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Distribution and Health Risk Assessment of Cr® in Soil and Groundwater of a Chemical Plant
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Abstract: In order to clarify the Cr*" pollution status and risk level of a chemical plant, 19 soil and groundwa-
ter sampling points were laid in the study area, and the content of Cr’" was measured, to analyze the pollution
characteristics and causes, and to carry out health risk assessment. The results showed that the excess rate of Cr*’
in topsoil (0~0.5 m) was 42.11%. In general, the Cr"" concentration in soil decreased with the increase of depth,
but it rose up near the groundwater level (15~20 m), which was mainly due to the long-term leaching effect that
the pollutants migrated down to the aquifer and enriched. The excess rate of Cr*" in shallow and deep groundwa-
ter was 73.68% and 37.50%, respectively. Overall, the Cr® pollution is not optimistic, and comprehensive water-

soil treatment should be carried out. At the spatial scale the distribution of Cr*" in topsoil was affected by human
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activities, and had a low correlation with the division of functional zones. And under the influence of hydrody-

namic field, Cr*" in groundwater is higher in the northwest than the southeast, and the center of the pollution

plume has migrated downstream. In addition, the mean value of soil carcinogenic risk is 1.85x10°, which is be-

tween 107 and 107, and the risk is moderate, which should be paid more attention to. Soil non-carcinogenic risk

is less than 1 and doesn’t produce chronic toxic effects. Oral ingestion of soil was the main exposure route. The

carcinogenic risk of groundwater is up to the order of 10 *, much more than 10 *, which is unacceptable. The av-

erage non-carcinogenic risk is 51.62, much higher than 1, which may cause chronic toxic effects. In addition, the

health hazards caused by Cr’" entering the human body through the beef and mutton food chain should be fur-

ther studied.
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Fig. 1 Location map of sampling points
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Tab. 1 Parameters of health risk assessment model
e 311 E X4 AL B AR B A IR
ABS, / 0.001 T, 2019
R, mg/d 100
ED a 25
EF d/a 250
BW kg 61.8
ABS, / 1
T . O . 27740,
B : 9125
SSAR mg/em’ 0.2
E, WA 1
SER / 0.18
PM,, mg/m’ 0.119
R, m’/d 145
PIAF / 0.75
fsp, / 0.8
fsp, / 0.5
EF, d/a 187.5
R, L/d 1
Efo d/a 62.5
SAE cm’ 765.97 AR HIE
R mme o2 Qs P - 49875 e R
AR AR RIC me/m’ 0.0001 A F AR T ) (HI 25.3-2019)
ABS, / 0.025
SF, [mg/(kg-d)]" 0.5 FH4E, 2019
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EE: {zzi tz:ji" 0%;)1 A IO A2 HE
RiD, mg/Ckg-d) 0.003 N (E%ﬁ:ﬁ]iﬂi%ﬁ%’%ml@
SRS PFAly AR AR S ) (HI 25.3-2019)
RIDs me/tked) 730505 AR DRI 5
RD, mg/Ckg-d) 2.35E-05
SAF / 0.5 R b A 7S e XU
WAF / 0.5 WA B AR S0 ) (HI 25.3-2019)
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15.0 m>2.0~4.0 m>6.0~8.0 m>8.0~10.0 m>25.0~
30.0 m>4.0~6.0 m>30.0 m~fLJE. HH, 0~05m
FELHRA 42.11% 1 HIERE S AR, 0.5~2.0
m + 2 10.53% B HE G AR . 10.0~15.0 m, 15.0~
20.0 m 1 20.0~25.0 m + JZ #, Cr*# B K 4 5l A
10.53%. 15.79% £ 15.79%. HAh )27 13 Cr ¥k
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Tab.2 Statistical characteristics of Cr*’ pollution concentration in soil

W (m) REER(AD  EKRME(mgkg) f/ME(mgkg) FHHE(mgkg)  F2% Cv
0~0.5 19 37.60 0.00 9.56 11.80 1.24
0.5~2.0 19 27.50 0.00 2.39 6.19 2.58
2.0~4.0 19 5.50 0.00 0.81 1.60 1.97
4.0~6.0 19 1.20 0.00 0.17 0.40 2.32
6.0~ 8.0 19 4.00 0.00 0.62 1.42 2.31
8.0~10.0 19 4.20 0.00 0.39 1.04 2.62
10.0~15.0 19 16.10 0.00 2.00 3.83 1.92
15.0~20.0 19 20.70 0.00 3.95 5.86 1.48
20.0~25.0 19 12.50 0.00 2.01 3.60 1.80
25.0~30.0 16 2.00 0.00 0.18 0.52 2.85
30.0~ fLJiK 19 1.60 0.00 0.08 0.36 4.24

e AR DL (R HEIR BT R A 5 M TS e KU AR IE ) (GB36600-2018) H1 £ 2 ]

i Cr® XU 97 0 1 (5.7 mg/kg) T MK 3

AR 5t Z B (Coefficient of variation, C-V) W[ [ i {5
YL e RO B B HOCRE E o WP XA [R] 2 Aoz 4 HE
CrrWk B C-V ¥R TF 1, R — 2009 4 A R A
CrT R B AE AR R 25 5, AT UL L 5 1 52 258 )5 i U
HOR, AR NS SR T, X 580 T NI REIX
4 73, LA K T e ) 22 U A 05T L A8 AR A
N S VI G o
2.12 T K Cr R E it 4 A

MoK Cr" R GE T RRAE AR 3. HREHL R K
Cr™ % 8 i 15 49.90 mg/L, #B b5 0L (5 73.68%. IKJZ
LT K Cr® e B Bt 1.48 mg/L, A5 AL 37.50%.
ARG 2 T oK, B2 T /K Cr* 5 Yoz, H VA I
K Crf s Y IE R AR TR )2 T K A8
FARBEIRT 1, i Z A\ RR AR

®3 MK OB RRESHHE (mg/ke)
Tab. 3 Statistical characteristics of Cr6+ pollution

concentration in groundwater (mg/kg)

WA E R Max  Min  Ave SD cv

%2 19 4990 0.00 658 1129 1.71
Rz 8 1.48 0.00 025 0.48 1.95

T EARRTE L (K B AR iHE ) (GB/T 14 848-2017)
T2 3 1fE e BRI € 0.05 mg/L) My 4k 35
22 TERMTIK Cr R E D EFE
221 X COFE RS AL
R F 50 B A AR (A A T T X R 2 3 Oy s
oA 2D, 2 R b, R2 8 oV s

JON S4, W JE N 37.6 mg/kg, HLUR N S6, ¥ JE A 33.9
mg/kg, 2 F A6 T R i) SO AR . 5 g sk %
(2009 1% 57 fix {8 (7 732.7 mg/kg) M L, BEAR T
T 200 A5 ClEAL R B 16 A S5 R, 2021 X
F2EJE A DA 2008 4FEFF R, XAk T E TS e
HETF & T Z2 AN [ RUAS 9 15 52 A 3 TA, AR il T
V5 YRR, KR RS T g Rk . K2 L1
Cr e J3 A i3 14 55k S19 1 ST, Wk 2 43 5114 30.9 mg/kg
120.8 mg/kg, 43 B0 T4k T PG 3B A9 121 5 4b Fn g% i
ey, BT, )X R )2 B HE OO A ) 4y
A 58 N IRE X AR A OB AIR, BB Z S
W2k + e 5 5 N IE SR R 50

i) b, R O A R AR AR LA 3
0~5 m e Cr™ & it B 25 T B A% 348 i i bR 528 o 1K
2 KR I e (5.7 mg/kg) LR o BFE X LIERER
FEA T R 3 m BN /A2 . MO R
e Cr BRI F A A ORL 0 R AR N R
(g, 2021, vl UL, iz i+ 38 2 A8 /4080
JZ T AT R B AR o, B N AR RS, X 5 H Al
2 F BIBFFE S5 1S A AT (Dilek et al., 2002; B& i 5, 2013) .
FE 13~ 15 m P4k, Cr'" ¥k BE SUFF 46 [l T, I8 i KU
i 3 {8, Fz e 0] Rk B 58 1) 20.7 mg/kg (S12), J2& AU
TR A 3.63 5. X FEY OIS, B2 A
B A K (ERIERE, 2003; Kong et al., 2018) . #IF5 X (1)
R KA VR AE 12~ 18 m, Hb 375 YL W b %5 [ 0 A B
HEAHLZ G, St KB WIAE R, 1218 m N iE R 2
KB EECEBIAE, 2016), SRR CrUWRELE
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=B O R B R 88 mg/L G AL B [ 36 N A 25 FR
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Tab. 4 Health risks of heavy metal Cr*" in soil and groundwater

9 R A SO KU
WA E s o — - —
KU v Rl 5 ¥ 1 Tk %R KU v Rl 5 ¥ 1 Tk %
0~ 6.854x10°° 0~ 0.028
ZOHA » 94.01% 72.80%
1.742x10 0.007 1
0~ 4.200x10” 0~0.0017
B fik L070x10° 5.77% 0.0004 4.46%
. X .
+ 4 "
0~ 1.668x10 0~0.008 5
I 1% 1 A S 0.23% 22.25%
4.255%10 0.0022
3fhiE 0~7.291x10"° 0~0.0380
. 100.00% 100.00%
1 FE 8 XU 1.853%10° ’ 0.0097 ’
0~9.096x10" 0~368.70
R K T MR 7K . 100.00% 100.00%
1.274x10 51.62

P UG R 25 48 TR AGR AR X B0 KRS Tk I 22, i
94.01%, U B Bk 4 ik 42, X 5 1 CE 4,
2019) ., J5HE O iE 45, 2021) % ABFSE 45185 & . +
ezt 3 Fh 2 R IR A% 19 AR om KUK LT 1, A2t
T A 27 1) f R 7 AR 18 M B R

R K EE L oK R IR, B0 X F
BIKFaR 5] 107 F 2, o 9.096x10 2, St 1 i

107, B0 KU AR w5, A AT a7 JF 2508 KU 49 15 R
51.62, AT 1, A nT B 51 &1 Ve E 800, N
JEE M,

HF 7K Cr Y B0 XU 2002 3G 7 000 %, 1T
D032 37 i 19 DRI 5 R R T 1 R K . H PR B SR
B AETE A 22, BRI DAk 25 SR B — 2 R 1
— 5 T, 175 Y S 4t JR) B AR K R AR R OK
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AHNS g o o5 — 5 i, A6 T R T I 4RO R R A
F AR B R, KT i L8R 0975 S SRR L 3%
IR, ARLD B W 25 AR B R, T2 R ARSI 4 5 R v O™ i1
P B R A B BE S R A A B KU, S 220
i s Ul T
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