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Pollution and risk assessment of heavy metals in camellia oleifera main
producing area soil of Guizhou Province
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Technology Development Co. LTD, Tongren, 565100, China)

Abstract To evaluate the influence of heavy metal pollution on the quality and safety of camellia
oleosa seed oil, the characteristic of heavy metal pollution and health risks of heavy metals in main
production areas of Camellia oleifera soil in Guizhou were studied in this paper. Pb, Cd, Hg, As, Cu
and Cr were detected from 256 soil samples, and the data were assessed by geoaccumulation Index,
potential ecological risk index and health risk assessment model. The result show that the content of
Pb, Cd, Hg, As and Cu exceeded the background value of Guizhou soil by more than 50%, and Cr

content exceeded the background value about 10%. The samples of Cd and Hg were greater than the
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control value of soil pollution risk for agricultrural land (GB 15618-2018) accounted for 13.9% and
0.39% of the total samples, respectively, while no samples with Pb, As, Cu and Cr content exceeding
the control value. The evaluation results of geoaccumulation Index show that the soil in the
producing areas was mainly polluted by Cd and Hg, and the pollution degree was mainly mild and
moderate, with samples accounting for 33.6% and 38.68%, respectively, while the proportion of Pb,
As and Cu was less than 6%, respectively. Cd and Hg contributed 30.84% and 56.35% to the
comprehensive ecological risk on average, respectively. The samples with mild, moderate, severe and
strong pollution levels accounted for 33.59%, 40.63%, 16.80% and 8.98% of total samples,
respectively. Health risk assessment show that the non-carcinogenic risk of children was higher than
of adults, the comprehensive non-carcinogenic risk index (THI) of heavy metal to adults and children
was 0.795 and 4.82, respectively, and comprehensive carcinogenic risk index (TCR) was1.58x107,
6.56x107°, respectively. The non-carcinogenic risk higher for children was mainly contributed by As,
while carcinogenic risk was mainly contributed by As and Cr, the carcinogenic risk is acceptable for
adults and children as a whole.

Keywords camellia oleifera main production area of Guizhou province, producing area soil,

heavy metal pollution, ecological risk assessment, health risk assessment.
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exposure assessment) . HRA (Health risk assessment) 25U, LIPEAL T3 H 4 8 51 & A BAEREZ mU. H
T, K224 R F AR S PR v (B0 398 775 8 XUR: DA AR S 0 ) (HI25.3-2019) 75 ¥ TF ek
b 55 - S (e R XU PPAR 12 1L BN A R ) A SRR (B B FMGO™ S 2 L Ak AL AR, SR H AT RIS 32
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SR A AH DG S8 3520 B PR i 77 DX - S8 %) i R XU DA e i E A 7. B, R Rl 4% 327 IX - 8T
YRR A R RS PP, A i 255 77 ol o) it B A JRe, A 7 2 (it B 1 1) DB 2 A EE B B X

AR F B BT R A% 327 DX H A 18 T G R s GRSl AT A Y, IR R 25 444 P, Cd. Hg.
As. Cu fil Cr (& 1, PP 7™ b+ e 4 Jm V5 YetR 0, PFH A8 245 XURS: g e XURS: . Sk M Tl 2% 7= X 4 43¢
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1 MBS i (Materials and methods)

1.1 5T XA

AT LA BRI 2R 7= X B AR B R B KAE ., #ibE . Iapk 5 B X R . B %, B
i DX = R L S BT M DX LA R X M TR R A 300—1100 m 2 ], AR E R
17—26 C, V-2 F T £ 1000 mm DL b, J& 7 HOHF I i 2 XU fige.
1.2 HEMIREE

FE &SR AE B[R] Ry 2020 4F 4 H —2021 4F 11 H, FE0F 5 K8 04 9 2% 3 7 XOR 4R 256 4> K2 11
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Fig.1 Distribution diagram of sampling area

1.3 FEAL B E

TIEREA T Pb, Cd. As, Cu #il Cr M 7E J5 i 322 BER AT L ARME HI 803-2016" i ICP-MS 75
D2, He 2 J7 2 BREREE AT L AR vfE HI680-20131%) Hh (14 J5F- 2 S 10 0 52 . I 7 2o 2 R ]+ HEdm v )
T AT A R A BT d ], 1R 25 TR ARV L.
1.4 TIEEEGETGYIIMN
141 MR RI5E0E

MR R I HOE: T IR NG ShASCEVE I SE A SRR, YA B s 75 R0, 35 A R

G
Igcozlogz(lst‘) (D

A, CONEE & @ Y S, mgke ™, B, W &8 i B9 IR R (H, mgkg™, 53/HA 5 Pb, Cd. Hg,
As. Cu Ml Cr B35 5 AH 43 I EL: 33.57, 040, 0.13, 13.48, 34.50, 98.98"", 1.5 WIBIEREL, I, I+ HETS
BERDL, ST FARHETE IR 1.

R B RIR RO A 25 KU 5 B Gbm ofe

Table 1 Grading standard of the geo-accumulation index and potential ecological risk index

L RFEEL Loco AR R E; A AR IR
JE[F Range  15Y%/KF- Pollution level Ju M Range 15 447KF Pollution level Ju M Range 1594 KF Pollution level
Ieeo<0 FREES E<40 B RI<150 UEYr
0<lgeo<1 27 40<E;<80 rhik 150<RI<300 ks
1<l geo<2 BREE 80<E;<160 W 300<RI<600 i
2<lge0<3 B 160<E<320 el RI>600 Eiegl
3<lgeo<4 Gilis E>320 L&
4<4e0<5 JUHE

Ige0>5 "
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1.42  VELEA SIS 8 50
WEE A S B 8 B0 8 % e 4 R i fEtE B A B0, Hat B AR N,

C;
E=T-" 2
1 IB ( )

IR=ZE,« 3

R, CHEEIRSIE, mgkg's B, HESE i i 138 58, mg-kg s EZ R BATE S8 i (01
B85 TR~ H 4R | WEEYEA R R %L, Pb. Cd. Hg. As. Cu Fl Cr (Y TAE 53514 5. 30, 40, 10. 5.
2; RI A i 5 4 J v A B4 R PO VR FE AR S XU . E TR A 43 G b o L6 1.
1.5 e fat Rl RURS: P4
1.5.1 BT AMGENREETTE L

BN FLEEXT 6 Fiis YW i R 542, 27 (i FH Hb 3875 Y XU PP AL He R O TR, %8
Z 1A (SERqy) | 2 k4% fih (SERpe) PRI A (SERp) [ 3 Fff £ 345 . 2258 S B0 (5 0 ) b 3%
G RS —Z iy s A, PRI 2, HE B m AT B AL 4—6.

T2 EFERRITAE SR

Table 2 Parameters of health risk assessment

BH BN iy JR{H Value
Parameter Parameters significance and units Units M Adults JL# Children
OSRI B HEEA i Mg-d™' 100 200
ED R F 1] a 24 6
EF PR da’ 350 350
ABS, LB ARET TeiEd 1 1
ABS, B R ful g i PR -7 Tt AsH0.03, HAxHR0.001
BW S AR kg 61.8 19.2
AT, BRI ] d 8760 2190
AT, Eery &S B ali| d 27740 27740
SAE TR R TETER cm’ 5374 2848
SSAR F2 k2% 1] - ORGSR A mg-cm? 0.07 0.2
E, (a3ENid R SiE IR TES wed 1 1
PM,, 2SR AR B mg-m”> 0.119 0.119
DAIR H 23 Sl bt md” 145 7.5
PIAF USONERELE Uiy R RN gl To 4 0.75 0.75
fspo AR A AR T o L) e 0.5 0.5
fapi N TR A LIRS L Te ik 4 0.8 0.8
EFO HHMREIE da’! 87.5 87.5
EFI TN RER I d-a 262.5 262.5
SERq = NI Xgai]ix ABSo 1076 )
SERyc = SAE xSSAR ;I\Ei;f;) X Ey X ABS, %10 5)
SER,, = PM,y x DARI X ED X% P;AV\F:< gipo X EFO + fspi x EFI) <10 )

1.5.2 Bow AR EUE KU 3Rk
K Al R 2 & A E SR EYIR, 2808 AR Z0E KU, i, A SCHFST Fr ol (et i
JH 3t 5875 G XU AL H A S U ) e e 57 44 A B0 XUBS: (THI) 30 KBS (TCR) PEAL AL T - (A 2% 5%
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T T DX e S I 5 A R XU ),

SER;; X C;
THI = HO.. = - 7
21, EzRﬂ%xSAF v
IUR xBW
SF = — > 2Wa (9
DARI,
RfC x DARI
RFD. = a (10
/D, T Bw,
SF.
sp - SE (an
‘7 ABS,
RfD,=RfD,xABS,; (12>

A, CARRERE | 1 SEIME, mg-kg™; SER; Jy &2 )& ¢ il i B iR A2 j I 2 88 i, kgkg '-d HUE UL
7 3; SF; N & Ja il i RER IR j 7R MEURAERE T, (kg'kg'd ™) RID,; RN &8 85 7R
12 j WS, kgkg '-d ', SAF 855 T IS0 IR %L, WUH 0.5, TUR SRR I A FALA7
HOEE KR, RIC P A S B, ABS 7R 11 AL T IS K -, RID,, SF, % 2 534 T 38 it €500 ) v i1
Bfs B AR Zoad A0 e 3 (9) —(12) i3s3 3.

* 3 AEEUE SRS 5 B (RFD) FEUE 48 AR K (SF)

Table 3 References dose (RFD) for non-carcinogen metals andslope factors (SF) for carcinogenmetal

RfD(kg-kg™-d™) SF((kg'kg'-d")™)
4 J Heavy metal
ZHOWARD,  EREMRD, PR ARD, ZOHEASE,  PRIRIEASE, R RREEALSF,
Pb 3.5x10° 5.25x10™ 3.52x10° — — —
cd 1.0x107 1.0x10° 1.0x107 0.38 7.67 152
Hg 3.0x10* 2.10x10° 8.57x10°° — — —
As 1.0x10°* 1.23x10°* 0.30 1.50 18.33 1.50
Cu 0.04 0.012 0.04 — 0.84 —
Cr 3.0x10° 3.0x10° 2.86x107° — 51.14 —

1.5.3  BUR 0N A9 AU A2 i {E T HRA
BT 6 bt MR FRRAR LA BUR RN 14 XS A2 i L, Ht 5 2 500

ACR
RCVS, = (13)
OISER,, x SF, + DCSER,, x SF, + (PISER,, + IOVER,,, + IOVER_,+IIVER,, x SF,

1, ACR 7R ] 42232 B KUK, ToHE2N, BUE M 107, IOVER,,, X A Eshzs 5ok A £ 2 TR
ST YWt N i A R R (BUE RN ), kg 14 kg ! R d'; IOVER,, #ARMAZEIES P KA
FRE HIER R DTS YY) XF W) 1 18 5 57 (AE B0 ROV ), kg £ 4 kg ! /K H -d ' ITIVERcal £ 7R
IIVER,, W A ZE N2 S Wk H FE AT Y W5t I pY 1 8 B 22 i (BUSE SOV ) , kg H3 kg ' 1K
H-dL

A (13) R3THEE % 4.

x4 FHEIRITRLE BRSO 1 38 XU i {E
Table 4 Soil risk control values of comprehensive carcinogenic effects of heavy metals
JLHR
Elements

RS i (. 9.63x107 4.07x107 8.95 x107 1.47 x107

Cd As Cu Cr
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2 25 E 54718 (Results and discussion)

2.1 TEEELRTG YR

1 5% pH BT + 3 b &R B S AR B OCHEEME R, iF5 3R, RS AR T H 48 m)
AR EEALRY, th 26 5 R, SRR P X A pH (EAE 3.87—8.25 Z 8], SF-HI{E N 6.06. + 3K 557
PRk SR . BRME SR R PR BUAE RN BB B 23.05%. 18.36%. 16.02%. 27.73% Fi1 14.84%. 1]
A 5585 T R M AR A 2 BOBAY 50.8%. Pb., Cd. Hg. As. Cu Fl Cr AU & =43 5 K - 46.67. 1.46,
0.45. 19.61. 35.57, 62.71 mg-kg™', 8 i HF Fe(EFE 20 7000 5 BB 56.25%. 64.84%. 94.14%. 58.59%.
56.25% Fi1 9.38%. M4 E K AniE GB 15618-2018 X 4% H 133 7 4> Jm 45 il (B2 B9 2K, B bR i HE i LU
&8 Cd R, i SEY 13.90%, HIK Heg MR L8 SR 0.39%, 151 Pb, As, Cu, Cr %I0H
KR AT BRI L. LA ST 45 SRR, 24 14.63% 77 X 10 - SJE 4R 16 3 KU 85 K, AT 1) i 5 b b & 4
RS, 29 86.37% MUAE wi S A7 A B KR HEER . BE 9 R, AR mAEY h i, 2 2R R W52,
— e R Cd WA REE S &, S — MY Cd kst ) tHRAME M ESE S EE
T4 Cd B S EIFARZIIEACHOCRPL R RFEY X 4B TR S R AR R 257, KoK
FRLEE Cd, Zn fl Cr, T KFE RS B4 Zn, Cu il Cr2. K, 7ES2bR 4z 7= v, B 5840 % IR VE )
& B BRI DURIE VR 22 4 A 7, i WD 2 Cd 5 Y iy IRURS AR 2 19 721X, 77 W 4 12 b Xl 2%
P E A S Cd F RGN, MR E ST A

RS5O TSR SRR pH fH
Table 5 Contents of heavy metals and pH in Camellia origin soil

i/ (mg-kg™!) FE5 Indexes

Content Pb cd Hg As Cu Cr pH
GBS 33.57 0.40 0.13 13.48 34.50 98.98
YN 696.41 28.51 2.13 275.96 316.14 290.79 8.25
/IME 7.22 0.04 0.02 2.42 4.61 8.65 3.87
FHEIE 46.67 1.46 0.45 19.61 35.57 62.71 6.06
bt 22 54.99 2.62 0.35 20.07 34.93 34.66 1.30
KT RS/ % 56.25 64.84 94.14 58.59 56.25 9.38
RTEHUERE /% 0.00 13.90 0.39 0.00 - 0.00

H R A S T

22 THIEEERG R
221 Hb BRFREGE I

A (D) B SR 045, Pb, Cd, Hg. As. Cu, Cr i 1., [E153E 4> 5 A : —2.803—3.790, —4.067
—5.570, —3.612—3.450, —3.060—3.771, —3.489—2.611, —4.102—0.970. )\ 2(a) Fh a5, 6 Hh 4>
J& 10 Hb FR 238 BT P {E MR N : Hg>Cd>As>Pb>Cu>Cr. Igeo ¥J{EH>0 ) JTLE A Hg 1 Cd, As, Pb, Cu,
Cr [ Igeo ¥IME<0. 1 &5 R KM, REZHE S B 1 Lo [E/NF 0, T Toi5 4. KM 2 1 19 Lo, 73 S br
#E, A Jm Po R B . PR EE R AR™ EE VS YR A A ) R AR 27.73%., 1.56% | 0.78% FlI
0.00%, Cd 73 %] i 11.72%. 12.50%. 5.08% #1 0.78%, Hg 73 %] i 29.30%. 9.38%. 2.73% #1 0.00%, As /3
g5 5.47%. 0.00%. 0.00% F1 0.00%; Cu 2 BET5 44 (5 3.91%, HEET5 34 i 0.78%; Cr ANAT 3.13% Al
V5 Yy, AR ToTE Yy, TEILIE 3.

DL g5 R, W98 X I3 7 13852 Cd. Hg M5 3%, 15 YL RE B 202 B b BT 4, Bt
4391 24.22% 1 38.67%, 1fii Pb, As., Cu #2 5 I BTG Y b LI T 6%. 4 = 5 5500 A oT K = X
M3 By DX E 4 SR 7 e KU B, M AR R L (R 28U T 0, WHSE X BN T As. Cr 5 LI FE A
Wang 45" AfF 5 it FH A AILAE i % 2% 108 o 4 J b B SRR H005 Yo 1 L3R B, Zn, Pb., Cd Li5 %, Cr. Cu,
As 1575 9%. TOKATLI® 25X} 4 B Emet 0 i 38 - HEUTAR Y 09 A 5 o0 2 b4 7 AU P pr, b s AR 22
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FE B oo (H7E—3.92—5.99, AT A FE S, Cu Fll Zn JEi5 44, Cd. Cr Fl Ni S B 2 IS5 YL, P N TS
Yo, W] WASTR] - FERREE R A FH 5 12 52 3 5 4 i 1 G (0 20 R JBE 2 SRR K.

6e o - b — B HE{H Outlier
s - = 600 - - . 5 Upper bound
X
2L 500 - X 25%—75% | L]J:ﬂiiéj{EAverage value
. L 400 HifE{E Median
&0 I D, SR 300 R HLower bound
2L EE‘[[E‘ 200 [
4L X 100 =
-6 | | I 1 1 1 1 0 niatrousietefints | 1 IR,
Pd Cd Hg As Cu Cr Pd Cd Hg As Cu Cr
Element Element

2 R R RO T AR AR S XU R R 2 R
(a Jyit 27" SRR 48 8 U geo b AR b 3 P ST R AITE A S KU EL E)
Fig.2 Box plot of soil accumulation index and potential ecological risk index

a,lgeo0f Camellia origin soil; b, Potential ecological risk index of single element in camellia origin soil
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d o) st cﬂ 1298 |
m, 0,
@ 48% bk a. Jii5 %:No polution
“ © a ()
- b. B4Slight
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15)27% .
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Fig.3 Distribution of contamination grade samples of six heavy metals in Camellia origin soil

222 EBEASREFEEEIEM

MRHE e 1 I Hbmife, BRT ISR AL I A E>40, 3UZ54 A4 258 XU 45 5k RI>150 B, 0] 1 B 77
AT GEE. AR (2) M 3) I8 T4 Cd, Hg /Y W 78 48 25 KUK 15 20 7E 4.91—655.85,
2.69—646.54, ¥IE 751k 99.38 Fl 137.45. AT E E, FHEIIIKT 40. ti & 2(b) vl 1, W7 A AR
K Ei KK K : Hg>Cd>As>Pb>Cu>Cr.

H &l 4 AT A1, Pb, Cu, Cr 45 4 Fh i 4 J@ 52 B0 ol A 28 XU 1 - S A A 5 B 80y 99.22% DU I,
As N 97.27%, 15 YL RS B A% TR 45 W Cd A He Wi 8 43 J8 X 28 4 T A AR 8 XU sk sk, o
rh 2 R 25 XU SR AR A5 0 0 o5 SRy 22.27% 1 27.73%, B E AR 25 XU 20 1 o5 R Ry 13.67% A
41.02%, 53 Z0 A= 25 XU 23 91 o5 BBUAY 12.11% F1 17.97%, e 5 A= 25 XU 247 o5 B B0AY 7.42%. v L Cd
Hg /&M A% 3277 X 80 A SIS 7. i 1] S 45 T8 20 45 3980 50 rb A= 25 WS 43 A I 0 vl 40,
Cd Fl Hg 7 45 & e A 518 B0 5 He e i, Cd A Hg X 254 A 25 XU S 47 53 R R 43 591 4 30.84% Fil
56.35%, 295 & RI(EA 87.19%, S 18 78 A 45 KU 19 2L 57k K7~ 1fif Pb, As. Cu il Cr 134 57 ik %
ANF 7.00%, 43504 3.09%. 6.51%. 2.53% Fl 0.66%, 2415 i RIME ) 12.79%. A BFFT AR, Tolk e J& i
+ e 4 JE WA AR SIS BB (E) S EM IR N Cd>Hg> As>Cu>Pb>Cr>Zn. Cd XJ 4= 75 KUK 1Y
TTHRFE R 45.56%, Heg MITTHRE A 30.16%, Hg Cd AU £e A8 28 XU 8 5501 3222 sk PRl 1250, T2 W %)=
DU T 4 J8 15 Yt e AR S KU TN 45 SR 2 I T W B 4 B A S XU A 5 4, Horp Cd ., Heg KU
g, IR EE TN 0O HEEF N R R4 8 Cd I He 80k R 8K, XS RIAY 5Tk i k.
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a B3 Slight

b s & Moderate

¢ H fif Severe

d 38 Z Intensity
¢t JRPole-strength

a100% 2.99%)

4 6 Bl E B 7 IS o S P T A A XU A R R i T S A G A

Fig.4 Distribution of samples pollution levels of potential ecological risk index of 6 heavy metals in Camellia origin soil

1200.00
WPb mCd mHg mAs ®mCu mC
1000.00 |-
800.00
600.00

400.00

200.00

Integrated potential ecological risk index

1200.00 -
mPb mCd wHg mAs mCy mC
1000.00 -
800.00

600.00

400.00

200.00

Integrated potential ecological risk index

B 5 K™ X 256 A~ S A rh R 4 i TR A A AU S0 A 1 DL

Fig.5 Distribution of potential ecological risk of heavy metals in 256 soil of Camellia origin soil

2.3 TR AR AR R
2.3.1  FEBUE KB PEAN

R 5 P b = 4905 e XU A B AR 53 U0 ) 1 XU PE R AR A A 5K (4) —(7), BIFSE 315 6 Fh 42 IR
FE SIS F2 77 X e ) 2 Fp 2 82 A2 T A A 20 XU, PR Z5 RN 6 Fin. 25 B0, s B3R
o KU (THD AR R R 25 118 (HQois ) > I WA (HQpis) > Bz P42 fil (HQdes ) , 42 i A9 3E 0 KUK
MR Hy: As>Cr>Pb>Hg>Cd>Cu. LA 1 S 3E B0 KU T 4 {8 B8 T 22 4 3 {6 (BD EPA #iLE 19 FR 22 (i
1.0). B, B FERFSE XI55 Sh AR X ¢ 4. LAY A B0 B XU HI (E (4.82) H A (0.795) i, & A
(1) 6 fi5 2 22, U BHIZ 0 IX 6 F LB T BB 7E i 3 4 U8 5 1 i 255 B AR 80 UG, R A B0 KU A B AR Ik
NEE %A (HQois ) > K¢ ik 46 fih (HQdes ) > A (HQpis ), 3X —BIFFE 4518 5 FBZEEECT WF 58 Y /K et 143
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B AE 3 PR ER IR AT P 28 R AGS JLRE AYf FRE IXURS: e R A — B0 X 7T RE 55 JLFE A 22 3 A5 A4 3 > 1A
R RURAT %, 48 B ARy, AR 20U B XS HQois {EIA ] (4.82), o KU {H HI 19 97.10%.
% 6 F W, JLEE M RAEHUR R T % 2 BE (1.0), XFLBEAFFEBAE 102 2Bl I, B Ko
DXIRE Pb, Cr, As B, JEHIE i As JUER M AR BUR @ HEXURL. £545 0 it 257 IX 3R R
B XU, L T8 1o 22 1 BN M T < S (DX 1 U i, ERIFSE 4598 5 25 R PM2.5 R EE
<5 J B0 AU A B A — B0, TN e RO 15 )L B R S G Als TS 0 £ B XL,
Xf BN AR XS 22 4.
6 TIEESGEARBORM RN
Table 6 Results of non-carcinogenic health risk assessment of soil heavy metals

2 M4 AHQois JeRAEARHQdes IS 1% A HQpis S AESOE RS (HD

HyJR

Heavy metal

W AAdults JLEChildren R AAdults JLEChildren M AAdults JL#EChildren M AAdults JLEChildren

Max 6.17x10 3.97 1.55x107° 3.02x10™ 5.76x107 9.59%x1072 6.77%10™" 4.37
Pb Min 6.40x10° 4.12x1072 1.60x107 3.13x107° 5.97x10™* 9.94x10™* 7.01x10°7 4.53x10?
Average  4.14x107 2.66%10" 1.04x107™* 2.02x1072 3.86x10°° 6.43x107 4.53x107 2.93x10™

Max 8.85%1072 5.70x107" 3.33x10°° 6.49x10™" 8.30x10™* 1.38x107° 9.26x1072 1.22
Cd Min 1.11x10™* 7.15%10™* 4.18x10°° 8.15x10™* 1.04x10°° 1.74x10°¢ 1.16x10* 1.53x107°

Average 4.54x107 2.92x1072 1.71x10™* 3.33x107 4.26%107° 7.09%107° 4.75%107 6.25%107

Max 2.20x107° 1.42x107" 1.18x10™* 2.31x107 7.24x10°* 1.21x107° 2.29%x107 1.66x10™"
Hg Min 1.65x10™* 1.06x107° 8.86x107 1.73x10™* 5.42x10°° 9.02x10°° 1.71x10™* 1.24x10°°
Average  4.62x10°° 2.97%107 2.48x107° 4.84x107° 1.52x10™* 2.53x10™* 4.80x107° 3.48x107

Max 8.56 55.10 2.62x107° 5.11x107" 2.68x107° 4.46x107° 8.57 55.60

As Min 7.52x107 4.84x10™" 2.30x107° 4.49x107° 2.35x107 3.92x1077 7.53x107 4.89x10"
Average  6.09x10"' 3.92 1.86x107™* 3.63x107 1.90x10°° 3.17%10°° 6.09x10™" 3.95

Max 2.45x107 1.58x10™" 3.08x107 6.00x107? 2.30x10* 3.83x10* 2.48x107 1.64x10™"

Cu Min 3.58%10™* 2.30x107° 4.48x107 8.74x107 3.35x10°° 5.59x10°° 3.61x10* 2.39x107°

Average 2.76x107 1.78x107 3.46x10°° 6.75%10™* 2.59x10°° 4.31x107 2.79%107 1.85x1072

Max 3.01x10" 1.94 1.13x10°™* 2.21x107 2.96x10™ 1.71x10™" 5.97x107" 2.13
Cr Min 8.95%10° 5.76x107 3.37x10°° 6.56x107* 8.80x10° 5.08x107° 1.78x1072 6.33x107
Average  6.49x107 4.18x10" 2.44x107° 4.76x107 6.38x107 3.68x107 1.29x107! 4.59x10™"
Max 8.91 57.40 5.32x10° 1.04 3.02x107! 1.80x10™" 9.16 58.20
HQ Min 9.75%107 6.28x10™" 6.27x107 1.22x1072 1.10x1072 8.41x107 1.11x10™ 6.49x10"
Average  7.27x10" 4.68 5.13x10™* 1.00x10™ 6.79%10 4.36x107 7.95%107! 4.82

23.2  HUERE A

A (s FH b - 398 75 G XURS PPAG B A 3 0 VA2 A PP A s, THR 6 A LI R R IR AR 45 6 BUR
BAO 19 48 XU 2 o B UL 36 4, Cd.L As. Cu., Cr I ¥ HIE 50, 9.63x107°, 4.07x107, 8.95x1072,
1.47x107° ARIEA K (10)—(12) 715315 3 Fh 22 55 542 1 B0 XU AE, 4558 035 7. 45101, As, Cd
FIEE &SR AFAE L TR . B R Al R I A 3 Bl 48 1 850 AR, 25 SRR, 2 Foc R & AL
BRI LN B4 JRURS: A 22 558 /0N, LBz JER A fie 18 800 ARG, JLZE T RN, PP IR I A a8 78 U 3 B T R A P9 3K
9 WURS: = T LEE. Cu M1 Cr PRI T2 U5 Hh e 0k 2 fioh— e ads 48 1 S80088 IAURS: , e 42 2 Foc 2%t
JLEE 9 B0 B 35 8 T LN . Cd., As. Cu, Cr X B4R A BB KU 19 BT R 43518 2 2.93%. 93.67%.
0.03%. 3.74%, XF JL 3 09 5Tk R 00 51 M s 4.47%. 51.22%. 0.41%. 43.90%. 7 U e A S0 XU 328k
As TUE, JLEFE N As fl Cr. T As B&EZL A R fil . PRI A S5 3 Fhag 42 1 B0 BRI
T, BEURRPR T AR R T80 As O 2 B0 R 72, Cr 32205 i 1 PR 32 o i 42 5% i e e
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Cr ) J2 IR A2 i BUs AR R 75, S8 Cr X FJLE R TCR AU STk R IA F] 43.60%, As 28 3 Rk fext
JLEE B S0 XU TTRk 3 51.22%, P, As Fil Cr ik L EE iy 3= 2 80 X 1
R 7T HIEESEBOR BRI 4R

Table 7 Results of carcinogenic health risk assessment of soil heavy metals

G

Heavy metal

£ 4% ACRois Fe il CRdes -0 W% A CRpis A TCR

M NAdults JLEChildren i A\Adults JLEChildren J{ AAdults JLFChildren M A\Adults JLEChildren

Max 5.31x10°° 8.54x10°° 4.11x107 2.18x107° 1.99x10°° 8.29x1077 7.41x10°° 3.12x10°°
Cd Min 6.67x107° 1.07x10°* 1.22x10°* 3.18x1077 2.50x10°° 1.04x107° 2.67x10°* 3.29x107
Average  2.72x10” 4.38x1077 8.87x10° 2.45%10°° 1.02x1077 4.25%10°® 4.63x1077 2.93x10°°

Max 2.03x10™* 3.26x10 9.82x1077 4.79x107° 1.90x10°° 7.92x1077 2.06x10™* 3.66x10™*
As Min 1.78x10°° 2.87x10°° 2.92x10°* 1.42x10°° 1.67x10°* 6.96x107° 1.84x10°° 491x10°°
Average  1.44x107 2.32x107° 2.12x1077 1.03x107° 1.35x1077 5.63x10°® 1.48x107° 3.36x10°°

Max — — 4.89x10°* 2.39x107° — — 4.89x10°® 2.39x10°°

Cu Min — — 7.14x107™° 3.48x10°° — — 7.14x10" 3.48x10°°
Average — — 551107 2.68x1077 — — 5.51x107° 2.68%1077

Max — — 2.74x107° 1.34x10™* — — 2.74x107 1.34x10™*

Cr Min — — 8.15x10° 3.97x10°° — — 8.15x107® 3.97x107°
Average — — 5.91x107 2.88x107° — — 5.91x1077 2.88x10°°

Max 2.04x10™* 3.29x107 4.14x10°° 1.85x10™ 2.42x107 1.01x10°° 2.10x10™ 4.86x107*

CR Min 1.79x10°° 2.88x107 1.31x1077 8.07x107° 1.92x107* 8.00x107° 1.98x107°° 1.10x107°

Average  1.47x107° 2.36x107° 8.97x107 4.19x107° 2.37x1077 9.88x10°™* 1.58x107° 6.56x107

T “—FIR oA, Note: “—"Means unable to calculate.

Cd. As. Cu A1 Cr 1% KU s AL EE Y CR Y {E K T 36 4 315800 XU #8 hilME, 4k F 42430
BB, 5 E PR EEHRXT Cr 1 As A K] 32232 B TE LR 1.0x107°—1.0x 1070, |y 3¢ 7 mJ 1, s A FLEE 1Y)
S0 XU (TCR) PB4 5120 1.58%107° il 6.56x 1075, F2 B9 X 35k, 4 138 5 4> i 350 XU 2 4R b T 7T
2K

3 %512 (Conclusion)

(1) S Ml 45 77 X 1+ 5E Pb, Cd. Hg. As. Cu #l Cr 6 FhEE 4 )& V- 44 & 5243 9 M : 46.67. 1.46. 0.45.
19.61. 35.57 1 62.71 mg-kg ™', A 25 [H] Pb & i A AR I 25 5 K, 290 54.99%, K K Cu Fl Cr, 435 h
34.93% Fll 34.66%, Hg F fik, 298 0.35%. T HEH 45 13.90% Ay Ff 5 Cd % &= 48 o 45 i {5 (GB15618-
2018), 0.39% HYFE & He & i 45 A, 1 Pb. As. Cu HI Cr Il 45 I E ke 5. IRt BF9E IX I 32
B Y E SR R Cd, B S HIEL 14.63% K ST s WE i Az 5, 2 86.37% BYAE w4558 H
TS

(2) L BHEEOR T 0 e R N He Al Cd, HAFHESEIILT 0, BF5E XN 25 R A T
Cd. Hg WiFPICE. Cd (75 Yot B T2 20 0 35 B 15 Yo KU O RE 25024 (5 5.08%, 8 B A v B XU e i 24
i 24.22%, B E TG G XU 249 5 0.78%. Hg 15 Y 32 B DL AR Sl % B 4 Yl IXURS: A =, 43391 o B A 0
44.75% Fl1 29.30%, H 3 F1E V5 Gl XU 43 91 1 9.38% A1 2.73%. 1M Pb. As. Cu % J8 1 e 32 5 e KUK
FEEIET 6.00%, 75 YL L B AR,

(3) BA—JC & A S XK (Ei) K/ME IR N Hg>Cd>As>Pb> Cu>Cr. [%: Hg F1 Cd 4b, B 5 YL 5 1
97.27% VA I, Cd By 75 e Jif B4R v e vh S5 05 Y AP B G, BEAT EL 2R 35.94%, 5 ZU AR 5 15 Y
IS B R o LU 2R 19.53%. Hg V5 YL AR B S B | B3 e KUK, A 0 7 LE 2o 41.02%, SR BRI S A
RN H 25.39%. Cd Fl Hg X 25 & A 48 KU - 347 53 Bk 2R 4301l ok 30.84% 1 56.35%, 24 5 & RI(H 29
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87.19%, Pb, As. Cu I Cr 9 F- ¥ 5Tk R A E] 7%. T Hg A1 Cd W35 RECE K, R b g ok v e A2 35
JRURS: B4 2 2 BTk R 7

(4) M5 77 X 3 5 4 g V5 e xd L S AR BUR KIS K TN, EEMRFERE I THA,
T I B A A o KU, £ EE STk R TR As. AR N B BUR S EE R 0 As o &, Hotmk R 5
93.67%, JLEE U A EZK H As F Cr, H 5THRA 5051 5 29 51.22% F 43.90%, {H L5450 KUK B K
b F AT HE 2K
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