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Source identification of soil heavy metal pollutants with the assessment
of ecological risk and industrial workers health risk

CHEN Boyao LIU Kaili LI Mingfeng PENG Zhonghua ™
(Central South University of Forestry and Technology, Changsha, 410004, China)

Abstract The soil heavy metal pollutant concentrations for five types of industrial use lands with
one type of residential use land were determined in the High-tech Industrial Development Zone,
Changsha, China, including As, Cd. Cr, Cu. Co. Ni, Pb and Zn. Their source were analyzed
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by principal component method, thereby, APCS —MLR was used to quantitatively analyze the
contributions ratio of heavy metal elements from each pollution source. The method of potential
ecological risk assessment, the Nemerow pollution degree and the health risk of industrial workers
were assessed. Among of them, the results of assessment for worker were compared according to the
weekly working hours which was ruled by the China Labor Law. These result indicated that Cr and
As were most affected by comprehensive industrial component (which occupied 24.79% of the total
variances) and these elements also were the most important source for worker health risk, while it
component included Cu, which had a high loading on it. Cd and Co were the representative elements
for electric industrial component (which occupied 23.21% of the total variances). These elements
were detected significantly high concentration in the general equipment industry than other lands,
except Cd. Moreover, the traffic component which explained 30.40% of the total variance, indicated
the traffic emission was another critical factor in this high-tech industrial development zone, Pb and
Zn were the representative elements of this component. The results of potential ecological risk
assessment indicated that the risk reached Extremely strong level (=320) in these types of use lands,
except electric industrial land, it reached Quiet strong level (=160), due to the high toxicity and high
concentration of Cd, and it element was the mainly reason of that the mean Nemerow indexes were
reached 7.17 and 9.51 in resident land and industrial land. The results of worker’s health risk
indicated that the non-carcinogenic risk of industrial workers was low (<1), while the carcinogenic
risk was remarkable and it reached 8.72x10*. This was principally because Cr and As accumulated in
human ’s body by the intake pathway. Though the stay time of workers in resident lands were
significantly higher than in industrial lands, but the working place still was the most important source
of worker’s health risk whether carcinogenic or non-carcinogenic. Besides that, the health risk
differences of industrial workers between five type industries were similarly.

Keywords  industrial worker, soil heavy metal, health risk, APCS-MLR, source

apportionment.

W 3 [ DR 3k T AL O R, Pl S0 30 S B0 ST L 38 5 R 35 Gk N2 1 B R T 3 ol 4
1, ARG T TR SR, X e Sl W, o TR Al AR S B DR S 1 S PR
4 4 75 e R R R AR, B FE T T A9 A A BRI S T, R ROR Tk ik
A 75 YRR, (A 305 T A 32 b ) 2 75 2 5 0™ b T N7 A 3 B9 B XU, AN [
R Tl AR T AR B Mk TN A2 (8 RS 2 A5 A7 AR 22 5, I LE BB EAR BEAT RIS, Rl 22 Tl
G 3t XA R BT ORI X AR A8l A BT ik 21 ) 1 3 4 R 5 46, Je R EEORIR T L
i SIMERFFEATIRDT. X — RIVEFRAT B T o0k TR BER 2 2 2P 5 8, O iy 4G
JR TG 3R B2 R

FURT, ST 5 G RO 05 12 T, T AR S B P 1« AR A R XU PPAN UL LA e N 2 T
QAR Bk, SR A 2 T2 IR, REASHOA B 1y A 25 XURS: | A B IXURS: L K 75 B 7K LA T7
TS S < U5 e s A AU A7 25345 DA 8, FEAH ST 90 v - T s ¥ e 00 1 oA D)
T3 — 52 BN H GOCTER )R, 53 70 A i . PMF B SR FEWF 903X — [ R A5 3] 78 i i O 1L 78
PATE AT SE R, 254 SCAEAE TR DY AL Tl i BT BT 52 R W1, T 4oll | 223 i sh i) LI s
15 P TR 28, HL Tl X5 A 47 DX A A B KBS, T o T AR D BE DX ., — I0UB X A RE TR
KX BT FEAR H, B 5 0a 00 R T 19 e W A0 M A T, el B NSRRI ST e IR S5 1) B
FEFE]", Zhoo SFIE T INARE N 15 DI A X 2 Fp 5 G Jm To e W) & i, 451K, XETF L IX
Hh ) J R A Atk 2 10 S50 AR B R RURS:, HL 19% 1 M) s A7 7E rh S5 KOF 9 A2 28 KU ) R IX
RS 3 T T 300 B A A S B M, PSR T IR ™l TN Ak LA 336 A AR, TR, i AR It 421X
FR TG QAR L | A R XU BS 2 75 55 3 I AR, T PR T 25 55 ) A5 T Tl (BT G I



2682 7N 54 1t 2 40 %

AR A BIF 25 ol 5 T T b S 2 s ¥ e ) o i A N 5 LB A R DU, LAl T A 3o R A
ST T JL A4 08 AR S0 XUBS: 28 EE SN T D Y ) AERESA T mP s 8 AR 2 3 v B B AL
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1 ME5 )7 (Materials and methods)

1.1 5T IXHELL

KV B 5w B R P IF kXA TR Y TP R (R & 112048'36" — 112°54'36", b 46
28°11'24"—28°15'36" ), Jz& H [ S b X £35S T3 58 1 [ R G v 9 X, BRI T A 140 SF- O A LR 4%
R BB R A% AN AL, 2015 4E, #RIX HEARL 50 07N L, R 20 7. A
SCHFFE 0 1 A 28 i DX R FE T 32 it 49.28 SF- 07 24 BLAR JE A3 R0 Tl b oAy 3= AR5 XA X2 T A 1.
oA, Tl b 18 S 7 40 Ry PB4 il Tolk (GED) L HL TR 2% 5 Tl (ED) | 428 M 4 Jm i
B Tk (MPD) L A4 EE 25 Tk (PMID) | JRA Tl (MDD, 44 14, 5, 6. 5 F1 18 NFE &5, JEAF
(RL) A 28 MREA&. DFSEIX P 6 ZE38 K L b IB % 79.20 km (P s 80 B 9.1 km), “FR ZE & P35
JE 5T X AR

] Legend
= Tl AR
Industrial sample point
A JREFIHURAE R
Residential sample point
— MR
Boundary
T G B A A
Distribution of greenbelt and bare soil|

28°15'00"N

28°12'36"N
T

0 0510 15 20

112°49'12"E 112°5136"E 112°54'00"E
B 1 W XA SR

Fig.1 Map of the study area locations and the sample distributions

1.2 FERCRES

RAEWTE]: 2018 4F 9 H, #7252 12 d A FEK)G, REE 76 MR AIER)Z LIEFE N

A 55 RAE SN s DT Al A FEA B, 78 45 il (438 B A% PN LA 14 249 100 m (19 0 BORE 5
HEATHURE, SRAEL 500 g +HERE 5L HIBR R A HRAR 225500 IR R 5 25 AR 26 H 348, SRER Sy
A 1.

i 1] 5200 % 5 B TRt . R A S = R R 10 d, FRAS R IR R 0 - HUE 4
30 HFN 100 H i, A M. FT 32— KRR 0.2 g 2247 EAEIFIE 5%, B A TR DU SR M 11 fife e
W, BEJE MR 5 mL ¥ HNO; #1 5 mL ¥ HCL, R4 5§ 8, EZEICHE NV A 5 mL HF &6
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PR R A ME TR, I8 BN VA AR S 0 B G B S N 55 2% 8, 8 A0 TR A4 (CEM, MarsS) $E1 7T, 114
fETEEE 190 °C, T ffad R BT 45 min. A 3 ff SR A UTHE N A 3 mL HCLO, ¥7 %7 . ¥ 8 J5, 28 DU 36
I e P B TR AVA TR 5 mL 2% R9FE HNO; #hisk 3 ¥R, J5 H 2% FO HNO; %E 45 % 50 mL(fr 24
a8 R Ay T A ) . AEHEAT 3R T AR IR, A — Sl T8 A 1) 3R b oA 3 0328 U R DA R 1 b
HERE S (GBW07429).

Cr. Cu, Co. Ni, Pb. Zn JCZ 53 M2k H B BHE A 55 25 K i+ & 3 3% 4L ICP-OES( PerkinElmer,
Optima 7300V ); As 1 Cd JCZ 1 73 Hr R H HL B & 45 25 K 154X ICP-MS(Agilent, 7700x) #4753 47
Cr. Cu, Co. Ni, Pb, Zn [ RSD 7£ 0.79% % 5.63% [ [ PN, B K 87% Z 106%. I As F1 Cd [
RSD LT 5%, ISR 535118 85.69% il 92.30%.

1.3 WA A S S AN

Fit L% ¥ Hakanson T 1980 4F 32 M T W8 70 A= 28 KU A TPAL 7 0. 4R, %07 )12 I TRE
- SBEERIE rf 4 R IS Y A S A TR AR S KU LT TR AR S KU R B (RD) H AN OC R AR A
WU B CE) THE K. S HH WM A LHEHR & 8T Rl Kb S A o R 5 R AU 51 R
Cd=30, As=10, Cu=Ni=Pb=Co=5, Cr=2, Zn=1, J{-#24li Men 551 J5 ¥E I35, 15 YL 8 0y R S bR ifE dn 55 1
B,

R OBTEAEBAR R

Table 1 Classification standard of potential ecological risk assessment method

TR Level  Bi5YeSlight RIS YModerate TS YiStrong =I5 4 Quiet strong JUHE {5 Y Extremely strong

E; E<40 40<E<80 80<E<160 160<E<320 320<E

RI RI<150 150<RI<300 300<RI<600 600<RI

L4 AR KR PEH

Nt e RS, DA 435 008 IKUBS: AR B0 KOS AN T 43, 8 30z I 56 [ 3 R 28 (US EPA) KA Y
it e ARG DY (A Y BEA T I (. AR B S A 1 S J v A R B IR ARAT 3, il B, A | .
ARSI T TNAE 3 PR R A BUE | AREUE H X255 5 (ADD), I8 20 )R 5 3R
IS, SR Gao 45 BYTHE I ik AL XU 1 TH RS BORIE T US EPA S5 4d5 . (5 447X
B ATAE AR ) | (i AR IEANE 57 311 ) LL e 3 [ VT 48 R AR B4 G s 25, TRILEE 2. 0 158
SIS TN R e B RS , AT 0 A e JXUIRG: 2 DA T A S0 T R i 3 300 ) 8 950 0 BEA T P

&2 EENSIENSHR

Table 2 Parameter of health risk assessment

JEAEIAE] Home time [AEHIE Working time
Z${Parameter
g Carcinogenic k%05 Non-carcinogenic Ui Carcinogenic 4E8U8 Non-carcinogenic
ABS (I BRI A ) 0.01 0.001 0.1 0.001
ATCPHREERRT]) 12468.61 d 4083.25d 6234.69 d 2041.75 d
EF (Z& 04 ) 16333 d-a’! 81.67 d-a”!
BWCFKT) 61.82 kg
ED(ZFEFRR) 25a
PEF (UKL R A7) 1.36x10° m*-kg ™
Ry ORI ETHR) 100 mg-d™
Ry 4 (WPW ) 145 m’-d"!
SA (B JHAE AT AR ) 5700 cm?

SLCEZ REB A F) 0.2 mg-em™
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ABTE 3 Fligfe Ty H ¥R R 2R A R 1—3 Fiw.
_ ¢ Rygy - CF-EF-ED

ADDy; . = 1
B BW - AT S
_CRu];()\EFED
ADDy, = e (2
¢-SA-CF-SL-ABS-EF-ED
ADDyyy = EWAT (3

K H', ADDy . ADDy Fl ADDyy 3 AR R AN KB A L WA ML ENELE QY RER
(kg-d™); e B3 T 4 715 YW & i (mg-kg ™) ; HoAI H a3k 2 s, Hoh BF J2 AR 45 1 55 B 6
PR AR A R )« (A AR 28 & H BB IME Y I AR S E , Ge it A 2018—2020 4 (1] 52 R T4
R R, 3 AFRARY TAE H A 245 d-a7!, HLCOh AR R ILFNE 55 sl ) FE =k T A JE TAER AR
13t 40 ho AT, BW AR (B J& BB 3= 58 MR G2 (2015 AR) ) FI (R VT 88 7S ik 4 BN 11 3
A TS S ) M ) H BB B T K. R o« Rygg A1 ED B35 516 U8 T (75 Y 3 3t XU DA 2 A S0
(HJ 25.3-2014) ), &b HAhH 4 39 5%5 USEPA (R KT F M 1997). 1EAb, B Co JLZR Y SF {ERIE T
T NIAE B 522, RID Fil SF #2% A T USEPA IS5 54l (3 3).

R 3 TIEESESRIOCRARBUES R MEURE X R R R

Table 3 Non-carcinogenic RfD and carcinogenic SF for soil heavy metal elements

S % Elements RfD/ (mg-kg-d™) SF /(kg-d'mg™)
% AlIng W Alnh HftDerm & AlIng W% Alnh i Derm

As 3.00x10™* 3.00x10°* 3.00x10™* 1.5 1.51 3.66
Cd 1.00x107 1.00x10°° 1.00x10°° 6.3 6.3 -

Cr 3.00x107 2.68x10°° 6.00x107 5 42 -

Co 2.00x107 5.71x107° 1.60x107 - 0.016 9.8
Cu 4.00x107 4.00x1072 1.20x107 - - -

Ni 2.00x107 2.06x107 5.40x10° - 0.84 -

Pb 3.50x107 3.52x107 5.25x10™ - - 0.0085
Zn 3.00x107" 3.00x10™ 6.00x10 - - -

AR H 22 f p 45 2R, T 4 Jm Y AR 20 A0 KU O P A UL 4-7 i,

3
ADD;,
HO. = Y
Q, )\ RD, (4)
J=1 ’
8
HI = Z HOQ, 5
i=1
3
CR,= ) ADD,SF, (6
=1
6
CR='CR, (7
i=1

Ao, HQ W AR B & 4 J& i Ay {g B XU 45 4U; ADD, W 4 B e i 76 j BRI 2 T Y H ¥ B i &,
RID; G JE i 176 IS T RS R & HON T A 8 Bl 42 J& 7 & A AEBUs XK CROVE & Rt R i &
JRE RS F5 5 SF O B AR I 7 AF j iR AR T Y SO (XU 198 R R %0 CRO 6 FP 6 Jm L% (As, Cd.,
Cr. Co, Ni I Pb) A4 5 B0 XU . 240 KBS (HID /T 1 IE, 278 3R B0 (B XS Ab 7 n] 432 i 75
P, SRT T, D WIAF A AN T 4252 0 A B0 KU . s B0 AU (CR) T, BR US EPA #7714 2445
R 107 I B R BOE XU T IR BRAL, AT 22 I S5 RAE 107°—107* Z [A] L2 AT DA 32 142,
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1.5 Btk
F AT AT PR R 5 25 40 HF LA B APCS-MLR 52 R 50 43 47 5 By SPSS 19.0 52 #K; 22 14 il /F
Excel 2016 5¢ i, K /1 Arcgis 10.2 F1 Origin 2017 %1

2 R 5508 (Results and discussion)

2.1 THEE SR TS FEAE bR &R

Tl P H 5 R AT R Pl TN B9 X, 26 4 U Tl A R Ni 2 91 B
) 70% Ak, As. Cd. Cr. Co. Cu. Pb. Zn 435l ¥ iz 4 Hb 1 5835 5 {A 1Y 1.25. 13.13, 2.39. 1.62, 1.22,
1.65, 1.44 %, JEAE X 1 As, Co, Ni RT3 (e, Tl st 8 Fh 439 55 4 Ja v Yoy 1 20 S 2R 0005 38 1o
FRAEXE) 155U, Hd Cd, Co. Cu, NiZprdll @ik 2.29, 2.52, 2.07. 2.07 f%. sb4b, Tolk f b
Cd il Co M7 52 2B HE R T 56.60% il 77.26%. B T-i5 Y8 B0 25 K01, Cd Je ZE %) 4t + 19
15 YA BTk i T A TR, Hofth 7 BT R AE Tolk X A (% BA P 35 e F8 BN 4 A 7E 0.70 = 2.39 Ay
DX ], AR A X I 2 A T 0.47 28 1.89 HUSW RN, GRS 15 Geda B ny 45 SR R W JCie /2 Tolk IXid J2 &
X IAFAE R TG Y RS (Py>3).

T Tk S T AR TG e R AR T (mgkg )

Table 4 Descriptiveness analysis of soil heavy metal pollutant concentrations
between resident lands and industrial lands (mg-kg™)

Ei=1 TR W Rz ERRE R/ MHE RRME GBS LS ERE Y WAL 5
Item Element Mean SD. CV/% Minimum Maximum Background HE¥P; BHPy
As 19.56 491 25.11 9.27 35.67 15.70 1.24
Cd 1.654 0.937 56.60 0.427 5.025 0.126 13.13
Cr 170.29  36.18 21.24 113.37 274.82 71.40 2.39
Co 23.71 18.32 77.26 7.74 96.22 14.60 1.62
Tolr A 9.51
Cu 33.41 9.44 28.25 16.88 67.72 27.30 1.22
Ni 22.27 6.40 28.76 11.47 40.90 31.90 0.70
Pb 49.04 20.32 41.44 28.75 133.74 29.70 1.65
Zn 135.60 34.31 25.30 74.17 245.18 94.40 1.44
As 15.31 3.422 22.35 6.28 19.81 15.70 0.98
Cd 1.243 0.307 24.75 0.394 1.602 0.126 9.87
Cr 134.09 1437 10.71 107.42 161.32 71.40 1.88
. Co 14.40 4.42 30.71 9.07 24.50 14.60 0.99
JEAE I 7.17
Cu 27.58 3.77 13.68 21.31 37.62 27.30 1.01
Ni 14.87 2.071 13.92 11.54 19.83 31.90 0.47
Pb 56.03 14.68 26.21 36.96 101.46 29.70 1.89
Zn 149.47 28.04 18.75 105.28 213.28 94.40 1.58

75— LB T AR IR Tl B A b 8] (475 G vk B 25 5, R W Pb 745 28 Tl IX DL R @ AE X
] R 3 22 5 90 AN .3, B Pb. Zn A, HoAth 6 FhoC 2R 19 B S AR E A 7E A X A5 LUK 3. B Tk &
Bl 2 fe BT X H - S0 Y 0 A 0 T 2 0 ), R Y M S T 4 S T Y ) R ORI, T RS
As, Cr, Co. Cu {1 3 F {8 U 3445 HH 78 GEI b, W /X $e 0 R 7 1 i BRI RE 52K R0 T
MV 3G S A7 E IR, IR URE GEL Tk 38 5 45 & V5 Y b 2 1 o ik e LAt JS 28 T 3% sl i 5 3 S 25
G, RN OCHEAEZZIE Tl Ak A TAER ™k T B ERR AL, ET Tl A Cd. Cr. Co. Ni. Pb. Zn [J°F-
By (N T A Tk, b Cd ot R Z SRV R, HALTEA M, RP gD cdis i 5
EI Tk Z [ B2 2559, MZoe R e HAh 4 28 Tolk s RS TG sh i 6 R 8%, X —45 8 N
ZICE WIEHERT IR TAESAE T J7 1w,
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Table 5 Concentrations and differences of eight metal elements in different use lands

25 Type As cd Cr Co Cu Ni Pb Zn
EI 19.9242.71ab  1.04£0.28b  151.09+20.00ab 16.55+3.052ab 35.5+3.40ab 19.7+2.03cd 48.72+6.697a 127.65+26.30ab

MPI 19.22+4.58ab  1.83+1.55a  175.24+24.72a  28.60+11.52a 28.3+3.96ab 28.0+6.85a 51.77+11.21a 140.43+18.40ab
PMI 18.94+4.11ab  1.89+0.41a  177.30+32.36a  16.51+4.239ab 30.0+7.94ab 25.0+4.33ab 44.68+7.758a 139.27+16.36ab
GEI 21.97+531a  1.73£0.73ab  181.20+37.88a 24.73+£9.72a  36.3+8.19a 21.3+5.51bc 49.24+19.78a  154.84+30.22a
MI 17.86+5.01ab 1.63+1.04ab 163.53+41.51ab  25.27+6.84a  33.1+12.3ab 21.0+7.26bc 49.26+27.79a  120.22+40.56b
RL 15.3143.42b  1.24+0.30b  134.09+14.37b  14.40+4.423b  27.5+£3.77b  14.8+2.07d 56.03+14.68a 149.47+28.04ab

TE: Al PR ] 5 BERoR 22 57 A W 38 AN IR) 2 B30 22 53 i 35 (P<0.05).

22 TSRS YRR AT
AH M A B i 45 SR R, As—Cr, Cd—Co., Cd—Ni, Cr—Cu, Cr—Ni, Co—Cu, Co—Ni,
Co—Zn, Cu—Ni, Cu—Zn, Pb—Zn Z [A17E 0.01 F/KF EAF7E i3 AR (W3 6 Fron ). A s FH &
BT TR SR 3 R T, B T BT 2209 30.41%. 24.79% F1 23.21%, KMO {E 4 0.684.
0 B 2 2 e R A L 7 TR
R 6 EEEITRWRIEIIM LT

Table 6 Correlation analysis of concentrations between various heavy metal elements.

JtZ Elements As cd Cr Co Cu Ni Pb Zn
As 1
cd 0.092 1
Cr 0.664** 0.135 1
Co -0.20 0.429%* -0.01 1
Cu 0.134 0.150 0.365%* 0.487** 1
Ni 0.135 0.354%* 0.444%* 0.559** 0.483% 1
Pb —0.50%* -0.14 —0.32%* 0.284* 0.235% 0.066 1
Zn —0.45%* -0.06 —0.28* 0.338%* 0.304%* 0.127 0.765%* 1
RRITE NP

®TOEEGHIN T AR

Table 7 Rotated loading of heavy metal elements in different factors

A% Components
JGZElements

PCl1 PC2 PC3
As -0.552 0.678 -0.112
Cd -0.258 —-0.033 0.852
Cr -0.297 0.866 0.046
Co 0.393 0.105 0.792
Cu 0.441 0.664 0.313
Ni 0.163 0.547 0.619
Pb 0.896 -0.116 -0.010
Zn 0.890 -0.059 0.073

Pb. Zn 1€ PC1 AETESRE AT (>0.7), ££ PC2 1 Cr fEZESRE AT, As. Cu, Ni [A]#f 76 H F A7 7E h 453,
fif (>0.5), PC3 M| =2 Cd 1 Co £F, H Ni IR h FHAT. TR KR (& 2), PC2 h H A7
L5 T UL b 8T i T BN 41, PC3 AN 2 R on R 1 BB FE B JRAS ) PCL i Pb Al Zn, 2B Ni,
Cu 252 AR AT E 24k IR, XS IEE P NiL Co. Cu WEYTLE, HERSE&E T A higs)) iz
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iz . B niX 3 A Ie R Al AR IR T Tk A= P= & 8h 5 Tolk = . A o B 38 Pb, Zn 2 Hh
A RSN RIS AT R R v ) B R R ALl ZE AR SR RO R A i Tk, A B Bl 42 A
FEIY B NI b A4 AE AR & Co T BE A 4 DL A B T 4R 1Y Cu, X [RIRHBLf# B T PC1 Hi A7
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2 8 AT YL LI & H A JE T R A TR, S5 R 3 15 YR T A E A JE TS e i Tk
YIRIE ). Ko 52 @ T Zn, A TN Cr DLRHF Tk X Cd B SRk L T 100%, 433l ik 2
T 155%. 102% F1 189%, [F] B3 £ 5T 28 14 A U515 BT ik R 0 BT A 1 4 Jd o A 1 3 Rk b i
] TRR A TR . 25 S8 2 Fo A o0 2 AE AR PR b 0 BTk ISk 1 ) DTk, I HLANRTSCRTIR, AELE FR M i
M 7K R AR T R A TS ey R 5T X ) - 4 T 4 BB i U I 4 RT RE . PR, SRR
JR fe A 1T RE R IR T ZK SCUR, BR Cd 78 IV VL ME £ 398 v 32 22 LSS PR $ BUS A7 AE LLANE, X s 7R 25 Zn 1
Cr [ e AR EZ LG T i 0T S M AEAE TP 98 X B9 - 38 v . 40 e S i A9 Tk in 4484, Cd. Cr
Zn EA FTRER A F Tk ™= & B JE i, 53X A AF A B 5T IX N — 28 52 A Tl Aialk v R 8 4 T 7= i 8 R AT I
SBAE . 77 i e R A B R AE , TR BS AIL Bl 2 o — B LA 4 i oh bRk Tl o, 4 S04 LA 2 T
KB, FEC T X ST R DV 5 T LU MR R S 3, R T Tl AR B T =
ME A BTG4, X 3 Mot RS Tl i 5 Tk MRS i 6 R T 2],

8 G YLIRX A G B IT R A TR

Table 8 Contribution ratio of three components for each heavy metal elements.

JGZ vk Elements contributions/%

[X-FComponent
As Cd Cr Co Cu Ni Pb Zn
ikl — — — — 85.99 154.74
HAETAIRE 83.38 102.31 — 87.54 — — —
LTl IR — 189.26 — 89.85 62.04 — —
KRG 16.62 -89.26 -2.31 10.15 12.46 37.96 14.01 —54.74

2.4 VBEAEAR AR 5l TN A R XU P

5 2% FH b 1) VR T R XU Gn 6 9 I/, B Cd VB FE 2B 28 XURS R B0GR B T AR 3 2 A ik ¥ 4,
b 7 BT R BRI R RO, 5 &% 0 R AR AR s st . R A, B2 X B i A A AR
W E B Cd 1AL, HixIooz 20 JI7E E1FUE A H M 32 30 AR 558 XU, 78 MPL, PMI, GEI, MI H &)
h A s XU, [ B A1 S 0 2 P s ) RT BRI RE SR 2] 1 AR 580 XU 114 7K P

RO AL P AR A S KU

Table 9 Table 8 Potential ecological risk of different elements in various types of land uses.

FHIZE T Types As(E) Cd(E) Cr(E) Co(E)) Cu(E)) Ni(E) Pb(E)) Zn(E) RI
EI 12.69 249.30 423 5.66 6.51 3.09 8.20 1.35 291.06
MPI 12.24 437.59 4.90 9.79 5.18 439 8.71 1.48 484.32
PMI 12.06 450.18 4.96 5.65 5.51 3.93 7.52 1.47 491.32
GEI 13.99 412.19 5.07 8.46 6.65 3.34 8.29 1.64 459.66
MI 11.37 389.72 4.58 8.65 6.07 3.29 8.29 127 433.27
RL 9.75 296.01 3.75 4.93 5.05 2.33 9.43 1.58 332.85

AR SCH R TN A BRE AU Ry S R XU 55 AR XU =22 L e BT 5 2 Tl Al g 77l TN B 8008
A B0 AU 23 W] 3 F0 4 B, 5 28 Tolk ) 22 S5 0F ORI e, SR 1 3R 30 XU (HID 2y 0.524, BUE K
K (CR) g 8.72x107%, 3¢ WA ££ 7E Wb & A9 208 KUK . He v T 1 00 1) 3 591 57 R 7 =1 35098 A 250 XU 7Y
51.85% Fi1 56.00%, A7 =Ml T A A5 JRURS: fr) o B 22 RV, (H 5 e M) 9 22 AR, VAR 1, SR AR AR
XoF N S M SR DRSS ) o ik ek S 3, 4 o) o R 0 N A S0 R RURS: 1Y) 96.53% 1 79.23%. LR TR A
AR, A3 TR T B0 AR B0 XU 4 3.38% Fl 20.17%. T 12 fith 34 42 %o 35 s 15 3R B KUK 19 57 ik 241K
T 1%. X7 TS, A BRAREL B 37 350 A 2 A RS AR XURS: 19 07 2. 36 W I IR A0 PR 45 5 7 L PR 455 (1)
438 RT3 /b BN TR PN ) 7 G 0 50 ] R 2 A5t e 7 Ml T A At B RS Fr Vs A 1k
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Fig.4 The non-carcinogenic risk of worker in different industries

AH LTI A 25 KU AN A 27 75 JeFR 40, Cd AT di B8 A XURS R U5, Cr o 500 A A 00 XU 7 BT
WK SR 2] 92.46% A1 49.38%, HLUE As, 73 SRR N 4.37% I 36.26%. HoAh o0 3% (19 STRk R 24 (1%
T 5%. RIS, @R X 5 Cr il As 175 B [RIRE(E AR G,

X7l A ARG STk 5t A As F Cr, HoAE L3 g RS 2R E 8 SR Tolb A ¢, T 10
b X5 g A X ) e g e, A DX 3 ) 2 TN T Sl BT ik 4 R TS G S . A U R X
H A S P b B S v T T T ot AR A i R (X R X PR OT ER T Qe R AR HIOFAS 2. i ]
S/ N X g A I AN A5 T B AR A £ R JXURS: , A TS0 P A B R b 23 B A 5 Tl IR (T PR 45 12
e RYEE R th T Tl 37 A s A 37 4 BTRR 1 2B i 7 Ml AR IRURS: , DRIt T8 38 S AT I K AR
ARG Y, IR AR B U0 i A SR S, AOREAT BT R M TN A SR RRE XU

3 2512 (Conclusion)

KU E R H AR TP & X 13 As, Cd. Cu, Co. Cr., Pb I Zn B B 5 T~ 24 + 1515 51,
Horp Cd ER L HE T bR iE. B P, Zn 4b S KT IX P E SR TR R E B & TRAX. A
8 FhIC R AE Tl b Hp () 28 S 35 (B8 ok K 1 Ji A3 P MBS 030 2 4%, o e i &5 &8, 3 AN
fif R T AT 2510 78.41%, 3 AU A5 Tl & 2 A Do Bl R i Tolk I’ F R & Tk K+, 75—
AR A . 7E Tl P F A e B B 9 % As. Cd. Cu. Co Fl Cr 1[4 Cd #MATE GEI HELE i
. 0T Pb 1 Zn 0 5838 T 2 A AR R M TR L A M v AR A AR XU R 3 PMI>MPI>GEI>MI>
RL>320>EL iX F %y Cd Y e e B R 2 B PR 5 B, A T e 8 B 25 R 5 Z AR L. 7 ol T f e XL
BrEM s R R, S R TR EAE LM ES B TR T & LA R EES, (A5 F X e T
b A H A =l TR T B A7 A R IRURS: 119 22 S R OR B 3 BT i, RV A B0 KU Ak T A K
(0.524), (HEUE XA, K8 T 8.72x107%, EZ 5 Cr Ml As Il B AR R IEANMA . AR TR [ 57
B SR RE, A Pl T TE Tl Aol oo 16 45 83 Bsf 10 38 /0N 8 SR B[], {35 7 52 ik %) i g XU 7
FEEEARL, PRIUL, TCie 2 DCHERR Sk B AR EE 45 0 V5 G, 0 2 I T YL ilioxd A FH 1 - SR g sz o), #0447
Bl e 7l TN A (e R RS . (] B, 5 A AT 7 45 SR 48 % = BT B R Tk & X ¥ e B if A R R
HRLA Tl 3 2 Sk 32 3058 38 HE A 25 6 A B K.
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