (Table 1) from the epidemiological study by Henschler et al. (1995) 
must be qualified, as they assume - as a worst-case assumption - a linear 
extrapolation of the tumour risk at very high exposures from the risk at low 
exposures. Pre-narcotic symptoms among the workers are indicative of the fact that 
the exposure concentrations for this study cohort must have amounted to a multiple 
of the MAK of 50 ml/m3 in force at the time. Under these conditions, a saturation of 
the oxidative metabolism and higher reductive metabolic activity must be assumed 
together with the formation of reactive thiol. Clewell and Andersen (2004) used 
enzyme-kinetic data in humans and rats to calculate lifetime burdens for such 
scenarios (Table 2). 

Table 2:  Modelling reactive TRI kidney metabolites [Clewell & Andersen 2004] 
 

 Reactive thiol [mg/g kidney], daily burden 
calculated across lifetime  

Rats  600 ml/m3, 7 h/d, 5 d/w, 78/104 w 19.6 
Rats  300 ml/m3, 7 h/d, 5 d/w, 78/104 w 6.3 
Rats  100 ml/m3, 7 h/d, 5 d/w, 78/104 w 0.23 
Humans 100 ml/m3, 8 h/d, 5 d/w, 45 a 0.23 
Humans 50 ml/m3, 8 h/d, 5 d/w, 45 a 0.09 

 

The data in Table 2 are illustrated as graphics in Figure 1 (see below). The 
conclusion is that a disproportionate increase of the burden due to reactive thiol in 
the kidneys must be expected for exposures of more than 100 ml/m3. 
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Figure 1: Model for the formation of reactive thiol (data from Table 2).  

 

These enzyme-kinetic estimations were not confirmed by measurements. It is not 
proven, for example, that rats and humans show an identical behaviour in this regard. 
These estimations show a qualitative alignment with the observation that renal 
tumours only occur at high exposures in animal studies [Maltoni et al. 1988] and 
epidemiological studies [Brüning et al. 2003; Henschler et al. 1995; Vamvakas et al. 
1998; Charbotel et al. 2006; Zhao et al. 2005], as a disproportionate formation of 
genotoxic thiol is to be expected under these specific conditions. Consequently, the 
above risk estimations for the range below 10 ml/m3 should really be lower. 

 

3  Hepatic tumours 

The available data regarding potential mechanisms for the induction of hepatic 
tumours in mice have been summarised by Clewell and Andersen (2004). As a 
matter of principle, there are three options how TRI or its metabolites such as chloral, 
dichloroacetic acid and trichloroacetic acid can act as carcinogens, i.e. genotoxicity, 
cytotoxicity and promotion. Based on the available data, Clewell and Andersen 
(2004) consider cytotoxicity to be improbable as a cause of hepatic tumours and 
believe that genotoxicity is no plausible explanation for hepatic tumours, as many 
other factors indicate that promotion plays the main role in the induction of hepatic 
tumours. Chloral is not considered to be significant as the quantities formed are too 
small. It could not be found when volunteers were exposed to up to 100 ml/m3 TRI 
[Fisher et al. 1998]. 

The modes of action of TRI for hepatic tumours are shown below. 
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Genotoxicity due to TCA and DCA 

-TCA 

TCA showed a non-consistent and possibly weak genotoxic effect in some test 
systems. The evidence for a primary genotoxic mechanism in the induction of liver 
tumours is insufficient, but possible risks might remain in the low-dose range [Clewell 
& Andersen 2004]. 

-DCA 

In some test systems, DCA showed weak genotoxicity [Moore & Harrington-Brock 
2000], the concentrations used were higher by several orders of magnitude than 
those which had proven to be carcinogenic in animal studies [Bull et al. 2002]. In 
transgene mice, a higher mutation frequency in the target gene was only triggered 
after an application over 60 weeks and only for the highest concentration of 3.5 g/l, 
for example - no such effect was found after 4 weeks or 10 weeks. The authors of 
this study believe that DCA is genotoxic, but possibly does not form a direct bond to 
DNA [Leavitt et al. 1997].  

 

Non-genotoxic mechanisms  

In animal studies, TRI [Clewell and Andersen 2004] and TCA [Parnell et al. 1986] 
have proven to be promoters of initiated hepatic foci in rats, TCA and DCA showed 
the same effect in mice [Tao et al. 2004]. DCA and TCA themselves are complete 
hepatic carcinogens in mice, DCA also in rats. In contrast to TRI, DCA and TCA 
activate the PPAR-alpha receptor and both metabolites thus belong to the group of 
peroxisomal proliferators, which frequently induce hepatic tumours by a non-
genotoxic mechanism. PPAR activation has numerous effects in the cell such as a 
modified expression of growth-regulating genes, peroxisomal proliferation and 
cellular proliferation. Instead of peroxisomal proliferation, cellular proliferation in 
certain sub-populations or modified cells were recognised as primarily responsible for 
the carcinogenic effect of PPAR activators [Klaunig et al. 2003], as the level of 
peroxisomal proliferation does not correlate with the carcinogenic potency of an 
agent. 

- TCA 

In contrast to wild-type mice, TCA did not induce increased liver weight in PPAR-
alpha-knockout mice [Laughter et al. 2004]. Studies of TCA-induced hepatic tumours 
showed that they do not differ from spontaneous tumours as regards their incidence 
and their ras-mutation spectrum [Fereira-Gonzales et al. 1995]. For this substance, 
there is therefore no genotoxic effect; it instead has a promoting effect which is 
probably mediated by PPAR-alpha. 

- DCA 

The weak genotoxic effect of DCA does not seem to contribute to tumour induction, 
as the comprehensive analysis of pre-malignant lesions in the murine liver showed 
that non-genotoxic effects such as negative selection will induce tumours in the 
concentration range of <1 g DCA/l drinking water [Carter et al. 2003]. This 
assumption was supported by another study in mice, where vinyl carbamate was 
used as initiator and TCA and DCA were used as promoters. Neither DCA nor TCA 
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increased tumour incidence, they only increased the size of the hepatic tumours [Bull 
et al. 2004]. 

In contrast to TCA, DCA induced a higher liver weight both in wild-type mice and in 
PPAR-alpha-knockout mice, and this indicates an effect which is independent of 
PPAR [Laughter et al. 2004]. The foci induced by DCA differ in their phenotype and 
in their replication from those caused by TCA [Bull et al. 2002, Stauber and Bull 
1997]. The hepatic tumours induced by DCA did not differ from spontaneous tumours 
as regards the type of ras-mutations, but the incidence for various types of ras-
mutations was different [Fereira-Gonzales et al. 1995]. This is an indication of a non-
genotoxic mechanism, which differs from the TCA mechanism, however. Another 
mechanism, i.e. a change in the hepatic glucocorticoid-receptor-binding affinity, was 
discussed and might lead to disturbed metabolism, proliferation and differentiation. 
This finding was only published as an abstract (quoted in Clewell & Andersen 2004). 
DCA also inhibits the apoptosis of initiated cells in the murine liver [Snyder et al. 
1995].  

- DCA contribution to the hepatic tumours induced by TRI in mice  

Barton et al. (1999) do not consider DCA as responsible for the hepatic 
carcinogenicity of TRI, as it is an ancillary TRI metabolite and produced in low 
concentrations. With 0.05 mg DCA/l drinking water (approx. 8 mg/kg body weight 
(BW)), the multiplicity of hepatic tumours in mice was higher, but there was no 
significant increase of tumour incidence [DeAngelo et al. 1999]. This means that 
even low DCA doses might have an effect. Some of the hepatic tumours induced by 
TRI in B6C3F1-mice showed an immune reactivity which was similar to the tumours 
caused by DCA. It must therefore be assumed that DCA contributes to 
tumourigenesis in the murine liver [Bull et al. 2002]. 

Generally, the available data indicate that a genotoxic mechanism of TRI at low 
concentrations is rather improbable. 

Species-related differences – toxicokinetics 

For the further assessment of hepatic tumours, it is essential that TRI only induced 
such tumours in mice, but not in rats. The following findings may explain these 
results: 

-TCA 

Following an application of 1000 mg TRI/kg BW, the TCA plasma level in mice was 5 
to 10 times higher than in rats. TCA was carcinogenic in mice following the 
application of 140 mg/kg BW, while it did not cause any hepatic tumours in rats at 
378 mg/kg BW. Furthermore, the plasma binding of TCA decreases in the sequence 
with humans > rats > mice. The ratio of free TCA which is available for hepatocytes is 
approx. 1 : 4 : 5 for the three species at the same external concentration [Lumpkin et 
al. 2003]. 

-DCA 

In contrast, DCA caused hepatic tumours in mice [Daniel et al. 1992] and rats 
[DeAngelo et al. 1996] following the application of 93 or 40.2 mg/kg BW. The DCA 
plasma levels following an application of similar TRI doses are below the detection 
level in rats, and they are in a range of 2-6 mg/l in mice. These measured 
concentrations are too high, however, because DCA is formed from TCA during 
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reprocessing, and they probably just reflect the higher TCA burden in mice. A study 
using refined analytics showed that, even with an application of 1000 mg TRI/kg BW, 
DCA could not be detected in the whole blood of mice (detection level of 1.9 µM = 
220 µg DCA/l). The authors explain this with the rapid metabolism in the liver (first-
pass effect) so that there is practically no measurable quantity of DCA reaching the 
bloodstream, but this does not mean that no DCA is formed [Merdink et al. 1998]. 

Following the oral administration of 2000 mg TRI/kg BW in rats and using a more 
refined methodology, approx. 40 µg DCA/l p.a. were measured in blood at 2 h, 17.2 
µg DCA/l in the liver and 262 µg DCA/l were measured in the kidneys [Delinsky et al. 
2005].  

The DCA plasma levels of test persons following a four-hour exposure to 100 ml 
TRI/m3 were in a range from 4 (limit of detection) to 12 µg/l. DCA could only be 
detected in 3/9 male and 2/8 female test persons. The TCA blood level was higher by 
a factor of 1000 [Fisher et al. 1998]. 

Quantitative differences in TCA formation could explain why TRI induces hepatic 
tumours in mice, but not in rats. Species-related differences in DCA formation are not 
clear, as there is no study using sensitive DCA analytics in mice. Based on the data 
from carcinogenicity studies for DCA, rats seem to be more sensitive than mice, but it 
is unclear whether this is due to toxicokinetic differences. 

 

Species-related differences – toxicodynamics 

Human hepatocytes are refractory to the mitogenic effect (induction of DNA 
synthesis) of TCA. Apoptosis remained unchanged [Smith et al. 2005]. 

For DCA, there are no data on toxicodynamic species-related differences. According 
to Carter et al. (2003), the resulting liver tumours in male B6C3F1-mice developed 
from spontaneous lesions, which lead to a higher incidence of age-dependent liver 
tumours in this particular strain. Insofar, the usability of these data on the induction of 
hepatic tumours in this strain is highly restricted with respect to a quantitative transfer 
to humans. There are no such studies on toxicodynamic, species-related differences 
in rats.  

 

Conclusion - hepatic tumours 

Based on the hepatic tumours in B6C3F1-mice and the TCA levels, risk 
extrapolations are not meaningful. 

The tumour-inducing mechanism with DCA seems to differ from the mechanism with 
TCA. But it is also true that we may assume a non-genotoxic mode of action (at low 
doses), and linear extrapolation is therefore not meaningful. Furthermore, there is a 
fundamental difference regarding the spontaneous tumour rates in the livers of male 
B6C3F1-mice on the one hand and humans on the other. And it is not possible at the 
moment to quantify the rate of DCA-dependent tumours in B6C3F1-mice. 

Consequently, the risk extrapolations, which use as their point of departure the 
hepatic tumours in mice and the TCA burden as principal parameters, result in a risk 
overestimation, which is impossible to quantify. A risk estimation using the DCA 
burden would be more relevant, but the transfer to another species is highly 



Exposure-risk relationship for trichloroethylene in BekGS 910 Page - 29 - 

- Committee on Hazardous Substances (AGS) – AGS Management - BAuA - www.baua.de - 

problematic at the moment because of the uncertain data on the toxico-kinetics of 
DCA in laboratory animals on the one hand and humans on the other. There is no 
appropriate PBPK model. 

From the 100-week study of F344-rats [DeAngelo et al. 1996], it is possible to derive 
a NOEL as regards proliferative hepatic lesions (hyperplastic noduli, adenomas, 
carcinomas) amounting to 0.05 g DCA/l drinking water (3.6 mg/kg BW). The dose-
response relationship is clearly non-linear: doses in mg DCA/kg BW and d and 
tumours in %: 0/3, 3.6/0, 40.2/24.1, 139/28.6. It therefore seems to be justified to 
regard 3.6 mg DCA/kg BW for rats as non-carcinogenic in the liver. 

It is not possible at this time to transfer this dose to humans, as it is not known to 
what extent DCA is formed from TRI. As an indication of a possible order of 
magnitude for DCA formation, one may refer to the results of Fisher et al. (1998), 
who found that the blood level of TCA was 1000 times higher than the DCA level. It 
must be taken into account that DCA may be produced from TCA both in vivo and in 
vitro. Consequently, the estimated DCA concentrations are rather too high. 

 

4  Non-Hodgkin lymphoma 

Based on the available data, more detailed considerations of the mode of action are 
not possible. Studies on the development of non-Hodgkin lymphoma show, however, 
that variants of single DNA building blocks (single nucleotide polymorphisms), which 
concern the genes for the tumour necrosis factor (TNF) or interleukin 10 (IL10), are 
associated with an increased individual risk to contract non-Hodgkin lymphoma 
[Rothmann et al., 2006]. This means that carriers of this rare polymorphism in the 
TNF gene have a 29 % higher risk to contract NHL. In case of a combination of both 
gene variants in TNF and IL10, there might be a doubling of the individual risk of 
contracting NHL. Whether the presence of these polymorphisms also means a higher 
sensitivity to TRI exposure is not known. 
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Annex 2 for trichloroethene (trichloroethylene, TRI) 2006  

Preventive occupational medical examinations 

TRI is listed in Annex V No. 1 (List of hazardous substances) of the Ordinance on 
Hazardous Substances (Gefahrstoffverordnung) [1]. Pursuant to Article 16 para.1 of 
the Ordinance on Hazardous Substances, the employer shall request preventive 
occupational medical examinations, when the occupational exposure limit is not met 
for activities involving the agents listed in Annex V No. 1, and pursuant to Article 16 
para. 3, workers shall be afforded the opportunity to undergo preventive medical 
examinations in case of all activities involving the hazardous substances mentioned 
in Annex V No. 1, when these activities involve an exposure to these substances.  

In the “Justifications for Preventive Medical Examinations Pursuant to the Ordinance 
on Hazardous Substances” (Begründungen für arbeitsmedizinische 
Vorsorgeuntersuchung nach der Gefahrstoffverordnung) of the Committee on 
Hazardous Substances (Ausschuss für Gefahrstoffe), the nephrotoxic effect of TRI 
was considered in addition to its neurotoxic and hepatotoxic effects, and a non-
compliance with a substance-specific value of 160 mg/m3 (30 ppm), which was 
considered as justified from an occupational medical perspective, was listed as the 
trigger criterion for the mandatory check-up while taking into account the hazard 
potential, the available diagnostic methods and the preventive potential [2]. 

In the documentation for the justification, the early detection of nephrotoxic effects is 
based on the determination of alpha 1-microglobulin as a biomarker for tubular 
damage which is possibly supplemented by albumin, transferrin, N-acetyl-ß-D 
glucosaminidase (NAG) and sodium dodecyl sulphate polyacrylamide gel 
electrophoresis (SDS-PAGE).  

In Principle G 14 “Trichloroethene“ of the employer’s liability Insurance Associations 
(Berufsgenossenschaftlicher Grundsatz G 14 “Trichlorethen“), it has been 
recommended since 1998 that the initial check-up and the follow-up check-ups 
include an analysis for alpha 1-microglobulin in urine and the sonographic 
examination of the kidneys [3].  

 

Data from preventive occupational medical examinations: 

An analysis of the examination data from preventive occupational medical 
examinations as a function of the exposure level is not possible, as the results of 
such preventive medical examinations have only been collected in rough categories 
by the employer’s liability Insurance Associations (Berufsgenossenschaften):  

The statistics of the Land associations of the employer’s liability Insurance 
Associations on the preventive occupational medical examinations carried out by 
authorised physicians in 2002 [3] only indicate that 

in 2002 there were 2139 check-ups pursuant to G14 (trichloroethylene) 

    of which 443 were initial check-ups,  

    and 1696 were follow-up check-ups. 
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In these follow-up check-ups, there were 

  84 cases with health concerns under certain conditions,  

  5 cases with temporary health concerns, and  

  4 cases with long-lasting health concerns.  

Whether these health concerns were raised because of renal damage, is not 
discernible from the data. 

 

Need for action 

- Against the background of the additional insights to be gained on the preventive 
potential, when an analysis for alpha 1-microglobulin is used for the early 
detection of tubular damage in the low-dose range etc., epidemiological studies 
must be initiated to evaluate exposure data (air monitoring/bio-monitoring) and 
the diagnoses of preventive occupational medical examinations with regard to 
the dose-response relationship. 

- The justification for preventive occupational medical examinations [2] must be 
reviewed in view of its diagnostic and preventive potential for the newly 
determined risk-based limit value for TRI. 

- When the revision of the justification documents for preventive occupational 
medical examinations or epidemiological studies with respect to new insights 
into the preventive potential or diagnostic methods results in a different OEL 
value for preventive occupational medical examination, TRI should be deleted 
from Annex V No. 1 (List of Hazardous Substances) in the Ordinance on 
Hazardous Substances and included in Annex V No. 2 (List of Activities). 

 

Sources:  

[1] Verordnung zum Schutz vor Gefahrstoffen (Gefahrstoffverordnung – GefStofV)
  Vom 23. Dezember 2004 (BGBl. I S 3758), geändert durch Artikel 2 der 
Verordnung vom 23. Dezember 2004 (BGBl. I S 3855), in Kraft getreten am 1. 
Januar 2005 

[2] Begründungen für arbeitsmedizinische Vorsorgeuntersuchung nach der 
Gefahrstoffverordnung. Ausschuss für Gefahrstoffe – AGS Geschäftsführung – 
BAuA – www.baua.de – 21.11.2003 

[3] Hauptverband der gewerblichen Berufsgenossenschaften (Hrsg.): 
Berufsgenossenschaftliche Grundsätze für arbeitsmedizinische 
Vorsorgeuntersuchungen. Genter Verlag, Stuttgart 2004 

[4] Ausschuss Arbeitsmedizin des HVBG 


