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Abstract: Taking soil and chili pepper fruits from smallholder chili pepper farmers in Jiangxi Province as research objects,
this research determines the contents of heavy metals including copper (Cu), cadmium (Cd), lead (Pb), mercury (Hg), and
arsenic (As). It evaluates the pollution status and ecological risks in the surveyed areas using the single-factor pollution index
method, Nemerow comprehensive pollution index method, and potential ecological risk index method. The results show that
the mean concentrations of Hg and Cd in the soil of pepper fields are 1.70 mg-kg™" and 0.21 mg-kg™', with total exceedance
rates of 38.46% and 11.54%, respectively. In pepper fruits, the mean concentrations of Cd and Pb are 0.05 mg-kg™ and
0.03 mg-kg™ , with total exceedance rates of 26.92% and 7.69%, respectively. Other heavy metals remain within safety
limits. Overall, the surveyed soils are predominantly in a clean state, though 7.64% of the samples show moderate pollution.
The average value of the comprehensive potential ecological risk index (RI) is 61.04, indicating a slight ecological risk. Cd
and Hg pose strong potential ecological risks at localized sites (Cd :3.80%, Hg :11.50%), which requires priority attention.
Keywords: Smallholder farms; chili pepper; soil; heavy metals; ecological risk assessment
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Fig. 1 Distribution of sampling sites in the study area
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Table 1 Soil physicochemical properties

LR e/ ME/(gkg ™) I RfE/(gkg™") FHME/ (g kg ™) e/ (gkg™)  ERRE/%
Element Minimum Maximum Mean SD CcvV
pH 4.41 8.24 6.71 1.17 17.44
OM 10.75 57.79 29.78 11.48 38.55
N 0.6 2.19 1.32 0.45 34.09
P 0.55 3.11 1.34 0.66 49.25
K 10.43 26.93 19.53 4.09 20.94

E:OMFRAHLES .

5 RO TN : CV (%) =(hrdE 22 A F B x 100% : FH TR AEH0H 2 BORE

Note: OM is the abbreviation for organic matter. The coefficient of variation (CV, %) is calculated as: CV (%) = (Standard
Deviation / Mean) x 100%, which is used to characterize the dispersion degree of data (or alternatively: data variability / variation extent).

R2LIREESREDE
Table 2 Soil heavy metal content

JLE /M (gkg™) K/(gkg™) SFEE/(gkg™) b/ (gkg™) AR 5 2%
Element Minimum Maximum Mean SD (Y
Cu 5.21 22.77 13.05 4.78 36.63
Cd 0.05 1.15 0.21 0.26 123.81
Pb 6.38 16.18 11.05 2.39 21.63
Hg 0.11 4.64 1.7 1.59 93.53
As 0.87 12.29 2.39 2.18 91.21
RIFMRLESCESE
Table 3 Heavy metal contents in chili pepper fruits
JLH fe/ME/ (gkg™) I KAE/ (gkg™) FEE/(gkg™) brifi2E/(g'kg™) 5 ZHUY%
Element Minimum Maximum Mean SD (&%
Cu 0.76 3.72 1.58 0.73 42.2
Cd 0.01 0.21 0.05 0.05 105.96
Pb 0.01 0.15 0.03 0.03 96.94
Hg 0.66x1073 8.68x107° 2.58x1073 2.24x1073 86.82
As 0.15x107 13.22x107° 3.18x107° 3.28x107° 103.14
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Table 4 Physicochemical properties of greenhouse soils
JCE e/ME/ (gkg™) BoRME/ (gke™) SEHEIE/ (gke™) FRifEZ/(gkg™) AR5 2%
Element Minimum Maximum Mean SD Cv
pH 4.84 7.01 5.81 0.9 15.49
OM 16.07 35.75 22.93 8.99 39.21
N 0.96 1.41 1.14 0.2 17.54
P 0.67 241 1.35 0.74 54.81
K 13.91 35.46 23.04 10.31 44.75
RIXMLIRECREAE
Table S Heavy metal contents of greenhouse soils
TTHE e/ ME/ (gkg™) e KME/ (gkg™) FEME(gkg™)  AnifiEZE/(gkg™) AR5 B %
Element Minimum Maximum Mean SD CV
Cu 7.59 11.6 9.23 1.69 18.31
Cd 0.06 0.11 0.08 0.02 25
Pb 10.59 13.9 12.16 1.62 13.32
Hg 0.17 1.89 0.87 0.76 87.36
As 0.87 12.29 4.08 5.51 135.05
*6 XIBMRLECERE
Table 6 Heavy metal contents in chili pepper fruits from greenhouses
JLR o ME/(gkg™) XM/ (gkg") SEEE (gkg™) b2/ (gkg") AR R0 Y%
Element Minimum Maximum Mean SD (6%
Cu 0.78 2.71 1.37 0.9 65.69
Cd 0.02 0.06 0.03 0.02 66.67
Pb 0.02 0.04 0.03 0.01 33.34
Hg 0.12x107? 0.26x107 0.17x107 0.07x107 41.76
As 0.01x107? 1.32x107* 0.38x107? 0.63x107 165.79
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Fig. 2 Single-factor pollution index of heavy metals in chili pepper soils (A) and fruits (B)



i 6 1]

AT A < TV AR AN SR P SRR A X - 38 % B < i SRR AIE 55 2 2 R PP A

* 1055

V5L AT 7.64% (E&3) o T X SRR 92 R
TS HORE S 5 57.82%, Bk & 23.12%,
5 LN RS G 43 il 1 7.64% A1 3.64% (K] 3D .
FHASE T 458, BOABUR SR AA T e /KPR

s
Clean +-4 Soil
JBPepper
ﬁg < - ﬁié}%

. 7~/ Warning line
Serious |\ [/

e Ll
Moderate Mild

3HMEEERMRILEEGRABTERETRFR
Fig. 3 Nemerow comprehensive pollution levels of heavy
metals in chili pepper soils and fruits

INR PSRBT A S XU N

BB - 138 5 4 B 1) SR UV AR AR A e T FR AL
BT 40, HABHEESRFRECFIMEN
61.04. 45 BRBN - 198 B TR 78 AR 2 XU P2
(B 4A) , Bib 3 Cu.Pb. As ¥ 4b T8 Mg 7
AR IEFHE , Cd N Hg 73 70 3.80% F1 11.50% 4k T
SRR AR G5, 70 T 2 DX R R AR S K
K5, Cu 1 Pb (A A XU AR (] 4B) .

25 NRPATIEpHE. TIEELE SHHIRE
EEREHEXM

K H Pearson #H % R 504t T8 pH ., 1% &

24

A [ LSIQRAE

£ 241 Rk

E . ThX

B= L] =)

=i . — ° A

Z g N
&S =
& 212 &
elE %
fg 06 ﬂ"
Dl : s
#2 2 &

= - =

Z 0.0 =]

2 :

2 i

% 4

706 . . . :

Cu Cd Pb Hg As

Proportion of individual potential ecological risks

&R RS HRUR S 4 R S B A B e
Iy MT RN, 3 pH A 5 -1 Cu. BHUR S Hg 2
B) 55 IEAR DG, AR, 13 Cufl Cd 2 i)t 2
REEMRED. £ LIRS HBURLESR
I, HIE A CdLAs B sz i Cd .
As B S EREFENIEMAL. B ERCRI, H
RAFEH G Z M BIAE G BB RIL B Gt B E
PEIKF-(P=0.05) .

3 WTig

NRPTESHENRLESENER

W 78 R L, TE VA 25 X 380N Cd A& - 338 R0 Bl
s A7 E HOCER TS 4. 148 Cd 5B
R SE Cd & & 2 R 3 IE A 9% =087, P<
0.01) , F B ARG 135 Cd B A R 1 & 4 fe
71, BB E AT CdE LI IEw B AR
(A A RPED A 5 Tl L Cd 2 & 5K
PROA 5350 i SO 22 AR st 3 i H 0 - 385
BB SEHE & R bR A IR . ML T,
-39 b Hg 78 J5 80 s A B S A v v A AR S X
B, (L BB S Hp Hg (1) 3 & s 2R T 22 A TR
1B, WA bR X5 Hg fF 35 i DU 1 A
WA B LE G A AL , SRR AR v R
FH 7 3l AR (B 9 4 SR — B Ph IR
LI R A, AR AT X 3 4 3 1 P P45 &
AR AR, (H 5 2 Hh X SRR SEAE & 1Y Pb 5
HHFRIA 1565 . X580 A RILBAR R 2Rk
KA Pb, BR il L ) A A b 30 %% 7 I ek /b S s
Pb A R 45 A BT A A, Ui B E AR 264 R Pb

B

3.1

100
80 1 ]
12 fSlight
=
60 %5 Medorate
i Strong
40 -
R 58 Very strongoderate
=
20 4 W5 Extremt strongrious
0

Cu Cd Pb Hg As

4 HRESBRRVBAESRERR(A RATUEAEESKKELSI(B)

Fig. 4 Individual potential ecological risk index of heavy metals in soil (A) and proportion of individual potential

ecological risks (B)



> 1056 °

AR A R 224 (H SRR A R

56 %

®7IEpHE DREESRSHRMRILESRBEAXM

Table 7 Correlation among soil pH, soil heavy metals, and heavy metals in chili pepper fruits

tEtrIndex  S-pH S-Cu S-Cd S-Pb S-Hg

S-As P-Cu P-Cd P-Pb P-Hg P-As

S-pH 1.00
S-Cu 0.42" 1.00

S-Cd 0.13 0.47" 1.00

S-Pb 0.00 0.17 0.27 1.00

S-Hg -0.15 0.03 -0.17 0.30 1.00
S-As 0.11 -0.40 0.09 0.07 -0.08
P-Cu -0.33 0.27 0.60 -0.09 0.11
P-Cd -0.28 0.34 0.87" 0.07 -0.28
P-Pb -0.00 018  -023 0.00 -0.22
P-Hg 0.48° 032  -0.18 0.06 0.00
P-As 0.30 -0.02 0.07 0.05 0.11

1.00
-0.09 1.00
0.04 0.04 1.00
-0.01 -0.25 -0.21 1.00
-0.00 -0.08 -0.22 -0.04 1.00
0.70" -0.21 000 -0.09 0.25 1.00

e ROR B VKR 0.01, *RoR R E KT8 0.05. S-pH AR 1:3% pH.S-Cu.S-Cd.S-Pb.S-Hg. S-As 7 AR K B 145
Cu.Cd.Pb.Hg.As ¥ ; P-Cu.P-Cd.P-Pb.P-Hg . P-As 73 HI AL L M+ Cu.Cd.Pb.Hg . As & .

Note: **indicates P< 0.01, *indicates P < 0.05. S-pH represents soil pH, while S-Cu, S-Cd, S-Pb, S-Hg, and S-As denote the
concentrations of Cu, Cd, Pb, Hg, and As in chili pepper-growing soil, respectively. P-Cu, P-Cd, P-Pb, P-Hg, and P-As represent the

concentrations of Cu, Cd, Pb, Hg, and As in chili peppers, respectively.
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