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Study on Heavy Metal Contaminations and the Sources of Pb Pollution in Jinghai

Bay Using the Stable Isotope Technique

XU Lin-bo', GAO Qin-feng' , DONG Shuang-lin', LIU Jia’, FU Xiu-juan’

(1. Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China; 2. International
Business College, Qingdao University, Qingdao 266071, China; 3. Laoshan Ocean and Fisheries Bureau, Qingdao 266061, China)
Abstract: The concentrations of typical heavy metals including Cu, Hg, Pb, Zn, Mn, Cd, Cr and As in the surface sediment and
suspended particulate matter (SPM) in Jinghai Bay, Rongcheng city were tested. The degree of heavy metal pollution in the surface
sediment was assessed according to the national standard of marine sediment quality. The potential ecological risk ( PER) of heavy
metals to marine ecosystem in Jinghai Bay was assessed using PER coefficient and risk index. The results showed that the levels of
heavy metals and PER in the surface sediments were low enough to meet the requirement of the first class of the sediment quality
standards except the levels of Cu and Zn in the sampling site S2 and Cd in S3, S4, S5 and S6 which met the requirements of the second
class of the sediment quality standards. The PER coefficients of heavy metals increased following the sequence of Zn < Cr < Pb < Cu <
As <Hg < Cd. The levels of heavy metals in surface sediment and SPM were the highest at S2 and gradually declined with the
increasing distance between the sampling sites and the shoreline. The correlation analysis of the loss on ignition (LOI) and the levels
of heavy metals showed that LOI was positively correlated to the levels of Cu, Cr, Pb, Zn, Mn, Hg and As in surface sediment. Stable
isotope technique was used to trace the dominant sources of Pb contamination in surface sediments and SPM. The results showed that
the ratios of **Ph/**Pb, *Pb/**Ph, ***Pb/**Pb and **Pb/*Pb in surface sediment were more closely related to that of SPM. The ratio
of ®Pb/?Pb for both surface sediment and SPM was the lowest at the sampling site S2 and negatively correlated to the Pb
concentration. The comparisons of Pb stable isotope ratio between the isotope ratios of natural and anthropogenic source showed that the
Pb contamination was mainly derived from the human activities such as industrial discharges and leaded gasoline.

Key words:heavy metal; stable isotope; ecological assessment; pollutant tracer; Jinghai Bay
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®1 ESENERSEZENSURY
Table 1 Background reference values( C') and toxicity coefficient (T°) of heavy metals
JLHR Cu Hg Pb Cr Zn As cd
Ci(x107°) 50 0.25 70 90 175 15 1
T! 5 40 5 2 1 10 30
F2 BEESRBEIEMNER
Table 2 Indices for potential ecological risk assessment
A faH B Thag it AR5 T
E! <25 25 ~50 50 ~100 100 ~200 =200
RI <95 95 ~ 190 190 ~380 =380
Xof IO TCER b 7 B IR S2 1Y) H 463 R & e di v 7 B
2 HBREHH

2.1 HEESTHEZL
2.1.1 ViR E SRS =T

mn 3 Fis , AR S A —E 4w TR M
[F]—RAE A AN [ J 43 8 2R 3l 45 AN A AL 6
AR REBVURY h E S8 S (BR Cd k),
PILL 2 s, Sl k2, H 2 e Es T

S A — AR T SRR B 4E1E DL SRR A
B XHZRAE A R A . ST I E &R
IR, BB e i S & i, IR v ie 5%
7 A AL TR B LU, BT A 1AL B JR S e
PIHETSCRN S2 A7 5 52 M) 2 T 132l o7 50 MR B2 AR
TREMERERE. Cu I Cr AR AE 5 He B HEFE 41
[, 4S2 >S1 >S4 >83 >S5 > S6, J5 K A GE K Cu

MBRMHFLAEESEEENM /mg-kg ™'

Table 3 Analysis of heavy metal contents in different sediment matter/mg+kg ="

*=3
KL Cu Cr Pb Zn
SI 34.34+0.17% 58.69 +1.29* 22.03 +6.76* 139. 64 +2. 60*
S2 75.35 £0.45" 62.17 +8.47* 29.35 £2.96" 162.19 +2.91"

S3 31.22 +0.60°
4 32.39 +0.31¢

56.66 £2.96* 19.89 +1.78% 118.32 +1. 50°
58.84 +0.73% 19.27 +2.95% 102.99 +1.11¢
S5 29.15+0.37° 55.76 +6.37" 15.22 +1.63° 88.77 =0.31°
S6  24.28 £0.27" 45.61 £3.55" 13.69 £1.27¢ 81.84 +0.60"

Mn Cd Hg As
1250.60 £15.84* 0.48 +0.071**  0.04541 £0.0023* 8.46 +0.10*
1441.98 £7.03" 0.39 £0.062*  0.047 67 £0.0006" 9. 60 +0.39"
1119.17 £9.27°¢ 0.66 £0. 14¢ 0.040 32 +0.000 9° 6. 69 +0. 40°
1115.23 £10.24° 0.63 +0.10*  0.041 34 £0.001 0° 6.00 +0. 26°
1011.10 £20.32% 0.62 +0.016*  0.03397 £0.001 14 6.70 +0. 74¢
925.38 £12.27° 0.66 +0.052°  0.044 03 +0.0009* 4.93 =0. 28"

1) [ —F AN ) TR R 22 5 8 B B K (P <0.05) , R 1)
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Z B VE M S YL /N,
2.1.2 BRI E G R s
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AR o7 12 U S 22 SR R L, A e A BB ARIE 43
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Cd 5 0] T 22 DR v %t B e 3K 0
JE PR ATHE N Cu., Cr, Mn SZ55UKLH) (14 W B4R 5% i
BN, Z U AE e R 2 DO RS 2Rl
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I A T A 4

x4 BEFHYIIREEBEENN/mg-kg™!

Table 4  Analysis of heavy metal contents in total particulate matter/mg-kg ™'

KPR Cu Cr Pb As Mn Cd Hg
St 19.06 + 1. 48* 34.98 +4. 86" 59.89 +3. 14* 79.12 £7.93*  220.32 +5.24° 0.91 0. 14° 0.24 +0. 002 2°
S2 18.48 +1.69* 15.42 +2. 82> 176.69 +6.59"  90.08 £10.22*  566.48 +2. 69" 2.57 £0.062>  0.093 0. 004 0"
S3 11.07 £0.53%  45.36 4. 45¢ 47.60 £9.59*  16.81 £8.08"  257.89 +3.93¢ 0.36 £0.013¢  0.77 +0.001 3¢
4 13.27 £0. 94> 53.98 +5. 16° 48.49 +1.87  34.45 +5.38° 155.37 +2. 164 1.20 £0.037%  0.40 0. 001 9¢
S5 8.76 £1.94¢ 3.056 £2.371  158.62 £5.22¢ 76.30 £9.29*  117.36 +3.58° 1.85+0.074Y  0.14 £0.0021°
S6 12.50 £1. 36" 74.11 +8.76° 45.59 +6.471 28.42 +5.33%  407.54 +6.06" 0.26 £0.061¢  0.32 £0.004 2"
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AHEFT 3 P TS N R Z DB 7 FhE 4 )R
KA HXPE ARG F A (W 5) . 45 2R R | [5)Fh
4B ITCRAEA R 5l 7 5 T e fe 5 RECA TR, B
[vi] — 3l 57 g3, 1) AS [R) o 4 e 22 R POV AR A 5 RO
[F]. 6 A3l {37 555 114 22 ot o 4 i V6 7 i S 48 4 (RI) £
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Pb Fll Zn BV TE G FH R AL S RLTE S2 K
5, %W 2 MESRIS YKo, T 2 b EA
— ANk TR 7 05 R BE 2 R A B VRS Y

SO A 5 4 B YA T — B I KOF. As| Cr,
Cu, Pb Fl Zn PVETESEH R AL S6 e/ IME, K
Sl R TS GRS AR R 30N DR AT 5 32 a5
g, 2RI TS YL 52 e 88/, RLAE ST s/, IR A
AT RE Sl A7 AL TR 3 i, 3296 11 R R
AISEMAAE N K BEAH X 34T, RIZVTR Y h H 4R
& EFRBENIF A Zn < Cr < Pb < Cu < As < Hg < Cd,
AR RSO ST A A 2R E 4R
165 25 RLAE T A H A ¥ B 2K F 95, X
TREEARE 4 )8 i T AL TR Ue 3 /KF. XF e GB
18668-2002 (TR Y B ) (WK 6) A KHE
&R MBI AR E , 7T LU i i A R 2 DU
As, Hg, Cr I Pb Y& 54 6 DR PR &
BN TRREVRE, 755 58— KUY BT e, &

K5 TARBFEREEENBEESEERUMETEY

Table 5  Potential ecological risk factors and risk indices of heavy metals in different sites

o k.

RFER Cu As Hg Pb Zn cd Cr i
SI  3.434 £0.017% 5.640 £0.068* 7.266 +0.37* 1.574 +0.48% 0.798 +0.015% 14.40 +2.12% 1.304 +0.027* 34.536 +2.92*
S2 7.535+£0.045" 6.400 £0.26"  7.627 +0.10"> 2.097 £0.21> 0.927 £0.017" 11.70 +1.86* 1.382 +0.19*  37.668 +2. 68*
S3 3.122+£0.060° 4.450 £0.26°  6.451 £0.15° 1.420 0. 13% 0.676 £0.009° 19.80 £4. 09" 1.259 +0.066° 37.178 +4.76"
S4 3.239+0.031 4.001 £0.17°  6.614 +0.17° 1.376 +0.21* 0.589 +0.006" 18.90 £3.07° 1.308 £0.016* 36.027 +3. 67"
S5 2.915+0.037° 4.467 £0.49°  5.43520.17% 1.087 +0.12° 0.507 +0.002° 21.60 £0.48° 1.239 =0.14*  37.250 +1. 43"
S6  2.428 £0.027" 3.287 £0.19¢  7.045+0.15" 0.978 +0.09¢ 0.468 +0.003" 19.80 =1.56" 1.014 £0.079" 35.020 +2. 10°
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TEIEEACFE. MEZVRY  Cu Al Zn 55
TE S2 FFA5 28R pnife , Hog RFE S A A —2%
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*6 EERRMREGE

Table 6  Standards of marine sediment

FER(x107%) —% =% =%
XK (Hg) < 0.20 0.50 1.00
f(cd) < 0.50 1.50 5.00
H(Ph) < 60.0 130.0 250.0
B (Zn) < 150. 0 350.0 600. 0
Hil(Cu) < 35.0 100.0 200.0
B(Cr) < 80. 0 150.0 270.0
M(As) < 20.0 65.0 93.0

2.3 PR AT AL B RN 4 S AH DG A

FET] 15 3R ) oL A 8 B A ) 5 25 v AT
L& R T 58 b i — A EE IR AR, T he 2k i
(loss on ignition, LOI) &4k I Y rh A ALY o F
B IR AL 5 e 1) — b i UL I Hogl iz R k. 6
ANV A LOT ZE AL WL 2, N rpra] I S2 ) A ALY
Joi & e f g, S5 A1 S6 f Ik, 5 X b R Z TR
P 2w S TR 6 AN SRAE SR oA — 2. KW
RIZVURY PG Jm e S S AU & B —E
FRAH A . 3 T T 2 )2 U AR v AT AL 5 1) 0 A
MR I 2T B T AR, 5 e R S R
HAAW A, B4 L AR X SRS OB rh R 4
T 502 IV T 4 T 1 0 A AR AL DA 1 TR sl sy 0
H K3 6 BURE 1 0 b % 4 Jas ) AH S 20

W% 7. N\l L, LOI 5 Cu, Cr. Pb., Zn, Mn,
Hg fil As B2 IEAHE KR, H 5 Cu, Cr, Pb, Zn
Mn 0% 8 25 TEAR DG, R AR Z DT v i LR 4
JEIG Y EEAEAERIZA Y Y . RZVIH
H1 Cu, Cr, Pb, Zn, Mn F1 As i 2 P Z [ FE7E
E%E*ﬁ%%%,ﬁﬁ Cd 5 Cu, Pb., Zn, Mn, Hg i
As B FE A, FWH Cu, Cr, Pb, Zn, Mn il As
FESF IS R Z DO T 0 o i R R B AR R AR
IR PR, T Cd B 7E R Z VTR R ISR IE S Cu,
Pb, Zn, Mn, Hg Fl As HA 271k, R F AT RE 5%
UMW B A G, Borg S5 BFSR R,
ZUTR A PR & RSP0 H Zn . Cu, Pb., Cd
N S EEIEMEER. ZEED S RMNENEZ
DRI E 48 T 7R, Cu, Zn, Cd, Cr Z[A] &2
2 TEAR DG, R M VS 2 2 DT rhoax J LD 4
J& PT BEA A L[] (R R R« Ik T 75 K RN ST ).

10

LOI/%

S1 s2 S3 s4 S5 S6
B2 TRARE=ELEEN

Fig. 2 Changes of loss on ignition at different sites

R MRMERERTRVNESEAESEMNAEXRE"

Table 7 Result of correlation analysis between loss on ignition and heavy metals contents in the sediment

LOI Cu Cr Pb Zn Mn Cd Hg
Cu 0.7129 "~
Cr 0.6371"" 0.5260"
Pb 0.7412"" 0.8008 "~ 0.5887"
Zn 0.7369 " " 0.8311"" 0.6327"" 0.8485""
Mn 0.7860" " 0.8899" " 0.6815** 0.8588"" 0.9771"*
Cd -0.4283 -0.7179** -0.3837 -0.7116"" -0.7393 ** -0.7655""
Hg 0.5238" 0.5598" 0.1462 0.5915"" 0.6511"" 0.6131"* -0.5510"
As 0.5482" 0.8061"" 0.6347"" 0.7830" " 0.9180" " 0.9151"* -0.7551"" 0.4423

1) = FRWEMK (P<0.05), * = FRMBFEHL (P<0.01) ; BARIR 1 6 DRI, FRAERARES NEE

2.4 VHFERZIBY T ESE SR SHERR
% e i

N T i R R R DU o s ek
VGBS AT TR R W 8. X L E
TR VS 2R 2 ORI o 5 s ml R S90S ) 5 R A
FJE T AR Horh M B9 R AE PN A

RO Cu (B LU T IR T R R s v
A, Cr % i AUIR TR N T2 s T
VBRI F R AR A HE TS Ph 8 A
[ L | B S O E | R (2 [ A N
JUA TS ) i Zn 1) &5 BEAE TR B K w8 T I
I NI | 2R R SR M U T, AR TR
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FIPEE AR R R
HE PR 25 REATIE. Mn 10 25 REOUAE A L 0 LN
o EL T D A R 0
SR BRI ALREE KA1 . Cd B 27 A T e

W R | RN R BE. Hy 19 7 1 G
TR | AR | BT R, As
B A ARG LR TR g A K
.

®8 FHEETMHETELERENRYTELETETHMEE" /mg-kg™'

Table 8 Average concentrations of heavy metals in surface sediments in Jinghai Bay and other bays/mg-kg~

1

T3 IX Cu Cr Pb Zn Mn cd Hg As ik
SIS 37.79 56.29 19. 91 115. 63 1143.91 0.59 0. 042 7.06 ABF5E
S 9.29 91.99 1.38 85.73 425.13 0. 69 — — [21]
S 53.04 99.20 35.17 95. 88 474. 00 0.50 0.212 30.27 (3]
I 26.00 49.00 22.40 73. 60 626. 00 0.15 0. 065 13. 80 [22]
SRS ] 13. 10 36.08 6.70 17.22 8. 40 0.15 — — [23]
JET VG s 30. 00 — 25. 60 215. 00 647. 00 0.20 — — [24]
ARl 19. 00 — 58. 80 172. 00 — 1.34 — — [25]
TR 19.40 — 47.00 243. 00 730. 00 — — — [26]
SRS 21.00 — 52.00 220. 00 623. 00 — — — [27]
KU 42.80 — 35.40 — — 0. 06 0.023 22. 60 [20]
SRR U 16. 40 41.40 34. 40 100. 60 — 1. 00 — — [19]
MRS 31.82 36. 31 107. 15 0.26 0.115 [17]

1) " 27 SCHik A A S

2.5 RV TR E RN 2= A B
HEEBHA 4 FREFRAE > Pb, *Pb, *Pb
FP%Ph. BT 4 PPl 7 28 Brit K, AN ] A R
Z[E) AR BT i 22 /0, DR e R A7 3R 3 B 4 i Az
ARG CEPE R | IR RN 15 ) AR fE R M 3
/N T 3 A7 B R DX W) B B s RS Pl | b
AR RN B 24, DR LA R 1 < g 80 A R
VIRV F JZ DU AL i ORI A i rh B i [ 6 3R
LHRL IR 9 AR 10. RIZUTEIIFE i BT UKL )
i Pb/*Pb . *"Pb/**Pb . **Pb/**Pb , **Ph/**Ph Fll
2Ph/*7Ph LUAEFEANRLRAE s Z R34 TC B 1 25 57
L2 VU Y °Pb/*Pb . *Pb/*Pb . **Pb/*Pb FlI
Ph/ 2P LUAE R K T B TR R . R)Z VIR &
TERURLA) 1697 Ph/*Ph LM 3 7 S2 e/, H 5%k
T U ) VA 2 7 34 iz, BRIV I 5 S 1 e B 34 R

Ph/*Ph LU AH 52 R AR A R 3 IR 4 R 5 R e e
AU o - R Y Y BB 5T R 45 SR A D (R B OPh/
Pl LB TE SR 2 UURY) RN V7 80 ) rh A7 AR 28
IR FEHY. Hoven %50 $)3E T *°Ph/*"Ph ) K 4K
ARJEAESEIT 1. 210. A L0 ARS8 ViR o K )
TR 5% 8 AH T A9 2°Ph/2Ph L A A 24 8 E , HoAE
1. 202 Al g RIRTG oM. Sturges 25 PUIE I H AR S
1 F 7 4 Pb, H Ph/Pb [k — MBS
( >1.20) , AR R =41 Ph HPh/*"Ph W] 45
i, — M 0. 96 ~ 1. 20. 7S S5 v B 77 0kL 47 °Ph/
7P A AR ARG Rl 1. 155 2 ~ 1. 160 5, %2 DTFRY)
*Ph/2"Ph HAE AR AL 5 Bl 1. 1750 ~ 1. 180 5, *Pb/
Ph ELMEY/INT 1. 20, 25 R R W R Z DT R IF
BRIy Ph 2 AR IR A HAz AR50
M 452 /).

®9 BEFHNYPHERMAEILESN

Table 9 Pb isotopic composition of total particulate matter

208p}, /204p},

207Ph/204Ph

206P b/ 204 Pb

203p},/20p},

206p},,/207p},

S1
S2

B R

S5
S6

37.6120 +£0.012 6
37.768 9 £0. 007 5
37.608 0 0. 009 6
37.4898 £0.010 8
37.4304 £0.008 7
37.667 4 £0. 008 9

15.538 1 +0. 003 7
15.556 2 +0. 002 4
15.5417 +0.002 7
15.5349 +0.003 7
15.524 2 +0.003 0
15.546 3 +0. 002 8

17.9517 £0. 004 6
17.9704 £0. 002 6
17.9614 +0.003 1
17.9974 £0.004 3
18.0157 £0.002 7
18.0252 +£0. 002 9

2.0952 +0.000 31
2.1017 +0. 000 31
2.093 9 0. 000 30
2.083 1 0. 000 28
2.077 7 £0. 000 24
2.089 7 +0. 000 34

—_ e = e e

. 1553 +0. 000 058
. 1552 +0. 000 046
. 1557 0. 000 059
. 158 5 0. 000 069
. 1605 0. 000 045
. 1595 0. 000 066
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Table 10 Pb isotopic composition of surface sediment matter
#L‘ﬁa zﬁ% ZOSPb/Zme 207Pb/204pb 206]:)b/204 Pb 208Pb/206Pb 206]:)b/207pb
S1 38.622 6 +0. 006 7 15.604 7 0. 002 3 18.397 7 £0. 002 7 2.099 3 £0. 000 23 1.179 0 0. 000 041
S2 38.5443 +0.007 4 15.600 8 +0. 002 4 18.3308 +0. 002 6 2.102 7 £0. 000 20 1.1750 0. 000 041
ERIEW S3 38.629 6 +0. 006 6 15.6057 +0.002 3 18.4032 +£0.002 2 2.099 1 +0.000 19 1. 179 3 £0. 000 032
= N
S4 38.632 8 +0. 006 6 15.6062 +0.002 4 18.407 8 £0. 002 4 2.098 7 +0.000 16 1. 179 5 £0. 000 043
S5 38.628 1 +0. 006 5 15.605 1 0. 002 4 18.4114 +£0. 002 6 2.098 1 £0.000 15 1.179 8 0. 000 044
S6 38.637 6 +0. 008 4 15.606 0 0. 002 3 18.4222 +0.002 8 2.097 3 £0. 000 24 1. 180 5 +0. 000 059
3 e S2 V7 5 4 V5 QKPR b, s T 1 R = DR
T

3.1 EE&RESEEML

HRAEAS RS 67 0 B H 4 S 5 i AR AU AR, S2 %
JEUTRY T E 48 & s, R R 0] R ik 7 A5
B IAR S HEA — A3k 142 A 45 5 i HE T
(1415 e 40 R A s 0 08 S5 HE T PR S 4
IR T 2% A 4w 5 Yy, R % a6 8 3R JZ DT
YrhE SR SRS, DR ELEASITN L TR
T G KT DR ok Xof BRI 3 8 K Bl e 45 /0. ST 3l
PR 48 S K 2 IR AL T AT Y
i TE Y TR A UK DR A7 R
AR TG KR Tk 2 /K HE T R 2R S5 K S6 1Y 4
JB& S B, SRR U B S2 M I R e, IR %2
SRR TS GRS RS2 /0. S5 i TR
AR O RUA LT B A B 0 R K R
R BTN , DT 10 810 300 VA 0 T 2o U, PR I 0 V8 4
IR eSS JER IR UPNISRCE Y- S T D'
BR( 19,21 ] By Ar 25 AR .
3.2 HEEIFYORIE

MV R U T 4 R R R B 3 A I
OAERIATE s YL 00 76 i Th R W TR LRk
JE 05 Gy N R HE R e 7K R A R TR,
QRAVTHE. KT ELJE TR ME 2 W)
PR BN 125, G asd R AUBORLY) 1) Bk SR A F e &
UURE B IR, QWA A 1Y AR b KA A A2k
AR 4 B T R IE L T 4 E Y R AR A S
{HL. S5V 3R A UTR ) vh 4 i 04 18 35 A AR B I
J¥} Zn < Cr <Pb < Cu < As < Hg < Cd, HL¥E1E f6 %
FEEGE /N T H AR K 175 oK FAE 95, BLXF Lk GB
18668-2002 (M ILFR Y it it ) i A3 OG5 4 Jm i PR
ARE, WL S N R Z VORI T As| Hg,
Cr 1 Pb & 1 AE 6 AN RAE A i & i /N TR &
PRl £56 50— DU L b hn it 1 R 2 DT
Cu Fll Zn B & B HTE S2 FF6 58 KR trifE, Cd
M ERAE S3 2 S6 4 RS E KW UE, R T

Y 4R TG g B R TR E KR
3.3 GBI

B S e ok TR B 2R, Rk fE
BARIE . Tolb A= 7= FA 2 R A HE R, AR A [ A6r
R FRSUFIE™ , E N A WF 5% 2 B4R i fe R AR
B IR 2 B AL B AR 5 2% A oo I, B4 25T
YR AR T L AR AE R AT e SRS AR
P AR B S iz RIS A S et I ok i
5 YL BRI A S50 A R A B VT B AT 1) i
JCYITAEXT L, PR ik S BB AR 8 AN [] g 7o) J5it 19 ) 452
B2 AL B SR R I 355 V8 VS T e M SR TR,
PR R KA P AT Y BRI T AN A
TG B0, AL REHRIE | Tl HEROR & AR b 5, L
H s IR 3 2% 2°Pb/*"Ph ELAE 4351 A 1.06 ~ 1.08 .
114 ~1.22 F1 1. 14 ~ 1. 18. AR 5256 v B 17 WOk 9
9Ph,/*Ph FLIEASALVE A 1. 1552 ~ 1. 1605, 32 2T
U °Ph/*'Ph LA AL IS 1. 1750 ~ 1. 180 5,
WA A T Tl HERORD 25 #5778 1 LA v
FlZ W, HE/NF RIRTE A 1. 20, B BLsE 5 Y
RZ VTR AR BB A5 Y 2R B A ks
Yo, HFEOR A5 T HEBOR & Hr MRS v s
TS L UEmI |V P A R R AN 2 i A LB
ZE (T HE R B SR R i TS R Z DT A
BV URLY TS Yt B — 2 A

4 it

(1) SIS RZ VI 8 4 8 & 8 A LR
O B I TR B R 2K R BE AR S, AT 11
VLR WA, FErP R AR S S2 Y B4 TR AT LT
AR R, R AL S6 K.

(2) BEHFVE R Z VTR v 5 4 8 1 fa R I
J¥H Zn < Cr <Pb < Cu < As < Hg < Cd, BR2RAE 5 2
HEJR IS YK AN S R 2R Y ESE
S MR DA A — KUY AR o, B TR
K
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(3) %77 WURL 9 Ph/*Ph LU AR AE 1k 35 Bl Ry
1.1552 ~ 1. 160 5, 3% )2 UL AL *"Ph/*"'Ph LU H 48 1k
JEHIAL. 1750 ~ 1,180 5, HH HUfE R /NG Hnk i &
TR ICZR. T LUAE 24 40 T UM HERICRT & B
BRBEIT = LR 1A 15 42 Ph/ 2 Ph I LU AEYE L 22 P, L
BINTRIRTE FLH 1. 20, R %M R JZ TR A
R PPURE ) h A TS B T ORI TOlHREON & BHA
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