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The Human Health Risk Assessment of Heavy Metal Pollution of Ground-
water in Bosten Lake Basin
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Abstract: A total of 67 samples of shallow groundwater were collected in Bosten Lake Basin, Xinjiang, and the
concentrations of 6 heavy metal elements including Cu, Mn, Cd, Cr, Ni, and Zn of the samples were determined.
The pollution levels of heavy metals in groundwater were analyzed based on the Nemerow Pollution Index and the
potential human health risks of heavy metals were assessed based on the US EPA Health Risk Assessment Model.

Results showed that: (D The average concentrations of each element in groundwater were ranked as: Mn > Zn >

ESTH . HZEARFAEETH@1561073) ; Hrim T 5 X W A R 5L -5 %I 5256 2 R 81 (XIDX0909-2013-02)
YEE® A SR e - FAPEER (1993-), %, B LBF50 A DP9 07 ) S S A= 252 T 9T, E-mail: aitiyeguli@126.com
* @ W4E3 ( Corresponding author) , E-mail: oasiseco@ 126.com



252 EOR OF M Oo¥ R Fl145

Cu > Ni > Cr > Cd, and the average concentrations of each element were lower than the National Groundwater
Quality Standard; @ The average values of the Individual Pollution Index of heavy metal elements of groundwater
in the study area ranged as: Cd(2.04), Mn(0.69), Ni(0.45), Cr(0.24), Zn(0.07) and Cu(0.03). The Comprehensive
Pollution Index ranged from 0.23 to 2.22, with an average value of 0.73, at the slight pollution level; 3 Results of
health risk assessment indicated that the potential non-carcinogenic health risk index (HI) of six heavy metals of
groundwater, for adults, was 7.83E-01 <1, which explained that the individual exposure were unlikely to have sig-
nificant adverse health effects. Meanwhile, the potential non-carcinogenic health risk index (HI) for children was
1.05E+01 > 1, and it explained that heavy metals of groundwater in the study area may have adverse effects on
the health of local children, which needs further research.

Keywords: heavy metal; groundwater; pollution; health risk; Bosten Lake Basin
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[ et E= QDR B E sl 11V 3 27 S /2.9 W
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XUBS: 2 4 F 9%, Rattan 25 Chotpantarat Z£® Fil
Pokkate 25K ] US EPA g R AU PRI TR
[7i] DX 3l bt 7K b R 4 i Vs g 1) i R XU TE A T 5
AR E N 2EE T RRAEY Chai 551 RGP
PR 6N | Zhang S5 FIBR 2 35 4 o 30 R
[7) DX sl b T 7K r 4 i 7 e R A B XU T A T T
5T, UG T — S AR (B 5T B A58 A0
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R KE A R bR A 2 AR Tk Ak
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FET b, A SC DA R W SR 5 X, 4
GiiTik Nemerow 25515 Y238 8 UA I US EPA filt
U PEA AR | Xk 4l R 7K H Cu \Mn Cd . Cr Ni Al Zn
EIUR M B TG YRR DL S A (e XU 117 1
fili o BIFFE BN T 548 PN B el T /K 34 e s
YUl DS AE LA TR, 0 R S 4k 4 Bl R KRR
B4 D S N R R 22 4K

1 #FRXHER ( Research area)

L e B R VA S A M N7 | N T
KR 2 5 L R 2 LU R PR S A Ll AT, ik
85°50' ~87°15'E,41°52' ~42°22'N (/& 1),

W9 X ¥ 3k = B 1 050 ~ 1 400 m, & A
213 000 hm?, DX 3 4G o ZR A1, b s A IR,
AR AL A B o K %) PN B ik 7 —— TR s 0, 5
Xl Ak T P A 5 P i X, 7K R 1 A8
AELEB RGN EREAS BB ZiR 2 47
B K 52 68 mm, LA V-7 kK 54 2 360 mm,
LA RIR A 8.63 °C 5 F KA M 14.07 %
108 m*-a AT JF 2R 4 9.05%10° m*-a’ | fffiti 2l
1320x10° m* -2 {40y i 3 i S0 b 1) 35 8 2L
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FrPERURE B R AR A SO A PGEE  PE AL LL AT pht R
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2  ## 57 % (Materials and methods)
2.1 HAERESCRESIE

2016 4F 8 HTEMIFEIXCREE T 67 Mk JZ LT K
FESh R KERA T 05 ~ 145 m, REMFEMR L
28045 pm JEEELE, A4l HNO,(1:1)3# 5 pH,
4 pH<2 BJCA 1 L BRPIRAFI , H R KR & b
& JE SN EITES % T A AR AR R 5T
(GB/T 5750.6—2006)"", FH3& FElE 1% SO S5 1%
W iE{Y (Agilent 200 AA)M %E Cd .Cr,Cu . Mn Ni £l
Zn % 6 MPOCER B ht, LI T2 B g At
IR S 560 ZE 6 s 2 HLA I Hh O R
2.2 JKEIG YRR

Nemerow ZE4 15 YL 48 B (NDP & 24 i [= 4 4b
HATLR AT PR BO TR N Tz —. &7
PRI T 7 1 40 F8 B (AR ED) , S8 JF R A
SHHRER-E, B Ko F8 BOR - Y (R T
WG HL T K 4 @ 15 YR LT 73 B, NI At
BALN .

P

I=—* 1
s (1)

Bt hive
N )

Ko, L OB IS YR, PO A TR 1 S v
JE,S RN E &R 0PN AR E, A BF 5 R T E K
(GB/T 14848—2017 Hiu T 7K 5 it b i) 2 e fy T2
PREVENTEARIE . 1, &P Ti5 YR B KA,
Lo, BRI QIR ECF M8, 1 F1 NI Y5 4 0 21
PR . 1 8 NI<0.7 J& T Ioi544,0.7<], i NI<1.0
BTG, 1<, 8 NI<2 J& TREEI5 YL, 2<1, 5§
NI<3 & TG YL, I o NI=3 J8 THEEG G,
2.3 bR OKEE 4 fa R XU T
2.3.1 ZBEERMHE

H T K R 4 S 1 R i R RN R A A
A(CDI,mg-(kg-d)"), % KM1F¥5] & (CDI) 244
FEFFE WAk st 1] N, DA A B0 A 5 Sy A7 19 4 H
i, PR, CDI PRSI~ K
Fefb bzt o T AL B AR R TR KBS B,
HET 2 PRSI K IR A 4
AT 7K 3 fil ) Bz ik o 7E 2 DR AR A2, CDI
LR AR,

Yok H A H ¥ 2§ 5 [CDI,,/(mg - (kg -

)M
DI, = CWXIRXEFXED 3)
BWXAT

B R A% fb v A2 48 A H ¥4 2% #% 8 [CDI,./(mg - (kg

-d)]:
_ CWxSAXPCXETXEFXEDXCF

CDIdcr - BWXAT (4)
& H 258 B [CDL,,, /(mg - (kg - d) )]
CDItotal = CDIoral +CDIder (5)

X, CDI, A b T /K EROK i 48 2 58 ) o, B
mg- (kg-d)"; CW N H R 7K H 75 e 4y ) 7 2 o
mg-L" ;IR i /KA H 48 A, sl AH 1.8 L-
d',JLEHL 0.7 L-d";EF Ayl F/KZREEHR B 350
d-a’;ED i /K B EERFLLAT ], lNE 24 y, L
HIL6 y;BW N AR, i ANHL 62.4 kg, JLEEHL
212 kg; AT A~ ¥ 500 2 85 i 1], Bl A\ B 24 %365
d, JLEHL 6x365 d;CDI,,, AHL T 7K # Bz k4 f g 44
TR mg- (kg-d)" 5 SA AL K L R7 JER 42 fik
Fm A, A 16 600 cm®, JLEEHL 12 000 ¢cm® ; PC
HE R KRR EE 4 TR B RKE S R B (P Cr i9E
4 15%x107 em-h"' Ni f{EH 2x10* cm-h™", Zn 1Y
i} 6x10* cm-h",Cd Cu F1 Mn F{EH} 1x10° cm
-hHYPLET NZFEMH 033 h-d”'; CF R IARFU; e
KF,0.001 mL-cm”***"
2.3.2  NARWEAEAgHRE XU R AE
HI R /KA Cu Mn Cd .Cr Ni 1 Zn % 6 fh 4>
Ji X AT EL A s 7 i B RS, R %3 6 Fos 3R
HHEAT AR SO XU v 7E A o KU RS0
JRUBS A (HLQ) A=l B0J AU 48 %k (HIT) ok 2R ™, Hogt
= R/N W
CDI,

HO= ©)
HI= 2 HQ = HQoral +HQdcr (7)

MG E I RE S Y HI< B 28R
KATREA WA AS ARSI, S IAR B, 2 HI>1
I, R WIA ] REXT AR A AR, A i —
TR ENE . RIEARSCHTIE, R 1 4 T AR
Hefihi iz b PC il RID AYE", M4 US EPA ¥
R E R BTN SHULR 12

3 Z55E (Results)
3.1 WFSEDCHE T 7K o R 4 i R AR
SR X 4T 7K 6 R4 @ T R BT Wk BEGE i L
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ooz 4R F14 &

F2, MNFE2 W IAH,CuMn Cd . Cr Ni 5 Zn 1
AL E A F 0.009 ~0.108 mg-L" 0.005
~0297 mg-L".0.002 ~0.011 mg-L".0.005 ~0.042
mg-L".0.000 ~0.109 mg-L" 5 0.005 ~0.454 mg-
L', H5CEZ T KB R bR ifE) o I 28R A L,
Cu.Cr,Ni L#Ar B4, Mn, Cd 1 Zn B H Fr
TR 10.45% 1.49% F1 10.45% , ihd B AF 53 X H
Tkt #E 48 Mn, Cd Fl Zn A A 6 FLEE B9 A&
Hop b oK Cd & RS TR R T TR X
gerh Cd SratEeEt, BT Cd TR AR
R 7K R IR AR T AN W 1 s ik T 2 T 7K R G2
FE, S ICRV SR/ NEFRK A : Mn >Zn
> Cu > Ni > Cr >Cd, £ u R P & & AR HER
PRUERIBR A, B 9¢ X b T /K P HE 4 J8 Cu Mn . Cr,
Ni Fl Zn 55 19728 5 2250 (CV) 735 2 0.729 ,0.897
0.516.,1.083 F11.314,¥K7F 0.5, RUWFFEXCHL T K

W 4B A AN A A AR S
3.2 HUF/KEELEIG Y

K FH Nemerow 5448 503 T HREAS 2] TR X
MR KP4 4 R T R BRI e B () S5 4R A TS
PAEEUND, B 3 L, R X b K 4 4
JE@ T2 BT G 48 BT ¥ R B/ IMKIR R . Cd
(2.04) Mn(0.69) . Ni(0.45), Cr(0.24).Zn(0.07) .Cu
(0.03), Hi 7K Cd ZBA BTG YL Hofth 5 FlhoT R
SOEESYIS TN

AHER 7K 4% 5 4 R JC RN R TS G GO RE sk
H R R BB LE BRI AR AL Cu I Zn 1Y 1 52
MICI5 YL, 98.51% FEmi T4 )@ Cr 1Y I I TCT5 4,
Mn IG5 G Rk g B A b B2 S et s Sl
HRE S EBUY 62.69% .26.87% .5.97% Fil 4.48%
Ni BEITCT5 Y il R | rb B8R B35 e A 8K
A3 50 B RE A R 61.19% 14.93% 1045% \7.46%

x®1 BERNEITMERSEH PC F1 RD &

Table 1

Values of PC and RfD of the health risk assessment model parameters

JLE

B k5% %% RED/(mg- (kg-d)™)

Tk 7K 3842 RD/(mg - (kg-d)™)

PC/(cm-h™")
Elements Dermal exposure RfD/(mg-(kg-d)™) Oral exposure RfD/(mg-(kg-d)™)
Cu 1.0x107 0012 0.04
Mn 1.0x107 0.0008 0.024
Cd 1.0x10° 0.000005 0.0005
Cr 20x107 0.00006 0.003
Ni 20x10* 0.0054 0.02
Zn 6.0x10* 0.06 030

T : PC R BB 8 1 40, RID 7R 1 4 JB LR A [F) BB IR AR 1 275 7 &

Note: PC stands for the absorption coefficient of the human body; RfD stands for the reference dose for different exposure pathways of heavy metals.

F2 WMARRMTRKPEEESESRIT(n=67)
Table 2 Statistics of heavy metal concentrations in groundwater in study area (n=67)

fe/ME R ME F-HE brifE 22 FE KR AR

JLE Amg-L") Amg-L") Amg-L") Amg-L") oy Amg-L") 1%

Elements Min Max Mean St.D National Standard” Excedence ratio

/(mg-L™") /(mg-L™") /(mg-L™") /(mg-L™") /(mg-L™") %

Cu 0.009 0.108 0.027 0.020 0.729 10 0
Mn 0.005 0297 0.069 0.061 0.897 0.10 10.45%
cd 0.002 0011 0.007 0.002 0345 001 149%

Cr 0.005 0.042 0012 0.006 0516 0.05 0
Ni 0.000 0.109 0.022 0.024 1.083 0.05 10.45%

Zn 0.005 0454 0.065 0.086 0314 10 0

TE % RIS T K BT bR o) Mo - LI BESEME A0 | 32208 T TR TR IR KK IR B T AR K . OV B 57 248
Note: * Third grade of the National Groundwater Quality Standard: Based on the human health standard value, which is mainly suitable for drinking water

sources and industrial and agricultural water use. CV stands for coefficient of variation.
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M597% ., Cd EITCT5 Y RGBT Y it g
A3 50 5 R A BN 49.25% . 49.25% (1.50% . WIFSE
DXCHE R 7K i G JB T R ER G TS YR R B ARG R A
023 ~2.22 Z[a]  FME N 0.73, BB GBOG e, B
FEXH K NI AR B TCTE YRRl B i B iS5
YAt s B0 ) o R R RO 58.21% 29.85%
746% 4.08% .
3.3 fRERAUESIENY

HFE US EPA {dt B XU PR 7 ik 1 280 X B 4
JB TCER SNt R TR L TR I 1) B DX R K
1 Cu Mn .Cd .Cr Ni Fl Zn 25 4 J& J0 2 8 1L koK
IR AR I Z Pk 2 6 a4 A% % ORI L2 P A 3500 AU 2
(R4, NE 4 T, T K Zn X R R
JLEE Y A B ¥ 8508 55 88 71 5L (CDL,, ) 73971 8 1.80%
10° mg-(kg-d)" F12.08x10° mg-(kg-d)", HE H¥
B R B R M Cu XS AL A M H 1y
BV RE RN 762%10" mg- (kg-d)" F18.75
x10™ mg-(kg-d)", H i H Y IEBUE BB Rk, oF

FEX ML T K 6 FhiE 4R 2 Akl B H 19k
oy 2 5% K B/MKIR R Zn  Mn, Cd,Cr Ni
5 Cu,

KT, T RE W Sk R K 6 AP 48
PR B H Y HES0E R s X LEN A H
YRS 2 f8 i, Ul B M T /K E 42 8 TS e A Y
B ERAFE T &, NRBEREEE, T XA
NS JEILE il OB R AR T K E SR A
ST X R K R 4 e e B R R R AR
F R fidads A 0T AN AR f 3 VR RN . IR IX.
HF K 6 FhEE 42 JE o 2l ad ORI IR R BR s A X
BN () e R Fx L I R i,

AR S0 A H 35 8 1 Hr 9 el 15
1530 T WS IXCH T K AR 30 B 4 09 B0 AU
F(HQ) AR B XU H5 B (HI) (3% 5), W3R 5 AT,
WXL T K 6 FhE & B TE 2 FHRERIRE TS
JUEE 1 Al SO XU B N K 310/ 59 77 24 . HQ, |
HQ, HQ., .HQ\, \HQ,,, HQ,, o R AL, L T

R3 WTKARFREINERESHR DB EIE(n=67)

Table 3  Percentages of sites at different pollution levels in the total groundwater sampling sites (n1=67)

15 4 l
Pollution level Cu Mn Cd Cr Ni Zn e
J&i54 No pollution 100 62.69 4925 98.51 61.19 100 5821
B f4i5 3¢ Slight pollution 0 2687 4925 149 1493 0 2985
$2JEV5 Y% Low pollution 0 597 150 0 1045 0 746
5 Y Medium pollution 0 448 0 0 746 0 448
T F 59 High pollution 0 0 0 0 597 0 0
T2 I TR IG5 e d6 8, NI R 5675 Y9851
Note:J; stands for the single pollution index; NI stands for the Nemerow comprehensive index.
x4 FHEURNRKEEMEKEEEENEENE (L .me- (kg-d) ")
Table 4 Daily exposure to the non-carcinogens by the dermal pathway and the drinking
water pathway (unit: mg-(kg-d)™)
CDI,,,, CDI,, CDI,
JLE
Elements A JL# A L LUN JL#E
Adults Children Adults Children Adults Children
Cu 7.60E-04 8.70E-04 2.31E-06 4 92E-06 7.62E-04 8.75E-04
Mn 1.92E-03 220E-03 5.85E-06 1.25E-05 193E-03 221E-03
Cd 1.87E-04 2.14E-04 5.69E-07 1.21E-06 1.88E-04 2.15E-04
Cr 347E-04 397E-04 2.11E-06 4 49E-06 349E-04 4.01E-04
Ni 6.32E-04 723E-04 3.84E-07 8.18E-07 6.32E-04 724E-04
Zn 1.80E-03 2.07E-03 329E-06 7.01E-06 1.80E-03 2.08E-03

YELCDI,, ROk

TRAEFHIGL, CDI, 07 kB i 7

FEFEIN HE; CDIyy 7R H I RREE I B
Note: CDI,,, stands for the daily dose in oral ingestion pathway; CDI ., stands for the daily dose in dermal contact pathway; CDI

total

, stands for total daily dose.
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7KH Cu,Mn,Cd,Cr Ni Ml Zn ) HQ X§ HI A9 51 fik
R 2.44% 11.16% 62.31% .19.27% .4.05%
F077% . XL RUL, HiF 7K H Cu,Mn Cd . Cr,
Ni Al Zn B HQ X} HI 9 BT lk 3R 4 5 k1 2.11%
102% .63.82% .19.72% .3.48% 1 0.67% ., W] LLFH
F),WF5E X ML T K 4 R o 3R 5 B0 R SO il 5
AR 2257 H 4 B Cd AN [6) 2 58 3 428 75 Y XU Jor
DTk

FEE 4R IUR 2 P i AR 8o W ik
KR AR B0 XU A (HQ,,,, ) EE B IR A2 fiph ik A2 4 25
FE S (HQ )i . R /Kb 6 FhEE 4@ oc Kol it
POKIEARXS BN B E B0 RRE ARS8 T3 L 1Y
Al 0y e AU | 388 o R R 42 i 3 28 X6 L 2 i Al 3
P (BB XU 3 KT X N AR B R XU . A
K, RIS W T B X R K R 6 bR 4 JE R Al
N BT AE AR B0 (XU HI oA 7.83E-01, F B EEL
Jo (g B XU, S8 T T 42252 AU 7K OF 5 %t L2 i v A

86°IO'E 86°%”0'E 87°p'E
)L Children
z A\ N
]
; o WPy
) .
HI

z B 032-055
E’ 0.55-0.75
g ‘ 'y 0.75-0.92

0 20 km B 0.92-120

FUR AN XS HI 4 1.05E+01, 6 B fE 78 8% i Ak

86°0'E 86°20'E  86°40'E 87°0'E 87°20'E

Ffi5i{Hoshut

— . /
{liif Hejing 4
\//

42°15'N

42°0'N

— A%

o REEA WEH O OOy g
Sampling sites ~ Boundary Lake Sandy land Wetland
o By — W Ok OWARK 0 20km
County River Mountains Study area
1 HRARERERDHTEE
Fig. 1 The location of study area and sampling points
86°0'E 86°30'E 87°0'E
A Adults
z \ N
2
HI
Z B 0.34-0.59
=2 0.59 - 0.82
s 1
< e 0.82-1.00
0 20 km B 100- 124

2 HRREZMMTRKESRE HI ZEHH
Fig. 2 Spatial distribution of HI value of groundwater heavy metal in study area

x5 HREMTKPESEIEBEREIEL

Table 5 Non-carcinogenic risk index of heavy metals in groundwater in the study area

- HQ,p HQge, HQ pa HI
JUAR
A JL#E LN JL#E LN JL# A JLE
Elements
Adults Children Adults Children Adults Children Adults Children
Cu 1.90E-02 2.17E-02 193E-04 4.10E-04 1.92E-02 221E-02
Mn 8.02E-02 9.18E-02 732E-03 1.56E-02 8.75E-02 1.07E-01
Cd 3.74E-01 4 28E-01 1.14E-01 2 42E-01 4 88E-01 6.70E-01
7 83E-01 1.05E+01
Cr 1.16E-01 1.32E-01 3.52E-02 749E-02 1.51E-01 2.07E-01
Ni 3.16E-02 3.62E-02 7.12E-05 1.51E-04 3.17E-02 3.64E-02
Zn 6.01E-03 6.88E-03 549E-05 1.17E-04 6.06E-03 7.00E-03

TE :HQ gy RN ARSI , HQqe, F75 B RAZ M IRAR IR , HQ o0y F7% S KUSLAN , HI 75 AR B KU 15 £,

Note: HQ,,,, stands for the hazard quotient in oral ingestion pathway; HQ,., stands for the hazard quotient in dermal contact pathway; HQ,,, stands for

the total hazard quotient; HI stands for the non-carcinogenic risk index.
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T GIS £, 454 v e e LN A%, 1531
TR K PR G R TS g R A S L E R
ARSI XS AR B (HD 2 (8] 7 A A% Sy B (18] 2), AU 2
APUL MR R P R TS S R R S L E ) HI
EAS A AT LR — B, M T KR fE AR BUR AR
DRSS R ) XI5 2 A 1 R B ol S B
PRAIZR LR, X Se X T /K h Cd & Ay B
SRS HE B HI i . HI 4885 1 DX 1407 180
HERR(ERE AT MW B RS 3 : S L N S VAT I 3
HRZAE 1 m LA, 850 32 JA R4 Bl s Je IR R (4 52
Wi, A5 A 2 ACRE A HLAL S Al 135 3l il 3t T ok
HE Cd s AR Bl B (EE . AR BB AR
AU/ N X I 2 220 A 5 3 B bl S AL
TR IR T e S 7K 4 75 e oA FHK B 75 e v
DL E IR R BB AR AR R S 4, B
PEATE G SR AL, I xRS 59 FE B 15 U P TR
HHRE BBl 3P i ) R AL T SR A L B

4 iti ( Discussions)

MR ES BRI 2 FORERETEAN
I PR B R s X e - A fa . AR
ey 6 e 48 u R B & R I (E R T
AT BRI v I 245 19 FRAE, SR IF 5T X Hb
KA AL TR RS Z 2V FZ N, HTRSE
F R EDIN T AU n T 7 X, M K
&) TG et 23 R TR AR B L S i 21X e A VR 11 7
i DL AT S A 25 SR 4 AR A o M Cd
Al zn FE W T CEZH T K BT EARE) o 2pR
HERIBRAA, H2 T /Ko Mn  Cd 1 Zn X 3 FhEE &8T5
Jupy Mg EEM, EOR R O T K 4
T A R, (HROK & A28 7 ik 2 A i 22
EBUE R TR R TR &K, K cd 58
AEE0m KU O HI B9 STk KT 60% ) fH 45 0L,
HEEICR NS ERE A, A2 2 A s Jeny T
REPERR . 456 R SLPRIEN, Cd Mn Fl Zn &
TR R AE R A T XN N 3% BEROR
DX, 3 XY A 2R 3, AR B Al A 7 il 7
AR AR AR 245 LA R TR B g A 7 toin Tl LA
e SRR H I 4 Jm R R 515 4y, I 38 1o
K BRI T B E T B AR T KRS I 320
KX TR F R A,

iR 7K H A 5 e i AR R XU T A 2 b
IKEREE A B2 o S A A e R i AR AT A
ROTIERP FRRMME T 5T, AR TR A AR

o ERE FEZKAEA TP ESR TR TR
AR K/ NFEZHR W, TRk, BAAE
W2 E R US EPA gt Fe XU A A | N MR 27 5 T
YUFRE ORI kP02 0 A gy vk A T e [ R K
T4 R 5 Y A fa R XU PEAS  (H i TR A, 7E
VAT 925 B0 99 YA AE — 2 1R PR SR e MR

ZE TR 1) I SEBR A IR 5 X b T K e
L JE M) B A A, 5 CE R T AR R AR E) I
FRUEA G, Cu Cr \Ni L AR IS, Mn , Cd Fl Zn 1Y
HEFRZIT 0 10.45% (1.49% 1 10.45% ; & 0%
Yyt KN PRI A : Mn >Zn > Cu > Ni > Cr >
Cd, & e E P& R E AR ERBR A

)BT X M T K H 2% 4 T R TS et £
SEHE N R B /NK K . Cd(2.04), Mn (0.69) Ni
(045).Cr(0.24).Zn(0.07) . Cu(0.03), HF7% X Hs T /K
4SBT R LA T AR RS A T 0.23 ~
222 ZIa] SN 073, RIS, DFEIX T
K NIH S BTCTS Y R inl T 3 R v B2 V5 e i 4
Ay B RE R BB 58.21% . 29.85% 7.46% Al
4.08% ,

3) YT I O i Bl R K b 6 e G sE a2 Al
WA S H ¥R BUE B iR N KB MEIKA  Zn |
Mn Cr,Cd Ni,Cu, /K& AIZHEFE X T K
LR R RN RERRE, KT 6 FhE 4 )mxf
BN B TR 7 A B0 f R JXURS: HT Sk 7.83E-01<1, % B
TR MRS KT GEA I 0 AR B ARl B i 5 X6 )L
VAR IR B0 R XU HI R 1.05E+01>1, 3R]
HF 5 DX i T 7K T 42 8 AT REXT 24 b L A fle e P A R
FIsZma A it — W58 1Lk
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