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Abstract. The purpose of this paper is to describe the impact ofnyls [PCBs] and polychlorinated dibenzo-p-dioxins [PCDD])
metal pollution on the main seafood and assess the potentilave been the subject of intense public concern in Taiwan (Ling
health risk from consuming the contaminated seafood iret al. 1995; Hanet al. 1996). People can be exposed to toxic
Taiwan. The results of geometric mean (GM) metal concentrachemicals that accumulate in fish and shellfish taken from
tions in various seafood showed that the copper, zinc, an@ontaminated waters that are consumed (Svenssah1995).
arsenic concentrations in oysters were significantly.(0.001)  Fish and shellfish are important food for supplying essential
higher than those in the other seafood by about 1,057, 74.3, anghce elements and certain vitamins; moreover, the polyunsatu-
56.2 times, re_spectlvely. The green_color found m_the oystersied n-3 fatty acids in fattyfish species are biologically
was QUe to high GM copper and zinc concentrations of 90£1mportant and have been associated with a decreased risk for
(ranging from 113-2,805) and 1,293 (ranging from 303-3,593); o\ ascular disease (Kromhaettal. 1985; Svenssoat al.

ug/g dry wi, respectively. In addition, using a maximum 1995). However, most current health risks associated with

consumption rate of 139 g/day of oysters for individuals, L - -
! . . S seafood safety originate in the environment. For example, Han
calculations yield target hazard quotients (daily intake/

reference dose) of below 1 for cadmium and mercury and higi?t al. (1994) reported the copper |ntake. and health threa@ by
values of 1.61, 9.33, and 1.77 for inorganic arsenic, copper, an nsuming seafood from copper-contaminated coastal environ-

zinc in adults, respectively. The various lifetime cancer risks formeNts (Erhjin Chi estuary) in Taiwan. Because of the incident of

inorganic arsenic (maximum exposed individuals risk ranging 9"€€n oysters” in the Charting coastal area, the green oysters

from 9.93x 10-6to 3.11x 10~4) might be caused by consum- collected from the Erhjin Chi estuary on 26 January 1989 gave
ing different seafood in Taiwan. The highest risk estimate forthe highest copper concentration of 4,48179 pg/g dry wt
inorganic arsenic was 5.18 10~ for consumption of oysters (Han and Hung 1990; Haat al. 1994). The area around the

by Machu Islands residents. The long-term exposure of metalErhjin Chi estuary was especially affected by large discharges
through consumption of oysters, especially for some high-riskof heavy metals from acid cleaning of metal scrap on the
groups, could be dangerous. Taking inorganic arsenic foriverbanks. All seafood industry suffered from the green oyster
example, a 10° upper limit on lifetime risk as the health incident because consumers were so afraid of its products. The
protection standard would require maximum oyster residueestimate by Hamt al. (1994) indicates that the average copper
levels of approximately 0.0076—0.056 pg/g wet wt, for consump-intake from contaminated green oysters for female individuals
tion rates of 139-18.6 g/d. In the light of known risks to public is 14 times more than that of international limits. Lieg al.
health, the government should issue an immediate warning t¢1995) reported that based on an average daily fish consumption
the public to refrain from eating all seafood harvested from theof 15 g for an adult with 70 kg body weight, a daily intake of
Taiwan coastal areas, especially the Hsiangshan area and theDD/PCDFs of 8 to 447 pg/kg is estimated when consuming
Machu Islands. fish caught from the Erhjin Chi river of Taiwan. The consump-
tion of these contaminated fish will exceed the risk-based
concentration of “zero” recommended by the US EPA (1996).
People consuming large amounts of contaminated seafood may

In recent years, the pollution of various river and coastal area§ave elevated concentration of heavy metals in their tissues
by trace metals (copper, zinc, lead, cadmium, arsenic, angompared to the general population (Aspluet al. 1994;

mercury) and organohalogen compounds (polychlorinated biphd2ewailly et al. 1994). A correlation between blood mercury
levels and methylmercury exposure via fish consumption has

been shown in several different studies (Grandjetaal. 1992;
Svenssoret al. 1992; Oskarssost al. 1996). For example, in
Correspondence td.-C. Han the Faroe Islands, the community consumes much seafood, and
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the hair mercury concentration in infants increases with theepresentative of each species population with respect to contaminant
duration of the nursing period (Grandjeeinal. 1994). levels. However, they represented a normal consumer’s choice. Oysters

Humans are exposed to inorganic and organic arsenic througéH‘d clams were collected from different culture ponds and coastal areas
environmental, medicinal, and occupational exposures. Botfuring the period 1991-1996 as shown in Figure 1.

inorganic and oraanic arsenic are present in food in different The samples were returned to the laboratory, individually scrubbed,
9 .g_ P . . and shucked, and the flesh was placed in weighed acid-washed Teflon
amounts. Examining the food category in more detail show

. 0 Seakers for reweighing to obtain individual wet-weight values. All
that fish and other seafood account for 90% of the total foodsamples were digested using a microwave digester (Model MDS-2000)

arsenic exposure with all other foods accounting for thewith a mixture of nitric and sulfuric acids (1/1, v/v) solution, and the
remaining 10% (US FDA 1993). Although seafood contains asupernatant analyzed for copper and zinc by flame atomic absorption
high concentration of organic arsenic, it is much less toxic tharspectrophotometry (Han and Hung 1990). Lead, cadmium, arsenic, and
inorganic arsenic (Chioet al. 1995). In a series of studies in mercury were measured by graphite atomic absorption spectrometry
Taiwan, an increasing mortality from cancers of the lung, liver,(GAAS) using nickel (for arsenic) and TeQfor mercury) as matrix

and bladder has been documented among residents in tﬁ_réodifiers, and standard addi‘;ion procedures were used for the calcula-
endemic area of black-foot disease (BFD) (Clegral. 1985,  1on of the analyte ;:oncelntratlons (]I(-lanal.dlggz]). ach

1986, 1988, 1992). A significant dose-response relationshign Determination of metals was performed with a Hitachi Zeeman AAS

. . . oo model Z-8000 with an autosampler). The results generated were, in
between the inorganic arsenic concentration in well water anth st cases, in good agreement with certified values. Standard reference

the mortality from various cancers has also been reported ifaterials (SRM 1566a Oyster Tissue and IAEA 350 Tuna Fish Tissue)
Taiwan (Chiolet al. 1995). were analyzed at regular intervals (Heiral. 1996, 1997).

Chenet al. (1994) reported that the total dissolved arsenic Eight hundred and fifty residents from Taipei City were interviewed.

p

concentration is 671 149 pg/L with a range of 470-897 pg/L A brief questionnaire was filled in with demographic information and
for all the well waters (a total of 54 samples) collected from thedata on nutritional habits. The interview questionnaire included
Putai area. The results are about 13 times greater than tifietailed questions about various seafood consumption pertaining to
maximum contaminant level (MCL) for arsenic in drinking amount and frequency of consumption as well as seafood preparation

. - . g . methods and weeks of consumption. The personal, dietary, and
water. The high mobility and bioavailability of dissolved residential information included in this study were obtained.

arsenic may be easily taken up by humans. However, there is the methodology for estimation of target hazard quotients (THQ)
little information on the concentrations of arsenic in different ang target cancer risk (TR) used was providedJBEPA Region |II
seafood from coastal water of the BFD (Putai) area in TaiwarRisk-Based Concentration Table, January—June @86 EPA 1996).
(Hanet al.1997). For carcinogenic effects (inorganic As), risk is expressed as excess
The consumption of contaminated seafood has been reportduobability of contracting cancer over a lifetime (70 years). For
as an important route of human exposure to heavy metals iﬁoncar_cinogenic effects, risk is expressed as a target hazard quotient,
Taiwan (Hanet al. 1994, 1996). OystersOfassostrea gigas the_ rath between the exposure and the reference dose. The que_ls for
and other seafood(g.,tilapia, tuna, and shrimps) are the most g;ﬂ?;t'r?gkst?;?g hazard quotients and target cancer risks (lifetime
popular seafood in Taiwan. However, the possible association '
between seafqod consumption and human. exposure tp many of EFr X EDtot X SFI X MCS \
these contaminants has _not been gxtenswely |nvest_|gated_. In THQ = RfDo X BWax ATn X 10
other words, contamination of marine organisms with toxic
chemicals presents the possibility that subsequent consumption
of these organisms by humans may pose significant health risks.
This is a well-recognized (Lipton and Gillett 1991) but poorly

cha;]acterléeq er;v:jronmental ;I)rob_lem Ip Ealwartl).l_ health risk where THQ: target hazard quotient; EFr: exposure frequency (350
The study includes an evaluation of the public health risks;, /year). EDtot: exposure duration, total (30 years): SFI: seafood

associated with various fish and shellfish, especially for locallyingestion (g/day); MCS: metal concentration in edible portion of
cultured oysters. In other words, the purpose of this Study is t@eafood (1g/9); RfDo: reference dose, oral (mg/kg/day); BWa: body
investigate, analyze, and evaluate metal contamination imveight, adult (65 kg); ATn: averaging time, noncarcinogens (EDtot
seafood in Taiwan. The Hsianghsan area and Machu Island65 days/year); TR: target cancer risk; CPSo: carcinogenic potency
were of considerable interest for a case study of oysteplope, oral (risk per mg/kg/day); ATc: averaging time, carcinogens
contamination by various metals. Furthermore, this study als?>:550 days)

estimates target hazard quotients for metals and lifetime cancer FOr statistical analyses, left-skewed data were normalized by logarith-
risks for inoraanic arsenic from consumina seafood mic transformation. Accordingly, geometric mean (GM) values were
9 9 : reported. Studentstest was used to study differences of various metal

concentrations between different organisms (ideal. 1997).

EFr X EDtot X SFI X MCS X CPSo
R= X
BWa X ATc

1073

Materials and Methods

Results and Discussion
Samples of various fish and crustaceans such as blue marlin, tuna,
Pacific saury, ribbon fish, sea perch, milk fish, tilapia, carp, grass . . . .
shrimps, and sand shrimps were bought from supermarkets or groceryafious Metal Concentrations in Different Seafood
stores of Taipei City during the period 1995-1996. The samples were
bought at random at different times of the year, and were mtaai In Taiwan, people’s demand for protein increases when their
suspected of any contamination, nor were they regarded as beingtandard of living rises. Figure 2 shows the total values and
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Fig. 1. Sampling locations and distribution of GM
metal concentrations (ug/g dry wt) in oysters
CuZnCdAs (Crassostrea giga<collected from different
coastal areas of Taiwan

amounts of production of 11 major kinds of seafood in Taiwan,ug/g dry wt) in oysters are found as compared with those in
as reported by the Council of Agriculture, ROC. The oyster wasother seafood (range from GM 0.210 to 4.46 pg/g dry wt).
not only in the top 10, but also the only shellfish in the top 11 Therefore, the potential risk of consuming oysters is relatively
(Hanet al. 1994). Because oysters are one of the most populanigher than that of other seafood due to the high bioaccumula-
seafoods in Taiwan and the Hsianghsan coastal area is one tbn of oysters. These high concentrations of copper and zinc
the major oyster-producing areas, we assume that all of thenay not affect oysters directly (Han and Hung 1990), but high
oysters consumed by some high-risk group were cultured alongoncentrations of copper, zinc, and arsenic may transfer toxicity
the Hsianghsan coastal area. to humans through the food chain and may render people
Table 1 shows the geometric mean (GM) metal concentratiomonsuming the shellfish more susceptible to bacterial and viral
(Hg/g dry wt) in various seafood with the following ranges: infection (Okazaki and Panietz 1981). This is because in most
copper 0.860-909, zinc 17.4-1,293, lead 0.025-1.43, cadmiumases those oysters live in an environment with heavy metal and
0.010-0.830, arsenic 0.210-11.8, and mercury 0.180-10.3 pghpmestic waste water (high B coli) pollution.
dry wt. Maximum copper and zinc concentrations (GMP09 Fish have been identified as a significant source of human
and 1,293 ug/g dry wt, respectively) in oysters are much higheexposure to various compounds although Kimbrough (1991)
than those of the other seafood by about 48.6-1,057 andautions against assuming that this is a serious hazard. We also
10.7-74.3 times, respectively. It can be seen that the ranges dfscuss this in the context of overall health risk assessment.
copper and zinc concentrations in the oysters differ significantlyrrom Table 1 we also found that mean mercury concentrations
(p < 0.001) from the other seafood. The result indicates that theanged from 0.180 to 10.3 pg/g dry wt in the different seafood.
ability of oysters to concentrate copper and zinc is muchThe highest concentrations of mercury were observed in blue
stronger than that of other seafood. In addition, the resultsnarlin (GM = 10.3 pg/g dry wt) and tuna (GM 9.75 pg/g dry
reveal that relatively high arsenic concentrations (6M1.8  wt). These values are higher than those in other seafood
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Fig. 2. Production (in value and amount) of major seafood in Taiwan. 1: Squith@nnus alalunga3: Milkfish, 4: Skipjack bonito, 5: Japanese
eel, 6: Tilapia, 7: Yellowfin tuna, 8: Scomber somber, 9: Pacific saury, 10: Oyster, 11: Loligo

Table 1. Geometric mean metal concentration (ug/g dry wt) in fish, crustaceans, and shellfish collected from supermarkets and the Hsiangshan

culture area

Species Cu Zn Pb Cd As Hg
Blue marlin Makaira mazara 1.08 34.8 1.43 0.120 0.630 10.3
(0.860-1.72) (33.5-34.8) (0.111-0.685) (0.015-0.031) (0.068-0.273) (1.71-22.9)
Tuna (Thunnus albacorgs 0.860 174 0.210 0.070 0.210 9.75
(0.005-0.860) (17.4-174) (0.170-0.315) (0.035-0.135) (0.010-1.48) (8.80-10.4)
Pacific sauryCololabis sairg 4.66 63.0 0.055 0.030 4.39 1.58
(3.43-6.85) (52.0-78.5) (0.015-0.260) (0.020-0.035) (3.67-5.35) (0.300-4.62)
Ribbon fish Trichiurus lepturu$ 0.985 20.6 0.130 0.130 0.935 1.28
(0.005-1.72) (17.4-33.5) (0.005-0.425) (0.030-0.325) (0.210-1.74) (0.140-6.85)
Sea perchl(ateolabrax japonicus 1.30 38.0 0.145 0.035 0.560 1.045
(0.005-2.58) (17.4-52.0) (0.045-0.875) (0.005-0.180) (0.045-1.48) (0.145-4.96)
Milkfish (Chanos changs 3.06 60.5 0.300 0.035 0.375 1.96
(1.72-4.29) (43.5-78.5) (0.005-1.91) (0.005-0.270) (0.010-1.43) (0.245-4.62)
Tilapia (Tilapia mossambica 1.56 64.0 0.125 0.105 0.355 2.54
(0.860-3.43) (43.5-87.0) (0.005-2.50) (0.020-0.460) (0.130-1.45) (1.36-3.95)
Carp Cyprinus carpid 4.85 121 0.045 0.010 4.64 2.41
(3.43-6.86) (105-139) (0.040-0.050) (ND-0.010) (4.05-5.30) (2.19-2.66)
Grass shrimpRenaeus mond9gn 155 69.0 0.095 0.145 0.760 2.19
(9.45-25.8) (61.0-87.0) (0.010-0.255) (0.090-0.220) (0.100-5.15) (0.690-5.40)
Sand shrimpNletapenaeus
monocerop 18.7 60.5 0.025 0.050 0.345 221
(14.6-27.5) (52.0-69.5) (ND-0.025) (0.045-0.065) (0.230-0.650) (1.89-2.60)
Clam (Meretrix lusorig) 12.3 54.5 11.0 0.232 13.7 0.180
(8.41-16.9) (48.1-69.4) (8.22-14.7) (0.181-0.344) (9.48-20.1) (0.112-0.287)
QOyster Crassostrea giggs 909 1,293 0.810 0.830 11.8 0.180
(113-2,805) (303-3,595) (0.050-3.33) (0.165-2.93) (7.15-16.3) (0.030-1.33)

ND: Pb and Cd< 0.005 pg/g

All data are 6-56 determinations for various seafoods

aOnly three determinations, data were rounded to three significant figures

(p < 0.05, which is significant) because both blue marlin andmercury to warrant health concern for high-risk groups with
tuna are predators on small fish and occupy a higher trophigery high consumption rates.
level than other seafood (Burgest al. 1992). In general,

The results of various metals found in oysters collected along
consumption of fish is an important source of exposure tahe western coast of Taiwan from 1991 to 1996 are shown in
methylmercury for humans (Svenssenal. 1995). Lipton and Table 2 and Figure 1. The highest GM copper and zinc
Gillett (1991) reported that tuna were sufficiently high in concentrations of 909 and 1,293 pg/g dry wt, respectively, were
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Table 2. Geometric mean metal concentrations (ug/g dry wt) in oysteragsostrea giggsollected from different coastal areas of Taiwan

Location Cu Zn Pb Cd As Hg
Hsiangshan 909 1,293 0.810 0.832 11.8 0.178
(113-2,805) (303-3,593) (0.050-3.33) (0.167-2.93) (7.15-17.6) (0.030-1.28)
Lukang 308 829 0.220 1.18 13.2 0.147
(60.3-948) (263-1,772) (0.050-2.88) (0.165-3.75) (0.025-29.3) (0.049-0.454)
Putai 139 402 ND 2.24 4.86 0.100
(124-158) (280-525) (1.21-4.15) (3.15-7.00) (0.070-0.090)
Anpin 545 2,545 ND 2.38 11.8 0.150
(378-1,867) (574-3,662) (1.47-4.48) (8.41-18.5) (0.120-0.185)
Penghu Islands 11.4 220 ND 1.49 6.35 0.175
(8.20-15.7) (187-259) (1.45-1.52) (6.25-6.45) (0.130-0.235)
Machu Islands 281 795 ND 6.82 19.3 0.175
(131-477) (514-835) (3.12-6.00) (6.45-25.8) (0.070-1.73)

ND: Pb< 0.005 pg/g
Wet weight= dry weightx 5
All data are 6-56 determinations

obtained from the Hsiangshan culture area. In general, when thmium, and organic mercury) risk to the public from ingestion of
copper concentration in oysters was over 500 pg/g dry wt, théhe seafood. Table 3 shows data for the main categories of
color of the oysters became green (Han and Hung 1990). Theeafood (fish, molluscs, and crustaceans) that contribute to the
results indicate that local and regional inputs of copper and zinbluman diet. In the questionnaire, seafood consumption was
are the major cause of green oysters in this area. There were lomgistered in three categories such as fish, oysters, and shrimps.
copper and zinc concentrations in the oysters collected from thErequency of consumption was categorized into four groups,
Penghu Islands (Table 2 and Figure 1), probably because thefifom less than two to more than 15 different seafood meals
location is far from pollution sources. It is interesting that during 1 week. In other words, the seafood consumers were
abnormally high cadmium and arsenic concentrationsdivided into four groups: a slight intake group<2 meals/
(GM = 6.82 and 19.3 ug/g dry wt, respectively) in the oystersweek), a moderate intake group (2—6 meals/week), a high intake
were found in the Machu Islands, which are very close to thegroup (7-14 meals/week) and the highest intake group5(
Minjang estuary in the Fu-Chien province of southeasternmeals/week) (Table 3). Typical seafood consumption values
China. Hunget al. (1998) reported that the average heavy metalvary from <8.6 to 30 g/d, whereas “extreme” values (for high
concentrations in mud<(63 um), sand, and seawater collected consumers such as subsistence fishermen group) range to
from the Minjang estuary were high compared with those139 g/d.
concentrations observed in other areas of Taiwan. This may be In general, three sources of uncertainty have been incorpo-
due to the fact that the heavy metal pollutant discharges fromated into health risk assessment: (1) contaminant uptake by
the Minjang River, which was near the urban areas of Fu-Chowommercially harvested seafood; (2) annual variability in the
City, PRC. In general, bivalve molluscs are a hazard to healthanding of commercial fisheries; and (3) seafood consumption
because they accumulate and concentrate toxins by contingate (Lipton and Gillett 1991). Two types of hypothetical
ously filter-feeding minute particles from water. In other words, seafood consumption scenarios were identified and evaluated in
the high metal concentrations in seawater, sediments, anghis assessment (Coopatral. 1991). The first was to represent
oysters apparently reflect a local anthropogenic input of pollutthe maximum exposed individual (MEI), assumed to consume
ants, especially cadmium and arsenic. Similarly, intake of highys, 139, and 64 g/day of fish, oysters, and shrimps, respectively.
cadmium and arsenic concentrations through consumption dfhe second type of consumption scenarios was for typically
oysters collected from the Machu Islands could be dangerougjeneral consumers (TGC), whom we assumed to consume
especially for some high-risk Machu residents. Mercury and3.6-30 g/day of seafood.
lead concentrations in oysters from different areas are generally According to the report of US EPA (1996), the dose
low (range ND-0.810 and 0.100-0.178 pg/g dry wt, respecealculations were made using the standard assumption for an
tively). integrated US EPA risk analysis, including exposure over an
entire 70-year lifetime and to a 65-kg body weight for an
average Taiwanese adult. In addition, it was assumed in
Estimation of Potential Health Risks accordance with the US EPA (1989) guideline that the ingested
dose is equal to the absorbed contaminant dose and that cooking
Compared with other foods, oysters have the highest concentr&ias no effect on the contaminants (Coogieal. 1991).
tions of Cu, Zn, and As in Taiwan. We think these calculated Table 4 shows the results of estimated average metal intake
data of copper, zinc, and arsenic concentrations of Taiwanesdoses (ug/kg/day) and target hazard quotients (THQs) caused
diets to be the first information related to health risk for theby consuming different seafood. Because oysters are one of the
inhabitants of Taiwan. Metal concentrations detected in seafoodopular seafoods in Taiwan and the Hsiangshan area is one of
from Taiwan (especially for the Hsiangshan area and the Machthe major oyster-producing areas, we assume that all of the
Islands) were evaluated to investigate potential carcinogenioysters consumed by some high-risk groups were cultured in
(inorganic arsenic) and noncarcinogenic (copper, zinc, cadthe Hsiangshan area. The oysters have had an average GM of
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Table 3. Estimated seafood consumption among respondents from Taipei City of Taiwan. Assumes 35, 65, and 30 g serving per meal of fish,
oysters, and shrimps, respectively

Fish QOyster Shrimp
Percentof Consumption Percentof Consumption Percent of Consumption

No. of RespondentsRates No. of RespondentsRates No. of RespondentsRates

Meals/Week Respondents(%) (g/day) Respondents(%) (g/day) Respondents(%) (g/day)
<2 136 21.7 <10 602 90.9 <18.6 603 91.2 <8.6

2-6 314 50.1 10- 30 54 8.2 18.6~ 56 51 7.7 8.6~ 26
7-14 112 17.8 35-70 5 0.7 65 ~ 130 6 0.9 30 ~ 60
>15 63 104 >75 1 0.2 >139 1 0.2 >64

Table 4. Estimated average metal intake doses (ug/kg/day) and target hazard quotients (THQs) caused by consuming different seafoods

Maximally Exposed Individuals Typically Exposed Individuals

Reference Fish Oyster Shrimp Fish Qyster Shrimp

Dose Intake Intake Intake Intake Intake Intake
Metal (ng/kg/day) Dose THQ  Dose THQ Dose THQ Dose THQ Dose THQ Dose THQ
Cu 40 1.07 0.027 373 9.33 3.59 0.090 0.428 0.011 49.9 1.25 0.482 0.012
Zn 300 26.7 0.089 531 1.77 13.2 0.044 10.7 0.036 71.1 0.237 177 0.006
Cd 0.5 0.029 0.058 0.340 0.68 0.017 0.034 0.012 0.024 0.045 0.090 0.002 0.004
Inorganic As 0.3 0.102 0.340 0.484 1.61 0.015 0.049 0.041 0.136 0.065 0.203 0.002 0.007
Organic Hg 0.1 1.70 17.0 0.056 0.560 0.315 3.15 0.678 6.78 0.008 0.080 0.042 0.420

copper of 182 pg/g wet wt (909 pg/g dry wt) during the past 5inorganic arsenic accounts for 10% of all arsenic in seafood
years (Table 2), and the average copper intake from oysters fgEdmonds and Francesconi 1993; Macintasthal. 1996).
an adult with 65 kg body weight was 373 pg/kg/day. The safetyCarcinogenic risks were estimated by multiplying the exposure
levels of dietary copper intake for adults suggested by theestimate by the carcinogenic slope factor for ingested inorganic
risk-based concentration table of US EPA are 40 pg/kg/day foarsenicj.e.,1.50 (mg/kg-day)* (US EPA 1996).
adults (US EPA 1996). In other words, the highest average The theoretical and estimated lifetime cancer risks (target
copper intake from oysters for individuals is 9.33 times.(  cancer risks; TR) of inorganic arsenic are summarized in Table
THQ = 9.33) more than that of international limits. On the 5 and Figure 3. The estimated lifetime cancer risk for inorganic
other hand, for calculating THQs of Hg and As, organic Hg, andarsenic was 1.2 1076-3.11x 104 in 1995-1997, but this
inorganic As used were 75 and 10% of the total, respectivelyisk varied with seafood and consumption rate. The GM
(Nakagaweet al. 1997). Organic mercury intakes varied from inorganic arsenic concentration of 0.236 pg/g wet wt (10% of
0.056 ug/kg/day for oysters to 1.70 pg/kg/day for fish (Table 4)total arsenic as inorganic arsenic) in oysters resulted in an
Itis seen from Table 4 that a relatively higher THQ was reachedestimated risk of 3.1X 10“ (Table 5). In general, of the three
from consuming fish (THG= 17.0) than from consuming exposure pathways—consumption of fish, oysters, and
oysters (THQ= 0.560) and shrimps (TH& 3.15). For vari-  shrimps,—risks from consumption of oysters were highest,
ous seafood containing zinc and cadmium, THQ values argvith TR = 3.11 X 10~* (based on 139 g oysters/day) and a
generally below 1 in adults, and only slightly over 1.60 for minimum value occurring at 3.24 10~° (based on 18.6 g
inorganic arsenic from consumption of oysters. On the whole, ibysters/day). Population risks from consuming fish hadTR
is interesting that consumption of contaminated oysters in2.62 X 1075 (based on 30 g fish/day) with minimum and
creases the total exposure to inorganic arsenic and coppemaximum values occurring at 8.74 107 (based on 10 g
considerably. The results of THQ showed that if only thefish/day) and 6.56< 107> (based on 75 g fish/day), respec-
maximally exposed individuals were considered, the value otively; whereas risks from the shrimp compartment had=R
20%, 60%, and 40% for fish, oysters, and shrimps, respectively,.26 X 10~° (based on 8.6 g shrimps/day) with a maximum
were higher than 1 in comparison with reference dose. value occurring at 9.3% 106 (based on 64 g shrimps/day)
Values of the THQ index for total exposure above 1.0(Figure 3). All cancer risk estimates for consumption of
indicate that the estimated exposure is potentially of concerninorganic arsenic in fish, oysters, and shrimps were higher than
However, the THQ does not define a dose-response relatiori:0-8, which is the risk of cancer benchmark often used by EPA
ship, and its numerical value should not be regarded as a direets the lower end of the range of acceptable risk (Yost and
estimate of risk (US EPA 1996). In other words, the referenceSchoof 1995).
dose is not a sharp division line between “safe” and “unsafe” Metal speciation is important in assessing hazard potential
intakes. It is by no means certain that intakes at or below th@nd in the risk assessment process. To derive risk values for
references are risk-free or that intakes above it pose undue riskssenicals, consideration is given to physicochemical properties
(Rodricks and Jackson 1992). and toxicities of the arsenic compounds, as well as other
Potential human health risks associated with inorganic archemical moieties (ATSDR 1991). In addition, exposure to
senic uptake for various seafoods were evaluated. We assunmorganic arsenic may increase the risk of lung cancer by
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Table 5. Estimated lifetime cancer risks for inorganic arsenic from cadmium and arsenic caused by consuming oysters collected

consumption of various seafoods of Taiwan from the Machu Islands had THQs of 5.57 and 2.63 for
Maximally Exposed Typically Exposed cadmium and arseni_c, r_egpectively. Table 6 also shows that for

Seafood Individuals Individuals maximally exposed individuals, 50% (12 out of 24 THQ) of
- THQs exceeded 1. In other words, one who has long-term
Fish 6.56x 10_5 2.62x 107 exposure to four metals through consumption of oysters will
Oyster 31110 8.24X10° have potential health risks, especially for Machu Islands area
Shrimp 9.39x 1076 1.26x 106 ’ ’

Gorell et al. (1997) reported and suggested that chronic
exposures to copper, mercury, zinc, and lead, etc., were
associated with Parkinson’s disease and that they might act
alone or together over time to help produce the disease.
inhalation (Jaupet al. 1989) and skin cancer by ingestion, butit  Taple 7 shows the various lifetime cancer risks for inorganic
is also associated with increased liver, bladder, and kidneysenic (MEI risk range from 1.28 104 to 5.10x 1074
cancer (Bateset al. 1992; Hsuehet al. 1995). Moreover, caused by consuming oysters collected from different culture
inorganic arsenic increases the formation of lipid peroxides angy;eas. The highest risk estimate for inorganic arsenic was
free radicals, and a decrease in selenium levels has bee1g x 104 for consumption of oysters by Machu Islands
observed. Consequently, inorganic arsenic exposure has beglsijents. Hungt al. (1998) indicated that total arsenic levels
linked to neurological and cardiovascular diseases (Ma#ani ., poth sediments and oysters from the Machu Islands were
al. 1987; Jensent al. 1991; Chiouet al. 1997). In areview of  qnqistently two to six times higher than those from the
potentially harmful substances in seafood, Friberg (1988) state§gjangshan coastal area of Taiwan. There is reason to believe
that from the toxicological point of view there are two forms of -+ ihase sediments are a major source of exposure to the

arsenic in marine organisms that should be considered, name'{¥ontaminants but the sediments sampled are not the only
arsenobetaine, which is the dominant form in most seafood, angl '

. . . . . .source of exposure. It is interesting to understand the relation-
inorganic arsenic, which constitutes 2—10% of the total arsem%hip between high cancer risk of the BFD patients and high
in seafood. It is known that inorganic arsenic is much more,;

toxic than organic arsenic (Edmonds and Francesconi, 1993). fetime cancer risk caused by consumption of oysters from the

Results of iterative simulations of population risks indicate.PUta' (BFD) area. Chiowet al. (1995) reported that a high

the following order of exposure pathways: oysters (X110-4) > inorganic arsenic intake from the wellwater of Putai had been
fish (6 56><g10‘5) < sh?imps (g 39« lyO‘-G)yThe mean oyster associated with increased risks for cancer. In Taiwan, epidemio-

MEI risk for inorganic arsenic was 4.74 and 33.1 times greaten%gggal studr:es of rr]e5|dents Itf.rolm f.'skhlpg tcommunltlgst c(;f th;
than the MEI risk for consumers of fish and shrimps, respec- area have shown mulliple misk-1actors associated wi

tively. One of the primary causes of the risk differentials is aﬁ/llrse;:ic-linldu%ed ski.r(ljcatncer.(l—:jlﬁml. 199.,[5)5|T he:e;orek; the f
relatively small proportion of shrimps landed in the Taiwan achu Islands residents mig € a suitable study base for

region. The dominance of the oysters exposure route sugges??'demmlog'.c Stgd'es on the mortality gnd cancer mobility
that individuals consuming oysters might be at greater risk tha@SSociated with dietary exposure to arsenic and other metals.
those who consume shrimps. Although the risks from the three Figure 3 al_so illustrates a sen§|t|V|ty analy_S|s of the calculat(_ed
seafood may be additive (total risks3.86x 10-4), the con- upperbound mcreasgd cancer risks from this study as a function
sumption of these three seafood may not be independent. mf sez_afO(_)d consumption rate: Based on the present r_esults, th_ere
addition, exposure assumptions consistent with US EPA guidéeS @ likelihood that some Taiwan re&denfts consuming certain
lines were selected to be able to predict the reasonabl@mount of locally caught seafood (especially oysters) may run
maximum exposure level (US EPA 1989). For example, differ-the risk in bgtweer_\ th.e amount u;ed as maximum and typical in
ent methods of preparing and cooking seafood can result in g€ calculation. Principal conclusions are as follows.
differential loss of contaminant residues (Ske¢al. 1979). This o ) ) )
seafood body-burden loss factor includes losses from botA) The great majority of the estimated increase cancer risk was
preparation (skinning, gutting, filleting) and cooking. For the  attributed to inorganic arsenic in the Taiwan oysters for any
purposes of this analysis, however, it was assumed that the loss long-term consumers of even a small amount of this item.
factor= 0 (Lipton and Gillett 1991). 2) The cancer risks estimated to be greater thart 1 this

As such, these assumptions are likely to overestimate expo- Study were associated with the assumed long-term maxi-
sure for many individuals. The MEI risk will exceed the highest ~mum consumption of very large quantities of oysters from
risk threshold of 104 when oyster consumption is greater than  the Machu Islands, on the order of more than 139 g/day.
139 g/day. The risk (1tF) is slightly higher than that of 3) With the exception of risk due to consumption of shrimps,
consumption levels in excess of 18.6 g/day. These results the estimated risks to the prototype typical local consumers
suggest that “average” consumers and “extreme” consumers of Taiwanese seafood were relatively small.
have different likelihoods of exceeding risk levels, an outcome
that must be considered when evaluating the equitability of any Figure 4 shows estimate of lifetime cancer risk vs. concentra-
proposed regulatory action (Lipton and Gillett 1991). tion of inorganic arsenic in Hsiangshan’s oysters at selected

Table 6 shows various estimated THQs for copper, zincconsumption rates. Where the risk level is low, such a% o0
cadmium, and inorganic arsenic caused by consuming oysteftewer, the exposure might be considered acceptable (US EPA
collected from different culture areas. ATHQ of 9.33 (based on1996). However, where the risk is higher, various risk manage-
139 g oysters/day) for copper caused by consuming oystemsient decisions may have to be taken. (The limit depends
from the Hsiangshan area is higher than that from other aredseavily on data and assumptions concerning oyster consump-
(range 0.124-5.95). However, the maximum THQ values fortion rates). At present, total arsenic residues in cultured oysters
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Table 6. Various estimated target hazard quotients (THQs) for metals caused by consuming oysters collected from different culture areas

geference Maximally Exposed Individuals Typically Exposed Individuals

ose

Metal (ug/kg/day) Hsiangshan Lukang Putai Anpin Penghu Machu lslands Hsiangshan Lukang Putai Anpin Penghu Machu Islands
Cu 40 9.93 3.36 152 595 0124 3.07 1.25 0.450 0.203 0.796 0.017 0.411

Zn 300 1.77 113 0549 348 0301 1.09 0.237 0.151 0.073 0.466 0.040 0.146

Cd 0.5 0.680 0.819 184 0901 1.22 5.57 0.090 0.110 0.246 0.121 0.163 0.745
InorganicAs 0.3 161 1.80 0.663 1.34 0.866 263 0.203 0241 0.089 0.179 0.116 0.352

Table 7. Various estimated lifetime cancer risks for inorganic As  The potential variation of health risk in consuming seafood is
caused by consuming oysters collected from different culture areas  that both population and individual risks may straddle com-

Maximally Exposed Typically Exposed monly gsed regulf_itory thr_esh_olds of Faand 105, as well as

Culture Area Individuals Individuals extending to 10% in certain circumstances. The relevance of

- this range lies in the fact that seafood consumption might thus
Hsiangshan 3.1k 1cr_4 4.16x 10 be termed both “safe” and “unsafe.” In general, risk managers
Lukang 3.48x 104 467X 10°° . L L
Putai 1.28% 104 171X 10°5 should consider acceptable exceedence frequencies in addition
Anpin 258X 104 3.46X 10-5 to determining acceptable risk levels. This level of acceptable
Penghu Islands 1.68 104 2.24% 1075 uncertainty should be based on both the severity of the adverse
Machu Islands 5.1x 104 6.81x 1075 effect and the size of the affected population (Lipton and Gillett

1991).

The overall problem of metal contamination in seafood
(especially oysters) was more serious than was thought to be in
in several areas of Taiwan contain arsenic in the range of 0.97guch an industrialized and densely populated area. Some
to 3.86 pg/g wet wt (Table 2). Clearly, imposition of a 0.057 chemicals suspected of playing a role in human carcinogenesis
ug/g wet wt (based on 139 g oysters/day) limit would mean thevere likely present but not analyzed for in the oysters of
end of consuming many different cultured oysters in TaiwanHsiangshan and the Machu Islands. For example, PCBs were
until environmental levels of arsenic decline to sufficiently low not analyzed in this study but were detected in fish from the
levels (Figure 4). Absolute residue limits are difficult to derive Erhjin Chi River at levels (Ling and Huang 1995) high enough
because of the lack of direct evidence for critical levels into produce estimates of about910-3 and 1.5x 1073 lifetime
seafood. Risks to humans of consuming oysters have not bedisk from consuming 65 g d¥legalops cyprinoideandTilapia
clearly proven, although there is some indirect evidence (sucmossambic@er day, respectively. The other major risk of acute
as green oysters have sometimes been found in Taiwan) (Hatisease is associated with the consumption of raw shellfish,
and Hung 1990; Haat al. 1994). These high consumption rates which was infected by microorganisms due to the polluted
are likely to overestimate exposure for many consumers. Fowater (high inE. coli) and high metal contents in Taiwan. In
these reasons, a risk manager might weigh the risks associataddition, we also recommend limited consumption of oysters
with chemical contamination of fish and shellfish against thefrom polluted water because most current health risks associ-
health benefitsg.g.,decrease risk of heart disease) associatedited with seafood safety originate in the environment, which
with consumption of fish and shellfish in place of meat (US EPAshould be dealt with by control of aquaculture sources or at the
1989). point of harvest.
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