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Abstract: Based on the 8 cruises data of surface seawater heavy metals and other related environmental factors from 1997 to 2004 of the South
Yellow Sea (SYS), distribution patterns, mechanisms controlling the distributions and pollution levels of heavy metals (As, Cd, Cu, Hg, Ph,
7n) were studied with the data of 2003-10, and 8-year-fluctuation trends of heavy metals were also discussed. The average concentrations of
heavy metals in surface seawater were 2.33, 0.078, 1.41, 0.003 6, 0.37, 6.21 pg/L respectively. The average concentrations showed a
relatively stable trend in 8 years, except Zn’s distinct upward tendency. The distribution patterns corresponded to the distance away from the
coastline; that was, the content of heavy metalsCexcept Pb) was low in central area while high inshore. Those were responses of human activity
in the marginal sea, however, in some local areas, Pb was controlled by atmospheric deposition, Cd was relative to pH and salinity, Hg was
related to organic carbon, Cu and Zn were influenced by runoff and drainage, and the resuspending of sediments played important roles on the
content and distribution of As. Compared to the Marine Water Quality Standard of China, heavy metals indicated that SYS was a first class sea,
and Ecological Risk Index analysis showed that SYS was a low ecological risk sea. In conclusion, seawater quality of heavy metals in SYS
surface seawater is relatively good in general .
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Fig.2 Heavy metals distributions of SYS surface seawater in 2003
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A BT TR) A 91, 30 BH P B0 36 2 i K T 4 e W 2
T NATHE . Ph AEHEZK T A7 B 1 ) g LA R 5

t = I/F
L, o 4 Ph BIAE RIS 0], 1 RS Ph Bt i, F
J& Ph fili 2 N BE AL HE R0 S, 51 R e
BT 5 RN PR 2 A [ R

A SO A ki B2, P VRE LA 45.3 m,
REMPRESEERAK AP P HRE P
JERARKE 25 J2 P W B, A8 Lin 2500 76 23 g (¥
FL BT K Ph SN B 0.295 ng (em®*a) !,
A3 Pb LS A B I H] 8 4.6 a. Pb 7E7R
W A IR 2.1 a, 1K R T B4Ry — )
5 P DX, KR 7 S A L AR i A X K e
B Ph BIME A 0.30 mg/L, 111 -7 HP 1) 35 i A&
Pb il H <0.02 mg/L, A WL B Ph JE 2 25 15 N\ R0
PN, AH 2T Ph BIAF B I ALK, 3 A i v 9 7
FEATHIR A2 BRI .

EES FWEVES KA #E )5 (National Oceanic
and Atmospheric Administration) #fE #7 [{ # 7K 1 4 &
A I e A A B BEME AR L (3R 2D, 7 B (1) 3K
4 @ KT AR T NOAA Mgtk 2 &k IR
B, JLH Cu IR B ER NOAA 11018 1k 4 1 22 il de /D
H. 8 a ik AT BT AR, Aok LA ]
RE SR A 7= A ST S ), 5 25 RS T A0 R AW A
AR SE FE R HOE(ERD XA uh 467 384T T PR, ERT,
HIIE 0.75 ~ 1.68 2 0], th R4 T4 8 AL & fE 3 (1)
KPS 1 A B G AK BRI, 5 R A 3k A3 177
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Table 2 Comparison of surface seawater heavy metal concentrations in SYS and some typical water quality standards/pg® L™

it H As cd Hg Ph 7n Yt
2003 £ F B 2.33 0.078 0.003 6 0.37 6.21 E NS
8a FA M IIE 1.66+0.50 0.053+0.19 1.12+0.42 0.0086+0.012 0.30+0.25 3.44+2.21 ENI
RAIRFKF K oAl ND 0.01 0.01~0.04 ND 0.005 ~0.015 0.01 [23]
NOAA -1 1 e 4= vk J3E >36 >9.3 >0.94 >8.1 > 81 [24]
[ K — 2 g KK AR HE <20 <1.0 <5.0 <0.05 <1.0 <20 GB 3097-1997

1ND 4 A 52 s TEAH S B, 7]

TR AR B ) AT A DG PR R S, A A
B 5 7K BORT A Ok v B ) TR 4 B KPR A )
VAT W]

3 R B[R] — L SR IX () 4 SR AT T
XL, ISR HL T R 2574 [A) ACHIF 9 42 30 (1) AH 9%
I8 . ] LUR Y, P B R R K G R I A
AT T P AR KT B L RAR K R KT
S R 1~ 2 NSRS A R E R
S IR — SR 25 ) fis M VS AH B (3R 3D, B PR i 22 B A
I, T2 DRI A T 35 AFDO) 35 P, 52 N R TG Bl A v,
I EoKAS G208, KA F ¥ RE 0 22, DRI B 43 A
PRy

P B AR K v T e i A 1
(K 3), X tH T W i g 38T ), g /KR FE K, B i
BE )5, T35 it 9 v BT BRI 22 Hs 17 4 e ¥
oS, 2 N SEm RN, BT DL R 1 s WA AR
TR KILOMESES S E S T AP
() F B IX U AR KT N B X, 4 o w oy
HH IR e (DX, i T PR ROUE R HCIR 'y Cd-Cu-Hg-Pb-Zin
X 7RI 2 52 1 5

%3 HAERREBKTEEESENLE /g L!

Table 3 Comparison of heavy metals in surface

sweater of typical seas/pg* L™

X As Cd  Cu Hg Pb Zn ZBHEIHK
i 1.66 0.053 1.12 0.009 0.30 3.4 AWK
Jig P ND 1.13 3.48 ND 22.72 48.93 [26]
ZRib S ND 0.034 0.69 ND 0.25 3.14  [27]
Kiro ND 0.076 3.10 0.026 2.150 ND [28]
KT SN ND 0.5 142 ND 22.7 61.5 [29]
MR E ND 0.007 0.100 ND 0.058 0.086 [25]

2 g FE] TR < e 1 VR R AR T R B 1T
PR ) A% Mk 0 oL TR IR DX, R SR I R A
(RIS . b SR U KA AT B B < e 1) 5 K
S BEN B e RS R SR DA R R R AR L A A
N SRR Hh I DX A P 3k — 20 B AT e it
N T PR < s A R T IR A AR DX T K
4 ) Ph A B R S DR 2 T B R fELIX

TE R, WAy T ATk 1R 36 (3D X
2.4 ARG

8 a [N g ORI 6 Bl EE & & I AE M WA
o H IR IR A AR — R S 14 SR K T
HICEM A 5K A 2, il ) 8a Pk
JEGJ2 P8 R P % ), ] Hur 255V R Zuo 258
(RIEFE J5 10, X6 33 NS ALEAT 43 X (B 3D, 43 kil
JE 7K DX 3 A 958 33 3 2 7K T R 2 0 T 1))
rh e K A X3 9 YA 7K T 5 1 D R B 2 U TR X
CERO AN AR R A5 /K s ) | e Hh e 2K X 3
5 A1.A2.A6-B8B9.C7 ~ C9.D6 ~ D9 i, %2 7 /K
P (1 5% W00 X 358 30 B2 AE 31.0%0 ~ 32.5%0 2. [H), 523 j+
TS () X 3586 P Y < 31.0%0s H SR 7K T X335
PEALFE A3 ~ AS<B1 ~ B7-C1 ~ C6 ¥, Y2 7K A1 5 Wi (1)
Xl (7 H 2 W B ARG, — M < 1190, Bh R 4,
—MAE 32%0 ~ 33%0; 1A X IE A ELEE D1 ~ D5 ¥,
RS R S AH R B s 23 5l A 32.5%0 ~ 33.7%0 F1
18.5~21.5°C . 5 UL I 2, AR /K 1A 2 1) 1) il 6
MRS 28 IR AR X 53 8 AN 7K BT 34 7 95 A I 2

A HWHGEK
X BRI

* HWREK
* FRRIERAK

h

B3 BMESMRGMLMRESK

Fig.3  Station partitions of SYS according to temperature and salinity
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a FE i, i LAASORE 0 52 0 v s /K 3l 67 23 50l T 12
KN ESIE 8 a MEALAE, WK 4 FT75.8 ath Zn
—HRERED LT AR 1.80 ~ 6.08 pg/LZ
), 3T 2 0138 4,52 pg/ L, " RIK 147 3.91 pg/Ls
3¢ e (L FH SR AR AR R BAE AT 27K 14T, 43 00 2R 2000 4F
(1) 6.80 pg/LAN 1997 41 1.08 pg/L. Zn IE1E F T+
RS ., 763 K 1R ke 7K v G AR 43
WAy =0.9524x + 0.0034CR> =0.94) Fl y =
0.8622x +0.029 9CR* =0.93), Hrf x h A J0H, I
1997 ~ 2004, y A Zn A, R A ARG R H. i ILA}
O DUF Y, Zn BRI KR EBOR, X 5 20 AL
90 AEAR A= A v i 9 ] f) AR b B KA ok, TR
S AT I 1) 5 Jo 0 I 973 8 5 AR ) I Y gk Nl
V110 T 45 W A 1Y O, 3K G R B D ) R B AR
Pt ] R S R A PR e R g B 55 T e A 4D 5 A
KL K 91, 2002 4F N i 42 8 15066 1 (Zn 294
9000 ), 1M 2003 4 M 2436 340 t(Zn 29421000 t),
2004 420 222 t(Zn £92412 000 ), M L3, BF
(1) NI o SR A 388 0[] B b ] 9 3R K % 95 1
RGN, B IEIC NI 1R K SRS b TN
W J5 R fR B Zn E 2L IS Fe-Mn ALY (1) 3L
VOEE R A Zn*t + 2Fe’* + H,0 = ZnFe,0, + 8H* B
JRAEE AT L R AR, B R B b, T
TN IR PR3 7K B PR gk 2, S0AE = ok B T Bl U3t 1)
Fe-Mn ALY B8 /D , fH4F Zn B0 M B S8 U e
FIGORY b, A7 AR K S S, Eak 2 Fi
TR0 B A K P 1K Zn A3 BCH R R 3G L 3K 2
AR YR T N B, BT BL, N 5 e v fig 2
Zn ARG IN ) A2 B A

As~Cd~ Cu~ Hg~ Pb ANE AR AT 52 3t 37 A1 57K 1A
SN IS VAL AT A A 1) e M S U A, T A A /IR
B AR FEA BT , 8 )0 Hgs Pb 753 27K B 1
S AR B b B2, G Hg 78T 5 7K R ek
A y = —=0.0013x +0.0112, R =0.65 Fl y
= —0.0028x +0.021 2, R* = 0.33; Pb {E 1T f# 7K 1 Al
KB F 2308 ¢ =0.090 8x — 0.086 2, R* =0.57
A1y =0.0658x —0.003, R* =0.45, — & MR AR
/N, 8 a AR A AN DK L 3K T oA o) A 2 1k 55 30 4 ok 1 [
TURF RS 8 W PAIE () F AR SR I ) — R 9105 7K il A
AL A 5% Hg B BEAE 0.011 ~ 0.038 pg/LZ
i), 5z {1 H AT 1999 4, "B A Mk — S B i 94
(S8, (H2 XM~ S I A G, HA W),

o 1997 45 Hg (1) 5 & i {8 nl AE K U5 T4 i

—~—As +«—Cu —»Pb ——Z7Zn —-=Cd —<Hg
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Fig.4 Surface seawater heavy metal concentration

changes of the South Yellow Sea waters> 1997 ~ 2004

As 5 BEKP B BIAR /N, 3 5 3l (67 FH o K 4]
Sl A7 A B B IR AR AR 22 8 a B 27.69% AN
31.2%, & 6 PG &P /Al AR E I 1A As &%
HAE 0.84 ~2.27 pg/LZ 1), F AR AR 1997 4F,
A R BLAE 1999 4F . BUR & H 1 J0 R4 R0
A AH T A AN e 1 20 A BN 2
FEFTIRTEIN T4 Jd b, As 19970 A J2 e ok £/ 5 17, 3X
FIRESE As 114 I <5 i HE 8 s FL A B S P A
I < Ja R AR

R IEAT. As Cds Cus Hgs PbZn (1) 8 a 381H 53 5l
41.67+0.05+1.33.0.011-0.32.4.52 pg/L, 1fii 1 K
B 53524 1.66.0.04+1.16.0.010~0.29+3.91 pg/L,
7 THT R T K Bl 0 5 K KRB i, DR i X e 4
R AT BB, WO B 3l A A v e K A 354 8 a
R 23 AT R F AL, (H AT 7 U X P 24k i B L b
i X P OK, X A BT BT ST 6 AR <
JEH

3 it

(12003 FFFKR ZH], w8 ifF 3R )2 g7k b 4
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0.078+1.41.0.003 6:0.37+6.21 pg/L, I 3T 5925 it
K B, 1 T K AT L R A 4 1) 4 AT
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