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Rayong arca damzia <0.01 - 0.10
Aanzin 0.05-0.2
GHITE ] 0.02
] Qr o = = S = as d
911 Inona Uy 2516-2520 | Yawazdad | wudsuiwdsewnu | @5 Alinduay
NEATU 0.1 ppm S80AT 4.2 AMY (2521)
o1 Inonouda datnazdad | wudSuradsanidu
NEIAdUq 0.1 ppm $888Z 4.5
917 IMgAD UL n.9.2519- | damza Amdaaiala 0.002 158 Fnswn
im 2520 fgagaia ¥ 0.653 i 5and (2520)
' v o 4 = o oy o a o
21 oA uLU 2521-2523 | dawazded  wudsurmdssninu | @5 @lzIndua:
HGEIR 0.1 ppm 3980% 3.2 Ay (2524)
917 IMoaouaia datnazdad | wudiuiudsenidu
NzIadU 0.1 ppm $00a% 3.5
' v - & PN = o o
817 M@ UL 2524-2526 | Uan wuldsuiwdsemnu | 5 #Esnuua
0.1 ppm S00az 3.6 AL (2527)
guadar  viaTisa | 2525-2526 | WRUUIATY Mdraainla 0.001 A5 #zinduay
uazutlyng WO BRI mgaaaiald 0.041 AMY (2527)

HATHBUUATY
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(#D)
Aoufiany Yidnu dainzia Yinmilsennie NI 91994
(ppm)
7
hamniedens | 1w.e.2522- | dan 0.032 aAsssy  ANEv
1.n.2525 | g 0.046 INYN 1A 7335
Jrnmiimisu CEIGIGRE) 0.043 U139
an 0.050 (2527)
A4 0.031
Yanuitiu G TGRE 0.043
nnBq an 0.042
A4 0.051
Yanusitih NOUUIIANT) 0.032
MBI OB 0.033
Uity
Usuys tan 0.012
14 0.021
WisuusionTae | 190.0.2523- | vogaty 0.02 aiuy ywilizya
380817 MY n.0.2524 | MOBLASY 0.02 HAEANE (2529)
HOULUAID 0.02
aeviudarthum | o - 5.0, | damua 0.046 127997 MNedTEen
2.33894 2529 HAzAMY (2531)
azwiulatuiaas ilawzin 0.039
2. %4013
NEARIRIGRGREGY IGRNHAT 0.041
nagITILY 9.
ST
arwindaithwm | a.a. 2530- | Yamua 0.035 1339 NBITTON
9.52894 fLp. 2531 | Hiln 0.025 HATAME (2532)
azwiudaruraay 111 0.021
varayIazwiuila fadnuau 0.016
BNAN MBIV AT HOIUNSY 0.017
NU 9.9013 A4 0.010
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1.2.3 38msa i uaIu

FEA uHWY
MR VA I8 TN INza

o as ' [V'S [
nudredwdninza s dszian 1dun Uar, s, wiln | oo uazy vinazviu
<t L [} [ o s A
Yarsan 3 aondl Tdun azvudatensdar, azwiudowwanede tazazwividar Trum (@
P a a [l =] a [ v v [V 4
nwdszneud 25) lasmudiegwamiiaz 5§ Uszinn dsunnay 20 d1vd1e @re019dn )
P o 1 =1 ar [ -1 ° ar 9@ P9 d- o :’ a as ]
nzadnu ldvznuludusibuenihndunead fiiamsfesainnin Yaniwenn uazua
2 4 2. . S AP Y 1
AR A NuTsgend nuils diulamzinvzundisileaiueie Al ideitendinile |
Ta . du . nizozenng saztion uasdreoiniamuaivzuinndesedmnulunisus

= oy b cil. o - o o v
Tlﬂ1ﬁﬂﬂ!!ﬂﬂ¢l'llJ‘b"LJﬂﬂ@'lJ"Hi]zu11]1191?[]]}!“?) AUAT "I:’H@"lﬂ]]l]

M suudietiIdnInmaiomM I NN IzH
o A A o =, VoA A W v v 1 d -
AT N INTIAN NI TN BNMANTeYd (Deep  Freezer) W
a - o Y a ' w o+od t ) “ -
s -s0 'C dunm 12 Ju udnhdiisduesnomduyna lUuniesgan 1nudu
d’ = o o 3 e s ' ¥ .ﬂv
(Freezer Dryer) flguundi -55 °C dszinm 12 Tu udaindeg190en91miniesgan gy

nassinus hiazidee

s ' 5 o P = 7 o
M15U0Y (Digestion) Mot nidoiadainza iomsan:Sinuesysen
12835 Mclion Techmigque (Fisherics 477) At
1 Fadenainand g TaluwiagUauyd (Eclenmever Flask) Y19 250ml
2 RBaIAYMunIARmI HNO, - H,80, (1:1) a3l 20 ml
3. Ua11n Nask wionszonuvin goulu water bath Signetpildsenin 95
o 1 =
2°C w20 U nipsumsazat e
= c-;r; as 1L = : u'a ’ @ W a
4. 1@y K,$,0, Nendane 1l 10 ml naz@inindu 5o mbivdidhiny
5. gouae lUigarniiseinn 9s £ 2°C Bntlsvim 2 $aTug
» . ¥
6. A duigupiiies udnSudSmasgathobiilu 100 m doin

@ as v [ v o 1] va LS
adu oo lavialmimemu 1A asziias
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msnsizridSuamsdsen
nsUSumslsendonses Atomic Absorption Spectrometer (AAS
3300) uaz Hydride generator MHS-10 484 Perkin-Elmer 1o iasizfoz 14ans
aza1o NaBH, 3% 1u NaOH 1% uaznsaluadadudu 1.5% 1fludmwinlfisen ¢
awilsznaudi 26)

Hidreoruiimdodainyia 1 g 1alu flask vuim 250 wa.

v

IFUTISALAIATANAN HNO, : H,80, (1:1) a3l 20ml.

A 4
Patn flask @ronszanuiint geolu water bath Ngungilszum 95 £ 2°C W 20 WA

wSesumsazatola

[ 4 '
A K,S,0, Noudadly 10 ml uazi@nindu 50 mlwirliidiy

gevge lUReguupitlszuin 95 £ 2°C sz 2 F1Tus

¥ 3
YsudSuasaaiiolfitiu 100 ml drerihindu

. s A
NATIEHAINATDI AAS

( 1% NaBHJLﬂ‘u Reducing agent Tagld 3% NaBH, aza1wlu | % NaOH )
» » +
nwiliznou 26 ll'ﬂﬂ\‘ﬁlu&ﬁB‘Hﬂ'15U@Uﬂ?ﬂﬁ?dlﬂ@lﬁ@ﬁﬂ{?’ltm llﬂ&ﬂ’l??lﬂﬁﬂll’ﬁﬁTi

s A o
Usenlunioifoaninzia
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MISAIHIN .

a1 I Taedeuns I s TR NIEIYeITA (peak) UBIXIIATAILIIAT
gruduaduesa ez A Jannngwefindie w1 dvinmsdiedie il
WSowstouiuns s gund 1gua unduduninng v Wnudnduiie

dnudulInueintinuesdeonsunsdnuga AT ue aas

Calculation (Pcrkin-Elmer AA lab Note No. 15E and 19E)

V.X = Concentration of Mercury in Hp/g
AW

where
Vo= Total volume ol the digestion solution (ml)

X = Dctermined weight of metal i sample aliquot A (Hg)

A Sample aliquot  (mb

il

W= Sample waight  {p)
° ~ : A‘_‘.I R P ar - o
11101']?’]’111)1“1”[]7“1?!4 015U 70NN INUAIATOINSUM UADTNADNUMI DI AAS 921

< ‘,l«'
R EE AR URAL

=Y ¢ moa
M3 amsIzHidoyan 11
r:q a : 1 ow 1 <1 ~ av 4 q’ 4;:: 1 .
Winannilodusrs Bnn aoil | stlavoidainga  deimaad ua 13 1ed
damm=ia nasvu1aue 1da ez s Huilodonad (Fixed Factors) 331108 f417UN 15 N894 94
!ﬂwmu All fixed factor ANOV A Alﬂfﬂ‘lafj Analysis of Variance (ANOVA) viaaaun NUUANA TS

VoINaazi)ade
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1.2.4 HAaNISANEI

- MIIVOIBAIMIIFIN W UDIMN 5U9N (Biomagnification) Tugnlas1msmianza
vinunafinianziuoen
MO AN WL TTINTU0WA IMIFINHYDIa13Y 589 (Biomagnification) 1unagn

Taansnienzia Tuyinusndal nvaunds uazamitiszoes (3U9 27 naz 2%) nandeolu

!
<1

a ] + J J a s ] [
seAu g Iga nnsigabussiinrazanyesmisdsengauuaiudiau sare lsnaumnn

-

¥
:{gc;clr a

diulvgdiegedaiiiiannsdumsdsendnimidvmua i lavesdnisennsuazoves
ansgamsNI (USFDA) 5 MUAR wlerance limit 159 0.5 pg/g uniudvtraniinndao (814
Ao, nvaunda) nazih (szee) woilbiss 3 drediila i uIaT PIuAINa1IEAMiBY
o o d v
-YSmmsysenludninzmyszaneiag
' ar - a o " = ar ' VN =]
wullszaulsinaasdionluda nzmilssinnann Dezduuanaisnu ldawami
* ar dy
#1379 A4l
aniie1ddat wussdus edgvesmlsenGoadwusnin hhwdngd
w < » ¥ oy a4 @ '
i = wiinnde = dawas > g > dannawdads > veonuasg] >
YataTnuga
adruluasiiimaun Tanp NIanyHLHANA 1IN AN 118 131719 31
P} Y d % t W 1 a J
-winndae > dataTauys >Umuas, Yin > danwiiie = dannatags =
MBYILAa]
nazluaniiszeeanu ANy UzIANA 1IN AL WA Az ATV URTIAGH
- ' oy .
Sdannandatd = i > wiinnd e > Jaugiie > lauae > vewoiaag >
UawiaTnuyge
(mylsznay 29 uaz 30)
' o = a - o e a = a -
ag1a lstaununaundegeganaslsnude ludannudalfanilszvedinundy
& o . o 1 ae i e
0.387 Ug/e Fatr0g Tunmainasguanuaeaivdsdus InaNiiiuaTlas USFDA nozias
FIUNTTNI WM ITUAURTUR 80 (2527) A nruahiiia T 0.5 per
INFIBEIAA INTIANINIA 390 7190 vuDmaUsenaglueie 0.002-0.714 1
. ¥
/g TauliaundofanuamIfiy 0.118 plg/g UazWy i
77 ¢apg1e nemsdien < 0.05 ng/g Aty 19.34 %
147 daeg1a  deamisdsen  0.05-0.10 Hg/g Amilu 37.69 %

106 #3913 Haesdsen  0.11-0.20 ngg  dAmiu 27.18 %



39 @01 diemsdsem 0.21-0.30 ng/g  Anty 10.00 %
14 fw81  HemasUsen 031 -0.40 lg/g  Amiu 3.59 %
4 @yp6ne  dimansydsen  0.41-0.50 ngg  Antiu 1.03 %
3 A29079 nemsdsen > 0.50 Heg  Amilu 0.77 %

- USmmansdsenlwtieiaa v q veadn Hihvariin
l'l ¥ o = o o 4:’ - 1 ' (Y4 oy o -t
Aannisnaaesins i ilTimumsisenludeieodiuais q vesdadtii 2 vila fe

daun (Ephinephelus corallicola) naztaingwad 191 (Lutjanus johnii) Wyl uuas

>
Usenazauunlu la dunasndnnitenindidu (mwilsznou 31 unz 32)

-MsazanveIm sy 56711145'9’1‘5131
= a o : n‘: F=1 [ 34
1NN ANYINS Az avsdmsUsonludaitiieinys 30U WUNINRIUTUID

. . <] : <1 s 4 P
(Penacus merguiensis) 1Az Ua1M13u03103 (Awle mate) iMsazanaisUsonminywiieiiony

- s &
HIgUWIRIHIUY

' 1 ' ar [ Id U = o av v d
a1udi (Porws pelagicus) THvuanudiniusssnitalimuaisisenduinmin 4

=4 1 Y [ a a o a " = =] as
ANIUB A HAWURANUTUNUIAINA 1IN D U AURIUDTTZUD T

s ar o 1 =y ar uy ar 3
WiinNa18 (Loligo formosana) WUAMUANN LTI IS mmssenduiiming

AOIHE19AAY 1A LI WUA DT ATUTAINA 1IN ITUHANRI 1A TTEd

WauNLAY) (Mytilus edulis) wuawHTuE sz msdsenduinming
aorfiens@ar unaunite udivunnudniuidananianiilsrees

Uamas (Nemipterus tolu) WuaWFUTUTs213191 700 arsdsendutinninfianid
§1981 szo02 @ hivua 1 niusainanianiiunauels

A ar o ’ < Qs :
UauiiaTauge (Sallago maculata) WuANNFURUTIz IS dsoniduin

a 1 < = o 1 + ar ar o e 1 1
wilpfaiiioadar waunila ua nua LI UFAINAINIMNTTE9
- o o : . v . " a
auraueanuulsAuvesanudiuissuNwTnamsdsenduihminfianii

a3 4 vuda hinsinita (nwilseneu 33, 34 nag 35)
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Bioaccumulation of Mercury in the Marine Food Chain of the Eastern
Coast of Thailand
Voravit Cheevaporn®*, Saithip Sawatdikul* and Piamsak Menasveta**

*Department of Aquatic Science, Burapha Universily.

**Aquatic Resources Research Institute, Chulalongkorn University.

ABSTRACT

Three hundred and ninety samples of marine organisms were
collected from the Eastern Coast of Thailand for total mercury analysis. The
results indicated that mercury ievel of fish and other marine organisms from
the Eastern Coast of Thailand are within the safety limit. However, there is a
biological magnification of mercury residue in the marine food chain.
Organisms of higher trophic levels bear higher mercury residue than those in
the lower trophic levels. Statisitical analysis revealed the positive linear
regression between the size of the marine organisms and mercury contents of

some species of marine organisms.

INTRODUCTION

Mercury coumpound are utilized on a large scale both in industry and
agriculture. Mercury from industrial and agricultural wastes accumulate in soil
and water, and may be translocated to the aquatic environment, which in turn
becomes a source of contamination of fish and other organisms. The ability of
some micro-organisms to methylate inorganic mercury to the more biological
stable alkyl forms and the more toxic forms further increases the danger of
contamination ' . The concern about mercury pollution in the marine
environments started with the case of Minamata in Japan where in the 1950s
several people died or become terminally sick after consuming fish and shell

fish containing relative high concentrations of methyl mercury2 . High levels of



mercury contamination were aiso found in fish from Swedish lakes and
streams. The principal mercury contamination of these fish was reported to be
an organic form of methyl mercury °

In 1975, the total mercury contents in fish of the gulf of thailand
reportedly ranged from O to 0.58 ppm4 . In the same year, traces of total
mercury were found in the marine food chain of Bang Pra coastal area of
Chonburi prévince1 which tend to increase at higher trophic levels and
according to the animal’s size. As Thailand is one of the countries where the
nationwide fish consumption is comparatively high, further study on the

contamination of mercury in fish and other marine organisms is essential.

MATERIAL AND METHODS

Sample collection and treatment

Samples for mercury analysis were collécted from station a. (Angsila)
station b. (Laem Chabang) subdivision of Chonburi province and station c.
(Ban Pae) subdivision of Rayong province(Fig. 1). Fish samples were collected
from the catch of otter trawl. Trawlings were done in  January 1999. The
species of fish and other organisms from which samples were taken ranged
from the lower trophic level to the higher trophic levels. Plankton samples were
collected by a plankton net. All of the samples were preserved in a freezer at
approximately -20 °C. For assay the fish were thawed and dissected with a

stainless steel knife, and a portion of muscle under the dorsal fin, kidney, liver,

gill, and stomach were used for mercury determination.

Mercury analysis
Total mercury levels in the fish and other organisms were determined

by means of Cold vapor analysis techniques. One gram of tissue was digested
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in 20 mi of 1:1 concentrated redistilled HNO, and concentrated H,S0, , and
further oxidized with 10 mL of saturated K,5,0, solution. Excess oxidizing
agents and mercury ions were reduced by 10 mL of reducing solution
(3%NaBH, in 1% NaOH) in hydride generator apparatus, and then mercury
was vaporized and measured in the flamelesss atomic absorption

spectrophotometer.

RESULTS AND DISCUSSION

One hundred and seventy samples of 5 species of fish, One hundred
and eight samples of 2 species of crustacean, fifty-four samples of 1 species
of shellfish, fifty-four samples of 1 species of squid and four samples of
plankton from the Eastern Coast of Thailand were analysed for total mercury.
Total mercury concentrations were found ranging from 0.002 - 0.714 ppm with
the mean value of 0.118 ppm. Of the total 380 samples analysed, 20 %
contained total mercury concentration of less than 0.05 ppm, 79 % had a total
mercury content between 0.05 - 0.5 ppm and 1 % contained over 0.5 ppm.
According to Menasveta ' these concentration could be regards as a natural
background of mercury for fish in general. It should be noted that only 3
samples were found having total mercury levels above the United States Food
and Drug Administration tolerance limit of 0.5 ppm.

Table 1 gives the mean and standard deviation of total mercury
concentrations in the four trophic levels. The mean values of total mercury of
the first and second trophic levels { composited species of plankton } from
station a. (Angsila) and b. (Laem Chabang) were 0.004 and 0.007 ppm,
respectively. The mercury residue concentration in the third trophic level was
higher than the first and second trophic levels. The mean values were 0.068,

0.112, and 0.053 ppm for station a, b, and c respectively. The mean values of

I=le.
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Table 1.

Total mercury contents in different trophic ievels from 3 sampling stations

( Angsila, Laem Chabang, and Rayong )

a) Angsila station

Trophic levels No. of samples Total mercury contents (ppm)
mean standard deviation

Il 2 0.004 0.002

11 36 0.068 0.032

v 90 0.150 0.094

b) Laem Chabang station

Trophic levets No. of samples Total mercury contents (ppm)
mean standard deviation

L 2 0.007 0.002

1l 36 0.112 0.070

v 94 0.144 0.120

c) Rayong station

Trophic levels No. of samples Total mercury contents (ppm)
mean standard deviation
M 36 0.053 0.022

94 0.113 0.099




the fourth trophic level bear higher mercury residue than those in third trophic
level as shown in Table1. Student 't' test showed a significant difference in
total mercury concentrations between trophic levels | + |l and trophic level Il
and between trophic levels Il and IV (p < 0.5 ). The lowest mercury residue
( 0.002 ppm ) was detected in composite species of plankton while the highest
mercury residue (0.714 ppm) was detected in Loligo formosana (Splendid
squid). This species was categorized in trophic level IV.

According to the above analysis, it can be concluded that there is a
biological magnification of mercury residue in the marine food chain of the
Eastern Coast of Thailand. Fish of higher trophic levels bear higher mercury
residue than those in the lower trophic levels (Fig. 2). This suggests that
mercury may be concentrated in the same manner as an organic compound
such as organochlorine compounds, i.e., passed through and amplified by the
food chain. The concept appears correct when considering the data presented
by Johnels et af ., Scott’, and Menasveta' .

The statistical analysis revealed the positive linear regression between
the size of the marine organisms (weight) and mercury contents of some
species of marine organisms. Figure 3 gives the example of the linear
regression in Peneaus merguiensis (White shrimp), Portunus pelagicus (Blue
swimming crab), Mytilus edulis { Green mussel), Sillago maculata (Trumpeter
sillago), and Afule mate (Banded crevalle) collected from station b. { Laem
Chabang). However, the results showed different correlation between size and
mercury contents in different sampling stations for other organisms. The
positive linear regression between age/or weight and mercury contents of fish
is well documented by Scott” .

Figure 4. showed the mean values of mercury content in various

marine organisms collected from 3 sampling stations. The results revealed that
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Portunus pelagicus ( Blue swimming crab)(0.240 ppm), Loligo formosana
(Spiendid squid)(0.325 ppm) and Afule mate (Banded crevalle) (0.387 ppm)
have the highest mercury content among other marine organisms collected
from Angsila, Laem Chabang, and Rayong respectively. However, the
average mercury content of these marine organisms from the Eastern Coast of
Thailand were fower than the United States Food and Drug Administration
tolerance limit of 0.5 ppm.

The mercury contents in various tissues such as kidney, stomach, gill,
muscle, and liver of Epinephelus corallicola (Grouper) collected from station b.
( Laem Chabang) were analysed. Highest mercury residues were found in
kidney and liver respectively ( Fig. 5 ). This probably due to their high affinity
for sulphur containing ligands such as sulhydryl (-SH) group in metallothionine
in fish's kidney and liver as described by De° . Similar results were reported by
Thongra~ar7 in 1988. .

The results of this study indicated that the average mercury content of
fish and other marine organisms from the Eastern Coast of Thailand was lower
than the United States Food and Drug Administraton tolerance limit of 0.5
ppm. The mean value of 0.118 ppm for total mercury is only one-fourth of this
tolerance Ilimit. However it is probably not practical to consider this
recommended level without correlating it to the frequency of consumption. It
was estimated that the fish/sea food consumption rate among Thai people is
20 kg/person/years . This level is equal to 55g/person/day. If the mean total
mercury content of fish and other marine organisms is 0.118 ppm, it can be
calculated that the daily intake of mercurry through fish/seafood consumption
is 6.49 Llg/person/day for Thai people. This value is greater than 4

Llg/person/day as reported from Sweden® . The Joint FAOMWHO Expert

Committee on Food Additives proposed that the provisional tolerate-weekly
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intake (PTWI} of mercury for man be set at 0.0033 mg/kg body-weight for
methyl mercury. This value is equal to to PTWI of 0.2 mg. Mercury as methy!
mercury, for an average body-weight of 60 kg. The daily mercury intake of
6.49 Llg/person/day which we derived from this study, would contribute to
weekly intake of 0.045 mg/person. Therefore, this level is only one-fourth of
PTWI of mercury ( assuming that all mercury contributed by fish and other

marine organisms is in the form of methy! mercury).

CONCLUSION

The result of this study indicates that the mercury levels of fish
and other marine organisms from the Eastern Coast of Thailand are within the
safety limit. However, the situation may change in the future, because at
present our country is still at developing stage. Modern agricultural
technigues, including extensive use of pesticides, coupled with_industrial
devetopment, will substantially increase the amount of mercury in the
environment in the future. Hence, the plan for monitoring, proper protection
and control of mercury residue in Thailand’s environment shoutd be formulated

and implemented without delay.
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