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Abstract: This paper is the result of soil and agricultural geological survey engineering.

[Objective] The east of Yinan County is the representative of Shandong Province with developed mining and agriculture in China. It

is of great significance for environmental protection to control the local soil heavy metal pollution and its ecological health

2022 4F
risks. [Methods| This study systematically investigated and analyzed 4779 surface soil samples, obtained the latest distribution data

of Hg, Cd, Cr, Ni, As, Cu, Pb, Zn, and evaluated the ecological health risks and related problems by geoaccumulation index method,

potential ecological hazard index method and health risk assessment model. [Results] (1) The mean content of each heavy metal

mentioned above is roughly equivalent to the soil background value in Linyi City, but the Hg content is slightly high and its
coefficient of variation is the largest, indicating that Hg in local soil is significantly affected by human activities. Compared with the

risk screening values for soil contamination of agricultural land in China, Cu, Cr and Ni are the main elements exceeding the

standard, the As, Cd, Cu and Pb contents are many times of the standard, and all of them may cause ecological health hazards. (2)
According to the values of geoaccumulation index, the soil in this area is generally pollution—free, and the pollution of Hg and Cu
was slightly stronger than that of the other six elements. (3) In terms of ecological risk, Hg and Cd are the main ecological risk
clements, followed by As and Cu. The high ecological risk area includes three zones: the southeast of Tongjing Town, the area

around Jinchang Village at the northwest of Jiechu Town, and the main urban area in the west of the county town. (4) In terms of

human health risks, heavy metals have no non—carcinogenic risks and carcinogenic risks for adults, but they have non—carcinogenic

high ecological risk areas. Hg, Cr and As are the main elements with ecological health risks.
County; Shandong Province

risk and carcinogenic risk for children in few areas. Cr and As are the main non—carcinogenic risk elements, and As has the highest
Town, the area around Jinchang Village at the northwest of Jiechu Town and the main urban area in the west of the county town are

carcinogenic risk. [Conclusions] The soil quality is generally good in the eastern Yinan County. However, the southeast of Tongjing

E—mail: liutong0001@126.com.

Key words: soil; heavy metal; ecological risk; health risk; soil and agricultural geological survey engineering; eastern Yinan
Highlights: By the method of soil accumulation index, potential ecological hazard index and health risk assessment model, the
ecological health risk of soil heavy metals in the eastern Yinan County was evaluated.
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Fig.1 Geomorphologic types and geographical location map of the study area
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Table 1 Mass fraction characteristic values of heavy metal elements in surface soil (N=4779)

LR RANE RME O CPBE PE AR EEREL % E BE i 7 i -3 SHH
Hg 2.24 0.003 0.036 0.026 77.00 1.29 215.00 17.91  408.59 0.028

Cd 4.19 0.03 0.12 0.10 0.09 0.94 74.00 2248 993.38 0.13

As 118.97 0.30 6.80 5.80 4.60 1.06 67.00 6.90 108.90 6.40

Cr 682.70 16.50 68.50 62.90 33.40 1.12 49.00 5.18 54.68 61.30

Ni 831.00 5.80 29.10 26.50 18.20 1.06 62.00 20.50 825.04 27.40

Cu 856.50 2.70 27.70 22.70 34.70 1.16 125.00 1332 239.62 23.80

Zn 1181.50 15.20 64.20 60.40 31.10 0.99 49.00 12.51  373.70 64.80

Pb 1621.90 7.10 26.20 23.70 27.10 1.00 103.00 4491 255048 26.10
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Table 2 Exceedance based on risk—screening values

pHME  MiE As cd Cr Cu Hg Ni Pb Zn
JUFE FEEC OMURAE AR GRS AR A O AR AR R (B R AT SR AR A TR AR R AR R AR AL
<55 2324 30 5 03 10 150 39 50 50 05 5 60 37 70 8 200 1
55~6.5 1068 30 1 03 19 150 38 50 58 05 1 70 28 90 3200 5
6.5~7.5 678 25 3 03 16 200 11 100 20 0.6 0 100 5 120 2 250 3
=75 709 20 42 06 4 250 5 100 30 1 5 190 2 170 4 300 3
Hi 4779 51 49 93 158 11 72 17 12
HEFR 2/ % 1.07 1.03 1.95 3.31 0.23 1.51 0.36 0.25

TE - 8 FITC R i L B4 BTt 0 R mg/kg.
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Table 3 Geoaccumulation Index classification of soil heavy metal contamination
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(<0 (=0~<D (=1~<2) (=22~<3) (=3~<4) (=4~<5 (=5
As -5.26~3.64 —0.69 4055 656 58 9 1 0 0
Cd -2.70~4.43  —-090 4378 358 41 1 0 1 0
Cr —2.48~2.89 —0.53 4281 433 60 5 0 0 0
Cu -3.72~4.58 —0.64 4093 562 84 25 9 6 0
Hg -3.69~5.74  —-0.65 4010 593 113 32 21 5 5
Ni -2.83~434 —-0.62 4251 481 45 0 1 1 0
Zn —2.68~3.60 —0.69 4467 286 22 3 1 0 0
Pb -2.46~537 —0.69 4495 250 26 6 1 0 1
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234, 104, A HA 0.69% . RIS (] 434 &
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Table 4 Characteristics of potential ecological damage index of soil heavy metals

- O H T
Jat i i I i % e T

<40 40~80 80~160 160~320 >320

As 0.39~185.89 4748 23 7 1 0

Cd 6.92~966.92 4240 472 64 2 1

Cr 0.54~22.27 4779 0 0 0 0

Ei Cu 0.57~179.94 4757 9 11 2 0

Hg 4.64~3198.81 2749 1658 270 61 41

Ni 1.06~151.64 4777 1 1 0 0

Pb 1.36~310.71 4775 2 1 | 0

/n 0.23~18.23 4779 0 0 0 0
R 27.6-3309.4 <150 150~300 300~600 600~1200 >1200

4303 398 45 23 10
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Fig.2 Distribution map of total ecological risk grade of soil
heavy metals in the study area
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Pb 114 /D il K AFL s X Sk 2 X6 LB A7 7E — o AR B0
JRUBS: , Cr & X N e R LIRS0 AR TR . Cr
HBFRAE ALV A0 A AR LA IF 5T X, AR X v
W) = L0 FE AR R EEAL AR EB R Sk
ARrgil. WX, Cri@iio X 4 b E B AEEUE T
LAY, W 76 R 3RS0 KU T o

g (B XU P55 /R | AN TR] 2 28 s AR X
AL 2 B KU K/ [ A R BN CRuw>>CRuon™>
CRiw, 28 TVHE A B IRUBS: 7 FE KT 99.5% , & 30

x5 tESESEEBEFIHEEE4DD/10° mg/(kg- d)]

Table 5 Non—carcinogenic average daily exposure doses of heavy metals in the soil

- ADD,,, ADDiu, ADD e, ADD

T BN JLE BN JLE BN JLE UN JLFE
As 1148.44 8205.20 0.12 0.23 493 9.44 1153.49 8214.87
Cd 19.83 141.70 0.00 0.00 0.09 0.16 19.92 141.86
Cr 11566.24 82636.76 1.23 2.28 49.62 95.03 11617.09 82734.07
Cu 4675.00 33401.23 0.50 0.92 20.06 38.41 4695.56 33440.56
Hg 6.04 43.12 0.00 0.00 0.03 0.05 6.07 43.17
Ni 4915.06 35116.43 0.52 0.97 21.09 40.38 4936.67 35157.78
Pb 4422.75 31599.02 0.47 0.87 18.97 36.34 4442.19 31636.23
Zn 10831.28 77385.75 1.15 2.13 46.47 88.99 10878.90 77476.87

ADD 37584.64 268529.21 3.99 7.40 161.26 308.80 37749.89 268845.41
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6 T As.Cd.Cr.NiTEEEFHREE[4DD/10° mg/(kg - d)]
Table 6 Carcinogenic average daily exposure doses of As.Cd.Cr and Ni in the soil
ADD,, ADD:y, ADD gem ADD
IDIN JLE IDUN JLE DN JLE DN JLE
Cd 6.89 18.69 0 0 0.03 0.04 6.92 18.73
As 398.76 1082.53 0.04 0.06 1.71 2.5 400.51 1085.09
Cr 4016.05 10902.45 0.43 0.62 17.23 25.15 4033.71 10928.22
Ni 1706.62 4632.99 0.18 0.26 7.32 10.69 1714.12 4643.94
ADD 6128.32 16636.66 0.65 0.94 26.29 38.38 6155.26 16675.98

Yt N3 . A JE 0 KU i & 2R As>Cd>
Cr>Nio AsXf BN B 20 KU 7E 4 1> T0 28 KU 48 %)
ST KA Y 86% , 4% T-F41H A7 91% , XL
O KU e e RME 5 87% , ¥ 4418 5 92% , Cd X
BRI ) L A 500 AU 32 fe RAEL RV RE | 12% , 4%
SEIME 6% , X UL As & FEEUR KK TR . ik
R L2 3500 XU 48 R00F- 32 B 5397 8 6.61% 107
F1.77%107°, 40 T 107°~107, eI Ak HFos X & 4
& 5 | 1 50 XU v ] 237 (20 s 45, 20125
A4, 2018) , {EA75E H 36 [ EPA 2 H 11 + 3E3h 3
FEVEAR 107 (BRTTIRZE ,2020) o M XU 5 B0
KEEA , AL 53518 1.22x 107 Fl 3.28 %
107, BN AR AT 4232 Y5 PR 107, JLZE {E 0]

W R e T L, X i As Y28 R AR
FH ARGt kKB, LB XS S8 BB bR
FEGL O, N BUE XU S8 BOB R AR S AL 1,
AP As B MU TR EGEAR , HoRr 3 R G R BUE X
B FE RS A AT 2R o O PR AR it & A
AT THIF RSB Pl % X T B XL
5 R R BRI , 2R As To R B0 KUK AL
R LB

5 1
AR TR ER RS i E AR L E

(70 A 5 AE 5 PR L | 9 A 2 DX, A A e
JRUBSE , 2% TUBIETE 25 18 A 3500 A i) AN — Bt = PR R

F71 T EESREIFBURERRRXKEIES(H/10)
Table 7 Non—carcinogenic health risk index of heavy metals in the soil (HQ/10™)

LR ‘ HQO., ‘ HQOuw, ‘ HQuom ‘ HQ
LN JLE A JLE [IIN JLE LN JLE
A IS ON:] 6694.88 47832.63 14.28 26.38 28.72 55.01 6737.88 47914.02
YA 382.81 2735.07 0.82 1.51 1.64 3.15 385.27 2739.72
IZINI: 70.74 505.38 0.75 1.39 12.14 23.25 83.63 530.03
« FHME 1.98 14.17 0.02 0.04 0.34 0.65 2.34 14.86
HRORE 3841.81 82345.14 48.19 89.04 659.25 1262.63 4549.25 83696.80
“ A 385.54 8263.68 4.84 8.94 66.16 126.71 456.54 8399.32
RORME 361.49 2582.71 — — 1.55 2.97 363.04 2585.68
cu THME 11.69 83.50 — — 0.05 0.10 11.74 83.60
Hg IS ONIEL 126.01 900.27 0.01 0.02 7.72 14.79 133.74 915.09
FIME 2.01 14.37 0.00 0.00 0.12 0.24 2.14 14.61
Ni O] 701.45 2505.82 65.03 120.16 75.23 144.08 841.71 2770.06
SEHE 24.58 87.79 2.28 421 2.64 5.05 29.49 97.05
- SON| 7823.17 55893.86 0.83 0.00 221.63 424.48 8045.64 56318.33
PHIME 126.36 902.83 0.01 0.00 3.58 6.86 129.96 909.69
- PN 66.49 475.03 — — 0.29 0.55 66.77 475.58
FHIME 3.61 25.80 — — 0.02 0.03 3.63 25.82
HO ISON] 19686.03 193040.83 129.10  237.00 1006.53 1927.75 15646.71 117188.93
FHME 938.59 12127.21 7.97 14.69 74.55 142.77 1021.10 12284.70
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#8 TIWE LR As.Cd.Cr.Ni BUERERKIEH (CR10™)
Table 8 Carcinogenic health risk index of heavy metals(As,Cd,Cr,Ni)in the soil (CR/10®)
CRiyg CRu CRum CR
HE)E
IDUN L2 IIIN JLE IDIN )L IDUN JLE
IS ON:} 10460.76 28397.99 0.00 0.00 44.88 65.50 10505.64 28463.50
A FIME 598.15 1623.80 0.00 0.00 2.57 3.75 600.71 1627.54
RRME 1498.23 4067.27 0.16 0.24 6.43 9.38 1504.82 4076.89
« THME 42.01 114.04 0.00 0.01 0.18 0.26 42.19 114.31
PN — — 179.20 258.67 — — 179.20 258.67
“ A — — 17.98 25.96 — — 17.98 25.96
, IZINI: — — 4.36 6.30 — — 436 6.30
M FHME — — 0.15 0.22 — — 0.15 0.22
HRORME 11958.99 32465.26 183.73 265.21 5130  74.89 12035.28 32576.21
o YA 640.15 1737.83 18.14 26.19 2.75 4.01 661.04 1768.03

WG AR AT, Bk 48 s S R bR A A [A] , 25
MA—F, BN, ¥ w4 R BN 7 REONKE]N
HEF1 , Hg . Cu . Pb #RHELE FT 1 , 1M 4% I £ K /1N, Pb.,
Cd Ni WHER T AT . 5257% - pH AR &3
JCE AW IE PSR Hg 0Bk 8 A 2R e AR 8 T
o M RFUREOAE pHAEAE S AR bR, W He #K
SR Tt A B = A B R TS R KU T R . TR
AR FRRBOT A WAL T 4 50 R I B 5
P R 2, X stk Hg . Cd ™ i loh i 8 AE 25
B TCE o fE R KU 48 EO T3 WD AL T 5 2 148
BRME, &5 5 AR 0 8 ot 28 X B TC A JXURS: | 14X
DB S P XL A RS0 FBUE AR, EET
M Cr.As. PRI, EE AR T5YI0R A —
2, 33t N — D U B AT X PN T AT 4 ™ B Y
NN Tve

K ICR Y5 R RS R A A —2E, A
IAEZS ()43 A 04— 2, o R B X 32 B A
TEHR HAET Ml DX AR AR Tl X, B s e 3 800
KB HFEL T, HE R LI AR L E SR
WA R (B AE, 2007 R4k T 45, 2013 ; 251K
45,2015 BEHAE,2017) o X (2009) K, HF
S R ORI S R A S AR R
FHOCHEAR 22 , B B R K T i5 g fa 2
i RE AN, B 53t A 1 S — e R AR G 6 R
FE7R 2 AT B TR A B A B e KU
ARVRBIFFT , 4 1) 2 Vs e A 2 XU DT A A e B AL
BT, R T RZ B A on K SR A

AR R AT ABIEFE R , SRS H 75
R E AR AR B AR 2 e — D R AR . 55
—J7 0, AU TR U2 T e i G Jm X AR
ELAFE M IS A R , AT 3 S — SB[l R
AN X A RO R W AR R R RO
UNCOREE SN NS R e oI E-bve S TIPS ES R R(LTES
IS TAE . P, AR PP 4518 — 2 R
A AL E 1 o RS 5745 (2021) BRA3 A &
VEPIAFSENRES R B 7R , 45 T B T R AR AR A
REIATAEABEFE X 1 5 G m U X o BT LA, AR
DA AT AT SR AEAS AT EE LI FH A Ain s 350 A

6 %5 i

(1) F LR 8 KE 4Rt ZE Tk Hg b, As.Cd.
Pb.Cr.Cu.,Ni.Zn % 7 0 & & i FXME SiE Ui -
B SUE KB Y . He M Imi=r , A S R AU B f
KA HIRES IR R T RENE . SEZ A
JH M - 3835 2 RURG: B 6 (ELAH L, Cu  Cr N2 AHXT 32
FHFRICZE , As.Cd.Cu . Pb @BAREECR, BT AT
[F|2R RA EYA £ 2135 17

(2) # Z2RFE BTN S5 R o P HME , iz IX
TSR TC S G PR, He  Cu 5 e MR N
S TSR AL 22, HoAh 6 SR FA TS YAt
i 230708 As Ni Cr.Cd . Zn . Pb, 754444

(3) H 4 B TEAE SRS TN 25 R %W, Hg .Cd
WG X A AR R AR T E , As .CuikZ,
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Ni . Pb Al AN IRE 5 AT 2k 3] o 45 2 AR g RURS: , v 4
AR UG —TC KU o =2 2 114 o AU X 43 A7 78 4 I
FERA AR B AR P A 4 3 BT LA B B3 P R
XAE3NRIX,

(4) T4 Ji N AR KBS PR 25 58 R, AR
SO ik R IR vT 220, LB T 5 <2 3 o 4 U, 22
F AR FERE EAE, Crit FEAEEUEICE, As
K Z,Cr.Pb. As [ /DB K AH A XIS X ) LB AP AE
—EAEBUE XS . BRI LU KUK S5 58
AT I, X E i As I D AR S5,
As X LFERAT R BRI , AR

Big b SCHE 5 I AR P S AL AT T AR AR R
BYTARIZH, WAL LN G KT ESHNE
BERELZHARSSHEREINMNK, ZHLLES
RBERMERAEREEHEATECE S E4L
FRERATERBERETFREEENL, A —
FEBLLF G B R
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