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Characteristics of chromium soil pollution and health risk assessment in saline alkali farmland : A case study
of Bincheng District, Binzhou City, Shandong Province, China

WANG Yue', LIU Yingxue®, LI Dandan', HE Rui', WANG Wei®, LIU Yuexian®, LU Zhaohua', ZHANG Meng""

(1.School of Chemical and Environmental Engineering, China University of Mining and Technology , Beijing 100083,China; 2.Environmental
Development Center of the Ministry of Ecology and Environment, Beijing 100029, China; 3. Agro—Environmental Protection Institute,
Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 4. College of Resources and Environment, University of the Chinese
Academy of Sciences, Beijing 100049, China)

Abstract: This study analyzed the content and distribution characteristics of chromium (Cr) in farmland soils, which was conducted for the
farmland soils of each region in the rural, suburban and urban areas of Bincheng District. The signal factor pollution (P;) and
comprehensive pollution indexes (Pz) were used to evaluate the level of Cr soil pollution. The human health risk from Cr exposure in each
region was evaluated according to the human health risk assessment model. The results showed that the Cr content in soil in the Bincheng
District ranged from 20.56 mg- kg™ to 49.58 mg-kg™', which was lower than the screening value of soil pollution risk and the limiting value.
The Cr content in urban areas was the highest, followed by that in suburban and rural areas, all of which were of clean grade. Using the
average measured surface Cr content of rural farmland in Bincheng District as the background value, the P; analysis results showed that the

Cr content exceeding the background value in urban, suburban, and rural areas were 60%, 56%, and 42%, respectively. Additionally, the
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point rate beyond the background value was 53%, 48%, and 45% for urban, suburban, and rural areas, respectively. The results showed

that there were no non—carcinogenic, carcinogenic, and total health risks from the current Cr content in the soil for all regions.

Keywords: soil heavy metal; chromium; Bincheng District; farmland; pollution characteristic; health risk assessment
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Figure 1 Distribution of sampling sites
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Table 1 Single factor pollution index method for classification of

heavy metal pollution
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Table 2 Nemerow comprehensive pollution index method for
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classification of heavy metal pollution
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Table 3 The soil environmental quality—risk control standard of Cr(mg-kg™)
5l H Project pH<5.5 5.5<pH<6.5 6.5<pH<7.5 pH>7.5
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Table 4 Parameter and value of exposure risk assessment model of heavy metals in soil

B% Wy B R A HUff Evaluation
Parameter Physical meaning and unit A Adult JL# Child
IR, 4 H AR/ (mg-d ™) 100 200
IR, PR/ (m* - d ) 20 7.65
CF i 78 (kg mg ™) 1x107° 1x107°
EF SN/ (d-a) 350 350
ED TR A /a 24 6
SA 5 8 Bz R R fem? 5700 2 800
AF X Rz R B EE B R AU (mg kg - dT) 0.07 0.2
ABS F 1R A 0.001 0.001
PEF IRAHEHA F/(m® kg ™) 1.36x10° 1.36x10°
BW AR kg 70 15
AT V34 SR R I T /d EDx365(AEE0#) ; EDx365CIEEUR) ;
70x365 (EUi) 70x365(FUH7)
HI = ZHQi (11) R4 Cr B 1389 5 (B 66 mg- kg™ o W45

WA HQ 5 HIE/INT 1, AR RS 5 /sl mT ) 22
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oA fa R XU (RISK) — R H 2553 5 5 8UE
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2 ZREW®R

2.1 HECEERSHHE
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Table 5 References dose(R/D) and slope factors(SF) for non—carcinogen trace elements(mg-kg-d™)

CrZZ% 7| ik Cr reference dose

Cr BUE AR A F Cr carcinogenic slope factor

LA RD, BEAZ i RD. WP A R/D;

Z 145 A SF, J ik fih SF U TN

3.00x107° 7.50x107 2.55x107

5.00x10™ 20 47
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Table 6 Soil physical and chemical properties and heavy metal content statistics
o BEAY S ﬁéﬂl?ﬂ]ﬁ PrfE2 wﬁﬁiﬁ?&%?\‘{ﬁ TR DX S A A A FH
FEF7 Index Sample mumber  Range Arithmetic  Standard  Soil background values ~Background value of rural farmland
mean deviation  in Shandong Province  measured in Bincheng District
pH 183 7.28~9.20 8.24 0.36 — —
TALIE ESP/% 183 5.63~10.58 7.78 0.47 — —
HSEEC/(pS-cm™) 183 0.091~0.127 0.096 0.07 — —
B2 CEC/(emol < kg™) 183 19.73~32.38 23.68 2.66 — —
FIKFEWC/% 183 11.87~18.75 13.74 1.08 — —
AL SOM/(g-kg™) 183 6.37~22.54 15.89 1.22 — —
% Cr/(mg-kg™) 183 20.56~46.44 34.58 5.09 66 34.58
xR EHXTEEEECGEE
Table 7 Content of Cr in soil of Bincheng District
R, SR A AR BT RIS b 55
Sampling area Sampling number Soil depth/em Content raﬁrllge/ Arithmetic Tean/ Standard deY:allon/ Variable coefficient
(mg-kg™) (mg-kg™) (mg-kg™)
BRIX Urban 5 0~5 28.93~45.82 36.47 721 0.19
5~10 27.77~45.59 34.66 7.61 0.23
10~20 29.36~44.86 35.61 5.29 0.14
ZBIX Suburb 18 0~5 26.19~45.17 35.51 5.98 0.17
5~10 26.82~45.82 34.68 5.85 0.17
10~20 27.23~43.82 34.78 543 0.16
A F} Country 38 0~5 22.99~46.44 33.09 6.15 0.18
5~10 21.03~45.91 33.06 5.89 0.18
10~20 20.56~43.48 32.93 6.54 0.19
. DA‘;*S;"I Af“lf:'“% e FLAJR G THRJ SRR Cr 8 5t
% s gy G Ca Ca B L Z IR B A, 5~10 em 5 10~20 em
PE 7 JR A RSN . AR RN Cr B BT (A
3 o T, IO A0 Cr 27 R
5 200 Z RS R
g o U S I 38 A L A 7 AR LR
& 10 BE A T MO B T 5 18 KB IK AL AT S A R
! ST BIBEFA T BT B R BB K
R b B Suburb  KH Counr S T 5 9 5 PR AL/ EL 4D T2 B 5300 , 053
E rea

AR R R ) — e J2 AN [ DR 3t ] 22 5 2. 3% (P<0.05) 5
ANTF NG R R () — DX AN [ 2222 57 i 2 (P<0.05)
Different uppercase letters indicate significant differences among areas
in the same soil layer(P<0.05) ,and different lowercase letters
indicate significant differences among soil layers in

the same sampling area(P<0.05)
B2 EXTEEEECGEE

Figure 2 Content of heavy metal Cr soil of Bincheng District
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6 S, YRR T AR/ AL AR
fRRE 1858 o ZBIX L Cr B ik, HE R 2 RB X
Ffcte T AR, HA LTS ARG Bk T T
T YR TT 7K, B o34 R AR g 2 B, R AT
FEME P EOB X Cr & AL TR S AR Z ], A A
HIRAR TR, 2 A 6 S /N, R B
e, B ), PRt -3 vh Ce i iR
22 TECGIEREETN

MR 8 Al A, LR LR SR T R EHA S
W SRR R AR b PX/NT 1.0, 75 Qe RERE D i
e EXYRBRZGRBE R, S RRE S 5%

XSAB X SAAT o DA IR DX AR A 5 4 I 5 o S 1 3
(B0 S8, 8 AR M IR X b v A T 1A, 45+
AR S INAE L EES R E S EASIRT
— B0 (AR RE S RS PR T 1.0, 3R B S
TR, BX 0~5.5~10,10~20 cm )21, ik H) 42 5
YL RE B H 2 9N 60% . 40% . 60% , 5K X 18 N EE
SR BB BTG e 0 A5 B 53 0 R 56% . 44%
56% , HIRIX ZBIX PAF-HEAL T 1.0~2.0, J8 TR TS
e WX Crim e X 5 Fede K. R A 38 A s ik
BN 25 e Y FE A1 PRI N T 1 b T I K
-, 0~5.5~10,10~20 cm +JZFE 550 B4 42% 45% |

4R Cr & i 5 B A OC . BlIX SR IX 4 4 bl
JEINTE, Cr ¥5 Qe B 1 DSBS THR RRAE , AT Cor
15 R Bl 1 JZ IR B W AR Tl TAe e o iRy
B, 2% DI IR 7~ 75 G920 v 2R U B ik

#8 EMRXTEEERE G REFSREBEDMIFILE

47% ik BV FE 15 YL K

HERIFAL,DILARE L EES BT SENS
W 4 X3 P38/ 0.7, 75 Ye A B 4D 138 35 K F-
WBATFE A PoAbF 0.7~1.0, M iR A o DAV X

Table 8 Distribution characteristics of single factor pollution degree of soil heavy metal Cr in Bincheng District

b VIR W SHE R 2 VAR A A S0 S (E D 2 1 A S R
SR X S, g\#‘]‘ﬁ +-3EyRpE  Background value of Shandong Province  Background values measured in rural farmland Beyond the
. ampling .
Sampling area nurﬁbe: Soil depth/em BB oAl EHCE P o] backg:round value

Arithmetic mean Maximum Arithmetic mean Maximum point rate/%

X Urban 5 0~5 0.55 0.69 1.07 1.35 60

5~10 0.53 0.69 1.02 1.34 40

10~20 0.54 0.68 1.05 1.32 60

ZBIX Suburb 18 0~5 0.54 0.67 1.04 1.30 56

5~10 0.52 0.65 1.02 1.26 44

10~20 0.53 0.66 1.02 1.29 56

A Country 38 0~5 0.51 0.70 0.98 1.37 42

5~10 0.50 0.70 0.97 1.35 45

10~20 0.50 0.66 0.97 1.28 47

R RPXTEESECNIBFRABTEEESMEE
Table 9 Distribution characteristics of comprehensive pollution degree of soil heavy metal Cr in Bincheng District
T - IR H SHE N S AA RS A< FH S5 S0 A 2 1 (5 i 2R
;Kﬁ‘l? uf gk)ﬁél\i%( Sj:ﬁﬁ‘%/ Background value of Shandong Province Background values measured in rural farmland Beyond the
ampling ampling oil dept . — — . - - — ) )
nping - Samping - Soil de e BRI SHCEE Adhmetic Rkl backeround value

Arithmetic mean Maximum mean Maximum point rate/%

I X Urban 5 0~5 0.63 0.82 1.22 1.65 60

5~10 0.61 0.77 1.19 1.47 40

10~20 0.61 0.80 1.19 1.66 40

RBIX Suburb 18 0~5 0.62 0.72 1.20 1.57 50

5~10 0.61 0.66 1.19 1.46 44

10~20 0.60 0.68 1.16 1.58 50

*) Count ~ . . . .

LT Country 38 0~5 0.61 0.70 1.19 1.54 47

5~10 0.61 0.68 1.18 1.43 42

10~20 0.58 0.66 1.13 1.57 45
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PR AR H R ZE LR Co i B S X EE NS =
1B, AR A G 27 255 T e B0 0 358 Cr T YRR B
ATV BFIE X N 236 e da B BT i 1
KT 1.0, 8 AR SEIH Sl , RIS X AR H +
B ERE L ZRESE Cris e, PR X Cris g
AR ST S A RE BT R T ARBIX R B, A
T 52 8 48 Crim Y AR S S (E A i AUk T
50%.

ARG IR R L E A E S AR
W & T RBIX AR o FESX , N 2605 3l 2 A6 2
TIB T 5K AR 3BT B LR KR R A
XPAZ X 358 PN ) - 9 4 S ek A3 A 7 AR ) 4 e )
FRICZ AN, 380 4R & i R S HER R B0
Bt o L rh E AR A R, I X T e s
i, 60% (A AU AR SEIN T (B HROK AR TS
et R, BRI YR EEOR A T T 05
Yuinl i ABLEh 4 R SRR 25 R R AT 56% XK
XA SR AR ST Sl . R ATE YK AR
1% ABATEAT 409% LA B A R A b S0 35 S (8, KA
15 YR B AR RS Co i R F RN . R iA
e VI IX A A A R 2o R AR RN A AR A (BN
e A IIRATS AT VA XU, 5 2™ I 2
23 TESEEEEEXEK TN

I e R JRUBS: AN RS R 3 T i N 5 L EEAE 3
il 2 AR A2 N Y 4 BRI B0 £ e XU A £
(HQ) . 3k B AR B8 £ (HD 08509 KRS 45 21
(RISK) , W5 10,

3 4R Co XL AL HQ B2 HI /N T
1, 55 36 E PR R AR 0 nT 122 37 JF B0 KRS 59 {8 1 A
LE IR DX A% - 48 T 4 S N A7 A A SO R XUR
BN 5 L EEAE A () DX 3 1 < 808 g SR XS HE 77 A 3k
XSRB X >ARAT, 3 Fh 2 5 15 4% 1 Al B0 KU 5 Bk I
B A>T A > Bz Rz fih, & B 28 11 S ik AR 25
KRAREE XS 1 FE R TR IRRE . AN I, TERA

A B R fih 5 | A A A A B XU 24 1 RN L iX 5
JUEE R R A SR A S W = A G sh 45 A 16 )
A R0 A S0 R XU S48 5 HT A L EE KT
W, Cr (B8 KBS AELTE 1X10°~1x107, LA A 5T
DX S0 RS %o AR A A T 4232 1 3500 XU

L5 BT X 23 8] 43 AT FRAE BORAE .15 5407, 28
WIZ i 5 KR B0 X AR B RS 5 B0 K
B 2 T A X 8, KB X — e FE 2 B X DL R T
b & Je s i ft B JRUBS: R T AR A AEAFEAE— R R
FEME, B TR KR AR R A E D &
TH 2%, XF AP 5 R 7= A S e 2l R ROk
W 4 A O SRR A TN E A b, R U RT RE AR A 1%
DX 3R A FH -3 4 i ™ A R XU o

3 #ie

(1) X R H e S B 48 Cr i+
(AR BT A P M 1 35 75 e JRURS 45 s A v (3ak
11))(GB 15618—2018 ) H -1 338 5 4 XU 07 HE A, F44IK
T A5 G XU B A, I DX A L SR R A T
Ko

Q) UNAE LR SE S SIS B, ERX
S RIS RE Cr S B IR - Cr 5 i
B o DA X AR A 4 B B 4 % e S~ 34 (8 R
T EAA, IR AE SRR R X KB IX AR A PR T
SHEAL A R 60% . 56% 42% , P o AH B, 15 Y
TR e AR L A U R 3k X > BB IX > A o 2 N R il
Bl | - SR A DL T I T R S ), 39 1 4
J& o R B AR F AR RS X AR R R
SRR e o 2 Tl R R RIS SR X
A H A3 Cr i Yo B A 5 RB IXAE Ry 38 X5 e
[, Cris YRt B4 i s AR A A% - 398 YL Rt 4%
i I K o

(3) N A fede e JRURS: Aty 245 SR 2 BH , AS [] [X 5 Cr 119
AW oy e B JXURS HE P 9 X >R X > b, H. 3 Fh 2 57

R b A HQME R TILE  BAAEBRAM B dAe i Ak 2om XS 58 BR300 8 ST B2 ki
R i R EE AT L HQE R TN . JLEZ il WFFEIX L8 Cr X AT AT 252 10 3078 KUK

R 10 LT CrIEBER SRS BUERR R

Table 10 Non—carcinogenic risk index and carcinogenic risk index of soil Cr

X 5 HQ,. HQ. HQ e HI RISK

Area BN Adult  JLFE Child AL Adult  JLEE Child A Adult  JL#E Child A Adult  JLFE Child B Adult  JLF Child
B§IX Urban 1.72E-02  3.45E-02 298E-04 1.14E-04 1.15E-06 225E-06 1.75E-02 3.46E-02 9.21E-06 4.45E-06
ZRIX Suburb  1.60E-02  3.19E-02  2.76E-04 1.06E-04 1.06E-06 2.09E-06 1.62E-02 3.20E-02  8.38E-06  4.14E-06
KAt Country  1.53E-02  3.06E-02  2.64E-04 1.01E-04 1.02E-06 2.00E-06 1.56E-02 3.07E-02  8.02E-06  3.97E-06
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