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ferent stages of UCs; however, none was found among dif-
ferent grades.  Conclusion:  A significantly different distribu-
tion of the HO-1 genotype was found in subjects with 
different-stage UCs; however, it was not related to the 
NAD(P)H:quinone oxidoreductase 1 genotype. 

 Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 Urothelial carcinoma (UC) arises exclusively from the 
urothelium including that of the renal pelvis, ureter, blad-
der, and urethra, with bladder cancer being the most 
common form. The incidence rates of bladder UC have 
progressively been increasing in the past decades in Tai-
wan, with age-specific rates for males and females in 2000 
of 10.2 and 4.4 per 10 5 , respectively  [1] . A study reported 
about a 20% incidence of upper urinary tract UC in south-
ern Taiwan, significantly higher than rates reported 
worldwide  [2] . One possible cause of such an unusually 
high incidence of UC in Taiwan has been suggested to be 
the consumption of arsenic-contaminated artesian well 
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 Abstract 

  Background:  Arsenic exposure is associated with an in-
creased risk of urothelial carcinoma (UC). To explore the dis-
tribution of the arsenic methylation capability in patients 
with different stages and grades of UCs, 100 UC cases were 
recruited between September 2002 and May 2004 for this 
study.  Methods:  Urinary arsenic species, including inorganic 
arsenic (As III  + As V ), monomethylarsonic acid (MMA), and di-
methylarsinic acid (DMA), were determined with a high-per-
formance liquid chromatography-linked hydride generator 
and atomic absorption spectrometry. Determining the per-
centages of various arsenic species among the total urinary 
arsenic amount assessed the arsenic methylation capability. 
The primary methylation index (PMI) was defined as the ratio 
between MMA and inorganic arsenic. The secondary meth-
ylation index (SMI) was determined as the ratio between 
DMA and MMA.  Results:  Differential effects of the arsenic 
methylation capability were found among patients with dif-
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water. Other studies also demonstrated high incidences 
of UC from an arseniasis hyperendemic area of Taiwan 
 [3–5]  or non-arseniasis hyperendemic area  [6] , and later 
studies suggested that a young age, female gender, high T 
stage, and elevated pretreatment serum lactate dehydro-
genase and creatinine levels were significantly associated 
with UC. Several biologic and molecular parameters have 
been considered as potential prognostic markers for UC, 
but to the present, tumor grade and stage have been the 
most important prognostic variables  [7, 8] .

  In drinking water, arsenic is usually found in the form 
of arsenate (As V ) or arsenite (As III )  [9] . Inorganic arsenic 
is biotransformed in humans to monomethylarsonic acid 
(MMA) and dimethylarsinic acid (DMA); and methyla-
tion of inorganic arsenic is considered a detoxification 
mechanism because DMA has a relatively low toxicity 
and is rapidly excreted in the urine  [10] . Our previous 
studies evaluating the inorganic arsenic methylation ca-
pability found it to be related to a risk of skin cancer  [11]  
and bladder cancer  [12] . Determining whether the arse-
nic methylation capability influences the prognosis of 
UC requires further investigation.

  Apart from environmental factors, the different inci-
dences of UC may imply polymorphism of UC-associated 
genes. NAD(P)H:quinone oxidoreductase 1 (NQO1), an 
important flavoprotein that catalyzes the two-electron 
reduction of quinoid compounds to hydroquinones  [13] , 
is readily conjugated to other molecules which are subse-
quently more readily excreted, thus protecting cells from 
oxidative damage  [14] . The  NQO1  gene is located on chro-
mosome 16q22. The polymorphic variant is a C-to-T 
point mutation at position 609 of exon 6 of  NQO1  cDNA 
that encodes a proline-to-serine substitution at position 
187 in the amino acid sequence of the protein  [15] .  NQO1  
polymorphism can modify the risk of colorectal cancer 
 [16] , lung cancer  [17] , and bladder cancer  [18] . Heme oxy-
genase (HO) is the rate-limiting enzyme in heme degra-
dation; it cleaves the  � -meso carbon bridge of heme, 
yielding equimolar quantities of carbon monoxide, bili-
verdin, and free iron  [19] . HO-1 is a stress-response pro-
tein that can be induced by various oxidative agents, in-
cluding heavy metals, inflammatory mediators, ultravio-
let radiation, endotoxin, and heme/hemoglobin  [20, 21] . 
The human HO-1 gene has been localized to the human 
chromosome, 22q12  [22] ; a (GT) n  dinucleotide repeat in 
the 5 �  flanking region of the human HO-1 gene shows 
length polymorphism and can modulate the levels of 
gene transcription  [23] . The genetic polymorphism al-
lows study of the possible involvement of HO-1 in certain 
human diseases. It is hypothesized that the stage and 

grade of UC can be influenced by polymorphisms in the 
genes and by the arsenic methylation capability that 
modulates oxidative stress particularly by interactions 
with exposure to relevant environmental chemicals. We 
therefore recruited hospital-based UC patients in order to 
investigate the distribution of  NQO1  and  HO-1  genetic 
polymorphisms and the arsenic methylation capability 
on the stage and grade of UC.

  Materials and Methods 

 Study Subjects and Questionnaire Interview 
 One hundred patients with pathologically proven UC (with an 

age range of 24–93 years) were recruited from the Department of 
Urology, Chi-Mei Medical Center, between September 2002 and 
May 2004. Almost all UC cases came from Tainan City or near 
arsenic-contaminated areas of southwestern Taiwan. A tap water 
supply system was implemented in the arsenic-contaminated ar-
eas of southwestern Taiwan in the early 1960s, but its coverage 
remained low until the early 1970s. Artesian well water was no 
longer used for drinking and cooking after the mid-1970s. Blad-
der cancer was staged into three groups: superficial (T a , T 1 , and 
T is ), locally advanced (T 2 –4N0M0), and metastatic (N+ or M+). 
Tumor grading was based on the WHO 1999 classification sys-
tem.

  Well-trained personnel carried out standardized personal in-
terviews based on a structured questionnaire. Information col-
lected included demographic and socioeconomic characteristics, 
general potential risk factors for malignancies such as lifestyle, 
alcohol consumption, cigarette smoking in quantified details, ex-
posure to potential occupational and environmental carcinogens 
such as hair dyes and pesticides, chronic medication history, con-
sumption of conventional and alternative medicines, and person-
al and family history of urological diseases. Study subjects who 
provided informed consent were administered the questionnaire 
interview; urine and blood samples were then collected on-site 
and urine samples were stored at –20   °   C, while blood samples were 
separated into plasma and buffy coat fractions and then stored at 
–80   °   C until further use for urinary arsenic speciation and the 
gene polymorphism assay, respectively.

  Determination of Urinary Arsenic Species 
 It has been shown that urinary arsenic species are stable for at 

least 6 months when preserved at –20   °   C  [24] ; thus, the urine assay 
was performed within 6 months of collection. Frozen urine sam-
ples were thawed at room temperature, dispersed by ultrasonic 
waves, and filtered through a Sep-Pak C18 column (Mallinckrodt 
Baker, N.J., USA), and levels of As III , As V , MMA V , and DMA V  were 
determined. A urine aliquot of 200  � l was used for the determi-
nation of arsenic species by high-performance liquid chromatog-
raphy (HPLC; Waters 501, Waters Associates, Mass., USA) with 
columns obtained from Phenomenex (Nucleosil, Torrance, Calif., 
USA). The contents of inorganic arsenic and its metabolites were 
quantified by hydride generator-atomic absorption spectrometry 
(AAS)  [25] . Recovery rates for As III , DMA V , MMA V , and As V  
ranged between 93.8 and 102.2% with detection limits of 0.02, 
0.06, 0.07, and 0.10  � g/l, respectively. The urinary concentration 
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of total arsenic was normalized against urinary creatinine levels 
( � g/g creatinine). The standard reference material, SRM 2670, 
contains 480  8  100  � g/l inorganic arsenic and was obtained from 
the National Institute of Standards and Technology (NIST, Gai-
thersburg, Md., USA). SRM 2670 was used as a quality standard 
and analyzed along with the urine samples. The mean  8  SD val-
ue of SRM 2670 determined by our system was 507  8  17  � g/l
(n = 4). Determining the percentages of various urinary arsenic 
species of the total arsenic amount assessed the arsenic methyla-
tion capability. The primary methylation index (PMI) was de-
fined as the ratio between MMA and inorganic arsenic (As III  + 
As V ) levels, while the secondary methylation index (SMI) was de-
fined as the ratio between DMA and MMA  [26] .

  Determination of HO-1 Genetic Polymorphism 
 DNA was extracted from the buffy coat using a previously de-

scribed protocol  [27]  and sent blinded to the laboratory for geno-
typing. The poly (GT) n  repeat of the HO-1 gene was amplified by 
PCR with a forward primer (5 � -CCA GGC TTT TGC TCT GAG 
CA) and a reverse primer (5 � -ACC GCA TAC CAG GGT GCC). 
Thermocycler conditions for amplification consisted of one cycle 
of 95   °   C for 5 min, 35 cycles of 94   °   C for 30 s, 60   °   C for 30 s, and 
72   °   C for 60 s, and one cycle of 72   °   C for 10 min followed by hold-
ing at 4   °   C. The number of repeats was observed by direct se-
quencing (in an ABI 3100 automated DNA sequencer). All se-
quencing reactions used ABI standard reagents and protocols for 
the ABI 3100 automated DNA sequencer.

  Determination of NQO1 Genetic Polymorphism 
 The proline-to-serine change at amino acid 187 of  NQO1  due 

to the C609T polymorphism was analyzed using a method based 
on polymerase chain reaction (PCR) and restriction fragment 
length polymorphism (RFLP) analyses as described by Chio et al. 
 [28] . In brief,  NQO1  primers (5 � -TCC TCA GAG TGGCAT TCT 
GC-3 �  and 5 � -TCT CCT CAT CCT GTACCT CT-3 � ) were used. 
After initial denaturation at 95   °   C for 3 min, 35 cycles of 50 s at 
95   °   C, 50 s at 55   °   C, and 20 s at 72   °   C were performed, followed by 
a final extension step of 5 min at 72   °   C. After the PCR, an aliquot 
of the product 10  � l was digested with 0.2  � l  Hin fI for 3 h at 37   °   C, 
produced 195-bp bands for C/C; 195-, 151- and 44-bp bands for 

C/T, and 151- and 44-bp bands for T/T. These digested products 
were electrophoresed on a 2.5% agarose gel and visualized by 0.5 
 � g/ml ethidium bromide staining. 

 Statistical Analysis 
 Continuous variables are expressed as the mean  8  SE. ANOVA 

and Scheffe’s test for multiple comparison correction were applied 
to compare urinary arsenic profiles between various tumor grades 
and stages. The  �  2  test was used to determine the association of 
tumor grades and stages with the genotype and demographic vari-
ables. SAS version 8.2 was used for all statistical analyses.

  Results 

 The distribution of stage and grade in UC patients did 
not differ by gender, blood type, marital status, educa-
tional level, or paternal and maternal ethnicity ( table 1 ). 
The frequency distribution of the HO-1 (GT) n  repeats in 
UC cases is shown in  figure 1 . The range of the number of 
HO-1 (GT) n  repeats was 15–38, and the peak numbers of 
HO-1 (GT) n  repeats were 23 and 30 repeats among UC 
cases.  Table 2  compares the urinary arsenic profile be-
tween genders, and the NQO1 and HO-1 genotypes. 
Among UC cases, male subjects had an insignificantly 
higher total arsenic level, lower inorganic arsenic, higher 
MMA percentage, and higher DMA percentage than fe-
males. The urinary arsenic profiles of the various NQO1 
and HO-1 genotypes did not significantly differ ( table 2 ). 
To examine if various cancer stages affected the arsenic 
methylation capability, we performed an analysis, which 
showed that the methylation capability differed among 
patients with various tumor stages ( table 3 ). T 3 /T 4  stage 
cases had significantly higher inorganic arsenic and MMA 
levels than T 2  stage cases; they also had significantly high-
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  Fig. 1.  Frequency distribution of HO1 
(GT) n  repeats (alleles = 200).   
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er MMA and total arsenic levels than T a /T 1  stage cases. In 
contrast, the methylation capability did not differ among 
patients with various tumor grades ( table 4 ). The frequen-
cy distribution of HO-1 significantly differed among pa-
tients with various tumor stages ( table 5 ).

  Discussion 

 In this study, urinary arsenic species were used to 
characterize the arsenic methylation capability in UC 
from patients who had drunk tap water with arsenic lev-
els of  ! 50  � g/l. The stages of UC patients were identified 

as 52 at T a /T 1 , 14 at T 2 , 16 at the T 3 /T 4  stage, and 18 not 
available for staging, while 9 were at grade I, 46 at grade 
II, 27 at grade III/IV, and 18 were not available for grad-
ing. We found that different stages and grades had similar 
distributions of gender, blood type, marital status, educa-
tional level, and paternal and maternal ethnicity. In ad-
dition, we also found that inorganic arsenic; MMA, DMA, 
and total arsenic levels were significantly higher in T 3 /T 4  
patients than in T 2  or T a /T 1  patients. This finding raises 
the possibility that the arsenic methylation capability in-
creases the chance for a tumor prognosis. On the other 
hand, the frequency distribution of HO-1 differed in the 
various UC stages.

Table 1. Distribution of gender, blood type, marital status, educational level, and paternal and maternal ethnicity in urothelial cancer 
patients by stage and grade

Stage �2 (p value) Grade �2 (p value)

Ta/T1 T2 T3/T4 not
available

I II III/IV not
available

Total number 52 14 16 18 9 46 27 18
Gender 3.88 (0.14) 0.23 (0.88)

Male 32 5 11 12 5 28 15 12
Female 20 9 5 6 4 18 12 6

Blood type 3.51 (0.89) 5.55 (0.69)
A 8 4 4 5 1 8 7 5
B 10 3 3 2 3 10 2 3
O 23 4 8 9 4 19 13 8
AB 1 0 0 1 0 1 0 1
Not available 10 3 1 1 1 8 5 1

Marital status 5.07 (0.27) 1.79 (0.77)
Single 0 0 1 0 0 1 0 0
Married 38 11 13 13 7 33 21 14
Divorced 0 0 0 0 0 0 0 0
Widowed 14 3 2 5 2 12 4 4
Not available 0 0 0 0 0 0 2 0

Educational level 5.07 (0.74) 5.14 (0.74)
Illiterate 21 7 4 3 3 18 11 3
Elementary school 19 4 5 12 4 15 9 12
Junior high school 6 1 4 2 1 5 5 2
High school 5 1 2 1 0 6 2 1
University 1 1 1 0 1 2 0 0

Paternal ethnicity 4.73 (0.31) 2.28 (0.58)
Fukien Taiwanese 51 14 15 18 9 45 26 18
Hakka Taiwanese 1 0 0 0 0 1 0 0
Mainland Chinese 0 0 1 0 0 0 1 0

Maternal ethnicity 4.17 (0.12) 2.06 (0.37)
Fukien Taiwanese 52 14 15 18 9 46 26 18
Hakka Taiwanese 0 0 0 0 0 0 0 0
Mainland Chinese 0 0 1 0 0 0 1 0

�2 tests excluded data not available.
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Table 2. Distribution of the urinary arsenic methylation profile in urothelial cancer patients by gender, NQO1, and HO-1 genotype

n Total arsenic Percent 
inorganic
arsenic

Percent 
MMA

Percent 
DMA

Primary
methylation
index

Secondary
methylation
index

Total number 100 26.1483.91 6.1980.99 7.5280.60 86.2981.19 2.5980.56 25.5484.60
Gender

Male 60 29.9286.31 5.9880.76 7.6280.81 86.4081.24 2.1180.34 30.2187.24
Female 40 20.4682.29 6.5282.20 7.3680.91 86.1282.33 3.4681.44 18.2183.07

p valuea 0.14 0.83 0.83 0.91 0.37 0.13

NQO1
WW 22 22.0082.98 4.7080.89 7.4581.06 87.8481.58 2.2980.86 22.3587.93
WM 24 31.5987.27 7.0081.70 7.5280.86 85.4881.82 2.0680.32 25.1185.56
MM 26 18.7582.43 5.8581.52 7.5781.31 86.5882.46 3.9881.99 29.31812.48

p valueb 0.33 0.64 0.99 0.73 0.34 0.86

HO-1
SS 18 23.8483.78 6.3581.16 9.1881.61 84.4782.08 2.3580.54 14.4283.17
SL 62 27.9986.05 5.1180.69 7.3880.72 87.5181.21 2.1180.34 28.7086.31
LL 30 22.4684.58 9.4284.34 6.4681.43 84.1284.24 4.4882.75 24.96811.67

p valueb 0.83 0.23 0.36 0.42 0.27 0.86

Primary methylation index = inorganic arsenic concentration/MMA concentration; secondary methylation index = MMA con-
centration/DMA concentration.

SS = HO-1 alleles with fewer than 28 (GT) repeats; SL = HO-1 one allele with fewer than 28 (GT) repeats, one allele with 28 or more 
(GT) repeats; LL = HO-1 alleles with more than 28 (GT) repeats.

a Student’s t test; b ANOVA test.

Table 3. Distribution of the urinary arsenic methylation profile in urothelial cancer patients by stage

Ta/T1 (n = 52) T2 (n = 14) T3/T4 (n = 16) p value for
ANOVA

Urinary arsenic species, �g/l
Inorganic arsenic 0.9680.10 0.5380.15a 1.6780.46 0.01
MMA 1.6580.19a 0.8480.29a 2.9680.68 <0.01
DMA 19.1581.86 16.3783.15 46.54822.12 0.05
Total arsenic 21.7582.03a 17.7483.35 51.17822.43 0.03

Urinary arsenic species percentage
Inorganic arsenic 5.7680.72 10.1286.16 7.0681.88 0.40
MMA 8.1980.80 4.6681.34 9.6581.97 0.07
DMA 86.0581.17 85.2185.89 83.2983.51 0.75

Arsenic methylation index
Primary 2.3480.43 5.3084.36 2.3880.64 0.31
Secondary 24.5987.02 34.82816.12 16.0784.43 0.58

Primary methylation index = inorganic arsenic concentration/MMA concentration; secondary methylation 
index = MMA concentration/DMA concentration.

a ANOVA and Scheffe’s test, Ta/T1 vs.T3/T4 and T2 vs.T3/T4.
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  Since tumor grade and stage are considered to be the 
main prognostic factors in bladder cancer, we investigated 
whether these prognosticators have an association with 
HO-1 activity in UC. The induction of HO-1 represents a 
cytoprotective defense mechanism against oxidative in-
sults, and a high expression of HO-1 is found with malig-
nant tumors  [29] . The role of HO-1 is advantageous for 
tumor progression and survival  [30, 31] . (GT) n  repeats 
were identified in the proximal region of the  HO-1  pro-
moter. Reports have indicated that these microsatellites 
are highly polymorphic, and longer (GT) n  repeats exhibit 
lower HO-1 transcriptional activity  [32] . A recent Taiwan-
ese study showed that subjects carrying longer (GT) n  re-
peats in the  HO-1  promoter are associated with risks of 
areca (betel nut,  Areca catechu )-related oral squamous cell 
carcinoma  [33] . Preliminary evidence from the present 
study indicates that the different distributions of  HO-1  
promoter polymorphism in the various stages of UC 
might reflect some impact on tumor progression. Other 
studies have described risk factors being mediated by 
stage and grade of bladder cancer as follows. Aberrant ex-
pression of heat shock protein-70 by bladder cancer pa-
tients occurs frequently and indicates a more-aggressive 
phenotype, which has been correlated with advanced 
grades and stages and poor outcomes for patients with 
bladder cancer  [34] . These results suggest that a genetic 
predisposition might contribute to this phenomenon. A 
recent study reported that the proportion of tumor sam-
ples with  p53  mutations and P53 immunopositivity 

Table 4. Distribution of the urinary arsenic methylation profile in urothelial cancer patients by grade

Grade I
(n = 9)

Grade II
(n = 46)

Grade III and IV
(n = 27)

p value for
ANOVA

Urinary arsenic species, �g/l
Inorganic arsenic 0.8980.30 0.9080.11 1.2380.29 0.44
MMA 1.7980.40 1.4580.20 2.3280.47 0.13
DMA 22.2684.43 19.7782.17 31.58813.36 0.50
Total arsenic 24.9484.93 22.1282.33 35.13813.61 0.45

Urinary arsenic species, %
Inorganic arsenic 3.4681.02 6.2580.99 8.5883.17 0.42
MMA 6.9881.16 7.8080.95 8.5881.26 0.77
DMA 89.5681.63 85.9581.66 82.8483.09 0.34

Arsenic methylation index
Primary 3.7582.04 2.2080.40 3.4381.73 0.62
Secondary 24.6789.68 29.5488.56 13.8582.98 0.39

Primary methylation index = inorganic arsenic concentration/MMA concentration; secondary methylation 
index = MMA concentration/DMA concentration.

Table 5. Frequency distribution of the NQO1 and HO-1 geno-
types in urothelial cancer patients by stage and grade

Genotype Ta/T1
(n = 52)

T2
(n = 14)

T3/T4
(n = 16)

�2 (p value)

NQO1 1.80 (0.77)
WW 12 4 5
WM 26 6 9
MM 14 4 2

HO-1 11.38 (0.02)
SS 11 0 3
SL 32 7 12
LL 9 7 1

Genotype Grade I
(n = 9)

Grade II
(n = 46)

Grades III 
and IV
(n = 27)

�2 (p value)

NQO1 3.39 (0.49)
WW 3 9 10
WM 5 23 12
MM 1 14 5

HO-1 1.23 (0.87)
SS 4 1 9
SL 10 7 28
LL 4 1 9

SS = HO-1 alleles with fewer than 28 (GT) repeats; SL = HO-1 
one allele with fewer than 28 (GT) repeats, one allele with 28 or 
more (GT) repeats; LL = HO-1 alleles with more than 28 (GT) re-
peats.
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strongly increased with both stage and grade of bladder 
cancer, but not with arsenic exposure or smoking  [35] . 
Methylation silencing of two tumor suppressor genes, 
 RASSFIA  and  PRSS3,  was significantly associated with an 
invasive tumor stage, and showed increasing trends in the 
relative risk estimates of promoter methylation from non-
invasive, low-grade tumors through the invasive stage, 
suggesting that these alterations may occur late in carci-
nogenesis of the bladder  [36] . Additional genotypic sur-
veys using more samples together with HO-1 expression 
profiles are required to gain further insights into the func-
tional importance of HO-1 in UC cancer progression.

  Bladder tumors in patients with higher levels of arsenic 
exposure showed higher levels of chromosomal instabili-
ty, and most of the chromosomal alterations associated 
with arsenic exposure were also associated with tumor 
stage and grade  [37] . This suggests that tumors in UC pa-
tients with higher urinary arsenic species might behave 
more aggressively than those in patients with lower levels 
of urinary arsenic species. Until recently, the arsenic meth-
ylation process (As V   ]  As III   ]  MMA V   ]  MMA III   ]  
DMA V   ]  DMA III )  [38]  was thought to be a detoxification 
pathway because the major methylated metabolites MMA V  
and DMA V  are more readily excreted and less toxic than 
inorganic arsenic  [39] . Nevertheless, the minor trivalent 
methylated arsenicals, MMA III  and DMA III , are more po-
tent than either As III  or As V  in cytotoxicity  [40] , genotox-
icity  [41, 42] , and inhibition of enzymes with antioxidant 
functions  [43, 44] . An individual’s methylation capacity 
plays an important role in determining the susceptibility 
to the adverse health effects of arsenic, especially MMA% 
or the MMA/DMA ratio and arsenic-related skin cancer 
and bladder cancer  [11, 12] . A recent report indicated that 

individual methylation patterns remain fairly stable over 
time  [45] , suggesting that the predominant factors con-
trolling this process are either genetically influenced or 
related to environmental factors such as long-term dietary 
patterns or smoking habits that also remain stable over 
time. Several studies have shown that inherited genetic 
traits might play important roles in determining individ-
ual arsenic methylation capabilities  [46, 47] . Previous 
studies showed that changes in arsenic methylation ob-
served in patients with liver insufficiency may have re-
sulted from a depletion of liver glutathione and/or a reduc-
tion in glutathione transferase rather than from reduced 
uptake of inorganic arsenic by the liver  [48, 49] . This find-
ing may be proven by the  GSTM1  null genotype showing 
a correlation between this genotype and the stage of blad-
der cancer  [50] . In contrast, in this study, the MMA per-
centage in the T 3 /T 4  stage of UC was borderline signifi-
cantly higher than those of the T 2  and T a /T 1  stages, sug-
gesting that increased urinary excretion of unknown 
substances metabolized by GSTM1 may promote cancer 
progression in patients with bladder cancer  [51] . In con-
clusion, evaluating higher-stage UC patients with higher 
urinary arsenic concentrations regardless of whether they 
had been exposed to arsenic from the drinking water re-
quires further large-scale investigations.
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