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Pollution Source Apportionment of’ Heavy Metals in Clﬂtlvated §01l Around a’ de'Mud
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Yard Based on APCS-MLR snd PMF Models Wl & 3~ ,-:f

SHEN Zhi-jie', LI Jl@*qm { LI Cai-xia', LIAO‘ Ze yuan , ,IMElglan 0 Cheng-zhong’, ,WANG lﬁng -yorlg', ZHANC Cheng"™ e .a.."".

0715 China; 2. Chongqing Mumclpdl Soth(dat’Mdﬁéfement Center, Chong_qmg 401147 Ch‘l’nd)f
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(1. Clollege"of Resoum’es and Envlronment Southwest Unneyltyc,l(lh ._
Abgh'act In ordfﬂp exp'lopq he characteristics ang sources"" f heaw meta} p(:ldl:ﬂmn in cultivated soil aroupd aed mudfyardgn Chongging, the content and spaual lSlIlHIlthn
characten%'llcs of eﬂ"ght hea‘ﬁ metal elements (Cd, Ct, I-ﬁg, Nl /b, As, Cd and Zn) in the soil wene ana,lf d, and the snllgle factor pollution index method and Némerow
cg_m.mbhensne pollution index method were used to eva Juate Rfle pharactefn!u.c,s of heavy metal pollution in soil. d‘_‘n the lggm of correlation analysis, the APCS-MLR and BWn]odels
fvered ﬁsed fo quantllamel\’uanalvze the sources of heawu metals. 'The re%ulls's'}lm\ed that the'average contents ofthe other seven heavy metal elements were higher than the background
valﬁf-s| of Cl{(mgqmg il, except fof it of Cr. The heavy melala Cd, He, ahﬁ_A&" Wi
pattefn of Cr-f;:Nl Pb, Cu, and Zn in the soil was similar, d there was a VEIy's gnlflcant positive correlation hetween them (P < 0.01). The spatial distribution characteristics of

oderately polluted, and Pb, Cu, Ni, and Zn were mildly polluted. The spatial distribution

Cd, Hg, anﬂ As were ilgnlf" cantly different, and there was no significant correlation between them (P > 0. 05). The source apportionment showed that the sources of heavy metals in
the soiltf the study area were relatively complex, and the APCS-MLR and PMF models could identify the same four pollution sources, namely red mud yard percolation emission and
natural sources, thermal power generation emission sources, agricultural activities and natural sources, and non-ferrous metal smelting emission sources. There was little difference in
the results of source apportionment between the two models. The contribution rates of the four pollution sources in the APCS-MLR model were 51. 8%, 18. 0%, 15.9%, and 14.3%,
respectively, whereas those in the PMF model were 45. 9%, 12.8%), 21. 5%, and 19. 8%, respectively.

Key words: red mud yard; cultivated soil; heavy metals; spatial distribution; source apportionment
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Fig. 1  Overview of the study area and distribution of sampling sites
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o Gt pH cd Cr He Ni Pb As Cu Zn Scik
fe/ME 5.59 0.14 61.1 0.06 16.2 20.7 6.71 16.7 55.9
; ISPN] 8.30 0.57 90.6 0.25 58.0 45.5 17.9 52.2 112
+
( i) FHE — 0.29 73.8 0.13 342 31.8 11.0 30.9 82.3
n=
ﬁ‘/ﬁf% — 0.11 8.14 0.04 125 8.16 3.06 10.0 18.6 N
5 KN
A5 R % — 37.4 11.0 32.5 36.6 25.7 27.8 32.5 22.6
" /M 122 0.50 259 0.08 15.5 26.3 9.40 25.9 9.30
IRe
(n=3) e KAE 12.9 0.70 317 0.12 19.1 30.8 17.3 30.3 12.8
n=23
FHE — 0.60 287 0.10 16.7 28.7 12.1 27.7 11.2
PR T S — 0.11 80 0.06 32 26 5 26 80 [22]
0.3 250 0.5 80 30
<55 60 50 200
0.3 150 1.3 70 40
0.4 250 0.5 100 30
55~6.5 70 50 200
o 0.3 150 1.8 90 40
AR B 2 8 [25]
0.6 300 0.6 140 25
6.5~175 100 100 250
0.3 200 2.4 120 30
0.8 350 1.0 240 20
>17.5 190 100 300
0.6 250 3.4 170 25
VAT AR e HE 3+ HE — 0.05 118 0.16 37.0 14.1 7.97 24.0 74.0 [27]
117G 5 ik e HE 3 £ 4 — 0.07 55.4 0.06 292 18.2 3.38 26.4 67.8 [28]
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Fig. 2 Spatial distribution of soil pH and heavy metal content
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Fig. 4 Pearson correlation coefficient of heavy metal contents
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Table2 Characteristic values and cumulative contribution of heavy metals in soil
L )0 R A & AT 5 Al e e A7 - Ty A
FROEM simkR/e  RBoTEOR/%  FRIEME siEkER/e  BRBUTRRE/e  RRIEME ST/ BRI ER/%
1 4.61 57.60 57.60 4.61 57.60 57.60 4.46 55.78 55.78
2 1.29 16.08 73.68 1.29 16.08 73.68 1.06 13.20 68.97
3 1.12 14.02 87.71 1.12 14.02 87.71 1.02 12.73 81.71
4 0.53 6.67 94.37 0.53 6.67 94.37 1.01 12.66 94.37
5 0.33 4.15 98.52 — — — — — —
6 0.07 0.84 99.36 — — — — — —
7 0.04 0.43 99.79 — — — — — —
8 0.02 0.21 100.00 — — — — — —
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Fig. 6 Contribution rate of soil heavy metal pollution sources
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Fig. 7 Average contribution rate of soil heavy metal pollution sources
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Table3  Observed and predicted values of APCS-MLR and PMF models

LR M0 AL .

BEE (P) PIO R B (P) PIO R
Cd 0.29+0.11 0.29+0.11 1.00 1.00 0.29+0.10 1.00 1.00
Cr 73.76+8.14 73.76+7.22 1.00 0.79 73.02+11.41 0.99 0.57
Hg 0.13+0.04 0.13+0.04 1.00 0.98 0.13+0.04 1.00 0.99
Ni 34.23+12.54 34.23+12.44 1.00 0.99 33.77+£11.37 0.99 0.97
Pb 31.80+8.16 31.80+7.75 1.00 0.90 31.53+8.03 0.99 0.91
As 11.02+3.06 11.02+3.05 1.00 0.99 10.99+2.88 1.00 1.00
Cu 30.95+10.05 30.95+9.90 1.00 0.97 30.57+8.85 0.99 096

Zn 82.34+18.64 82.34+18.04 1.00 0.94 82.20:19.%—3 1.00 =" "":.;99F
- | g, ."\ ::'_
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