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Abstract nQuanufyﬁng the llhk of soil heavy metal sources Qar;.tdqu'llfy lhe q-m po]lullon sources. It can pfovn(Lea duentlh( hasts lhor reducing the ecological and huihan h h risks
Qf-snfrhedv.y melals Takmg_lhe shallow soil in a Ph- 7nhm1r1’| \xﬁtershed in ndt’lhern Guangsi as a research Ohje(itf eco]qgical and human health risk assessments were cond’ucle(l using
pol?yjqal e? oglca] risk as‘gessmenl _ljl and human Health m‘l( assfssmel (HRA ) dnd the source apporllonmenl of soil heavy metalsdvas completed using the absolute principal
compdnenl mulup]e ,l’;iear regression receptor (APCS- MLR);;nodel aﬁd‘ranémn’r’ F) model. Then, a combined risk assessment model, consisting of RI, HRA, and APCS-
MLR was .!}ﬁ_a to quanllbi the risk of soil heavy metal sources. The resufts = owed that the contents of Pb, Zn, Cu, and Cd exceeded the environmental screening values for
agrlcuhu];dl Jland with mean values of 342. 77, 693.34, 61.27, and 3. 08 mg+kg™, respectively, and there was a certain degree of contamination. Ph, Cr, and As were the main
health risk i impact factors, with higher health risks for children than for adults. Three sources were identified : mining activities (Source 1 ), soil parent material sources and original
formation (Source II ), and unknown sources. Ph, Zn, Cu, and Cd were mainly derived from Source I , and Cr and As were controlled by unknown sources and Source II . The
source risk assessment resulls of soil heavy metals indicated that the potential ecological risk and non-carcinogenic risk were mainly from Source I and Source Il , and carcinogenic
risk was mainly from unknown sources. The unknown sources had a high proportion in source apportionment and risk assessment, and should be further researched to provide
scientific basis for soil heavy metal control. The combined risk assessment model based on source analysis, focusing on the risk characteristics of different sources, can accurately
identify high-risk pollution sources. It is a more reasonable and reliable risk assessment method.

Key words: soil heavy metals; ecological risk; health risk; combined risk assessment model; source risk assessment
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ED Fk R AT IR a 24 6
BW SFHRE kg 56.8 15.9
AT -1 7 5 B i) d 365 x 24 365 %6
InhR LR EHINES m’-d”! 14.7 7.63
PEF BT HECE T m’ kg™’ 1.36E+09 1.36E+09
SA B k2% 2 T R cm® 5700 2 800
AF B R A B 22 mg-cm™ 0.07 0.2
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Table 3 Soil heavy metal reference dose and slope factor

RfD 7% 7 it /mg - (kg-d™")

SF &} K %/kg d'mg7l

TR HHEA L EE TN FERBEA HHEA L EETN Bk
Ph 3.50E-03 3.52E-03 5.25E-04 — — —
Zn 3.00E-01 3.00E-01 6.00E-02 — — —
Cu 4.00E-02 4.02E-02 1.20E-02 — — —
Cr 3.00E-03 2.90E-05 6.00E-05 0.50 42.00 20.00
As 3.00E-04 3.00E-04 1.23E-04 1.50 15.10 3.66
Cd 1.00E-03 1.00E-03 1.00E-05 6.10 6.30 0.38
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PEF x BW x AT
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a“'.l i._,;- . _':" ik .1 j
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i=1

Con(ADD,,), + Con(ADD,,),] x SF}  (15)

1, Con(ADD,,) ;. Con(ADD,,),Fl Con(ADD,,) 4%
I 5 A REAR SR A SRR I 48 LB | IR AR AT
Bk A% A L HER) H 4 22 52 5 ; Con (HI) ;A1 Con(CR),
G5 R AR i AR AR AN SRR T A 4 R AR Ui R
0y et e XU 6 4.
1.7 Hds ik s

H ] Excel 2019 1 SPSS 26. 0 #E47 + 1 7 42 J& %
P 1) Ge 11 FUECHE 25 534% 20 1, B Matlab 2018a 47
BE AL 2R AR5, F) FH CorelDRAW X4, OriginPro 2023
1 ArcGIS 10. 2 #EF742

2 ZREHH

2.1 HEREIEG o

XA 5 DX HE R 4 Jm S R AT g A b 4 R
UL 4. Pb. Zn Al Cd 7EA [R] B8 B N & i B (B 4R T
5 S (R AU O R (E L R 2 F (P < 0.05) ,
FPh M Zn £ 0 ~20em KE L& &R, N
717.66 mg-kg' Fl 896.37 mg-kg', Cd #£ 20 ~ 40 cm
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WS Lo, N4 42 mg-keg"sPh, Zn A CAMAE mgrkg', 285 RECE K (0. 73 ~ 1.08). Cr e A [FIIRJE
S EBCV)# A (Pb:1.22 ~ 1.55,7Zn:0.91 ~ 1. 30, f) & B E 323 (56. 60 ~ 62. 31 mg-kg™) , BJ/N T

Cd:1.03 ~2.19) , ZHABIFE X L5 Ph, Zn F1 Cd Z
N R FEMEEK . Cu7EAS R R BE & s BE Y KT 5
{E L B 60 ~ 80 em TR B 4M , HoAR VR A it (H I K F
U O (E ; EARFIRE S R¥EE R EER(P<
0.05) ,7£ % )2 (0 ~ 20cm) i & T B (5 K, 84. 25

Vil =1

SOE 5 KA, 2R AR EP>0.05),F% R
B /N0, 35 ~ 0.40). As 76 A RITREE I & 5 40 A Al
FZARNK(16.63 ~ 17.79 mg-kg") , FEIRE N 0 ~ 20 cm
60 ~80cm I, FEMMERNTERME, ERADF
(P>0.05),728 5% Z%H0.35 ~ 0. 52.

®4 HRELIESESSESGITHM

Table 4  Statistical analysis of soil heavy metals in the study area

R Jem FE A5 i H Pb Zn Cu Cr As Cd
Max 6216.70 2814.10 351.23 88.82 39.85 13.64
Min 28.42 82.40 11.41 16.14 3.09 0.23
0~20 33
Mean 717.66 896.37 84.25 56.60 17.79 3.23
cv 1.55 0.91 0.86 0.35 0.35 1.03
Max 1502.37 4097.83 194.80 109.47 30.12 37.42
Min 22.59 72.45 11.02 21.13 4.16 0.23
20 ~ 40 33
Mean 308.39 750.32 56.36 61.42 16.63 4.42
cv 1.48 1.24 0.79 0.39 0.43 T2
Max 981.30 3049.43 358.83 117,34 38.03 ",p—-}o.ﬁ
Min 25.79 77.37 9.49" 15.54 417 A% 7 d22
40 ~ 60 33 o —
Mean 162.78 | i 557.61 5472 = l62.3%, 16.44 S22
S - S O]
cv 1.22 1.08 1.08 4 . 0&0 052/ g4 |
Max 7 1296.67 3548.70 159017 % = bs74 36.28 < 2944
| | | F r _ r
Min | 4 1992 4 L~ 7439 1220 user 3.60 w0 [ 026
60 ~ 80 A 28l { I | ) boff . %W ,-,45 ]
— . Mean b 227 569.08 W3 @l o0 71' # 17.34 ¥y
1 s g | J . L/ I,-:_.‘- pr: A i i # B = &
a j g o 4 - 130 073 | | 937 047 po 29" g
R [?é‘f,if £ (P) 0003 ¥ o= 0.048 @0? L 0461 0.737 ' o 0035
.‘. i/ f ! I,-\'- o < L
| ¥ 7 ﬁfﬂﬁ o W P72 I-." 67.34 20781 | P56 17.04 0,56
# | | f i
' 'y DAL i 2 1 ﬁ ‘j l‘io 00 200.00 sq 00 o 150.00 40.00 0.30

'nmmyéaa;em HARHt 029 mi g
#

lﬁﬁmy)r SR 1 T L AT T 2
Sof - HE T 4 B B R R OV (/N FE I
4R A8 [ oy A 5 3 5) 32 NI 3 55 5 Y
CV{HE KT, W] + B 4 )8 572 A R K2 5 g
KL Ph, Zn F CAEARTRIRE N & BMEY KT
(RN AU 0 B A, HL CV 5K (0. 73 ~2.19) , £ 1]
5% X A2 Bk B 2R 52 5 K FHLY5 Yo 58 ) 8 . Cu
FEAS RN B & R T3 S fH J\Tﬂﬁﬁﬁaﬁﬁ
T H AR ST X 075 Y FE B K . AP IX P Cr
A 2 0 23T (56. 60 ~ 62. 31 mg- kg‘),lfr%%xiﬁc
/NC0.35 ~0.40) , B/NF 15 508 5 XU 0 1 1, 2= 9
@%%Dﬁcr%)@@l%ﬂmw\ TG YRR R
As & i 595 S B 0 (16.63 ~ 17.79 mg kg™,
17. 04 mg-kg'),égﬁ'%é@ﬁzﬁd v(0.35~0.52), %W As
Z N KR ZE SN G YR B A, 5 AT A5
S5 T
2.2 B G R TE AR A XU PR

XA 9 X1 46 T 4 JE E AT U AR A A LR T
5 SRR SFNE 2. WM a5 SRR Zn | Cu. Cr Al As

ﬁf& Q,X@BS}-JZLK@%J&@&&H%%% 13k 33740]

FEAE IR 25 KU (E, < 40) ,Pb 7E 0 ~ 20em R JE b A1F
7 25 KU (E, 2R 70.75) , CA 7E 0 ~ 20 cm FT 20 ~ 40
em R _FAFAE5R K (E, A 172. 90 F1 236. 95) , £ 40
~ 60 cm Fil 60 ~ 80 cm IR & I 7 76 8 5k WU (E,
113. 69 F1135. 40) , & VR B SRV 7 28 25 2 0 v 4%
KU (RIZE 162. 33 ~ 303.30).

TEFEM 434 L, Ph. Zn, Cu Ffll As7E O ~ 20 em 5
JE IR A SRS K, CdAE 20 ~ 40 em [P 7E AR 75
[N T 1 s o O W 3 I 55 O R N1 Y oy
DRI f5e i, T SN P T Y 2 T S T AU, i B M
TH) N A2 T 2R K

1 3% 5 R, AR ST IX 4 9 T 4 Jam v AE A A U K
JNIRJE R :Cd > Pb > Cu>Zn> As > Cr, HoH Cu, Zn.
As FIl Cr () EAG Y /INT 40, KU T2 BE Ry 52 30RUS: | 6 B
VB AE A 25 XU # A 5 Pb AE O ~ 20 em ¥R | E (A
70,75, AR A BE Sy op A RUR, AR B E I
INT 40, F W HAE O ~ 20 em VR E EAFAE— 5E AR R
AR Cd & E L EAE A 113,69 ~ 236.95,7£ 0
~ 40 cm W JE oM 5 KU (E (5 A 172. 90 F1236.95) ,
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Table 5 Potential ecological risk assessment of soil heavy metals in the study area

E
RIE/em B A B - RI
Pb Zn Cu Cr As Cd
0~20 33 70.75 13.31 20.26 1.37 10.44 172.90 289.03
20 ~ 40 33 30.40 11.14 13.55 1.49 9.76 236.95 303.30
40 ~ 60 33 16.05 8.28 13.16 1.51 9.65 113.69 162.33
60 ~ 80 28 17.97 8.45 11.96 1.47 10.18 135.40 185.43
BoEd 33.79 10.30 14.74 1.46 10.01 164.74 235.02
N
A B <75
B 75150
~ ] 150-225
s [ 225-300
[ 300~450
[ 450600
B 600-750
0 oom B 750
0~20 cm 20~40 cm 40~60 cm 60~80 cm
R 47 AT RI .
B2 ARRELHESEEERRTH 2 ,,.,,-.f“; o
Fig. 2 Potential risk assessment of soil heavy metals in different dlept'hs . _,..r":' {!;
- r . |' -
r

1] Cl X5 I 77 1 K W A2 5 KU LY O A%n)@)ﬁh;ﬁ“op émﬁriﬁrj;ci;ys:oz i
40 cm I 0 P WSS SR BRI 5. 90801 b s 1O dorg
162. 33 ~ 303. 30 ﬂyﬂffiﬁﬁﬂﬂ%mﬂé difE—,  8.22E-02, thﬁsz 87E401 ~ 5. 90F-01)47! ;}ﬁﬁﬁtﬁ

5 it fm 'f“’%” @Jﬁﬂﬁmﬁf%ﬁ%#ﬁﬁ%ﬁﬁﬂﬁﬁfzo 40@
203 ﬁﬁ%’ MK@.J%%HFA}} ey‘i/ BE 1 K (7. 9511«: 06)ﬂ5ﬂ5 10E-05) , ngc&*fﬂﬁ{\
!#%E Aﬁt&%%ﬂhﬁ—rﬁ‘ , Ju%?f?ﬁl 10E- oumﬁ 062!@!%‘%%%&Fﬁﬂhi§tﬁ 3]

%—‘fle Zn, Cu fil As7E O ~ 2ocmr7”ﬁ E’;ﬁk‘#ﬁ?ﬂ i, i%%ﬂt%ﬁki)\wm;mmiﬁﬁ %o
l&g jd,d; %40760@m7”r“iy 400 s Pb > As > Cr> Cd > 7n > Cif, W] Ph & MR AL
jtf/'ﬁ'ﬁ R (As. cﬁufédwmg%d AR B KU K 5 CRIGMEAR K - Cr > As > Cd, 7R
UK — B BAREUR R AR ORE CoR BB I N
%6 HARLMELEEBBRERBLTFN

Table 6 Non-carcinogenic health risk assessment of soil heavy metals in the study area

>

%ﬁ

W FE Ph In Cu Cr As Cd HI

Jem M N JLH A L A L A JLE N L R JLE A JLH

0~20 33 5.26E-02  3.85E-01 727E-04 591E-03 4.84E-04 4.05E-03 1.19E-02 6.67E-02 1.32E-02 1.12E-01 3.26E-03 1.67E-02 8.22E-02 5.90E-01
20~ 40 33 2.26E-02  L.71E-01  6.08E-04 4.95E-03 3.24E-04 2.71E-03 129E-02 7.23E-02 123E-02 1.05E-01 447E-03 2.29E-02 5.32E-02 3.79E-01
40 ~ 60 33 LI9E-02  9.27E-02 4.52E-04 3.68E-03 3.14E-04 2.63E-03 1.31E-02 7.34E-02 122E-02 1.04E-01 2.15E-03 1.10E-02 4.01E-02 2.87E-01
60 ~ 80 28 1.34E-02  1.03E-01 4.61E-04 3.75E-03 2.86E-04 2.39E-03 127E-02 7.15E-02 129E-02 1.09E-01 2.56E-03 1.31E-02 4.23E-02 3.03E-01

B 2.51E-02  1.88E-01 5.62E-04 4.57E-03 3.52E-04 2.94E-03 1.26E-02 7.10E-02 1.26E-02 1.08E-01 3.11E-03 1.60E-02 5.45E-02 3.90E-01

*7 HMREXIEESREBERRXRIEN

Table 7 Health risk assessment of soil heavy metals in the study area

VR fom BE B K Cr As Cd CR
A L WA L # WA L # WA L
0~20 33 4.40E-06 1.82E-05 1.71E-06 1.62E-05 1.14E-06 1.19E-05 7.26E-06 4.62E-05
20 ~ 40 33 4.78E-06 1.96E-05 1.60E-06 1.51E-05 1.57E-06 1.63E-05 7.95E-06 5.10E-05
40 ~ 60 33 4.85E-06 1.99E-05 1.58E-06 1.49E-05 7.52E-07 7.82E-06 7.18E-06 4.26E-05
60 ~ 80 28 4.72E-06 1.94E-05 1.67E-06 1.57E-05 8.96E-07 9.31E-06 7.29E-06 4.45E-05
IME 4.69E-06 1.93E-05 1.64E-06 1.55E-05 1.09E-06 1.13E-05 7.42E-06 4.61E-05
2.4 ELEIEFEMMN 4.Pb. Zn, Cu Ml Cd 2 [8] (1) AH 5& R B0 46 XHE FE 0. 36 ~

X X A S 4 S AT A OGP T A5 R LR 0. 85 I, AR I 3 I AH G, 3R B 2 5T R AFAE R A
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Fig. 3 Proportion of heavy metals in different risk assessments
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PEFE/IN . As 5 Crifg AR SEHE M 0. 17, 5 535 TE AR e 4
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Xof BAF 51X 398 i 4 e RCHE HE AT bR o A b B AR
Ji 47T KMO-Bartlett Bk T2 A5 56 , 25 5 4 B 544 38 & 1F
1 B4 43 M (KMO > 0.50, P < 0.01). $#HE] 24
FRAEAE > 1(3.26 F1 1.25) 1 sy (£ 8) , H B2 By
ZE TR RN 75. 09% , 1T LIAR 3 51k $i s 4 K 2 805
B8 — R (PC1) i Ph. Zn., Cu FI Cd B #8443
51 0.802, 0.929. 0.862 1 0.724, 45 — ¥ W 4

(PC2) 1 CrFll As I 2% M7 558 5, 43 ) 4 0. 678 F10. 773.
%8 tEBLEIRSHHERY

Table 8 Principal component analysis of soil heavy metals

TR
PCl
Pb 0.802
7n 0.929
Cu 0.862
Cr ~0.501
0.485
cd, [ 0.724
T | 54.33
%’ifﬂﬁﬁj /% IL \ 54.33
1)£ﬁ$?—iﬂﬁ,&€ﬁ%ﬁ%

/i o P
7’F'JFHA NEE ST e b v
f t%i.az ﬂé/ﬁjﬁtﬁr% Zn. €.
Cr. As C?B‘J 2 0.62 ~ 0. 88, E“«f}:}: i
{ammﬁm {Ei@%ﬁ . # W] APCS-MLR T 8l 45
R AF BT R S TS B A A UL S,

2545 APSC-MLR Fl RF AL RY A58 IX -1 8 42 |
AN TR A R BT R R 3 B 45 R DL 5. Pb | Zn ., CuFll Cd

FEH SRR T 5Tk (Pb:45. 09% F1 46. 37% ;Zn: 39. 66%
H1 65.68%; Cu: 47.83% F1 31.83%; Cd: 41.85%
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Fig. 5 Source apportionment of soil heavy metals in the study area
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60. 01% ;43 5% & APCS-MLR il RF #5 5 H5.45 4 1Y 57
Bk, R IR, Cr AT As 3228 iy A0 U5 AR U8 1T 5k (Cr
YR 2 45.56% F1 44.09%, Cr K W5 1T - 32. 34% Fi
42.97% , As R HTR : 68.90% F1 41.49% , As K P51 .
23.63% f138. 14%).
2.5 HHETE S JE N R AT KU T

H T APCS-MLR 58 5 A6 A [\ >k U5 1) 25 4 )8 &
IR RS PN (R ORI 6). ZERFDRIE T, &
Jp B B AA Y /N T 1,76 0 ~ 20 em R FE LA %
T 5 A U KU B 7E 10E-04 ~ 10E-07 2 [a] , & B A

EE 3PN ENE N 2N E N WNOE | - ¢
Fi g AR AR T ILZE . BROR IR T 8 0 ~ 20 cm Al
20 ~ 40 em I RIME K T 15040, H A /N T 150,
TR T X HF 5 X AL SR B A — 2 i, B 32
BLAE HHER 2 (0 ~ 40 em) |, H A ke Y5 AIF 5T IX AR 2
IRBE A b AN 3 . P L 6 T B KU R [ ok
Po1 AR (RN 2 58. 72%, JL 3 : 59. 50%) , B
JRURS &8 40>k A R IR T Ak T (At A 2 27.01%, JL
H:27.94%) WA E S KR EER AR T
(62.43%).

#9 FREREESERBEH

Table 9  Risk assessment of heavy metals from different sources

HI-JL#  CR-BEA  CR-JL#E RI
R KU PR 7 15
B 6 AREEERENRIRERKITEM T

Fig. 6 Comparison of risk assessment of different

HI-RA

heavy metal sources

A JL#
R /em KU1 R/l KA R 1 IR I AR AR
HI HI
0-~20 3.776-02 1.93E-02 2.52E-02 2.70E-01 1.42E-01 1.78E-01
20 ~ 40 2.206-02 8.83E-03 220602 157E-01 _ 6.70E-02 . - f1;f§’_§-:E—N.91
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Fig. 7 Distribution of different sources of soil heavy metals in the study area
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