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 OE OO RS E G YKCERTG YR IR, DO R s R IR X g, SRR E HIERE R (Cd).
K (Hg). fif (As), 4% (Pb), % (Cr). i (Cu), # (Ni), 4 (zZn) H 8 MELSESE, g A0 ks
HIE & @ 25 A A e fiE , RS Fis g dg 80k . 1 BRUREOE . e A S KT8 B0E AT L35 G a4, A E
P53 BT A0 32 53 43 AT /46 % 2 5y 488 ( PCA/APCS) SZ IR ALE B AT 4 JR R IR . 45 % W, Cd. Pb, Cr. Cu. Ni,
Zn % 6 PP 4 JE R A A H M XU i e 18, HE I BIMIE S Cr, Ni(31.6% ) >Cu (21.1% ) >Cd (5.3% ) >Pb. Zn (2.6% ).
Cu. Zn, Ni, Cr & ma BRI AMIFIERA—Z, SE KA HER AL, RS Rl BRI EIEMN L5 R LW,
tHCcd EEMER S, T CdEMEK, Crikz, HibELSEZNK /N, HHREERGRBEES KSR R
TR XS SR E, As. Pb. Cr. Zn NREMAESKE, BEASEER/D; Cd. Hg, Ni dREASKE L L S0
AR 52.6% . 15.8%. 5.3%, TIEE 4RSI EEH Cd M He 5. 8 FEAEEICRBIRDIN 3 Fick
P8, Cu. Ni. Cr. Zn FZRFE KN ARIE, FEZIME KA R A T EETFESZM, Pb, Cd. As, Hg FEXRA
TAbASE IR, As FIEZ B R IEZ W, 1§ 0T H5E & E R AN B—, Nomsk+3E$ Cd. Cr. Hg M5 gedadl, o
HE Cd W5 Y,
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Ecological Risk Assessment and Source Analysis of Heavy Metals in
Agricultural Soil of Haikou City

WU Ji, WU Chengcheng, WANG Jing

Hainan Ecological Environmental Monitoring Center, Haikou, Hainan 571126, China

Abstract: In order to explore the pollution level and source of soil heavy metals in Haikou City, taking the agricultural
land in Haikou City as the research object, the content of eight kinds of heavy metals such as Cd, Hg, As, Pb, Cr, Cu, Ni
and Zn in soil surface samples were collected and determined, and the spatial distribution characteristics of heavy metals
were clarified combined with geostatistical analysis method. The single factor pollution index method, geo-accumulation
index method and potential ecological risk index method were used to evaluate soil pollution. The source of heavy met-
als was quantitatively analyzed by the correlation analysis and principal component analysis / absolute principal com-
ponent fraction (PCA/APCS) receptor model. Six heavy metals such as Cd, Pb, Cr, Cu, Ni and Zn exceeded the risk
screening value of agricultural land, and the proportion of exceeding the standard points from high to low was Cr, Ni
(31.6%)>Cu (21.1%)>Cd (5.3%)>Pb and Zn (2.6%). The spatial distribution characteristics of Cu, Zn, Ni and Cr con-
tents were basically the same, which were similar to the distribution of basic volcanic rocks in the study area. The
evaluation results of heavy metal geo-accumulation index showed that the concentration of Cd in the soil was the high-
est, and the soil was greatly affected by Cd, followed by Cr, and other heavy metals were less affected. The potential
ecological risk levels of soil heavy metal pollution were mainly mild and moderate risk levels, while As, Pb, Cr and Zn
were slight ecological risks, and the potential ecological harm was small. The above points of Cd, Hg and Ni intensity
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ecological risk accounted for 52.6%, 15.8% and 5.3% respectively. The potential ecological risk of soil heavy metals in
the study area was mainly caused by Cd and Hg. Eight kinds of heavy metal elements were identified as three sources.
Cu, Ni, Cr and Zn were mainly from natural sources, which were mainly affected by the high soil background value of
basic volcanic parent rock, Pb, Cd, As and Hg were mainly from industrial sources and traffic sources. As was also af-
fected by agricultural sources. The source of heavy metals in Haikou soil was relatively single. As a result, it is neces-
sary to strengthen the pollution control of Cd, Cr and Hg in the soil, with the focus on the pollution control of Cd.

Keywords: heavy metals; pollution features; PCA/APCS receptor model; potential ecological risk index; source analysis

DOI: 10.3969/j.i1ssn.1000-2561.2023.05.021
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A BRSSP A H g i Ak T - a5
T4 @ 5 e i A S KU RN BT Sk B A O e
WCABEFE A, IR TR E AR B
IR THARE X I AE A D2 0 T I
4 B 15 YR OURNS Yol U A T A OCHIESY, 2R
e U2V 3k IR 40 M ik 20 M T RS I AR 1
B4R FEORTE, LB T XEAE TS B 00 e IR
W5 B EE S CLR 2 AR M S 2 0 T
T R B AR I b - S TR 4 B A AR AR, IR NG ek
TREAT B B RAT . T VR R R 4 23k, &0F
KA, A A SR S R P &
X, ZAMBIXEERH . AR TR [ b 57
S S X TRl W T AR R G AR A A
FHAE I, 2021 R E B & 105 400 t, B
SEETAHEE 540 000 t, KPR 242 500 t, AR
Yy oML TE AL 21200 hm? , bR E A MO
1933.33 hm®, P @R AEBE LM 47533 hm?, 4
T AR E] 3385.33 h®t™, 9 11 T A FH S BRI
J R G ZR A B LA TR AR, X HF R 4
J@ 25 A1 A3 AR A 25 XURSE PP B 75 Gl oK TR figk i L
A EEE X b, A58 BOE 0 R 1
FFFEXT S, st Ae 34 (Cd), 7K (Hg).
i (As), &5 (Pb), # (Cr), #i (Cu). # (Ni),
B (Zn) %5 8 MESESE, RAMHGEERS
( geographic information system, GIS ) H1 Ay 1 5t 11
S5 BT IR SE e T 4 SR 15 Y KO- R A RRAE
12 FH 22 Fh T 7 sk At 4 38 B A 49 1 25 KUK
T F A B/ 4a X o343 ( PCA/APCS )
RT3 T 4 JE R PR AR AT, LA i O
MR EESEERUGSEE . HERE
Ji b A S A VAN S5 R R A A B

1 #REFE
1.1 ##
1.1.1 AFRRE#MA R NFEEESEO

7, 1 DT T 19°317327~20°04'52"N,, 110°0722"~
110°42'32"E, HuAbifg g b8, REABCETT, F
P B, PO B, JCIREN e BT A
N 3126.83 km®, HA AL 2296.82 km®, i
R AL 830 km® . JE P Z RURFVEE B, 2020
AR RS 25.4 °C L AR & 1220.4 mm,
BB T I by N & R [T 1 1 102 N T -4
WA AH 33, WA A S KA
EIR ., s BFA ., IR SR, +1
R FFAELE . KFEL . EigEh L =Y
+ . ARt

1.1.2 #HeeRfE ARERIEAME 38 P LERE
AL, HoPiEd 6 kmx6 km MRS LA 20
A, 78 3 AE IR K AR XA 3 13
AL, fE 1 ADRBIB SR IEHATIE 5 A0, +
BERAE RS WL 1o SRR 38 /NI i A FH b
R ERE S SRR R A ERE N R G EN,
REERIE R 0~20 cm, FEMRET HALT 2 kg
FERCREF ETRTZE, ABRKT, En .
Bah, A . MRS 7E R S
() P9 58 B 3R AR | 4 | AR RESE T AR, Cd.
Hg. As % 3 /4~ H 4 3o i L4254 0.15 mm( 100
H), Pb. Cr. Cu. Ni, Zn % 5 4~ H 40 % i i
LN 0.075 mm (200 H ),
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121 #HomadmbnX +TIEHERLSEIHERE
CEHEREE IR A FH 3t 4 3575 e IXURS: 45 2 s o
(117 )) (GB15618—2018 ) F 4 Il +- 498 75 ¢
K e (AT H , 4% Cd. Hg. As. Pb,
Cr. Cu, Ni, Zn, +3 Cd S8 (AR HETK
WA B ) (GB/T 17141—1997 ) #EA7I &
Hg Al As Z M8 (RS R T 26675 ) (HT 680
—2013 ) #EA7ME, Cu, Pb, Cr. Zn Fl1 Ni &
(PR AB X SE200E %) (HI 780—2015)
HEATIAE .
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Fig. 1 Distribution map of soil sampling sites
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X, PR ESE | AR TFREG Gl
wEE B EE, iujﬁ rng/kg, SHh (3
RBE 0 A% FH M - 3505 e KU A vt (34T )
(GB 15618— 2mg)$iéﬁumﬁkﬁﬁ@ﬁ
AW 5T A% T 4 R R FH A o b d ™S 1 A i BRAE
(Cd & 03mgkg, Hg & 0.5mgkg, As N
20 mg/kg, Pb & 70 mg/kg, Cr >N 150 mg/kg, Cu
Jy 50 mg/kg, Ni K 60 mg/kg, Zn & 200 mg/kg ).
Fe BB 4850 (P MR/AINVEIS Q5907 R 5
% Pi<0.7 HiHH, 0.7<P,<1.0 T, 1.0<P
<2.0 WEREEI5YL,2.0<P<3.0 HPEEY P>3.0
R EITY

(2) Hb BFHEHOE . H BRFBFE RS —Fh
R R R EEATIUE) S i B A Ty B e
BRI . ANJIE SRR, W] D0
SMEE SR H IR E SRR, HitE AKX

A
log{kf }

A, Co WM E &R A S &5, ALl
mg/kg; Bn XN HE 4R 'Jﬂilfkﬂi'?ﬁﬁ%

ARSI (iR A IR T R (E ) *%\%Ei
oo RE M (cd A 0.04 mgkg, Hg K
0.048 mg/kg, As K 7.5 mg/kg, Pb k 28.4 mg/kg,

Cr & 76.4mg/kg, Cu & 193 mgkg, Ni N
30.8 mg/kg, Zn N 60.0 mg/kg ); K MIBIEREL,
—BIME D 1.5, $% M REFEEC (1, ) BIR/D
WP hTeTs g BRES G Wb s g,
JETG G MG g . EETG YL REIS SR T
G, XL HLRFBIEEC (1, ) PN 1ge0=<0.,
0<lgeo < 1+ 1<lgeo <2 2<l oo <3 3<lgeo <4 4<l o
<5 lgeo>5.

(3) TS KT8 . e A S48
BoxUST T I L EE & R A S,
LA HIE T HEBER . R RS W
KV AEWEENE . AR EFER R, ﬁﬁ“ﬁ/\f
e

Q=%
B,
Ei =T; xCj

n
mzza
A, Cf NEAELBISRAL; CLNESIE I
i, BN mg/kg: BLUOATEARE | BT RE,
AW BOG A E A B RE (cd b
0.04 mg/kg, Hg M 0.048 mg/kg, As A 7.5 mg/kg,
Pb & 28.4mgkg, Cr & 76.4mgkg, Cu H
19.3 mg/kg, Ni & 30.8 mg/kg, Zn Ky 60.0 mg/kg );
By ME AR i 1 I A SRS R R TR
HEJR i RN A KL (Cd 2 4, Hg 40,
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As } 10, Pb 2 10, Cr /2, Cu 2} 10, Ni K 10,
Zn k1) M RUCH LR E 4R L8 A T e
PO LN = Q- ER g = NP R e N BN AN A |
ZEATEAE L 25 KU 1 B0 Sbm o R FH I AR A 1)
6T T %) A 285 XU 48 5003 G b o

(4) HEEEBEEMI k. ElH 5/
7 X7 o 080 ( PCA/APCS ) 2 AR50 3= 352 ]
T A DR 4 R 1) - 2 Bk A A R AR
SR BTRR R o T S 3 R A 43T ( PCA ),
SIAEREARTTEEF (APCS), #E17Z 04
5, BAERIAREYTTRR, EELERY.

OFBH— LA T4 ELEJRITRE T &R
AL, M PCA 1520 —fb i K 7504k -

, _G-C

i
] G

A, Zy bR R AW (E8E ), Gl
HEBILR A ELIE; C; Mo 2 AItER i 1Y
S35y BRI 25

QI 0 WEEFEAR I 204, B X E 4
JBICERGIA 1R 0 M AWEEAR (Z) ):
0-C, G

Z,

Oj Oj
QB FE4IRILER APCS, iR MREARY
o3 B0 & 0 MR BEREAR I R 43 BT 15 21 8 4>
JEICE K APCS,
DZITCLME RN M. FHE 4R & 2 8 X
APCS W Z et A ( IE S8 & AR,
APCS JHAr iR ) 1320 MIH ZE0T K APCS #%
AR BT G B REAR I BTk, X C TR T
HRE AT 1 A2 ond kR

c,:%i+ji(APcspxbm)
p=1

Hor, by AN EJRICE | M n gk I T
RO by U p XTEAEICEK | i bl R
APCS, NiH J5 B T p B 20 % APCS, x by
RUE p X G BTRE  BE ST EK ;T A R AR Y
APCS,, x by - H{H 375 Y- 4 4 X 5 ik o
1.3 #HIEAE

HIEE &R IRE ST . AT
F A L e vk M AR SPSS 25.0 &
Excel 2010 %4, MG it2r oM f4s (6] 0 A K 1
HIVEDE ] ArcGIS 10.8 #4581

2 HERE55W
21 TESSESERTHESMIFE

T AR M - F 4R Cd. Hg. As. Pb,
Cr. Cu. Ni, Zn S EGITERNLE 1, LI Cd,
Hg. As. Pb, Cr. Cu, Zn. Ni % 8 fh&E &5 F
PIESYHM 0.10, 0.071, 3.83, 30.4. 197, 39.4,
84.7. 75.1 mg/kg, & As 4, H4 7 MELE S
YR A R R E, R X 14
BHETROTRAEEA —CERENHE, 8
BEERSTRDEE R, HAESRZRBELT
50%, SEIUHAR YA E R EPE, Hidh Cd A Ni Y
5 BB T 100%.

®1 BOLTREESESERMIRIT

Tab. 1  Statistical characteristics of soil heavy metal
content in Haikou
geituie
Statistical  #& Cd 5K Hg il As 4% Pb 4% Cr 4 Cu % Zn 8 Ni

items

-
BME it 0013 016 147 289 64 116 55
/(mgkg™)

S REIVA LD

' 0.08 0.071 232 241 107.0 229 685 33.0
A(mgkg™)
=)
Biﬂ% 0.64 0.176 14.40 109.0 709.0 147.0 231 267.0
/(mgkg™)
*ﬂjﬁl 0.10 0.071 3.83 304 1970 394 847 75.1
Amgkg™)
jf’“{ﬁfjl 0.12 0.037 3.74 179 191.0 358 53.8 803
/(mgkg™)

AR FREU% 119.02 52.28 97.68 58.91 97.22 90.88 63.52106.89

I FH S B B ANCER 3 A A5 21 BF 5T X R b
TIEESE SN AAE (K 2), FTLAES Cu,
Zn, Ni, Cr WM& EAZ M SARIEEA -3, &
(B DX 7 1 TDIR 20 A 4R AIE , BV T AT /N B s X
Hb, 4 FPICE S R RPN B Y
FEAUFE AR N, 20 . =T
o RO SRR, S8 XS KA 4y
AR FAAL, A2 ek ko e Bl B S5 A 5 I 4
Ko Cd. Pb HIESEEHP.OE . FLIKAEE
S A R A AR R A X, S S R
IHJHAE | 8 8%, He M As HIES BT O R
R (FE =, IHMNE X)) hEEX
Hb, o ITEE TR R Jrm) (=T T3E ) Apadt
T (EZAA I K% GHE ) BB
A X
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Fig. 2 Spatial distribution of soil heavy metals in Haikou
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221 RHEFHFEBIGFNLER S HESES
SRR T R b 1 TS Y U A AR
#E (IX47 )) (GB 15618—2018 ) KUK i e e 4%
R A N i (= N VA = 7 I N =B K (1 B O
(31.6% ). Ni(31.6% ), Cu(21.1% ), Cd(5.3% ).
Pb (2.6% ). Zn (2.6% ), Hg Fl As & 2 Wi H & )&
A R I ARG T e B s (T 3). ARFE L FI5
PR B, Cr Ni i 5 G T 20%,
HfmiEAER, B2i53FERE, rTREHRE.,
Cu I Cd B A HR 53%. 2.6%. Pb
15 YT /N HOS RR EEER 2.6% N R B Y
Hg Hl As % 2 T8 4 J@ s A A s T KT

BEEESE BPEEE DREFRE BTE B
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Fig. 3 Single factor pollution index of soil heavy metals
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KW lcay lags lass oy e leus 1z I (EUE
Bl 2351 h—2.58~3.42 . —2.47~1.29, —6.14~0.36 .
—1.54~1.36, —1.99~2.63 , —2.18~2.34, —2.96~1.36 ,

-3.07~2.53 (& 4). =M BRI E5 HH W,
As JCT5 YL AL IR 94.7%, 5.3% s TS
Yoo Pb ICT5 Y. FEEEVS Y . R P RS Y 0 S L
15357 86.9% . 10.5%F1 2.6%; Hg. Zn 73 HA
5.3%F1 7.9% LB R R TS Y, ToTE YL AR S
PLLb IR, JCI5 YR 52.6%F1 55.3% .
TSYA IR 42.1%F1 36.8%; Cr. Cu. Ni ¥JA i
AR B BT, LB 5o 13.1%.2.6%.13.1%,
Tel5 e LB, 43900 52.6% . 55.3%. 57.9%,
B B T e R e R BE S Y FL A4 R 34.3%
42.1%. 29.0%. 8 FiE&JE T, 1L Cd fAAE W &
SY AL, I 2.6%, TEI5Ys . S Y . W
WG L H RS e s L A R 36.8% |
39.5%. 15.8%. 5.3%, e BRIEHEIMELIA T
#r MR BN €d(0.19 )>Cr( 0.12 )>Cu( —0.09 )
>Ni(—0.14 )>Hg(—0.25 )>Zn(~0.41 )>Pb( —0.65 )
>As (—2.34), H cd. Cr &b FRETSYIKF,
HAth 6 A4 JRAL T T0T5 YK o s RFE B2
KW, WOT g od EERE RS, HHEZ Cd
ALK, Crikz, HAWESEMmE/N,
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Fig. 4 Geo-accumulation index of soil heavy metals
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223 BEASRGRLEFNER TIRIXL
e & Jm A AE S XS AN S SR LR 5, B
A KRS SR B 554Kk Cd. Hg. Ni, Cu. As,
Pb. Cr. Zn, KM+ As. Pb. Cr. Zn ¥ K
BWMAESAR, BAEASEEFR/N, E4E Cd
FEZBEGE I VB AEAE AL TR, 4 AU 72 B T
o7 B 23 ) R R A SRS 28.9% I EEAE SR
B 18.4%. SREEAESNKES 36.8%. fR5HAE SN
10.5% . He 5 A XU 5.3% vk Hg (1942 25 XU
fEEM R, 28.9% s b TR AR SRR,

55.3% s 7 iR B BE AR S XU, 15.8% A iA EIAR
oo 2B S KUK o N o A 2 KU s A EE R 5.3%
FEAT L, AT DX 4 4w A e AR S AU
ZHh Cd #1 Hg 512,

I AR R AR 2R U
W R A XU
100

WIREEAERRG WRRUES RS
W AU
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Fig. 5 Potential ecological risk index of soil pollution

Cu Zn Ni

LER IR 8 W 4RSI, BFgE X 4%
B R FE RN 32.21~870.91, 52780 25 KUK .
rfRE A SRS L A A XURS: . AR i A A RURS |

e 3 A= 2 KURS: 19 L6 A9 43 53 R 39.5% . 31.6%
26.3%. 2.6%. 0%, BF5EIXRER G4 T 524000
JE A KU AT, 5 B A 25 RS | AR i A 2 UG
DX 3k 2 A ARG X P L RN R X RTAR
BN B, AR R IR, Sk,
KO PFEE . LR . IHNAE | BEAE . =14
TSR/ NI4T X IR AE (& 6 ),

>z

0  10km
WRMAES XS W AR A SRS
W PEASKE W ASRAESR
O 3R A AR XU

Bl 6 TEEAELESKNEEHESEEINZEIM
Fig. 6 Spatial distribution of soil pollution assessment by
potential ecological risk index method

23 ITESSRETHERMBIN

23.1 g FLBAEFMEAMSH  FIH SPSS
TR AH AT, XIBIFE X 4% 4 Jd T R AT A ¢
PEHT (R 2), 45K W, Cu5 Cr. Ni. Zn &2
W 25 TEAHDG, MOCRET I 0.696. 0.959.
0.880 ¥IKTF 0.6, J&E T, £ Cu. Cr,
Ni. Zn A BEAAAESER TS 2, Cd 5 Hg. Pb,
As BB FEIEMIK, HIXREHIH 0671,
0.716, 0.500, %M Cd 5 Hg. Pb. As n[fELF1E
5 YE, Cd 5 Cu, Cr. Ni, As 5 Cu, Cr,
Ni. Zn #HXRREUN, £ Cd. As A[fig5 Cu.
Cr. Ni. Zn BB SN,

®2 rEESETEENBEXMESHT

Tab. 2 Correlation analysis of soil heavy metal elements

Ju# Element Ccd Hg As Cu Pb Cr Zn Ni
cd 1 0.6717 0.500™ 0.063 0.716™" -0.099 0.361" 0.019
Hg 1 0.481" 0.316" 0.5817 0.148 0.490™ 0.265
As 1 0.033 0.570" -0.173 0.154 -0.050
Cu 1 —0.108 0.696" 0.880" 0.959™
Pb 1 0.091 0.223 —0.140
Cr 1 0.718" 0.727"
Zn 1 0.867"
Ni 1

e TFRBEME (P<0.05), "EAKEFEMRE (P<0.01),

Note: " indicates significant correlation (P<0.05), ™" indicates extremely significant correlation (P<0.01).
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232 EZmHo4 (PCA) BELERGTEIFEHE
PEbRAEIL S HETT KMO #5480 & Bartlett BRIEKG 55,

455 KMO {H4 0.692, PN 0, &G
FAM T (KMO>0.5, P<0.05), AATE & &
AR, PCA BRI 56T PCA JREEXS H T2
faf M MR AT O 22 e RAL e G, RIS 2] 3 D FK
ST, H B 2 5HR AT 87.0% (£ 3),

REfR B> A B R IR . E AT R Eow
T 1 LR KMESEREA Cu, Ni Zn, Cr,
R 2780 43.4%; ¥ 2 Lam i Ry E 4
J&4 Cd. Hg. Pb. As, ff#REIr 2454 32.0%;
T 3 FERMBRKNESIRA As, R ELE
11.6%. 3 > F W5 145 48 Bom a1l 7 Bos o

®3 ItEESERZRTHA

Tab. 3 Factors matrix of soil heavy metals

i/ 843 A F Principal components
Element 1 2 3

cd 0.051 0.858 0.236

Hg 0.315 0.726 0.302

As -0.016 0.543 0.690

Cu 0.980 -0.050 0.085

Pb —0.124 0.948 -0.081

Cr 0.767 0.075 —0.541

Zn 0.921 0.302 -0.024

Ni 0.978 —0.083 0.001

Bt 3.470 2.564 0.929
T E 5T /% 43.4 32.0 11.6
BEBE /% 43.4 75.4 87.0

PC2

-0.5 0.0 05
PC1 PC3

7 tEEEEEEINIUGTE
Fig. 7 Loading diagram of principal component of total
heavy metals in soil

2.3.3 PCA/APCS ZRAEA R fEH  PCA {XRESE
BUXT 5 G U5 i 2 PR A, SR B AS TR] U5 Y BT kR

FIH PCA/APCS 32 1A T E — 25 JF Ji 2tk 5L i
Mr, BRI ICRMZICAERIT . RN R
AR 015 56 & v R AR 1 Y 43 AR SRl AR
B L], R B QR RGBT, 455 oK, He.
As, Cd, Cr, Pb, Zn, Ni, Cu % 8 PIL&E[FIH
R R A3 0.710, 0.786. 0.794. 0.884.
0.917. 0.938. 0.964. 0.970, [m] )45 %1 RE fiit B¢
70%~90%IM A8 5, U5 R BT

HR A [ A 7 R34S 3 45 00 R OR R R 2 51
HRR, 4R IE 8, HARVEZE Cu. Ni. Cr. Zn
1) FEORTE, TTEREE5 3N 89.3%.85.5% . 84.6%
65.8%, H:rf Zn 832 %) Tlb 22 20 . Pb, Cd,
As. Hg FZk A TAL A @I, sTwk%E 050k
78.1%. 61.8%. 60.2%. 57.8%, Hrh As 8%
RNV IR, TEkE N 31.4%., PCA/APCS Zik
BRI JG AR T 25 5 5 PCA ZM M4 i A —3L,

W RANE mRIE mTAGEE 1 ARR

100—. l I
80 I

60 F

40+

20

Cu Ni Cr Zn Hg Pb Cd As
JGZ Element
B8 AERTHLE

Fig. 8 Contribution rations from different sources

FEAZ Contribution rations/%
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A FE R FH AR T 5 Yedg Bk . RABFE 4L
B WA SRR BOERAE 3 By R T AR
F M A3 4 R AT PP . Z5RERI, 8 WiE 4
J& SRR ST RBEMIE T 50%, Hirb Cd FNi #Y
AR ZROHIE T 100%, JB TRRAR R0y s
o) SRR . Hg Fl As 2 R4 J@ BeA #ad XU
(S, Hofth 6 FhE 4 Ja R A AR FH 1 JXURS: 07
TEAE 5507 F ) A BIAR Y Cr (31.6% ). Ni
(31.6% ). Cu(21.1%), Cd(5.3% ). Pb(2.6% ).
Zn (2.6% ). WH5EIX 8 Fhi 4 )@ i REUEHLi S
P Cd. Cr BREET5 4y, HiAth 6 NEAJE I
Yo ZEREFINGE O HE od SERERS,
Bz Cd ik, Crikz, HAbE S BRI
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N o IR DX R A A 8 B v R A 2 R KT
oo B A S RV L AR ik A 2 KUK IX 3, 3 A w7 AT
FEX RS . EE /N KIS AR RN R O, AR
FH b - 398 5 4 T 0 AE AR 28 KUK B K BRI Ry
Cd>Hg>Ni>Cu>As, Pb, Cr, Zn, HH', As. Pb,
Cr. Zn ¥ RS, BEASEER/D,
Cd. Hg 5% & &S R UL b A& B o 5k
52.6%. 15.8%, MF5¢X + 3 48 i 7e SR
B EZEi Cd Ml Hg 51 . Hg M1 Cd A1 XU i 1
HREEAR, HEEESKEERME, FEHR
PRS2 P 7 AR 25 XURS: 8 B0 AR R B IX BT Se(d 25 55
Heil b, LA %S TS EEE, M Hg A1 Cd 1Y
B RBEK, REHERME BN O T 55 8
BETE A SRS SES, 3 MR R TR
W) 5 4 JR 4T RIS s, 5 R AR T & TR S
Jeyis s e fa s, W% R 1 4 R T Ak
Az A S R BT T TE 1 AR o IR S X ik 1= 4 v
Cd. Cr. Hg s yedstl, JoHE Cd s s,
TF 5% DX A FH b+ 398 75 45 J VR A A i i 7 4
P HT . R340 H7 B PCA/APCS 32 1A 7Y
SINTSEEL, 3 R M r RSN B, R
PCA/APCS SZARBIRI P M SL 8 1 8 IR ff AT . 4%
R, WFoE X 35 Yokl 2 o I k1l s
B BEE KA G A B ERRIE . Tolk Al 2B 7= K
3l AT Al A P A IR AR 276 45 . Cu, N,
Cr. Zn FZRIE R AR, TTHCR 510 89.3% .
85.5%. 84.6%. 65.8%; Pb, Cd. As., Hg %k
H Tl s, stk s501h 78.1%. 61.8%.
60.2% . 57.8%; As [RIISZ 34V J5 5200, SRR
AU Bt ok L AR T 3 4 U R R 5T 6
Bl Cu. Ni. Cr EZRIFE T AL, Cu. Ni,
Cr BRI 8015 5 & i . W o P o & ol it
A 5 380 M BR b 2 S (R (A TR 20 4k K
TR A R R O R BRI E R AR, dnd ke
A+ P TE (Cr. Cu, Ni, Mn ),
SR g AR (Si0,), R A ST
HEEAE Pb. Cd %, A SEERG %Y Mg
P RSP s g R —8, Cu. Ni. Cr.
Zn FE S5 IK I SOl i B A, R
BUb M K KA 39 Cr, Niy, Cu 5
S8 FECRIE T+, Cd. Hg. Pb, As %5 4
F e 230 Ry Tl A b A 7= 5552 3 342 i 17 3 @l =
P Pl TR A A ST, 2021 AER R
BN 288.66 1, Ak iadk 206 4, 52

ST 1 41 o < W | 4 7 o Y S & 6 o A
Pb, Hg. Cd. As 55X Tl A5 s HEiL |
283 e AR KA K. AW Pb, Cd. As.
Hg F£Zok [ TolkA ™. 388 is 5 56 N ki s
Wi, 4B AP SARIESE Cd F P 152 58 IR
HEE, FEEARERSHDI. WEhtE . &
AE R4 . LS ZE LR B . IR .
T oK e B S B A IR — o R AR R 32
SYEIE R, AAIZIE RS 2 M E
WA HSIEPT, As ERT 1, 2 B ERART 40 A 20 5
S 0.543. 0.690, #FAfrAHY, AR,
T As Bz PEARZ . AR EGR . B,
Al REE AL As TEHIEFIE N — e &4, As WIEN
AV TESIARIROGER . ARFFFEH As EEORIFE T A&
Wi, S@isE I gs R—g, Rk =n]
RETE - As 9 E &, FIRHAR = S As L4
E R ST
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