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Variation trend and contamination source of heavy metals in sediments from estuary area of Bangkok Bay in
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Abstract: A 1.5-meter long sediment core was collected from the estuary of Bang Pakong River, Bangkok Bay, in July 2015.
Calculated with *""Pb and '’ Cs, the sedimentation rate is 2.3cm/a. It means that the sediment has been deposited in the year
from 1948 to 2015. Heavy metal element (Cd, Pb, Co, Ni, Cu, Cr and Zn) concentrations, measured by ICP-MS, are 0.11,
29.60, 19.78, 44.18, 28.99, 80.93 and 99.01 mg/kg, respectively. Amounts of Cd, Zn, Pb and Cr increased significantly
during the period. The degree of heavy metal pollution ranks in an order of Cd>Zn>>Pb>Cr>Cu>Ni>>Co. Calculated geo-
accumulation indices demonstrate that the sediment are moderately polluted by Cd. and slightly by Pb, Co. Ni, Cu, Cr and
Zn. The potential ecological risk indexes of single element( E; ) are ranked in an order of Cd>Pb>Cu>Ni>Co>Cr>Zn.
Ecological risk evaluation of heavy metals suggests that Cd is high to very high in ecological risk, while Pb is low to moder-
ate. The concentrations of Cd, Zn, Cu and Pb in the sediments are lower than the effects range low(ERL) , and the concen-

trations of Ni have exceeded the effects range low(ERL) , but below the effects range median(ERM) . Cd, Cu and Zn may
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derive from metallurgical industry and transportation. Cd has an unknown source of pollution, strongly influenced by human

activities. The anomaly high Cr may be from textile industry. Inter-elemental correlation of heavy metals before the year of

1990 was worse than that after 1990, indicating that there may be more complex sources of heavy metal pollution after the

year of 1990.

Key words:sediment; heavy metals;grain size; Bangkok Bay
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Table 1 Concentration(mg/kg) and pollution accumulation indices of heavy metals in the sediment

JLER RIUR HH Fr kA ED 1 geo LTI CED Ei ERL ERM
Cd 0.07~0.19(0.1D) 1.64~3.08(2.29) 140.00~378.00(210.27) 1.2 9.6
Co 18.10~20.96(19.78) 0.30~0.51€0.43) 9.23~10.69(10.09) - —
Cu 26.15~32.38(28.99) 1.11~1.41(1.25) 16.14~19.99(17.90) 34 270
Pb 26.13~60.83(29.60) 1.42~2.64(1.60) 20.10~46.79(22.77) 46.7 218
Zn 82.79~108.78(99.01) 1.70~2.09(1.96) 4.87~6.40(5.82) 150 410
Cr 75.83~89.77(80.93) 1.34~1.58(1.43) 7.58~8.98(8.09) - —
Ni 41.77~48.54(44.18) 0.41~0.62(0.49) 9.94~11.56(10.52) 20.9 51.6

KBl 4 UIRYEEBICER & & (mg/ke)
Fig.4 Vertical variations of heavy metal concentration

in the sediment core(mg/kg)
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Table 2 Heavy metal concentration(mg/kg) in sediments from the main estuaries of China mg/kg

Zn Cr Co Ni Cu Cd Pb

BV T AR W U AR O G- B 13 80.84 79.45 14.25 34.92 27.06 0.26 26.92
R PR 2 VU Y G 75.7 68.9 30.3 25.5 0.14 22.3
KL O RZEVRY CGEH D 1) — — — — 26.1 0.13 23
KT 1R BV Gy E)H e 95 40 — — 26 0.074 64
BRI 1 LT 130.4 86.3 39.4 0.2 53.3

4 T i e L1 54.4 39.3 — — 7.43 0.18 15.6
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Table 3 Correlation of heavy metals with sand, silt and clay fractions of the sediment from Bangkok Bay
Zn Cr Co Ni Cu Cd Pb Al O3 13 o ab it
7n 1.000
Cr —0.103 1.000
Co 0.499 "~ 0.134 1.000
. —0.037 0.538" " 0.448 "~ 1.000
Ni
~ 0.874" " 0.016 0.297 —0.080 1.000
Cu
cd 0.517"~ 0.027 —0.165 —0.304 0.645 "~ 1.000
Ph 0.141 —0.212 —0.186 —0.300 0.151 0.121 1.000
—0.238 0.477" " 0.064 0.037 —0.172 —0.036 —0.103 1.000
Alz()g
W 0.069 —0.135 —0.299 —0.333" 0.168 0.187 0.933" " —0.024 1.000
Wl 0.759* " —0.162 0.461" "~ —0.119 0.706 " * 0.422"* 0.011 —0.240 —0.054 1.000
bRl
B+ —0.766 "~ 0.185 —0.404" 0.178 —0.732"* —0.453** —0.178 0.242 —0.126 —0.984" * 1.000

T A SRR B PETE 0.01 KT (RUR AL
A SCPE Y B PETE 0.05 KT (UKL S

B, H Co FEAZE O, FHIEY H Cd B8R
BT BEZ UL A B pH {H . Eh K AR 3 B L
FoKksh EHRR W, JEITRY Cd & &l 7
S B B B T] T SR TR B 432 1990 4R TS 1990
HEJE 2 B, oy BIEAT o0 2 2Z 18] 1 A 56 M A BT (3R 4
#z5),

53 B G o3 SIABCHE SEVE 4 BT, 2 B b & T 3 MR
FEZ 1B B AR S PE SR #5025 . 1990 4F i Bt (£ 4) Zn-
Cu-Co Ph ¢ Cr-Ni JT & Z M 7 76 58 AH & 1, Zn-Cu-
Co 5Mib Z [ A AE SR AR G M, 1990 4R J5 Bt (% 54U
Co-Ni il Cr-Al f£7E T3 B B 58 AH X 1, Ph-#y 10 B

FETE SR AR M (HHEBR e b 2 0 W KAE S 5 AR A7 TE
B AH DG . B 2 B g$ o0 R BORE B 22 ) A A DG X
o, R B 1990 4ERTHE 1990 4R Ji AH 6 P W 4 , (A5 1%
B 1990 4E T Cu-Zn Z (A1 FF 76 B 2 3 AH O, T
1990 4EJ5 AFEAE, Cu.Zn.Cd 76 H R A b — i 3k [
WRAE T B AL 4 b, A AR TE] ke I, e b B A AR
S AR SEPE L T Cd 7E 1990 4E R 5 2 BE5 Cu Ml Zn
A B FENH . B Cd R &0 By
A I Cd AEFE N T Gk I8 . Cu-Zn MG TR
Je MR 225K B 1990 4F I 8975 Y IR HE 22 1 (9 5
A — A, 4 JE R R 38 43 77 4E Zn L Cufll

R4 1948—1990 FERTRRYFEERLESE (mg/kg) ZEFMRA B ERBA N (%) KEXESH

Table 4 Correlations of heavy metals and sand, silt, clay fractions of the sediment from Bangkok Bay (1948—1990)
Zn Cr Co Ni Cu Cd Pb Al; O3 13 bk it
7n 1.000
Cr —0.088 1.000
. 0.864 "~ —0.048 1.000
Co
Ni 0.266 0.688" * 0.362 1.000
< 0.784" " 0.078 0.739" " 0.302 1.000
Cu
cd —0.390 0.251 —0.422 —0.152  —0.469" 1.000
Pb 0.526 " —0.293 0.319 —0.073 0.273 —0.025 1.000
—0.196 0.282 —0.026 —0.081 —0.088 0.275 —0.350 1.000
Alz(),;
W —0.280 —0.059 —0.369 —0.274 —0.196 —0.240 0.095 —0.107 1.000
PG 0.741% " —0.399 0.629" —0.101 0.609 " * —0.312 0.547" —0.251 —0.025 1.000
b
it —0.733" " 0.400 —0.618" " 0.109 —0.603" " 0.318 —0.550" 0.253 —0.004 —1.000" " 1.000

x % HISEMERY B EPELE 0.01 KE CRUR R )
x o AR Y B MEAE 0.05 K (BUR K30
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Table 5 Correlations of heavy metals and sand, silt, clay fractions of the sediment from Bangkok Bay (1990-2015)
Zn Cr Co Ni Cu Cd Pb Al; Oy ik iR i+
7n 1.000
Cr —0.324 1.000
— =4
Co 0.065 0.381 1.000
. —0.024 0.311 0.794" " 1.000
Ni
< 0.402 —0.012 —0.426 —0.076 1.000
Cu
cd 0.120 —0.011  —0.507" —0.351 0.433 1.000
Pb —0.130 —0.221 —0.462  —0.553" 0.120 0.097 1.000
—0.230 0.851"* 0.300 0.230 —0.112 0.055 0.015 1.000
Al; Oy
W —0.164 —0.200 —0.471 —0.554" 0.119 0.108 0.995" " 0.018 1.000
W —0.001 0.108 0.228 0.334 0.037 0.002 —0.376 —0.076 —0.360 1.000
4
i+ 0.070 —0.032 —0.047 —0.126 —0.089 —0.047 —0.014 0.074 —0.033 —0.921** 1.000

T A SRR B PETE 0.01 K (RUR AL D
A B R PEAE 0.05 AT CBUR A )

Cd. BRFEEFLENT 7RI, 20 e 70 407
IR TS HOR WA B T A
2004 AEFRES —FM ) IERZEED BER AR
R LB RS A PR R R e 1 K fa #4, 19891996 4F
FEINR R E R T 3 £57°Y . Cd.Cu Ml Zn 35K 4
P R [ A 57l B & SR AR W A, 1990 4F R 4 5
%2 5T B 0 10 LA KR 22 Tl A 7 A 5 4 T
FRIRTE N4 Z% . Cd A BEAE 7 HAl &R 0 Tk i5
VS 3/

Cr L E & B ZF ¥ E AR K. 1973 4F
B BH W KBS S B LA /INMEL S A o FEAS R 7 i
5 TP BE B K /A S BAE 19821988 Al
1998 4%, ZE G740 2 H M Z —, Cr fE R
— B 4 B 5 YT K L AE 45 S0l P B R R Bl e ) AN
IR 1970 AR R [ UM IR R R g5 401
& 1973 4 R B BIAY . 28 [ 27 8L HR 4 i ]
PRAFAE 8 1 A 7 KT R R B R AR L ) 52 4 il fE Bl
R 4 s AL S B0 0F I K L 9 4 W EE SE S
AT A 2 28 J 25 Al B ™. 1982 4F R 1988
AR AR A G WL LA B2 1997—1998 4F | % [H &k 4k
B4 43 Bl 1 LS 3025 234\l 48 45 0 77 452 7, Xk 7 4F 43
1) Cr JTCER & i IR /ME

Co Fl Ni JLZ 1990 4FHI 4 55 40 5¢, 1990 4F J5
S RAH G R AR i 3 T AR BE AR OC . Co NI 7E H
SRR Z AT TR 2R 0 S B AL T IR v, SR R
A Co-Ni AH ¢ 22 $048 Ak 8 K, Y I T 60k U5 g
WA KA, Co FI Ni 52 bRk B 595 5 (4 A7 L
A B, M Hi 2R R B T A A R B TS

e, HHG Co FI Ni A7 4% B8 W8 5975 G ok I
Pb & Bk % 2 A5 W H 5 FEASBA A2 4L, AT gz 2
EAERENE R & o NS R A ]

4 Z5i

(1) ""Pb."" Cs 7 B 3K 2 W1 , A< BF 55 K & 0
FRUNF ] HE 28 % 1948—2015 4F, F- I FLH R 24 Ny
2.3 em/a, FE R4S UK B ) A E B Ok, B
RS SRR 2SR VIR E 4R T
O R A LA A B B L 42 Cd L Zn Pb,
Cr B KIS . RIS 2B B0k A &
JCETG YRR IR B K/ . Cd>Zn>Pb>Cr
=>Cu>Ni>Co,Cd I 5 Y, Ni fil Co NG
e, KU RS S H0H @ 2K R . Cd>Pb
>Cu>Ni>Co>Cr>7, 5% EUTH YA B & ix
WEAH EL L B NI & 22 A, Hofth o0 28 30 0% A 8 A 1
FLAE 1800 X AR A .

(2) EEe R E &AMz NN H R
KL ICE VG Y AFE Z PP R TR - NiL Co A L HAth 5 42 )&
JCE B HEACTK 78 A B 5T 10 TR AR AE 28 p e
e B BB — kYR . Cd.Cu.Zn SR BE 24 R
B 22, Cr o6 2 0] BEOR U T % 1 45 240k,
1990 4F J& T 42 8 V5 YL R PR 4L 1990 477 &2 24,

BUigt: 4F A 2t B R TR BB — HE AT R AT X
FERBAFRZRA AFNERFRLR ENHINFRLA . H
JASITABHA S IERALG RAMEE T B
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