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HHRAS (KRS ) s 13—TRILHRA S ( KRAERIBEE ) ; 14— AL R BEE  15—HUZ B2 16— W72 5 17— TR EE S 7

1——Quaternary ;2—Cretaceous ; 3—Jurassic ; 4—Permian ; 5—Carboniferous ; 6—Devonian ; 7—Silurian ; 8—Ordovician ; 9—Cambrian ; |0—Tanian; 11—

Nanhua system ; 12—Yanshanian monzonitic granite ; 13— Yanshanian monzonitic granite porphyry ; 14—granite porphyry ; 15—stratigraphic boundary ; 16—

fault ; 17—soil sampling points
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Fig.1 Geographical location (a) ,soil type (b) , and sampling point distribution(c) of the study area
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Table 1 Analysis methods and detection

limits for each element

JLE /TR VADIRES KB /107¢ M /1076
As AFS 0.2 0.2~500
Cd ICP-MS 0.02 0.02~4.0
Hg AFS 0. 0005 0. 0005~ 10
Pb ICP-MS 2 2~2000
Cr ICP-AES 3 3~3500
Ni ICP-AES 0.05 0. 05~2000
Cu ICP-AES 1 1~2000
Zn ICP-AES 2 2~3000
pH ISE 0.1" 0.1~14.0"
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Table 2 Classification standard of geoaccumulation index

£ 1 2 3 4 5 6 7
Ly, <0 >0~1 >1~2 >2~3 >3~4 >4~5 =5
TSR A T To | 4 g v 8 5 i E:4;3 o BB e

2.3.3  fa@FRERUS PEA AR

K FH US EPA HEFER a5 XU TN A5 L 45 7 5
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B RSRUUEY R 2 PR A 5 YA
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Table 3 Health risk assessment model exposure parameters

2R & wnir AN L
IR |y THHEA R mg/d 100 200
EF TR d/a 350 350
ED T a 24 6
BW RSN kg 61.8 19.2
AT SRR F I i d 9125 2190
SA FRESE D A RTEAY em®/d 5700 2800
AF B RAS LI REL mg/em®  0.07 0.2
ABS &S % 0.1 0.1
PEF T He AR T m®/kg 1.36x10° 1.36 x10°
IR ¢ H 2z SR A = m’/d 14.5 7.5
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Table 4 RfD and SF of different heavy metal exposure pathways

BH R RfD/mg -+ (kg - d) ™!

ORI SF/ [ mg/ (kg + d) ]

L %0 JEfk WP %0 [ A
As 3.00x107 1.23 x107* 4.29 x107° 1.50 1.50 15.10
Cd 1.00x107° 2.50 x107° 2.86 x107° 6.30
Hg 3.00x107* 2.14 x107°
Pb 1.40x1073 5.24 x107* 8.50x107* 4.20%107>
Cr 3.00x107° 3.00 x107° 2.86 x107° 5.01x107" 2.00 x10" 4.20 x10'
Ni 2.00x1072 5.40 x107? 9.00 x107° 1.70 4.25 x10" 8.40x107"!
Cu 4.00%x1072 1.20 x1072
Zn 3.00x107" 6.00 x1072
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Table 5 Basic statistics of heavy metals in soil

e Cr Cu Ni Zn Cd Pb As Hg pH
IFoN 326 95 94. 48 451 16. 06 225 292.5 0. 650 8.3
f/MAE 10 7 4.49 39 0.03 4 1.3 0. 030 4.3
e A rRALEL 68 27 28.20 91 0.21 30 10.6 0. 100 5.4
o ARG 67 29 29.00 94 0.41 31 15.8 0.106 5.5
FRife B 2 17. 450 10. 998 9.863 34.392 0.799 7.993 18.902 0.048 0. 659
BT 0.26 0.38 0.34 0.37 1.97 0.26 1.20 0.46 0.12
FARF-HME 67 29 28.57 91 0.27 30 11.4 0. 098 5.4
N PR B 2= 14. 657 9.919 9.025 26. 139 0.173 4.567 6.155 0.031 0.363
RUETES Y 0.22 0.35 0.32 0.29 0. 64 0.15 0.54 0.32 0.07
TS A 1374 1380 1383 1363 1288 1357 1276 1329 1290
ety ) FAREE 66.5 20.4 29.8 62 0.097 26.6 9.0 0.033 6.4
A7) ARG 66 25 27 71 0.205 30 10.3 0.076

W TER A AN 1070 pH Joi 4,
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Table 6 Statistical results of cultivated land soil pollution risk levels in the study area

+ 45 Y FEEL 1F

XU 552 Cr Cu Ni Zn cd Pb As Hg Zh
XU 1398 1343 1393 1382 930 1396 1266 1397 866

AU ] 4 1 56 6 17 437 3 130 2 498

B e AU 32 3 35

DI #s A RIS ESR & AT RE,
A (D) AT 8 Fhot 2 0 b i B RHE $i & A
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RS RS YO A RE A LA 2 R 42. 8% |
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Table 7 The proportion of heavy metals in different levels of geo-accumulation index

TTE 1, <0 0<l,, <1 1<l,, <2 2<l,,, <3 3<l,, <4 4<l,, <5 1,0,>5
V5 YRR & Jo 3 rh 4 LIRS A s TR Wz
Cr 99.0 0.9 0.1 0 0
Cu 62. 1 36.9 1.0 0 0 0 0
Ni 95.4 4.4 0.1 0 0 0 0
Zn 53.4 44.8 1.6 0.1 0 0 0
cd 20.7 42.8 20.6 11.8 2.7 0.8 0.6
Pb 93.9 6.0 0.1 0.1 0 0 0
As 65.0 24.2 7.0 3.1 0.6 0.1 0
Hg 3.4 51.5 41.0 4.0 0.1 0 0

3.3 ®AEXEEXEIEN

ha(2) ~ (6) THH AR FIWFFE X As,Cd, Cr Ni
&4 FE SR TR ARILELE F—HEEA IF
WA R R il b A 3 Fh 2 R iR 45 1) LI HQ I
HI,GETHES R0, WFFE X As Cd, Cr Ni X A
AIAEBUE TR B HT Y/ T 1, I A JE AL T2 43
RN, AN S5 15 3 AR 5 X LB AR 10, As TR
) HIEA 123 DS S EE T 1, Ak 0.09%, 1
B IX /D ER B IX As X L3 7= A T AR 8o XU

Gy L AR s A0, 5 R o I e AR R
P

I (7) TR RIS IX Cr, As  Ni 19 30 K
B, g5 S s, N L CR g/ 1, JLE
BURTEBUTA 23 A i R B0 XU Al 4232 7K F
Hi 41X 0.02%,
3.4 TEFSERRANESE

XHFFE X P 8 Ff 4 3 5 42 J& 4T Pearson f#] B
FHOC R B G (36 8) W0 20 I Wy [l P, 45 2R 2
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Table 8 Correlation analysis of heavy metal content in soil
JTLER Cr Cu Ni Zn cd Pb As Hg
Cr 1. 000
Cu 0.613 1. 000
Ni 0.743 0.872 1. 000
Zn 0.371 0.818 0.769 1. 000
Cd 0.224 0.554 0.551 0.759 1. 000
Pb 0. 181 0. 401 0.290 0. 444 0.256 1. 000
As 0.273 0.379 0.348 0.269 0.170 0.225 1. 000
Hg 0.116 0.175 0. 136 0. 187 0. 125 0. 130 -0.019 1. 000

7~,Cu 5 Ni Zn MR RBORT 0. 8, J&@ =y EEAH K
Z,Cr 5 Cu Ni BHEMIEKR NI 5 Zn Cd g
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Fig.2 Source profiles and source contribution of soil heavy metals in the study area from PMF
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Fig.3 Factors profiles of heavy metals sources identified by PMF
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Fig.4 Space distribution of PMF-factors

As TEN 7 2 A B m M BE A, STRR AR GK PAERORIAE AR W VR R A I 2 S B e
00. 6% ,HIEATHT iR As SICMTEEHEE B, As RRMEEEIN, LK T 2 Y 54l
XSG T 2 MR8, K 4b Bon T2 mE RS S A I AR
07 it RT3 B SR AR A AR TV SRR X Cd 7ENT 3 AP B A SThR L, STRIRRA 85. 7%,
LRI, BEFEIX AL F LA PRI R HUON Zn Cu Ni, STRRER 2 5124 29. 1% .26. 6% .
PF TR B oeee o G A R R 19. 2%, X SR SCH M A R — 8 K 4 B



£ 262 - W w5 £ B 48 %

ANITS e =T W G 7 TR @ T s P e ) = e w1}
MY &5, TSP R aE AR 12 cd
FEHE, A KA TR Cd 35 5 E i, 35 0. 332
107 KFE 4R Z, 0 0. 155% 107 1 IR A 4 AKFE 4
H Zn Cu Ni 15 508 0 2 40 T K FE Bl HOk, T
Ml 36 H R AL it FH A5 Al 3 2, R R 2 e 1
HeCcd i BR, HILIHF 3 nl i 5 1 2R AU A
) B R

K F 4 J& MR 5T X+ 3 v 2 4 8 25 (8] 43
RERY F ¥, FEH Cr Ni Pb Cu.Zn AL,
HoTmk R 09N 72. 7% .66. 6% .55. 4% 51. 7% .
50. 6%, AHEFE AT He Cd, 13 Cr Ni Pb,
Cu.Zn FHEPEIEE TH M, K 4d B, H¥ 4 57
FR A3 A 155 05 B 5 DX M S5 S A W) A, vl 2 A A
AR AR S FE R BB 20 AR W) B A, R T
4 S 5L SR Y H AR,
4 g

1) L8 7R g LR Tl 3T, B 4 48 5 0
fR—maPE, Bk Ni b, +3% Hg Cd . Zn Cu As . Pb Cr
BN TR R A

2) st RS BOT A L5 AR 5 X T
£ JEICE He Cd As AET5 YL K DL BRE 0 5l
45.1% 35.7% 10. 7% , W] Hg Cd ,As AR 75
e AR FERE R, (AR 9 R (0 2 0F 5% IX 4 R 2 Bk
it Hg 7 38 AHE 35 A FH b 4 39835 Yo JXUIG: 7 22 1 1)
BRifE

3) WFFE DXk b A 4 o 4 T T U XU S5 R A
AR, A 866 A A F8AF TR T XU 7 46 {H, 498 1 1=
SRR A T XU 7 12 1 R0 XU 425 461 8 = 18] ( 5 MR
FREL Cd, As 2 3), 35 14 A HEFF i i XU 45 il i

MR bR 2N Cd)

4) NARAR RS PEALG 25 SR R B, i 98 X 4
Xof IV A B0 KU SO KU, (H A7 A /D
FEf T As X LEAAAE AR BUE KB, LA T A=
TG N R R IS

5) PMF BRI 25 1 wow |, iF o8 X 4 )R
FEA 4 FORIE . Heg 285 ARG S A G T A&
AV HECOIR , As EZ R KAUREIR, Cd FE RS 4%
HAUAH Y B BE R, Cr Ni \Pb .Cu.Zn TE R 5
Hu TS SAHOC R A SRR TR . R PME A A] DR
S LA R AR IR H IS rh - S R e
RERBEZAR R EIERZR,

BT B B 40 R RIE A SRt A2 0d

Fop At i B ARG A S N AR T 2K SCeG B Fe
1T

52 3k ( References) ;

(1] EZ B sk de[d 55 Be & T80 2022 4 ATkt & FFHR %
A LAEME UL N/OL]. 44t , 2022 -2-22. hitp://www.
gov. cn/zhengee/2022-02/22/ content_5675035. htm
The State Council. Opinions of the Central Committee of the Com-
munist Party of China and the State Council on doing well the key
work of comprehensively promoting rural revitalization in 2022[ N/
OL]. Xinhua News Agency,2022-2-22. http://www. gov. cn/
zhengee/2022-02/22/ content_5675035. htm

(2] hEMEIELR. B EB ek = AR (2015 4F) [ EB/
OL]. b 5%, 2015. https://www. cgs. gov. cn/xwl/dzz/201603/
U020160726370276602662. pdf.

China Geological Survey. Report on geochemical survey of cultivat-
ed land in China 2015 [ EB/OL]. Beijing, 2015. https://www.
cgs. gov. en/xwl/dzz1/201603/U020160726370276602662. pdf.

(3] OQHEEk. il 2 [ M]. dbat. o [E Al K4 i i, 2016
366-374.

Guan L Z. General soil science[ M]. Beijing; China Agricultural U-
niversity Press,2016:366-374.

[4] Wang F,Guan Q,Tian J,et al. Contamination characteristics , source
apportionment ,and health risk assessment of heavy metals in agri-
cultural soil in the Hexi Corridor[ J]. Catena: Giessen,2020, 191 ;
104573.

(5] FrEPC IR, Tom, 45, 25 SRy DR F b 398 o 6 J v

B BAFAE 73 M [ T]. A SRR 274, 2018, 37 (1) : 96 -
104.
Yin G Q,Jiang H, Wang Q, et al. Analysis of the causes and char-
acteristics of heavy metal pollution in agricultural land in typical
areas of Anhui Province[ J]. Journal of Agricultural Environmental
Science,2018,37(1) :96-104.

(6] E Wik, 5KAE, ¥, 55 ZRUE T 7 L A 7 B A L BR 1L
SERRAE B R [T]. 15,2021,53(3) :585-593.

Xia F Q,Zhang X, Yang Y,et al. Selenium geochemical character-
istics and influencing factors of soil and agricultural products in
Ningguo City Anhui Province[ J]. Soil ,2021,53(3) :585-593.

(7] FaRilis, R, 7 E sk £ X R A 5 4[]
LR, 2018 ,24( 18) :73-75,84.

Tao R P, Wu Z H. Investigation and analysis of soil fertility in
Ningguo City cathayensis main production area[ J]. Anhui Agricul-
tural Bulletin,2018,24(18) :73-75,84.

(8] ZEAMBEHEZKT 7B ER. GB 15618—2018 + 13
e A< HIHb S TS e XU bR (04T ) [ S
Ministry of Ecology and Environment General Administration for
National Market Supervision. GB 15618—2018 Soil environmental
quality risk management standard for soil pollution of agricultural
land[ S].

(9] Z5E, T AR, BRI, 45, PRI B At Vs (A R A g 5
JHLI]. 3ETRI 2020,41(6) :2834-2841.

Li X N,Ding S K,Chen W P et al. Construction and application of
soil environmental quality early warning system[ J]. Environmental

Science,2020,41(6) :2834-2841.



14 ot 25 « g P SR DRI 37 T R SRR SR IR AR R fde R XU DA - 263 -

[10] Muller G. Index of geoaccumulation in sediments of the Rhine river [18] M. T 3% pH A L RIS [ )], T B R MEHE,

[J]. Geojournal ,1969,2(3) :109-118. 2013,54(8) :46-56.

[11] F [ P s A @iigﬁ%ﬁﬁ{ﬁ[ M]. b5t . FE Xiao T. Soil pH survey and improvement measures in Ningguo City
BERb2E MU 1990:329-380. [J]. Ningxia Journal of Agro-Forestry Science and Technology,
China National Environmental Monitoring Centre. Background val- 2013,54(8) :46-56.
ue of soil elements in China[ M]. Beijing: China Environmental [19] #&UUN, 280, TIR, % M5 P TR X R HIEHE S
Science Press, 1990:329-380. JB SRR HE RIS ROk TR ()], BRBERE 24, 2022, 43

[12] US EPA. Supplemental guidance for developing soil screening lev- (10) :4590-4600.
els for superfund sites[ R]. Washington DC: Office of Emergency Yang J Z, Gong J J, Wang Z L, et al. Enrichment factors health
and Remedial Response,2002:4-24. risks and source identification of heavy metals in agricultural soil in

[13] US EPA. Risk assessment guidance for superfound. Volumel ; hu- semi-arid area of Hainan Island[ J]. Environmental Science,2022,
man health evaluation manual [ R ]. Washington DC: Office of E- 43(10) :4590-4600.
mergency and Remedial Response, 1989 :6-50. [20] B . MG L 4R B ET R ).

[14] P N RILFE M FT = 4Tl k5. DZ/T 0354—2020 J&j A= HUFAEAE,2021,76(3) 713-725.

&iﬂiﬁ%%ﬁmﬂﬁ[ S]. Lyu J S. Quantitative source analysis and spatial prediction of soil
Geological and Mineral Industry Standards of the People s Repub- heavy metals in Yantai coastal zone[ J]. Acta Geographica Sinica,
lic of China. DZ/T 0354—2020 Specification of local ecogeochem- 2021,76(3) .713-725.

istry assessment[S]. [21] Liu R,Wang Q,Lu X,et al. Distribution and speciation of mercury

[15] AR R, p @Aﬁ%ﬁ%ﬁ?ﬂﬂ‘[ M. dba . o E R in the peat bog of Xiaoxing”an Mountain northeastern China[J].
Wit ,2013.16-845. Environment Pollution,2003,124(1) :39-46.

Ministry of Environmental Protection. Chinese population exposure [22] H KR, 5KEE, A, 25, 7 BT 5 Bk A 24 08 A S5 PR
parameter manual|[ M ]. Beijing; China Environmental Press,2013; DSZ%%‘[)’(%[ RJ. LA HOBR Y FR H BR AL 24 A AR e ,2020.
16—-845. Xia F Q,Zhang X, Yang Y , et al. Results report of geochemical sur-

[16] Liu H,Wang H,Zhang Y,et al. Risk assessment spatial distribu- vey and evaluation of land quality in Ningguo City[ R]. Anhui In-
tion and source apportionment of heavy metals in Chinese surface stitute of Geophysical and Geochemical Exploration Technology,
soils from a typically tobacco cultivated area[ J]. Environmental 2020.

Science and Pollution Research,2018,25(17) :16852—16863. [23] E=, 88 % HHAREICRMFEIM]. dbat, b ESRER

(171 G 0855, A, 45 b E ek k2 2 5 M. Jb st Ji#L, 1995:58-71.

HJ5 R, 2020. Wang Y, Wei F S. Soil environmental element chemistry[ M ]. Bei-
Hou Q Y, Yang Z F,Yu T, et al. Soil geochemical parameters in jing: China Environmental Science Press,1995:58-71.

China[ M]. Beijing; Geological Publishing House ,2020.

Enrichment characteristics, source identification, and health risk assessment of soil heavy
metals in typical cultivated land in the mountainous area of southern Anhui Province

YANG Yan, LIU Bin, XIA Fei-Qiang, CHEN Ping-Feng, ZHANG Xiang
(Anhwi Institute of Geophysical and Geochemical Prospecting Techniques, Hefei 230022, China)

Abstract: This study aims to explore the enrichment characteristics and origin of soil heavy metals in typical cultivated land in the
mountainous area of southern Anhui province. With Ningguo City in southeastern Anhui Province as the research object, this study col-
lected 1399 topsoil samples in the cultivated land for determining the concentrations of As, Cd, Hg, Pb, Cr, Ni, Cu, and Zn. Fur-
thermore , this study conducted a health risk assessment and source identification of heavy metals using the correlation analysis, the soil
environmental quality - risk control standard for soil contamination of agricultural land, the geoaccumulation index, the health risk in-
dex, and the positive matrix factorization (PMF) model. The results are as follows; (1) The average concentrations of As, Cr, Hg,
Pb, Cr, Ni, Cu, and Zn were 15.8x107%, 0.41x107*, 0. 106x10™°, 31x10™°, 67x107°, 29x107°°, 29x107°, and 94x107°, respec-
tively, which were all higher than their background values in Anhui Province, except Ni. (2) The soil heavy metals generally exhibited
low pollution risks, with the heavy metal concentrations of 866 soil samples lower than their risk screening values. (3) The cultivated
soil was primarily polluted by Hg, Cd, and As, as indicated by the geoaccumulation index results. (4) Both non-carcinogenic and car-
cinogenic risk levels in adults in the study area were within the acceptable ranges, as revealed by the health risk assessment results.
(5) Four sources of heavy metals in the study area were identified based on the PMF model; industrial and agricultural emissions asso-
ciated with human activities, atmospheric deposition, soil parent materials related to soil types, and the geological background source.

Key words: cultivated land; soil heavy metals; health risk; PMF model
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