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Distribution and risk assessment of typical heavy metals in soil-
Paeoniae Radix Alba in Bozhou City
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Abstract 143 sets of Paeoniae Radix Alba and rhizosphere soil samples were collected from
Qiaocheng District, Bozhou City. The contents of typical heavy metals (e.g., Cd, Cr, and Ni) in soils
and Paeoniae Radix Alba were determined. The heavy metal pollution in soils were evaluated by
using the methods of single-factor pollution index (P;) and potential ecological risk index (RI, Ei),
while the enrichment characteristics of heavy metal in Paeoniae Radix Alba were assessed by
bioconcentration coefficients (BCR). Simultaneously, hazard quotients (HQ), target organ toxic dose

method (TTD), carcinogenic risk values (CR), and Monte Carlo simulation were employed to assess
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the risks of Cd, Cr, and Ni in Paconiae Radix Alba to human health. The results revealed that the
contents of Cd, Cr, and Ni in the soil ranged from 0.09 mg-kg™' to 0.42 mg-kg™', 24.07 mg-kg™' to
117.13 mg-kg™, and 26.74 mg-kg™"' to 62.96 mg-kg™', respectively. The P; values indicated that Cd
pollution was the most severe. The RI values indicated that the potential ecological risk level in the
research area's soil was relatively low. The BCR results suggested that Cd had a higher tendency to
accumulate in Paeconiae Radix Alba when comparing to Cr and Ni. The human health risk assessment
results showed that the non-carcinogenic risk values of Cd, Cr, and Ni in Paconiae Radix Alba were
all below 1. However, the non-carcinogenic health risk values obtained through TTD were higher
than those obtained through the HQ, especially for Cr, which significantly increased the non-
carcinogenic risk. The CR values ranged from 1x107° to 1x107, all within an acceptable range.
Uncertainty analysis using Monte Carlo method showed consistent results with deterministic
assessments for both non-carcinogenic and carcinogenic health risks. Overall, the levels of heavy
metal pollution in soils and Paeoniae Radix Alba were relatively low in the studied areas. Moreover,
the human health risks caused by Cd, Cr, and Ni in Paconiae Radix Alba were within acceptable levels.
Keywords soil, Paeoniae Radix Alba, heavy metals, ecological risk assessment, health risk

assessment, target organ toxicity dose method, Monte Carlo simulation.
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Fig.1 Sampling sites of soils and Paeoniae Radix Alba
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Table 1 Statistics of heavy metal content of soils in the study area

Cd/(mg'kg™) Cr/(mg-kg™") Ni/(mg-kg™")
HRE 0.42 117.13 62.96
/IMAE 0.09 24.07 26.74
¥ 0.21 67.86 40.46
(e 0.3 200 100
EHEE 3.0 1000 —
bR (T (E) 0.04 0 0
PRI (M) 0 0 0
5 S5 A 25.1% 33.4% 19.0%

T — MK & A PR LA (undisclosed limit values).

T I A0 AT 1 F T i R R 24 ) (2020 RO HR A HfELE T AT Cd Y BR LR 0.3 me-kg !, St
R DAL, S E R A AR R BRI R AE e 8 1.0 mg-kg s 1 48 S RGN A9 i K rp 24 1 FH T
Yy, Hoxtd 42 )8 Cd (PR H A & 00 ™48 (ARE, 24 0.2 mgkg ™. 36 2 RIS IX (AT H & 8 & i Je 45
B 5/ X 25 4 Jm R 2 A5 i, Cd. Cr. Ni A9 3448 45 51 i 0.04, 0.93., 1.03 mg-kg™, i [ 73 51 4
0.01—0.16, 0.12—6.30, 0.33—5.30 mg-kg ', Al HIAF5E X T A SRR S FHATE 48 Cd, Cr, Ni ¥R
Pt AR, 2 BH 22 JHAE SR FAT IR T8 7= X AR 7= PR 0 F AT A8 6 W s 1 28 4. B2 N Ay 1 A 3 = X
A, DU, VT TATRE | B e A DX AR 2 AR A, X FL R R | 5L RS SR T, B AT IX A
FERRRE Y AT Cd AR AT Al = X
22 TIE-pAT SRR G R AR

FIAT AR ZE IS 20, PRI L 4 J 5 1 32 KA TR A5 5 e s i /0N, 30 EE 4 2 SR U T BB 1
AT A ST 4 S R AR ARG AR R, A e AR R AT T R WOT R A R R R T R R
JE, PR WF 5T 34 il & 4 R BOR RAE R X 38 5 4 T i W SR PR R, A W AR RO, U i
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Cd7EM 2 5 BUR, X Al GBI Cd S5 AR AR B2 2 4 i A L 2% G T8 IR 7 F BRI i 485 )
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Table 2 Heavy metal content (mg-kg ') in Paeoniae Radix Alba and the limits of heavy metals in traditional Chinese
medicine in various countries/regions

cd Cr Ni
L 0.01—0.16 0.12—6.30 0.33—5.30
¥iE 0.04 0.93 1.03
iy ¢s) 1.0 — —
i 25 3 )20204 i/ & [ At 5 TR AR 0.3 — —
I 0.2 — —

M & A PR {E (undisclosed limit values).
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Fig.2 Ecological risk assessment of soil heavy metal pollution in the study area
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Fig.4 Non-carcinogenic risk of Cd and Cr on target organs after TTD correction
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TEFEAT MBS AN S B T, AN E IR AP A, VF 2027 B TR EAT B PR I A R 3B T SO R
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CR(Cd) . CR(Cr) 1 CR(Ni) 1 TCR 1) 95% 43 i E 53514 3.36x10°°, 7.75x10°°, 1.14x107° F1 1.91x107°,
PIAETF 1x107°—1x107* 22 [a], B0 KU 76 7] 3252 7K

£ 3 RS EARE b AR 250

Table 3 Relevant parameters in the risk assessment model

RERSHL Hf Z%MH il
Exposure parameter Unit Reference values Distribution
HERWE(C) mg-kg™! WA XHBOE A
H A (IR) mg-d”! 6—150 By e
R FEATR (EF) da’! 30 HAr AT
FEEEAFEIR(ED) a 301 AT
HE(BW) kg 59.9£10.61" IES
B0 AU T BR E2 T ] (AT,) d 25550 AT
BB KUK Y- 24 ZE R I 18] (AT, ) d 10950 HOT
%455 (RFDey) mg- (kg-d)™ 0.001 AT
L45) (RFD¢,) mg- (kg-d)™ 1.5 gyl
%45 5 (RFDy;) mg- (kg-d)™ 0.02 oA
R F (SFeg) — 6.1 HArAT
HEE RPN F (SFe,) — 0.5 oA
HEE RPN F (SFy;) — 0.84 oA

H: — N IEEE (non-dimensional ).
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Fig.5 Frequency distribution histogram for non-carcinogenic risk assessment of Cd(a), Cr(b), Ni(c),

and total(d) based on Monte Carlo simulation
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Fig.6 Frequency distribution histogram for carcinogenic risk assessment of Cd(a), Cr(b), Ni(c), and
total(d) based on Monte Carlo simulation

DL b M 80P Al 25 SR 44 3 B 50 IX AP AR 9 (AT T CdL Cr F1 N5 i LT A 20 A3 iR B
P K o VE AR XU, 3X 5 2.4 719 i 1 20 A BT A 45 18— B0 AN SE P 03B SR A% S8 R i 1 XU F
WAL M E R 78, LA b 24 5 4 £t B RURS: EA i v ff 1 R AT A5 B2 e b, AN PR e Al i A B
TR T EEHE P AR S S NI A U, DA S A R | e 4 i rh 2 0 SR, A AR A AR R
P4 T YR oA

3 2512 (Conclusion)

(1) A58 IX + e LAY 43 8 Cd. Cr. Ni iP5 543 52 0.21. 67.86. 40.46 mg-kg ', JL[F 53514
0.09—0.42, 24.07—117.13, 26.74—62.96 mg-kg ', A 3.51% ) KA 55 Cd #Ax, Cr. Ni 4 K8 Fx,
Cd SR KW XUV, T R S XS (AT R B 428 Cd. Cr. Ni B934 514 0.04, 0.93, 1.03 mg-kg ',
4> R 0.01—0.16., 0.12—6.30. 0.33—5.30 mg-kg ™', 15 4L /K -9 4b T2 475 Fl 4.

(2) AT AR 4R E e I AEAE 2252, X Cd b & & 4, Cr. Ni b #0555 4, 55 Cr. Ni
L, B 455 & 4R Cd.

(3) B 15 P A8 EOTAN Won A 3.51% WERAE SRR Cd V5%, i Cr, Ni A Joi5 YetR A ; BIE 7
A S AU 5 BT 2 : Cd>Ni>Cr, Cr, Ni ¥4 TR KUK 5549%, 1M Cd A 0.7% 4b T XU 5591, 3438 1
HEpE 4R Cd oy RIS YLk,

(4) BF 5% X J8 (3 A H 8 5 45 J@ (Cd., Cr. Ni) % HI. HQ. Hlpp. CR. TCR {8 /N T2 4> 8 B A
AETE WA Y B 3 SO A B JXURS: FN B0 XU, H. Cd AT Ni 235 80 XU B9 3 Bk I8 BRI TTD 18 15
14 3 S e XURS: DA 45 2R 8 TAE 400y HI v, JUHJE R T Cr i sy AE B KU I 32 55 A S0E
RIE VAT AN M AT, ok A B0 i B XU RO KU B4 Tk 235 SR 5 s M — 3R
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