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Nt Avudindutlsenlutanainnisfneiiiulmunansgudsenluemnssesdszmalng (Ministry of Public
Health, 2020) UszneaunuldnwulaniiAdndauluans Se:Hg A1ndn 1 de@dndaniia 3 afiaanngnalnafiaanu
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AdnAn : dadouluanfresdiadauuazisan ; damzianiinpu ; arutlasniaaesanvnmeta ; a1qng

Abstract

Consuming marine fish could increase a person’s exposure to mercury (Hg), a highly toxic trace element.
Marine fish is also a main source of selenium (Se), an essential trace element, which counteract Hg toxicity. This
study examines concentrations of Hg, Se and Se:Hg molar ratios in muscle tissue of 3 demersal fish species; pink
ear emperor (Lethrinus lentjan) (n = 22), Russell's snapper (Lutianus russelli) (n = 19) and brown stripe snapper
(Lutjianus vitta) (n = 19) from Samet island, Rayong province, Mak island, Trat province, Khanom district, Nakhon
Si Thammarat province and Nongmom market, Chonburi province. Mean Hg concentration in 3 fish species were
0.231 +£0.147,0.380 + 0.295 and 0.237 + 0.219 mg/kg (ww), respectively. The mean Hg concentration of Russell’'s
snapper was significantly higher than that of brown stripe snapper and pink ear emperor (p<0.05). Mercury
concentration was found to increase with fish size. Mean Se concentration were 0.759 + 0.102, 0.800 £ 0.085 and
0.796 + 0.058 mg/kg (ww), respectively. No significant difference in Se concentration among species and locations
were found. Se concentration shows no correlation with neither Hg concentration nor fish length. Se:Hg molar ratios
in all fish samples ranged from 2.10 to 60.08. Se:Hg molar ratio is negatively correlated with Hg concentration and
fish length. Hg content in these fish is within the Thai maximum permissible Hg content in food (Ministry of Public
Health, 2020) and none of these fish has Se:Hg molar ratios below 1. Therefore, these 3 demersal fish species from

the Gulf of Thailand are safe for human consumption.

Keywords : Se:Hg molar ratios ; marine demersal fish ; seafood safety ; Gulf of Thailand
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2006, 2007; Ralston & Raymond, 2018)
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Ralston et al., 2007, 2008; Ralston & Raymond, 2010, 2018)
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Table 1 Examples of maximum allowed or recommended levels of Hg or methymercury (mg/kg)
in fish from various countries or organizations (Ministry of Public Health, 2020;

FAO/WHO CODEX, 2019; US EPA, 2010; ANZECC, 2000)

Country/organization

Fish type
Thailand FAO/WHO Codex US EPA Australia
Predatory fish* 1.0 1.0 1.0
Marlin 1.7 1.7
Alfonsino 1.5 1.5
Shark 1.6 1.6
Tuna 1.2 1.2
Other fish and seafood 0.5 0.5 1.0 0.5

*except for Marlin fish, Alfosino fish, Shark and Tuna

A8ALUUN15IAE
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Figure 1 Sampling locations around the Gulf of Thailand
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nngsiaefaatinelan desnuinlafiadaniunasidaaudotlsyanns 0.7 - 1 nu (Urwindlen) AosiAsasda
NATNEN 4 AN a9l Teflon vessel wnnsa lussndindy wazlalnsauiedeanlas nanssesiiaiEiadannals

@mmﬁLLa:mwﬁuqaﬁﬁqmm%q Microwave Digestion (CEM; MARS 6) 1insaaeinefitnuniseaaudonniuiBuims

q a

>
1% o

Kasiintlsmannlonau dnansazanaitlinlldnenpaudiuiuaeslsandasiases Cold Vapor - Atomic Fluorescence
Spectrometer (CV-AFS; PS Analytical; Millennium Merlin) (US EPA, 1996) wazdnAraasidinduaesdaiiandan
Lrﬁl‘m Hydride Generation - Atomic Fluorescence Spectrometer (HG-AFS; PS Analytical; Millennium Excaliber) (PS
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A9IRABLAINNYNFIBITDUNATATLATIZH Imﬂunm@uﬁﬁﬁma‘ﬂ'mﬁq@ﬂf]w:ﬁﬁmﬁ Blank LLmrj“mﬁmeqﬁ
TA5un195useaA1AINEnduaaelansmiin (Certified Reference Material; CRM) @#im IAEA-476 a1 International
Atomic Energy Agency: Analytical Quality Control Service, Vienna, Austria u@ﬂ@’mfj‘fﬂ’dﬁ@\‘izimﬁqfﬂ?;l'wﬂmﬁ?;i@ﬂu
mmfu@ﬂ'wﬁ@ﬂ 1 ﬁq@ﬂNLW@ﬁ’wﬁ”’wmﬁfJ@ﬂw (Replicate) fiqg vﬂ%fﬂﬂ@mmmmﬁmLuummgmﬁuﬁwﬁ“

¥ IS

(Relative Standard Deviation: %RSD) 18482881991%111336A31 i AasH A 11iAY 10 TunsdindAAua s faani

©

o '

NN93LATIEIENN 3 LNBAFIAABLANLNUENIBINANILATIETENATY ANFRlAZNNINALAY (%Recovery) 189540
8198494 flasdlAnagluinnEinuiaie (90-110%) ATuaMMAN Limit of Detection (LOD) wag Limit of Quantitation
(LOQ) a1n 3 WNuaz 10 Winues Standard Deviation 984 Blank AMNAAL AaLkdnahis Table 2
1 d” d‘l o 1 ¥ Y aHa Adl A =2 d” < a Adl
nezuaunnsdesiaitialaiwaznimsadaaianudindnaestsenuaiadanililuntsAnun iunailan
HinediaziiAiannidinduraslsanson uardailonsn ludaednaten ieacunszdulunistinauedeyaly
da/ a o d"/ 3| 1 v 4 aa A a a o a o 091 o
Wannaniddefiavszyiurimnudindulsen waraaien lugduuufiadniusdenianiy (un/nn.) damindan Tu

dlﬂld ' ° Adl b v
ﬂ?mmNﬂQ’WNLLMﬂE°1’1\‘1“]$‘V]’]ﬂ’1§‘?$‘1.!3‘ﬂLL']_I‘]_IV]QIﬂM@QVLfJ

Table 2 %Recovery of mercury and selenium in certified reference material (IAEA-476), Relative standard

deviation (%RSD), Limit of Detection (LOD) and Limit of Quantitation (LOQ).

Metal Certified values  Measured values n %Recovery LOD LOQ
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Hg 0.578 0.565 + 0.013 10 97.83 +2.28 0.0015 0.0050
Se 2.12 2.11+£0.05 10 99.50 +2.39 0.0071 0.0237

3. NIFANUILLASNITIATISHADA

AanANdagIulNans Se:Hg (Se:Hg molar ratio) Tnan1sdfuAANdnduaesiaie (Cg,) uazilsan
(Cy) Tunmidagannudnduiiaaniusanianin Miaelumiaelug AANANNNIT (1) Inenoaluanatesdatian (Molar
mass of Se) kazNIaTulaNa29L78% (Molar mass of Hg) AFlun12A WUl AIN L 78.96 WAy 200.59 g/mol
ANNANAL

Se:Hg molar ratio = (Cy, / Molar mass of Se) (1)

(CHg / Molar mass of Hg)

AAPZHAMNLLTUIMUL LA (Two-Way ANOVA) iieAneananaianeesdniuazasinlaisanins

wsdsauaasarannidinduaecisen daillan acneadalan wazdnaaulnani Se:Hg inwudndieyaiiaanu
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A o

wansnaiuee g1 ATyMead ANz AUANTaNY 95 1lafidus (p<0.05) azvinnsuFausUNY A (Multiple

Comparisons) laglfafanagay Student-Newman-Keuls test it Fauiiguminuuansneresdan1iiazaiailal nng
AATeiANdNRussudeAnudndudsensan Fadlansan AaNenafatan wazdndiulnand Se:Hg Aaw

Pearson’s correlation N153LAT1HN9ADAYIUNA LG U sunss IBM SPSS Statistic 19.0 (SPSS (Thailand) Co., Ltd.)

NANI5AAE

1. AT NTLURIL78Y AIINLLITIIIUIENINTHALAT azanITd

Adniudsenluiieitedameiantinfuie 3 1inan 4 4013 AA1321919 0.032 - 0.986 NadAnFume
AlanFusiwminden (un/nn.) (Table 3) AadssNredlsanlusaatnelanianuawingy 0.280 + 0.231 un./An. lae
dammyAufinuns darnenauasdinalu uaztlanenamaesdinuay SArpandinduadevindu 0.231 £ 0.147, 0.380
+0.295 UAT 0.237 + 0.219 un./nn. mMNaAL nussetelanfiraudindulsengendifuinsgiuaanudisd
weaBamNeiATTIuLaEaN (Table 1) (Ministry of Public Health, 2020)

N193LATTRANN KL T TIRLLLARINNS (Two-Way ANOVA) nudnafiadanuazdnniianinasiumaniny
utlstsauaesmaudindulsanatrelidadAnyBaniaia (0<0.01) lnaAteaamNdndulsanaesdainzwunsding
uainantiinznniniiFgandrdamnaiinlunnaniil Anedsaudindulsensesdlanenussdinelu uazian

A P = P ] a = 1% o =
nznamaesdinaunuaInaniinatanuessui Agandndainaiialunnaniil andudainzneuasdinadiuainans

o< a ~ @ = 1 o ! a ~ oA = ! A P

nzuNin Uarns 3 alinannaantiiniziadadaraindnlamnatinainynanti WeanFauieu Avedaanudicd
dsanszudneatintan wudndaingwaussinaudaAeaeannudndulsengindilainsnanaesdinaunuuaz an
wyAufinunsaeeliad Aty Eaneada (p<0.01) WeanFaumauaAeduaNdiniulsenveslamianiinfuia 3
a 1 = 1 = a0 dl 1 dd‘ dl 1 dl = [~ a 0' 1 =
oA 3nINEnNil wudrantinnzviniAiaasgandnaniau luwsrndedsluantinziadaiiAfindannil

B el ATYEaNI9aTiA (p<0.01) (Table 3 and Figure 2 (a))
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Table 3 Mean +SD and minimum — maximum (Min - Max) of weight (g) and length (cm) of fishes, concentrations of total
mercury and total selenium (mg/kg wet weight) and Se:Hg Molar Ratio in muscle tissues of 3 demersal fish species;
pink ear emperor (L. lentjan), Russell's snapper (L. russell)) and brown stripe snapper (L. vitta) collected from

4 locations around the Gulf of Thailand

Fish weight Total fish length Total mercury Total selenium Se:Hg Molar Ratio
Species Station Number of (gram) (centimeter) (mg/kg wet weight) (mg/kg wet weight)
fish Mean +SD Mean +SD Mean +SD Mean +SD Mean +SD
Min - Max Min - Max Min - Max Min - Max Min - Max
Pink ear emperor Khanom 5 393+ 79 276+15 0.256 + 0.065 0.734 £ 0.030 7.67 £1.99
(L. lentjan) 301-515 26.4-29.8 0.193-0.328 0.692-0.777 5.40-9.75
Samet Island 6 160 + 31 21113 0.090 + 0.039 0.777 £ 0.046 27.25+16.62
130 - 206 20.0-22.8 0.032-10.143 0.724 - 0.833 14.82 -60.08
Mak Island 5 588 + 188 30.6 +3.8 0.344 £ 0.170 0.792 £ 0.138 6.93 £ 2.88
335-849 253-35.5 0.165 - 0.547 0.653 - 0.948 3.50-10.08
Nongmon Market 6 654 + 237 34.8+3.5 0.257 £ 0.156 0.734 £ 0.151 10.37 £ 6.56
424 - 1021 31.5-39.5 0.100 - 0.489 0.533-0.981 3.65-18.53
mean 22 445 + 250 285+59 0.231 £ 0.147 0.759 £ 0.102 13.58 + 12.39
130 - 1021 20.0-39.5 0.032 - 0.547 0.533 - 0.981 3.50 - 60.08
Russell's snapper Khanom 4 542 + 140 32.7+3.2 0.243 £ 0.100 0.820 + 0.025 9.46 + 2.89
(L. russelli) 339 - 647 28.0-35.3 0.188 - 0.393 0.803 - 0.857 521-11.68
Samet Island 7 245+ 131 2622+4.0 0.125 + 0.086 0.805 + 0.055 21.39+9.73
118 — 522 20.0-325 0.064 - 0.305 0.717 - 0.860 7.13-33.98
Mak Island 5 696 + 224 349+38 0.748 £ 0.177 0.757 £ 0.121 2.65+0.57
427 - 974 30.1-39.8 0.526 — 0.986 0.571-0.853 2.10-3.38
Nongmon Market 3 534 + 47 33.7+13 0.547 £ 0.190 0.830 + 0.137 4.30 £1.94
480 - 568 32.4-35.0 0.339-0.712 0.687 — 0.960 2.45-6.32
mean 19 472 + 237 30.7+54 0.380 + 0.295 0.800 + 0.085 11.256 £ 10.14
118 -974 20.0-39.8 0.064 — 0.986 0.571 - 0.960 2.10-33.98
Brownstripe snapper Khanom 3 352 + 61 28.0+2.0 0.346 + 0.222 0.774 £ 0.038 7.98 + 5.86
(L. vitta) 293 - 414 26.1-30.1 0.143 - 0.583 0.744 -0.816 3.24 - 14.54
Samet Island 8 140 + 30 21.1+16 0.103 £ 0.027 0.816 + 0.053 21.62+5.79
115 - 205 20.0-24.6 0.072 - 0.140 0.739 - 0.925 15.23 - 28.62
Mak Island 5 435+ 113 289+26 0.211+£0.134 0.744 + 0.052 11.48 £5.51
294 - 575 25.6-31.9 0.106 — 0.444 0.675-0.791 3.86 - 18.90
Nongmon Market 3 568 + 87 33.3+13 0.528 £ 0.353 0.850 + 0.005 6.40 £ 5.54
473 - 644 31.8-34.2 0.169 - 0.875 0.846 — 0.856 2.49-12.74
mean 19 319 + 181 26.2+5.1 0.237 £0.219 0.796 + 0.058 14.35 + 8.33
115 - 644 20.0-34.2 0.072-0.875 0.675 - 0.925 2.49 - 28.62
All Species 60 414 + 232 28.4+£5.7 0.280 + 0.231 0.784 £ 0.085 13.09 + 10.43
115-1021 20.0-39.8 0.032 - 0.986 0.533 -0.981 2.10 -60.08
ANOVA-test species*station p-value 0.308 0.285 0.000** 0.465 0.557
species 0.029* 0.001* 0.001** 0.233 0.336
station 0.000** 0.000** 0.000** 0.553 0.000**

* Significant differences at p<0.05 ** Significant differences at p<0.01
R —
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Figure 2 Box plots of (a) total mercury and (b) total selenium concentrations, (c) total fish length and (d) Se:Hg
Molar Ratio in muscle tissues of 3 demersal fish species; pink ear emperor (L. lentjan), Russell's snapper

(L. russelli) and brown stripe snapper (L. vitta) from 4 stations around the Gulf of Thailand

2. AN T UYANTALEEIN ANBLFLTUTE NI NTRALIAY uAZATE

pnsdindingaiionluiliedelanzianiinfuis 3 wlinainynaniBilA1sEndng 0.533 - 0.981 un./nn.
AAtsaNTasdatunlumetnlaianuawinty 0.784 + 0.085 un./nn. TnatlauyAufinun Uainzweunadinalu
wazdainswanaesdnaunuiaoudinduimasivindu 0.759 + 0.102, 0.800 + 0.085 WAy 0.796 + 0.058 1N./NN.
o o o v Y aa a Y a n’/’ a a 1 ] v U ! Y v
AINAAL sTALANNdNINTAH N Iu A zanTi AuS 3 TiafiAgandn wARANLLsUmuaandA AN dindy

= | o =

dsanlullaielan TnaA1geqn — Anqaaesdsansnaiu 30 i lusnehdaitansiieiuies 1.8 wii ilediasei
ANussnaesanudndudatenluiedela nziantinfuia 3 1Haana 4 4017 nudnsRadanuazaanillis
ansnasnsennudindudalanednaluadAruneata (0>0.05) wazlinumnuuanAtmeatfuasrt ANdinde

Fadlanlwiededamzianiihfuluwsazaiailan wazszudneannil (0>0.05) (Table 3 and Figure 2 (b))
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AR1SUNANISINEY

1. At Turanlulan ANKL791se NI NTIALIAT LASAINANNLSALIYIWIALIAD

v 1
=2 A

| dl o A ' a A v dl a ¥ Y QI a dy A A
LﬂuVWli"]‘]_lﬂuﬂ']’Wﬂ’Z\l’]LLfﬂﬂz"ﬁuﬂNLL‘L&"JI‘HN‘W@&Nﬂ’]ﬂ'ﬁ]q?\lmﬁfﬂuﬂ?@%LWN@JQ‘H% LN@‘]J'Z\J"]QJ@’]E!N’]WHNM?@N‘HH’]@

©

Innjlu (Neff, 2002; Storelli et al., 2006 & 2007; Ralston & Raymond, 2018) Gaiflugtluuuifeniuinulunanisdns

(2

# istiamy@ufinuns darnzwanaesdneuny wazdaingwiwasdinadu iulamzianiinfunlagiade (Adult fish)

o ¥

udndnzianiiiau i &heunzia i 1 wazdanatinduiiluenins §e1 Trophic level Winriu 3.9, 4.0 uaz 4.1

)

=2

ANNAIAU (Froese & Pauly, 2022) asunazifluanug liidaAraosdnduilsandeuiiegs welsounsuiuna

AN9ANEIUD Thongra-ar et al. (1988) Thongra-ar et al. (2014) Kan-atireklap et al. (1999) waz Hantow et al. (2008)

o

(Table 4) Aishatnegauluifulanfan s adnivunassnauituazunasinaudndiiluaimis (Planktivore fish) &

o

wwalflunisazanisansn (Neff, 2002; Burger & Gochfeld, 2012) wiu anlumsznay-a3 damavidan uaztlainzsin
dlusiu Daudaziimadvdataualug Afudndinuazlangiaduiiluaiuns (Carnivore fish) TafutlannduuaTily
nsazaNdsanga (Neff, 2002; Azad et al., 2019) 11w Uandnan taiaiu Uanann dainzf uazdandeunzia ues

wififludouties Uszneunuduilusasndannilulandesu (Juvenile fish) Bndiae asiiArmonudindulsansn

Table 4 Comparison of mercury concentration (mg/kg wet weight) in muscle tissue of marine fish from different

area in Thailand.

Study area Fish type n Hg (moka) Fish length References
Mean + SD Range (cm)

Gulf of Thailand Demersal fish 60 0.280 + 0.231 0.032 - 0.986 20.0 - 39.8 This study
Eastern coast of Thailand Mixed Fish species 531 0.042 £ 0.040 0.002 -0.343 5.5-65.0 Thongra-ar et al. (1988)
Map Ta Phut Industrial estate Mixed Fish species 220 Not reported <0.004 - 0.19 Not reported Thongra-ar et al. (2014)
Eastern coast of Thailand Mixed Fish species 361 Not reported <0.001 - 0.251 7.5-40.0 Kan-atireklap et al. (1999)
Gulf of Thailand Nemipterus spp. 296 0.115 £ 0.071 0.011-0.374 9.6-30.5 Ritonga et al. (2022a)
Upper Andaman Sea Mixed Fish species 199 0.077 £ 0.055 0.026 - 0.539 134-714 Hantow et al. (2008)
Supermarket in Bangkok, Thailand Mixed Fish species 47 0.29+0.25 0.2-0.89 Not reported Ritonga et al. (2022b)

ANdindudsenlusaedredanannnisAneiiAr lndiAaeiun1sAn®1a99 Ritonga et al. (2022b)

ldl o o o 1 1 1 a a 6 + dl o 1
mnisneadatsenludaadneian v Uaiyun dainewerne dandunsed daidn wardaumaneu nanviielu

1cal ol 1 v v a o’l ¥ a ] 1 1

ARNANFIMNHUIUAT wefH AR NI ANdndusenlulainunuazdaniinAusualug wu daiyii danens
waeen1m Uannseneny wazilanaanu Millugitnaanduge vsaidulangan Adn1smeaulilunisdneainium
%u“] v usiu (Kaneko & Ralston, 2007; Yamashita et al., 2011; Perry et al., 2012; Barone et al., 2021) (Table 6)
' @ A o = ' v v = & o a o o aa ¥
aginglsfmuien N1 FauiisuAt A udNdulsanludatannnisdnen il fudanaiadeatuininissneauls

Aeuntininaludszimalnewazinedszina (Thongra-ar et al., 1988; Kan-atireklap, 1999; Kosanovic et al., 2007;
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Thiyagarajan et al., 2012; Burger et al., 2015) wusndarafaiaaatundauiaidnniniaiaanuidinduilseannnnan

arutlanniauialnfirssiuideaanudindulsenag ludeumaniu (Table 5, Figure 3 (a)) visatladuuaninnli

' ¥ v 1 o a = o A
mmwLﬂumuﬂifa‘wLLmnm\muluﬂmwmmenum@mmmwmmmﬂm

Table 5 Concentration of mercury in pink ear emperor (L. lentjan), Russell's snapper (L. russelli)

and brown stripe snapper (L. vitta) reported previously in Thailand and elsewhere.

Scientific name

Hg (mg/kg wet weight)

Fish length (cm)

Locations

References

Lethrinus lentjan
L. lentjan
Lethrinus spp.
L. lentjan
L. lentjan
L. lentjan
Lutjanus russelli
L. russelli
L. russelli
L. russelli
L. russelli
Lutjanus vitta
L. vitta

L. vitta

0.231 £ 0.147 (0.032 — 0.547)
0.090 + 0.039 (0.032 — 0.143)
0.066 (0.056 — 0.091)
0.017 + 0.026 (0.04 — 0.123)
0.036 - 0.068
0.18 + 0.08 (0.04 - 0.32)
0.380 + 0.295 (0.064 — 0.986)
0.125 + 0.086 (0.064 — 0.305)
0.09 £0.11
0.522
0.112(0.094 - 0.147)
0.237 £ 0.219 (0.072 - 0.875)
0.103 £ 0.027 (0.072 — 0.140)
0.047 (0.018 - 0.123)

28.5 £ 5.9 (20.0 — 39.5)
20.9 + 1.3 (20.0 — 22.8)
17.0-19.0
16.1 (14.0 - 20.0)
Not reported
Not reported
30.7 £ 5.4 (20.0 — 39.8)
252 + 4.0 (20.0 — 32.5)
143+23
66.0
26.0-31.0
26.2 £ 5.1 (20.0 — 34.2)
21.1 £ 1.6 (20.0 — 24.6)
15.4 (12.3-17.5)

Gulf of Thailand
Samet Island
Eastern coast of Thailand
Eastern coast of Thailand
UAE
Saudi Arabia
Gulf of Thailand
Samet Island
South East India
West Peninsular, Malaysia
Hong Kong, China
Gulf of Thailand
Samet Island

Eastern Coast of Thailand

This study
This stiudy
Kan-atireklap (1999)
Thongra-ar et al. (1988)
Kosanovic et al. (2007)
Burger et al. (2015)
This study
This study
Thiyagarajan et al. (2012)
Anual et al. (2018)
Centre for Food Safety (2008)
This study
This stiudy
Thongra-ar et al. (1988)

o

A Rdindulseniuausasslausazaiinlunisdnmi daauduiusidsuansanuetnaitdnAny
9M19405 (Pearson’s correlation) (Figure 3 (a)) Tnaitlanngnawasiingtliu Gailuilanfdlen Trophic level gendnilan
a oy A g = > | = a A o =
wyAnfinune uaztanznamaesdnuny Juuliinnisazandsengandianan 2 1tin uaziilefiansanlunaaziaun
wudnANulstiuresAedsadindulsenlutlatanusiazaniil wharianmaainauutlslsuaesaualan
Tuwsiazatialuusazanil Asazwinlilunsdlanntinzsdataiuaniindaetnelanatadawiadnnd daesng
darananitiaw] asiAedsarddindulsandindianiiiau] douanifinnzuninuazaaiauneniuaniil

nrvatsdaniiauinlunndnaniiian asiAnaferNdindulseangandianiiau (Figure 2 (a) & (c))

2. pudNTudAIEeN 1uAY A9 NuL/T1/5919 I NTHALIAT AIINANWILEALIAI NN T LN ASTWIALIAT

d‘ Ly aa A | dll all 4 4 1 o a a Lol 4
mmmnﬂm‘imummmLuﬂuluﬂmwu@L‘}Juw@wmumﬂuu sznaunumAlANITILATIZUAR WY

=2 o qyay = Aol ! Y 9 Y Aol a vy a = &
qmﬂmwﬂumfammmﬂmmmmﬂuﬂmmwmwum m’mmmummmLuﬂﬂuﬂmmmummumﬂmiﬂﬂmu

g |
= A o o = . y A |

Harthunanaileauiunis@neineuniiniislulnauazsnglsema (Table 6) Tnelutlsemalnanunissesu
Arpandinduaesdaianlulay dardiramaes datuily wazilainile aangnqlnafiAisgndng 0.140 - 1.245

wn./nn. faildnupnuuanfnesudnsaiinilan (Sethanandha, 1980) @91 Sirichakwal et al. (2005) $189 1 UANANN
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FRLHNE ANIEII19 0.365 - 1.137 1n./nn. TaadayiAgendtanazazidngig andesyaly Table 6 wud

L4 aa A d” dl 1 g 1 o IS a
mmmmummmmw’tuﬂmmnwuwmﬂ HATLANAWNNUNIN ‘Emﬁﬂmmnmumu@mmwmgmmmLL@umn LA

RNz Amesisiileu JAnanudnduiaianaAeninemn (Plessi et al., 2001; Burger & Gochfeld, 2012; Copat

et al., 2014; Azad et al., 2019; Barone et al., 2021) dautlaranaaisilszinansiian

1 v

ABAULN944 (Ulusoy et al.,

2019) Tuanzfinansfnmnane) saeusANdinduiaiianlugening aiefiansndeysetiiazidan
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Figure 3 Scatter plots and Pearson’s correlation coefficient (r) show correlations between (a) mercury concentration and fish length

(b) mercury and selenium concentrations (c) selenium concentration and fish length (d) Se:Hg Molar Ratio and mercury

concentration (e) Se:Hg Molar Ratio and fish length (f) Se:Hg Molar Ratio and selenium concentration (** Correlation is

significant at the 0.01 level (2-tailed)). Dash line in figure d, e and f indicate Se:Hg Molar Ratio = 1
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U ' ' 2 aa A 1 = 1 9 o dl a dl
wudnaNuana1aasAtAdindudaionlulatainudaznisdnuniiazsiilunaduiiasannatinuesilai
wansineiull atidanzediulngdaraoudsiugadanliunans udsinaswurgeludanyui wazidan
n9einemnU (Plessi et al., 2001; Kaneko & Ralston, 2007; Yamashita et al., 2011; Perry et al., 2012; Ulusoy et al.,

2019) Wasananxganidinlalunszusunisazanaabonlulannziadedegties wazAoudieinufiaiu Besser

U

et al. (1993) :a9nudnUarniuunasineuituasunadineudniarandaiiongs HesanunasinounTway

' o =

unasrnaudnianduuarazandatunrislugiaesdalus (Selenite; Se0,”) TawA (Selenate; Se0,”) uazasilsenay
FadlanauyirdNazaiain (Dissolved organo-selenium compounds) A1nx2aR tAaeN9T9A37 WANANITANEN28Y

Kehrig et al. (2008) 1@d1anfintihninulanauiiluaimig (Pelagic carnivore fish) azan@aiiiangandilauiinpun

| '
o oA

Audmndauueuns (Benthic carnivore fish) luanueivaniuunaasineawuenmng (Planktivore fish) dxan@aiien

(% '
' o

ANNgA d9uN19ANEI189 Azad et al. (2019) wudndandaindinisazandaiiongandiauiingu uazdafendue

£ ' |
al

A A . . = aa °
Wilanunzla (Benthopelagic fish) in19asaNaaLlaNANgA

Kehrig et al. (2008) fa91enuindailianainisnazancuisinaanauan lldeisinaandugeld visanns

al

=
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b4

nziafiteanin Iae Burger & Gochfeld (2011, 2012) s1a91udn ldnuuua inauduiusseudnaaaaudindu

N & o o < o N e = Ay o o &
%@LuﬂuiuLu@Lﬂﬂﬂ@’mumu’]mm’mm']mﬂm sﬂ\iLﬂuvLﬂbluLLu']Vn\?Lﬂil')ﬂj_lN@Q']ﬂﬂ’]?ﬁﬂﬂun]VLNWUﬂQ’]N@NWuﬁ@ﬂ’]\?

b

o O v = o k4

AdedrAynivadAszudrsanudinduiadanduaiudisiulsen uazanuetafadatusazaiin (Pearson’s

correlation) (Figure 3 (b) & (c))

o & o a ' o '

dl A o aa A = 10 = dl = ¥
Lummmlmg@mmmummmemmwiuﬂmmmmqmnm UAE IR ATINNANNNUANFINAYW LTl T

a

aAa a

1 o aa a 1 a o dl ' o aaal 3| dl o | !
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. . ) . =2 o \ o & ! Y v A A o
(Homeostatic regulation) (Eisler, 2000; Thiry et al., 2012) AsnarldnunisiinauraIAIA Nl NduTALa NI
A Ada o W < . \ &
ARTINHIWIA D AWTRIYNINTY (This study, Burger & Gochfeld, 2011, 2012; Azad et al., 2019) dautlsaniily

A 1o @ o = a Aaa o y 9 o o PN =
ﬁ']ﬁl‘V]VLN’QqLﬂuﬁ]’aﬂ'}?ﬂqﬁ‘qsﬁwm@\?ﬂ\?ﬂmqm izﬂuﬂqqﬂLmNTuﬂ@Qﬂiﬂmﬂﬂ@Z@31/]@1&77'1?@5@&]LL@zLWNmﬂqﬂVHQTQﬂq‘W

a

Huriaslgatuis Arpaudiniulsanauinasiidnfinluile Reldindtenguinau visadaunalunau (Neff, 2002;

]

Storelli et al., 2006, 2007)

3. AALAENAINAMYBNAN71784InN191 3 InALla A ANNIATTIUY uazAdnauINA1T Se:Hg

A4 a o4 & a a a Y a o N = o

\HaiansunANAMNIREaaziaimeslsanainnistsinadanzianiinfuis 3 ain Inenfsaumeuiy
AmnsguLlsanlueimisresdszimalng miuLszn1Ansensaeasnsug (2L 414) w.A. 2563 589 N1ATFI
anmsndastutlen wudiaandindulsenludameandinfuis 3 alinannynand danldfulunugegaaes

WhamasAdT lulanfan enauualin 1.0 un./nn. (Ministry of Public Health, 2020) uaziiafansaunannandngdau
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Tuang Se:Hg nwudnAdndauluand Se:Hg Tusetrsdanannnisdneifenlinnndn 1 1leg1e@emuinneinan sl
Hanziantinauia 3 aiinannnisAneiasianutlaensasenisising
A a " e - =2 7 =2 A PRy ) o o Vo
WaiasuAdndaulnand Se:Hg ann1sdnEil waznsAnEaw NAN1sIEUReuntingl wudn Al
dngaauluand SeiHg ﬁmmLLﬂaﬁﬂmuiﬂmquﬁmwmiﬁwﬁwLmzmﬁummi Img Sethanandha (1980)
Yamashita et al. (2011) Burger & Gochfeld (2012) Copat et al. (2014) wa Azad et al. (2019) $7e41131Ua1R939
Auunasineuiiuaims 1 sy dangdn Uamdaudisn tanuglafis wazlanaefiuenuausin Geflulandien

Asdivdiutlsanen udiAndndauluand Se:Hg luseatinga (Table 6) luaniz# Kaneko & Ralston (2007) Perry et al.

'
v a

(2012) uaz Barone et al. (2021) wupndngauluani Se:Hg luilanfsraunalunfiduiisinaduge wu dandniien
Uaugas nazlneany Uanenaunssninidadananlame uaztlataau SAraondinduilsengs uazandndouluand
Se:Hg A NG 1 1iseRndn daulanutingu LLaxﬂmﬁmﬁmq’mﬁ@ﬁum@ (Benthopelagic fish) ¥nagwuA1AN
indudseanuazaArdnaauluans Se:Hg Tuseatilunans

A1dndauluand Se:Hg lutlarannsneniiiAnsymdng 2.1 - 60.08 wuAMNANRUSaeausdATyNIa
anmsznIneArdndauiuand Se:Hg Tudaniuriaanuidudulsen wazaane1afatarusazsin (Pearson's

o o o«

correlation) (Figure 3 (d) & (e)) wh linwuauduiusat1elsiadnAyn1satnsznineAdndauluand Se:Hg fuan

o o

Audndiudadanlulan (Figure 3 (f) vaArauidinduilsen wazauamanueasatlaniludadadAyanmunan
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N19ANEIAUT (Table 6) fisnanudnuAIdndaulnand Se:Hg Hunalfinanaiarpannidindulsanlulaniien
A & 4 o« = o a = g )

Wingw sadugduuupaaiuinulun1sdAnenil (Sethanandha, 1980; Yamashita et al., 2011; Burger & Gochfeld,

2012; Copat et al., 2014; Azad et al., 2019)
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Y v aa A U a 1 o o o U Yy v aa A o Y v
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Table 6 Comparison of Mean/(Range) of mercury and selenium concentrations (mg/kg wet weight) Se:Hg molar

ratios in muscle tissue and fish length of marine fish from different area in Thailand and elsewhere

Se:Hg

Fish length

Study area Fish type n Hg (mg/kg) Se (mg/kg) Molar Ratios (cm) References
Guif of Thailand i & 030588  (O3-098)  (@10-5008  (200-308) This study
Guif of Thailand Mixed Fish species 87 i g (Eerms ol Sethanandha (1980)
yha;ﬁj;sd’ EEMEE; Mixed Fish species rep’:)cr)tted Not reported (8222 f ?122?) Not reported Not reported Sirichakwal et al. (2005)
mivn“hﬁﬁ:nyug‘(’)asé’an Mixed Fish species 1,258 (0.01-1.96) (0.18 — 0.48) (0.34 - 61.0) Notreported  Burger & Gochfeld (2012)
North Atlantic Ocean  Mixed Fish species 8,459 017 (0.04-0.72)  0.41(0.27-0.56)  17.7 (1.9-43) (41.0-61.1) Azad et al. (2019)
South Atlantic Ocean Mixed Fish species 652 (0.006 - 0.957) (0.024 - 1.485) (3-33) (2.0-150.0) Kehring et al. (2013)
m’;g” Gulf of Mixed Fish species 483 (0.15 - 12.20) (0.05-4.12) (0.38-3.3) Not reported Perry et al. (2012)
:s;‘:rj!v\‘v‘;ﬁh Pacific \1ainly Predatory fish 420 (0.13 - 2.38) (0.32 - 1.59) (0.46 - 17.61) (1.8-318.9)*  Keneko & Ralston (2007)
Mediterranean sea Mixed Fish species 197 (0.03 - 0.64) (0.15-0.58) (1.75-12.7) (12.0-70.2) Barone et al. (2021)
:\t";;kets' Modena, Mixed Fish species 75 (0.057 - 0.579) (0.073-0.734) (1.23-12.5) Not reported Plessi et al. (2001)
lonion sea, Mixed Fish species 150 (0.064 - 2.81) (0.213 - 0.473) (1.94 - 17.08) Not reported Copat et al. (2014)
Gulf of Catania
Turkish coast Mixed Fish species 151 (0.01 - 0.45) (0.96 - 1.86) (5.5 -393) Not reported Ulusoy et al. (2018)
Fish market in Japan Mixed Fish species 60 (0.002 - 1.28) (0.11-1.51) (3-217) (0.09 - 3.39)* Yamashita et al. (2011)

* Data represent weight in kilogram.
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