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Arsenic: summary of epidemiologic evidence 
December 27, 2004 

 
1. Overall summary 
This section summarizes epidemiologic evidence cited in the tables below and will be updated as new evidence becomes available.  I would appreciate feedback 
on any errors or omissions.   
 

Health effect Level of 
evidencea 

 

Comments 
 

Early fetal deaths 
(spontaneous 
abortions) 
 

Drinking 
water 

arsenic 
(Limited) 

 
Airborne 
arsenic 

(Inadequate) 
 

A case-control study in Massachusetts found a weak, non-significant association between early fetal deaths and drinking 
water arsenic levels in the community of maternal residence (Aschengrau et al 1989).  A retrospective cohort study in 
Bangladesh (Ahmad et al 2001) and an ecologic study in Hungary (Borzsonyi et al 1992) found associations between early 
fetal deaths and drinking water arsenic levels.   
 
A case-control study nested within a cohort of female employees at a Swedish smelter found a borderline association 
between early fetal deaths and occupational arsenic exposure in bivariate analysis but not after adjustment for potential 
confounders (Wulff et al 2002).  A review of epidemiologic and toxicologic literature concluded that there was limited 
evidence of associations between early and late fetal deaths and arsenic exposure in humans and that prenatal inorganic 
arsenic exposure can cause fetal death in experimental animals (Golub et al 1998).   
 

Late fetal deaths 
(stillbirths) 
 

Drinking 
water 

arsenic 
(Limited) 

 
Airborne 
arsenic 

(Inadequate) 

A small case-control study in Massachusetts found no association between late fetal deaths and community drinking water 
arsenic levels (Aschengrau et al 1993).  Ecologic studies in Hungary and Chile (Borzsonyi et al 1992, Hopenhayn-Rich et al 
2000) and a retrospective cohort study in Bangladesh (Ahmad et al 2001) found associations between late fetal deaths and 
drinking water arsenic levels.   
 
A very large U.S. case-control study found no association between late fetal deaths and self-reported maternal or paternal 
occupational arsenic exposure (Savitz et al 1989).  A small case-control study nested within a cohort of Swedish smelter 
workers found an inverse association between late fetal deaths and parental occupational arsenic exposure (Wulff et al 1995).  
A Swedish ecologic study found no association between late fetal deaths and above-average arsenic levels in regional 
vegetation; however, the risk of fetal deaths was elevated in the region with the highest environmental arsenic levels 
(Landgren 1996).  A case-control study of late fetal deaths in Texas found an association with estimated arsenic levels in 
outdoor air near the maternal residence; in multivariate analyses, the association was limited to the subgroup of Hispanic 
women (Ihrig et al 1998).  A review of epidemiologic and toxicologic literature concluded that there was limited evidence of 
associations between early and late fetal deaths and arsenic exposure in humans and that prenatal inorganic arsenic exposure 
can cause fetal death in experimental animals (Golub et al 1998).   
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Preterm birth Airborne 
arsenic 

(Inadequate) 
 

Drinking 
water 

arsenic 
(Inadequate) 

 

A nation-wide case-control study in the USA found no association between preterm birth and self-reported maternal or 
paternal occupational arsenic exposure (Savitz et al 1989).   
 
 
Preterm births were associated with maternal residence in a region with substantially elevated well water arsenic levels in a 
retrospective cohort study in Bangladesh (Ahmad et al 2001).  An ecologic study in Taiwan found no association between 
preterm birth and elevated maternal residential drinking water arsenic levels (Yang et al 2003).   
 

Birth weight 
adjusted for 
gestation length 

Airborne 
arsenic 

(Inadequate) 
 
 

Drinking 
water 

arsenic 
(Inadequate) 

 

A U.S. case-control study of infants who were small for gestational length found no association with self-reported maternal 
or paternal occupational arsenic exposure (Savitz et al 1989).  A Swedish cohort study of smelter workers found a non-
significantly increased risk of low birth weight among offspring of parents with probable occupational arsenic exposure 
(Wulff et al 1995).   
 
In a prospective birth cohort study in Chile, average birth weight (adjusted for gestation length) was lower among infants of 
women living in a city using drinking water with elevated arsenic levels, compared to infants from a comparison city using 
drinking water with low arsenic levels (Hopenhayn et al 2003).  A literature review concluded that inorganic arsenic can 
cause intrauterine growth retardation in experimental animals (Golub et al 1998).   
 

Birth weight, not 
adjusted for 
gestation length 

Drinking 
water 

arsenic 
(Inadequate) 

 

An ecologic study in Taiwan found an inverse association between birth weight and elevated maternal residential drinking 
water arsenic levels (Yang et al 2003).   
 

Total birth defects  Inadequate A large case-control study in Massachusetts found no association between total birth defects and drinking water arsenic 
levels in the community of maternal residence (Aschengrau et al 1993).  An ecologic study in Sweden found no increased 
risk of total birth defects among infants of women living near a smelter that emitted arsenic, lead, cadmium and mercury 
(Wulff et al 1996).  Reviews of toxicologic literature concluded that prenatal arsenic exposure can cause skeletal and neural 
tube birth defects in experimental animals (Golub et al 1998, DeSesso et al 1998).  Three reviews concluded that ingested 
arsenic has not been shown to cause birth defects in humans (DeSesso et al 1998, National Academy of Sciences 1999, 
Agency for Toxic Substances and Disease Registry 2000).   
 

CNS birth defects Inadequate A very small case-control study in India found no association between CNS birth defects and maternal breast milk arsenic 
levels (Dang et al 1983).  A review of epidemiologic and toxicologic literature concluded that there is inadequate evidence 
for an association between neural tube birth defects and arsenic exposure in humans and that injected but not ingested arsenic 
can cause neural tube birth defects in prenatally exposed rodents (DeSesso et al 1998).   
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Cardiac birth 
defects 

(Inadequate)  A case-control study in Massachusetts found that coarctation of the aorta, but not total cardiac birth defects, was associated 
with drinking water arsenic levels in the community of maternal residence (Zierler et al 1988).   
  

Childhood cancer: 
all types combined 

(Inadequate) A population-based case-control study in Denver found no association between childhood cancer and paternal or maternal 
occupational arsenic exposure (Feingold et al 1992).  A Swedish ecologic study showed that the total childhood cancer 
incidence rate in a smelter town was about double (13 cases observed vs. 6.7 expected, p=0.02)  that for a comparison region 
(Wulff et al 1996).   
 

Childhood cancer: 
leukemia 

(Inadequate) The childhood leukemia incidence rate was elevated in Woburn Massachusetts, a community where two of the wells used for 
drinking water had been contaminated by arsenic and other toxicants from hazardous waste disposal (Durant et al 1995).  
However, children’s hair arsenic levels were not elevated during the time when contaminated wells were in use (Rogers et al 
1997).  A small case-control study showed statistically non-significant associations between childhood leukemia in Woburn 
and prenatal maternal and childhood use of drinking water during the period when contaminated wells were operational 
(Massachusetts Department of Public Health 1997).  A moderately large population-based case-control study in Montreal 
found no association between childhood acute lymphatic leukemia and average or cumulative prenatal or childhood drinking 
water arsenic exposure (Infante-Rivard et al 2001). 
 

Carcinogenicity of 
inorganic arsenic 
 

Sufficient Chronic exposure to high levels of inorganic arsenic in drinking water is a known cause of adult skin, bladder and lung 
cancers and may also cause kidney, liver and prostate cancers (National Academy of Sciences 1999, 2001, Agency for Toxic 
Substances and Disease Registry 2000, US Environmental Protection Agency 2000).  Inorganic arsenic causes cancer in 
experimental animals at all sites linked to arsenic exposure in humans (Kitchin 2001).  The major in vivo metabolite of 
inorganic arsenic, dimethylarsinic acid, promotes lung, bladder, kidney, liver, and thyroid cancers in rodents and causes 
bladder tumors in rats (Kenyon and Hughes 2001).  Inorganic arsenic at low concentrations interferes with nucleotide and 
base excision and cell cycle progression after ultraviolet C radiation (Hartwig et al 2002). 
 

Skin: 
hyperpigmentation  

(Limited) An ecologic study in Hungary and cross-sectional studies in Chile and Bangladesh showed associations between skin 
hyperpigmentation among children and well water arsenic levels (Borzsonyi et al 1992, Smith et al 2000, Rahman et al 
2001).  An expert panel concluded that chronic ingestion of �10 µg/kg/day inorganic arsenic causes skin pigmentation and 
keratoses (National Academy of Sciences 1999).   
 

Skin: eczema (Inadequate) A cross-sectional study in Germany showed no association between childhood eczema and urinary arsenic levels (Schafer et 
al 1999).   
 

Genotoxicity: 
chromosomal 
abnormalities 

Limited A small cross-sectional study in Argentina found associations between lymphocyte micronuclei and chromosomal 
abnormalities (aneuploidy) in children and drinking water arsenic levels (Dulout et al 1996).  A Swedish ecologic study 
found a higher prevalence of chromosomal abnormalities among infants of women living near a smelter that emitted arsenic 
and other toxicants (Wulff et al 1996).  A recent review concluded that there is limited evidence that inorganic arsenic causes 
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chromosomal abnormalities in humans (Agency for Toxic Substances and Disease Registry 2000).   
 

Genotoxicity: 
other genotoxic 
effects 

Sufficient Dimethylarsinic acid, the major metabolite of inorganic arsenic in humans, causes single strand DNA breaks in human lung 
cells in vitro (Kenyon and Hughes 2001).  Inorganic arsenic inactivates tumour suppressor genes and DNA repair and 
generates reactive oxygen species (Goering et al 1999).  A cross-sectional study of children age 3-6 years in a Mexican 
mining town found associations between Comet assay tail length and moment and urinary arsenic levels; the Comet assay 
tail length and moment reflect DNA single and double-stranded breaks (Yanez et al 2003).   
 

Cognitive deficits (Inadequate) A small cross-sectional study of children age 6-9 years in Mexico showed an inverse association between full-scale IQ and 
urinary arsenic levels among children living near a smelter; verbal IQ was inversely associated with urinary arsenic levels in 
the whole study group (Calderon et al 2001). 
 

Poisoning 
 

(Sufficient) Case reports have shown that children who ingested high doses of inorganic arsenic developed acute poisoning including 
severe neurotoxicity (Park and Currier 1991, Brouwer et al 1992). 
 

a Sufficient evidence = based on peer-reviewed reports of expert groups or authoritative reviews that concluded that a causal relationship existed; limited 
evidence = relationships for which several epidemiologic studies, including at least one case-control or cohort study, showed fairly consistent associations and 
evidence of exposure-risk relationships after control for potential confounders; inadequate evidence = relationships for which epidemiologic studies were limited 
in number and quality (e.g., small studies, ecologic studies, limited control of potential confounders), had inconsistent results, or showed little or no evidence of 
exposure-risk relationships.  Levels in parentheses are the author’s interpretation of available evidence; other levels are based on expert group reviews. 
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2. Fetal deaths 
Reference, 

location 
 

Design Exposure Results Association Covariates 

(Aschengrau et 
al. 1989), 
Massachusetts 
 

Case-control study, 286 cases of early 
fetal deaths (spontaneous abortions), 
1391 live birth controls 
 

Measured trace element levels in 
drinking water supplies for 
communities where women lived 
while pregnant; arsenic levels 
were all quite low (< 2 µg/L) 
 

Non-significant 
association between 
early fetal death and 
high arsenic levels 
(1.4-1.9 µg/L vs 
undetectable) 
 

1.5 (0.4-
4.7) 

Water source, maternal 
age, maternal 
education, previous 
early fetal death 

(Savitz et al. 
1989), USA 
 
 

Case-control study nested within 
surveys of national probability 
samples of live births (with 4-fold 
oversampling of low birth weight 
infants) and late fetal deaths 
(stillbirths) (gestational age � 28 wk 
or weight � 1000g) in 1980; numbers 
of live births and late fetal deaths for 
analysis of maternal occupation were 
respectively 3,668 and 2,096 and for 
paternal occupation were 5,669 and 
3,170 
 

Self-reported information on 
parental occupational exposures 
during 12 mos before delivery; 
note – more fathers than mothers 
were employed during the 12 mos 
before delivery  

No association 
between late fetal 
deaths and maternal 
or paternal 
occupational arsenic 
exposure (respective 
odds ratios) 

1.0 (0.7-
1.3) 

 
1.0 (0.8-

1.2) 

Race, previous 
miscarriage; restricted 
to women who received 
prenatal care, age < 40 
yr, no to medium 
alcohol consumption, 
no previous late fetal 
deaths 

(Borzsonyi et al. 
1992), Hungary  
 

Ecologic study, 25,648 persons 
exposed to well water containing high 
arsenic levels, 20,836 persons in 
comparison group 

Average drinking water arsenic in 
exposed region was 170-330 
µg/L; measured hair arsenic levels 
for 2,059 persons including 230 
from comparison group (highest 
level was over 3 µg/g)  

Increased risk of 
early fetal deaths in 
region with high 
drinking water 
arsenic levels (ratio 
per 1,000 live births) 
 

70 vs 51 
(p < 0.01) 

The two regions were 
both rural and similar 
with regard to smoking, 
lifestyle, SES, 
occupation 

   Increased risk of late 
fetal deaths in region 
with high drinking 
water arsenic levels 
(ratio per 1,000 live 
births) 

7.7 vs 2.8 
(p = 0.03) 
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Reference, 
location 

 

Design Exposure Results Association Covariates 

 
(Aschengrau et 
al. 1993), 
Massachusetts 
 

Hospital-based case control study, 77 
late fetal deaths, 1,177 controls; 
drinking water quality data for water 
supply used at maternal residence 
during 1st trimester  
 

Water quality data included 
source, disinfection method, and 
chemical analyses including 
arsenic; median level was 
undetectable, 90th percentile was 
1.3 µg/L, highest level was 2.6 
µg/dL 
 

No associations 
between late fetal 
deaths and drinking 
water arsenic level 
(respective crude 
odds ratios) 
 

0.7  

(Wulff et al. 
1995), Ronnskar 
copper smelter, 
Sweden  

Cohort study, employees of smelter 
during 1961-1991; assessed birth 
weight and perinatal deaths among 
2,666 children born of smelter 
employees and 14,901 children born 
to women in an exposed reference 
population; also conducted a case-
control study of 37 late fetal deaths 
and 138 live birth referents during 
1937-1961 
 

Exposure index was based on 
parental occupation within 
smelter 

Inverse association 
between late fetal 
deaths and 
occupational 
exposure before 1962 
 

0.4 (0.2-
0.7) 

 

(Landgren 
1996), Sweden 
 

Ecologic study, 38,718 births in 19 
municipalities in one county; linked 
birth, congenital malformation, 
cardiology, cytogenetic and cancer 
registries 

Measured contaminants in 
vegetation (lead, selenium, 
arsenic, cadmium, mercury) and 
ambient air (sulphur dioxide, 
nitrogen oxides, hydrocarbons); 
municipalities categorized as 
above or below mean contaminant 
level; mean ground arsenic level 
93 µg/g (range 14-323) 

Late fetal deaths not 
associated with 
residence in 
municipalities with 
above average 
environmental 
arsenic levels 

 Year of birth, maternal 
age, parity 

   In the municipality 
with the highest 
arsenic 
concentration, the 
relative risk of late 

2.1 (1.1-
3.9) 
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Reference, 
location 

 

Design Exposure Results Association Covariates 

fetal deaths was 
significantly elevated 
 

(Golub et al. 
1998) 
 
 

Literature review   Humans – limited 
evidence of 
associations between 
arsenic exposure and 
early and late fetal 
deaths 
 

  

   Experimental 
animals – inorganic 
arsenic can cause 
fetal death 
 

  

(Ihrig et al. 
1998), Texas 

Hospital-based case-control study, 119 
late fetal deaths, 267 live birth 
controls 

Community with arsenic pesticide 
production facility; airborne 
arsenic levels estimated from 
airborne emission estimates and 
meteorological data using an 
atmospheric dispersion model; 
results linked to residential 
address at time of delivery using 
GIS  

In bivariate analyses, 
late fetal deaths 
associated with 
exposure to airborne 
arsenic exposure 
above 100 ng/m3  
 

4.0 (1.2-
14) 

Maternal age, 
race/ethnicity, parity, 
income group, exposure 
as a categorical 
variable, and exposure-
race/ethnicity 
interaction 

   Association between 
arsenic exposure and 
late fetal deaths 
limited to Hispanic 
persons in 
multivariate analyses 
 

8.4 (1.4-
50) 

 

As above 

(Hopenhayn-
Rich et al. 
2000), Chile 

Ecologic study, two cities one of 
which was exposed to high drinking 
water arsenic levels during 1958-

Average arsenic levels in public 
water supplies; use of new water 
source in 1958 raised average 

Association between 
arsenic exposure and 
late fetal mortality 

1.7 (1.5-
1.9) 

Location, calendar 
period 
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Reference, 
location 

 

Design Exposure Results Association Covariates 

 1970; assessed correlation between 
perinatal mortality rates and drinking 
water supply arsenic levels during 
1950-1996 

arsenic levels in one city to 860 
µg/L during 1958-1970; modified 
system reduced average level to 
110 µg/L during 1970’s and to 40 
µg/L during recent years; average 
arsenic level in comparison city 
was < 20 µg/L 
 

 

(Ahmad et al. 
2001), 
Bangladesh 
 

Retrospective cohort study, 96 women 
age 15-49 yr from exposed town, 96 
women from comparison town; 
assessed reproductive history (total of 
668 pregnancies including 24 late fetal 
deaths, 29 early fetal deaths, 30 
preterm births) 

98% of exposed women had well 
water arsenic levels > 100 µg/L 
and 23% had skin changes typical 
of arsenic; average level was 240 
µg/L (range up to 1,371 µg/L); 
comparison town had levels < 20 
µg/L 

Early fetal deaths 
associated with 
residence in exposed 
town; odds ratio, 
maternal residence in 
exposed vs 
comparison town 
 

2.9, p < 
0.05 

Maternal age, 
socioeconomic status, 
education, age at 
marriage 

   Late fetal deaths 
associated with 
residence in exposed 
town 
 

2.2, p < 
0.05 

 

(Wulff et al. 
2002), Ronnskar 
copper smelter, 
Sweden 

Case-control study nested within a 
cross-sectional study of female 
smelter employees age 25-44 yr and 
two unexposed groups (neighbours 
and a population-based sample); case-
control study included 171 early fetal 
death cases, 342 live birth controls 

Arsenic exposure index based on 
occupation in smelter before and 
during pregnancy (job title, 
workplace, hours of work per 
week) 

Borderline 
association between 
early fetal death and 
occupation as smelter 
workers in cross-
sectional study 
(bivariate analyses) 
 

1.3 (0.9-
2.1) 

 

   No association 
between early fetal 
death and occupation 
in smelter in case-
control study 

 Smoking, alcohol, 
caffeine, SES, working 
hours 
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Reference, 
location 

 

Design Exposure Results Association Covariates 

 
Fetal deaths: summary 
Early fetal deaths (spontaneous abortions)  
Drinking water arsenic A case-control study in Massachusetts found a weak, non-significant association between early fetal deaths and drinking water arsenic 
levels in the community of maternal residence (Aschengrau et al 1989).  An ecologic study in Hungary found an increased risk of early fetal death among women 
living in a region with high ground water arsenic levels (Borzsonyi et al 1992).  An ecologic study in  retrospective cohort study in Bangladesh found an 
association between early fetal deaths and drinking water arsenic levels (Ahmad et al 2001).  A retrospective cohort study in Bangladesh (Ahmad et al 2001) and 
an ecologic study in Hungary (Borzsonyi et al 1992) found associations between early fetal deaths and drinking water arsenic levels.   
 
Airborne arsenic  A case-control study nested within a cohort of female employees at a Swedish smelter found a borderline association between early 
fetal deaths and occupational arsenic exposure in bivariate analysis but not after adjustment for potential confounders (Wulff et al 2002).  A review of 
epidemiologic and toxicologic literature concluded that there was limited evidence of associations between early and late fetal deaths and arsenic exposure in 
humans and that prenatal inorganic arsenic exposure can cause fetal death in experimental animals (Golub et al 1998).   
 
Late fetal deaths (stillbirths) 
Drinking water arsenic A small case-control study in Massachusetts found no association between late fetal deaths and community drinking water arsenic 
levels (Aschengrau et al 1993).  Ecologic studies in Hungary and Chile (Borzsonyi et al 1992, Hopenhayn-Rich et al 2000) and a retrospective cohort study in 
Bangladesh (Ahmad et al 2001) found associations between late fetal deaths and drinking water arsenic levels.   
 
Airborne arsenic  A very large U.S. case-control study found no association between late fetal deaths and self-reported maternal or paternal occupational 
arsenic exposure (Savitz et al 1989).  A small case-control study nested within a cohort of Swedish smelter workers found an inverse association between late 
fetal deaths and parental occupational arsenic exposure (Wulff et al 1995).  A Swedish ecologic study found no association between late fetal deaths and above-
average arsenic levels in regional vegetation; however, the risk of fetal deaths was elevated in the region with the highest environmental arsenic levels (Landgren 
1996).  A case-control study of late fetal deaths in Texas found an association with estimated arsenic levels in outdoor air near the maternal residence; in 
multivariate analyses, the association was limited to the subgroup of Hispanic women (Ihrig et al 1998).  A review of epidemiologic and toxicologic literature 
concluded that there was limited evidence of associations between early and late fetal deaths and arsenic exposure in humans and that prenatal inorganic arsenic 
exposure can cause fetal death in experimental animals (Golub et al 1998).   
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3. Intrauterine growth restriction, preterm birth 
Reference, 

location 
 

Design Exposure Results Association Covariates 

(Savitz et al. 
1989), USA 
 
 

Case-control study nested within surveys 
of national probability samples of live 
births (with 4-fold oversampling of low 
birth weight infants) and late fetal deaths 
(gestational age � 28 wk or weight � 
1000g) in 1980; numbers of live births 
and late fetal deaths for analysis of 
maternal occupation were respectively 
3,668 and 2,096 and for paternal 
occupation were 5,669 and 3,170 

Self-reported information 
on parental occupational 
exposures during 12 mos 
before delivery; note – 
more fathers than mothers 
were employed during the 
12 mos before delivery  

No association between 
preterm birth and 
maternal or paternal 
occupational arsenic 
exposure (respective 
odds ratios) 
 

0.7 (0.4-
1.4) 

 
1.1 (0.7-

1.7) 

Race, previous 
miscarriage; restricted to 
women who received 
prenatal care, age � 20 
yr, less than 2 previous 
miscarriages, no previous 
induced abortion 
 

   No association between 
birth weight adjusted 
for gestation length and 
maternal or paternal 
occupational arsenic 
exposure (respective 
odds ratios) 
 

0.8 (0.4-
1.5) 

 
1.2 (0.8-

1.8) 

Child’s race, sex, 
maternal smoking, 
gestation length; 
restricted to maternal age 
� 20 yr 
 

(Wulff et al. 
1995), 
Ronnskar 
copper smelter, 
Sweden  

Cohort study, employees of smelter 
during 1961-1991; assessed birth weight 
and perinatal deaths among 2,666 children 
born of smelter employees and 14,901 
children born to women in an exposed 
reference population 
 

Exposure index was based 
on parental occupation 
within smelter 

Non-significant inverse 
association between 
low birth weight and 
parental occupation in 
smelter 
 
 

5.5 vs 3.3%, 
p>0.05 

 

(Golub et al. 
1998) 
 
 

Literature review   Experimental animals – 
inorganic arsenic can 
cause intrauterine 
growth retardation 
 

  

(Ahmad et al. 
2001), 
Bangladesh 

Retrospective cohort study, 96 women 
age 15-49 yr from exposed town, 96 
women from comparison town; assessed 

98% of exposed women 
had well water arsenic 
levels > 100 µg/L and 23% 

Preterm births 
associated with 
residence in exposed 

2.5, p<0.05 Maternal age, 
socioeconomic status, 
education, age at 
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Reference, 
location 

 

Design Exposure Results Association Covariates 

 reproductive history (total of 668 
pregnancies including 24 late fetal deaths, 
29 early fetal deaths, 30 preterm births) 

had skin changes typical of 
arsenic; average level was 
240 µg/L (range up to 
1,371 µg/L); comparison 
town had levels < 20 µg/L 
 

town 
 

marriage 

(Yang et al. 
2003), Taiwan 
 

Ecologic study, compared adverse 
pregnancy outcome rates in 18 villages 
with high well water arsenic levels and 
comparison regions with low-arsenic 
community water supplies; 18,259 
singleton first births included in study 

Measured drinking water 
arsenic levels in samples 
from 85% of households in 
exposed villages (range < 
0.15 to 3,590 µg/L) 

Birth weight inversely 
associated with arsenic 
exposure  
 
 

-29.1 g 
(-45, -14) 

 
 

Maternal age, marital 
status, maternal 
education, infant sex 

   Preterm deliveries not 
associated with arsenic 
exposure 
 

1.1 (0.9-
1.3) 

As above 

(Hopenhayn et 
al. 2003), Chile 
 

Birth cohort study, two Chilean cities with 
contrasting drinking water arsenic levels; 
assessed birth weight of 844 liveborn, 
singleton infants, 1998-2000 
 

Average drinking water 
arsenic levels in two 
communities were <1 and 
40 µg/L; average urine 
arsenic levels among 
subsamples of women in 
two cities were 5.3 and 54 
µg/L 
 

Birth weight lower in 
city with high drinking 
water arsenic level 
(mean birth weight 
difference) 
 

-57g 
(-123, 9) 

Infant sex, maternal 
parity, age, BMI, height, 
smoking, gestation 
length, household 
income, prenatal care 
adequacy 

Intrauterine growth restriction, preterm birth: summary 
Preterm birth 
A nation-wide case-control study in the USA found no association between preterm birth and self-reported maternal or paternal occupational arsenic exposure 
(Savitz et al 1989).  Preterm births were associated with maternal residence in a region with substantially elevated well water arsenic levels in a retrospective 
cohort study in Bangladesh (Ahmad et al 2001).  An ecologic study in Taiwan found no association between preterm birth and elevated maternal residential 
drinking water arsenic levels (Yang et al 2003).   
 
Birth weight adjusted for gestation length 
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A U.S. case-control study of infants who were small for gestational length found no association with self-reported maternal or paternal occupational arsenic 
exposure (Savitz et al 1989).  A Swedish cohort study of smelter workers found a non-significantly increased risk of low birth weight among offspring of parents 
with probable occupational arsenic exposure (Wulff et al 1995).  In a prospective birth cohort study in Chile, average birth weight (adjusted for gestation length) 
was lower among infants of women living in a city using drinking water with elevated arsenic levels, compared to infants from a comparison city using drinking 
water with low arsenic levels (Hopenhayn et al 2003).  A literature review concluded that inorganic arsenic can cause intrauterine growth retardation in 
experimental animals (Golub et al 1998).   
 
Birth weight, not adjusted for gestation length 
An ecologic study in Taiwan found an inverse association between birth weight and elevated maternal residential drinking water arsenic levels (Yang et al 2003).   
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4. Birth defects 
Reference, 

location 
 

Design Exposure Results Association Covariates 

(Dang et al. 
1983), India 

Case-control study, 9 infants 
with congenital hydrocephalus 
or meningomyelocele, 16 
normal infants 
 

Measured mother’s breast milk 
manganese, molybdenum, arsenic, 
zinc, copper 

Hydrocephalus or 
meningomyelocele not 
associated with breast milk 
arsenic level 
 

25 vs 23 
µg/g 

 

(Zierler et al. 
1988), 
Massachusetts 
 

Case-control study, 270 cases 
cardiac birth defects, 665 live 
birth controls 
 

Assessed maternal exposure to arsenic 
and 10 other chemicals (barium, 
cadmium, chromium, lead, mercury, 
selenium, silver, fluoride, nitrate, 
sodium) in drinking water in 
communities where the mothers 
resided during pregnancy; median 
arsenic level was not detectable, 90th 
percentile was 1 µg/L, highest level 
was 22 µg/L 

Total cardiac birth defects not 
associated with drinking water 
arsenic level (prevalence odds 
ratio, detectable vs non-
detectable arsenic) 
 

1.0 (0.6-
1.6) 

Other 
chemicals in 
drinking water, 
drinking water 
source, 
maternal SES 

   Coarctation of the aorta 
associated with drinking water 
arsenic level (prevalence odds 
ratio, detectable vs non-
detectable arsenic) 
 

3.4 (1.3-
8.9) 

As above 
 

(Aschengrau et al. 
1993), 
Massachusetts 
 

Hospital-based case control 
study, 1,039 birth defects, 
1,177 controls; drinking water 
quality data for water supply 
used at maternal residence 
during 1st trimester  
 

Water quality data included source, 
disinfection method, and chemical 
analyses including arsenic; median 
level was undetectable, 90th percentile 
was 1.3 µg/L, highest level was 2.6 
µg/dL 
 

No associations between birth 
defects and drinking water 
arsenic level (respective crude 
odds ratios) 
 

1.0 
 
 

 

(Wulff et al. 
1996b), Ronnskar 
copper smelter, 
Sweden 

Ecologic study; linked 2,724 
births in population living 
near smelter and 15,191 births 
in comparison region to 
congenital malformation 

High environmental levels of arsenic, 
lead, cadmium, mercury 

No increased risks of birth 
defects observed in smelter 
region (but limited statistical 
power) 
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Reference, 
location 

 

Design Exposure Results Association Covariates 

registers  
 

(Shalat et al. 
1996), USA 
 

Review of epidemiologic and 
toxicologic evidence of 
developmental toxicity of 
arsenic 
 

 Concluded that arsenic is a 
probable human teratogen and a 
possible cause of neural tube 
birth defects 

  

(Golub et al. 
1998) 
 
 

Literature review   Experimental animals – 
inorganic arsenic can cause 
skeletal birth defects 
 

  

(DeSesso et al. 
1998) 
 
 
 

Literature review   Humans – most studies had 
limited exposure assessment and 
inadequate control of potential 
confounders; no credible 
evidence of an association 
between neural tube birth 
defects and arsenic exposure 
 

  

   Experimental animals – arsenic 
induces neural tube birth defects 
in rodents exposed during early 
gestation to high injected doses; 
oral exposures did not cause 
birth defects 
 

  

   Overall conclusion - 
environmental arsenic exposure 
is unlikely to cause birth defects 
in humans 
 

  

(National 
Academy of 
Sciences 1999) , 

Literature review  Chronic ingestion of inorganic 
arsenic has not been shown to 
cause adverse developmental 
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Reference, 
location 

 

Design Exposure Results Association Covariates 

USA 
 

effects in humans 
 

(Agency for 
Toxic Substances 
and Disease 
Registry,  2000), 
USA 
 

Literature review  Concluded that there was no 
convincing evidence that 
inorganic arsenic ingestion 
causes developmental toxicity in 
humans but only cited two pre-
1990 epidemiologic studies 
 

  

Birth defects: summary 
CNS birth defects 
A very small case-control study in India found no association between CNS birth defects and maternal breast milk arsenic levels (Dang et al 1983).  A review of 
epidemiologic and toxicologic literature concluded that there is inadequate evidence for an association between neural tube birth defects and arsenic exposure in 
humans and that injected but not ingested arsenic can cause neural tube birth defects in prenatally exposed rodents (DeSesso et al 1998).   
 
Cardiac birth defects 
A case-control study in Massachusetts found that coarctation of the aorta, but not total cardiac birth defects, was associated with drinking water arsenic levels in 
the community of maternal residence (Zierler et al 1988).   
 
Total birth defects 
A large case-control study in Massachusetts found no association between total birth defects and drinking water arsenic levels in the community of maternal 
residence (Aschengrau et al 1993).  An ecologic study in Sweden found no increased risk of total birth defects among infants of women living near a smelter that 
emitted arsenic, lead, cadmium and mercury (Wulff et al 1996).  Reviews of toxicologic literature concluded that prenatal arsenic exposure can cause skeletal and 
neural tube birth defects in experimental animals (Golub et al 1998, DeSesso et al 1998).  Three reviews concluded that ingested arsenic has not been shown to 
cause birth defects in humans (DeSesso et al 1998, National Academy of Sciences 1999, Agency for Toxic Substances and Disease Registry 2000).   
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5. Cancer 
Reference, location 

 
Design Exposure Results Association Covariates 

(Feingold et al. 
1992), Denver   
 

Population-based case-control 
study, 252 cases cancer, age < 
15 yr, 222 controls, 1976-1983 

Self-reported parental occupational 
histories (usually reported by 
mother) for period from year before 
birth to diagnosis; job-exposure 
matrix 

Childhood cancers not 
associated with paternal 
occupational exposure to 
arsenic (odds ratio, exposed 
vs unexposed) 
 

all cancers 
0.9 (0.4-

2.1) 
 

ALL 
0.7 (0.2-

2.7) 
 

brain 
1.3 (0.4-

4.1) 
 

Paternal 
education  

   Childhood cancers not 
associated with maternal 
occupational exposure to 
arsenic (odds ratio, exposed 
vs unexposed) 
 

all cancers 
1.5 (0.5-

5.0) 
 

 

(Durant et al. 1995), 
Woburn, 
Massachusetts  
 

Cluster investigation, 28 cases 
childhood leukemia, 1966-1986; 
assessed potential exposure to 
contaminated drinking water  

Two new wells in mid-1960’s may 
have been contaminated by 
hazardous wastes including arsenic, 
chromium, solvents, pesticides and 
plasticizers; water containing 
arsenic (70 µg/L) and chromium 
(240 µg/L); no direct exposure 
measurements or estimates for 
individual cases (see Rogers et al, 
1997, below) 
 

The childhood leukemia rate 
in Woburn during 1966-1986 
was about four times the 
national average; SIR 
 

4.7, p<0.05  

(Wulff et al. 
1996a), Ronnskar 
smelter, Sweden 
 

Ecologic study, 4,400 smelter 
town children and 26,244 
control region children born 
during 1961-1990; assessed risk 
of childhood cancer by linking 

Town exposed to airborne lead, 
arsenic, copper, cadmium, sulphur 
dioxide; only one cancer case had a 
parent employed by smelter; no 
direct measures of arsenic exposure 

Borderline increased risk of 
childhood cancer in smelter 
town (13 cases observed vs. 
6.7 expected) but not in 
comparison region 

1.9 (0.9-
3.0) 
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Reference, location 
 

Design Exposure Results Association Covariates 

to national cancer registry  
 

of children or parents 
 

(Rogers et al. 
1997), Woburn, 
Massachusetts 
 

Cluster investigation, childhood 
leukemia; assessed potential 
exposure to arsenic and 
chromium from drinking water 
using hair samples and a model 
of water distribution system; 
88% of hair samples were from 
children age 1 month to 19 yr 
 

36 hair samples were from 1964-
1979 (when the contaminated wells 
were operational), 26 from pre-1964 
and 20 from 1982-1994; geometric 
mean hair arsenic and chromium 
levels, respectively, were 0.13 and 
2.2 µg/g 
 

Hair arsenic and chromium 
levels not elevated during 
time when contaminated 
wells were used; hair arsenic 
levels declined significantly 
over past half century 
 
 

  

(Massachusetts 
Department of 
Public Health 
1997), 
Massachusetts 
 

Cluster investigation, childhood 
leukemia; 19 cases, 37 controls 

Assessed potential exposure to 
contaminated wells  

Non-significant association 
between childhood leukemia 
and maternal and/or 
childhood use of water 
during period that 
contaminated wells were 
operational 

2.4 (0.5-
11) 

SES, maternal 
smoking and 
alcohol use 
during 
pregnancy, 
maternal age at 
birth of subject 
 

   Non-significant association 
between childhood leukemia 
and prenatal maternal use of 
water during period that 
contaminated wells were 
operational 
 

8.3 (0.7-
95) 

As above 

(National Academy 
of Sciences 1999; 
National Academy 
of Sciences 2001), 
USA 

Literature review  Chronic ingestion of 
inorganic arsenic at levels of 
several hundred µg/L causes 
adult bladder, lung and skin 
cancer  
 

  

   Estimated lifetime excess 
risk of bladder and lung 
cancer combined from 

10 per 104  
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Reference, location 
 

Design Exposure Results Association Covariates 

chronic ingestion of drinking 
water containing inorganic 
arsenic at 3 µg/L in United 
States 
 

(U.S. 
Environmental 
Protection Agency,  
2000), USA 
 

Integrated risk information 
system 

 Estimated lifetime excess 
skin cancer risk for chronic 
ingestion of water containing 
inorganic arsenic at 1 µg/L 
 

5 per 105  

(Agency for Toxic 
Substances and 
Disease Registry,  
2000), USA 

Literature review  Ingestion of inorganic 
arsenic causes squamous cell 
and basal cell skin cancers in 
adults 
 

  

   There is growing evidence 
that ingestion of inorganic 
arsenic may also cause 
internal cancer including 
bladder, kidney, liver, lung 
and prostate 
 

  

(Kitchin 2001), 
USA 
 
 

Literature review  In experimental animals, 
inorganic arsenic causes 
cancer in all sites linked to 
arsenic exposure in humans 
(skin, lung, urinary bladder, 
liver, kidney) using either 
promotion or complete 
carcinogenesis protocols 
 

  

(Kenyon and 
Hughes 2001), USA 
 
 

Literature review of the toxicity 
and carcinogenicity of 
dimethylarsinic acid (DMA) 

DMA is a herbicide (cacodylic acid) 
and the major metabolite of trivalent 
and pentavalent inorganic arsenic 
(i.e., arsenite and arsenate) in 

DMA promotes lung, 
bladder, kidney, liver, and 
thyroid cancers in rodents 
and causes bladder tumors in 
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Reference, location 
 

Design Exposure Results Association Covariates 

 humans and rodents 
 

rats 
 

(Infante-Rivard et 
al. 2001), Montreal 
 

Population-based case-control 
study, 491 acute lymphatic 
leukemia cases, 491 matched 
controls, age < 10 yr, 1980-1993 

Child’s residential history from 
conception to present, parent-
reported drinking water source, 
water quality data for arsenic, 
cadmium, chromium, lead, zinc, 
nitrate, 1970-1993, 1995-1996 tap 
water survey (227 homes) 

ALL not associated with 
prenatal or postnatal avg 
drinking water arsenic 
exposure (odds ratio, >5 vs 
�5 µg/L) 
 

prenatal 
0.9 (0.5-

1.8) 
 

postnatal 
1.4 (0.7-

2.8) 

Matched for age, 
sex, region; 
adjusted for 
maternal age, 
education  

   ALL not associated with 
prenatal or postnatal 
cumulative drinking water 
arsenic exposure (odds ratio, 
>95th vs �95th percentile of 
µg.day.L-1) 
 

prenatal 
0.7 (0.4-

1.3) 
 

postnatal 
1.1 (0.6-

2.2) 

As above 

(Hartwig et al. 
2002) 

Review of literature on 
interference with DNA repair 
and cell cycle control processes 
by arsenic and other metals or 
metalloids 
 

 Arsenic, cadmium, nickel 
and cobalt interfere with 
nucleotide and base excision 
repair at low concentrations  
 

  

   Arsenic, nickel and cobalt 
interfere with cell cycle 
progression and cell cycle 
control in response to 
ultraviolet C radiation 
 

  

(Moore et al. 2002), 
Nevada 
 

Ecologic study, cancer 
incidence, age 0-19 yr, 17 
Nevada counties, 1979-1999 

Grouped counties as low (<10 
�g/L), medium (10-25 �g/L) and 
high (35-90 �g/L) based on 
population-weighted arsenic levels 
in public drinking water supplies 

Borderline increased risk of 
all childhood cancers 
combined in the highest 
exposure counties; SIRs for 
low, medium and high 
arsenic counties 
 

1.0 (0.9-
1.1) 

0.7 (0.4-
1.1) 

1.3 (0.9-
1.7) 
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Reference, location 
 

Design Exposure Results Association Covariates 

   Increased risk of childhood 
leukemia in the highest 
exposure counties; SIRs for 
low, medium and high 
arsenic counties 
 

1.0 (0.9-
1.1) 

0.8 (0.5-
1.3) 

1.4 (1.0-
1.9) 

 

Cancer: summary 
Childhood cancer (all types combined) 
A population-based case-control study in Denver found no association between childhood cancer and paternal or maternal occupational arsenic exposure 
(Feingold et al 1992).  A Swedish ecologic study showed that the total childhood cancer incidence rate in a smelter town was about double (13 cases observed vs. 
6.7 expected, p=0.02)  that for a comparison region (Wulff et al 1996).   
 
Childhood leukemia 
The childhood leukemia incidence rate was elevated in Woburn Massachusetts, a community where two of the wells used for drinking water had been 
contaminated by arsenic and other toxicants from hazardous waste disposal (Durant et al 1995).  However, children’s hair arsenic levels were not elevated during 
the time when contaminated wells were in use (Rogers et al 1997).  A small case-control study showed statistically non-significant associations between 
childhood leukemia in Woburn and prenatal maternal and childhood use of drinking water during the period when contaminated wells were operational 
(Massachusetts Department of Public Health 1997).  A moderately large population-based case-control study in Montreal found no association between 
childhood acute lymphatic leukemia and average or cumulative prenatal or childhood drinking water arsenic exposure (Infante-Rivard et al 2001). 
 
Carcinogenicity of inorganic arsenic 
Chronic exposure to high levels of inorganic arsenic in drinking water is a known cause of adult skin, bladder and lung cancers and may also cause kidney, liver 
and prostate cancers (National Academy of Sciences 1999, 2001, Agency for Toxic Substances and Disease Registry 2000, US Environmental Protection Agency 
2000).  Inorganic arsenic causes cancer in experimental animals at all sites linked to arsenic exposure in humans (Kitchin 2001).  The major in vivo metabolite of 
inorganic arsenic, dimethylarsinic acid, promotes lung, bladder, kidney, liver, and thyroid cancers in rodents and causes bladder tumors in rats (Kenyon and 
Hughes 2001).  Inorganic arsenic at low concentrations interferes with nucleotide and base excision and cell cycle progression after ultraviolet C radiation 
(Hartwig et al 2002). 
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6.  Skin lesions  
Reference, 

location 
 

Design Exposure Results Association Covariates 

(Borzsonyi et 
al. 1992), 
Hungary 
 

Ecologic study, 25,648 persons 
exposed to well water containing 
high arsenic levels, 20,836 persons 
in comparison group 

Average drinking water 
arsenic in exposed region 
was 170-330 µg/L; 
measured hair arsenic levels 
for 2,059 persons including 
230 from comparison group 
(highest level was over 3 
µg/g) 
 

Skin keratoses and 
hyperpigmentation occurred in 
children and adults in 
contaminated region 
 

  

(Schafer et al. 
1999), 
Germany 
 

Cross-sectional study, 2200 
children aged 5-14 yr, from 2 
industrial regions and 1 
agricultural comparison region; 
screened by dermatologist for 
atopic eczema (51 cases identified) 
 

Measured urinary arsenic, 
cadmium and mercury and 
blood lead and mercury 

No associations between atopic 
eczema and arsenic or heavy 
metals 
 
 

 Sex, age, location, 
parental history, SES, 
pets, environmental 
tobacco smoke, 
heating system 

(National 
Academy of 
Sciences 1999) 
, USA 
 

Literature review  Chronic ingestion of �10 
µg/kg/day inorganic arsenic 
causes skin pigmentation and 
keratoses 
 

  

(Smith et al. 
2000), Chile  
 

Cross-sectional study, 11 families 
(23 children age 6-19 yr) 
chronically exposed to drinking 
water containing high inorganic 
arsenic levels and 8 families (15 
children age 7-19 yr) from low-
exposure community; blind 
assessment by 4 physicians 
 

Drinking water arsenic 
levels in high and low 
exposure communities were 
750-800 and about 10 µg/L 

2 of 23 exposed children had 
arsenic-related skin changes 
(pigmentation, keratoses) 

  

(Rahman et al. 
2001), 
Bangladesh and 

Cross-sectional study, 4877 
children from Bangladesh and 
6695 from West Bengal, age < 11 

Prevalence of well water 
arsenic � 50 µg/L was 37% 
in Bangladesh and 25% in 

Prevalence of diffuse and 
spotted melanosis of skin higher 
in region with greater arsenic 

6.1 vs 1.7%,  
p<0.05 
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Reference, 
location 

 

Design Exposure Results Association Covariates 

West Bengal, 
India 
 

yr West Bengal exposure  
 

(Tsuji et al. 
2004), USA 
 

Literature review, health effects of 
childhood arsenic exposure 

 Concluded that the most 
prevalent effects of chronic low-
level arsenic exposure are skin 
changes including 
hyperpigmentation, 
hypopigmentation and 
hyperkeratosis 
 

  

Skin lesions: summary 
Skin pigmentation (melanosis) 
An ecologic study in Hungary showed a higher prevalence of skin keratoses and hyperpigmentation among children living in a region with high well water 
arsenic levels (Borzsonyi et al 1992).  Cross-sectional studies in Chile and Bangladesh found associations between skin hyperpigmentation among children and 
well water arsenic levels (Smith et al 2000, Rahman et al 2001).  An expert panel concluded that chronic ingestion of �10 µg/kg/day inorganic arsenic causes 
skin pigmentation and keratoses (National Academy of Sciences 1999).  A literature review concluded that the most prevalent effects of chronic low-level arsenic 
exposure are skin changes including hyperpigmentation, hypopigmentation and hyperkeratosis (Tsuji et al 2004).   
 
Eczema 
A cross-sectional study in Germany showed no association between childhood eczema and urinary arsenic levels (Schafer et al 1999).   
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7. Genotoxicity 
Reference, 

location 
 

Design Exposure Results Association Covariates 

(Dulout et al. 
1996), 
Argentina  
 

Cross-sectional study, 22 
children age 8-15 yr and 22 
women from regions with high 
or low arsenic levels in drinking 
water; measured micronuclei, 
sister chromatid exchanges 
(SCEs) and chromosomal 
abnormalities in peripheral 
lymphocytes; clinical skin 
examination 
 

Average arsenic levels in high 
and low exposure regions 
were 200 and 0.7 µg/L; 
median urinary arsenic levels 
in high and low exposure 
regions were 260 and 8.4 µg/L 
for women and 310 and 13 
µg/L for children 

Lymphocyte micronuclei counts associated 
with arsenic exposure in children (median 
counts per 1,000 cells in high vs low 
exposure regions) 

41 vs 4.5, 
p<0.05 

 

   No association between SCEs and arsenic 
exposure in children (SCEs/cell) 
 

4.4 vs 4.6  

   Non-significant association between 
frequency of translocations and arsenic 
exposure  
 

0.1 vs 0 %  

   Association between whole chromosome 
loss (aneuploidy) and arsenic exposure 
 

0.2 vs 0%, 
p<0.05 

 

(Wulff et al. 
1996b), 
Ronnskar 
copper 
smelter, 
Sweden 

Ecologic study; linked 2,724 
births in population living near 
smelter and 15,191 births in 
comparison region to congenital 
malformation registers  
 

High environmental levels of 
arsenic, lead, cadmium, 
mercury 

Borderline increased risk of chromosomal 
abnormalities 
 

2.6 (0.9-6.7)  

(Goering et al. 
1999) 
 

Literature review  Inorganic arsenic causes cancer in humans 
but not in experimental animals; this may 
reflect species differences in arsenic 
metabolism, particularly variable activity of 
arsenic methyltransferase; by interfering 
with DNA methyltransferases, arsenic 
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inactivates tumour suppressor genes; other 
possible mechanisms include generation of 
reactive oxygen species and interference 
with DNA repair 
 

(Agency for 
Toxic 
Substances 
and Disease 
Registry,  
2000), USA 
 

Literature review  Limited evidence that ingested inorganic 
arsenic causes chromosome abnormalities in 
humans 
 

  

(Kenyon and 
Hughes 2001) 
 
 
 

Literature review of the toxicity 
and carcinogenicity of 
dimethylarsinic acid (DMA) 

DMA is a herbicide (cacodylic 
acid) and the major metabolite 
of trivalent and pentavalent 
inorganic arsenic (i.e., arsenite 
and arsenate) in humans and 
rodents 
 

DMA induces single strand DNA breaks in 
rodent lungs in vivo and in human lung cell 
in vitro, possibly because DMA is 
metabolized to a peroxyl radical with 
generation of reactive oxygen species 
 

  

(Yanez et al. 
2003), Mexico 
 

Cross-sectional study, 49 
children age 3-6 yr (26 from 
mining town with surface soil 
contaminated by lead and 
arsenic, 23 from comparison 
town); conducted comet assay 
on peripheral lymphocytes 
 

Measured lead and arsenic in 
blood (lead only), urine, soil 
and household dust samples; 
GM urinary arsenic and blood 
lead levels among children in 
exposed and unexposed 
communities were, 
respectively, 136 vs 34 �g/g 
creatinine and 11.6 vs 8.3 
�g/dL 
 

Comet assay tail length and moment were 
associated with urinary arsenic but not with 
blood lead levels (tail moments among 
children with urinary arsenic levels of <50, 
50-100 and >100 �g/g creatinine; results for 
blood lead categories not given in citation) 
 

3, 5, 8% 
(estimated 

from Fig. 4 in 
citation) 

 

Genotoxicity: summary 
Chromosomal abnormalities 
A small cross-sectional study in Argentina found associations between lymphocyte micronuclei and chromosomal abnormalities (aneuploidy) in children and 
drinking water arsenic levels (Dulout et al 1996).  A Swedish ecologic study found a higher prevalence of chromosomal abnormalities among infants of women 
living near a smelter that emitted arsenic and other toxicants (Wulff et al 1996).  A recent review concluded that there is limited evidence that inorganic arsenic 
causes chromosomal abnormalities in humans (Agency for Toxic Substances and Disease Registry 2000).   
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Other genotoxic effects 
Dimethylarsinic acid, the major metabolite of inorganic arsenic in humans, causes single strand DNA breaks in human lung cells in vitro (Kenyon and Hughes 
2001).  Inorganic arsenic inactivates tumour suppressor genes and DNA repair and generates reactive oxygen species (Goering et al 1999).  A cross-sectional 
study of children age 3-6 years in a Mexican mining town found associations between Comet assay tail length and moment and urinary arsenic levels; the Comet 
assay tail length and moment reflect DNA single and double-stranded breaks (Yanez et al 2003).   
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8. Other health effects 
Reference, 

location 
 

Design Exposure Results Association Covariates 

(Park and 
Currier 1991), 
Mississippi 
 

Case review, 27 unintentional 
arsenic poisoning cases 
including 23 children age < 15 
yr (median age 3 yr) 
 

Case definition was 24-hr 
urinary arsenic � 100 µg 
 
 

Liquid rodenticide was the main source 
(poured over bread, crackers or popcorn 
that were left on the floor) 

  

(Brouwer et al. 
1992), 
Surinam 
 
 

Case report, girl age 16 yr 
 

Acute exposure to the 
pesticide copper acetate 
arsenite; urinary arsenic 
113 µg/g creatinine, hair 
arsenic 0.3-0.5 µg/g 
 

Developed severe neurotoxicity 
including mental deterioration, severe 
hypotonic progressive muscle weakness, 
bilateral positive Babinski signs, 
epileptic seizures, full-scale WISC-R IQ 
of 40 
 

  

(Calderon et 
al. 2001), 
Mexico 

Cross-sectional study, children 
age 6-9 yr ( 41 living near 
smelter, 39 from unexposed 
area but with lower SES); 
conducted WISC-RM 
 

Geometric mean urinary 
arsenic levels in the 
exposed and comparison 
regions were 63 and 40 
µg/g creatinine 
 

Inverse association between full-scale 
IQ among children age 6-9 years and 
urinary arsenic in the exposed but not in 
the comparison region or in the whole 
group; partial correlation coefficients 
 

smelter 
town 
-0.33, 
p=0.04 

 
comparison 

town 
0.04, 

p=0.41 
 

Sex, age, SES, 
parental education 

   Inverse association between verbal IQ 
among children age 6-9 years and 
urinary arsenic in whole study group; 
partial correlation coefficient 
 

-0.26, 
p=0.03 

 

Sex, age, SES, 
parental education, 
transferrin 
saturation, height, 
blood lead 
 

 
Other health effects: summary 
Poisoning 
Case reports have shown that children who ingested high doses of inorganic arsenic developed acute poisoning including severe neurotoxicity (Park and Currier 
1991, Brouwer et al 1992). 
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Cognitive deficits 
A small cross-sectional study of children age 6-9 years in Mexico showed an inverse association between full-scale IQ and urinary arsenic levels among children 
living near a smelter; verbal IQ was inversely associated with urinary arsenic levels in the whole study group (Calderon et al 2001). 
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