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Abstract

In order to understand whether ingestion of seafood affects the urinary arsenic metabolites. About 42 women and
36 men were recruited from the students, parents and teachers in Taipei Medical University and National Taiwan
University. The study subjects were interviewed about dietary habits, cigarette smoking habits, drug and vitamin
intake, and consumption of seafood. Urine samples were collected from study subjects before and after refraining
from eating seafood for 3 days, respectively. The urine samples were frozen at −20 °C separated by high-perfor-
mance liquid chromatography (HPLC), and on line linked to hydride generator atomic absorption spectrometry
(HGAAS) to quantify the levels of various species of inorganic arsenic and its metabolites. The levels of arsenite
(AsIII), arsenate (AsV), monomethylarsonic acid (MMA), dimethylarsinic acid (DMA), total inorganic arsenic
metabolites, inorganic arsenic percent, MMA percent and DMA percent were similar before and after refraining from
eating seafood for 3 days. The frequencies of fish, shellfish and seaweed dietary intake were not significantly
correlated with urinary arsenic species. © 2002 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

The fact that inorganic arsenic in the drinking
water of millions of people exceeds maximal con-
tamination level has become a major public health
problem in the world (Abernathy et al., 1997).
Arsenic has been classified as a human carcinogen

to skin and lungs (World Health Organization,
1980). Epidemiological studies demonstrated a
significant dose-response relationship among the
long-term exposure to inorganic arsenic in drink-
ing water and the mortality from cancers of the
skin, lung, liver, bladder, kidney and prostate as
well as various vascular diseases (Chen et al.,
1988, 1992, 1995, 1996).

Accurate estimation of exposure is critical for a
better understanding of the dose–response rela-
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tionship between adverse health effects and inor-
ganic arsenic exposure. Most epidemiological
studies relied on measurements of arsenic in
drinking water to estimate the exposure. Urinary
excretion is the major pathway for the elimination
of arsenic from the body (Crecelius, 1977). Chem-
ical analysis of urine samples is a convenient
approach to study the metabolism of arsenic com-
pounds. Estimates of exposure to arsenic may be
improved by the quantification of arsenic excreted
in the urine.

The biotransformation process of inorganic ar-
senic in humans is very complicated. A substantial
fraction of absorbed AsV is reduced in the blood
to AsIII (Vahter and Envall, 1983; Marafante et
al., 1985; Vahter and Marafante, 1985), which is
then taken up by hepatocytes (Lerman et al.,
1983) and methylated to monomethylarsonic acid
(MMA) and dimethylarsinic acid (DMA)
(Thompson, 1993). The methylation may be con-
sidered a detoxification mechanism, because the
methylated metabolites, in comparison with inor-
ganic arsenic, are less reactive with tissue con-
stituents (Tam et al., 1978), less toxic, and more
readily excreted in the urine (Vahter, 1986, 1988).
In general, inorganic arsenic and its metabolites in
human urine contain 10–15% inorganic arsenic,
10–15% MMA, and 60–80% DMA (Buchet et
al., 1981; Foa et al., 1984). However, recent stud-
ies suggest that methylated arsenic species, espe-
cially those in the trivalent state, may be more
toxic than the present inorganic arsenic com-
pounds (Styblo et al., 1997, 2000; Lin et al., 1999;
Petrick et al., 2000). Properties that MMA (III)
and DMA (III) are known to possess in various
experimental systems include enzyme inhibition
(Styblo et al., 1997; Lin et al., 1999) cell toxicol-
ogy (Petrick et al., 2000), genotoxicity, and clasto-
genicity (Mass et al., 2001).

Consumption of seafood may result in a signifi-
cant intake of arsenic because seafood contains
high arsenic concentrations, generally in the form
of organoarsenicals such as arsenobetaine and
arsenosugars (Cullen and Reimer, 1989). Arseno-
betaine ingested upon consumption of crab, lob-
ster, shrimp, and fish is excreted rapidly into the
urine unchanged (Le et al., 1993), and no toxic
effect has been observed (Kaise and Fukui, 1992).

It is thus difficult to use the total urinary arsenic
concentration without speciating inorganic and
organic arsenic as a biomarker of exposure to
inorganic arsenic, unless the subjects refrain com-
pletely from eating seafood for sometime before
urine samples are collected. A more suitable
method for measuring exposure to inorganic ar-
senic is to determine inorganic arsenic and its
metabolites using HPLC with a hydride genera-
tion system in combination with atomic absorp-
tion spectrometry (HGAAS) (Hakala and Pyy,
1992). This method is not influenced by the pres-
ence of arsenobetaine and arsenocholine in urine.
The metabolism of arsenosugars is not well under-
stood and the effect of arsenosugar ingestion on
urinary arsenic excretion is not widely recognized.
But, it has been shown that the ingestion of
arsenosugar in seaweed may give rise to DMA in
the urine (Ma and Le, 1998). It is important to
understand whether ingestion of seafood affects
the urinary level of inorganic arsenic metabolites
in Taiwanese who are drinking tap water. For this
reason, we use HPLC–HGAAS to determine the
species of arsenic compounds in the urine of
human subjects before and after refraining from
eating seafood for 3 days. We also investigated
other factors involved in the urinary arsenic
metabolites.

2. Materials and methods

2.1. Study subjects

There were 78 healthy study subjects aged 20–
61 years included in this study. The mean and
standard error (S.E.) of urinary metabolite and
fish, shellfish and seaweed intake frequency by age
and sex distributions of study subjects in normal
food intake are shown in Table 1. About 42
women and 36 men who were drinking tap water
were recruited from the students, parents and
teachers in Taipei Medical University and Na-
tional Taiwan University. The study subjects were
interviewed about dietary habits, cigarette smok-
ing habits, drug and vitamin intake, and con-
sumption of seafood. The total frequency of fish,
shellfish and seaweed were calculated by fre-
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quency per week multiplied 52 weeks in daily food
intake. The 12-h overnight urine samples were
collected from recruited study subjects before and
after refraining from eating seafood for 3 days
and stored at −20 °C until analysis.

2.2. Arsenic measurements

The urine samples were tested for levels of
AsIII, AsV, MMA and DMA. To achieve a more
accurate assessment of arsenic methylation capa-
bility, it is necessary to determine specifically only
those arsenic species derived from inorganic ar-
senic and excreted in the urine. Urine samples
were thawed at room temperature, dispersed by
ultrasonic wave, and filtered through Sep-Pak C18

column. Arsenic species in 200 �l urine were
separated using a HPLC system (Hitachi 6000,
Japan) equipped with a HPLC column (Phe-
nomenex, Nucleosil 10SB, 100A, Torrance, CA,
USA), and linked to a HGAAS (Perkin Element)
for the quantification (Hakala and Pyy, 1992).
Total arsenic in urine was defined as the sum of
AsIII, AsV, MMA and DMA. Recovery rates for
AsIII, DMA, MMA and AsV were 96.9�0.2,
93.8�0.7, 102.2�0.5 and 94.1�0.2%, respec-
tively, with the detection limits of 0.2, 0.6, 0.7 and
0.1 �g/l, respectively. Freeze-dried urine SRM
2670, containing 480�100 �g/l arsenic, was ob-
tained from the National Institute of Standards
and Technology (Gaithersburg, MD, USA) and
analyzed together with test urine samples to con-
trol for the quality of the method. A standard
value of 507�17 �g/l (n=4) was recorded.

2.3. Data analysis

In addition to the levels of inorganic and or-
ganic arsenic in urines, the percentages of AsIII,
AsV, MMA and DMA in total arsenic were also
analyzed to examine the arsenic methylation capa-
bility of study subjects. An increased percentage
of AsIII+AsV in total arsenic and/or a decreased
percentage of DMA in total arsenic reflect a
decreased methylation capability. Mean and S.E.
of urinary arsenic levels and percentages of vari-
ous arsenic metabolites were calculated and ana-
lyzed by Student’s t-test for different gender, and

by ANOVA for differences in age groups. Paired
t-test was used to compare various arsenic
metabolites or percentages of various arsenic
metabolites of study subjects between ingested
seafood and refrained from eating seafood for 3
days by paired t-test. As age, and sex were all
related to urinary levels or percentages of various
arsenic metabolites, it was essential to examine
the correlation between urinary arsenic levels and
percentages of arsenic species for a given indepen-
dent variable when other factors were adjusted
through multivariate analysis. Multiple regression
analysis was thus used to evaluate the association
of urinary levels or percentages of various arsenic
metabolites with age, sex and the consumption of
seafood.

3. Results

Seventy-eight study subjects were initially re-
cruited to participate in the study. Two subjects
did not collect their normal diet urines and 13
subjects did not collect their urines who refrained
from eating seafood for 3 days before the sample
collection day. Females comprised more than half
of the study subjects 53% (40/76). Approximately
half of the subjects 51% (39/76) were 20–29 years
of age.

The results of the mean and S.E. of urinary
inorganic arsenic metabolite and intake frequency
of fish, shellfish and seaweed by age and sex
distribution of study subjects in daily food intake
are presented in Table 1. The total inorganic
arsenic metabolites, inorganic arsenic percent,
MMA percent, and DMA percent of 76 study
subjects were 62.9�6.0 mg/g creatinine (29.91�
2.33 �g/l), 21.3�1.0, 17.0�1.4 and 61.7�1.9%,
respectively. There was no significant difference
among age groups for different gender. The total
inorganic arsenic metabolites were lower than
those of healthy residents from the blackfoot dis-
ease endemic area (86.08�3.43 �g/l) (Hsueh et
al., 1998), and those from Lanyang Basin
(172.9�18.6 �g/l) (Chiou et al., 1997), in Taiwan.
We found that fish frequency had a significant
difference between 20–29 and �50 age groups,
but shellfish and seaweed frequency had no sig-
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nificant differences among age groups for differ-
ent gender.

Similar trends were observed for the total inor-
ganic arsenic metabolites, inorganic arsenic per-
cent, MMA percent and DMA percent before and
after refraining from eating seafood for 3 days
(Table 2). The average urinary total inorganic
arsenic metabolites before and after refraining
from eating seafood for 3 days were 62.89�5.95
and 55.49�7.44 mg/g creatinine, respectively.
The effect of refraining from eating seafood on
species distribution for all participants combined
showed a mean increase of 0.86% (21.25–22.44%)
and 0.81% (61.73–62.38%) in the inorganic ar-
senic percent and DMA percent, respectively. But
there was a decrease of 1.68% (17.03–15.17%) in
the MMA percent. Stratification of gender also
showed same results for the total inorganic ar-
senic metabolites, inorganic arsenic percent,
MMA percent and DMA percent. Stratified age
groups for the comparison of arsenic metabolite
species before and after refraining from eating
seafood for 3 days showed no significant differ-
ences (Table 3).

When compared by cigarette smoking status,
the MMA was higher for the smoking group
before refraining from eating seafood than after

refraining from eating seafood. The AsV concen-
tration was higher for the non-smoking group
than smoking group after refraining from eating
seafood. The total arsenic concentrations were
64.23�6.64, 51.55�5.66, 53.28�6.93, and
73.76�40.6 mg/g creatinine for the non-smoking
group, smoking group before refraining from eat-
ing seafood, and the non-smoking group, smoking
group after refraining from eating seafood, re-
spectively (Table 4). These four groups were not
significantly different in the AsIII, DMA, total
inorganic arsenic metabolites, inorganic arsenic
percent, MMA percent and DMA percent. There
was no significant difference between vegetarians
and non-vegetarians in the total inorganic arsenic
metabolites (53.47�0.99 vs. 63.70�0.64 mg/g
creatinine), inorganic arsenic percent (22.63�
6.26 vs. 21.13�1.01%), MMA percent (16.67�
6.05 vs. 17.06�1.41%) and DMA percent
(60.70�9.00 vs. 61.81�1.98%).

The results of the regression analysis using uri-
nary arsenic species as the dependent variables
and fish, shellfish, and seaweed frequency as the
independent variables are presented in Table 5.
We found that fish, shellfish and seaweed fre-
quency were not significantly correlated with the
urinary arsenic species.

Table 2
Urinary arsenic metabolites distribution before and after refraining seafood 3 days by gender

Total inorganic arsenicSex MMA percent DMA percentInorganic arsenic percent
metabolites (mg/g creatinine) (Mean�S.E.) (Mean�S.E.)(Mean�S.E.)
(Mean�S.E.)

57.01�7.63 63.38�2.72Before (36) 16.43�2.12Male 20.18�1.45
53.117�12.03 61.77�3.50After (29) 16.27�2.0721.96�3.07

P value* 0.94 0.59 0.96 0.65
Female Before (40) 68.19�9.01 22.21�1.47 17.56�1.78 60.23�2.75

57.40�9.46 22.86�2.82 14.22�2.18After (36) 62.92�3.37
0.55 0.96 0.29P value* 0.42

61.73�1.9417.03�1.3721.25�1.03Total 62.89�5.98Before (76)
After (65) 55.49�7.44 22.44�2.06 15.17�1.51 62.38�2.41

0.63 0.770.440.67P value*

Paired t-test. Inorganic arsenic%= (AsIII+AsV)/total inorganic arsenic metabolites)×100; MMA%= (MMA/total inorganic
arsenic metabolites)×100; DMA%= (DMA/total inorganic arsenic metabolites)×100.
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Table 3
Urinary arsenic metabolite distribution before and after refraining seafood 3 days stratified on age

Total inorganic arsenic MMA percentAge (year) DMA percentInorganic arsenic percent
(Mean�S.E.)(Mean�S.E.)metabolites (mg/g creatinine) (Mean�S.E.)

(Mean�S.E.)

50.47�6.0220–29 22.74�1.46Before (39) 19.54�2.06 57.72�2.77
After (33) 58.57�12.07 27.16�3.70 13.52�2.21 59.32�3.94

0.51P value* 0.24 0.06 0.67
66.70�11.62 18.97�1.98Before (19) 13.69�2.5030–39 67.33�3.41

After (15) 55.91�16.52 16.97�2.26 19.96�3.10 63.07�3.88
0.67 0.38 0.13P value 0.28

79.88�22.55 21.65�2.86Before (9) 15.70�2.5040–49 62.65�4.24
After (8) 53.15�14.52 20.59�3.68 12.02�3.77 67.39�6.46

0.16 0.63P value 0.50 0.51
91.70�26.63 19.18�3.23Before (9) 14.50�4.1450 66.32�6.79
45.53�9.45 16.50�2.92 16.08�3.75After (9) 67.42�4.98

0.13 0.50P value 0.75 0.87

Total inorganic arsenic metabolites=AsIII+AsV+MMA+DMA; Inorganic arsenic%= (AsIII+AsV)/total inorganic arsenic
metabolites)×100; MMA%= (MMA/total inorganic arsenic metabolites)×100; DMA%= (DMA/total inorganic arsenic metabo-
lites)×100.

4. Discussion

Ingestion from food and water is the major
route of exposure to arsenic by the general popu-
lation (World Health Organization, 1981; Pontius
et al., 1994). In the blackfoot disease endemic
area, the average arsenic, predominantly AsIII,
concentration in three wells was 671�149 �g/l.
The ratio of AsIII:AsV was 2.6:1 (Chen et al.,
1994). It was reported that the AsIII and AsV
percent in Taiwanese rice and yams extracted with
water or hydrochloric acid followed by HPLC-
ICP-MS for the speciation were 72%, and 76%
extracted with hydrochloric acid and 69%, and
33% extracted with water respectively (Schoof et
al., 1998). However, there are uncertainties about
the relationship between exposure to arsenic and
its clearance in the urine, which as a biomarker of
exposure to arsenic in drinking water. The most
commonly used biomarkers of exposure (or inter-
nal dose) to inorganic arsenic are based on the
measurement of urinary AsIII, AsV, MMA, and
DMA because urinary excretion is the main path-
way for the elimination of arsenic. Recently, a
study indicated that there was little day-to-day

variation in the concentration of arsenic in urine
(Hopenhayn-Rich et al., 1999). The concentration
of arsenic in urine may not vary by gender, and
an age-dependent difference in the concentration
of arsenic in urine may be attributed to the higher
arsenic dosage rate per unit body weight in chil-
dren than in adults (Hopenhayn-Rich et al.,
1999). We found that women had a significantly
higher percentage of DMA in total arsenic and
lower percentage of MMA in total arsenic than
men after the adjustment for age and cumulative
exposure to arsenic in the residents of the black-
foot disease endemic area (Hsueh et al., 1998). In
addition, age effect on arsenic species in urine
may reflect a poor methylation among the elderly
(Hsueh et al., 1998).

Ingestion of arsenic from all sources contributes
to the total urinary arsenic concentration. To
obtain a reliable assessment of arsenic exposure
from a particular source, e.g. drinking water, one
must ensure that the ingestion of arsenic from
other sources can be differentiated and confound-
ing factors can be identified. Arsenic species from
seafood sources are usually eliminated from the
body within 3 days after ingestion (Le and Ma,
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1997). For this reason, subjects should not eat any
seafood for at least 3 days before urine samples
are taken for the assessment of exposure to inor-
ganic arsenic. In this study, all study subjects were
volunteers and they were informed about the
study aim and carefully refrained from seafood
for 3 days prior to the urine collection.

This is the first study to investigate the effect of
seafood consumption on urinary arsenic metabo-
lites in Taiwanese who are drinking tap water. In
addition, this research design has the advantage
of having each person serve as his/her own con-
trol, thus reducing interindividual variability
found when comparing two populations with con-
trasting exposures. In this study, the overall distri-
butions of urinary arsenic metabolites of AsIII,
AsV, MMA, DMA, and total inorganic arsenic
metabolites were similar before and after interven-
tion. Furthermore, gender and age did not con-
found the difference of urinary arsenic
metabolites of AsIII, AsV, MMA, DMA, and
total inorganic arsenic metabolites before and af-
ter intervention. No significant differences were
observed in the levels of urinary arsenic metabo-
lites between vegetarians and non-vegetarians.
Our results demonstrated that the frequencies of

fish, shellfish, and seaweed were not related with
DMA and DMA percent. These results seem con-
tradictory to those observed from Japanese volun-
teers after the consumption of seaweed (Ma and
Le, 1998). Average daily consumption of seaweed
by the Taiwanese might not have been as high as
the Japanese.

The greatest changes in the secondary index
occurred between non-smokers and smokers and
the latter appeared to be less efficient methylators
at the second methylation step (MMA to DMA),
and the differences were similar to those reported
in a previous cross-sectional study (Hopenhayn-
Rich et al., 1996). It is possible that chemicals in
cigarette smoke compete for some of the same
detoxication enzymes or co-factors involving inor-
ganic arsenic methylation, particularly in the sec-
ond methylation step.

In summary, this study provided suggestive evi-
dence that the levels of AsIII, AsV, MMA, DMA,
total arsenic metabolites, inorganic arsenic per-
cent, MMA percent and DMA percent before and
after refraining from eating seafood for 3 days
were similar in Taiwanese who are drinking tap
water.

Table 4
Urinary arsenic metabolite distribution by cigarette smoking status

AfterVariables Before

Smoking SmokingNo smoking No smoking

Mean�S.E.Mean�S.E.Mean�S.E.Mean�S.E.
(Number) (Number)(Number) (Number)

4.69�0.67(68)AsIII (mg/g creatinine) 3.75�0.49(8) 3.42�0.45(58) 5.47�2.56(7)
9.85�1.37(68) 7.29�1.74(8) 7.54�1.22a(58)AsV (mg/g creatinine) 2.31�0.51a(7)

6.86�2.75b(7)11.38�1.70(68)MMA (mg/g creatinine) 8.89�1.86b(8) 8.47�1.91(58)
59.10�38.80 (7)DMA (mg/g creatinine) 31.61�3.81(8)38.30�4.15(68) 33.85�4.98(58)
73.76�40.62(7)53.28�6.93(58)51.55�5.66(8)Total inorganic arsenic metabolites 64.23�6.64(68)

(mg/g creatinine)
19.98�6.74 (7)20.43�2.42(8)Inorganic arsenic percent 22.71�2.18(64)21.34�1.12(68)

17.10�1.48(68) 16.44�3.49(8)MMA percent 15.03�1.60(64) 16.54�4.78 (7)
63.48�7.62 (7)62.26�2.56(64)63.13�5.40(8)61.56�2.08(68)DMA percent

Total inorganic arsenic metabolites=AsIII+AsV+MMA+DMA; Inorganic arsenic %= (AsIII+AsV)/total inorganic arsenic
metabolites×100; MMA%= (MMA/total inorganic arsenic metabolites)×100; DMA%= (DMA/total inorganic arsenic metabo-
lites)×100.

a The t-test for non smoking versus smoking, P�0.05.
b Paired t-test, P�0.05.
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Table 5
Association between fish, shellfish and seaweed intake frequency and urinary arsenic metabolites in daily food intake

Variable Shellfish frequencyaFish frequencya Seaweed frequencya

StandardStandard RegressionRegression Regression Standard
coefficienterror coefficientcoefficientb errorerror

0.3Arsenite (mg/g creatinine) −0.39−0.08 0.94 −0.38 0.88
0.7 −1.04 1.95−0.09 −0.18Arsenate (mg/g creatinine) 1.84

0.39MMA (mg/g creatinine) 0.8 1.42 2.43 −3.22 2.20
DMA (mg/g creatinine) 1.8−1.12 −10.6 5.0 −1.81 5.17

−0.90 3.03 −10.6 8.98 −5.57Total inorganic arsenic 8.49
(mg/g creatinine)

Total inorganic arsenic metabolites=AsIII+AsV+MMA+DMA.
a Frequency per week×52 weeks.
b Age, sex adjusted regression coefficient×10−3.
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