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AMERICAN CHEMISTRY COUNCIL 

Biocides Panel 
Chromated Copper Arsenate Work Group 

Questions for the EPA SAB Arsenic Review Panel (September 12-13, 
2005) Regarding The Dose Response of Inorganic Arsenic 

Carcinogenicity 

The American Chemistry Council Biocides Panel CCA Work Group provides brief summaries 

of issues for the Science Advisory Board Arsenic Review Panel to consider in evaluating EPA’s 

proposed cancer slope factor for inorganic arsenic.  These questions are intended to assist the 

SAB in their consideration of the underlying exposure, toxicity, and epidemiological data with 

the ultimate goal of a more accurate representation of those data in the cancer slope factor for 

inorganic arsenic. 

1. 	 Adequacy of the exposure assessment in the Taiwan data set: well type and potential 
for other confounding factors 

Background 

Morales et al. (2000) evaluated well water concentrations and bladder cancer mortality rates 

were evaluated in a population in southwest Taiwan.  This evaluation included both villages 

solely using artesian wells (median village arsenic concentrations = 350-934 µg/L) and those 

also using non-artesian wells (median village arsenic concentrations = 10-717 µg/L).  

Reanalysis of these data by Lamm et al. (2003) indicates that bladder cancer mortality rates 

depended on arsenic level only for villages that exclusively relied on artesian wells for their 

water source. No dose-response with arsenic concentration was observed for villages that did 

not exclusively rely on artesian wells. 
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Questions 

•	 Because the non-artesian wells had lower arsenic concentrations overall, could these 

results be explained by the difference in arsenic carcinogenicity at high doses versus 

low doses? 

•	 Given that other carcinogenic substances such as humic acids have been reported in 

artesian wells in this area of Taiwan, could arsenic be acting as a co-carcinogen with 

some other substance or characteristic of these wells? 

•	 Wouldn’t an analysis that includes villages relying solely on artesian wells 

misrepresent the risk characterization of arsenic, especially for low doses? 

2. 	 Adequacy of the exposure assessment in the Taiwan data set: dietary arsenic 

Background 

The southwest Taiwanese population, which is the study population in the research that forms 

the basis of the cancer slope factor in IRIS and is the focus Morales et al (2000), consumed a 

very impoverished diet consisting primarily of yams and rice.  The yams are dried and 

consumed over the year.  Consequently, additional water is needed to rehydrate and cook both 

the rice and yams.  In deriving the reference dose, EPA incorporated an assumption of 

additional exposure to inorganic arsenic that would be accumulated in yams and rice and also 

assumed a higher drinking water intake rate to account for water used in rehydrating the dried 

yam and rice diet.  In contrast, the derivation of the existing cancer slope factor in IRIS for 

arsenic did not include any consideration of intake of inorganic arsenic from the diet (nor from 

water used to rehydrate and cook foods), thereby substantially underestimating actual intakes of 

inorganic arsenic for this study population. 

Additional studies indicate that the amount of arsenic contributed by the diet in Taiwan may be 

even higher than assumed in the RfD derivation.  In the IRIS file, EPA indicates that the 

inorganic arsenic content in the Taiwanese diet was unknown and was assumed to result in an 
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intake of 2 µg/day.  In contrast, analyses of yams and rice conducted by Schoof et al. (1998) 

indicated that intake from the diet may have been much higher resulting in an intake of 50 

µg/day (Schoof et al. 1998, Table 6). 

Questions 

•	 What would be the effect on the slope factor if arsenic exposure in Taiwan were 

underestimated? 

•	 What are the appropriate intake values for inorganic arsenic from the diet and water 

consumption rates to adequately characterize arsenic intake for this population, 

including the additional water consumption for rehydrating and cooking?  

•	 Have these dietary contributions to total inorganic arsenic exposure (including food 

rehydration) been adequately accounted for in the derivation of the proposed slope 

factor? 

3. 	 Subsequent to the NAS review published in 2001, new epidemiological data from U.S. 
and foreign populations have become available. Are these data consistent with 
recommendations regarding arsenic cancer risk? 

Background 

Since the NRC (2001) review, several additional epidemiological studies have been completed 

for arsenic-exposed populations in the U.S. (Steinmaus et al. 2003; Lamm et al. 2004; Karagas 

et al. 2001, 2004) and for those with lower arsenic exposure levels in Argentina (Bates et al. 

2004). Unlike studies in Taiwan, these studies do not show a dose-response relationship for 

increases in cancers with exposure. Additionally, Frost et al. (2002) note that the Lewis et al. 

(1999) research had sufficient power to detect the cancer risks estimated by NRC (2001) yet 

likewise do not identify a dose-response relationship between exposure and cancers related to 

arsenic. 
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An additional study of the population in southwest Taiwan has been completed as well.  Similar 

to bladder cancer risk at lower well water concentrations reported by Morales et al. (2000), 

Chen et al. (2004) likewise indicate a lack of increase in lung cancer risk at arsenic well water 

concentrations of 10- 100 µg/L. 

Questions 

•	 What do these studies tell us about risks to populations in the U.S.? 

•	 Do these studies support difference conclusions for low dose exposures in the U.S. 

than indicated based on analyses of the Taiwanese population that include higher 

doses? 

•	 Is the SAB confident that the proposed slope factor is reflective of the findings of 

these studies? 

4. 	 Mechanism of action for arsenic carcinogenicity, and the shape of the dose-response 
curve at low doses 

Background 

Various plausible mechanisms of action have been proposed and investigated for the 

carcinogenicity of arsenic (Schoen et al. 2004).  The likely mechanisms do not involve direct 

point mutations on DNA but act indirectly through modulation of intracellular signal 

transduction pathways, oxidative stress, alteration of DNA methylation or impairment of 

systems that counteract DNA damage.  Thus, the accumulation of these effects is necessary for 

an increased likelihood of cancer. Other actions of arsenic at low doses can induce protective 

effects that may reduce arsenic toxicity by upregulating genes and systems related to control of 

oxidative stress, DNA repair, and increased levels of glutathione.   
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Questions 

•	 Wouldn’t the plausible mechanisms by which arsenic may cause cancer, result in a 

change in the shape of the dose response curve at low doses versus at high doses 

such that cancer risk at low doses would be lower than extrapolated based on the 

cancer risk at high doses? 

•	 Do the toxicological and epidemiological data indicate that this change in the dose-

response curve would occur at environmentally relevant doses? 

5. 	 Impact of nutrition on cancer risk associated with exposure to arsenic 

Background 

Recent studies have continued to establish the importance of nutrition in modifying 

susceptibility to the toxic effects of arsenic (Chen et al. 2001; Mitra et al. 2004; Spallholz et al. 

2004, Schoen et al. 2004). These studies indicate that poor nutrition results in lower potential to 

metabolize and excrete inorganic arsenic and repair DNA damage.  This research suggests that 

studies of populations with extremely poor nutritional status are not representative of the 

relationship between cancer risk and dose for populations with more sufficient or sufficient 

nutrition such as the U.S. populations. 

Questions 

•	 Given the extremely poor nutritional status of the Taiwanese population evaluated by 

Morales et al. (1999), wouldn’t this population show a greater cancer incidence at a 

given dose than the U.S. population? 

•	 Wouldn’t sufficient nutrition at low doses also have a protective effect such that risks 

at lower doses in which protective mechanisms are operating may be less than 

predicted based on high doses in which these mechanisms are overwhelmed? 
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•	 Is there information within studies of other arsenic-exposed populations (including 

both high and low doses) that are more similar to U.S. populations (in terms of 

nutritional status) that can be used to better characterize risks? 

6. 	 Children’s susceptibility at low doses 

Given that the Taiwanese population used to derive the cancer slope factor included exposure to 

arsenic by entire populations, including adults, children, infants and even in utero exposures, 

isn't consideration of childhood exposures already incorporated into the existing databases upon 

which the cancer slope factor is derived? 

7. 	 Use of a comparison population in evaluating the dose-response curve 

Background 

Morales et al. (2000) and NRC (2001) estimate cancer risk by forcing regressions of arsenic 

water concentrations and cancer incidence through one data point representing a comparison 

population for Taiwan or the U.S. Without this comparison population, the shape of the dose-

response curve is sublinear such that there is little change in risk at lower water concentrations.  

The comparison populations, however, appear to have a much lower risk than predicted based 

on the incidence at the lower water concentration for the exposed population.  Therefore, these 

populations may not be valid comparison populations for these data because the cancer 

incidence may differ due to other factors than arsenic exposure. 

Questions 

•	 Does the use of a comparison population in this way place overwhelming emphasis 

on one data point which has inherent uncertainty for whether it is a true comparison 

population for the exposed population? 
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• What would be a technically more rigorous method for evaluating the relationship 

between dose and risk from the available data? 
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