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RESEARCH ARTICLE
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on Accumulation in the Portuguese Oyster
(Crassostrea angulata) and White Shrimp
(Litopenaeus Vannamei)

Yin-Yu Chen %, Yu-Sheng Wu b Hsiang-Yin Chen ¢, Zhen-Hao Liao °, Fan-Hua Nan **

? Department of Aquaculture, National Taiwan Ocean University, Keelung, Taiwan
® Department of Aquaculture, National PingTung University of Science and Technology, PingTung, Taiwan
¢ Department of Aquaculture, National Penghu University of Science and Technology Penghu, Taiwan

Abstract

This research aims to realize whether the dioxin accumulation in the oyster and white shrimp which were cultured in
the dioxin pollutant sediment. This presented evidence indicated that dioxin was detected in all experimental groups
with high concentration accumulated in experiment animals. Observation of the concentration, the PCDD/F, 2,3,7,8-
T4CDD was with high concentration in the sediment and declined with the time elapsed. Detection of the dioxin
accumulated in the animal, the accumulative maximum amounts was in the oyster as 3746.16 (pg-TEQ/g d.w.) and in the
shrimp as 705.44 (pg-TEQ/g d.w.).

The detected amount of dioxin in the supernatant was quite low, and less to release into the water. The filter habit
animal of oyster and demersal habit of white shrimp were both detected the dioxin accumulated in the organs.

As our findings, the dioxin in the sediment is transferred into the oyster and shrimp, the accumulated amount was
increased by the bio-magnification with the elapsed time.

Keywords: Sediment, Dioxin pollutant, Oyster, White shrimp, Bioaccumulation

1. Introduction

D ioxin has lipophilic properties which is a
notorious for persistent and extremely toxic
environmental pollutants [10]. It is with the ability of
bioaccumulation in the environment food-chain and
is able to be absorbed and storage in the animal
fatty tissue [7]. Soil is a very important medium for
dioxin accumulation and entering the food-chain.
Therefore, monitoring the concentration of dioxin in
soil can reflect the actually environmental contam-
ination and potential risk for food [21].

Dioxins and dioxin-relative compounds are
extremely production of various industrial pro-
cesses (e.g. waste incineration, iron/steel industries)

and expressed in the environmental pollutants,
chemically stable and lipid soluble [26]. Current
study was investigated that dioxin (2,3,7,8-tetra-
chlorodibenzo [p]ldioxin, TCDD) promotes epige-
netic transgenerational inheritance of disease [17].
Dioxin is also evidence of carcinogenesis as an
environment hazard to alter the host biological
response, cell development, differentiation and
regulation [25]. Dioxins is primarily stored in the
liver followed by the adipose tissue. Once ingestion
of dioxins is detectable for a long period and the
average half-life of dioxins in the human body is
assumed to be seven to nine years [13].

Marine animals contaminated with dioxin are
serious concern for human health [22,23], because

Received 23 October 2019; revised 14 May 2020; accepted 30 June 2020.
Available online 18 November 2021.

* Corresponding author. Department of Aquaculture, National Taiwan Ocean University, No.2, Beining Rd., Jhong-jheng District,

Keelung City 202. Taiwan.
E-mail address: fhnan@mail.ntou.edu.tw (F.-H. Nan).

https://doi.org/10.514/2709-6998.2469
2709-6998/© 2021 National Taiwan Ocean University.

S

b,
Wregsine

e

2
N o


mailto:fhnan@mail.ntou.edu.tw

686

dioxin is able to destroy liver function and fatty acid
metabolism, influence enzyme activity, inhibit im-
mune system and cause nerve system dysfunction
[18]. Therefore, understanding the potential risk of
aquaculture environmental contamination with
dioxin is very important. In this research applied
different concentration of dioxin (100, 500, 1000 and
1500 ng-TEQ/g d.w.) and analyzed the residues in
sediment. Moreover, Oyster and white shrimp were
used as a model to determine the dioxin uptake rate
from sediment. It was hoped that the results can
help to contribute a safety standard of dioxin con-
centration to aquaculture environment. In this
analysis of dioxin level, it was using of the Toxic
Equivalencies (TEQ, summary weighted measure of
their combined toxicity) to realize the level of dioxin
in the culture water and experiment animals. TEQs
were calculated using as standard the most recent
WHO 2005 reevaluation of Toxic Equivalency Fac-
tors (TEFs) [8].
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dibenzo-p-dioxin), 5 pg/ml Furan mixture (2,3,7,8-
Tetrachlorinated dibenzofuran, 1,2,3,7,8-Penta-
chlorinated dibenzofuran, 1,2,3,4,7,8-Hexachlorinated
dibenzofuran, 1,2,3,4,6,7,8-Heptachlorinated dibenzo-
furan, Octachloriated dibenzofuran), 5 pg/ml
1,2,3,6,7,8-Hexachlorinated  dibenzo-p-dioxin and
5 ng/ml 1,2,3,7,8,9-Hexachlorinated dibenzo-p-dioxin.

2.2. Experiment design

Standard solution was prepared to be the final
concentration as A (0; control), B (100), C (500), D
(1000), E (1500) ng-TEQ/g and mixed to the sedi-
ment. 20 kg sediment with different concentration of
dioxin standard was laid on the bottom of 500 L FRP
tank and was cultured with oysters. White shrimps
were cultured in 25 L FRP tank which contained 1 kg
sediment with different concentration of dioxin
standard. The experiment procedure was as
following and evaluated with every two weeks:

Sediment with various concentrations of dioxin ‘

|(‘un|rul| [ 100 | [ 500 | I 1000 | l 1500 ](ng-TEQ;‘gd,w,)

L l

l ]

»| Detection of sediment / water

‘ Cultured with Oyster or Shrimp

dioxin concentration

{ Dioxin accumulation

In this research, it was major to realize that after
the aquaculture sediment was polluted with various
concentrations of dioxin, the impact of the dioxin
concentration and the dioxin accumulation in the
aquaculture animals. To analog the aquatic animals
cultured in the dioxin polluted sediment, the dioxin
residue in the shrimp and oyster tissue were
measured with elapsed time.

2. Materials and methods
2.1. Standard solution

Accu Standard contained 5 pg/ml Dioxin mixture
(2,3,7,8-Tetrachlorinated dibenzo-p-dioxin, 1,2,3,7,8-
Pentachlorinated dibenzo-p-dioxin, 1,2,3,4,7,8-Hexa-
chlorinated dibenzo-p-dioxin, 1,2,3,4,6,7,8-Hepta-
chlorinated  dibenzo-p-dioxin, = Octachlorinated

2.3. Animals

Oysters (6 kg) were purchased from the fish
market (Keelung, Taiwan) and white shrimps
(10.0 + 2.0 g, 80 individuals in each group) were
purchased from Aquatic Animal Center, National
Taiwan Ocean University. The residues of dioxin
concentration in healthy oysters and white shrimps
were confirmed before the experiment inception.
Samples were collected and scanning of the dioxin
accumulation every two weeks.

2.4. Dioxin and Furan analysis

To demonstrate the dioxin concentrations accu-
mulated in the experimental animals, the samples
were extracted from the oyster and shrimp tissue.
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The method followed NIEA M801.11 N Dioxin and
Furan detection method — HRGC/MS/MS.

Sample extract were dried and filtered over sodium
sulfate and glass fiber filters and passed directly to a
carbon column. The carbon column was eluted with
50 ml of dichloromethane and then the PCDD/Fs
were collected in a 50 ml elution with toluene. The
residue from the carbon column was suspended in n-
hexane. Using Pasteur pipet columns to complete the
cleansing: one containing potassium silicate/40%
sulfuric acid on silica gel eluting into a pipet con-
taining 1 g neutral alumina. PCDDs and PCDFs were
recovered from the alumina with 2.5 ml dichloro-
methane, the extracts were added with 5 pl octa-
chloronaphthalene (OCN) served as the recovery
standard and an internal standard for quantification
in the MS/MS experiments [12].

2.5. Statistical analysis

The experimental data in each treatment group
were divided by the control group. Tukey's new
multiple range test and one-way analysis of variance
were used to analyze the statistical significance be-
tween the treatment and control groups. A value of
p < 0.05 was considered statistically significant. The
results are presented as means + standard deviation.

3. Results
3.1. Sediment

Observation of the initial concentration dioxin in
the sediment is shown in Table 1. It was shown that
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the total PCDD/PCDF in the control sediment, there
was no PCDD/F detected. And in other treatment
sediment, the detection results were observed as
119.8 pg-TEQ/g, 771.66 pg-TEQ/g, 1356.14 pg-TEQ/
g, and 2078.48 pg-TEQ/g. With the elapsed time
(week) observation, in the 4th week, the concentra-
tion of the dioxin was appeared as ND, 96.49, 717.83,
1264.28 and 1981.51 (pg-TEQ/g d.w.) in the control
and other treatment groups (Table 2). In the 8th
week, the concentration of dioxin was detected as
decreased as 90.71, 701.51, 1218.95 and 1866.28 (pg-
TEQ/g d.w.) (Table 3).

This presented data was illustrated that the con-
centration of dioxin in the sediment was decreased
with the time.

3.2. Dioxin levels in supernatant water

Dioxin concentration in cultured water was one of
the major parameter that should be concerned.
Through the detection time, in the 2nd week, the
concentration of dioxin in the water was observed as
ND, 0.09262, 0.6608, 1.1898, and 1.75628 (pg-TEQ/g
d.w.) in the control and other groups. In the 4th
week, the concentration was shown as ND, 0.0794,
0.7072, 1.3086, and 1.70239 (pg-TEQ/g d.w.). In the
6th week, the dioxin concentration was that ND,
0.0929, 0.6879, 1.2619, and 1.6452 (pg-TEQ/g d.w.). In
the 8th week, it was shown as ND, 0.08762, 0.6123,
1.1734, and 1.76288 (pg-TEQ/g d.w.) in the control
and other treatment groups.

Analysis of the dioxin compounds in the water
with time elapsed. In the 2nd week, the result was

Table 1. The real dioxin concentration of the sediment in the 0™ week. NOTE: ND means No detected and TEQ means Toxicity Equivalent.

Dose (pg-TEQ/g d.w.) A(Control) B C D E
Native Compounds

2,3,7,8-Dioxins (pg-TEQ/g d.w.)

2,3,7,8-T4CDD ND 56.86 357.43 643.28 992.48
1,2,3,7,8-P5CDD ND 34.45 213.05 386.63 601.22
1,2,3,4,7,8-H6CDD ND 6.28 4438 72.55 108.22
1,2,3,6,7,8-H6CDD ND 4.21 28.36 47.36 69.05
1,2,3,7,8,9-H6CDD ND 5.71 38.09 63.31 92.36
1,2,3,4,6,7,8-H7CDD ND 0.73 4.64 8.12 11.75
OCDD ND 0.08 0.48 0.8 1.16
2,3,7,8-Furans (pg-TEQ/g d.w.)

2,3,7,8-TACDF ND 4.5 33.53 54.69 83.01
1,2,3,7,8-P5CDF ND 2.67 22.06 30.99 48.56
2,3,4,7,8-P5CDF ND ND ND ND ND
1,2,3,4,7,8-H6CDF ND 3.64 24.18 39.66 57.88
1,2,3,6,7,8-H6CDF ND ND ND ND ND
1,2,3,7,8,9-H6CDF ND ND ND ND ND
2,3,4,6,7,8-H6CDF ND ND ND ND ND
1,2,3,4,6,7,8-H7CDF ND 0.7 5.06 8.12 11.84
1,2,3,4,7,8,9-H7CDF ND ND ND ND ND
OCDF ND 0.05 0.4 0.63 0.95
Total PCDD/F (pg-TEQ/g d.w.) ND 119.88 771.66 1356.14 2078.48
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Table 2. The dioxin concentration of the sediment in the 4th week. NOTE: ND means No detected and TEQ means Toxicity Equivalent.

Dose (pg-TEQ/g d.w.) A(Control) B C D E
Native Compounds

2,3,7,8-Dioxins (pg-TEQ/g d.w.)

2,3,7,8-T4CDD ND 42.46 317.93 593.28 952.58
1,2,3,7,8-P5CDD ND 30.49 213.05 355.71 587.29
1,2,3,4,7,8-H6CDD ND 3.28 44.18 69.43 98.21
1,2,3,6,7,8-H6CDD ND 3.21 28.28 47.36 64.04
1,2,3,7,8,9-H6CDD ND 5.71 28.09 61.11 89.45
1,2,3,4,6,7,8-H7CDD ND 0.73 4.34 8.99 10.75
OCDD ND 0.08 0.58 0.7 1.11
2,3,7,8-Furans (pg-TEQ/g d.w.)

2,3,7,8-T4ACDF ND 3.5 31.23 53.63 83.01
1,2,3,7,8-P5CDF ND 2.67 21.06 29.99 43.36
2,3,4,7,8-P5CDF ND ND ND ND ND
1,2,3,4,7,8-H6CDF ND 3.61 24.1 34.66 37.88
1,2,3,6,7,8-H6CDF ND ND ND ND ND
1,2,3,7,8,9-H6CDF ND ND ND ND ND
2,3,4,6,7,8-H6CDF ND ND ND ND ND
1,2,3,4,6,7,8-H7CDF ND 0.7 4.66 8.89 12.84
1,2,3,4,7,8,9-H7CDF ND ND ND ND ND
OCDF ND 0.05 0.33 0.53 0.99
Total PCDD/F (pg-TEQ/g d.w.) ND 96.49 717.83 1264.28 1981.51

presented that 2,3,7,8-T4CDD, 1,2,3,7,8-P5CDD,
1,2,3,4,7,8-H6CDD, 1,2,3,6,7,8-H6CDD, 1,2,3,7,8,9-
H6CDD and 1,2,3,4,6,7,8-H7CDD were not observed
in the control, however, the 1500 ng-TEQ/g d.w.
treatment group was presented higher in the 2,3,7,
8-Dioxins. In the 2,3,7,8-Furans observation, 2,3,7,8-
TACDF, 1,2,3,7,8-P5CDF, 2,3,4,7,8-P5CDF, 1,2,3,4,7,8-
H6CDF, 1,2,3,6,7,8-H6CDF, 1,2,3,7,8,9-H6CDF,
2,3,4,6,7,8-H6CDF, 1,2,3,4,6,7,8-H7CDF, OCDF and

Table 3. The dioxin concentration of the sediment in the 8th week. NOTE:

1,2,3,4,7,8,9-H7CDF were not observed in the control
(Table 4).

In the 4th week, 2,3,7,8-T4CDD, 1,2,3,7,8-P5CDD,
1,2,3,4,7,8-H6CDD, 1,2,3,6,7,8-H6CDD, 1,2,3,7,8,9-
H6CDD and, 1,2,3,4,6,7,8-H7CDD were observed in
the treatment groups. However, in the 2,3,7,8-Furan
compound, there were 2,3,7,8-TACDF, 1,2,3,7,8-
P5CDF, 1,2,3,4,7,8-H6CDF, 1,2,3,4,6,7,8-H7CDF and
OCDF detected in the treatment (Table 5). In the 6th

ND means No detected and TEQ means Toxicity Equivalent.

Dose (pg-TEQ/g d.w.) A(Control) B C D E
Native Compounds

2,3,7,8-Dioxins (pg-TEQ/g d.w.)

2,3,7,8-T4CDD ND 39.36 301.93 577.27 933.53
1,2,3,7,8-P5CDD ND 28.89 213.05 335.77 517.29
1,2,3,4,7,8-H6CDD ND 3.01 44.18 67.43 95.21
1,2,3,6,7,8-H6CDD ND 3.11 28.28 47.22 61.04
1,2,3,7,8,9-H6CDD ND 5.23 28.09 63.13 79.41
1,2,3,4,6,7,8-H7CDD ND 0.65 4.34 8.54 10.65
OCDD ND 0.08 0.58 0.7 1.17
2,3,7,8-Furans (pg-TEQ/g d.w.)

2,3,7,8-T4ACDF ND 3.3 31.23 51.13 82.77
1,2,3,7,8-P5CDF ND 2.66 21.06 24.19 41.31
2,3,4,7,8-P5CDF ND ND ND ND ND
1,2,3,4,7,8-H6CDF ND 3.65 241 34.64 31.89
1,2,3,6,7,8-H6CDF ND ND ND ND ND
1,2,3,7,8,9-H6CDF ND ND ND ND ND
2,3,4,6,7,8-H6CDF ND ND ND ND ND
1,2,3,4,6,7,8-H7CDF ND 0.7 4.36 8.44 11.14
1,2,3,4,7,8,9-H7CDF ND ND ND ND ND
OCDF ND 0.07 0.31 0.49 0.87
Total PCDD/F (pg-TEQ/g d.w.) ND 90.71 701.51 1218.95 1866.28
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Table 4. The dioxin concentration of the culture water in the 2nd week. NOTE: ND means No detected and TEQ means Toxicity Equivalent.

Dose (pg-TEQ/g d.w.) A(Control) B C D E
Native Compounds

2,3,7,8-Dioxins (pg-TEQ/g d.w.)

2,3,7,8-T4CDD ND 0.0316 0.2993 0.5707 0.8953
1,2,3,7,8-P5CDD ND 0.0298 0.1905 0.3577 0.5021
1,2,3,4,7,8-H6CDD ND 0.0013 0.0418 0.0783 0.0931
1,2,3,6,7,8-H6CDD ND 0.0011 0.0228 0.0412 0.0604
1,2,3,7,8,9-H6CDD ND 0.0066 0.0209 0.0313 0.0791
1,2,3,4,6,7,8-H7CDD ND 0.0007 0.0034 0.0054 0.0115
OCDD ND 0.00009 0.0003 0.0007 0.0017
2,3,7,8-Furans (pg-TEQ/g d.w.)

2,3,7,8-T4ACDF ND 0.003 0.0323 0.0515 0.0277
1,2,3,7,8-P5CDF ND 0.0066 0.0206 0.0119 0.0431
2,3,4,7,8-P5CDF ND ND ND ND ND
1,2,3,4,7,8-H6CDF ND 0.0111 0.0251 0.0364 0.0309
1,2,3,6,7,8-H6CDF ND ND ND ND ND
1,2,3,7,8,9-H6CDF ND ND ND ND ND
2,3,4,6,7,8-H6CDF ND ND ND ND ND
1,2,3,4,6,7,8-H7CDF ND 0.0007 0.0035 0.0044 0.0113
1,2,3,4,7,8,9-H7CDF ND ND ND ND ND
OCDF ND 0.00003 0.0003 0.0003 0.00008
Total PCDD/F (pg-TEQ/g d.w.) ND 0.09262 0.6608 1.1898 1.75628

week, the 2,3,7, 8-Dioxin compounds were detected
in the treatment groups. In the 2,3,7,8-Furan com-
pound, there were 2,3,7,8-T4CDF, 1,2,3,7,8-P5CDF,
1,2,3,4,7,8-H6CDF, 1,2,3,4,6,7,8-H7CDF and OCDF
detected in the treatment (Table 6). In the 8th week,
the concentration of dioxin compounds was lower
than in the 6th week (Table 7).

It was presented that the detected amount of
dioxin in the supernatant was lower than in the
sediment and dioxin accumulated in the animals.

3.3. Accumulation in oyster

The concentration of PCDD/PCDF congener in
oysters which were cultured with different standard
sediment were under monitored. It was obviously
that the oysters which were cultured with high
concentration PCDD/PCDF sediment exhibited
higher bioaccumulation and showed dose depen-
dent. 2,3,7,8-T4ACDD was detected in all experi-
mental groups and showed higher concentration

Table 5. The dioxin concentration of the culture water in the 4th week. NOTE: ND means No detected and TEQ means Toxicity Equivalent.

Dose (pg-TEQ/g d.w.) A(Control) B C D E
Native Compounds

2,3,7,8-Dioxins (pg-TEQ/g d.w.)

2,3,7,8-T4CDD ND 0.0213 0.3593 0.7101 0.7743
1,2,3,7,8-P5CDD ND 0.0238 0.1741 0.3337 0.5511
1,2,3,4,7,8-H6CDD ND 0.0023 0.0333 0.1053 0.0891
1,2,3,6,7,8-H6CDD ND 0.0012 0.0234 0.0442 0.0704
1,2,3,7,8,9-H6CDD ND 0.0056 0.0209 0.0333 0.0788
1,2,3,4,6,7,8-H7CDD ND 0.0005 0.0074 0.0084 0.0133
OCDD ND 0.0001 0.0023 0.0009 0.0022
2,3,7,8-Furans (pg-TEQ/g d.w.)

2,3,7,8-T4ACDF ND 0.004 0.0423 0.0315 0.0347
1,2,3,7,8-P5CDF ND 0.0076 0.0206 0.0101 0.0431
2,3,4,7,8-P5CDF ND ND ND ND ND
1,2,3,4,7,8-H6CDF ND 0.0112 0.0201 0.0304 0.03
1,2,3,6,7,8-H6CDF ND ND ND ND ND
1,2,3,7,8,9-H6CDF ND ND ND ND ND
2,3,4,6,7,8-H6CDF ND ND ND ND ND
1,2,3,4,6,7,8-H7CDF ND 0.0017 0.0033 0.0004 0.0153
1,2,3,4,7,8,9-H7CDF ND ND ND ND ND
OCDF ND 0.0001 0.0002 0.0003 0.00009
Total PCDD/F (pg-TEQ/g d.w.) ND 0.0794 0.7072 1.3086 1.70239
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Table 6. The dioxin concentration of the culture water in the 6th week. NOTE: ND means No detected and TEQ means Toxicity Equivalent.

Dose (pg-TEQ/g d.w.) A(Control) B C D E
Native Compounds

2,3,7,8-Dioxins (pg-TEQ/g d.w.)

2,3,7,8-T4CDD ND 0.0205 0.2993 0.6691 0.7013
1,2,3,7,8-P5CDD ND 0.0338 0.1941 0.3117 0.5915
1,2,3,4,7,8-H6CDD ND 0.0033 0.0393 0.1123 0.0822
1,2,3,6,7,8-H6CDD ND 0.0012 0.0301 0.0499 0.0711
1,2,3,7,8,9-H6CDD ND 0.0064 0.0203 0.0321 0.0688
1,2,3,4,6,7,8-H7CDD ND 0.0009 0.0063 0.0089 0.0133
OCDD ND 0.0002 0.0033 0.0008 0.0012
2,3,7,8-Furans (pg-TEQ/g d.w.)

2,3,7,8-T4ACDF ND 0.0044 0.0501 0.0322 0.0299
1,2,3,7,8-P5CDF ND 0.0097 0.0196 0.0122 0.0435
2,3,4,7,8-P5CDF ND ND ND ND ND
1,2,3,4,7,8-H6CDF ND 0.0102 0.0211 0.0319 0.0299
1,2,3,6,7,8-H6CDF ND ND ND ND ND
1,2,3,7,8,9-H6CDF ND ND ND ND ND
2,3,4,6,7,8-H6CDF ND ND ND ND ND
1,2,3,4,6,7,8-H7CDF ND 0.0022 0.0032 0.0005 0.0123
1,2,3,4,7,8,9-H7CDF ND ND ND ND ND
OCDF ND 0.0001 0.0012 0.0003 0.0002
Total PCDD/F (pg-TEQ/g d.w.) ND 0.0929 0.6879 1.2619 1.6452

then other PCDD/F congener. Data of 2,3,7,8-
T4CDD was showed in Fig. 1B. It was believed that
the accumulation of PCDD/F in human and animal
were through food consumption. In the 2nd week,
the 2,3,7,8-Dioxin compounds were observed in the
treatment groups, especially, 1,2,3,7,8-P5CDD,
1,2,3,4,6,7,8-H7CDD and OCDD were detected in
the control oyster group. In the 2,3,7,8-Furans
compounds, 2,3,7,8-T4ACDF and 1,2,3,7,8-P5CDF

were observed in all of the groups. 2,3,4,7,8-P5CDF,
1,2,3,6,7,8-H6CDF and 2,3,4,6,7,8-H6CDF were only
detected as 0.85, 0.15 and 0.11 pg-TEQ/g in the
treatment of 1000 ng-TEQ/g group (Table 8). In the
4th week, 1,2,3,7,8-P5CDD, 1,2,3,4,6,7,8-H7CDD and
OCDD were observed in all of the groups. In the
2,3,7,8-Furan  compounds, 2,3,7,8-T4CDF and
1,2,3,7,8-P5CDF were the main accumulated in the
oyster, moreover, 2,3,4,7,8-PSCDF was observed in

Table 7. The dioxin concentration of the culture water in the 8th week. NOTE: ND means No detected and TEQ means Toxicity Equivalent.

Dose (pg-TEQ/g d.w.) A(Control) B C D E
Native Compounds

2,3,7,8-Dioxins (pg-TEQ/g d.w.)

2,3,7,8-TACDD ND 0.0248 0.2483 0.5378 0.8983
1,2,3,7,8-P5CDD ND 0.0283 0.1805 0.3587 0.5021
1,2,3,4,7,8-H6CDD ND 0.0023 0.0478 0.0883 0.0978
1,2,3,6,7,8-H6CDD ND 0.0009 0.0228 0.0418 0.0604
1,2,3,7,8,9-H6CDD ND 0.0076 0.0208 0.0313 0.0798
1,2,3,4,6,7,8-H7CDD ND 0.0008 0.0037 0.0074 0.0175
OCDD ND 0.0001 0.0008 0.0008 0.0017
2,3,7,8-Furans (pg-TEQ/g d.w.)

2,3,7,8-TACDF ND 0.0029 0.0313 0.0545 0.0207
1,2,3,7,8-P5CDF ND 0.0069 0.0256 0.0115 0.0431
2,3,4,7,8-P5CDF ND ND ND ND ND
1,2,3,4,7,8-H6CDF ND 0.0121 0.0251 0.0374 0.0311
1,2,3,6,7,8-H6CDF ND ND ND ND ND
1,2,3,7,8,9-H6CDF ND ND ND ND ND
2,3,4,6,7,8-H6CDF ND ND ND ND ND
1,2,3,4,6,7,8-H7CDF ND 0.0009 0.0055 0.0034 0.0103
1,2,3,4,7,8,9-H7CDF ND ND ND ND ND
OCDF ND 0.00002 0.0001 0.0005 0.00008
Total PCDD/F (pg-TEQ/g d.w.) ND 0.08762 0.6123 1.1734 1.76288
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Fig. 1. Trend of the dioxin concentration in the different mediums as sediment, culture water, oyster and shrimp. (A) The dioxin in the sediment is
changed in the 0", 4", and 8" week observation. (B) The dioxin in the culture water is changed in the 2", 4", 6™ and 8" week observation. (C) The
dioxin accumulated in the oyster is changed in the 2", 4", 6" and 8" week observation. (D) The dioxin accumulated in the shrimp is changed in the
2md 4t 6t and 8™ week observation.

Table 8. The accumulate dioxin concentration of the culture oyster in the 2nd week. NOTE: ND means No detected and TEQ means Toxicity

Equivalent.

Dose (pg-TEQ/g d.w.) A(Control) B C D E
Native Compounds

2,3,7,8-Dioxins (pg-TEQ/g d.w.)

2,3,7,8-T4CDD ND 193.38 1127.90 1531.63 2473.11
1,2,3,7,8-P5CDD 0.33 76.33 433.73 550.26 862.01
1,2,3,4,7,8-H6CDD ND 5.12 27.86 35.55 48.70
1,2,3,6,7,8-H6CDD ND 4.16 22.33 29.09 41.19
1,2,3,7,8,9-H6CDD ND 4.49 24.27 31.28 42.86
1,2,3,4,6,7,8-H7CDD 0.02 0.17 0.73 1.25 1.54
OCDD 0.01 0.02 0.05 0.08 0.10
2,3,7,8-Furans (pg-TEQ/g d.w.)

2,3,7,8-T4CDF 0.17 17.65 91.46 134.65 228.75
1,2,3,7,8-P5CDF 0.04 3.97 24.42 34.10 43.95
2,3,4,7,8-P5CDF ND ND ND 0.85 ND
1,2,3,4,7,8-H6CDF ND 0.22 1.03 2.89 2.70
1,2,3,6,7,8-H6CDF ND ND ND 0.12 ND
1,2,3,7,8,9-H6CDF ND ND ND ND ND
2,3,4,6,7,8-H6CDF ND ND ND 0.11 ND
1,2,3,4,6,7,8-H7CDF ND 0.10 0.49 1.06 117
1,2,3,4,7,8,9-H7CDF ND ND ND ND ND
OCDF ND 0.001 0.04 0.07 0.08
Total PCDD/F (pg-TEQ/g d.w.) 0.57 305.61 1754.31 2352.99 3746.16
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Table 9. The accumulate dioxin concentration of the culture oyster in the 4th week. NOTE: ND means No detected and TEQ means Toxicity

Equivalent.

Dose (pg-TEQ/g d.w.) A(Control) B C D E
Native Compounds

2,3,7,8-Dioxins (pg-TEQ/g d.w.)

2,3,7,8-T4CDD ND 218.52 1500.11 1700.11 1910.63
1,2,3,7,8-P5CDD 0.18 86.25 576.86 610.78 752.55
1,2,3,4,7,8-H6CDD ND 5.78 37.05 39.46 48.62
1,2,3,6,7,8-H6CDD ND 4.70 29.70 32.29 39.78
1,2,3,7,8,9-H6CDD ND 3.95 32.28 34.72 42.77
1,2,3,4,6,7,8-H7CDD 0.01 0.22 0.96 1.39 1.72
OCDD 0.01 0.01 0.06 0.09 0.12
2,3,7,8-Furans (pg-TEQ/g d.w.)

2,3,7,8-T4CDF 0.20 17.65 91.46 228.75 203.59
1,2,3,7,8-P5CDF 0.13 3.97 24.42 43.95 39.12
2,3,4,7,8-P5CDF 0.03 ND ND ND 0.85
1,2,3,4,7,8-H6CDF ND 0.22 1.03 2.70 2.89
1,2,3,6,7,8-H6CDF ND ND ND ND 0.12
1,2,3,7,8,9-H6CDF ND ND ND ND ND
2,3,4,6,7,8-H6CDF ND ND ND ND 0.11
1,2,3,4,6,7,8-H7CDF ND 0.10 0.49 1.17 1.06
1,2,3,4,7,8,9-H7CDF ND ND ND ND ND
OCDF ND 0.002 0.04 0.08 0.07
Total PCDD/F (pg-TEQ/g d.w.) 0.55 341.40 2294.48 2695.49 3043.99

the control and treatment 1500 (ng-TEQ/g d.w.)
(Table 9).

In the 6th week, 1,2,3,7,8-P5CDD, 1,2,3,4,6,7,8-
H7CDD and OCDD were detected in the all of the
groups, especially, 2,3,7,8-T4CDD was higher in the
accumulated in the oyster. In the 2,3,7,8-Furans
compounds, the 2,3,7,8-T4CDF and 1,2,3,7,8-P5CDF
were detected increased in the oyster, moreover,

2,3,4,7,8-P5CDF was decreased as ND compared to
the 4th week observation (Table 10). In the 8th week,
the detection of the dioxin was similar to the 6th
week (Table 11).

In generally, 1,2,3,7,8-P5CDD, 1,2,3,4,678-
H7CDD, OCDD, 2,3,7,8-T4CDF and 1,2,3,7,8-P5CDF
were accumulated in the oyster even in the control
oyster. Especially, 2,3,4,7,8-PSCDF was observed in

Table 10. The accumulate dioxin concentration of the culture oyster in the 6th week. NOTE: ND means No detected and TEQ means Toxicity

Equivalent.

Dose (pg-TEQ/g d.w.) A(Control) B C D E
Native Compounds

2,3,7,8-Dioxins (pg-TEQ/g d.w.)

2,3,7,8-T4CDD ND 202.42 1495.23 1535.51 2037.81
1,2,3,7,8-P5CDD 0.11 79.89 574.98 551.65 875.49
1,2,3,4,7,8-H6CDD ND 5.36 36.93 35.64 49.46
1,2,3,6,7,8-H6CDD ND 4.36 29.60 29.16 41.84
1,2,3,7,8,9-H6CDD ND 4.70 32.18 31.36 43.53
1,2,3,4,6,7,8-H7CDD 0.01 0.17 0.96 1.26 157
OCDD 0.01 0.02 0.06 0.09 0.10
2,3,7,8-Furans (pg-TEQ/g d.w.)

2,3,7,8-T4CDF 0.27 18.48 104.88 148.08 228.85
1,2,3,7,8-P5CDF 0.03 4.16 28.00 37.51 43.97
2,3,4,7,8-P5CDF ND ND ND ND ND
1,2,3,4,7,8-H6CDF ND 0.23 1.19 3.18 2.70
1,2,3,6,7,8-H6CDF ND ND ND ND 0.12
1,2,3,7,8,9-H6CDF ND ND ND ND ND
2,3,4,6,7,8-H6CDF ND ND ND ND ND
1,2,3,4,6,7,8-H7CDF ND 0.10 0.57 1.17 117
1,2,3,4,7,8,9-H7CDF ND ND ND ND ND
OCDF ND 0.001 0.04 0.08 0.08
Total PCDD/F (pg-TEQ/g d.w.) 0.43 319.89 2304.62 2374.67 3326.69
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Table 11. The accumulate dioxin concentration of the culture oyster in the 8th week. NOTE: ND means No detected and TEQ means Toxicity

Equivalent.

Dose (pg-TEQ/g d.w.) A(Control) B C D E
Native Compounds

2,3,7,8-Dioxins (pg-TEQ/g d.w.)

2,3,7,8-T4CDD ND 211.34 1232.61 1923.51 2030.46
1,2,3,7,8-P5CDD 0.13 83.41 473.99 670.45 729.47
1,2,3,4,7,8-H6CDD ND 5.59 30.44 37.88 47.13
1,2,3,6,7,8-H6CDD ND 4.55 24.40 32.04 38.56
1,2,3,7,8,9-H6CDD ND 491 26.53 33.34 41.46
1,2,3,4,6,7,8-H7CDD 0.01 0.18 0.79 1.20 1.66
OCDD 0.01 0.02 0.05 0.08 0.11
2,3,7,8-Furans (pg-TEQ/g d.w.)

2,3,7,8-T4CDF 0.25 19.29 99.95 177.91 178.50
1,2,3,7,8-P5CDF 0.02 4.34 26.69 34.18 45.21
2,3,4,7,8-P5CDF ND ND ND ND ND
1,2,3,4,7,8-H6CDF ND 0.24 1.13 2.10 3.83
1,2,3,6,7,8-H6CDF ND ND ND ND 0.12
1,2,3,7,8,9-H6CDF ND ND ND ND ND
2,3,4,6,7,8-H6CDF ND ND ND ND ND
1,2,3,4,6,7,8-H7CDF ND 0.11 0.54 0.91 1.40
1,2,3,4,7,8,9-H7CDF ND ND ND ND ND
OCDF ND 0.002 0.04 0.06 0.09
Total PCDD/F (pg-TEQ/g d.w.) 0.42 333.98 1917.16 2913.65 3118.01

the 4th week following to be decreased as ND in the
6th week observation. To this data, the major accu-
mulated dioxin in the oyster was the 2,3,7,8-T4CDD
and 2,3,7,8-T4CDF, furthermore, the highest cumu-
lative concentration was measured as 3746.16 (pg-
TEQ/g d.w.).

3.4. Accumulation in white shrimp

The concentration of PCDD/PCDF congener in
white shrimps which were cultured with different
concentration PCDD/PCDF sediment were under
monitored. It was clear that the white shrimps
which were cultured with high concentration
PCDD/PCDF sediment exhibited higher accumula-
tion and showed times and dose dependent. 2,3,7,8-
T4CDD was detected in all experimental groups;
showed higher concentration then other PCDD/
PCDF congener and also was noted times and dose
dependent. It was believed that white shrimp had a
demersal habit. For that reason, the opportunity of
white shrimp contact with sediment which con-
tained dioxin was increased. Meanwhile, PCDD/F
uptake rate was raised. Moreover, PCDD/F might be
mingled with lipophilic feed, taken by white shrimp
and piled up inside of white shrimp.

In the 2nd week, the 2,3,7, 8-Dioxin compounds
were observed in the treatment groups but not in
the control. In the 2,3,7,8-Furans compounds,
2,3,7,8-T4CDF and 1,2,3,7,8-P5CDF were observed in
all of the groups (Table 12). In the 4th week, 2,3,7, 8-
Dioxins compounds were not detected in the

control, however, these compounds were shown in
the treatment groups. The OCDF was initial
observed in the high treatment group (1500 ng-
TEQ/g d.w.) (Table 13). In the 6th week, 2,3,7,8-Di-
oxins were also observed in the treatment groups
but not in the control, moreover, the OCDF was
detected as ND, 0.003, 0.001, 0.001 and 0.002 (pg-
TEQ/g d.w.) in the control, 100, 500, 1000 and 1500
(ng-TEQ/g d.w.) (Table 14). In the 8th week, the
detection trend was similar to the 6th week (Table
15).

Integration of this experiment, the OCDF was
expression with the dioxin accumulated in the
shrimp with the elapsed time, it was initially
detected from the 6th week.

As these findings, the examination dioxin in the
sediment was decreased with the elapsed time,
however, detection of the dioxin in the water was
maintain stability in the same treatment groups.
Detection of the dioxin accumulated in the animal
body, the accumulative maximum amounts was in
the oyster as 3746.16 (pg-TEQ/g d.w.). The trend of
accumulative dioxin in the oyster was undulated,
however, it was increased with the elapsed time in
the shrimp as Fig. 1.

4. Discussion

Pollution is a serious and complex chemical that
affects organisms, the pollutants of the chemicals
are a growing cause for concern respectively [15].
The high affinity of dioxins to the animal adipose
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Table 12. The accumulate dioxin concentration of the culture shrimp in the 2nd week. NOTE: ND means No detected and TEQ means Toxicity

Equivalent.

Dose (pg-TEQ/g d.w.) A(Control) B C D E
Native Compounds

2,3,7,8-Dioxins (pg-TEQ/g d.w.)

2,3,7,8-T4CDD ND 28.99 176.80 243.65 272.28
1,2,3,7,8-P5CDD ND 8.52 53.20 63.08 78.96
1,2,3,4,7,8-H6CDD ND 0.71 3.85 4.83 6.31
1,2,3,6,7,8-H6CDD ND 0.53 2.61 2.54 4.16
1,2,3,7,8,9-H6CDD ND 0.51 2.69 2.99 4.58
1,2,3,4,6,7,8-H7CDD ND 0.04 0.23 0.16 0.35
OCDD ND 0.01 0.01 0.01 0.02
2,3,7,8-Furans (pg-TEQ/g d.w.)

2,3,7,8-T4CDF ND 2.66 13.98 21.64 24.27
1,2,3,7,8-P5CDF ND 0.80 5.06 5.78 7.59
2,3,4,7,8-P5CDF ND ND ND ND ND
1,2,3,4,7,8-H6CDF ND 0.35 2.34 2.01 3.62
1,2,3,6,7,8-H6CDF ND ND ND ND ND
1,2,3,7,8,9-H6CDF ND ND ND ND ND
2,3,4,6,7,8-H6CDF ND ND ND ND ND
1,2,3,4,6,7,8-H7CDF ND 0.02 0.13 0.09 0.19
1,2,3,4,7,8,9-H7CDF ND ND ND ND ND
OCDF ND ND ND 0.00 ND
Total PCDD/F (pg-TEQ/g d.w.) ND 43.13 260.91 346.78 402.33

tissue and is capable to be accumulated. High dioxin
dose is presented with the poisoning manifested as
clinical symptoms by influence of the metabolic
alteration [4]. The research was shown that the aryl
hydrocarbon receptor (AHR) is a ligand-activated
transcription factor that mediates dioxin-like com-
pounds (DLCs) and some polycyclic aromatic

hydrocarbons (PAHs). With strong AHR agonists,
such as certain polychlorinated biphenyls and
TCDD that may induce severe cardiac genesis in
fish embryos [3]. Investigations have revealed that
the source of egg contamination was the backyard
soil on which the hens were foraging [20]. Moreover,
agent orange (AO) was the main defoliant used by

Table 13. The accumulate dioxin concentration of the culture shrimp in the 4th week. NOTE: ND means No detected and TEQ means Toxicity

Equivalent.

Dose (pg-TEQ/g d.w.) A(Control) B C D E
Native Compounds

2,3,7,8-Dioxins (pg-TEQ/g d.w.)

2,3,7,8-T4CDD ND 38.56 238.68 365.48 362.13
1,2,3,7,8-P5CDD ND 11.34 71.83 94.61 105.01
1,2,3,4,7,8-H6CDD ND 0.94 5.20 7.24 8.39
1,2,3,6,7,8-H6CDD ND 0.70 3.52 3.80 5.53
1,2,3,7,8,9-H6CDD ND 0.68 3.63 4.49 6.09
1,2,3,4,6,7,8-H7CDD ND 0.05 0.31 0.24 0.47
OCDD ND 0.02 0.02 0.01 0.02
2,3,7,8-Furans (pg-TEQ/g d.w.)

2,3,7,8-T4CDF ND 3.53 18.46 28.57 32.04
1,2,3,7,8-P5CDF ND 1.07 6.68 7.63 10.02
2,3,4,7,8-P5CDF ND ND ND ND ND
1,2,3,4,7,8-H6CDF ND 0.46 3.11 2.67 4.82
1,2,3,6,7,8-H6CDF ND ND ND ND ND
1,2,3,7,8,9-H6CDF ND ND ND ND ND
2,3,4,6,7,8-H6CDF ND ND ND ND ND
1,2,3,4,6,7,8-H7CDF ND 0.02 0.18 0.12 0.25
1,2,3,4,7,8,9-H7CDF ND ND ND ND ND
OCDF ND ND ND ND 0.00
Total PCDD/F (pg-TEQ/g d.w.) ND 57.37 351.61 514.87 534.78
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Table 14. The accumulate dioxin concentration of the culture shrimp in the 6th week. NOTE: ND means No detected and TEQ means Toxicity

Equivalent.

Dose (pg-TEQ/g d.w.) A(Control) B C D E
Native Compounds

2,3,7,8-Dioxins (pg-TEQ/g d.w.)

2,3,7,8-T4CDD ND 46.27 286.42 438.58 434.56
1,2,3,7,8-P5CDD ND 13.60 86.19 113.54 126.02
1,2,3,4,7,8-H6CDD ND 1.13 6.23 8.69 10.07
1,2,3,6,7,8-H6CDD ND 0.84 4.23 4.56 6.64
1,2,3,7,8,9-H6CDD ND 0.81 4.35 5.38 7.30
1,2,3,4,6,7,8-H7CDD ND 0.06 0.37 0.29 0.57
OCDD ND 0.02 0.02 0.01 0.03
2,3,7,8-Furans (pg-TEQ/g d.w.)

2,3,7,8-T4CDF ND 3.89 20.31 31.43 35.24
1,2,3,7,8-P5CDF ND 1.17 7.35 8.40 11.02
2,3,4,7,8-P5CDF ND ND ND ND ND
1,2,3,4,7,8-H6CDF ND 0.60 4.05 3.47 6.26
1,2,3,6,7,8-H6CDF ND ND ND ND ND
1,2,3,7,8,9-H6CDF ND ND ND ND ND
2,3,4,6,7,8-H6CDF ND ND ND ND ND
1,2,3,4,6,7,8-H7CDF ND 0.03 0.23 0.15 0.32
1,2,3,4,7,8,9-H7CDF ND ND ND ND ND
OCDF ND 0.003 0.001 0.001 0.002
Total PCDD/F (pg-TEQ/g d.w.) ND 68.43 419.75 614.51 638.04

the US in Vietnam from 1961 to 1971 and AO was
contaminated with dioxin [19], which are known as
carcinogenic chemicals [9].

Dioxin is a well-known strongly toxicity and
persistent pollutant to reach aquatic environment
through atmospheric deposition and contaminator
sedimentation [16,27]. Dioxins are exposed mostly

by the consumption of animal products and are able
to enter the food chain at any stage, including crop
fertilization [6]. Therefore, adverse effect of dioxin
accumulation in seafood should be concern [1,2].
Department of Health (Taiwan) have defined a
limited value of dioxin in marine food product
(<4 pg-TEQ/g) and Environmental Protection

Table 15. The accumulate dioxin concentration of the culture shrimp in the 8th week. NOTE: ND means No detected and TEQ means Toxicity

Equivalent.

Dose (pg-TEQ/g d.w.) A(Control) B C D E
Native Compounds

2,3,7,8-Dioxins (pg-TEQ/g d.w.)

2,3,7,8-T4CDD ND 41.23 232.00 530.68 516.30
1,2,3,7,8-P5CDD ND 11.02 69.81 91.96 102.07
1,2,3,4,7,8-H6CDD ND 0.91 5.05 7.04 8.16
1,2,3,6,7,8-H6CDD ND 0.68 3.42 3.70 5.38
1,2,3,7,8,9-H6CDD ND 0.66 3.52 4.36 5.92
1,2,3,4,6,7,8-H7CDD ND 0.05 0.30 0.24 0.46
OCDD ND 0.02 0.02 0.01 0.02
2,3,7,8-Furans (pg-TEQ/g d.w.)

2,3,7,8-T4CDF ND 3.50 24.37 27.97 50.29
1,2,3,7,8-P5CDF ND 1.05 6.54 6.63 10.91
2,3,4,7,8-P5CDF ND ND ND ND ND
1,2,3,4,7,8-H6CDF ND 0.54 3.64 3.13 5.64
1,2,3,6,7,8-H6CDF ND ND ND ND ND
1,2,3,7,8,9-H6CDF ND ND ND ND ND
2,3,4,6,7,8-H6CDF ND ND ND ND ND
1,2,3,4,6,7,8-H7CDF ND 0.03 0.21 0.14 0.29
1,2,3,4,7,8,9-H7CDF ND ND ND ND ND
OCDF ND 0.002 0.001 0.001 0.002
Total PCDD/F (pg-TEQ/g d.w.) ND 59.69 348.89 675.85 705.44
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Administration (Taiwan) have also defined a re-
striction of dioxin in sediment (<1000 ng-TEQ/kg).
However, the results of this study showed that the
dioxin residues in oyster and white shrimp cultured
in a tank which contained with PCDD/F (1000 pg-
TEQ/g) had higher value than 4 pg-TEQ/g. As the
result, oyster and white shrimp which were cultured
with sediment contained 1500 ng-TEQ/g showed
that the lower residue value was 3746.16 and 705.44
(pg-TEQ/g) respectively. Even in other experimental
group, the residues of dioxin in oyster or white
shrimp also showed higher value than the restric-
tion. According to the result, the residues of dioxin
in marine animal would magnify while the dioxin
concentration in sediment increased as a result of
bioaccumulation and bio-magnifications in the
aquatic food chain. Furthermore, the dioxin absorb
efficiency is not the same in different aquatic ani-
mals similar to our findings [24].

In previous, it is evidenced of water quality
directly affects aquatic organisms. Research had
evidenced that the sediment and soil played as
conservative matrices to record PCDD/F input. In
addition, PCDD/Fs have entered the catchment area
via different route of environmental transports to
impact the sediment [5]. Moreover, dioxins are
transported in aquatic environments while sodium
pentachlorophenate used in the 1960s and the 1980s
[11] and accumulated to the toxic effects. Analysis of
chemicals accumulation in muscle of tilapia are
mainly originated from sediment [14]. In this
research, the level of dioxin is significant detected in
the oyster than in the white shrimp. Based on this
finding, it was supposed that the dioxin accumula-
tion in the filter habit animals is greater than the
demersal animals. Integration of these findings,
suggestion that the adaptable dioxin concentration
in sediment is supposed to be serious consideration
in aquaculture.

Our results presented that the dissolution of pond
water, will increase sediment dioxin content rises,
but dioxin is fat-soluble substances, the dissolution
of dioxin amount is entrained with the suspended
material. Each treatment was found that the samples
were detected with the highest toxic dioxin isomer
content of 2,3,7,8-TACDD equivalency factors and
the configuration concentration of the sediment
dioxin residues was slightly decreased but the or-
ganism was increased with the time. Suspected that
the pre-existing sediment dioxin gradually accu-
mulated in the cultured organism. The oyster was
purchased from the fish market and analysis of the
dioxin concentration before initiation of the research
and it was exactly observed. Based on that, the

dioxin accumulation in the oyster was higher than
the total concentration in the culture system.

Dioxins in the food chain is mainly by the or-
ganism. Therefore, in the ecosystems bio-concen-
tration, the dioxin is fat-soluble substance and in the
sediment or suspended matter. The experiment
shrimp was benthic organisms contacted with the
sediment frequently with dioxin resulting to the
dioxin residue in the body.

Oyster was filter-feeding organisms, which feed
water for the green algae or plankton in water or
suspended matter, dioxin may also be present in
suspension in the water organisms as water green
algae, plankton and other organisms in the water or
in the organism, resulting in the accumulation of
residual in the oyster body.

5. Conclusion

1.23,7,8-TACDD was the major accumulation
compound in the oyster and white shrimp.

2. With the elapsed time, the oyster dioxin accu-
mulation was fast increased to the maximum
observation concentration of 3746.16 (pg-TEQ/g)
than the white shrimp.

3. In the white shrimp, the OCDF was accumulated
in the body with the time after 4 week's
observation.

4. In the water, the dioxin accumulation concen-
tration is lower than in the animal. By these
findings, the filter habit animal “oyster” was
higher accumulated with dioxin than the benthic
animal “white shrimp”.
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