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ABSTRACT — In risk assessment of chemicals, we often use default assessment factors to compen-
sate for lack of knowledge. Such assessment factors can be especially useful for regulatory decisions. 
The present study focuses on assessment factors related to exposure duration, especially under sub-acute 
and sub-chronic conditions; and discussions attempt to utilize chemical-specific toxicological data. Most 
previous studies have not focused on target organs, but recent reports such as Malkiewicz et al. (2009) 
suggest that assessment factors may be target organ-dependent. Therefore, we addressed selected tar-
get organs (liver, kidney, blood, and body weight) by investigating assessment factors for these target 
organs. Using existing data, we calculated the ratio of the no-observed-effect level (NOEL) derived from 
sub-acute studies to the NOEL derived from sub-chronic studies, to assess for effects involving individ-
ual target organs (liver, kidney, blood, or body weight). Then, we compared these ratios with the ratio 
derived from the substances’ sub-acute and sub-chronic NOELs (the minimum values among all four tar-
get organs’ NOELs) by using the Dunnett’s multiple comparison test. Our analysis indicates that effects 
involving liver, kidney, and body weight need not be treated independently, although the effect on blood 
should be treated separately. Based on our results, we discuss potential refinement of assessment factors 
to reflect exposure duration.
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INTRODUCTION

In risk assessment of chemicals, we often use default 
assessment factors to compensate for lack of knowledge. 
Such assessment factors can be especially useful for reg-
ulatory decisions, such as establishing acceptable dai-
ly intakes (ADIs). According to the early guidelines used 
by the United States Food and Drug Administration (US 
FDA), a 100-fold safety factor should be used for food 
additives (Lehman and Fitzhugh, 1954). This value was 
among the earliest applications of quantitative assessment 
factors. The US Environmental Protection Agency (US 
EPA) subsequently established default uncertainty factors 
of 10-fold for inter-species extrapolation, inter-individual 
variations, exposure duration, etc. (US EPA, 1988).

Renwick (1991, 1993) proposed to divide the uncer-
tainty factors related to inter-species extrapolation and 

inter-individual variations into two sub-factors, toxicoki-
netics (TK) and toxicodynamics (TD). The World Health 
Organization / International Program on Chemical Safety 
(WHO/IPCS, 1994, 1999) subsequently adopted this idea, 
suggesting values of 4 and 2.5 for TK and TD, respective-
ly, for inter-species extrapolation, and 3.16 and 3.16 for 
TK and TD, respectively, for inter-individual variations. 
Also, WHO/IPCS (2005) proposed the use of chemical-
specific toxicological data such as actual data on TK and/
or TD instead of default assessment factors if possible. 
On the other hand (and as surveyed below), several stud-
ies employed probabilistic distributions, instead of deter-
ministic assessment factors, basing their proposal on anal-
ysis of existing toxicological data.

The present study focuses on assessment factors relat-
ed to exposure duration, especially sub-acute (SA; major-
ity of the studies: 28 days) and sub-chronic (SC; majority 
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of the studies: 90 days); and discusses utilizing chemical-
specific toxicological data to establish these assessment 
factors. In fact, the Japanese Law Concerning the Eval-
uation of Chemical Substances and Regulation of their 
Manufacture, etc., mandates SA studies; and applications 
for registration of agricultural chemicals require SC stud-
ies in Japan. Further, the Registration, Evaluation, and 
Authorization of Chemicals (REACH) regulation requires 
either SA or SC studies. Therefore, determining the tar-
get organ’s effects of different substances sometimes will 
require comparing data obtained from distinct (SA vs. 
SC) assay types. 

Here we survey the literature pertaining to the present 
study. US EPA (2002), European Centre for Ecotoxicolo-
gy and Toxicology of Chemicals (ECETOC, 2003), and 
European Chemicals Agency (ECHA, 2012) each have 
recommended distinct assessment factors related to expo-
sure duration. US EPA (2002) proposed a factor of 10 for 
extrapolating from sub-chronic to chronic studies. ECE-
TOC (2003) and ECHA (2012) recommended the same 
factors as each other, proposing values of 2 and 6 for 
extrapolating from sub-chronic and sub-acute, respec-
tively, to chronic studies, and a value of 3 for extrapolat-
ing from sub-acute to sub-chronic. Also, several previous 
research articles that focused on exposure duration adopt-
ed a probabilistic distribution analysis. Most of these pre-
vious studies calculated and analyzed (from existing data) 
the ratio of the no-observed-(adverse-)effect level (NO(A)
EL) of sub-acute studies (NO(A)EL_SA) to the NO(A)
EL of sub-chronic studies (NO(A)EL_SC). Kalberlah  
and Schneider (1998), Kalberlah et al. (2002), and  
Schneider et al. (2005) concluded that the geometric mean 
(GM) of the ratio of NO(A)EL_SA to NO(A)EL_SC was 
(respectively) 2-3, 3.3, or 3.95. Groeneveld et al. (2004) 
described a data method for analyzing existing oral exper-
imental data from rats and mice. These researchers con-
cluded that the GM was 1.63 in the case of rats alone, 
and 1.60 in the case of both rats and mice; with geomet-
ric standard deviations (GSDs) of 3.53 and 3.29, respec-
tively (Groeneveld et al., 2004). However, that analysis 
employed data from only three substances in the case of 
mice. Based on experimental results for 82 substances, 
Woutersen et al. (1984) concluded that, for 95% of the 
target substances, the value of NO(A)EL_SC was great-
er than or equal to the NO(A)EL_SA value divided by 10. 
On the other hand, Malkiewicz et al. (2009) classified the 
same data as Kalberlah and Schneider (1998) into mor-
tality and non-lethal endpoints, permitting the calcula-
tion of NOAEL ratios (that is, NOAEL_SA/NOAEL_SC) 
for mortality/mortality, mortality/non-lethal endpoints, 
and non-lethal endpoints/non-lethal endpoints. These 

researchers obtained respective GMs (GSDs) of 1.4 (1.4), 
4.4 (1.9), and 2.7 (2.4), respectively, and indicated that 
the NOAEL ratios depended on the respective endpoints  
(Malkiewicz et al., 2009).

Most previous studies have not focused on target 
organs; however, Malkiewicz’s study (Malkiewicz et 
al., 2009) suggested that assessment factors may be tar-
get organ-dependent. Therefore, the present study focused 
on selected internal organs (liver, kidney, blood, and body 
weight) and corresponding assessment factors. More pre-
cisely, for a given substance, we first set both NOEL_
SA (mg/kg/day) and NOEL_SC (mg/kg/day) for internal 
organs (and body weight); as the substance’s NOEL_SA 
and NOEL_SC, we set the minimum values of NOEL_
SA and NOEL_SC among the four target organ’s NOEL_
SA and NOEL_SC, respectively. Hereafter, we say them 
NOEL_SA and NOEL_SC from the combined data, 
respectively. Then, we calculated the ratio of NOEL_
SA to NOEL_SC for effects involving the liver, kidney, 
blood, and body weight, and compared these ratios with 
the ratios derived from the combined data. In other words, 
we determined organ-specific assessment factors for each 
internal organ (and body weight). Such values would be 
used when comparing a target organ’s effect, that is, the 
effects involving each internal organ (and body weight) 
during sub-acute and sub-chronic studies among differ-
ent substances. Moreover, this analytical approach was 
expected to provide a chemical-specific result, permitting 
refinement of assessment factors related to exposure dura-
tion: if there are assessment factors for each target organ, 
then for a given chemical substance, we should be able to 
apply an assessment factor depending on the target organ. 
Given a substance’s NOEL_SA, such an assessment fac-
tor should permit extrapolation from sub-acute to sub-
chronic (or chronic) conditions. Namely, we were able 
to consider a given substance’s properties, which was the 
target organ determining the substance’s NO(A)EL in the 
study.

The paper is organized as follows. Section 2 outlines 
the data and statistical methods employed in the present 
study. Section 3 summarizes the major results of the anal-
ysis. Section 4 discusses the results and summarizes the 
study.

MATERIALS AND METHODS

Data collection
We assembled toxicity data from the Initial Risk 

Assessment Report in the Chemical Risk Assessment and 
Development of Risk Assessment Methods in the Pro-
gram for Comprehensive Assessment and Management of 
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Chemicals (FY2001-2006), one of the research achieve-
ments of the Chemicals Evaluation and Research Insti-
tute (CERI) and the National Institute of Technology 
and Evaluation (NITE) of the New Energy and Industrial 
Technology Development Organization (NEDO) project. 
The reports can be accessed on the NITE website (NITE, 
2010). 

The Initial Risk Assessment Report includes results for 
167 substances, all of which are listed in the Japan Pol-
lutant Release and Transfer Register (PRTR) as Class 1 
Designated Chemical Substances. The object substances 
are 354 chemicals with high emission rate and hazardous-
ness. The toxicity data on the 167 Class 1 substances has 
been verified by an advisory body on chemical substanc-
es, a body convened by the Ministry of Economy, Trade 
and Industry (METI). We therefore considered these sub-
stances, and the related toxicity data, to have sufficient 
representativeness to be used in our analysis.

In the present study, we used data from experiments 
evaluating changes in the liver, kidney, blood, and body 
weight. The reasons for focusing on these four kinds 
of effects in the present study were as follows. The liv-
er, blood, and kidney are the top three target organs for 
determining the NO(A)EL for a given chemical substance 
(e.g., Yamada et al., 2013); and body weight is a typical 
observation item in repeated-dose studies. As in previous 
studies, we used data from oral exposure experiments; 
since related data on mice was limited, we focused exclu-
sively on data from experiments on rats.

With reference to the classification in Groeneveld et al. 
(2004), we established two categories of exposure dura-
tion in the oral repeated-dose toxicity studies, as fol-
lows: 21-42 days for SA studies (majority of the studies: 
28 days), and 49-183 days for SC studies (majority of the 
studies: 90 days). When, for a given substance, there was 
more than one study examining the same exposure dura-
tion category on the same target organ, the study with 
the geometric mean NOEL was selected for additional 
analysis. Further, for a given substance, we denoted the 
NOEL for the four combined (the substance’s NOEL) by 
the minimum value among the NOELs of the four target 
organs. 

We calculated the NOEL_SA to NOEL_SC ratio for 
each target organ and, for the four combined. We here 
note that some studies pointed out that the use of distribu-
tions of ratios obtained from benchmark doses preferred 
in comparison to use of the ratios of NO(A)ELs in recent 
years (Bokkers and Slob, 2005). Nonetheless, we used 
NO(A)ELs with reference to the previous studies such as 
Malkiewicz et al. (2009) and Groneneveld et al. (2004).

Data analysis
All statistical analyses were performed using Excel 

2011 (Microsoft, Redmond, WA, USA).
The ratios of NOEL_SA to NOEL_SC were statisti-

cally analyzed by determining the geometric mean (GM), 
representing a central estimation of the ratio, and the geo-
metric standard deviation (GSD), as a measure of the var-
iation in the distribution. 

The ratios were analyzed for statistically significant 
differences between the effects involving the respective 
target organs and the combined data, using the Dunnett's 
multiple comparison test at the 5% level of significance.

RESULTS

In Fig. 1, each substance's ratio of NOEL_SA to 
NOEL_SC is presented for effects involving the liver, 
kidney, blood, and body weight, and the combined data. 
Table 1 shows the number of substances for which ratios 
were calculated, and the GM and GSD of the distribu-
tions, for effects on the four target organs, this is, for liv-
er, kidney, blood, and body weight, and for the combined 
data.

The Dunnett's test, used to verify the homogenei-
ty of means, indicated a statistically significant differ-
ence between the GM of the ratios for effects involving 
the blood and the GM of the ratio for the combined data. 
On the other hand, there were no statistically significant    
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Fig. 1. Each substance’s ratio of NOEL_SA to NOEL_SC 
for effects involving the liver, kidney, blood, or body 
weight, or the combined data.
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differences between the respective GMs of the ratios for 
effects involving the liver, the kidney, or body weight, 
nor for the GM for the combined data. Table 2 shows the 
results of the Dunnett's test.

DISCUSSION

We have performed an analysis of previously report-
ed toxicology data to determine assessment factors for 
four different target organs. In the present study, the ratio 
derived from the combined data corresponds to the results 
of previous studies. If the central estimation is used as an 
assessment factor, our findings from the combined data 
show that the sub-acute toxicity study NO(A)EL (mg/kg/
day) should be divided by 2.4 in order to extrapolate to 
the sub-chronic toxicity study NO(A)EL. Furthermore, 
under the consideration of variety of substances, the sub-
acute toxicity study NO(A)EL should be divided by 11 or 
19 to span the 90th or the 95th percentiles (respectively) 
of the expected distribution of values. We note that a fac-
tor of 3 is used in the EU guidelines (e.g., Falk-Filipsson 
et al., 2007), and is recommended in ECHA (2012) for 
extrapolation from sub-acute to sub-chronic exposure. 
For our results, such a factor of 3 would cover 57% of 
all substances. Our results are consistent with those of  
Malkiewitcz et al. (2009), who reported a GM (GSD) of a 
distribution of the NOAEL ratios of 2.7 (2.4) for non-le-
thal endpoints; those researchers concluded that a factor 
of 3 would cover 60% of all substances.

Regarding our organ-specific data, we did not observe 
significant differences between the respective GMs of the 
ratios for effects involving the liver, the kidney, or body 

weight compared to the GM for the combined data. Thus, 
no positive reason was found for the three target organs' 
effects to be treated separately from the analysis result of 
the combined data. The implication is that, in these cases, 
the analysis result obtained from the combined data can 
be used. On the other hand, our results indicate that the 
effect on blood must be treated separately. However, few 
data samples were available related to the effect on blood, 
making it difficult to discern why only the blood effect 
was distinct. The specific manner in which this effect 
occurs will need to be addressed in further analyses. 

Our results also relate to refinement of assessment fac-
tors. Assessment factors related to exposure duration gen-
erally take into consideration the following two results 
of increased exposure duration: (a) similar effects appear 
at a lower dose, and (b) other effects may appear (e.g., 
Groeneveld et al., 2004). If the contribution of (b) is dom-
inant, then there exists a target organ such that the abso-
lute value of the slope of the relation between exposure 
duration and NO(A)EL is greater than the result from the 
combined data (as seen in Fig. 2). However, in our analy-
sis, no individual target organs yielded a ratio exceeding 
the result from the combined data. Therefore, the contri-
bution of (b) does not appear to dominate, and it may be 
surmised that the contribution of (a) could be substantial.

We note that subsequent analyses will need to consid-
er differences in experimental study design between sub-
acute and sub-chronic studies, such as contrasts in dose-
spacing and the number of test animals. According to 
OECD Guidelines for Testing of Chemicals No. 407 and 
No. 408 (OECD, 2008, 1998), in the case of sub-acute 
studies, dose groups should consist of at least 10 animals 
(five animals per sex), and dosage selection with a com-
mon ratio of two to four is optimal; in the case of sub-
chronic studies, these guidelines indicate that dose groups 
should consist of at least 20 animals (10 animals per sex), 
again with a dosage selection of two to four. With respect 
to dosage selection, the means of common ratios of dos-
age selection were 3.2 and 3.5 with respect to sub-acute 
and sub-chronic studies, respectively, in the data used in 
the present study. Therefore, the problem with respect 
to dose spacing is not expected to have been signifi-

Table 1    Exposure duration parameters for effects involving the liver, kidney, blood, or body weight, and for the 
combined data, derived from NOEL ratios obtained from the study database.

Combined Liver Kidney Blood Body weight
n 26 13 10 9 22
GM 2.4 1.5 2.2 0.53 2.0
GSD 3.5 6.1 2.5 4.0 3.9
n = number of ratios, GM = geometric mean, GSD = geometric standard deviation

Table 2    Statistical analysis (Dunnett’s test) comparing 
ratios of individual target organs vs. combined 
data. 

Liver vs. 
combined 

Kidney vs. 
combined

Blood vs. 
combined

Body weight 
vs. combined

      n.s.       n.s. P < 0.05         n.s.
n.s. = not significant
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cant in our analysis. Also, OECD guidelines do not dis-
tinguish between sub-acute and sub-chronic studies. On 
the other hand, those guidelines do suggest a difference 
in the number of animals used in experimental studies 
for sub-acute and sub-chronic studies. In the data used in 
the present study, the means of the number of test ani-
mals in each dose group used in the experimental stud-
ies were 8.3 and 14 for sub-acute and sub-chronic studies, 
respectively. Additionally, OECD guidelines recommend 
that sub-chronic studies use twice as many animals in 
each dose group compared to sub-acute studies. Howev-
er, the present study did not consider differences in the 
number of animals used in individual experimental stud-
ies. Statistical quantification and examination of the pos-
sible impact of differences in the number of test animals 
should be the subject of future analyses.
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