
Developmental toxicity

In the draft of the of the EU Risk Assessment of Benzene (CAS 71-43-2; EINECS 200-753-7) dated 3-5-2001 it is stated that “the NOAEL (for intermittent inhalatory exposure) for developmental toxicity were estimated to be in the range of 10 to 40 ppm (Kuna and Kapp, 1981; Kuna_1981 Coate et al. 1984 Coate_1984 ) Some evidence for subclinical haematopoietic changes in neonates of animals exposed to benzene at about 20 ppm during gestation had been reported from studies with mice (Keller and Snyder 1986, 1988, Keller_1986 , Keller_1988 )”.

The Aromatic Producers Association in CEFIC believes that the available data allow a clear definition of the NOEC for developmental effects for benzene at 40 ppm.

The studies of Kuna et al and Coate et al showed that rats exposed to benzene for periods of 6 - 7 hours/day during day 6 - 15 of gestation caused maternal toxicity at exposure levels of 50 ppm and higher, based on depressed body weight gain; haematological effects in maternal animals were not assessed in any of these studies. Coate et al. (1984) established a NOAEC for maternal effects at 40 ppm, on the basis of decreased maternal body weight gain at 100 ppm; in the Kuna study the LOAEC for maternal effects was 50 ppm.  When taking into account: 

1. The range of the exposure concentrations: 
 



10, 40 and 100 ppm for the Coate study and 
 



10, 50 and 500 ppm for the Kuna study, 

2. The number of litters:  
32 – 37 for the Coate study and
 


  
11 – 15 for the Kuna study, 

3. The changes in maternal body weight recorded by Kuna at 50 ppm and 

4. The consistency of the effects reported in the studies by Coate and by Kuna, 

it appears that the selection of 40 ppm as a threshold for the maternal toxicity can be justified. 

In utero exposure to benzene did not induce any teratogenic or embryotoxic effects, however foetotoxic effects were observed by Coate et al (1984) and Kuna et al (1981), consisting mainly of reduced foetal weight, delayed development (delayed ossification) and an increase in the number of foetal variations. The LOAEC was reported in the Kuna study at 50 ppm based on a slight reduction in mean foetal weight; the Coate study established a clear NOAEC of 40 ppm for developmental effects. Considering the consistency of the findings reported by Coate et al. and Kuna et al., the minimal severity and significance of the changes at 50 ppm and number of litters [n = 37] investigated at 40 ppm, it is justified use a NOAEC of 40 ppm for developmental toxicity. There are no data to suggest an adverse effect of benzene on human foetal or neonatal development.

Keller and Snyder (1986) reported haematopoietic changes in offspring of pregnant mice exposed to atmospheres up to 20 ppm (highest dose tested) during gestation days 6 – 15 (6 h/day). There was no evidence of adverse maternal, foetal or neonatal toxicity, further supporting 40 ppm as a clear NOEC. 

Prof. R. Irons, an acknowledged world expert in the field of regulation of growth and differentiation in haematopoietic cells and mechanisms of leukemogenesis of the University of Colorado Health Sciences Center, has recently completed a detailed analysis of these studies on request of the Aromatic Producers Association in CEFIC.  The knowledge of the mechanisms and regulation of differentiation and proliferation of haematopoietic precursor cells have advanced rapidly during the last decade. Prof. Irons has concluded that with current insights, the studies of Keller and Snyder, whilst remaining unique in the field of immunology, are seriously lacking in standardisation. Moreover, their design and interpretation were unable to take into account the effects now known to be related to the origin and redistribution of precursor cells, non-specific stress etc.

He also noted that these studies have not shown a dose response or evidence of haematotoxicity, when considering the following key haematological parameters: 

· toxicity in blood forming organs, 

· changes in erythrocyte maturation 

· erythrocyte cycle time 

· numbers of circulating blood cell numbers

· proliferation kinetics in bone marrow/hepatic cells

On this basis Prof. Irons concluded that the biological relevance of the findings of Keller and Snyder cannot be established and points out a lack of correlation with significant adverse health effects.  The full report of Prof. Irons can be found at Rep_Prof_Irons .



In summary, the data from all well-conducted, relevant developmental toxicity studies in the rat allow the conclusion that a clear NOAEC for developmental toxicity of benzene has been established at 40 ppm.  The reported haematopoietic effects of benzene in exposed foetal and neonatal murine progeny are not of biological significance and not indicative of adverse health effects. These data are therefore unsuitable for use in the risk assessment.
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