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Fraction Distribution and Risk Assessment of Heavy Metals in Stream Sediments

from a Typical Nonferrous Metals Mining City

LI Ru-zhong', JIANG Yan-min', PAN Cheng-rong’, CHEN Jing', XU Jing-jing'

(1. School of Resources and Environmental Engineering, Hefei University of Technology, Hefei 230009, China; 2. Anhui Institute of
Environmental Science, Hefei 230071, China)

Abstract: A modified Tessier’s sequential extraction procedure was used to investigate the fraction of seven types of heavy metals (Cd,
Cr, Cu, Zn

China. Based on speciation distribution analysis of these metals, contamination degree and ecological risk assessment of heavy metals

, Ni, Pb, As) in the surface sediments from Huixi Stream in Tongling City, a typical nonferrous metals mining city,

were conducted by means of risk assessment code (RAC) and mean sediment quality guideline quotient (SQG-Q). The results show
that; D Cr and As are major composed with residual fractions, Zn, Ni and Pb are mainly constituted of residual and bound to iron and
manganese oxides fractions, and Cu is dominated by bounding to organic matter, while Cd exists in approximate mass fractions of
exchangeable , bound to carbonates, bound to iron and manganese oxides, and residue. (2) Carbonate and exchangeable mass fractions
of Cd, Cr, Cu, Zn, Ni, Pb and As reach 46.48% , 4.62% , 4.05% , 4.12% , 9.17% , 0.97% and 0.03% , respectively.
According to the RAC, Cd is of high risk to the environment, Cr, Cu, Zn and Ni are of low risk to the environment, while Pb and As
pose extreme low risk to the environment. 3 The SQG index, calculated with SQG-Q, is 10. 42, which is far higher than the threshold
value 1. 0, indicating that the sediment in Huixi Stream has a very high potential for biological toxicity effect. The PEL-Q indexes
corresponding to Cd, Cr, Cu, Zn, Ni, Pb and As approach 4.23, 1.14, 20.75, 6.04, 2.33, 4.58 and 41.71, respectively,
suggesting that all these metals have great potentials for biological toxicity and the adverse effects will frequently occur.

Key words: heavy metal; risk assessment code ( RAC); bioavailability; mean sediment quality guideline quotient ( SQG-Q ) ;
biological toxicity; Tongling City
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Fig. 1 Sampling map for sediments in the Huixi Stream
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FEUURY) B & R R AFE S v, LB Al &8
WS MRR IR BB FAENES IR TE, h T
BAT S, By 5 B KA B RS e, R LA R
BEAE AR D i, AR AR
SO R, T B A P XUt gl K S 22 A
SR, KBS PEY g ik ( RAC) J2& 3T A5 R 3k w89
DURUY) 4 i NV R i T BT % kR A
BTSRRI SEASESB TR N ES
@ R 1 S5 BOR VR AR B 4 R A st (RS
FUFPE) |, b ot FL R 858 XUBG R AT VAR, Ry 8 T 4
PR R AT E B IEAS, RAC B 88 T Al 2 e 4%
(F1) FIBRBR R 25 A 25 (F2) FF o5 R 2 B0 3 b 5
EEGR, R .

1 REENREBENERRE
Table 1 ~ Grade standard of RAC

AR S5 9% Te AU AR IR rp 8 XU e KU e AU
F1 A F2 (5 B i s 5 % <1 1~10 11 ~30 31 ~50 >50
1.3.2 P Ui S R B0k EAEAF A Y BRI, 3% HL AT REASUN W L/ IIfe S

TEA S AR F8 K0T, - S TORR Yy o Bk e
RO (SQG-Q) ERE % 18 T & Fhis YL AR HoR
T RAAETT RN, T EAT 8 w14 ] A5 P AT 4
Z IR P A %0 iR LA AT B S T
(probable effect level, PEL) K115 SQG-Q R4, it
AFRIRN

> (PEL-Q),
8QG-Q = ——— (1)
(PEL-Q); = ppp- (2)

A PEL-Q AT RERN IR E BB, e, WESRTE i 1Y
SCNH S PEL, M 48 ¢ AR RERNI IR . MR R
THEAREI SQG-Q REL, AT LI 58 X UL AR ) H 4
Ja 15 et AT A 2 KU A

— e, SQG-Q <0. 1, F/R8iZ X Bk 32 5| &
G @5 YR LA A 0 T A AN R A i M AR
(AWt 5 AL A 5800 ) 5 #7 0.1 < SQG-Q
< 1.0, WZRIR AR TP A5 R BE IO VR AE AN A 1 35 5K
N 47 SQG-Q=1. 0, MR /R X 38 A7 7 A # w5 1)

SN (PEL/TEL) 4, J2&: AL SEUTR A= 13
N B R (BEDS) 1 S /Y. SEBR b >R A PEL/TEL
] DA AR 4 R A A A AT 0
S, Y E 4 B WK E LT TEL B, & IR 4= 4
BEMEROVAR D & E s M E A RIS & T PEL B, 3%
HAAS R AR 3 P 55 P A 2 k. AR AR AR i
X — PG5, Yo T LA TG ) B Y A
B AR 114 T 4 S P2 NS e X I

AHIFFT A, KO A B K PRI 22 31 2 2R T Excel
AE.

2 HFREHM

2.1 DiMYESRE G

FEEBA TR Y 4w 5 Y i o b IR A
K F HCI-HF-HNO,-HCIO, i #438 fift | LA KM 1 5t
T GBI (WEX-130A , iR D) FE T4 4k
Wy A - 9 6 G ik 1 RGE TR T 58 6O BE
(AFS-820, i) , XL H Cd, Cr, Cu, Zn,
Ni, Pb, As @87 T Hriiiat, s o 5= 5wk
(1) Tessier & L2 BUEF B E 4R 5 MBS Z M
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Ay,
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KA, R 64 GBI T i1, H 5
L ARBFIA LS FE S 2 AR AR R 4
IR A 35 5t TF TR VLR T 4 8 V5 e 40T AL
A,

12 AR BB T T 4 R JE % S50 pH
BATHUT: kWA 2. R th, R B 4+

TCEAN, TR 4 I8 Fr i AR s o il i i Y
B o cd f 8 1 SHE Y 3. 41 ~ 172,76 1%,
Cr 5 0.70 ~2.35 %, Cu 4 3. 40 ~152.06 fi5,Zn
0.97 ~34.41 1% Ni }y1.33 ~7.50 1% ,Pb 4 0.97 ~
23.78 1%, As 4 5.07 ~72.99 %, Bl Cd, Cu Fl As &
15 YA B B .

K2 TRARBERAMBRYFEESETESE

Table 2 Content levels of heavy metals in the sediments corresponding to each sampling site

JGE/mg-kg !

RFHE cd Cr Cu Zn Ni Ph As pH Lov%
R3S 13.15 56. 51 591. 82 1161.62 70. 55 535.56 495. 06 6.79 6.35
KAGAT 12. 81 110.75  2234.44 3227. 64 97. 16 706.19  1128.58 6.82 6. 68
ANLLE) 20. 98 119.57  4721.93 4783.78  166.56 1593.21  1656.89 6.83 9.08
AT A 20. 49 137.03  12012.51 4622.40  247.44 1380.15  1461.52 6.84 9.36
ST HE H 3.49 62.93 274.99 135.31 67.77 149. 44 282.22 6.94 5.81
HE /M 3.74 54.25 399. 94 237.61 79.75 419.70  1267.67 6.92 6.42
JETTE /N 3.24 64. 64 401. 87 208. 61 62.16 158. 58 399. 64 6.89 5.50
fEf) 3.31 98. 55 327.09 206. 20 53.44 64. 83 125. 56 6.92 6.69
SUAE 2.44 105. 83 295.20 205.35 43.85 71.32 115.19 6.87 7.05
AT 4.86 109. 63 1320. 00 731.45 56.23 242. 62 122.32 6.83 5.91
REW(A) 2.42 128.16  2347.32 1055.39  102.80 359. 84 716.92 6.88 12. 67
WEH () 122.49 183.16 2011.33 3065.32 151.08 482.12 736. 99 6.98 17.24
il -3 Al 0.71 78. 00 79. 00 139. 00 33.00 67. 00 22.70
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F1Cd, Cu, As, Zn FE B BMmME. BR,EH
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Fig. 2 Chemical speciation of heavy metals in sediments
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Bh 68.70% ; Cd WIBE T A WL B R4,
HEIUAIE SRR

FLARHL, BB AR 7 FhE & R LA
Sy AT DL ULIE 3. ANHMER AN [RRAE A7 B 45 FP
& BB 53 A1 B QR REE.

(1) bBW#IESkL 7 P 4 @ ] 384025 1) o i 0 K
HBARAR, T (EAUN 7. 48% (Cd) 3 BRIRER 45 A 1K)
[ B AN 14. 61% ; Fe-Mn EALW 45 &
AT BB S W J2 Pb (35.62% ) A1 Cd
(27.06% ) ; TEAWIEE AT, Cu FiE /8 e &
B (57.75% ) L EITCRAA R ; RSN TR
B RHET R As(97.79% ) > Cr(92.33% ) > Zn
(73.30% ) > Ni (67.23% ) > Pb (63.12% ) > Cd
(45.81% ) > Cu(42.15%).

(2) KA. Cd ] 28 e 25 19 T & 4 8K

(39.19% ) B F e, Bon Cd AR ATE T, B
PR ER 45 6 A 1Y BT i 3 B R 1 02 Cd L Ni, 4351 R
16.67% . 8.96% ; Fe-Mn BALY S5 H S0 = 705
HEF . Pb (32.09%) > Cd (19.07%) > Ni
(19.01%) > 7Zn (14.50% ) > Cr (11.00% ) > As
(1.63% ) > Cu(0.29% ) ; Cu W HAILL A B IS
(69.56% ) , ok J& Zn (20.96% ) ; As B E SIS
FFRIES, AR 97.82% , Cu A Cd 5% 1 25
EAEERAR, 55k 28. 63% F125. 08% .

(3) /M FF, Cd AT 28 e A 19 T i 4 X
(18.84% ) B i ; Pb ) Fe-Mn EALZE AW
FihE o> B e s (41.16% ), HE ot R MK T
24.58% ; Cu AHLEA AN E /3 EGR 73.00% |,
FmTHEAILE,; FRIESN R B0 = K
S As(97.76% ).
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Fig. 3 Mass fractions of heavy metals in sediments corresponding to different sampling sites

(4) SR RA . FEE S BIE R0 L i
5 EIFHE 3 A RAE s 2 A AR U ARFE.

(5) &0 HEG 1. Al a2 A 5k R R 45 5 A8
BRI ; Pb A Zn B Fe-Mn 2445 G 45
B 2 B i, A0 N 46. 04% F131.01% |, 5k 3%
FmTHEILE; Cu AHLE SR E N

62.53% , LR As(42. 11% ) 5 5RIE 25 i & 43 %k
B Cd(92. 81% ) x5 i i & A A

(6) ME/NE ARSI bz s B 54
W HEVS RAR LA AL RFAE , B AT 58 8 25 FN B R 16
SRR TR BOIRAL, Fe-Mn E LW 45 A &R
BRI R R 2 Ph 1 Zn; A ALSS &S WL
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Cu FIl As FHXT fe i 5 RS, Cd 1Y B o B i =
(91.66% ) , HUJZ Cr(90.91% ).

(D ETTA/N RS oA L, 540 HiS
F L EANERAE S AL

(8) FEAL) . Ni n] 3425 1) Jot 43 U i, (LAY
3.65% 5 WRERERSS A i o B = 1 2 Cd, Hk
S NiL, 209K 15, 67% F1 11. 49% ; Fe-Mn AL 45
A S B R B B9 & Pb (50.61% ) Fl Zn
(25.73%); AAHLL B A&, Cu X & & (5
73.80% ) , HiUKJE Zn(21. 18% ) 5 TAEFRIE A, As
M) B > BB R (94.11% ), Cd J& 5 2 fi
(80.44% ) ,Cu A, XK 19.72%.

(9) 4 3H . ] A2 e 245 T R h 405 A 25 1) I
SIEAARAG; Fe-Mn S LSS A A, B 7 BUH
X & Ph Fl Zn; LA AT, Cu Ml Zn i
Ay BORNT e 5, 43 9 M 72.90% i1 30. 25% , Ho e ot
RNRHIT 7. 0% ; fEFREAT, As Il Cd 19 &
oy W3k 94.57% 1 92.08% , 1 Cu W AL Ky
20. 46% .

(10) A HLAL T, Cd 7] 38 e 25 19 i 1 43 8K
35.98% ,HEITLEMIEALZE T 0; IRIRELES &
) S 4 0 e L 2 Cd, 35 38.32% 5 Fe-Mn A
4 &8 i 43 B X 55 = 1) & Pb #il Zn, 43
A 53.58% i1 46. 78% , Hov LR RARAHIT ; AL
A, Co 1Y 5 73 B R (92.04% ), HR2
Zn(20.67%); FREE T, As B B & 0 B &
(91.40% ) ,Cd Ak (4.20% ).

(1) R (L) AR R ER 45 5 75
Jo HR 43 B i AR R Cd, e Bk 17.93%
25.29% ,H:K#RJE Ni; Fe-Mn B ALY 4E &4, i
OB E N Zn, Cr B Ni, 20 591N 53.43% |
46. 43% F140.99% , HEITC R WEAR; APLEEE
) o A3 e = o Cu, HORSE: Zng T AR AS N
EFFRH L EITE TN As (99.54% ), Pb
(72.73% ) Fl Cd(53. 07% ) %5

(12)REW (£) : Al 2 e S MR R 6 45 A &
Cd BT 43 80 o & & T H B AR TR, 435k
31.66% F1 24.95% , 1 T Cd & & & 5 122.49
mg-kg ™ A RS & BB T ; Fe-Mn ALY
i AT, R O X R I J& Zn, Ni, Cr I
Cd, 53 51H 64. 01% | 56.24% . 40. 37% F138.20% ,
Cu UK 0.93% ; Cu LA G F & el B & T
Hoe ot &, 5RE S &6 s R As
(96.66% ) , HokJ& Ph(71.11% ) ,Cd 1L K 1. 64% ,

ik
N
1N

+

XA T RAE AL

SR UL, BRI E GRS B
B ) o B AL B E G PR Sk —2 DU B2 B
(L07) B9 4 A RAERAL, BB HETS 0 —a I8 1E B
(i) B9 5 SRR A NUE T —REBBL( T
i) 1 3 SR A A5 Z (], X 0 45 R AT | A I
AR A. Hodr, Cd Bt 25 7E TR e o i 20
Bm . MIFASCSEGE  As BRIES TS O, 1
J /IR 13 10 /02 85 AL A8 5 i S A AR A, £
BRI A S B LB Cr BRAEIR W15 A5 B
i EEBIRA RS  ZE B AR . Cu I ERIEAS
SEAHLA, BRI SSN , R SHARIE. Xl -
DRI (R 2) &8 Cu MG ShIEEAR, A5
T, ZLERIE AR Y. Ph JEARLL Fe-Mn
SEAEE S B ERIE SIS, X RES & & Pb
M IR ZHOALRE S35 | Ph A5 B ok, A&
R BTRI SUR B S R RS B IE A A —E G
/%[17] .

3 ETF RAC R & 75 KUV EfG

AR GTR ) 5 4 T BEAS R LAk A= 4y W WO A
FEITZICER A 3G, RIVE ] 28 #2485 Ak
FRERGE GRS &, RS MEAREET, HeE
(A RS by | A A A5 £ T O s B 3, A
o7 PR B XU U b v . B b BT AR Y
H 48 Cd. Cr, Cu. Zn. Ni, Pb Fl As 9B L2
b R i Y BT AT A, A i R 46. 48% | 4.62% |
4.05% . 4.12% . 9.17% . 0.97% F1 0.03% ( UL [&l
4). Hrp Cd WAL 46.48% , KT H{E
31. 0% , MR HE RS PFAN G 572k, Cd A7 78 X PR 358 44 B
1o AUBSE 1 1T R, 75 B A% A OCTE; Cr, Cu, Zn
AN CEAREFTELT 1% ~10% Z (6], XF 5
1) s 3 T BEAL TR USRS {3 Ni L Ab 7 &5 XUBS:
% MM Pb Ml As AT LA AL T B KU IR ZS. X
RS As SR, (H R H: 32 22 DU RS e A ok
BAFAE ARYE RAC AU S5 A 51 bR o, HLAR R 9 X
SRERE AN AN . B, Sl T I A JE A X X —
HZE, Lai MBS Z A KB RAC H 5N,
AT LAAS 3 ORI ORRAY v 4 1R T R PR B KR HE
%, 80 Cd >Ni>Cr>Zn>Cu>Pb > As.

R T ] 38 P A MR FR £ 45 5 A5 4h, Fe-Mn %
Y EEMANYEASESREOEA —2E
Y rE vl A FIPE B AT 0T DATE AR 1% R 1 A 5 LA
B G PREE S5 TR K U AR T RS
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Fig. 4 Mass fraction of exchangeable and bound

to carbonate of heavy metals
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W B . B AR RE T RS, T BO0T B B S RN R h 4
B RE G BEK TR R s, B 5 P
—EFRRE LEDIE T3k — i, 48R, BRI Fiif 4
J& Cd A 80 0 5 2 4 B0 =, T RB IS 5 A i b
G T A 1 Tl R K HERR DA K A BB IR i 1 25

TERA G HTESE Cd A 52— E R,
Gy RO 4 JR T R AR By ke ey
IRV QEE T or e, 22 7 BuRa s /1% Y lbag /b2 i
B A5 N MR PR SRR Cd Y
A 2 BB 5 5 RS SP ST
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Fig. 5 Mass fraction of exchangeable and bound to carbonate

of heavy metals in sampling sites
4 ETF SQG-Q WABYELETERKITH

FH TR 53477 AT R0, RAC 78 S i 4 g WRAF T2 25
AR v Dy, B AR GF 0y aE . (HW A
|, RAC RIS, A B FF A i LA E B — 4
JERIE T AEAE S AU I T B 5 T 4 B U R e a4 X
WL SRR MU . A &8 TR & 2ARAL, BE
A RAC, HxE A e HBAT 8 1 AR SRR X
B At AR R N S K A sy e
R PR /K TURR ) B 4 o et Jk v, R AR
ThE B RITR & R E R IR BRI
RUTR 4w 15 Yo RS 1AL, 3R 3 FHh T LA &
)8 1 R BE RN W BE (PEL ) R il S 2800 v
(threshold effect level, TEL) JEifiE(H.

#3 PEL/TEL E£BEHME /mg kg™
Table 3 PEL/TEL guideline values for heavy metals/mg-kg ™!

A Cd Cr Cu Zn Ni Pb As
PEL 3.50 90. 00 197. 00 315. 00 36. 00 91.00 17.00
TEL 0. 60 37.00 36. 00 123. 00 18. 00 35.00 5.90

AW, HEH PEL JEEE R THE SQG-Q &
B (2) TR AR BN [ R A A 4R
JLZ Cd, Cr, Cu, Zn. Ni, Pb il As i PEL-Q {#, W
F4 FHAKX), H— B EER SRR
SQG-Q RE(F 4). BHR,SQG-Q fe =i fH H BLAEH
DU R, Hok /M, BT RAE S SQG-Q
E¥EE T 1.0, R\ BEEMNPIRY C2Z ™ EH
ARG, IR IAEE S A YRR, O
R U B

VR ES R LR (R 2) STRYE SRR
otk (3 3) A ELER , AMEL B, A SRR S ALY Cu,
Ni Fl As & 45T PEL, 46k Z 505 A7 Ph & &
it PEL, FHCRFES Cd, Cr Al Zn & &8t PEL,
St T ) TEL fl. 4K |, Cd. Cr. Cu, Zn.
Ni, Pb Fl As *F-3 & & 7 il b PEL {H 1) 4.23
1.14,20.75,6.04  2.33 4.58 F141.71 f5. M,
ATDAHE BRI R Y b 7 M E A R e
BEMEAR I, ASHIAE W0 vl BEAI 2 & AR TR, T
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®4 AERFFRLAE PEL-Q X SQG-Q &
Table 4 PEL-Q and SQG-Q values for each sampling site

PEL-Q {&

A cd Cr Cu Zn Ni Pb As SQG-Q
R3S 3.76 0. 63 3.00 3.69 1.96 5.89 29.12 6. 86
KAGAT 3.66 1.23 11.34 10. 25 2.70 7.76 66. 39 14.76
ANLLE) 6.00 1.33 23.97 15.19 4.63 17.51 97. 46 23.73
HDURT R 5.86 1.52 60. 98 14. 67 6. 87 15.17 85.97 27.29
ST HE H 1. 00 0.70 1.40 0.43 1.88 1.64 16. 60 3.38
HE /M 1.07 0. 60 2.03 0.75 2.22 4.61 74.57 12.26
JETTE /N 0.93 0.72 2.04 0. 66 1.73 1.74 23.51 4.48
RS 0.95 1.10 1. 66 0.65 1.48 0.71 7.39 1.99
SUAIE 0.70 1.18 1.50 0.65 1.22 0.78 6.78 1.83
AT 1.39 1.22 6.70 2.32 1.56 2.67 7.20 3.29
REW(A) 0. 69 1.42 11.92 3.35 2.86 3.95 42.17 9.48
WE () 35.00 2.04 10.21 9.73 4.20 5.30 43.35 15. 69
YA 4.23 1. 14 20.75 6.04 2.33 4.58 41.71 10. 42

BRI U 4R 5 b6 T o b2 Aa ).
5 itig

AHEF St BRI UUR R 4 T T e AU
RAC 5 SQG-Q PFHr &5 e Bl FAEAEAR RI AL R
RHLUEL, RAC P22 1Y 1 42 8 V5 Y XURG A2 BE HE P A
Cd >Ni > Cr >Zn > Cu > Pb > As, 1 SQG-Q 45 i Y
WIEAE Y B HEF M As > Cu>Pb >Zn >Cd >Ni >
Cr, #2580k sPHRF EH D Il ae s 2 F
TR 73553 BT ()AL 1 DA i 1 S0 1) SR DA [
. Hih  RAC 533 (1) J& W AF B 28 B Hore B rp i
A7 FL B, 3 e 3 T A7 B 25 0 5 4 e A A ok |
BEPERZ A A B, A B % & JE TR B
SQG-Q HRIH K & 4 J/ T R &% & 5 1l BERI N Ik i 5L
WEAR B R/ FE B, D4 3o 25 2 10 6 A1E 2 42 )
e AR E. AR, SQG-Q IR HIEE 4R K
WA, IERNL, A4 H B RAC 5 SQG-Q P &%
WA—ZIWELG. MR, 45 & i 4 R JT R AH
A RS S, ) RAC 5 SQG-Q A 4518 1l
RERE T — 3 (HR RN EA — e, — e, 4
SR X KT 4 TR T R S A AR R (H
FHER NIRRT 2 LIRS S AEE T s o)
oA RS S R AR R X ek e AR
XK BT O 4 i s R e B S B
LA 5B BTy pH A, A ALid AL
BHIUES R VOB PR S N G 56, 2438
Be sk e R B A TR i T e R AR RS L R
b, K IES W B T RERE 2 & Ak AE. IE &
TR T E & B IRl | AW A KRR
HEAMUESES BN S EAR X, 5SELJE MRk

TS YIAR S 10200 IR A AT U R Y h
SR TGRS TG I, e 4R TR T B 5B

SRR R NS, BRI, T X S A AR BF 5% A 5 3
W, WA T 25 G SR URIA AN PP R 5 51 A5 0 —
AMEASRI] 0 ) B,

ROV 2 — R N R R 1) L b T /N i,
SR TS YORIEAEE T 48 R0 HK | L TANG &4
K ARG K DL R DT 38 BR R R A B
A — R A JE AT LR B R ST /N K R
KA. T BRI KE T E A HE A KT, X X fif
X DU 4 Jm V5 e o B o s L. S
JAAE KB, BRI K RS AR b F MR 2 TR A AR
Xt & HETS O — 35 1T 0 /N2 B A i B A E T
PR I B R kA 8 A A DGR R K T S 30
TR, R BRI e R A S S .
B3, % BB h As (A HLEE A AT B L
N B, U As 8 SRR BEA T BEAE AR 1Y)
A AR K.

6 it

(D) fEEZEWPLARYh, B4 )8 Cd, Cr, Cu,
Zn, Ni, Pb Fl As 7 5 FEAS HR I 1 o0 4] B2 1 458 75
Sl FERIEAE IR R Ui B, R i e
18 7 A P T ) A R TS L.

(2) WIEZM G FE, Cr Fl As T8 D)5k 577
T, B 43503 R 70. 13% F190. 71% 5 Zn ., Ni Fl
Pb FHE LGB ZAH Fe-Mn B ALYISE S BAELE; Cu £
BILIA PGS & SAAAE, a0 80N 68.7% ; Cd MR
AU IRICAN, e JUMIE S KRR R, mH, AR
KA 57 B A RIS A3 A B R I b 9 22 Sk
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(3) HI KU PPAN B 12, Cd 2% PR A58 A4 1 3 AL
Br , T ELAET AN [R) T Bt Cd A 808 & s B 1 3
Cr, Cu, Zn FI Ni HYPREEAEE AL TR 5 1 Ph Al
As TALFTE XU ARAS. SV b BRI & 4
J& 15 YL RS 2 EEHEP R - Cd > Ni > Cr > Zn > Cu > Pb
> As.

(4) BRI SQG-Q FHMH N 10. 42, HFTA R
ALY SQG-Q EX 1. 0, R A IEH =
HITEAEAE B ERON ; 4 Cd, Cr, Cu, Zn, Ni,
Pb fl As iy PEL-Q A 4> %]~ 5.08, 1.14, 11.40,
5.20,2.78.5.64 F141.71 &0 7 4@ EL
PR EAAR I, AN A= 800, m] BEAR k.
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