JOEM - Volume 42, Number 12, December 2000

1195

Associations Between Drinking Water and
Urinary Arsenic Levels and Skin Lesions in

Bangladesh

Habibul Ahsan, MD, MMedSc
Mary Perrin, MPH

Atiqur Rahman, MBBS

Faruque Parvez, MPH

Martin Stute, PhD

Yan Zheng, PhD

Abul Hasnat Milton, MBBS, MSc
Paul Brandt-Rauf, ScD, MD, DrPH
Alexander van Geen, PhD

Joseph Graziano, PhD

The present study examined the associations between drinking walter
and urinary arsenic levels and skin lesions among 167 residents of three
contiguous villages in Bangladesh. Thirty-six (21.6 % ) had skin lesions
(melanosis, hyperkeratosis, or both), of which 13 (36.1%) occurred in
subjects who were currently drinking water containing concentrations of
arsenic <50 wg/L. The risk for skin lesions in relation to the exposure
estimates based on urinary arsenic was elevated more than 3-fold, with
the odds ratios for the highest versus the lowest quartiles being 3.6 (95 %
confidence interval, 1.2 to 12.1) for urinary total arsenic and 3.2
(95 % confidence interval, 1.1 to 10.0) for urinary creatinine-adjusted
total arsenic. The risks for skin lesions in relation to the exposure
estimales based on arsenic in drinking waler were less strongly elevated,
with the odds ratios for the highest versus the lowest quartiles of exposure
being 1.7 (95% confidence interval, 0.6 to 5.1) for drinking-water
arsenic and 2.3 for cumulative arsenic index. The study suggests that
arsenic exposure is associated with skin lesions in the Bangladesh
population and that urinary arsenic may be a stronger predictor of skin
lesions than arsenic in drinking water in this population. (J Occup
Environ Med. 2000;42:1195-1201)
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uman health effects of arsenic expo-
sure from drinking water have been a
major public health problem in many
countries, including Taiwan, Chile,
Argentina, and the United Stat&s.
Recently, groundwater in some re-
gions of Bangladesh has been found
to be contaminated with high levels
of arsenic® During the 1960s and
1970s, the United Nations Interna-
tional Children’'s Emergency Fund
(UNICEF), with the help of the gov-
ernment at that time, installed about
4 million tube-wells in Bangladesh
to ensure safe drinking water for the
Bangladesh population, primarily to
prevent the waterborne diseases that
had been the major causes of mor-
bidity and mortality! Subsequently,
another 4 to 6 million tube-wells
were installed through private initia-
tives. Tube-well water has since been
the major source of drinking water
for 97% of the country’s populatioh.
Since the late 1980s, previously un-
known skin lesions have emerged in
the Bangladeshi populatidit*°and

a high arsenic level has been de-
tected in tube-well water in different
parts of the country:*° It has been
estimated that between 25 and 40
million people in Bangladesh have
been exposed to arsenic (rang&l0
pg/L to >2500pug/L) from drinking
water since at least the 197Hs'?

On the basis of studies conducted

Perrin, F Parvez, Dr Brandt-Rauf, Dr Graziano), Joseph L. Mailman School of Public Health, and tha Taiwan™ and South America,ex'
Lamont Doherty Earth Observatory (Dr Zheng, Dr Stute, Dr van Geen), Columbia University; Neposure to inorganic arsenic has been
York; and Dhaka Medical College (Dr Rahman) and NGO Forum (Dr Milton), Dhaka, Bangladesh|inked to a variety of illnesses. in-
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fluding cancers and dermatologic,
cardiovascular, neurologic, and neu-
rodevelopmental disorders. Of the
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many arsenic-related disorders, skin Methods or other symptoms were more likely
lesions (both malignant and non- to have participated in the study.
malignant lesions) are considered to . Thus, the prevalence estimates of
be the most common adverse healthStUdy Design and Data skin lesions in this study might be

effect associated with arsenic expo- Collection overestimated.
sure in human$®** Non-malignant A cross-sectional study was de-  Subjects were enrolled after pro-

skin lesions are far more common Signed to examine the association viding informed consent and receiv-
than skin cancers among subjectsbetween arsenic exposure and skining an explanation of the broad pur-
exposed to arsenic from drinking wa- lesions among the Bangladesh popu-pose of the study. Once all clusters of
ter’ Unlike skin cancer, which lation. The study focused only on houses in a village were visited at
takes decades to appear, arsenic-Sk"_] lesions begat_Jse the mduqtlon qust once (some Iarge.r'clusters re-
related lesions appear within a few penod_ of a}rsenlc-lnduced_carcm_o- quwgd more 'ghan one VI.SI'[), the next
years after chronic exposure be- genesis for internal organs is consid- contiguous village was included. In
S 14 : . ered to be several decades, and manyhis manner, 167 subjects were re-
gins:* The skin lesions most com S . :
monly involve alterations in skin of the exposed population in Bang- cruited over a 4-week period from 83
. . ., ladesh probably have not yet been household clusters of the three study
plgmenta'tlon (_known as melanosis) exposed for such a long duration. villages. The total population of
and/or thickening of skin (known as- agier giscussion with arsenic re- these three study villages was 3000.
keratosfls)l. Melanosis starts with  gearchers at National Institute of Pre-  The study obtained interview data,
hyperpigmentation of the skin of the \entive and Social Medicine and spot-urine, and drinking-water sam-
upper chest, other parts of the trunk, phaka Community Hospital in Ban- ples from the study participants. We
arms, and legs, followed by the de- gladesh, and with guidance from the collected water samples both directly
velopment of rounded hypopig- first comprehensive Bangladesh from the tube-wells (one tube-well
mented maculae (usually 2 to 4 mm Government/British Geological Sur- served each cluster) and from the
in diameter) against the hyperpig- vey report!® we chose Sonargaon, a household water pitchers (which vil-
mented backgrountf: Keratosis iR rural area northeast of the capital lagers use for storing drinking water
volves a characteristic bilateral Dhaka, as the study area. Residentsn the house); however, we used
thickening of the palms and soles in three contiguous villages of So- arsenic contents in the pitcher-water
(palmar-planter hyperkeratosis), nargaon, where well water has not samples for examining the associa-
which in early stages is felt on pal- been tested before, were targeted fortion between arsenic exposure and
pation** Although not all skin le  this study. With assistance from the skin lesions because arsenic concen-
sions turn into malignant lesions, the local leaders, a house-to-house sur-trations may change (eg, by precipi-
majority of the basal and squamous vVey was performed to recruit study tation or evaporation) during storage.
cell skin cancers among arsenic- Participants by field research teams Structured in-person interviews were
exposed subjects develop from theseconsisting of physicians and field completed with all 167 subjects re-
lesions®® The skin lesions thus may [nterviewers. Attempts were made to garding demographics, socioeco-
be considered precursors of skin recruit at least one subject from ev- nomic status, occupation, drinking-
cancerss ery cluster of houses in the three water sources, and patterns of well
The extent and nature of the health villages. Within a given cluster, no water use. In addition, every partici-
attempts were made to cover all of pant underwent a thorough physical
the households. Thus, the study in- examination by one of the study
cluded subjects who were (1) avail- physicians, and clinical data, includ-
able at the time of the visit, and (2) ing the presence of melanosis, kera-
willing to participate. Although ef- tosis, or skin cancers, were collected.
PE forts were made to select study sub- A detailed and structured method
water,” there have been no System joctq independent of study person- was used to examine the skin lesions.
atic analyses of the relation be’tween nel’s knowledge of well-water For each subject, the examination of
skin lesions and an individual's ar- 4rsenic concentration, it was difficult skin lesions and their grading for
senic exposure (eg, urinary arsenic, atg keep the personnel blinded to the severity were conducted by two in-
putative indicator of body burden of presence or absence of the skin le-dependent study physicians. There
arsenic exposuréf:*” This is the sjons because some of the subjectswere only a few instances when dis-
first systematic study in Bangladesh had clearly visible skin lesions. agreements between examiners oc-
to examine the association betweenMoreover, because the villagers were curred. In such cases, a consensus
drinking water and urinary arsenic aware that the research project wasdiagnosis was made through discus-
and the independent associations ofabout arsenic in drinking water, it is sion between the two examiners. In
each with skin lesions. likely that subjects with skin lesions addition to collection of samples and

effects of arsenic in Bangladesh are
largely unknown-? Although ece
logic studies have linked the occur-
rences of skin lesions to populations
with high concentration of arsenic in



JOEM - Volume 42, Number 12, December 2000 1197

interview data, every participant was was due to electronic noise in the in this study was the Cumulative
counseled about the arsenic problemlamp or elsewhere and not to trace Arsenic Index (CAl), which was cal-
in drinking water, the use of alterna- amounts of arsenic in the solutions. culated by multiplying arsenic con-
tive sources of drinking water, the The detection limit (3X SD of the centration in pitcher water times the
possible health effects of arsenic ex- blank) was about 0.0030, or about 1 estimated amount of water consumed
posure, and their signs and pg/L. For quantification, selected per year times the estimated number

symptoms. samples were run with standard ad- of years that the current tube-well
ditions. Other samples were deter- had been used for drinking. Because

Collection of Drinking Water mined by using the slope of the the tube-well water in this village

and Urine Samples standard addition set. Matrix effects had never been tested for arsenic

seemed to be minimal, because for before the initiation of this study, the
all sample types, slopes of standard CAl was calculated by assuming a
additions generally agree with stan- constant arsenic concentration in
dard curves to within 10%. The ar- each tube-well during the time of its
ers (carried with the research team) sgnic concentration between the use for each su.bject.. Therefore, the
) diatelv after collection. Four pitcher and well water cor_re_lated CAl is not a refilned mdex of expo-
Ir?icrzr;glitlgrs yof 1% uItrapurifiéd hy- closely (correlation coefficient, sure t_hat takes into consideration the
drochloric acid were added to each 0.64). _ _ _ Vvariations over time but rather one
Wraot(értube The urine and water sam- The urinary arsenic concentration that may potent_lally reflect a mea-
ples were keptin a refrigerator in the assays were _performeql by graphite sure of cumulative exposure in the
field until they were shipped to New furnace atomic absorptlon spectom- absence of data on repeated mea-
vork in dry ice etry methods using the Analyst 600 sures of exposure.
' graphite furnace system in the Divi-
sion of Environmental Health Sci- -
Laboratory Analyses ences of Columbia University under Statistical Analyses
Measurements of arsenic in pitch- the direction of one of the authors Mean and median arsenic concen-
er-water and tube-well water sam- (J.G.), essentially as describEAr-  trations in urine and pitcher water
ples were conducted by graphite fur- senic levels in urine were estimated were calculated for subjects with and
nace atomic absorption spectrometry with or without adjustment for uri- without skin lesions of other vari-
methods on a Hitachi Z-8200 system nary creatinine levels, which was ables. Mean arsenic levels were com-
in the Geochemistry Laboratory at analyzed by a colorimetric Sigma pared between the two groups by
Lamont Doherty Earth Institute of Diagnostics Kit (Sigma, St. Louis, tests. For further analyses, subjects

The urine, tube-well, and pitcher-
water samples were collected in
50-cc acid-washed plastic tubes. All
samples were kept in portable cool-

Columbia University under the di- MO).?° were categorized within quartiles of
rection of one of the authors (A. van arsenic levels according to the distri-
Geen). All water samples were di- bution among controls. Logistic re-
luted to between 30 to 6Qg/L in a Exposure Assessment gression models were fit to examine

matrix of 2% HNGO, and 50-ppm We used three different ap- the associations between different
nickel. The addition of nickel has proaches to measure arsenic expo-evels of arsenic exposures (arsenic
been found to increase the sensitiv- sure among study subjects. The firstlevels in drinking water and urine
ity, expand the linear range, and measure of exposure was the pitcher-and the CAIl) and skin lesions ad-
improve reproducibility:® The 10-to  water arsenic concentration. Becausejusted for age, sex, and body mass
20-uL samples were dried in a arsenic concentrations may be al-index. Proxies for socioeconomic
graphite tube, ashed at 600°C for 20 tered by storage of water in the status, ie, household income and ed-
seconds, and atomized at 2400°C.home, we examined the arsenic lev- ucation level, did not confound the
An electrode-less discharge lamp els in the pitcher water obtained di- associations between measures of ar-
and a time constant (filter) of 0.5 rectly from the household pitchers as senic exposure and skin lesions in
second was used. With 20t injec-  a measure of exposure. It should bethis study. Because this information
tions, sensitivity was about 0.0023 noted that the arsenic levels in the was missing for some subjects, the
absorbance units per microgram per pitcher water were strongly corre- income and education variables were
liter. The response was linear to at lated (with a correlation coefficient not included in the final model to
least 0.2300 absorbance units (about0.64) with tube-well water. The sec- secure the largest possible sample
90 wng/L). Relative standard devia- ond measure of exposure was thesize in estimating effect measures.
tions of replicate injections were urinary total arsenic concentration, Standard logistic regression mod-
generally less than 5%. Blank values which is considered to be a reliable els assume statistical independence
averaged about 0.0025 absorbancendicator of arsenic exposuf&!’  of study subjects. Subjects from the
units. Most or all of the blank signal The third measure of exposure usedsame households or clusters of
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TABLE 1
Description of Study Subjects According to Demographic Characteristics and Different Arsenic Exposure Measures
Any Skin Lesion Keratosis Melanosis
. Yes No Yes No Yes No
Characteristics of Study
Population n % n % n % n % n % n %
Age (n = 167)
Q1 <=25 11 30.6 35 26.7 8 29.63 38 27.9 11 32.35 36 26.3
Q2 > 26-35 16 44.4 29 221 12 44.44 33 23.6 14 41.18 31 23.3
Q3 > 36-50 7 19.4 32 24.4 6 22.22 33 23.6 7 20.59 32 24.1
Q4 > 51 2 5.6 35 26.7 1 3.70 36 25.7 2 5.88 35 26.3
Sex (n = 167)
Men 18 50.0 69 52.7 14 51.85 73 52.1 16 47.06 71 53.4
Women 18 50.0 62 47.3 13 48.15 67 47.9 18 52.94 62 46.6
Body mass index (kg/m?)
(n = 167)
Q1 <=17.51 4 11.1 36 27.5 3 11.1 37 26.4 4 11.8 36 271
Q2 > 17.51-18.43 8 22.2 35 26.7 6 22.2 37 26.4 8 23.5 35 26.3
Q3 > 18.43-20.64 11 30.6 33 25.2 7 25.9 37 26.4 10 29.4 34 25.6
Q4 > 20.64-27.00 13 36.1 27 20.6 11 40.7 29 20.7 12 35.3 28 21.1
Arsenic concentration in
urine (ng/L) (n = 167)
Q1 <=122 6 16.7 36 27.5 5 18.5 37 26.4 6 17.7 36 271
Q2 > 122-244 6 16.7 36 27.5 3 111 39 27.9 6 17.7 36 271
Q3 > 244-471 10 27.8 32 24.4 6 22.2 36 25.7 9 26.5 33 24.8
Q4 > 471-1840 14 38.9 27 20.6 13 48.2 28 20.0 13 38.2 28 21.1
Arsenic concentration in
urine (ng/g creatinine)
(n = 166)
Q1 <=242 8 22.2 34 26.2 6 22.2 36 25.9 8 23.5 34 25.8
Q2 > 242-440 6 16.7 35 26.9 3 1.1 38 27.3 6 17.7 35 26.5
QB8 > 440-766 6 16.7 36 27.7 3 11.1 39 28.1 5 14.7 37 28.0
Q4 > 766-5727 14 44.4 25 19.2 15 55.6 26 18.7 15 441 26 19.7
Arsenic concentration in
drinking water (ng/L)
(n = 164)
Q1 <=29 10 27.8 31 24.2 7 25.9 34 24.8 10 29.4 31 23.9
Q2 > 29-90 8 22.2 33 25.8 5 18.5 36 26.3 8 23.5 33 25.4
Q3 > 90-278 5 13.9 36 28.1 4 14.8 37 27.0 3 8.8 38 29.2
Q4 > 278-991 13 36.1 28 21.9 10 40.7 30 21.9 13 38.2 28 21.5
Al* (mg) (n = 156)
Q1 <=116.4 7 19.4 31 25.8 5 18.5 33 25.6 7 20.6 31 25.4
Q2 > 116.4-474.9 10 27.8 30 25.0 7 25.9 33 25.6 9 26.5 31 25.4
QB8 > 474.9-1279.9 5 13.8 34 28.3 4 14.8 35 271 5 14.7 34 27.9
Q4 > 1279.9-22147 1 14 38.9 25 20.8 11 40.7 28 21.7 13 38.2 26 21.3

* Cumulative Arsenic Index calculated as follows: yearly drinking water consumption X arsenic concentration in water X years of well use.

houses obtain water from a common Results three had lesions suggestive of ma-
tube-well. Thus, our use of well- .. lignancy that were not histologicall
water arsenic concentrations would Of the total of 167 study particl- cgnfirm)(/ed. e
yield the same value for all subjects PaNts: 27 (16.2%) had keratosis, 34 \ye cjassified the study subjects
who use a particular well. Therefore, (20-4%) had“ m(?,lan_oss, -and 36 4ccording to their skin lesion status
to avoid the problem of colinearity in (21.6%) had “any” skin lesions (ie, ang cross-sectionally examined the
the regression models, pitcher-watere'th?r melanosis and/or keratosis) at 535sgciations between water and uri-
arsenic level (with a unique value for the time of the survey. Among those nary arsenic and skin lesions. Table 1
each participant) was used in place subjects with “any” skin lesion, 25 shows the distribution of study sub-
of well-water arsenic concentrations. presented with both keratosis and jects with or without skin lesions
As mentioned above, arsenic levels melanosis, 9 presented only with with respect to water and urinary
in pitcher water are strongly corre- melanosis, and 2 presented with only arsenic levels and the demographic
lated with the arsenic levels in the keratosis. Two subjects had histolog- characteristics. Subjects with skin le-
well water. ically confirmed skin cancer, and sions were younger than those with-
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TABLE 2

Associations Between Different Measures of Arsenic Exposure and Skin Lesions*

Any Skin Lesion Keratosis Melanosis
Level of Arsenic ORt  95% CI OR' 95%ClI OR' 95% ClI

In urine (ng/L) (n = 167)

Q1 <=122 1.0 1.0 1.0

Q2 > 122-244 1.0 0.3, 3.6 0.5 01,24 1.0 03,36

Q3 > 244-471 2.1 0.6,7.4 12 03,47 1.8 0.6,6.5

Q4 > 471-1840 3.6 1.2,12.1 3.9 1.2,14.7 3.1 1.0,10.6
In urine (ug/g of creatinine)

(n = 166)

Q1 <=242 1.0 1.0 1.0

Q2 > 242-440 083 0.2,29 0.52 0.1,23 0.8 02,28

Q3 > 440-766 0.88 0.2, 3.1 0.61 0.1,27 0.7 02,25

Q4 > 766-5727 3.22 1.1,101 441 14,157 2.7 0.9, 841
In pitcher-water (ug/L)

(n = 164)

Q1 <=29 1.0 1.0 1.0

Q2 > 29-90 0.90 0.3,2.9 0.88 0.2,34 09 03,28

Q3 > 90-278 0.36 0.1,1.2 0.48 0.1,1.9 0.2 0.0,0.8

Q4 > 278-991 1.67 0.6, 5.1 214 07,74 16 0.6,5.0
CAI* (mg) (n = 156)

Q1 <=116.4 1.0 1.0 1.0

Q2 > 116.4-474.9 1.3 04,44 1.3 03,50 1.1 03,36

Q3 > 474.9-1279.9 0.6 0.15, 2.2 0.7 0.2, 3.1 06 02,22

Q4 > 1279.9-22147 .1 23 07,76 26 08,99 20 0.6,6.3

* OR, odds ratio; Cl, confidence interval.

1 OR adjusted for body mass index, sex, and age.

I Cumulative Arsenic Index calculated as follows: yearly drinking water consumption X

arsenic concentration in well X years of well use.

out lesions, with about 75% of sub- lar among subjects with or without
jects with lesions under 35 years of skin lesions, with each group consist-
age. On average, subjects with skining of about half male and half fe-

lesions were of a greater body size male subjects.
As expected, subjects with skin skin lesions were also more likely to
sex distribution, however, was simi- lesions were more likely to have a be in the highest CAIl quartile (odds

than subjects without lesions. The
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higher level of water and urinary
arsenic (with or without creatinine
adjustment). Similarly, subjects with
skin lesions were more likely to have
a higher CAI value. Importantly, a
sizable proportion of subjects with
skin lesions was observed at the low-
est levels of these measures; ie, 13
(36.1%) of the 36 subjects with skin
lesions had been drinking water with
arsenic concentrations less than 50
rg/L, and 5 (or 13.9%) of the 36
subjects with skin lesions had been
drinking water with arsenic levels
less than 1Qug/L.

Figure 1 illustrates the relationship
between urinary arsenic concentra-
tion (pg/creatinine) and water-
arsenic concentrationp@/L). The
two measures were positively corre-
lated (correlation coefficient, 0.50).
For both water and urinary arsenic,
we examined the ranges of values for
one measure within each quartile of
the other (results not shown). In gen-
eral, a larger variability was ob-
served in the urinary arsenic levels
within each quartile of water arsenic
levels than the water-arsenic vari-
ability observed within categories of
urinary arsenic levels, suggesting
possible interindividual variation in
arsenic metabolism.

Table 2 shows adjusted odds ratios
and 95% confidence intervals for the
associations between different mea-
sures of arsenic exposure and skin
lesions. Subjects with skin lesions
(melanosis and/or keratosis) were 3
times more likely to have the highest
level of urinary arsenic (odds ratios,
3.6 and 3.2 for total urinary arsenic
and creatinine-adjusted total urinary
arsenic, respectively). These associ-
ations were, in general, stronger for
keratosis than for melanosis. Al-
though subjects with skin lesions
were also more likely to have been
drinking water with a higher arsenic
concentration (odds ratio, 1.7 for the
highest vs the lowest quartile) the
association was not statistically sig-
nificant (95% confidence interval,
0.6 to 5.1). Similarly, subjects with
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ratio, 2.3 for the highest vs the low- This prevalence estimate was likely CAl) is interesting and certainly re-
est quartile and 95% confidence in- an overestimate among the popula-quires further examination in future

terval, 0.8 to 7.6). tion in the study villages because studies. It is possible that water-
. . people with skin lesions (or with arsenic concentration may vary over
Discussion family members with skin lesions) time and, therefore, current water

Inorganic arsenic is a naturally were probably more likely to have arsenic level may represent recent
occurring constituent of drinking wa- volunteered to participate in the exposure rather than cumulative ex-
ter in many parts of the world. Al- study. After age-adjustment to the posure. Although 75% of the villag-
though arsenic has been considered aVorld Standard Population, the ers reported that they had used the
massive public health problem in prevalence estimate was 19.4%, same tube-well for more than 5 years
Bangladesh, relatively little system- which is somewhat lower than the and, 50% of the subjects reported
atic research has been conducted toreported prevalence estimate foundthat they had used the same tube-
examine the health effects of arsenicin a recently published study.Un-  well for more than 10 years, the
exposure among the Bangladeshlike the previous reportdthe current  study could not validate whether
population. One recent study exam- study did not find a higher preva- there have been changes in the expo-
ined the prevalence of skin lesions lence of skin lesions among men sure over time. In contrast, urinary
among Bangladesh population and compared with women. arsenic, which receives the inputs
assessed the prevalence in associa- This study found a sizable number from external sources as well as tis-
tion with arsenic levels in tube-well of skin lesions among subjects who sue stores, may reflect more closely
water’® The study found a dose- were currently drinking water con- the actual body burden of arsenic
response relationship between ar-taining an arsenic levek50 pg/L, and, possibly, interindividual vari-
senic level in drinking water and skin the allowable limit for both Bang- ability in the metabolism of
lesions (melanosis and keratosis). ladesh and the United States. In fact, arsenic'®
The same authors have also previ-about 13.9% of all subjects with skin ~ Studies in Taiwan and Argentina
ously shown associations of hyper- lesions were currently drinking water have reported associations between
tensiorf* and diabetes mellitd§  with an arsenic level 010 pg/L.  urinary arsenic metabolites and skin
with arsenic exposure from drinking Another study also reported the oc- and other cancers:*® Urinary ar-
water. Another recently published currence of skin lesions among sub- senic has also been shown to be
study examined the association be-jects with very low level of arsenic correlated with chromosomal aberra-
tween prevalences of non-malignant exposure from drinking water in tions and breakagé&?°and has been
skin lesions (melanosis and kerato- West Bengaf® This finding may suggested to be the best indicator of
sis) and arsenic exposure from drink- indicate a wide inter-individual vari- arsenic exposure in humaffsMost
ing water. This cross-sectional study ability in susceptibility to the effects prior epidemiologic studies assessed
from West Bengal, India, examined of arsenic exposure from drinking arsenic exposure from drinking wa-
7683 subjects and found a dose re-water, a finding supported by an ter concentrations coupled with the
sponse relationship between preva-examination of mean urinary arsenic history (frequency and duration) of
lence of hyperpigmentation and ker- levels within categories of pitcher- that water use. It is possible that the
atosis and doses of arsenic water arsenic. There was a wide information on water arsenic concen-
concentrations in the drinking water. variability in urinary arsenic levels tration may or may not accurately
The authors found a higher preva- within a narrow range of water- reflect the body’s internal exposure.
lence of both conditions in male arsenic concentration within each A limitation is that the study used
subjects compared with female sub- category. the total urinary arsenic as a measure
jects at every dose level, and they We found a more than 3-fold ele- of arsenic exposure and did not ex-
reported that these skin conditions vated risk of skin lesions for the amine specific urinary arsenic me-
may occur even among those who subjects who had the highest level of tabolites. After absorption, arsenic is
consume water with arsenic levels urinary arsenic levels. Adjustment methylated to monomethyl arsonate
<50 ng/L.>® for urinary creatinine did not mark- and dimethyl arsinate, both of which

The present study is the first in edly alter the finding. The risk was bind less strongly with tissues, are
Bangladesh to systematically exam- also elevated, but not significantly less reactive, and are excreted more
ine the associations between urinary so, when arsenic exposure was mea-apidly in urine than arsenic. Estima-
and drinking water arsenic levels and sured from the current arsenic level tion of arsenic exposure is thus com-
skin lesions. The study used a cross-in drinking water, or as the CAIl plicated by the presence of different
sectional design and found 36 value. The finding that skin lesions metabolites of arsenic and by re-
(21.6%) of the total 167 study par- are more strongly associated with markable interindividual variability
ticipants to have detectable skin le- urinary arsenic levels rather than in metabolism in human¥. Given
sions (melanosis and/or keratosis). drinking-water arsenic (including the the individual variability in the con-
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centrations of arsenic, monomethyl
arsonate, and dimethyl arsinate in
urine, and the differences in the del-
eterious effects of these different
compounds, it will be important to
study these metabolites in relation to
arsenic exposure and health effects.

In conclusion, this study found a
high prevalence of skin lesions
among Bangladesh population, par-
ticularly among young adults. The
study found more than 3-fold ele-
vated risk of skin lesions in relation
to the highest quartile of urinary
arsenic levels, indicating a potential
role of urinary arsenic measurements
in the assessment of the health ef-
fects of arsenic exposure.
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