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Abstract To assess arsenic contaminations and its
possible adverse health effects, food samples were
collected from Kandal, Kratie and Kampong Cham in
Cambodia. The highest and lowest concentrations were
observed in fish (mean 2,832 ng g_l, ww) collected
from Kandal province and cattle stomach (1.86 %
1.10 ng g~', ww) collected from Kratie, respectively.
The daily intake of arsenic via food consumption was
604, 9.70 and 136 ng day7l in Kandal, Kratie and
Kampong Cham, respectively. The arsenic dietary intake
in Kandal ranked No. 1 among all the 17 compared
countries or regions. Fish consumption contributed the
greatest proportion of total arsenic daily intake in Kandal
(about 63.0 %) and Kampong Cham (about 69.8 %). Itis
revealed to be a much more important exposure pathway
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than drinking water for residents in Kampong Cham. The
results of risk assessment suggested that the residents in
Cambodia, particularly for people in Kandal province,
suffer high public health risks due to consuming arsenic-
contaminated food.
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Introduction

Toxic substances contamination in foodstuffs is a
global important health issue (Ng et al. 2003). As the
most widely distributed toxic metal in food (Llobet
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et al. 2003), there is no evidence that arsenic is
essential in human bodies. In contrast, chronic oral
consumption of arsenic could cause skin lesions,
pigmentation of the skin and the development of hard
patches of skin on the palm of the hands and soles of
the feet (Fatmi et al. 2009). Toxicological studies
show that chronic exposure to excessive arsenic would
increase the risk of developing cancer of the bladder,
liver, kidney and skin (Chu and Crawford-Brown
2006; Lamm et al. 2006). Individuals could be
exposed to arsenic through several pathways, with
food consumption and drinking water as the two most
important ones. Recently, diet studies that included
evaluations of total arsenic in foods have been
reported for many counties such as USA, UK, Canada,
Japan and Mexico (Del Razo et al. 2002; Gunderson
1991; Tsuda et al. 1995). The total dietary study
performed by US Food and Drug Administration
(FDA) indicated that food contributes 93 % of the
total intake of arsenic and seafood contributes 90 % of
that (Adams et al. 1994).

Cambodia is one of the least developed countries in
the world, and arsenic contamination is one of the
most important public health issues. For example,
some 1 million people in Kandal province have
stopped using surface water due to waterborne bacte-
rial diseases and arsenic contamination that are partly
responsible for a high infant mortality (71 deaths/
1,000 live births) (Sthiannopkao et al. 2008). The
arsenic concentrations in groundwater collected from
Mekong River floodplain ranged from 1 to
1,340 ug L™, with 48 % exceeding 10 pg L™'. The
arsenic levels were particularly high in Kandal prov-
ince, with an average concentration of 233 pg L'
(Buschmann et al. 2007). In fact, there were many
studies concerning the high arsenic concentrations in
surface drinking water and groundwater collected
from different regions in Cambodia, such as Kratie,
Kandal, and areas south and southeast of Phnom Penh
(Berg et al. 2007; Buschmann et al. 2008; Luu et al.
2009). However, there are no published data about the
arsenic contamination in foodstuffs collected from
these areas, although it is well known that levels of
arsenic in foods generally are accumulated from the
local environments.

Hence, the identification of total daily dietary
intake and health risk assessment of arsenic based on
market basket studies is urgent for the Cambodian
population. Specifically, the objectives of the present
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study were (1) to measure arsenic concentrations in
different food items collected from the Mekong River
basin of Cambodia; (2) to evaluate human exposure to
arsenic via dietary intake and the associated health
risks and (3) to identify the major food sources at the
three studied sites. To our knowledge, this is the first
study to investigate the dietary intake and human risk
assessment of arsenic based on Cambodia market
basket data.

Materials and methods
Sampling sites

Food samples were collected from three areas in the
Mekong River Basin of Cambodia (Fig. 1). According
to our previous study about the arsenic contamination
in groundwater (Phan et al. 2010), Kampong Kong
commune (Preak Russey and Lvea Toung villages) in
Kandal province was extremely contaminated, Khs-
arch Andaet commune (Preak Samrong I and II
villages) in Kratie province was moderately contam-
inated and Ampil commune (Andoung Chros and Veal
Sbov villages) in Kampong Cham province was
considered to be uncontaminated. Kratie and Kam-
pong Cham provinces are located along the Mekong
River, upstream of Phnom Penh, whereas Kandal
province is located between the Mekong and the
Bassac Rivers, downstream of Phnom Penh.

Food consumption survey

A semiquantitative food frequency questionnaire was
used to characterize the food consumption pattern of
each participant. In total, 59 types of food items were
included. Personal information data (sex, age, body
weight, period of residency) were also included in the
questionnaire. The detailed information about partic-
ipants in three sampling sites was reported in our
previous study (Wang et al. 2011). The number of
participants from Kampong Cham, Kratie and Kandal
was 58, 31 and 69, respectively. Among the three
study areas, cereals (46.8 %), vegetables (23.8 %),
fruits (13.5 %) and fish (10.2 %) contributed to greater
proportions of the total consumption, while foods of
other animal origins, such as meat (3.11 %) and
viscera (1.73 %), contributed lesser portions. Within
Cambodia, the residents in Kandal province consumed
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Fig. 1 Map of food sampling sites. (See online version for color)

significantly (p < 0.05) less fish than residents in the
other two studies areas.

Food sample collection and arsenic analyses

The selection of food items for analyses was based on
the occurrence of arsenic in these food groups, local
consumption habits, as well as their availability in the
local markets or grocery stores. As a result, seven
major food groups, namely (1) cereals, (2) vegetable,
(3) fruit, (4) fish, (5) meat, (6) viscera and (7) dairy
product, comprising of 22 food items in total, were
chosen for arsenic analyses. At least three samples
were collected for each food category at each sampling
site, with 154 samples in total for the present study.
The fish sample analyzed in the present study was the
mixture of common fish in Cambodia [Hypsibarbus
malcolmi, family name is Cyprinidae (Minnows and
Carps), 8 samples] collected from fish pond (2 sites)
and river (1) in each village. Only the edible parts of
food items were analyzed, with inedible parts such as
bone and skin removed prior to analyses. Fish samples
were analyzed with the skin since it is commonly
eaten. All the edible parts of samples were separated,
freeze-dried and then grounded separately.

200 Miles
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About 0.2 g of each dried sample was used for
arsenic determination using acid washed PTFE tubes
by microwave oven (Li et al. 2011). Five milliliters of
nitric acid and hydrogen peroxide mixture (2:1, v/v
ratio) was added. All tubes were then kept for an hour
at room temperature and placed in a PTFE covered
container. Then, it was heated following a one-stage
digestion programme (80 % of total power 900 W) for
3 min. After cooling, the extra acid was evaporated to
obtain a semidried mass, 10 mL of 0.1 M HNO; was
added, all digests were filtered through a Whatman 42
filter paper, transferred into a 25 mL flask and the
volume was made up to the mark with Milli-Q
processed water. The arsenic concentration was
determined by inductively coupled plasma-optical
emission spectrometry (ICP-OES). The limit of
detection within the 95 % confidence interval was
0.5 ng/mL for arsenic. For quality control, blank
extractions (without sample) and standard reference
materials [wholemeal flour BCR 189 and fish
(DORM-2)] were carried out throughout the complete
procedure. There were no indications of contamina-
tion. The recovery rates of the arsenic of the standard
reference material were within the certificate values
95 £ 7.3 %).
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Data analysis

The arsenic concentrations reported in ng g~', wet
weight (ww), in all samples were not adjusted with the
recovery rate due to the satisfactory recovery. The data
analyses were performed using SPSS 17.0 for Win-
dows. Normality was confirmed by the Kolmogorov—
Smirnov test. Two independent t tests, Wilcoxon rank
sum test, one-way ANOVA and Kruskal-Wallis test
were used to compare the arsenic contaminations
among different food groups and sampling sites
appropriate.

Results and discussion
Arsenic levels in foodstuffs

The arsenic concentrations in the foodstuffs collected
from the three study areas are listed in Table 1. These
results were given in fresh weight basis, for estimating
arsenic intake from food items. Among different food
samples, the arsenic concentrations ranged from 4.38
to 495ngg ' in Kampong Cham (median
15.4 ng g7 "), 1.86 to 40.6 ng g~ ' in Kratie (median
540ng g~ ") and 103 to 2,832 ng g~' in Kandal
(median 74.0 ng g~ "), respectively. The same food
items such as cabbage, morning glory, winter melon,
fish and beef collected from Kandal province con-
tained significantly (paired ¢ test, p < 0.05) higher
arsenic concentrations than those from the other two
areas. For example, the mean concentration of fish
collected from Kandal (2,832 ng g_l, ww) was about
5.7 and 350 times higher than that in fish collected
from Kampong Cham (mean 495 ng g~ ', ww) and
Kratie (mean 8.11 ng g~', ww), respectively. This
was in line with our previous study (Phan et al. 2010),
and the surrounding countries such as Bangladesh
(Das et al. 2004) which suggested areas that had higher
amount of arsenic concentrations in groundwater also
showed higher amount of arsenic in foodstuffs such as
rice, fish and meat.

The highest and the lowest concentrations of
arsenic were, respectively, noted in the fish
(2,832 £ 1,606 ng gfl, ww) collected from Kandal
province and the cattle stomach (1.86 & 1.10 ng g™,
ww) collected from Kratie. As shown in Fig. 2, the
arsenic concentrations in fish (mean 1,112 ng g ',
ww) were significantly (one-way ANOVA, p < 0.01)
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higher than other food items such as cereal, vegetable,
meat and fruit collected from the three studied
areas. Generally, the mean concentrations of total
arsenic from high to low were in the order of:
fish > cereal > viscera > diary > meat > vegetable >
fruit. The results of the present study were in line with
former studies conducted in USA (Schoof et al. 1999),
UK (Al Rmalli et al. 2005), Mexico (Del Razo et al.
2002) and Bangladesh (Ohno et al. 2007) that high
arsenic contents were observed in fish and seafood
comparing to other foodstuffs.

In reference to other countries, the levels of arsenic
concentrations in fish (mean 2,832 ng g~', ww)
collected from Kandal province were higher than
those collected from Croatia (mean 498 ng g~', ww)
(Sapunar-Postruznik et al. 1996), Chile (mean
1,351 ng g~', ww) (Munoz et al. 2005), UK (fish, 97
to 1,318 ng g_l, ww) (Al Rmalli et al. 2005), Mexico
(ranged from 160 ng g~' in freshwater fish to
2,360 ng g_l in saltwater fish, ww) (Del Razo et al.
2002) and France (mean 1,920 ng g_l, ww) (Millour
et al. 2011), and comparable with or lower than those
collected from Taiwan (0.75-9.90 pg g~', ww)
(Liang et al. 2011). The fish collected from the other
two areas, particularly from Kratie, the arsenic con-
centrations were much less than those collected from
the above countries or regions. The arsenic concen-
trations in rice (247 + 187 ng g~', ww) collected
from Kandal were significantly greater than that
collected in the surrounding areas such as Kampong
Cham, Cambodia (29.1 # 24.0 ng g~ ', ww, the pres-
ent study), Bangladesh (136 + 80 ng g~ ', ww) (Das
et al. 2004) and India (130 £ 60 ng gfl, ww) (Mon-
dal and Polya 2008). Furthermore, the residual levels
of arsenic exceeded the global “normal” range of
0.14 ng g~ ! for arsenic concentrations in rice (WHO
2012). The arsenic concentrations in viscera (mean
122 ng g_l, ww) and meat (96.7 ng g_l, ww) col-
lected from Kandal province were also higher than that
collected from Chile (meat, 34 ng gfl, ww) (Munoz
et al. 2005). The average concentrations of arsenic in
vegetable (mean 66.1 ng g~', ww) collected from
Kandal were higher than those in vegetable collected
from India (mean 20.9 ng g~', ww) (Roychowdhury
et al. 2003) and UK (ranged from 5-87 ng g~ ', mean
24.2 ng g, ww) (Al Rmalli et al. 2005). Generally,
the arsenic contamination in foodstuffs collected from
Kandal was found to be severe when comparing other
counties and regions.
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Table 1 Arsenic concentrations (ng g ', ww) in all the foodstuffs collected from Cambodia
Food items Kampong Cham Kratie Kandal

Min Max Mean STD Median Min Max Mean STD Median Min Max Mean STD Median
Vegetable
Bitter 13 243 174 603 15
guard
Cabbage 17 21.5 19.8 242 208 4.69 559 5.18 045 526 11.8 277 20 796 204
Carrot 353 382 37 1.54 375
Chinese 20.5 23 22 1.34 226 235 287 257 027 248
radish
Cucumber 105 152 123 255 113 37.1 74 552 184 54.6
Eggplant 6.89 122 103 299 119
Long bean 17.6 20.6 19.6 1.73 20.5 354 447 393 049 3.77
Morning 473 62.1 57 837 61.6 36.8 46.7 406 533 384 214 367 277 799 252
Glory
Mustard 569 799 6.8 1.15 6.73
green
Petsai 45 643 543 097 535 7.66 10.7 8.69 1.76 7.68
Sponge 107 119 112 0.64 11.1 854 315 233 128 299
gourd
Winter 47 10.1 7.18 272 6.76 39 726 563 1.68 572 6.7 16.5 105 528 8.28
melon
Cereals
Rice 838 852 291 24 25.1 13.8 649 247 187 224
Fruits
Banana 113 142 13.1 158 138
Fish 349 616 495 135 520 395 108 8.11 3.66 9.55 1,609 4,650 2,832 1,606 2,237
Meat
Beef 59.1 71 63.8 629 614 022 9.64 4.1 493 244 863 106 967 992 979
Pork 10.1 325 193 11.8 152 947 151 11.7 296 10.6
Viscera
Cattle heart 1.11 102 4.38 5.03 1.87
Cattle 213 272 234 329 216
kidney
Cattle liver 3.17 136 9.55 56 118 976 149 12 262 113
Cattle 0.62 27 186 1.1 2.26
stomach
Egg
Egg 232 374 226 182 279 6.05 162 642 855 241

Estimation of dietary intake

As there were large variations of arsenic levels
detected in different types of food items even among
the same food group, geometric means were used in
the calculation of the mean levels of arsenic in the
cereal, vegetable, meat and egg. The calculated dietary
intakes were obtained by multiplying the amount and

frequency of food consumed based on our food
consumption survey, and the corresponding mean
concentrations of arsenic detected in each food group
(Xing et al. 2010). This approach has been previously
applied for the investigation of dietary intake of
pollutants such as organochlorine pesticides (OCPs)
and lead via mixed food categories (Othman 2010;
Skrbic and Predojevic 2008).
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Fig. 2 The concentrations (ng g~ °, ww) of arsenic in foodstuffs collected from three sampling sites

The concentrations, consumption rates and esti-
mated daily intakes of arsenic in different food groups
collected from Cambodia are listed in Table 2. The
daily intake of arsenic via food consumption was 604,
9.70 and 136 pg day ' in Kandal, Kratie and Kam-
pong Cham, respectively. Based on the average body
weight of local residents, the estimated daily intake
(EDI) for the residents in Kandal, Kratie and Kampong
Cham was 11.8, 0.19 and 2.52 pg kg~' bw day ',
respectively. Former studies suggested the most two
important pathways for arsenic exposure were dietary
intake and drinking water (Alam et al. 2003; Steinm-
aus et al. 2005). For residents of these three areas, the
intake of arsenic via drinking water ranged from 3.0 to
3.7,0.05t0 0.11 and 0.004 to 0.005 pg kg~ ' bw day ™
in Kandal, Kratie and Kampong Cham (Phan et al.
2010), respectively. Therefore, the dietary intake via
food consumption was the dominant pathway for
human exposure to arsenic for people in Cambodia,
particularly for residents in Kampong Cham (account-
ing for more than 99 %). Our results indicated that the
systematic monitoring programmes for arsenic in
foodstuffs and drinking water in Cambodia should
be instituted.

As shown in Fig. 3, our data indicated that daily
intake of arsenic via foodstuffs in Cambodia, partic-
ularly for Kandal, was significantly higher than that of
resident in Mexico, USA, Canada, UK, Germany,
Japan and Australia. The arsenic daily intake in
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Kandal, Kratie and Kampong Cham provinces ranked
No. 1, 16 and 9 among all the 17 compared counties
and regions, respectively. The EDI for the residents in
Kandal 11.8 pg kg ™' day ™' was much higher than the
recommended provisional tolerable intake value rec-
ommend by WHO benchmark dose (BMDLs =
3.0 ug kg~ ' bw day ') (JECFA 2011). The high daily
intake values of arsenic in Cambodia were mainly due
to the high concentrations of arsenic in food items,
particularly for food items available in Kandal prov-
ince. For residents of Kandal province, they are
affected by the high concentrations of arsenic in
groundwater (Phan et al. 2010) and heavy pesticide
contamination in food (Wang et al. 2011).

We did not determine arsenic species (organic and
inorganic arsenic compounds) in the food samples,
although it is necessary from the toxicological point of
view. Based on the previous reports on inorganic
arsenic in food composites (Chowdhury et al. 2000;
Dabeka et al. 1993; Heitkemper et al. 2001), inorganic
arsenic may account for at least 50 % of the total
arsenic in the studied foodstuffs in the present study.
Therefore, the average daily dietary intakes of inor-
ganic arsenic from foodstuffs in Kandal, Kratie and
Kampong Cham were about 5.92, 0.094 and
1.26 ug kg~' bw day ', respectively. The value of
residents in Kandal was much higher than the recom-
mended benchmark dose (BMDLgs = 3.0 pg kg™’
bw day ') (JECFA 2011).
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Table 2 The concentrations, consumption rates and estimated daily intakes of arsenic in different food groups collected from

Cambodia

Food groups

Concentrations (ug g~', ww)

Consumption rate (g day™")

Daily intake (ug kg~ day™")

Kandal Kratie Kampong Cham Kandal Kratie Kampong Cham Kandal Kratie Kampong Cham

Cereals 0.17 / 0.02 975 1,061 1,138 3.26 / 0.49
Vegetable 0.07 0.01 0.02 656 548 417 0.85 0.12 0.15
Fruits / / 0.01 344 345 228 / / 0.06
Fish 2.83 0.01 0.5 134 369 192 7.45 0.06 1.76
Meat 0.1 0.01 0.04 60.9 78.3 71.6 0.12 0.01 0.06
Viscera 0.12 0 0.01 48.5 26.8 42.4 0.12 0 0
Egg 0.06 / 0.02 38.5 12.1 8.52 0.05 / 0
Total 11.8 0.19 2.52

650

oo B Total

550 N Egg

. EEEEE Viscera
500

Daily intake (g day')
(9]
w
i

Vegetable
B Cereal

Fig. 3 The comparison of arsenic daily intake (ug day™') in
the three studied areas in Cambodia with other regions and
countries. / Kandal, Cambodia (the present study), 2 Mexico
(Del Razo et al. 2002), 3 Spain (Urieta et al. 1996), 4 Sindh,
Pakistan (Arain et al. 2009), 5 Domkal blocks, India (Roy-
chowdhury et al. 2002), 6 Jalangi, India (Roychowdhury et al.
2002), 7 Japan (Tsuda et al. 1995), 8 Bangladesh (Ohno et al.
2007), 9 Kampong Cham, Cambodia (the present study), /0

Contribution of different food groups

The contributions of arsenic from different food items
to the dietary intake are summarized in Fig. 4. Fish
consumption contributed the greatest proportion of
total arsenic intake in Kandal (about 63.0 %) and
Kampong Cham (about 69.8 %). It might be due to
that fish contained much higher concentrations of

9 10 11 12 13 14 15 16 17

Norway (Meltzer et al. 1994), /11 USA (Gunderson 1991), 12
UK (MAFF 2000), 13 Sweden (Jorhem et al. 1998), /4 Canada
(Dabeka et al. 1993), 15 Austria (Pfannhauser and Pechanek
1977), 16 Kratie, Cambodia (the present study), /7 Germany
(Wilhelm et al. 2003). The red dash line represents the
recommendation arsenic daily intake benchmark dose
(BMDLys 3 pgkg™'day™' x 55 kg = 165 pug day™") by
WHO/FAO (JECFA 2011) (See online version for color)

arsenic than other food items (Fig. 2). Particularly for
fish collected from Kandal and Kampong Cham, the
concentrations ranged from 1,609 to 4,650 ng g~ ' and
from 349 to 616 ng g~ ', respectively. Our results were
in line with previous studies showing that fish
accounted 75-90 % of the total arsenic intakes via
dietary source (Borak and Hosgood 2007; Das et al.
2004; Hughes 2006). For example, the seafood
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accounted for 90 % of daily arsenic intake in USA
(Gunderson 1991), about 70 % in Canada (Dabeka
et al. 1993) and about 60 % in Japan (Tsuda et al.
1995). Our previous study indicated that arsenic
contamination in groundwater collected from Kratie
was much higher than Kampong Cham (Phan et al.
2010). The site in Kampong Cham was selected as a
reference area and less contaminated than the Kratie.
However, the present results revealed that daily
intakes of arsenic via foodstuffs in Kampong Cham
were much higher than that in Kratie due to the high
arsenic concentrations in fish collected from Kampong
Cham. High concentrations of arsenic of edible fish
might be due to the fact that arsenic-contaminated
commercial fish produced by other areas was sold in
this place. Therefore, much more attention should be
paid to the daily intakes of arsenic via fish consump-
tion although background information was available.

Cereals contributed to the second largest proportion
of total arsenic intake in Kandal (27.5 %) and Kampong
Cham (19.5 %). Previous studies revealed that anaero-
bic conditions together with excessive water will lead to

A 63.0%
0.0% \\\\\ - 0.98%
- (-]
0.98%
7.15% 0.40%
27.5%
B 0.0% 30.9%
62.3% 0.0%
B Cereals
B Ve
69.8% — v
C = 5 Fish
B Meat
EEEE Viseral
B Egg
2.18%
0.22%
2.18% 0.11%

6.01%
Fig. 4 Contribution from different groups of foodstuffs to the

dietary intake of arsenic. a Kandal province; b Kratie province
and ¢ Kampong Cham province. (See online version for color)
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the mobilization and an elevated accumulation of As in
rice (Ma et al. 2008; Xu et al. 2008). Our previous study
indicated that the groundwater collected from Kandal
was extremely contaminated by arsenic (100 %
detected As > 50 ng Lfl) (Phan et al. 2010). The
contribution of arsenic dietary intake via different food
groups in the present study was similar with that in
Bangladesh, where the highest contribution was found
in seafood, followed by rice/rice cereal (Das et al. 2004).

Vegetables contributed the largest proportion of
total arsenic intake in Kratie (62.4 %), due to the high
consumption rates and high arsenic concentrations.
Although the arsenic contents in all vegetable samples
were found to below the food hygiene concentration
limit of 1.0 pg g~ in UK and Japan as described by
Abedin et al. (2002), the higher consumption rate of
vegetables according to local habits could also lead to
higher intake of arsenic. The other food groups, such
as meat, viscera and egg, contributed limited propor-
tion of arsenic intake among all foodstuffs in the
present study, which was in line with the former
studies conducted in USA (Schoof et al. 1999) and
Chile (Munoz et al. 2005).

In the present study, some limitations associated
with the exposure can lead to uncertainty in the overall
risk assessment. We did not determine the arsenic
species (organic and inorganic arsenic compounds) in
the studied foodstuffs. Other than the seafood (contains
mainly non-toxic organic forms of arsenic and rapidly
excreted through urine) (Fattorini et al. 2004), inor-
ganic arsenic may be the major contribution of arsenic
in many foods. Furthermore, the investigation in the
present study only focused the selected food items and
arsenic contamination. It is well known that drinking
water is also an important pathway for human expose to
arsenic (Kozul et al. 2009). Some other pollutants, such
as OCPs, had also high concentrations in food samples
collected from Cambodia (Wang et al. 2011). Consid-
ering that arsenic could accumulate in the organism
and there were possibilities of synergistic effects when
other pollutants are taken up simultaneously (Zhang
et al. 2012), the arsenic contamination in food samples
collected from Cambodia, especially from Kandal
province, is an alarming public health concern. Our
study, however, has provided a clear picture on the high
dietary intakes of arsenic via food consumption in
Cambodia, particularly in Kandal. More attention
should be paid to food safety issues in this area.
Furthermore, potential contamination in other
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provinces of Cambodia remains unclear and needs to
be included in future studies.
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