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Recommendation from the Scientific Committee on 

Occupational Exposure Limits for benzene 

 

8 hour TWA                            : < 1.0 ppm (< 3.25 mg/m3) 

STEL(15min)                            : 

Additional classification             :            "skin" 

Substance identification: 

Benzene 

Synonyms: Annulene, benzin, benzine, benzole, bicarburet of hydrogen, 
carbon 

oil, coal naphtha, cyclohexdatriene, fenzen, mineral naphtha, motor 
benzol, nitration benzene, phene, phenyl hydride, pyrobenzol, 
pyrobenzole. 

EINECS N°: 200-753-7 (Benzene pure) 

EEC N°: 601-020-00-8 Classification F; R 1l; Carc. Cat. 1; R45 
T; R 48/23/24/25 

CAS N°: 71-43-7 

MWt: 78.1 

Conversion factor (20° C, 101kPa): 3.25 mg/m3 = 1 ppm 
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1. Occurrence/use  

Benzene is a highly volatile, colourless liquid with an aromatic odour. It forms a highly 
flammable and explosive mixture with air at 1.4 to 8.0% by volume. It has a MPt of 
5.5°C, BPt of 80.1° C and vapour pressure of lOkPa at 20°C. The odour threshold in air is 1-12 
ppm (3.2 - 39 mg/m3) (Sandmeyer, 1981). 

Benzene occurs in very low concentrations in the natural environment. However, it is a 
natural component of crude oil (up to 0.49%) and can be formed during heuting and 
incomplete combustion of organic material. It occurs widely as a constituent of refined 
and unrefined petroleum, of unrefined natural gas and of light oil recovered from coal 
carbonisation gases. 

Benzene is one of the highest volume substances with a production volume of about 5 
million tons in Western Europe. The main part of the produced benzene - about 90% -is 
derived from crude oil using processes such as catalytic reforming ( 20%), toluene 
hydrodealkylation ( 20%) and pyrolysis of naphtha and gas oil ( 50%). The main 
source in former times, coal carbonisation, now provides less than 10% of the benzene 
production. 

The main uses of benzene are as constituent of petrol (up to 5% v/v) and as a raw 
material in the chemical industry for the production of ethylbenzene, styrene, cumene, 
cyclohexane, nitrobenzenes, alkylbenzenes, maleic anhydride and chlorobenzenes. 

The main sources of exposure for the general public are smoking, passive smoking, auto-
related activities and - to a lesser extent - emissions from industry and consumer 
products. Although the mean indoor level of < 4.6 ppb (15 µg/m3) is about twice the 
mean outdoor level, considerable variations of outdoor levels (0.3 - 46 ppb; 1 - 150 
µg/m3) have been measured. 

Occupational exposures and uses have been much reduced during recent decades 
and most of the published literature seems to support the view that the majority of 
personal exposure (probably around 90%) is below 1 ppm (3.25 rng/m3). There are of 
course some reports of exposures greater than 1 ppm (3.25 mg/m3) but usually from 
poorly controlled processes and practices or on a short-term basis to permit specific 
operations (IARC, 1982; WHO, 1987; BUA, 1988; CONCAWE, 1987; ATSDR, 1988; Wallace, 
1989; BIA, 1991). 

2. Health Significance 

The most likely route of exposure to benzene is inhalation. Absorption through the 
lungs is rapid. The proportions absorbed are inversely related to the exposure 
concentration. The mean absorption in humans at exposure concentrations of 50 - 100 
ppm (162.5 - 325 mg/m3) is about 40 - 50% of the inhaled dose (ATSDR, 1988). Dermal 
absorption of liquid benzene has been shown in animals and humans, but is difficult to 
quantify because of conflicting experimental data. However, dermal exposure to liquid 
benzene may contribute significantly to the body burden at current workplace exposure 
concentrations (OSHA, 1987). 
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After uptake, benzene is rapidly distributed into the different tissues, crosses the blood-
brain, the placental and the gonadal barrier and can be found in different organs, 
bone marrow included, positively related to the fat content. 

The metabolism of benzene shows qualitatively no substantial differences between 
humans and animals. 

Quantitatively, the amounts of metabolites, the extent of metabolism and the nature of 
phenol conjugates depend on the species, strain, and doses applied. Benzene is 
oxidized by the cytochrome P-450-dependent mixed function oxidase system. The 
main metabolizing organ is the liver. However, the microsomal cytochromes P-450 are 
not confined to the liver, but are ubiquitous in all tissues, including the bone marrow. 

The metabolism of benzene to phenol and the subsequent formaton of water-soluble 
phenyl conjugates (glucuronides, sulfates) is considered as the detoxification pathway. 

Further oxidation of phenol to dihydroxybenzenes, their oxidation to quinones and the 
ring opening reaction to the reactive t,t-muconaldehyde is considered to be the toxic 
pathway (Yardley-Jones et al., 1991). 

The pathways of detoxication of benzene in rodents are of low affinity and high capacity, 
whereas the pathways leading to the electrophilic, putative toxic metabolites, appear 
to be of high affinity and low capacity (Sabourin et al. 1989). This means that the relative 
amount of "toxic" metabolites increases when exposure levels are lowered. Whether this 
also applies to humans is presently not known. 

 

Animal Toxicity 

Benzene shows low acute toxicity via inhalation [LC50 in rodents (mice and rats): 10000 
ppm (32500 mg/m3)]. 

Repeated exposure (up to 14 days) of mice revealed haematotoxic effects at 
exposure levels as low as 10 - 20 ppm (32.5 - 65 mg/m3) (LOAEL). 
Most sensitive effects were on circulating lymphocytes (depression) and granulopoietic 
stem cells (Toft et al., 1982; Rozen et al., 1984; Cronkite et al., 1989). Longer-term 
repeated inhalation exposure (> 14d; > 90d) of rodents induced similar haematotoxic 
effects as seen with repeated short-term exposure but, in some experiments, at a 
somewhat higher exposure level. This may be interpreted as a positive reactive 
response of the haematopoietic system. However, a reduction of circulating cells 
(red blood cells, lymphocytes) together with a depression of progenitor cells (Baarson 
et al., 1984) and a significant altered response to phenylhydrazine induced anaemia 
(Dempster and Snyder, 1989) was reported when mice were exposed to 10 ppm (32.5 
mg/m3) benzene over 178 and 70 days. These results may be indicative of a LOAEL of 
10 ppm (32.5 mg/m3) with respect to the haematopoietic system in animals. 

In contrast to former evaluations (Ashby, 1985) where benzene has been regarded as 
conclusively non-mutagenic in bacterial test systems, more recent investigations show 
that at least some metabolites of benzene (e.g. benzene-trans-1,2- dihydrodiol, t, t- 
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muconaldehyde) are able to induce point mutations in bacteria (Glatt et al. 1989, Glatt 
and Witz, 1990; Henschler, 1991). In addition, using appropriate modifications (e.g. closed 
systems, longer preincubation time) it is possible to show the indirect mutagenic property of 
benzene itself in the Ames-test (Glatt et al., 1989). 

Together with the results of in vitro and in vivo direct DNA-binding studies using 3H or 14C-
labelled benzene, there is growing evidence that benzene should be considered as a 
mutagen. 

Extensive studies in vivo and in vitro have shown the clastogenic properties of 
benzene/benzene metabolites. The in vivo induction of sister chromatid exchange in 
bone marrow cells, as well as in peripheral blood lymphocytes, and the induction of 
micronuclei in bone marrow polychromatic erythrocytes and in peripheral 
normochromatic erythocytes in rats and mice, exposed to gaseous benzene, seem to be 
early and sensitive toxicological endpoints. 

Although the direct relationship between sister-chromatid exchange (SCE) and 
micronucleus (MN) induction and obvious adverse effects, e.g. cancer, is not clear up to 
now, these effects are considered as adverse in their own right as they are the result of the 
direct interaction of benzene/benzene-metabolites with chromosomes at different stages 
of the cell cycle leading to abnormal cells and indicating a genetic activity. 

The experiments of Tice et al. (1984) and Erexson et al. (1986) show the induction of 
chromosomal damage (SCE, MN) in rats and mice from benzene exposures as low as 1 -10 
ppm (3.25 - 32,5 mg/m3). This range is presently regarded as representative of the LOAEL for 
genotoxic effects in rats and mice. 

Carcinogenic properties of benzene by inhalation exposure have been shown in a variety 
of studies on different strains of mice and on Sprague-Dawley rats (ATSDR, 1988). The main 
target organ was the Zymbal gland, but other carcinogenic-related endpoints were also 
described, including acute and chronic myelogenous leukemia. The lowest 
concentration tested was 100 ppm (325 mg/m3) and this was effective in inducing 
neoplasia in several organs of rats and mice. However the design of the inhalation 
studies does not allow the construction of a reliable dose-cancer effect relationship. The 
most informative carcinogenicity study is the gavage study on B6C3F1 mice and F344/N rats 
performed within the National Toxicology Program (NTP, 1986) and reviewed by Huff 
(1989). 

Groups of 60 male F344/N rats were administred 0, 50, 100, or 200 mg/kg benzene in corn 
oil by gavage, 5 days/week for 103 weeks. Groups of 60 female F344/N rats and 60 B6C3F1 
mice of each sex were administered 0, 25, 50, 100 mg/kg also for 103 weeks. Most of the 
primary tumours found in rats (Zymbal gland, oral cavity, skin, uterus) were significantly 
increased relative to vehicle controls and showed at least a dose related trend (p < 
0.05). As in rats, Zymbal gland tumours were also the most prominent tumours in mice. In 
addition, a dose-related, significant increase of bone marrow hyperplasia and 
malignant lymphoma was noted in mice. The lowest effective dose applied was 25 
mg/kg and this induced a treatment-related statistically significant increase in tumours in 
B6C3F1 mice. No induction of tumours by dermal application is known. 
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Benzene induces tumours in both sexes of different strains of rats and mice on multiple sites 
by several routes of administration. The evidence for carcinogenicity of benzene to animals 
is regarded as "sufficient" (IARC, 1987). 

On the basis of the NTP (1986) carcinogenicity studies on rats and mice, three risk 
estimations [using conventional (Crump and Allen, 1984) and more sophisticated 
pharmacokinetically based approaches (Bailer and Hoel, 1989. Beliles and Totman, 1989)] 
resulted in excess risks of 1-5 cases per 1000 exposed to an average benzene concentration 
of 1 ppm over 40 years. This indicates that the assumptions used and the methods applied 
did not influence the outcome of the risk estimates drastically, if the relevant exposure 
range was close to the doses applied. The results of the pharmacokinetically based 
assessments are more valid than the calculations from Crump and Allen. However, the 
inherent variance of the data bases used, and the upper confidence limits calculated (up 
to 17 cases/1000) do not enable a more accurate excess risk to be determined than the 
range given above (1-5). 

Human Toxicity 

The lethal human dose is approximately 10 g/person. The main target organ is the CNS. 
Sublethal CNS effects resulting from a single exposure are reversible. No acute systemic 
poisoning nor fatalities have been reported from dermal exposure to liquid benzene 
(Sandmeyer, 1981). 
Exposure to 50 ppm (160 mg/m3) may be regarded as a LOAEL (headache, lassitude, 
weariness) and 25 ppm (80 mg/m3) as a NOAEL for acute effects in humans. No short-term 
(up to 14 days) toxicity data for humans could be identified. Experience from case reports 
shows that long term exposure induces similar effects in humans to those seen in animals. 
In general, severe haematotoxic and myelotoxic effects have been related to exposure 
levels of about 200 ppm (650 mg/m3). Adverse effects are documented at exposures of 
40 - 70 ppm (130 - 162.5 mg/m3) (HSE, 1982). 

More detailed studies (Townsend et al., 1978; Kipen et al., 1989) support the view that no 
haematopoietic effects can be seen in humans at prolonged exposure below 25 - 30 
ppm (81 - 98 mg/m3). 

A cross-sectional study of haematological effects at chronic low-level exposure [< 0.1 
ppm (0.32 mg/m3)] over ten years did not show any differences to the non-exposed 
control group. Smoking was identified as the most important confounder with respect to 
WBC-counts (Collins et al., 1991). 
In contrast to these negative findings, a shift to lower WBC-counts at a mean exposure 
concentration of about 0.6 ppm (1.8 mg/m3) was recently shown in a preliminary report of 
an epidemiological study on the influence on blood cells of low level exposure to 
benzene (Van Damme, 1991). 

Although this is a preliminary report, which has to be confirmed by further analysis, it must 
be noted that the internally consistent trend to higher (normal) WBC-counts demonstrated 
along the time scale of the continuously reduced exposure gives a good indication that the 
result is not due to chance. As the effect was a four fold increase in the frequency of 
abnormal WBC-counts below 4000 counts/µl, a LOAEL of 0.6 ppm (1.8 mg/m3) must be 
taken into account if these results are confirmed. Aplastic anaemia, a non-malignant 
but severe haematologic disease, is frequently related to higher benzene 
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concentrations. However, some isolated cases show that death due to anaemia can also 
occur as a result of exposure levels as low as 5 ppm (16 mg/m3) (e.g. Bond et al., 1986). 

At present it is not possible to establish a LOAEL or NOAEL for haematotoxic effects in 
humans, but there are indications that these levels will be below the already suggested 
NOAEL of 25 - 30 ppm (81 - 98 mg/m3) (BUA, 1988). 

In humans benzene frequently induces numerical and structural chromosomal 
aberrations in bone marrow cells and peripheral lymphocytes following long-term 
exposure to high levels. 

The results of studies on structural chromosomal aberrations in peripheral lymphocytes of 
workers exposed to less than 25 ppm (81 mg/m3) mainly below 10 ppm (32.5 mg/m3) are less 
clear. However, taking into account the size of the groups investigated, the statistical 
analysis performed, the levels of significance calculated, the size and the (restricted) quality 
of control groups used, the study of Killian and Daniel (1978; cited in OSHA, 1987), 
reanalyzed by Picciano (1979; cited in OSHA, 1987) is the most conclusive of the low-
level studies. This study demonstrated a highly significant (p < 0.001) increase of "double 
damage" (breaks + rings, dicentrics, translocations, exchange figures) in peripheral 
lymphocytes of 53 workers exposed to benzene levels < 10 ppm [32 mg/m3]. The 
demonstration of a linear exposure-response relationship of this "double damage" in the 
range of 1 - 10 ppm (3.2 - 32 mg/m3) shows not only the quantitative relationship, but 
indicates the qualitative reliability of the study by making uncontrolled high long-term 
exposures before the study period less probable and showing that short peak-exposures 
might not influence this relationship drastically. Together with the study of Yardley-Jones 
(1990) and the less reliable studies indicating chromosomal damage in peripheral human 
lymphocytes at exposure levels at or below 10 ppm (32 mg/m3), a LOAEL in the range of 1 - 
10 ppm (3.2 - 32 mg/m3) might be appropriate. 

Numerous cases have been reported of individuals exposed to benzene or mixtures 
containing benzene who developed leukemia. The most common form of leukemia seen 
was acute myelogenous leukemia. Besides the acute myelogenous leukemia and its 
variants, some cases of chronic myelogenous leukemia (CML) and acute and chronic 
forms of lymphatic leukemia (ALL, CLL) as well as some lymphomas have been noted 
(IARC, 1982). From the numerous epidemiological studies performed, some found no 
indication of increased leukemia mortality (Tsai et al., 1983; Rushton et al., 1981a; Thorpe, 
1974, Hurley et al., 1991), others provided no persuasive evidence of a causal relationship 
between benzene and lymphocytic leukemia (e.g. Linos et al., 1980; Arp et al., 1983 and 
Checkoway et al., 1984), and a few provided a clear rekuiomhip between benzene 
exposure and leukemia (e.g. Girard and Revol, 1970; Decoufld et al., 1983; Bond et al., 
1986; Wong, 1987a, b; Yin et al., 1987a, b; Rinsky et al., 1987). The evaluation of the 
"negative studies" shows, that none of these studies would be classified as negative 
according to the requirements of the "Criteria for the validity of human studies" 
(SEG/KEY/9). 

The validity of these studies is mainly reduced because of poor exposure description, the 
heterogeneity of the groups studied, problems with classification, lack of information on 
employment and too low exposure levels. These drawbacks, together with the large 
confidence intervals of the SMR and RR reported makes these studies uninformative. 

The most informative epidemiologic studies are from Ott et al. (1978) in the updated form 
of Bond et al. (1986), Wong (1987a, b), Yin et al. (1987a, b) and Rinsky et al. (1987). 
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The study of Ott/Bond gave a reliable indication that myeloid leukemia was induced by 
exposure to benzene levels in the range of 1 -10 ppm (3.2 - 32 mg/m3) (RR = 4.4; 95% CI: 1.2 
- 11). Although the reported exposure profile has been criticized (CEFIC, 1991), no 
information has been given that OSHA's (1987) estimation of the cumulative exposure 
of the cases was inaccurate. 

The study of Wong revealed no statistically significant increases of leukemia and 
lymphatic or haematopoietic cancer using the general public as control. Compared with 
an internal control group, which is preferred, increased risks were noted for lymphatic and 
haematopoietic cancers (e.g. RR = 4.66; p = 0.03; all exposed workers). A relationship 
between exposure to benzene and leukemia could also be established (p = 0.039). RR 
could not be given as there were no leukemia cases in the control group. 

The study of Wong (1987a, b) gives evidence of a positive relationship between benzene 
and lymphatic and haematopoietic cancer, including leukemia - although no acute 
myelogenous cancer was involved - at cumulative exposure levels corresponding to 180 - 
720 ppm-months [15 - 60 ppm-years]. Analysis of the exposure pattern and response suggests 
that cumulative exposure is more important than maximum peak exposures. Due to the 
diagnostic overlap and principal considerations of the etiology of lymphomas and leukemias 
it may be appropriate to combine lymphoma and leukemia in the analysis of benzene 
induced cancers. 

Yin et al. (1987a, 1987b, 1989) analyzed a cohort of 28,460 benzene exposed workers from 
233 factories. They identified 30 leukemia cases whose cumulative exposure varied between 
10 and 5000 ppm-years. Twenty % (6/30) of the cases had a cumulative lifetime exposure 
at or below 30 ppm-years and a TWA exposure between 2 and 10 ppm. The SMR was 5.74 
(p < 0.01). The average latency period was 11.4 years. A significant increase in lung 
cancer of benzene exposed non-smokers was also reported (SMR = 2.3; p < 0.01). 

Although this study gives further evidence for the relationship of exposure to benzene, 
some reservations concerning the accuracy of these data may be justified because of 
the composition of the cohort investigated and the related difficulties with exposure 
assessment. 

The Rinsky et al. (1987) retrospective cohort study is generally agreed to be the most 
carefully performed study available today. This “Pliofilm” cohort studied was made up of 
rubber-chloride workers from two plants. 
The first study (Infante et al., 1977) was updated twice (Rinsky et al., 1981; Rinsky et al. 1987). 
The cohort showed a statistically significant increase in deaths from all lymphatic and 
haematopoietic neoplasms (15 observed; 6.6 expected; SMR = 227). 
This increase was mainly due to the excess number of deaths from leukemia (9 
observed; 2.7 expected; SMR = 337; 95% CI: 154 - 641) and from multiple myeloma (4 
observed, 1 expected;SMR = 409; 95% CI: 110 - 1047). 
The cohort analysis showed a progressive increase of SMR's with increasing exposure to 
benzene. 
The cumulative exposure varied from 0.1 to 640 ppm-years for the cases observed. This 
indicates again the great variety in the susceptibility of the individuals exposed to 
benzene. 

Based on Rinsky's data from the first update of the Pliofilm cohort (Rinsky et al. 1981), Crump 
and Allen (1984) constructed individual exposure profiles and estimated the cumulative 
benzene exposure in ppm-years for each worker. Applying a linear relative risk model on 
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these data, Crump and Allen estimated an excess risk for leukaemia of 6.6 cases/ 1000 
exposed for 40 ppm-years. 

The risk assessment of Rinsky et al. (1987) was based on a case control analysis of the most 
recent update of the Pliofilm cohort. The individual cumulative exposure estimations 
were lower than those of Crump and Allen, because they did not take into account that 
exposure in the early years - where no reliable measurements have been made - 
exceeded those of more recent times. Using a log linear model (conditional logistic 
regression) - which was selected for the best fit with the exposure-response relationship - 
Rinsky et al. estimated 5.3 excess leukaemia deaths per 1000 workers exposed to 45 ppm-
years. Brett et al. (1989) used Crump and Allen's exposure assessments, Rinsky's data 
from the cohort analysis, redefined the control group used and estimated on this basis 
with a conditional logistic regression model 0.5 excess leukaemia deaths per 1000 workers 
exposed to 45 ppm-years. 

Other risk assessments on the basis of the studies of Ott et al. (1978), Bond et al. (1986), and 
Wong (1987a; 1987b), although less reliable than those mentioned before, show a 
remarkable external consistency of the risk estimates based on independent data sets. 
The summarized risk estimates for benzene associated excess leukaemia deaths at a 10 
ppm-year exposure are within one order of magnitude and vary between 3-15 cases/1000 
exposed (see Bertazzi and Zocchetti, 1991). As the Pliofilm cohort provides the 
strongest evidence for a benzene exposure related induction of myelocytic leukaemia, 
assessments based on these data are preferred. Although some preference may be given 
to the approach of Brett et al. (1989), no definitive conclusion can be drawn at present, 
because factors as: 

- measurement strategy used 
- peak exposure 
- dermal absorption/exposure 
- dose absorbed via inhalation 
- internal exposure 
- other types of cancers (lymphoma, multiple myeloma) induced 

that cannot yet be precisely quantified may alter the risk estimates in either direction. 

Therefore, the estimated range of 0.5-6.6 additional leukaemia cases per 1000 workers 
exposed to 1 ppm benzene over a working lifetime of 40 years (40 ppm-years) represents at 
best the present knowledge on benzene-induced leukaemias. The linearly 
extrapolated ranges of additional lifetime leukaemia risks at different exposure levels are 
summarized below. 

Benzene Exposure Range of additional 

conc.,, ppm ppm x years leukaemia risk per 
  1,000 workers 

0.1 4 0.05-0.7 

0.5 20 0.25-3.3 
1.0 40 0.5-6.6 
3.0 120 2.0-19.8 
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Final Evaluation and Recommendation 

Benzene induces neoplasms in both sexes of different strains of rats and mice on 
multiple sites (including lymphomas and leukaemias) by several routes of administration (inh., 
i.g., oral). The lowest effective dose applied was 25 mg/kg and induced statistically 
significant increased tumors in B6C3F1 mice (NTP, 1986). The evidence for carcinogenicity 
to animals is now regarded as "sufficient" (IARC, 1987). Benzene is also a known human 
carcinogen (IARC, 1987). Clear evidence from epidemiological studies (e.g. Rinsky et al., 
1987; Yin et al., 1987; Bond et al., 1986) is available showing a causal relationship of 
myelogenous leukaemia and benzene exposure. Growing evidence from 
epidemiological studies indicates that benzene may also induce lymphomas and 
multiple myelomas (e.g. Wong, I987a; Rinsky et al., 1987; DScoufle et al., 1983). 

On the basis of available information benzene/metabolized benzene has to be regarded 
as a genotoxic (clastogenic) substance in animals and humans with growing evidence for a 
mutagenic activity in in vitro systems (Glatt et al., 1989, Glatt and Witz, 1990; Henschler, 
1991) and the capability to bind covalently to DNA and other cellular macromolecules. 
Because of the genotoxic properties of benzene, no threshold of action can be identified 
at the present time, which means that with current scientific knowledge, no level of 
exposure can be determined below which there is no risk to health. However, by lowering 
the exposure, the risk can be reduced. This is specified by the need for minimization of 
exposure according to the requirements of Council Directive 90/394/EEC. 

An occupational exposure limit value of 0.5 ppm (1.6 mg/m3) would reduce the range of 
best estimated lifetime risks down to 0.25-3.3 additional leukaemia cases per 1000 
exposed to 0.5 ppm, corresponding to an exposure of 20 ppm-years (see Table). This does 
not explicitly take into account the possible influence of target cell toxicity and is 
therefore thought to be a conservative approach. 

The main and sensitive targets of toxicity in animals and humans are the cells of the 
bone marrow and the haematopoietic system. Non genotoxic effects of the 
haematopoietic system in animals indicate a LOAEL of 10 ppm (32 mg/m3) (Baarson et al., 
1984; Dempster and Snyder, 1989). No effect levels for non genotoxic effects of the human 
haematopoietic system cannot be defined at the current time, but 
epidemiological studies, including that of Van Damme et al., (1991), suggest that the dose-
response relationship in humans may be similar to that in animals. 

The LOAEL for chromosomal damage - induction of SCE and micronuclei - in peripheral 
blood cells and cells of the bone marrow of rats and mice ranges from 1 to 10 ppm (3.2-32 
mg/m3) (Tice et al., 1984; Erexson et al., 1986). Similar LOAEL's (1-10 ppm) have been 
reported for chromosomal aberrations (mainly structural) in peripheral lymphocytes of 
benzene exposed workers (Killian and Daniel, 1978; Picciano, 1979; Yardley-Jones, 1990). No 
information is available on genotoxic effects in bone marrow cells of humans at low 
exposure levels. 

If haematotoxic effects play a role in induction of leukaemia, then avoidance of these will 
minimise the risk of leukaemia. Taking into account the above figures, and the range of 
LOAELs, the SF.G recommends that the limit value should be below 1.0 ppm (3.25 mg/m3). 
This should also avoid the chromosomal effects. 
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As absorption of liquid benzene through the skin may contribute substantially to the 
amount absorbed at exposure levels below 1.0 ppm (3.25 mg/m3), a skin notation is 
suggested. 

At present no method for biological monitoring can be recommended because the 
available test methods lack sensitivity and specificity at the appropriate level. 

No STEL was considered necessary. 
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Addendum to SUM/140, February 2006 
 

Recommendation of the Scientific Committee on Occupational Exposure Limits: 
Biological Limit Values for Benzene 

Benzene induces neoplasm in different strains of rats and mice at multiple sites, including 
lymphomas and leukaemias. In humans, it is haematotoxic and induces leukaemias. In 
1991, SEG/SCOEL has recommended to keep human occupational exposures to benzene 
well below 1.0 ppm (3.25 mg/m3). As absorption of liquid benzene through the skin may 
contribute substantially to the amount absorbed at exposure levels below 1 ppm, a skin 
notation had been suggested. 

Metabolism and kinetics 

Benzene is mainly taken up by inhalation. The blood-air equilibrium is attained after about 
30 minutes, and approx. 50% of benzene inhaled under this equilibrium is retained in the 
body (14). 
 
According to Low (24), elimination of benzene from various tissues is biphasic; at the 
beginning with a shorter half-life between 2.4 and 2.8 hours and then, in a slower phase 
dependent on the dose, with a half-life between 11 and 29 hours. At concentrations 
between l and 10 ml/m3 there is a marked accumulation of the substance, however. In 
persons exposed long-term, elimination can therefore last for up to 150 hours (9). 
 
In addition to being exhaled unchanged, benzene is metabolised in the liver. The main 
product of metabolism is phenol, which is eliminated renally in the form of its glucuronide or 
sulphate at a level of up to 45 % of the total amount of benzene absorbed (3). The 
biological half-life amounts to about 5 hours (38). By far the greatest amount is eliminated 
within 24 hours. Only after benzene exposures above 10 ml/m3 does phenol accumulate in 
the course of the working week.  

In a first stage, benzene is mainly oxidised in the liver to benzene epoxide, which can then 
react further in many ways. Transformation to the main metabolite, phenol, and to 
diphenols, which are mostly eliminated in the form of conjugates, mainly takes place 
spontaneously. Coupling to glutathione leads to the formation of 5-phenylmercapturic 
acids, which are eliminated with the urine (34). Transformation via epoxide hydrolase yields 
a dihydrodiole, which can be further degraded to catechol, o-quinone, 1,2,4-
trihydroxybenzene and trans,trans-muconic acid (20). Mercapturic acids are also formed 
(25). Furthermore, ring-expansion to benzene oxide (oxepin) is under discussion (16).  
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Benzene metabolism considered

 
The reactions named above produce intermediates which are toxic or lead to metabolites 
via further metabolic stages which are responsible for the toxicity and carcinogenicity of 
benzene; in particular, benzoquinone and trans-trans-muconic aldehyde (18). It was shown 
experimentally that benzene also reacts with haemoglobin to form adducts. This could not, 
however, be confirmed in humans. However, S-phenylcysteine in albumin was identified as 
a coupling product (8). 
 

Biological indicators 

In addition to the determination of benzene in blood, metabolites formed are candidate 
parameters for monitoring exposure to benzene. Determination of benzene in blood has 
the advantage of being highly specific (6). Analytical determination which is based on a 
head-space technique is comparatively simple and interference-free if contamination can 
be avoided during sampling and sample preparation. Due to the short biological half-life of 
benzene in blood, sampling should take place immediately after exposure. 
 
The phenol excretion in urine, however, is not specific for exposure to benzene as it can be 
influenced by exogenous factors, e.g. components of food or medicines which contain 
phenyl groups. Angerer (3) demonstrated that in 30 % of the persons in a collective 
exposed to an average concentration pf 10 ml/m3 benzene, the phenol concentration 
was below 35 mg/l, which corresponded to the maximum value of a non-exposed 
collective. This parameter appears only suitable for benzene monitoring on a collective 
basis and at a concentration range greatly above the current OELs. It is therefore no longer 
used. 
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S-Phenylmercapturic acid, which is formed at amounts of about 0.1 % during the 
metabolism of benzene, represents a parameter suitable for indicating benzene exposure 
specifically and sensitively. Due to the small amount excreted, however, analysis is a 
complicated matter, so that this parameter cannot be determined in all occupational-
medical laboratories (28). 
 
Excretion of trans, trans-muconic acid in urine has been suggested as a specific indicator 
metabolite for benzene (13). This metabolite reacts very sensitively to benzene exposure 
even below l ppm (6). 
 
In addition, oxidative products of benzene degradation could be considered for biological 
monitoring, such as catechol, hydroquinone, quinone and adducts with guanine or the 
cysteine of albumin. There is, however, little experience with regard to the validity of these 
parameters. 

 

Benzene in blood 

Unlike the determination of phenolic benzene metabolites in urine, measurement of 
benzene in blood indicates the internal exposure not only of groups, but also of individuals. 
According to Docter and Zielhuis (11) and Täuber (45), it should be taken into account that 
during heavy physical work more benzene is taken up by the organism than during rest or 
light work. Under steady-state conditions the equilibrium between benzene in the ambient 
air and benzene in the blood is reached after approx. 0.5 hours. After the end of exposure 
the concentration of benzene in blood decreases exponentially; the half-life is stated as 
being 0.5 hours. The method of blood sampling is therefore of great importance when 
monitoring benzene exposure by determination of the benzene concentration in blood. As 
the relationships between the benzene concentration in ambient air and the benzene 
concentration in blood are only valid under steady-state conditions, blood sampling should 
take place immediately after the end of exposure. The requirements demanded of the 
sampling technique (3, 12) and storage should be taken into account. 

 

S-Phenylmercapturic acid in urine 

The S-phenylmercapturic acid concentration in urine increases continuously with exposure 
to benzene during the working day and reaches its maximum about 2 hours after the end 
of exposure. Afterwards it decreases again, and at the beginning of the next shift it is within 
the normal range. It is a metabolite, which indicates benzene exposure specifically and 
sensitively in the individual, even if benzene exposure is below l ppm (28). In practice it has 
been shown that there is a good correlation between benzene exposure and the S-
phenylmercapturic acid excretion in urine at the end of the shift (39). 
 
t,t-Muconic acid in urine 

trans,trans-Muconic acid is a product of benzene metabolism. About 2 % of the benzene 
taken up is excreted with the urine as trans,trans-muconic acid. During occupational 
exposure to benzene the level of trans,trans-muconic acid in urine increases towards the 
end of the shift (31). The concentration of trans,trans-muconic acid in urine is a sensitive 
arameter for low level exposure to benzene (12, 13, 33, 39). 

 

Analytical methodology 

Benzene in blood 

Various gas chromatographie methods are described for the determination of benzene in 
blood (1, 3). According to Snyder et al. (42), blood samples of 0.2-0.5 g are necessary. Up to 
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0.5 µg benzene/g blood can be detected. The analysis procedures described by Sato et al. 
(35) require 0.02-1 ml blood and have a detection limit of 0.02 µg benzene/ml blood. 

 
According to Angerer (3), for the determination of the blood-benzene concentration 2 ml 
venous blood are taken and injected into a head-space vial sealed with a rubber stopper 
which contains about 50 mg ammonium oxalate as an anti-coagulant. After 30 minutes 
incubation at 60 °C, the benzene concentration is quantified by head-space gas 
chromatography. 
 
The coefficient of variation for in-series precision is stated as being 2.6 % for this method. The 
detection limit is below 0.002 µg benzene/ml blood. This procedure has been validated; it is 
possible to increase the sensitivity of the method by a factor of 10 by enrichment 
procedures, so that now benzene concentrations in the environmental range are 
accessible to determination (4, 5). Determination of benzene in blood is highly specific for 
detection of previous exposure to benzene, provided that contamination during sampling 
and preparation is avoided. 
 
S-Phenylmercapturic acid in urine 
 
Determination of S-phenylmercapturic acid in urine is carried out using gas chromato-
graphy/mass spectrometry. 5-Fluoro-phenylmercapturic acid is added to 5 ml urine as an 
internal standard. The urine is extracted twice with 5 ml ethyl acetate. After evaporation of 
the extract, methylation is carried out with diazomethane. The S-phenylmercapturic acid is 
separated using gas chromatography and detected using mass spectrometry for the 
masses 194.042 and 212.032. The detection limit is 1 µg/1, in-series precision 8 % and day-to-
day precision 10.5 % (28). 
 
After acidification of the urine sample to pH < 2 it can be transported at ambient air 
temperatures up to 25 °C and can be kept for at least three months at -18 °C. 

t,t-Muconic acid in urine 
The high-pressure liquid chromatographie procedure of Ducos (12) has proven suitable for 
the determination of trans,trans-muconic acid in urine. A UV detector is used. During this 
procedure trans trans-muconic acid is separated from the urine using an anion exchanger 
and at the same time enriched. 
 
This procedure described by Ducos (12) has been optimised and tested with regard to its 
analytical reliability. 
 

Background exposures 

Environmentally-related exposure to benzene via air, water, food and passive smoking can 
be estimated at approx. 0.2 mg/day (14). The benzene level of tobacco smoke fluctuates 
between 20 and 90 µg per cigarette. If one assumes an average tobacco consumption of 
20 cigarettes per day, the theoretical uptake amounts to 0.4 to 1.8 mg benzene per day. 
The benzene concentration inside cars is considerable. The benzene uptake is estimated at 
approx. 200 µg per day. This is reflected in the values of the blood-benzene concentration 
of the normal population. Brugnone et al. (10) found in employees from rural areas benzene 
levels of 200ng/l (variation: 7-1003 ng/1) and in employees from urban areas values of 296 
ng/1 (variation: 7-2241 ng/1). The values for smokers and non-smokers were 381 ng/l 
(variation: 7-2241 ng/l) and 205 ng/1 (variation: 7-924 ng/1). Angerer et al. (5) found for 
German non-smokers without occupational exposure a mean benzene level of 176 ± 62 
ng/1, for smokers 211 ± 0.5 ng/l; immediateiy after smoking the concentration was 365 ± 178 
ng/1. 
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In an investigation of 10 male and 10 female non-smokers and 20 male and 20 female 
smokers, phenylmercapturic acid concentrations of 0.2 µg/g creatinine (non-smokers) and 
5 µg/g creatinine (smokers) were determined (29). The differences between smokers and 
non-smokers are considerably greater than those mentioned above. According to van 
Sittert et al. (39), excretion of S-phenyl-mercapturic acid in smokers or non-smokers was 
below the analytical detection limit of 1-5 µg/g creatinine. 
 
t,t-Muconic acid is also excreted in urine by persons not exposed to benzene 
occupationally. The reasons for this must include the environmental exposure to benzene in 
industrialised countries. In addition, other substances, such as sorbic acid, taken up with 
food, are being discussed as possible source for the excretion of t,t-muconic acid. The t,t-
muconic acid concentrations occurring in the urine of the normal population are quoted 
at values between not detectabte and 3 mg/l. Concentrations in the urine of the normal 
population are given with mean values between 0.13 and 1.11 mg/l (6, 7, 12, 13, 27, 33).  

 

Evaluation  

Benzene in blood 
 
From the published air/blood quotients of 1:8 to 1:10 a median value of approx. 280 µg 
benzene/1 blood would be calculated to correspond to the air value of 10 ppm. The 
empirically determined values (2, 3) correspond with these calculated values with regard 
to their order of magnitude.  
 
S-Phenylmercapturic acid (S-PMA) in urine 

Van Sittert et al. (39) reported about 12 studies with employees from 10 factories who were 
exposed to benzene during the production and maintenance of machines in chemical 
plants and refineries. Thirty-one male persons were chosen for the evaluation of a 
relationship between the benzene level in the air and the excretion of S-phenylmercapturic 
acid (S-PMA) in urine. The benzene concentration at the workplace was determined with 
active personal dosimeters. The substances were determined gas chromatographically with 
a flame ionisation detector. At the end of the shift urine was sampled from the male test 
persons and quantitative determination of S-phenylmercapturic acid twas performed using 
gas chromatography/mass spectrometry. 
The following correlation between the benzene concentration in the air (up to 2 ppm) and 
the excretion of phenylmercapturic acid in urine was deduced from the values measured: 
Benzene [ppm] = 0.068 x S-PMA [µg/g creatinine] + 0.14 [r = 0.963] 
The values from this investigation are shown in Table 1. 
 
 
Table 1: Relationship between the benzene air exposure and S-PMA excretion (39) 

Benzene air concentration  S-PMA urine concentration 
(mg/m3; eight-h TWA)  (µg/g creatinine; mean and 95% CI)  

1.0  12(10-14) 
2.3  27 (24-30) 
3.0  42 (38-16) 
3.25 (1 ppm)  46 (41-50) 
4.0  56 (52-62)   

For BLV evaluation the relationship found by van Sittert et al. (39) can be taken as a basis. 
Sampling time is end of exposure or end of shift. 
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trans,trans-Muconic acid in urine 

Ducos et al. (13) investigated the excretion of Irans, trans-muconic acid in workers exposed 
to benzene (n = 23) in 3 factories several times. These persons were exposed to benzene 
concentrations between 0. 1 and 75 ppm. The air was sampled using personal air sampling. 
In these investigations in total 105 pairs of values were obtained (benzene/air-trans,trans-
muconic acid/urine). There was a highiy significant correlation (p < 0.001) between the 
benzene concentration in the air and the trans,trans-muconic acid excretion in urine. 
According to this, an increase in the benzene concentration in air by 1 ppm corresponds to 
an increase in the trans,trans-muconic acid concentration in urine of l mg/l. It must be 
taken into account that excretion of trans,trans-muconic acid in non-occupationally 
exposed persons can be as much as 1 mg/I urine. 

 
The following values have been caiculated on the basis of the relationship between the 
benzene concentration in ambient air and the excretion of Irans, trans-nmconic acid in 
urine: 

    Table 2  
Benzene 
(ml/m3) 

trans,trans-Muconic acid
in urine (mg/l) 

0.3  
0.6 1.6
0.9 —
1.0 2
2 3
4 5
6 7 

 
Interpretation of the data 

The determination of benzene in whole blood allows conclusions to be drawn about the 
internal exposure to benzene in individual workers. When interpreting the data, the amount 
of heavy physical work must be taken into consideration. The time of sampling also plays a 
decisive role. Blood should be sampled immediately after the end of exposure. 

 
For the determination of S-phenylmercapturic acid it is sufficient to acidify urine sampled at 
the end of the shift with hydrochloric acid to a pH value <2. It can be transported at 
ambient air temperatures up to 25 °C and kept at -18 °C for several months. Analysis can, 
however, only take place in laboratories equipped with a mass spectrometer. 
 
Environmental influences affect the excretion of S-phenylmercapturic acid only to a limited 
extent. Smoking can represent exposure to 0.1 ppm benzene. 
 
In the general population the amount of trans,trans-muconic acid excreted varies. The 
values are usually below 1 mg/l. Sorbic acid, which is added to various foods as a pre-
servative, is suspected of being transformed into muconic acid. 
 
As a result of this "normal excretion", trans, trans-muconic acid is diagnostically only a 
sufficiently reliable indicator of individual exposure for benzene concentrations of more 
than 1 ppm. In investigations with collectives, however, excretion of muconic acid also 
indicates very sensitively benzene concentrations below 1 ppm. 
 
This means that with benzene air concentrations above 1 ppm, all 3 discussed parameters 
are suitable for evaluation of individual exposure to benzene, whereas below 1 ppm only 
determination of benzene in blood and S-phenylmercapturic acid in urine allow reliable 
conclusions to be drawn. 
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