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Concentrations and Safety Evaluation of Heavy Metals in Aquatic Products of

Yancheng, Jiangsu Province

LIU Yang', FU Qiang', GAO Jun’, XU Wang-gu’, YIN Bo', CAO Ya-qiao', QIN Wei-hua’

(1. Key Laboratory for Ecology and Pollution Control of Coastal Wetlands ( Environmental Protection Department of Jiangsu Province) ,
Yancheng Institute of Technology, Yancheng 224051, China; 2. Nanjing Institute of Environmental Sciences, Ministry of
Environmental Protection, Nanjing 210042, China)

Abstract: Current status and intake risk of heavy metal pollution in aquatic products were studied in Yancheng, Jiangsu Province.
Twenty-two kinds of aquatic products were sampled in May 2012, and the concentrations of Cd, Cu, Zn, Pb and Cr in muscles were
measured using atomic absorption spectroscopy. Single factor pollution index (P;) and metal pollution index ( MPI) were used to
evaluate the degree of pollution, and provisional tolerable weekly intake (PTWI) and carcinogenic risks were used to assess the edible
safety and health risk, respectively. We found all the aquatic products were contaminated, and the pollutions by Cd, Pb and Cr were
more serious, with the exceeding rates of 31. 8% , 31. 8% and 40.9% , respectively. P, indices indicated the contents of Cd, Pb and
Cr exceeded the allowable criteria of “Light Pollution”, while Cd and Pb in freshwater fish, Pb and Cr in shellfish, and Cr in
cephalopoda reached the criteria of “Heavy Pollution”. The MPI results showed that heavy metal pollution in shellfish was the most
severe, followed by crustacean, freshwater fish, and cephalopoda, while it was slight in marine fish. At present, the edible safety of
heavy metals in aquatic products was acceptable in Yancheng, but the Cr intake of shellfish and cephalopoda was approaching PTWI
and that of a minority of marine fishes even exceeded the PTWI value. The model estimation for health risk indicated that the health
risk value of heavy metal ingestion was still below the maximal acceptable level (5.0 x 10™° a™') | recommended by International
Commission on Radiation Protection (ICRP), but the values of Cr for shellfish and cephalopoda were approaching the criterion. In
summary, heavy metal pollution in aquatic products in Yancheng is rather severe, especially for Cr pollution, and more attention should
be paid to the pollution status, edible safety and health risk.
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Table 1  Basic information of seawater and freshwater aquatic products

RREL I ES FERIRES Her I FR A3z Fraf LD
N ( Pseudosciaena polyactis) WFER K a2k B URRE BHRALA 0. 250
H A%70fi5 ( Paraplagusia japonica) T K2 B URFE LA 0.337
Pl Sk A 35 111 ( Collichthys lucidus ) ERESHE HEXISEES BURME HHESLA 0.231
J18% ( Coilia ectenes) VR MK a2 WU HHBLA 0. 209
BT ( Coilia mystus) TR [EYINEES Y R HIRILA 0. 254
H [E X #F ( Penaeus orientalis) EREEETiEEH Gibne S R WAL 0.175
SR A1 B ( Onchidium struma) T S fief INAEE 0.419
WA ( Meretrix meretixc ) WFPER B S HERE ZEA 0. 141
S [CTCET 2 ( Sepiella maindroni) EREEEEE Sk BUREE HIEALA 0.226
H AHE 5, ( Loligo japonica) B KEE WU HHEBILA 0.133
VeR ( Bullacta exarata) HESUBIE S e {5 JETBILA 0. 196
368 ( Muraenesox cinereus ) By K a2 B URFE LA 0. 184
{5 ( Lophius litulon ) TR o S P URFE LA 0.138
4R BB £ ( Pampus sinensis ) e HE [V R URFE HHRALA 0. 269
W . ( Trichiurus haumela) WA 7 WK 2 VUREE HERWLA 0.257
VU Ff1 WA 9] ( Mactra veneriformis ) TP D2k A 7= WA 0.134
KHEJEIE ( Helice tientsinensis) 1R AR e EAE W ANHARENILA 0.225
55 FREE N ( Procambius clarkii) bR H ek fif i LA 0.182
@Eﬂﬁ( Carassius auratus) 11 FRIE WKtk EAE BHRALA 0. 385
3 €01 ( Hypophthalmichthys molitrix) Y3754 Rk i A LA 0. 155
W #1 ( Cyprinus carpio) 105250 WK ff A LA 0. 200
fiff 71 ( Carnis megalobramae) thYEFEAE Rk EAE LA 0.371

1) iy 3 Y2 - 4418

(mg-kg™") , FEARWFFEH,Cd, Cu, Pb, Cr R HCHEK
(18] H A B 2 Bk o, Zn SR FH SCRR [ 19 ] H 9 FR &=
FRAfE.

SR FH SR T T Oy BRI P <
0.2 HIEHHRIEKF; 0.2<P, <0.6 NEIGYK
Vi 0.6<P, <1 HHIGHOKF; P=1 R TG H0IK
-, B,

K F 42 J8 15 Y8 50 (MPT) FL AR TR Fp Sk 7=
Tl 1 o R SR N =R T 7 o= B/ 0
Wmr

MPI = (C, x C, X Cy X ==+ cH" (2)
K, €, 1655 n P48 SCIE A H (mg kg ™').

1.2.2  EHZ2MFM
A TAHL (WHO) /3G ERRAR A ZL(FAO)
B IRERG © X2 2 (JECFA) §il5E T 15044
J& 0] i 32 % A 8 ( provisional tolerable weekly
intake, PTWI) {0 & A% MR RTE D). A
8 HOAR R K 4 R i D TR R R AR K
mH R TR RN R LR E S B EAR, S
PTWI {E b, P g ek, PEMornkan T .
AWI = C, x WC (3)
A, AWL Ry BN B 8 52 bR 5 4 @ 8 A 12 (actual

P =N
[S==0

weekly intake, mg); C, KK = dh HE & )&
(mg-kg™"); WC R AXIEEJEIK ™ 5H % & (weekly
consumption, kg) , 4 2000 4EH E MREEHFE |
PL0. 182 kg- & ~'it.

PIWI(W{AN) = PTWI x i AMATE  (4)
A, PTWI 2 JECFA i3 #9715 Y« 1) 15 J&] A Tif 52 £5%
At (mg-kg™"), HEHE S % 3CHk[10]; PTWI (K
N AN JE AT TR 52 48 (mg) 3 ARE LA 70
kg 1.

DL AWT (5 PTWI( A B E 4 LR AWL/PTWI
(HN) x 100% XF & 2 AT e, B o5 Lo il
e, HE e e
1.2.3  {#FRXE I

NI AYE Yyl i & AR ARt A RS S|
T 114t o IR 4 S0 0 T 3 B30 ik 5 XL A 35K
958 T S S50 e AU

B ) T B0 B RS AR

R, = [1 —exp(=-D, +q,)]/70 (5)
[P RONESE | BB ARBEIAEMEEA A
BORFEAR (a™') 5 D, NEEE | ZEABRBAH
DR A B RHER R mg (kg-d) ' 5 ¢, WEER
| B NIBRNBUEEE R (kg-d-mg™") , HEUAE
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K UL S. EPA BEA R Kt A 55 (IRIS) 2527
70 WAL F-HFr (a).

AP I T B R A B

R = (D, -10°)/(P, - 70) (6)

X RONERE | 28 NIRRT SR IEEUEE
WU (a™") 5 PO ARJE © B AR AR 1Y 18 8 R
[mg- (kg-d) '].

HEJE | 2 AR EARE H 1) 5% 58 7 5

D, T A
D, = m, - C/70 (7)

P my, A 28 BB MK LA
(mg) , 4 2000 4F i [# B REEBFEE Y, LL 0. 182
kg« J& ', B 0. 026 kg-d ™" €, KA ILA EE 4
JES R (mg kg™ ) ; 70 AR IR (kg).
PR PR R AR

P, = RD, /A (8)
KP,RD, NEEE i REARBRRENSFE N =
[mg-(kg-d) '], HBUEK A U. S. EPA 4 KX
KBt R 40 (IRIS) 520, A R W1, AHF5E T
B 10.

T AR i T | R (A e e XURS: , R s Xt
Akt 5 e T 1 B VR FH 20 AR 56 R TS 2 B )
FEHOCR , ME SR | B AERERUS (R, ) N

Ry =R, + R, (9)

x2 ERESENAE,

Table 2 Heavy metal concentration range,

O HEASEAN [ 28 7K 77 it b AR B XL 4 2
S, RV 5 T 4 Ja e AR i 1 3 A B 1A
LRI 2R I AN 2 B3 [R] B P R, WA [R] b 27K
B AR (R ) A -

R,,'é\ = i RiE&
oA, n AR Y 4 SR AL
1.3 BRI 555300t
KH Origin 7.5 3454 8 Pe dE 172 P 25 5%
RRTIIE £ ARMER 2 (v £ SE). FIJH] SAS. JMP.
V1.0 BT GE 400, R Student's -test HEFF
ZH I, BEMEKF a =0.05.

2 HRE5H

2.1 HEERETE
2.1.1 FEEJESERTE ORG

Ky E AR G EIEE, P, il RS
AR RAFE 2 s ,Cd, Cu, Zn, Pb, Crix 5 FhiE
SIEBA R, BB R 50%. 5 FELE
FEK T S LR P 2 B i R IR Zn > Cu > Cr >
Pb > Cd. VISCHK[ 18,1910 B, b Ik i IX o7 F 5%
(42K i A 1/3 BFES: Cd, Pb, Cr 15 —
FE R B bR, B AR R 0 31.8% | 31.8% |

40. 9% ,FRWIZ s XK 7 dh B 32 B8 10 B R
5.

(10)

FifE, B ESBIRE"

mean value, detection rate and over-proof rate

HaE JL/mg-kg ™! x +SE/mg-kg ™' Kt 32/ % PR/ % bRt/ mg-kg ™!
cd nd ~0. 165 0.071 0. 012 77.3 31.8 0.1
Cu 0.176 ~19. 880 3.058 1. 050 100. 0 0.0 50018
Zn 1.506 ~8. 459 5.273 +0. 400 100. 0 0.0 150110
Pb nd ~4. 053 0.497 +0. 187 63.6 31.8 0.5018]
Cr nd ~2.721 1.433 +0. 198 95.5 40.9 2018]

Dnd: kil T4 & IR ET; « + SEFIME « drmkiRs

2.1.2  A[FDKF= AR
AR B G R S RN 3 PR AR AR
IR bty )y 2[R — R K™ i (4 AN (7] i o 2 ) B 4
TR ROR e RO R R AR
SIEIRIRRZK ™ AR PN B R e 5 BT 5 K £ 2
Hh S < o e R R A AR T VA A O A A A
FARK A Z LA RSk A Z TR HE 4 S A 22 AN K
25 FRFEZE AL 2K 7 i T A S5 AN ] B S AN ] 4
JERE RS A AR R 2 ORI, K
TS SO IR G R A ARG, WU R R
KR N R G R S BEMETN S, Cd | Zn R

TN RK ey K B R B AIG; Cu, Ph 3
T DU h ey Mg/ AR IR R AIG; Cr MR IR
DUk 2t IR K fa 2R A
2.2 VSYRREETEY

KH P, %P E 4 JE TS YRR HEAT VR, IF A
MPT X AN [l Rl 28K 7= i 2 18] 3 4 g Vo YR A7 e
BN SRS 4 B, 4K Cu, Zn () P H
PINF 0.2, ZBZMX K i Cu, Zn SR MAALT
IEH S FETEE AN, BRIk M Cr &3k B2 Pb
1 P AB/INT 0.2, S IEH T S8 I Ah, 57K 7™ b
Cd, Pb, Cr 9 P, fH¥ KT 0.2, Hrpifg K 128 Cd
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WRGHIRE, HFede . WML RN PIs Rk {5HoKkF, M DLERISE 228 Cr Bk B {5 K F.
RS Cd BRI ek WK ph o DL ESSREIR, Cd, Pb Ml Cr 78 3R 3006 /K FIiR K 7K
BI5 QA W5e 2 i QoK oK SRS 7= il 75 Qe 7 J, 400 00 A ik 31 S s
PR BN H G QUK K AR 522 Cr B9 K.

®3 AEBAMRAKFRER, AERESEEEHNE"

Table 3 Mean values of body length, body weight and heavy metal content of different seawater and freshwater aquatic products

HiE/mg-kg !

N =1 .

FHIES i ot R/ em /g cd Ca 7n P o
WKkfZE N 12.2 37.8 nd 0.209 3.218 nd 0. 280
H A= 201 figy 21.5 66. 6 0.073 0.208 2. 158 1.022 0.192
Sk A A 10.3 20. 1 nd 3.780 5.557 nd 1. 630
J1t 10. 8 18.8 nd 0.313 5.530 0. 636 2.276
Bt 11.5 8.9 nd 0.416 4. 646 nd 2.170
i -] 33.5 40. 1 0.165 2.759 6. 995 0.217 2.721

i fire 25.5 411.6 nd 0.176 1. 506 nd nd
R B A 11.5 34.4 0.025 0. 485 2. 869 nd 1.305
W n 18.6 11.7 0. 062 0.538 6.253 nd 1.812
Wk W 18.3 119.6 0.129 1.226 8.459 0.834 0.323
e 4y 39.5 485.0 0.124 0. 996 4.526 0.139 0.174
47y 21.5 164. 1 0.142 0.976 8. 167 0. 692 0.358
i 111 20.5 108.9 0. 144 1.204 5.749 0. 456 0. 342
e P EXHIE 11.2 10.7 0.041 1.638 6. 117 nd 2.065
L 12.5 52.6 0. 149 6.526 6. 695 0. 448 0.736
KL 2.4 9.2 0. 096 5.162 6.251 0. 856 2.148
J1ES S A 4.8 11.2 0.039 14.250 2.417 0. 406 2.327
SCHA 4.2 12.4 0. 096 0.235 5.102 4.053 2.280
eI 2.2 1.7 0.135 19. 880 7.185 1.072 1.754
Y 4 s 3.0 7.8 0.019 0. 804 5.416 nd 1. 889
LEE BRI W 14.9 124. 8 0. 041 3.706 5. 168 0. 020 2.271
H 7546 5 i 13.2 42.6 0. 086 1.786 6.022 0. 091 2.476

D) BEA 3 WP ; WRKELFE KT SRIGH S, BAMR S, KBS K AL, B8 RRET; od K& H

MPLAE S T AR Z M Ee R0t &, K a5 Qe e B i, WP o DL > i 7e ¢
BEf 2R TR AR R, NS W B g i > BORHESE > L > KRk,
F4 AFRESBEETSREH(P,) SESESRIEH(MP) )

Table 4 Heavy metal single factor pollution index (P;) and heavy metal pollution index (MPI) for aquatic products
P

UES Cd Cu In Pb Cr MPI
K2 0.361 0. 020 0. 029 0.417 0. 688 0.535
o SRS 1.348 0. 022 0.045 1. 061 0. 150 0. 692
H5E2 0. 953 0. 089 0. 043 0. 869 0. 825 1. 141
ik 0.723 0.176 0. 034 2.766 1.031 1.556
P 0. 635 0. 055 0. 037 0. 111 1.187 0. 663

1) P, RITA IR ™ G A I EHEAT I Cd, Cu, Pb, Cr RITSCHR[ 18 JHEAT PR, Zn SRAISCHR[ 19 JREATIT A

2.3 BHZEMETN B R B B A% M K R R 24 Y.

HRE ARSI K = S AR A IR R, 2B A R B A A DL Sk 2R
P BB SR K 7= i i A PR B R S BRI Cr 43T PTWI E, A 51116 /K a1 2% (g
SIEBAR IS PTWI o, PP Hoa e et %) HE B PTWIE, X LR E Bk LA
TN SRR S Fin, U JOK=RELSE Y k™ & EZ 2, 1 Cr ARG,
HGEIT,S MMESBHRARYRBEET PIWIH, £ FEEHNE SR
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Table 5  Safety evaluation on heavy metal intake

"R b PTWI" /mg-kg ™! PTWI(JHA)? /mg AWT® /mg AW 5 PTWICSA) (975 5380/ %
FK 12 0.007 0.49 0.007(0.030) 1.34(6.12)
KM 0.024(0.026) 5.01(5.35)
cd EAEN 0.017(0.027) 3.54(5.53)
NES 0.013(0.025) 2.68(5.01)
KK 0.012(0.016) 2.36(3.19)
WK S 3.5 245 0.180(0.688) 0.07(0.28)
oK a2 0.200(0.223) 0.08(0.09)
Cu H7e2k 0.808(1.188) 0.33(0.48)
e 1.600(3.618) 0.65(1.48)
KRR 0.500(0.674) 0.20(0.28)
K fa 7.0 490 0.783(1.273) 0.16(0.26)
R 1.224(1.539) 0.25(0.31)
Zn LIS 1.156(1.218) 0.24(0.25)
1S 0.915(1.308) 0.19(0.27)
P e 1.018(1.096) 0.21(0.22)
K a2 0.025 1.750 0.038(0.186) 2.17(10.63)
RIK 2 0.097(0.152) 5.51(8.67)
Pb B S 0.079(0.156) 4.35(8.90)
lES 0.252(0.738) 14.38(42.15)
KEE 0.010(0.017) 0.58(0.95)
K a2 0.006 7 0.469 0.282(0.495) 60.08(105.59)
KM 0.054(0.065) 11.61(13.89)
Cr H a2k 0.300(0.391) 64.02(83.36)
NES 0.375(0.501) 80.04(90.30)
KK 0.432(0.451) 92.11(96.08)

1) JECFA il % )55 J5 AT it 32 45 A (mg-kg=1) 11005 2) 8 /T i 32 35 A i (mg) , USRI TE 70 kg, K72 S A R 0. 182 kg- 8 -1 1T,
3) AR LR A R AR (mg) , PAAZOKA A Y & 8T8 A 355 B U JOK A AR Y 4 8 iR & ik i

2.4 fEBRERUS:

i 3pl X 7 ™ i I B AR AR BT A AT A
B A AR KBS e 6 firs |5 FhE 4@ o, L Cr
(R B0 KU Fe K, Cd il Ph YK 2, Cu 1 Zn JEEUE X
K5 Ao X, LA Cr A Ph Fe K, Cd IR, Cu I
Zn IG5 Pl 4 B0 R B A B AR U R Bl Cr
>Cd >Pb > Cu > Zn. AN[FEFZEIK =& 2 BI#HAT H
2, 8 AIRAR BT AR B A B AT KUK 2
PRk e > DI > A2k > ik MmZds > IRk
s,

ICRP #7219 fe Kl #:52 KF 0 5.0 x 107
a0 R 4 JE AE 4% K i R OGS B0 KU |
JE S0 AR I 2 SR AR T 5.0 x 107 a™' R
HH R 36k b X V7K FR AKOK ™ S 42 B A IR AR T 3L
fE R i A KU 8 Ak F Al dE Z il 2 . R
I, NZR 6 Haf LI Sk 226 Cr BIr S 80 80 KU
T 5 ICRP #E#ERY e K] 232 KA T IR — 0w 4
(1077 a™"), UZEAIL RIS Cr 38 1Y B0 XU I
PR ENE (R Ry ) W5 ICRP HEFE Y g K AT

FEZATAL TR — w2 (107 a™") B AN
RNk AT RS | ik 5 B (PTWT)
GERFEA—EL

3 itig

H RS RAS [R] 0 X P 7K R K K 7 it B 4 i
HEMT T REMRN . R ER, AR
AN TR o 2 K7 i G Jm B T BB AH 22 T
fi5! 26103431 Dely 2259 F Asuquo 27 K BLAS ] 7k
A A ) o A S e 2 R R A 100 . PRI HEA T
RREUR  8 YNNE /U o N = = S
. SRR A E AR Sk X i K R
WK il 5 E G R, Cd, Cu, Zn, Pb HTEIL
BRECHEIE B 22 . (B Cr S S T el X
I SCRRE . Cr 75 4 v ] BB SR 0 DX K 7™ it
HG A A R — AL, FLI A H Al AN R Ak
— AT,

ERIlH DA it 4 R R Y 5y — D EERRE
S SRR AR BUAE R ] 8 42 i =2 (8] | A [] 2
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Table 6 Personal health hazard risk caused by heavy metal intake/a !

UES HEE R, R, Ry Ry

Cd 7.28 x10 78 1.92x107° 7.47 x10 78
Cu / 1.31 x107° 1.31x107°

MK 2K Zn / 7.61 x10°1° 7.61 x10°1° 6.76 x 10 ~°
Pb 9.40 x10° 7.89 x10~° 1.73x10°8
Cr 6.64 x10° 2.43x10°% 6.67 x10°
Cd 2.72x1077 7.15x107° 2.79 x10 77
Cu / 1.46 x107° 1.46 x107°

WK Zn / 1.19x107° 1.19x107° 1.78 x10 ¢
Pb 2.39x10"8 2.01 x10°% 4.40 x10 "8
Cr 1.44x10°° 5.29 x10~° 1.45x10°°
Cd 1.92x1077 5.06 x107° 1.97 x1077
Cu / 5.89 x10°° 5.89 x10°

F5E2k Zn / 1.12x107° 1.12x107° 8.23 x10°°
Pb 1.96 x10 78 1.65x10°% 3.61 x1078
Cr 7.96 x10 ~° 2.92x10°% 7.99 x10~°
cd 1.46 x1077 3.83x107° 1.50 x1077
Cu / 1.17x107°8 1.17 x1078

ik Zn / 8.90 x 1010 8.90 x 1010 1.03x107°
Pb 6.24 x10 78 5.24 x107% 1.15x10°7
Cr 9.96 x10~° 3.65 %1078 9.99 x10~°
Cd 1.28 x10°7 3.37 x107° 1.31x10°7
Cu / 3.64 x107° 3.64 x107°

S e Zn / 9.89 x10°1° 9.89 x101° 1.16 x10°
Pb 2.50 x10~° 2.10 x107° 4.61 x107°
Cr 1.15x1073 4.20 108 1.15x1073

1)/ TaBUE A, Cr BU#KEHILL 0+ 3

AWz ], R A YA [a] il Fh 2 ) 4 s o i 25 %
R, X5 SCHRAE SR A —F 71 Rainbow' ™ 4§
K AR AR WX 4 T YRR BB O T A AR 4 JE
W SO S 23R R X R R A A e T A R R e
S A RFEEE K A A W 4 R R A T DL
AT A — ELHES B 5 1) v B R A 45 KA 2 R
. A, AR 7R K AR A W A 20T g Wik
MR R0 e T R G I [R] | 2 FE Wk T | 4| fh
e RO R B A7 K Ak 2E i R AR ) A
AR PESE R 752 ) Eh i X K T 4
& e ZER TR R TARKA AN EY . 4
17 AR T 4 s RBRE AR BT S8

SR FH BALIR 715 Y A8 B0E X K AR A ) 4 T G
T2 RE AT VF A 2 B AT E A OG5 R
PRI R T E A P G R A T e S R
S3BnifE, R AS B9 R T SCHR (9, 11,20 ] HrfERE Y
R0 bR MESEAT PR, BT R, R 3 b XK
Cu, Zn SR T SHEE Z W, KU HATIZHLIX
MARZE Cu, Zn i54%. 1M Cd, Pb, Cr P, (H¥ KT

0.2, R ZH X B ZF5X 3 FEEEMTE Y. RK
25 Cd A1 Pb & ik B H V5 YL /K- 2t i T K M
25, XA BB 4R B T AR IR AKOK AR 1938 32 e Rk 44
HCa’t | Mg AT SEDY L N Cr AETR K A9
() Er S e TIRZK A, FLIR R v AN 28 Ak hmT
fig- 5K FRAH SRS K HECA DG, MPT el 1R
ELE Sy Rl W SR N RCE O R eI N 31
N, BRI X U1 T 4 VS YRR R By, K f S
V5 YRR R ARG, FLF o DL > B 5228 > IR K M2k
> LRI > MK MA S X T AR 5 R FP 2 AR 9 A
TSI PERT AR A 0. VIR 2k B4 & i
e i AT S FLIRAR A IR B B A G, BT A
TG FESZ 15 YL i) 11 B0y i, 0 08 1 R dt G o Jowr o
TR v B AR AR b 7 B 4 Ja At A R I AR I,
MR THELZMEEE ", i Amsk 226 E N
BB GRBMRAKT RRESE, FNILESE S
B AR IR

PTWI 455 /s s A b HE A R 30l bl DX K ™= i g2
A, Cd, Pb, Cu. Zn H AWI 5 PTWI( & A) B4
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FEBIA L 10% B HIXUSEAR /N, SR i i £ A DL
FIk PR AR Cr B 45T PTWI {EL, A~ 1K
g 2 O PTWI {H, 3X 2 8 Cr 8 A MR
WA A7 AE £ 22 A R, 3 5 L o 45 0
LT TR K AR B N PR 4 R — 2 I
A ILEREARIIZE | Sk RSN A8 A £ S A
T L B3

P RRE AR PEAN 45 2R 1 22 PR AN 4 R A
—& 5 FE R P Cr BUE KU AL XS & 5
MR Sk RIS e . R MPT
AU WIS E B IR TG YR Tk 2 (H A B
DUBEE/INT Sk R X R B O Sk R BURY) Cr
EETE AT 5 P E G R AR A K b e BUE
JRURSE | AR B0 AR, i J2: Sl XU 35 A i TCRP HE7E
MR A2 7K 5.0 x 10 7 a ™' FR A AR Al it IX.
TR FIIR KK i B AR AR B 3 B (B A 35 4F
DR B 4 T AT e A2 R 2 L (ESk R 26 Cr P K
AU MBS EL 15 ICRP HEFE 1Y e K 4532 KAk T
Al — % g, D26 Cr L E R X — B 4, M 1Y
Cr B AU AL TR0 2, UL A DAk R 2
FER IXUBS 515, e Cr AT RE 23 5 M) A AA{gR .

it ZAR R 7R BUE KBS PR, Cr B33k
SRE LRI Cr® " RIEAT TR, X AT AR e i T K™
st Cr BRSPS IXURSE RIS XU, PR A A A4 P AN AT
AEATR L Cr®* B SAAAE. AN, K7 it ¥ LA 7E
R R P R AR e S L
P P A 4 T B RN SR AR AR B I, O
HA NN 50 8 8 DURTE AR U 5 | i b
I T B AT 3 A HE H AR A XU A 0 v fl i 4%
EE AP SO PN Sen e (FA IRV IFIIPSEN
A2 PRI B AE T, i T e e il 1 2 T A B0 |
FEBOE LS B H TR B R, Eh3 i X K
FIRAK K™ b B 4 J JE R Cr 122 S AN XU (L
FERIE.

FHN AW T SR IE FE AR R AL T
ESNA TR B S BUE Y AR RIE T8
PR R AR R U S IR AR A | AL
LR NARH S 127 | Shas s R RS R R S5 4% 1)
MR PRI AR 52 7 38 B 11 2 5% DX, 12—
TEAER R REYE , i 7 Bk — B A SR B 12 | 3
A R AT 2 VR A LS Ry I

4 Hig

(1) LI DCHE K S5 IR KK 7 i ¥ 52 31— i

JERE AR5 Y, o Cd | Pb, Cr #AR, BFR 34

A 31.8% . 31.8% . 40.9%.

(2)Cd, Pb, Cr &t By 575 Gk F, w0
FERL ARBTG5 YK, Cu, Zn & & i AL T IE % 10
SAEVE RN A m T Qe O L2 > H5E2k > ik
KA > KA > kK.

(3) BT 75 R DXV 7K 5 R K K ™ i T 4
JR B 22 A P AR B DX 24 7 7T 42 32 9 Bl I, L DL
MK Cr MNEFJH PR &R A A S 5 PTWI
(18 L A5 LA R A B i 35 4 IXURS: 35 € 22 30 B o, (A5
JEHA.

O BRI T B A e A T AR B
G FBARAE Y Fh 4 5 7 Th 26 T S ).
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