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Abstract

This research aimed to investigate the accumulation of heavy metals and their
bioavailability in sediments collected from the Bandon Bay, Surat Thani Province. The
samples were randomly collected from 10 sampling locations in coastal area of Bandon
Bay. The samples were digested by a microwave system followed by elemental
quantitation using inductively coupled plasma-optical emission spectrometry (ICP-OES).
The total amounts found in the sediment, in descending order were: Zn > Pb > Cu > Cd
with the mean concentrations of 59.520, 8.163, 2.838 and 0.216 mg/kg dry weight,
respectively. When compared to the quality standards for coastal marine sediment and
the standards set by the Environmental Protection Agency of the United States, it was
found that the levels of all four heavy metals found in the sediment are below the
specified standards. Therefore, it can be concluded that the sediment from the
mentioned source has an environmentally safe level of heavy metal accumulation. In
studying the bioavailability of heavy metals in sediment, the sequential extraction
method is employed to assess the potential release of each type of heavy metal from
the sediment into water sources and its uptake into the cells of aquatic organisms. It was
found that the levels can be ranked in descending order as follows: Cd > Zn > Cu > Pb.
Cadmium (mostly 70.6-78.4%) is predominantly in forms soluble in water/exchangeable
jions/capable of forming complexes with carbonate. For zinc and copper, they are in forms
soluble in water/exchangeable ions/capable of forming complexes with carbonate, with
percentages of 33.6-50.4 and 10.5-26.5, respectively. Meanwhile, lead fraction in the
sediment is mostly in forms ready to be released into the water in the smallest quantity

(3.9-9.9%).
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Figure 1 Map of sampling locations (S1-S10)

Table 1 Sampling locations and their geographical coordinates

Sampling locations Geographical coordinates District
S1 9°22'50.7"N 99°17'28.6"E Chaiya
S2 9°21'50.6"N 99°16'56.8"E Chaiya
S3 9°19'12.1"N 99°14'05.9"E Tha Chang
Sa 9°17'40.9"N 99°14'42.4"E Tha Chang
S5 9°15'54.6"N 99°16'11.0"E Muang
S6 9°16'11.6"N 99°17'24.4"E Muang
S7 9°16'32.9"N 99°18'34.7"E Muang
S8 9°14'00.7"N 99°24'38.0"E Kanchanadit
S9 9°14'20.8"N 99°25'58.9"E Kanchanadit
S10 9°13'48.3"N 99°27'40.2"E Kanchanadit
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nsmsguA9819laeIsnstanglulasian

Tun1smseudleg1alaeisnisgesniglulasiinldisuinsgruvesesnnisiying
Aaunndeusisn 35 EPA 3051A (US EPA, 2007) tnensdeansiegnsiunzneu Ui 0.5 n{u
(Henstion 1 1) Talunwurussaiaegna s HNO, (65%) U3uns 10 Hadans wiadslndh
nugliatn dludesseszuulilason TngldiusunsunisTieudousansned 2 (Table 2)
dledosadaudrhansmegnslunsasienszaiunsos Whatman wed 40 ldlumniausuns
wazUsulsmnsieiusrnleseuldls 25 Saddns ndwnntusnhasazanedaodailas

TUAmsgsimusuna Cu, Zn, Cd waz Pb lneawaila ICP-OES

Table 2 Microwave heating program

Step Temp (°C) Pressure (bar) Ramp (min) Hold (min) Power (%)
1 175 30 5 5 90
2 50 30 1 10 0
3 50 0 0 0 0

MIIATRTIVTUBENaNS

Tumsiiseidasinaeongrdvedaveninlufungneuldds Sequential extraction
(Guevara-Riba et al., 2004) Faudunsaradesviararsuuudeiienussutunousidl

1) Faansieds 1 ndu Tdluvasalndlefidy auin 50 mL Wiy 0.11 M nsaezdfin
(CH,COOH) U331175 40 mL Lwg1#181A3 89 End-over-end rotator (30410 rpm) 71 g amg) s o9

Wunan 16 Falus

¢ a

2) ﬁwmiazmEJ"LiJquum'ilsJaﬁaal,ﬂ?'ml,%um%ﬂw # 3,000 ¢ \Jutan 20 U9l uan
Falnansazanesegsdiudilalsuins 5 mL lalunasnfiufedis tlueszviusuna
lavenineewmnaila ICP-OES (Fraction 1, F1)

3) Fumnivdelute 2) daetindu Yuns 20 mL wazwegndunan 15 wadl dily
VI wansavanedmuitlansly

4) \@u 0.5 M lansendanidiulalasaaslsa (NH,OH-HC) USu1as 40 mL aslunin
nznoufils thlulwg1sheados End-over-end rotator (3010 rpm) figaumgiivies 1Wuan 16
Flus eSauddwhwmieutuneulude 2) uavde 3) doly (Fraction 2, F2)

5) i 8.8 M lalastauaseanlan (H,0,) Usuns 10 mL lnsidudiazdesaslunin
nznoufild dilugesitgumgiives Wunan 1 92lus vismnduiailuliaruseuiigungd 85
+ 2 °C lugsirmuaugungd Wuna 1 421us uagsswed oliiuumsanasaumde

Uszunal 2-3 mL
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6) in 8.8 M lelasiauiadoonles (H,0,) U313 10 mL 8nase wazldmnudeui
auvgdl 85 + 2 °C a1 Fle warsziveiieiiUSunsanasauaeyssana 2-3 mL

7) W@nansaraty 1 M wauluflouszdien (NH,C,H,0,) (USulnian pH = 2 1agld
HNO,) V31195 50 mL wazivghiigaumgiivies Wunan 16 Falus afaudrdeimiioudunouly
48 2) wazde 3) el (Fraction 3, F3)

8) Wimnazneuiildlugesseansazate Aqua regia (158 M HNO, : 12 M HC, 1 : 3)
USuns 10 mL leeldszuulalasnm vdsandeeiada nsevansavarsnarvsuusunslels 25
mL ihlUAnszriusunalangminaiemaiia ICP-OES (Fraction 4, F4)

asaazivsunalansuinlaewmaiia ICP-OES

Pdegsiunznauiildainnisges Tuinszimusunn Cu, Zn, Cd waz Pb fag

1A304 ICP-OES Taeldan1iglunisiaseiniuissylilunisnei 3 (Table 3)

Table 3 Instrumental operating conditions for ICP-OES

Parameters (Unit) Value
RF Power (W) 1200
Plasma gas flow (Lmin™) 12
Auxiliary gas flow (Lmin™) 0.2
Nebulizer gas flow (psi) 45.0
Sample flow (mLmin™) 1.0
Drain flow (mLmin™) 4.0
Rinse delay (s) 30
Number of replicates 3

Wavelengths (nm)

Cu/Zn/Cd/Pb 324.754 / 213.856 / 228.802 / 220.353
Concentration range of calibration curve

Cu/Zn/Pb 0 - 10 ppm

Cd 0-25ppm
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USunauvaslavgninlufunznau

Han1sfnwUSinalaeninlufungneauainuinaentiuneu Jaingsnug sl
1aele35 External calibration method Tun1sitasngsiniemaila ICP-OES wuitusunadlans
wifni 4 wilnlufegeAunsneuainurasing 9 79 10 wnas SesiunuUSinaiinuain
inlutesdusd Ao zn > Pb > Cu > Cd 39iUSunanade 59.520, 8.163, 2.838 wag 0.216
me/kg UmiInuie mudey faudndun1sed 4 (Table @) Taefinansinseiusinadanya
AZiI NBINAS waruaniilonlufunznoudirtagluyae 23.149-84.324, 5.842-10.064, 0.168-
7.343 uag 0.173-0.257 mg/kg MUAIAU

Table 4 Concentrations (mg/kg dry weight) of Cu, Zn, Cd and Pb in sediments

Sampling Mean * SD (n=3)
locations Cu Zn Cd Pb
S1 6.545 + 0.527 79.227 + 5.741 0.213 + 0.010 9.022 + 0.645
S2 6.922 + 0.420 76.831 £ 4.177 0.200 + 0.013 9.134 + 0.851
S3 3.047 + 0.267 50.494 + 4.331 0.205 + 0.010 7.394 + 0.430
S4 6.178 + 0.329 71.882 + 5.250 0.229 + 0.013 9.360 + 0.555
S5 0.844 + 0.094 48.807 + 3.042 0.237 + 0.018 8.028 + 0.342
S6 0.431 + 0.038 49.667 + 3.060 0.221+ 0.020 8.082 + 0.415
S7 0.185 + 0.019 24963 + 1.915 0.232 + 0.019 6.164 + 0.379
S8 0.896 + 0.060 56.180 = 3.011 0.202 + 0.019 7.589 + 0.372
S9 0.601 + 0.057 73.588 + 3.466 0.191 + 0.016 8.827 + 0.683
S10 2.731 + 0.208 63.557 + 3.819 0.226 + 0.019 8.030 + 0.413
Min 0.168 23.149 0.173 5.842
Max 7.343 84.324 0.257 10.064
Mean 2.838 + 2.646 59.520 + 16.578 0.216 + 0.020 8.163 + 1.038
Standard " 25 102 2 52
Standard ™ 28 68 1 21

Remark Pollution Control Department, 2015 ~ USEPA, 1999
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favuslufuagney wuin ddunsnsznesavemeuaslufuagnouainuinluosdussd
F2> F3 > F1 > F4 fanwdl 2 (Figure 2) Tngu3inamemeunsdulngjeglusunlesuiiaing
wuszriueenleduesmanuasusamila (Fevay 31.2-52.2) sesauneglusurlesuiiaaiusy iy
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Figure 2 The percentage distribution of Cu compared to the total amount of Cu in the sediment

2. dngd
TuvhusadeniuiunsinenTisuueengrsvemeuns wuinUsuaudinadvaun
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a

fusunamilsnldannsagnezesnannduazneuld (F4) waadiiuihuSinadngdnanunndly
AungnouldlliUSIuNmMuANaN1T0 U ITEAUAUTULTIVBIN U YIINETT lavgntn
wilall Wefnlufesarnisnszaneiivesdingdifisuiuuiuadingdiomalufiunznau A

A9 3 (Figure 3) Wul aeunisnszaevesdanydlufungneuainuinluteadussl F1 >
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F2 > F4 > F3 IngUSunamesdengddidlngeglusulesuiazaredr/amnsavaniieulossy
lov/asaiusyivanivaiun (Seeag 33.6-50.4) sesawnegluguneiuiiasniusyiueanlenves
widnuazwenila (Fevaz 20.5-30.2) dwiildaninsagnuzeenuild (Geuay 14.3- 24.3) uavdined
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Figure 3 The percentage distribution of Zn compared to the total amount of Zn in the sediment
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Figure 4 The percentage distribution of Cd compared to the total amount of Cd in the sediment
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4. fzN

|
o

mMsnsvanefensiaiisuiulSinanstmuelufuasneuy nuiiUSinuns
ﬁqwumﬁ'ﬁiuﬁumﬂaummﬂLma'n finsnszaeadlugunesusigg TudSunaiiwanaaiy
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1niige (Fouaz70.6-80.3) sesasidungilugunesuiiairsiuss fuasusznouduniduay
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Figure 5 The percentage distribution of Pb compared to the total amount of Pb in the sediment

anUseNa

dlowseuisunanisanuuSunalaneminlufusz neuluuiinas nduneu Swia
g31wn$od funusinunmAunzneureilangia (Pollution Control Department, 2015)
LAZLNUIAATEIUYRIBIAN ST NEAWINdprYesUTTIAaMTFINTAN (US EPA, 1999) Wy
Usinauweslaventina 4 wile Aillufiunznoudadninnasifisivun (msad 3) Jaagdla
IAunzneumnuasInanilssunsUudsuvelansudnlusyduiivaon fosedwindox
vl oSouiiisunaiildannauidel funuasedu q wuidsnadensdluiunzneui
(23.149-84.324 mg/kg) fimagluradlnaifssiuiunanisfnuuSinadaendnluduszneu

nweilsenlveneudi %nﬁﬂ?mmé’mxﬁa&ﬂu%aa 22.7-41.9 mg/kg (Marine and Coastal

81



Life Sciences and Environment Journal 2024; 25(1): 71-86

Resources Research Center (Lower Gulf of Thailand), 2011) waznuIUSunadnyannuly
funznouildalndissiutufinulufunsnouiildanusnalinudiive v indes
Uszinadu Ao fleeglutig 29.6-815 me/kg InedAadominiy 51.6 me/kg (Wang, 2017)
warfiasnindniesdeissuiieuiunansinseivinadingdlufunzneuiiiuseds
el s Tussnvenniglinuiu Useinady ﬁdﬁmagﬂuﬁdw 37.8-114.3 mg/kg Lagil
AnaBBiiu 81.4 me/kg (Xu et al, 2015) uafdmuidiadninnndieieudisutunanis
JiszsiAungnouninUinuitinladu Ussimaduide deliusuiadnsdeylugag 3.4-4655
me/ke TaediAiadeLindu 386.08 me/ke (Salas et al, 2017) \esaniluilunainuith
fanangnyliidenaninuegisdeileslnenisiuasuuvamesnnuiduiiios (Urbanization)
wazgAa1MnIsu (Industrialization) vlwdanudndudesdnisdiszidunisnsnfianiunis
\WasuuUasewuysene ﬁLﬁlmﬁmﬁugmmwmaﬁumé’aﬂuiwuﬁnﬂ wagwuIUINI
FingdluiupznouanaiseifisniundenZouiisuiunamsieseiluiunsneuain
nzlaanululios Godolls Useinagsnis sﬁqﬁﬂ'wagﬂmﬁaq 128-1640 mg/kg (Heltai et al., 2018)
Fanzaauineduundsesuiideveasestindeu
dufunansinsgivinameidlufunsneulusideiidegluag 5.842-10.064
me/ke uaziiAnads 8.163 me/kg nuinfimsinidntesdiolieuiisuiunanisfinuuiun
nzdlufungneuaineilse1dlneneuais %nﬁﬁiwagﬂus&aq 13.7-23.0 mg/kg (Marine and
Coastal Resources Research Center (Lower Gulf of Thailand), 2011) WaYNUINTUSHIUAN
niledssudioutuinulufunznouiildanusnatinudimewdiimies Ussmasu Ao
danegluyie 3.2-34.2 mg/kg Tneila1iad o1y 12.3 me/ke (Wang, 2017) 5071 aman1s
Ainnesilufunznouanmeilng fusenveamelvinui Ussinaiu deleglutag 11.1-31.1
me/ke wardinnadainiu 19.2 me/ke (Xu et al., 2015) NN AT ALRZnouINUINKI
1ATU UssinaduLfe %qﬁmsﬁaaglmm 0.2-95.6 mg/kg InefiAadewiniu 21.9 me/ke (Salas
et al,, 2017) uazuan15AnwluAunzNauaINe1? Malaga nsneulduslszinaaiuy wuan
ﬁﬂ?mmmzﬁl’aagﬂuﬂhd 7.92-37.1 mg/kg (Alonso Castillo et al,, 2013) wagdlAsnauan
dlaSeuiieutulsunadinulufunznawannaaaiuluiie Gadols Ussmadna3 G
ag/luy3e 24.0-379 mg/kg (Heltai et al., 2018)
Usinaumosuaslufuagneuainanisfinuadsinuindaogludas 0.168-7.343
mo/ke waeiiAiade 2.838 me/ke nuindiainindeFouiisutunandsediniumn i
nansAnIUTInameansluAuazneunueilsealneneuais dedireylugie 6.4-24.2

mg/kg (Marine and Coastal Resources Research Center (Lower Gulf of Thailand), 2011)

82



Life Sciences and Environment Journal 2024; 25(1): 71-86

namsanwilufunznouiildanusnainuihvewaiiundes Usanadu fe frnaglugag
1.2-47.2 me/kg tnefiAnadevintu 16.8 me/kg (Wang, 2017) nan1siaszilufiungnauain
e weTusenvennizlinuiy Usuinaiu %aﬁﬁwagﬂu@d’m 13.7-65.0 mg/kg warilAiade
WU 29.4 me/kg (Xu et al,, 2015) NaMsIATERRURznouaINUINuit ATy UssinABiuiie
FeiluTanameunseglurag 1.35-146.6 me/kg Insfianadewiniu 26.7¢ me/kg (Salas et al.,
2017) uagkan1sAnwluAunznauaIne1 Malaga nsnouldvesuszmeaaiiu wundusuie
neanseg Y 6.57-21.2 me/kg (Alonso Castillo et al,, 2013) waeflasndunngdl eslSuniiou

fudsuamesnsimuludungnaunreaauluiios Godolls Useinaginis Feilmeglutae

30.3-230 mg/ke (Heltai et al., 2018)

v
' I

dwiudsunauandenlufunsneuainranisanwiiidenegluyi 0.173-0.257 me/kg
wavfiAads 0.216 me/ke %qwudﬂﬁmaaﬂmﬁ'aﬂﬂﬁtﬁmf"fuﬁumamﬁmwﬁluﬁumﬂaumﬂ
e weTussnvennizlinuiy Usuinaiu %qﬁﬁwagﬁiuﬁaq 0.07-0.35 mg/kg wazilAads
Wiy 0.19 mg/ke (Xu et al,, 2015) saummwan1sAnwluAuaznouang Malaga meneuld
vosUsEmAa UL nuduTinauanileuegluyig 0.021-0.283 me/kg (Alonso Castillo et al,,
2013) LLGiﬁﬂ"]Qﬂﬂ’j’maﬁiéfﬁ]’]ﬂﬂ’]iﬁﬂiﬂ’liuaumxﬂauﬁiéfﬁﬂﬂ‘U%L’Jm‘U’]ﬂLLiJ"lE’W’eNLLiJ'ﬁé’Imam
Useinadu Ao drregludig 0.04-0.20 mg/kg Tnefidadewindu 0.10 me/kg (Wang, 2017)
wifiawnindntoslanSeudieutunanisAnuUsinauandeslufungnounineeien
Inemouais Sﬁaﬁﬁ’laﬁﬂuﬁ’m 0.17-0.66 mg/kg (Marine and Coastal Resources Research Center
(Lower Gulf of Thailand), 2011) uagfiarsninndliessudisutunamsineiaunznou
Tndnusiiladu Ussmaduie sﬂzfaﬁﬂ%mmwaal,tmagﬂwzm 0.06-64.4 mg/kg TneiiAnade
Winfu 5.07 me/ke (Salas et al, 2017) uwazUsunauamdoudinvlufunzneuainneiaau
Tuisles Godolls Uszmadsn3 defimeglurag 1.77-60.4 me/kg (Heltai et al., 2018)

Usanadaveminvianiifieoglufuneneulunnsunedu vie Total metal concentration
Husuedidfanisussdiussdumstuiiouniessiuausuisweaniisuaivanaslany
wﬁﬂﬁuq LLG]I“ijalJuaﬁgﬁbLiJ‘L‘WENWE]E‘?’]W%IUFYIS“U%Lﬁ"LJLLu’JI‘Ile?JENﬂ?WNEuLLNﬁ“FﬂLﬁ]u“ﬂ@ﬂLLﬁia%ﬁuﬁ

£%

Wewnanudululdvedaneninusazaiinfivzgnuzesnanfunzneuasdunasiuazgnen

=

9
Y
Fuidadvesddidindudseavundesunndeiu Yusgdugurlesy vedanewiln T

U
pgneuINUdazunastinisazanvedlansuinluszerafiuansisiu fnsidsundassuesy
vaslavigminudazadafiunnd ey danadeseduvesduiinueangns veslaneninlufu
pznou FuulunsinuiiuSunaeengrsvedanewinlufiung newasyilhiAnaudlaun

JugfugunesunuanisiuvedaneminiilegluAuns neudduwilduiiazgnuzeanuile

83



Life Sciences and Environment Journal 2024; 25(1): 71-86
|
waneineiu Sesdduanunnludesladsil sunesufiazansuy/uaniudsuleseuls/Nasiiuse
fluasuelun JUnesufiasiussiveenledveuninuazuuemila uargurlesufiadsiuseiu
a1suseneuduniduasdalid mnnan1sfnuTvsunuesngrsvedaneninng 4 viia Tudu
pznaudilianuinaetiuney Jmingsugiond lnefinsananudululivedansninug

a o

avvllafavgnureanIMNAUAZNoUAIg LT LAZgNANTUE wadvesdalidinlut wuindl

o

sEAUNBANANSAUANINSaE a1 uIInunlUTes Tamall Cd > Zn > Cu > Pb dJauanLlaugdiu

¢ o

Tugjoggunosuiiasansu/uanidsuloseuld/dad aiussfuaiveiun Gevay 70.6-78.9)
wazilduiioglugume suiiai eiuss fueenlusvsavdnuazunsniia daneglurisievay 21.6-
29.4 Fsaeandesiufisieaulag You et al. (2023) dwszMilufunzneuiiduiioglugumosud
wieuiinzgnuzeeanungunanildlutinaiitesiian Govay 3.9-9.9) Fsaenndasiumenuna
msnyimsnszaesavedangminlufunzneuanushidudes deadsy Ussmaiudenudi
wandleudulngjegluguosuiianunsauaniasulossuld dmiumesunuazaziaznuagly

druiiduguresudignimdld (Liu et al, 2018)

A3UNaN1337Y
Ysurunisazanvedlangnind Anwiludieg1afunznauainuinme1iiiuneu
Jaripasugionil i3 10 wias SedrumudSinaiinuanunnludeadudsil zn > Pb > Cu> Cd
TnelaiUTouis uiunusi AN INAUALNOUYER VLIS LAZINMIININTIIUVBIBIANTHYING
AInaNY0IUTEMAANSFRLNSNT wuiiUSunaedlaneniiniie 4 slladillufunsnoulia1m
nInnaENnInue JellseaunisazanvedlansninlussaunUasnisnadwindon uazka
= IS 2 £ o a a < v o 1
msfineTuTunuesngrsvetlansninlufunznau lneiarsananudulilavedangntnug

a o

amummggﬂ%zaaﬂmﬂﬁumzﬂauadejLma'q‘f']LLazQﬂQm%uLﬁi’hstszjaéﬁuaqﬁnﬁ?ﬁmiuﬁﬂ WU
seduTiuansnsfuanunsaBesdduanunlutos lesed Cd > Zn > Cu > Pb Feunnwdlouaiu
ngjey suesuiiazars/uandsulessuld/fairsiusziuaisvaiun lkuandoud
wuliiuflazgnazeenniunsnauasgunasildinniian dunsilufungnoudidieglugy

Wosuinseunazgnizesningunanilaluuiinuntesiian

AnAnssuUszne
RdeveveunndinnuAuENITUNTITEURTIARAYININNSe s 1w g3 wg 51

Iaatuayununside

84



Life Sciences and Environment Journal 2024; 25(1): 71-86

LONE1581989

Alonso Castillo MI, Sanchez Trujillo I, Vereda Alonso E, Garcia de Torres A, Cano Pavon JM.
Bioavailability of heavy metals in water and sediments from a typical Mediterranean Bay
(Malaga Bay, Region of Andalucia, Southern Spain). Marine Pollution Bulletin 2013;76:427-434.

Baig JA, Kazi TG, Arain MB, Shah AQ, Sarfraz RA, Afridi HI, Kandhro AQ, Jamali MK, Khan S. Arsenic
fractionation in sediments of different origins using BCR sequential and single extraction
methods. Journal of Hazardous Materials 2009;167:745-751.

Chen C, Lim YC, Ju Y, Albarico FPJB, Chen C, Dong C. A novel pollution index to assess the metal
biocavailability and ecological risks in sediments. Marine Pollution Bulletin 2023;191:114926.

Guevara-Riba A, Sahuquillo A, Rubio R, Rauret G. Assessment of metal mobility in dredged harbour
sediments from Barcelona, Spain. Science of the Total Environment 2004;321:241-255.

Hao Y, Miao X, Liu H, Miao D. The variation of heavy metals bioavailability in sediments of Liujiang river
basin, SW China associated to their speciations and environmental fluctuations, a field study in
typical karstic river. International Journal of Environmental Research and Public Health
2021;18:3986.

Heltai G, Gyori Z, Fekete |, Haldsz G, Kovacs K, Takacs A. Longterm study of transformation of potentially
toxic element pollution in soil/water/sediment system by means of fractionation with sequential
extraction procedures. Microchemical Journal 2018;136:85-93.

Hlavay J, Polyak K. Chemical speciation of elements in sediment samples collected at Lake Balaton.
Microchemical Journal 1998;58:281-290.

Jarernpornnipat A, Pedersen O, Jensen KR, Boromthanarat S, Vongvisessomjai S, Choncheanchob P.
Sustainable management of shellfish resources in Bandon Bay, Gulf of Thailand. Journal of Coastal
Conservation 2003;9:135-146.

Liu X, Jiang J, Yan Y, Dai Y, Deng B, Ding S, Su S, Sun W, Li Z, Gan Z. Distribution and risk assessment of metals
in water, sediments, and wild fish from Jinjiang River in Chengdu, China. Chemosphere 2018;196:45-52.

Marine and Coastal Resources Research Center (Lower Gulf of Thailand). Annual Report 2010-2011.
http://dmcrth.dmcr.go.th/Imcr/download/147/1/. Accessed April, 17 2018.

Mossop KF, Davidson CM. Comparison of original and modified BCR sequential extraction procedures for
the fractionation of copper, iron, lead, manganese and zinc in soils and sediments. Analytica Chimica
Acta 2003;478:111-118.

Nemati K, Bakar NKA, Sobhanzadeh E, Abas MR. A modification of the BCR sequential extraction procedure
to investigate the potential mobility of copper and zinc in shrimp aquaculture sludge. Microchemical
Journal 2009;92:165-169.

Nemati K., Bakar NKA, Abas MRA, Sobhanzadeh E. Speciation of heavy metals by modified BCR sequential
extraction procedure in different depths of sediments from Sungai Buloh, Selangor, Malaysia. Journal

of Hazardous Materials 2011;192:402-410.

85



Life Sciences and Environment Journal 2024; 25(1): 71-86

Pignotti E, Guerra R, Covelli S, Fabbri E, Dinelli E. Sediment quality assessment in a coastal lagoon (Ravenna,
NE Italy) based on SEM-AVS and sequential extraction procedure. Science of the Total Environment
2018;635:216-227.

Pollution Control Department. Announcement of the Department of Pollution Control regarding the Criteria
for Quality of Coastal Sediments; 2015.

Salas PM, Sujatha CH, Ratheesh CS, Kumar R, Cheriyan E. Heavy metal distribution and contamination status
in the sedimentary environment of Cochin estuary. Marine Pollution Bulletin 2017;119:191-203.

Tai Y, McBride MB, Li Z. Evaluating specificity of sequential extraction for chemical forms of lead in artificially-
contaminated and field-contaminated soils. Talanta 2013;107:183-188.

Tessier A, Campbell PGC, Bisson M. Sequential extraction procedure for the speciation of particulate trace
metals. Analytical Chemistry 1979;51:844-851.

US EPA. Method 3051A: Microwave assisted acid digestion of sediments, sludges, soils and oils; 2007.

US EPA. Screening level ecological risk assessment protocol. In: Appendix E. Toxicology reference values.
U.S. Environmental Protection Agency Region 6, Multimedia planning and permitting division,
Washington, DC, USA; 1999.

Wang Y, Ling M, Liu R, Yu P, Tang A, Luo X. Distribution and source identification of trace metals in the
sediment of Yellow River Estuary and the adjacent Laizhou Bay. Physics and Chemistry of the Earth
2017;97:62-70.

Xu F, Tian X, Yin X, Yan H, Yin F, Liu Z. Trace metals in the surface sediments of the eastern continental shelf
of Hainan Island: Sources and contamination. Marine Pollution Bulletin 2015;99:276-283.

Yang Y, Chen F, Zhang L, Liu J, Wu S, Kang M. Comprehensive assessment of heavy metal contamination in
sediment of the Pearl River Estuary and adjacent shelf. Marine Pollution Bulletin 2012;64:1947-1955.

You M, Hu Y, Meng Y. Chemical speciation and biocavailability of potentially toxic elements in surface sediment

from the Huaihe River, Anhui Province, China. Marine Pollution Bulletin 2023;188:114616.

86



