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Abstract To understand the characteristics of heavy metal content and pollution of forest soil in Qujiang
district, and provide a theoretical basis for its ecological risk assessment. In this study, the contents of Cr, Ni, Cu,
Zn, As, Cd, Pb and Hg in the 0-20 cm soil layer of forest soil in Qujiang district were analyzed, and the pollution
and ecological risk assessment of heavy metal content in soil were carried out by single factor index method,
Nemero comprehensive index method and potential ecological risk index method. The results showed that the
single factor index of 8 heavy metals was all less than 1, and the pollution grade was no pollution. Nemero

composite index is less than 0.7, and the comprehensive pollution level is safe. The potential ecological risk index
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of single heavy metals showed that Cr, Ni, Cu, Zn, As and Pb were mild risk, Cd was moderate risk, and Hg was

intense risk. The comprehensive potential ecological risk level is medium ecological risk. In general, there is a

certain degree of potential ecological risk in the study area, so it is necessary to strengthen the control of heavy

metal pollution sources, reduce the entry of heavy metals into the soil and reduce the risk of heavy metal pollution.

Key words forest soil; Heavy metals; Single factor index method; Nemerow composite index method,;

Potential ecological risk index method
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Table 1 Reference value of soil heavy metal evaluation

mg * kg

2%

Reference Cr Ni Cu Zn As Cd Pb Hg
3y Y XU i1
. + %.{G#NB‘L%@{E 150 60 50 200 40 0.30 70 1.30
Soil pollution risk screening value
N 7e b B
VAR LA R 50.5 18.2 17 473 8.9 0.056 36 0.078

Soil background value in Guangdong province
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Table2 Single factor index and Nemerow comprehensive pollution index evaluation index

T ST
HfH Value Thede;zfiigiuuﬁon Hf Value Thedegifiﬁgiuuﬁon
P<1 PGS P=<07 LA
1<P,<2 R Y 0.7<P <10 T YL
2<P,<3 TS Y 1.0<P <20 R Y
P>3 Gl RS 20<P <30 TG

>3.0 GV R
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Table 3 Evaluation index of ecological hazard degree and potential ecological risk degree

K0 Value ﬁmmmﬁmg. HOfi Value %ﬁﬂmﬁﬂi.
Degree of potential ecological risk Degree of potential ecological risk
E,< 40 U=y R,< 150 =15
40 <E, < 80 T 150 <R, < 300 I
80 <E, < 160 Gl 300 <R, < 600 G
160 <E, < 320 R 58 R,> 600 AR
E>320 i

*® 4 IR R TIREE BB S ITHHE

Table 4 Descriptive statistical characteristics of heavy metals in forest soil of Qujiang district mg - kg
ittt .
Statistics Cr Ni Cu Zn As Cd Pb Hg
FH{E Mean 27.06 7.75 13.88 46.60 25.17 0.16 44.43 0.18
e KAH Max 175.01 102.74 59.54 237.70 346.38 1.69 497.88 0.62
Hz/]MH Min 3.75 0 1.67 9.26 2.50 0 7.51 0.05
ﬁ{ﬁﬁ. . 22.47 11.25 11.09 40.25 45.28 0.26 54.12 0.08
Standard deviation
L2
LR 0.83 1.45 0.80 0.86 1.80 1.59 1.22 0.47

Coefficient of variation

SPSS 20.0 Fkff4, 5 YLFERE Efd H Origin 2022 Hf4:
227
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Table 5 Evaluation of forest soil heavy metal single factor index and comprehensive pollution index in Qujiang district

VE YL
R Cr Ni Cu Zn As cd Pb
Pollution evaluation

Hg

T L
R TISREE 0.18 0.13 0.28 0.23 0.63 0.54 0.63
Single factor pollution index
BTG YR
Individual pollution grade
WS £ 515 Y A5 2L Nemerow 051
composite pollution index '
L AT YLy e
Composite pollution grade

3% /0,
AR % 0.93 0.93 1.87 1.87 12.1 9.35 13.1
Over-standard rate

100 &

80

60

40 -

15 YL /%
Pollution Level

20+

Cr Ni Cu Zn As Cd Pb Hg
)R

Heavy metal

1 AR A SRR FEEASEENES R LR FIEEITNSLREE

Fig. 1 Heavy metal single factor index was used as reference value to evaluate the pollution degree of agricultural land soil
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Table 6 Potential ecological risk assessment of heavy metals in forest soil of Qujiang district

. {T\ NY1A

PRSP Cr Ni Cu Zn As cd Pb Hg

Ecological risk assessment

I
P REL

Toxic coefficient 2 5 5 1 10 30 5 40

A KU S KL S
HATAESEES Single factor ) ) 2.13 4.08 099 2829 8712 617 9052

ecological risk index

j< ERan j< N i3
AT SRR Individual risk level R ﬂ[& & R ﬂ% B FU& %ZJ)}LM s ﬂ% U R%’“‘ %ﬁgﬁ%
254 B 78 %0 Composite risk index 220.36
rh R AR SRR

ZEE KBS R Composite risk level
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Table 7 Correlation of heavy metal elements in forest soil of Qujiang district

He%;i\n)laetal Cr Ni Cu Zn As Cd Pb Hg
Cr 1
Ni 7417 1
Cu 378" 3827 1
Zn 418" 6317 578" 1
As 105 190 3027 3527 1
cd 379" 4827 148 527" 075 1
Pb -.131 -.024 393" 5917 247 187 1
Hg 075 014 037 125 3407 176 2807 1

TE: #7801 KF (COU) ERFMDC, * 76 .05 KF OBl FRFEAK.

Note: **, Significant correlation was found at.01 level (bilateral). *. Significantly correlated at.05 level (bilateral).



WFRELLAG AL DCRRAR I AR AR M A 2SR PP —— LA T DX A 71 45

Pt 22 [B) AR S A HE I R R B RS R B N
5 Cor Mk &k 0741, FWINI 5 Cralfie B A
FHTR] B R R, 38 2 B R 74 B0 PN 2 B, N
Cr YJAbFToT5 YIRAS, PRI 0 H ke 5 vT 68 4 1
+ i, Zn 5 Ni, Cu, Cd. Pb BYHH &R E45 5
9 0.631, 0.578. 0.527. 0.591, P zZn L R 5
X 4 PR T REAAER G5 AT RE R, st
HA MR 75 YR8 . BF5E KA AT VLI,
WEN “HOLEZ ST, UREER, WEN
WL RIG R fb2E Tk A 7=, SHECR R E 4
JEBIEA, it KA HRIEB MU SR AT A+
Bt 28, MR X KR4 A 2 M7
2 M 2 B IE M SE5E R . Cheng %5 P A 5E &
W+ HE4)E As, Cd, Pb, Zn, Cu s &
KHTAIFR. B RACLL R G HRT RS HER,
Hg =BG IR AW 300 [ F 2 A< A HE
B, Cr. Ni FZORIEM A FERT,

RO VL X Ak L3 F 4 )8 Cr. Ni, Cu,
Zn, As, Cd. Pb, Hg LR ¥ &AL, Bk
L e b A 3 XURS: O e 1B, N 5 B e BT
MWW % RES . WA S KA, B
Cd. Hg R/, Hoereo MESENE TREAS
KB FREE, 1M Cd Ju R M AE RS XS, Hg AR
FEA SR, DR AIE T X 255 VR e A 2 KU A5
s R 3 e N 5 A -t D N DA PSP O N w3
JEE RV, JFhnEEXT Cd, Heg X PiFPd . &
GHES KIS TTR AT, #E X LT R I EE
L WFIE X RRAR A T4 B A A e AN [ (R AR b
R E G )R Z MAE7E—E M RTEME, H 3Bk
ATBE R B BRI W L TR e B A Tl AR
2, PR I S YA

SE 3k

[1] JIAZ M, LI SY, WANG L. Assessment of soil heavy
metals for eco-environment and human health in a rapidly
urbanization area of the upper Yangtze Basin[J]. Scientific
Reports, 2018, 8(1).

(2] R, P NG, VL3R, S ARAR T E R A ) 0 A RRE
Fim B A LA e i b DA I [0 MO 5 PR R
2%,2021, 37(01): 116-121.

[3] MISHRA S, LIN Z Q, PANG S M, et al. Biosurfactant is a

powerful tool for the bioremediation of heavy metals from

contaminated soils[J]. Journal of Hazardous Materials,
2021, 418.

[4] PAN Y J, DING L XIE S, et al. Spatiotemporal simula-
tion, early warning, and policy recommendations of the
soil heavy metal environmental capacity of the agricultural
land in a typical industrial city in China: Case of Zhong-
shan City[J]. Journal of Cleaner Production, 2020(prepub-
lish).

[5] PENG X, CUL'Y X, CAO W Q. et al. Remediation tech-
nologies and risk assessment of soil contaminated with
heavy metals[J]. IOP Conference Series: Earth and Envi-
ronmental Science, 2021, 781(3): 032057(10pp).

(6] ZE1ARK, WHEEZE, 2Rty S5 ) ARRRAT 55 5™ st L 3
G JE 155 WS PN (] MOl S EREEREE, 2020, 36(6):
103-1009.

(71 2, KW, mfE, S5 AL L A SRS XA S
BRI W ARRHE]. PR AL 4, 2017, 30(10):
2352-2359.

(8] AA4ERS, ST, TRME. s 4 RUL A [R) b - 78 o 4
E T[] RIS Bl 2021, 35(4): 33-40.

[9] SEi, P EAE, S RREE. B3k il A AR R4 XM 1 e AL
PRI S T 4 AR DCHERFZE (] AR AR, 2022, 44(1): 16-
21.

[10] BRARIE. 49 o 45 & 5 Yt S HOR N 4 A (0] o [ %

TRZEAFIH, 2022, 40(4): 109-111.

[11] 7, T, X450, 5 Ao i 1 g 4
J& 5 YRR S HOR RS A [ 0] AT B8 R QR R R ),
2022(6): 101-1009.

[12] BRHS, S840 20N 70k R i 15 G de BORTEm™ 11 1 4%
AR TGRPPH T D] 1 5 ()R, 2020(9):
281-282.

[13] BEGHL, V0, @Al S5 ORI R R R
(] 43 A R KT G AN (D] PU AL R MBI 22 4 (A
SRBFRR), 2020, 48(8): 93-100.

(14] "R, AEREE, skiEnyg, 2. rp [ & bt - 3 i 5w
FRAIE LTS QO [T] B BoR 5 TR, 2020, 20(6):
2507-2514.

[15] MOHAMMED ELT, ROSALIN A, ROZAINAH M Z ,
et al. Evaluation of heavy metals and environmental risk
assessment in the Mangrove Forest of Kuala Selangor es-
tuary, Malaysia[J]. Marine Pollution Bulletin, 2018, 136:
1-9.

[16] TR, 2t ih. b DX 43 v e AR B +- 43¢
IS EW: LA I W A SR 23R,
2018, 5(3): 48-56.

[17] HSEFS, BiZIF, W WAk, S ML AR X I
R F RN A= B4, 2019, 39(5): 38-
43,

(18] R, MHRLL, VIR, S5 OCTIT AL b ol X AR bR 58



46 Mol 5 BB Bl 2022 4F 6 J145 38 45 3
4B TS5 YT 1] AR B RS, 2022, 31(2): 354- ces of pollution[J]. Chemosphere, 2017, 168: 839-850.
362. [27] AEASIREEER, 500 B A AR . A o

[19] BREZA, BIAKEE et X H 35 e piin ] R4 A FA M A 5605 g KU A A fE (A T) © GB 15618—
%, 2018(17): 34-35. 2018[S].Atxt: Hh EFREERR= bk, 2018.

[20] FROCTTMMVLIXGEit JR). A 2T VT IX 202 147 [ R 48 35 [28] PNE=, B, X1, 45 3T GISHL /35 + Hu Fl
itk 2 & Ge it~ i [EB/OL]. [2022-04-23]. http:// FHERITAR AL 1) 1 58 5 4 8 A= 25 KR R BRSO PR 7
www.qujiang.gov.cn/zfxxgkml/content/post 2185044, R[] M43, 2022, 96(4): 1488-1502.
html. [29] EZABEE R, o E PRSI G [ T 5

[21] HAe R SR E 55 B 815 Y piia 15 shit RI[EB/ fEIM].AEST: s E R R, 1990.

OL]. [2016-05-31]. http://www.gov.cn/zhengce/con- [30] HEELE, i, BN, S P i XA [ AR 7 2570+
tent/2016-05/31/content_5078377.htm. B 4w o im ARSI PR [I]. AR R AR 22 iR,

[22] RIS EHOMUOBRYAR . BEL B BAOIIE K 2018, 39(5): 25-31.

YAV T G HI 491-2019[S]b 5t HrER [31] Z=mmIBH, 588, XLE BRA pg SFh AR AR e 4 5
B RRAE A, 2019. K AT I T RO B 224k, 2019, 39(10):

[23] HPAE ARICRIEAOD S, SRR ROk AR, B 102-108.

FIIE R T986H:: GB/T 22105.3-2008 [S].Ab5L: [32] FhIRAF, FHER, BN LD ESE TG Rk IR
[ bt i, 2008. KA EE )y 2[I]. b B A2 Em 4, 2022, 38(6): 75-79.

[24] HEZIASELAY BRI AR R AT A [33] fAig, skfd, 4707 %, S5 DRI i/ NR AR K XA ] k3
A SBRIP R T IRSC OB EYE: GB/T 17141-1997 [S].dE T 4 V5 YRR R A S I (0] A S R
o R ERRE R, 1997. 224, 2015, 24(9): 1526-1533.

[25] Z=6I%%, WA, MRy, S5 R E RS0 X R 1 [34] CHENG X F, DANEK T, DROZDOVA J, et al. Soil
AT 4R A R AE B H XU P [0, 3R 8 TRE R R heavy metal pollution and risk assessment associated
A4 1-12. with the Zn-Pb mining region in Yunnan, Southwest Chi-

[26] RYSZARD M, JOANNA K, MICHAt G, et al. Assess- na[J]. Environmental monitoring and assessment, 2018,

ment of heavy metals contamination in surface layers of
Roztocze National Park forest soils (SE Poland) by indi-

190(4): 194.1-194.16.



