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Abstract The sec urlfy-'rlsks of heavy metal pollution.in agrg*prodiicts-re bﬁcormng increasingly serious. Thlb paper mvestlgdted the heavy metal Lontdmmdtlon of fdnnland
soils and agro-producls around a typical mining smelten in Hunan province, afd explored the influencing factorﬁﬂpased on pnncipal component and correlafion.analyses. sThe
resulls showed that| the soils Were significantly contaminated by Héavy mefhls, with ajmean concentrations of €d, Cu/Pb, and Zn of 9. 12, 358, 303, and 185 mg¥kg ',
redpectively pH range from4 67 to 7.22. All the sites inluded were undér strict Lontrol With regards to.the agro-products, the concentration of heavy metal elements were
dlffereﬂli and the order of heaw migtal concentrations was Zn> Cu > Ph > Cd, mth an; order of biological enrichment factor( BCF) of Cd > Zn > Cu > Pb. Over-the-standard
elemenss in agro: produols ineluded Pb and Cd at 78% and41%, re%p;:‘mely aglitch indicated a higher security risk from these products. The accumulation of the same heavy
metals in leafl vegetables wete generally higher than sweet potatoes and bolanaceous vegetables. The heavy metal concentrations in soils corresponded to the first principal
component('P <0.01) , with the variance reaching 88. 0%, which dominated the sources of Cd, Cu, Pb, and Zn in agro-products. The enrichment characteristics were mainly
affected by the type of crops, and was also regulated by the soil pH, cation exchange capacity, and soil organic matter( the correlation coefficients of r were 0. 407- -0. 641,
P <0.05). In conclusion, there was a combined heavy metal pollution and high risk in soils and agro-products. Therefore, the planting of crops in the study area should be
avoided,, and soil remediation measures should be implemented to reduce security risks.

Key words: agricultural products; heavy metal; enrichment characteristics; farmland soil; risk

FEC A A AU R sh Al A s
Jre (L B, HLrh DR AR 7 i{*%mﬁ&ikmﬁi
RIREIFEREAIOCE . LD, B AR,
IR AR S AR T A R DR R AR A 1)
WRAS T, T Al I 3t 5 Y 1fd | HLY5 Yekk J/ 22
B H A AR AR M ) B S Ye), nT AR
WA RGP R AR Rl R = it A B Y
B | T R A AR 7 i 2 4 XU 5 N A i B XU AN
B R R P TR e A TR A DG
R0 AT BESZ MR A 7 i B a2 A VAR S AT
AR AT FPEAS ™ . BB B, X 4% 7= il 28 4 AU 7F
i AW, H— TN Z e R
(GB 2762-2017) "5 YL G 2 1 FR 2 1B, XA 7~ i A

MRS R AT HO BT AR RE
PEARASERY | X675 e 0 2K 4 it B JXURG: £ 1 1A 1)
CAMIE R, T X 8 1 b FH A 7= o ot i %%
Sl 0 AR R 28 B T L TG Bh, B s |k
(1) EE 45 JR 1 YRR A T AN [R]85 G AR - s )
SR A S5 40 22 RS IR R, S 8
G BT Y T 5 | AL A 4 77 i 2 e R AR AR )7
PRI BRI A4 77 it S B i G I e A1 TR SR F‘

Whm B 2021-03- 04 AEITH: 2021-04-22
E€WA: B X & & BF & 3t & B H ( 2018YFC1800306,
2019YFC1805805)
EEEN: Er***(1995~) e 10 B e S S 3 A A ISR R
H: Z52#  E-mail ; huoyanhuil 8@ mails. ucas. ac. cn
* ﬁ{;.{/ﬁﬁ E-mail; mewang@ rcees. ac. cn



11 #4 EEES,

A DX T A FH A ™ i 22 4 AU B S TR 3R 5527

g 7 A IR T B PR 2% A B T B
BN SR AR L.

A AT INA T AEAR AT B B il 2
F WA T 2 A B X T RS R £ %
KA CHERS F1RE . Sva R TS YA
EAYATILZ—,Cd, Cu M1 Pb %58 4 J&@ o0 2 3@ ot 4
UM | K I I R DA B M B i 1 3 A B
I%lﬂf‘ S JE A M P b s B — S T S S s g

A5 kM X DO T L W KR 2l R E S
%ﬁﬁrm:&ﬂky%zﬁ,,Ei-ﬁ:czfﬁ[%fnfmdx
HE PRI BRI A 7 A SRR AR | A R
A W R X, FEAEAR T 22 4 KU AN B (1 155
W R, AR A A (4R 2 & 2 RR R
4 P MR AR v 5 T 2 ke S FEL P R
M BTG 3 ik 43T 3 e Il Fi b 4 4k
7 AT YR RS D 2 R R AR 2 e KU
B HAEE R | LAY A 35 37 b ) 3 e o e 7
it 2 e R 1 7 1 e ML B 7 B 5 e, O
S B2 AR TR LR A ™ T a2 TR
ARHE eSS Yo b7 R 30 A4 Il T Sk R B
FEEY .

1 pRSHE n/ 7

1.1¢ ﬁnnﬁ% - & v
ﬁﬁnlih?/ﬁﬂﬁﬁé@m?ﬁ }%?Jﬂ%ﬁ?ﬂw
ik il h) 12 km 90 Bl A i D 1

F R 10 50 m® REE Bl A Rk Z
s IR S BE SR AE T 2019 4E 10
VEIS AR UlRne . L0 EDOR i Wi A (27 G e we e
FHSE N, R 21 5 R i RO . LR R
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HCI0, ) % TS HEAT T Mt , R P H J8RE 5 55 2 114 ot
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HEH A | zpwrf,mqm LR RN, 7

i%ﬁ((ICP-MS,NeXION 300X, PE USA)?EIJiii%EEF'
Cd. Cr, Cu, L Pb Al Zn EE" . R
GSS-27 Vﬁﬂa}ﬁ?ﬁwﬁ%ﬁ, 7 ﬁm?ﬂ%ﬂﬁ@ﬂﬁt;{
1E 82% ~ 109% = [i].
ORI R IOCR 23 BT AX ( Mastersizer 2000,
Malvern, UK) % , I B 52 [ 4= HEk7 B 43 2 br o
UL IY AN AN (4% YA B o 1N B A W SR 3
HEIEAT R Ak A BEAICIR S TS, R 9T R 4 AR
(Vario MAX cube, Elementar, Germany ) AR i+ 4%
PR IR b B A e A B 5 A b B - 1 v R
(TN) i F B 0TI % , 974 A PLIK % 2= 7 L Van
Bemmelen K% 1.724 15 3] -3 AP (SOM) &
OV R RN 25 B KR R R AR 1
25 REGIRG S, B W, e + BERE 5 A pH
. -3k r%?ﬁd?ﬁ%i(CEC)f'%,mﬁ{ﬁ?(HJ 889-
2017) f#if 1. 66 cmol-L™" Co( NH, ), Cl, iAW 1245 2
mm KT+, 43 Y6 EE 11 ( Lambda25, PE, Ghina) it
S 475 nm ARG [H055% + 3 CEC! 2” =] i
T G JRA RS S AR E(H) 804 2016) Xif
2 mm WA R — = Hﬁﬂa@agDT}?A)/gh
T BB R £ A T R R SRS (L ETGP-
OES Prodlgy7 Lééman USA) 7€ 4T Cd-- Cu,
Pb Fl Zn E’}ﬁ xﬁci‘A% £ 4 g
A= i RE WIS UK SR T 1056(:?*%‘
0.5h, 60°C}?£§ I tﬁﬁﬁfkwxmwir“ﬁﬁm/ﬂz
W % 3% (BB 5009.268- 2016 ) 1F U R X
(Multiwave PRO, Anton Paar, Austria) #4715 fi# ,
BOH A 1CP-MS Mg 4= i i # 42 )@ Cd | Cu,
Pb 1 Zn B9 Y R FH GSB-27 A5 b R b e 4
iz, 4 FOCER MFRHERICRTE 86% ~ 107 % Z [A].
1.3 Bt
1.3.1 3£F Nemerow I IZEE IR 850 TE
AR Sy 08 I ARYE R B 2R A R, R
M VE A K 7 0 2 22 PR SR ) o3t 1 FH 11
Nemerow 72: %} T3 ZE G AL S AT ¥FA, PR A X
R,

C.Y C 1 n -
o= )G S x5
(1)
K, P A EIEIE LG485 C A B dEdR i
ISCIE ; S, 0 EHERFEAR @ B PEM AR o, A
SY LR Ty DX I - R D792 W S5 A (NY/T
1749-2009 ) H () HEUCPRTEAELAE R AH N H8 bR A PE A
HEE; C/S, MERIE Ty 48 58, MR IIE J1 4841 €./
S, >3 Bf, fEH A P, BE, LA C/S, =3 11 (C/S))
RIS Fe A i EIME s 0 S S5 TEN I T
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W) & B AR B (biological enrichment factor,
BCF) Zn B a4 | RBVRINILRE T, 2 R IR 2

BT 22 S 5 LA B T 28 A B HL 3 T
AN 4R 2B ,Eﬁ%ﬁ/\ﬂzn?“”
Z?)iun':F'/? %
BCF = s s (2)

1.3.3 H¥L @ii}%%/\iﬁ‘g

WEES)EE HE AR (daily intake, DI) B
TR M ESESE S MR HEAR, A
kb H B ESBFEARITE AR TR,

DI =C,xC, xW, (3)

A, C, R HTEMNESESE (mg-kg™ ') ;
C, N AL A 22 500. 0855 W, WA HBEA
kg (A-d) '] AL EE H #4488 A& 2008
0.345 kg- (A -d) “'#10.232 kg ( A-d) '
1.3.4 St

% Microsoft Excel 2016 dF47%5% 4 4 17 FH
Origin 2019 FE7T I 4b 2 xﬁﬂ%ﬁeﬁiﬁ%ﬁg@
Eﬁ%é&%}%ﬁﬁm%‘éﬁffﬁ X EE SR F SR
FUDE

13 \H 400, 38 R SPSS 25, 0 X

Scheffé’s 5, 5 22 AN [A] 5t 1) 25 £ 1% B Games-Howell
Reg s X IR BT | A A )R S iR
BCF {H##17 Spearman AH G734, i ] Past3. 0 Xf
FrRUEAl 5 0 A 7 i B 42 )8 & 1 B AT i
I3

HRE5SH

2.1 WFFEIX 3 4 a5 Ye s Ky YLtk il
5T DX AR b+ A M R a6 1 TR, +
MR R AP RLT 7 e B A, FLH R e , S 18
52 [ - 8 T M BR R AT 432 B BT DX AR
DARS HE 4o 110 ek F oyt 8 (pH <
6.5) AL—AMLE R 3 pH KT 7. 5 X 45+
HERE S SOM . CEC 1 TN 21 14 2 (% b 3 A —
H, Horh SOM F- 1 it i 3 A 2. 48%, AR T
(NY/T 1749-2009 ) H () s UARIEAE 1. 25% 5 CEC F-
HfE R 10.2 cmol kg™ ﬁ%%ﬁ?%uﬁ@ﬁu
s TN-F-3 it BE S50 0. 129, fﬂﬁm%ﬁi%»(
PRUERE 0. 1% o820 (1), BE B3 pH ff. SOM.
CEC 5 TN 3 4304545  BR4E & 11 Nemem»ﬁiﬁ%
iiﬁéﬁﬁiﬁﬂﬂﬁ%aéﬂt W iR, *Haéiﬂ%ﬁﬂﬁjgflx
¥ SOM = pH >IN >, CEC. % rifs T HENEH 25

2

cmol kg

;AI}E:LE ffT Kolmogorov Smirnov 5 1 FI gAY & 52}’ jﬁéﬁ"}/\ TBECN0.9% 1.5 5 EEE NY/T 1749- 2009) j:iiéﬂﬂjj#
(K8, test) ; Xﬂ< ] Foh 2k e P2 ) BB T ;j KT, Eﬁfﬁ X 4% S - R0 7 440 F I, Jai— ﬂEUJ(
BCF [if {7 EE uz&,ﬁq:ﬁ%nﬁé@ E‘ii‘ﬁx %Erﬁiﬁ;%é]zc o R BRI T, y
f — v o IRk MR ST SRR
“ ‘ Table 1 Statistics of chemicall,-d;ld physical properlieé in soil samples
wiH | F k% Bk % #H9%_ s pH CEC/cmol kg ™! SOM/% TN/ %
I/ MH 5. 47 50. 1 11.9 4.67 5.8 1.34 0.06
eRAE 32.53 77.6 31.8 7.22 14. 5 3.33 0.16
THIE 17.8 62.9 19.2 5.94 10.2 2.48 0.12
A5 R E % 49.3 11.9 35.5 13.7 29.5 26.6 24.4
PRIFIAR S 45K — — — 2.0 0.8 2.0 1.2
1) “—" FoR IO K
ﬁﬁiliizikﬁﬁi&j:igiéﬁﬁiﬂn% 2 FiN, W, 3 Cd SRR/ MED Sk 2. 88 mg-kg ' [H]

7 FhTINEE 4 R
XTI T 5

H &t

i, B Mn ST R AL, U (E AH
{Ei’ﬁﬁﬂﬁﬁiﬁﬂﬁﬁﬁ%ﬁm. It

RS E AR TR R A Cu il P, e K(EHYY
11 000 mg-kg ™. SR B —FEAS (1 K-S K 56 X6 Jr

R2 FHARRELIEHREERESESRITSMW

Table 2 Statistics of heavy metal concentrations in the soil samples

WiH Cd Cr Cu Mn Ni Pb Zn
H%/MHE/mg-kg ™! 2.88 35.0 126 105 14.6 64. 4 87.7
KA/ mg kg ™! 30.6 78.4 1937 438 41.9 1515 451
A5 R E % 82. 4 24.0 113 42.4 32.1 102 56.2
JU X/ mg - kg ! 9.12 56.0 358 215 24.9 303 185
?&Hf’%é 5 fH/mg-kg ™! 0.126 71. 4 27.3 459 31.9 29.7 94. 4
HESERE S EH % 100 16.7 100 0.00 16.7 100 91.7
;Lﬂ:wa ;U BEARLAE 25U 43 L/ % 100 0 100 — 0 91.7 25.0
I KU A R (R A ot % 100 0 — — — 25 —
P(K-S) 0. 001 >0. 200 0. 000 >0.200 >0. 200 0. 004 0.003

1) “—" R ToAH KA
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AR T FOCR SR ABERIE T, SR A B
MRIX R ESJE Cd, Cu, Pb Al Zn 19& & WAE
ESS, HINERZECEE, CV KT 50%, %
X 4 FhoCER 52 NJETE shigmg K

SHAREAL G 1+ e 48 A IR U T R G R
FOHTHIZER R, 7 FoCE T L 2 41(E 1) .
%51 HAUFE Cd, Cu M1 Pb; %52 4H4U3% Zn, Mn. Cr
FINi. FIRTZ5 G RSB OTR a5 SN HE
FEZESR RTRLE P 55 1 409 Cd, Cu A1 Pb £ 3%
i RO A E . IR, 5 2 44 M, Cr AT Ni X 3
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