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Research of heavy metals pollution in soil-kiwifruit system and
health risk evaluation of kKiwifruit

XU Qingyang  XIAO Kaigi ™ ZHANG Jun DENG Shimin
HU Xiangrong FAN Wangdong
(Changsha General Survey of Natural Resources Center, China Geological Survey, Changsha, 410600, China)

Abstract In order to explore the heavy metal pollution in the soil-kiwifruit system and the health
risk of heavy metals ingestion by eating kiwifruit, this study used the single factor pollution index
and Nemerow comprehensive pollution index to evaluate the degree of soil heavy metals pollution,
and analyzed the excessive heavy metals in kiwifruit according to the relevant standards of the heavy
metal limit value. The health risk of consumption of kiwifruit was assessed by the non-carcinogenic
risk index and carcinogenic risk index, and the enrichment of heavy metals in soil-kiwifruit system
was discussed based on correlation analysis and element bioconcentration factor. The results showed
that there was only slight Cd pollution in the soil of kiwifruit orchard in the study area, and the
overall pollution was light. Meanwhile, only 4% of the samples of kiwifruit had Pb exceeding the
standard, and the Cd did not exceed the standard in kiwifruit. The As, Cd, Cr, Hg and Pb ingestion of
kiwifruit had a low probability of causing human health risks in the study area. Among them, As, Cd,

Cr and Pb were the main contributing factors of non-carcinogenic risk, while Cd was the main
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contributing factor of carcinogenic risk. The absorption of heavy metals by kiwifruit had nothing to
do with the content of heavy metals in soil, and the ability of heavy metals to migrate, transform and
accumulate in soil-kiwifruit system was low.

Keywords kiwifruit, soil, heavy metal, pollution, health risk.
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. EBREE, SAZMAE AR AERMT Y E IR, BA RIFRIEDIRE, 5 ok Rz
TR R IRG L BRVE TR L BN SRS R, KUBUEL R R S e X 2 —, HRR
WEBE A AT 10 7 E, AR /7 K 9.3 U7 t, AR 2 HIA 4.16 {4TT.

JRUJEEL P Py b PHRT A8 A5 P e LI AR R EL A A3 R S A I 3, SR, T AR W, RUBL B
FEE—E R R SR T5 4. T 3 (9 48 oo R 0T IR MEY W, I i 8 P A
FENPRPIAR 2R, ST i AR e 3571 Rk, RUBVEL 398 5 4 15 e v] B8 2 X BB Ak o 42 4
N AR R 7= A 5

B AT A 16 SR el st , K Rt R AT H R IR B —38 43 TRl B4 g V5 Y ik AR 1)
RBIEREEAZ A IR EAAIER A, (052 DAt HoAhas 72 0] 206 N1 BRT, A
W FH BT T B KRR A T 4 8 X AR 7= A (4 XU, ¥ B i K SR diE: gl S R0
B AU A BB 7K T R R P oA SR L, (E S R SRRk AR O T AR
B R TR I - A TS YA e AR A IRk R G b i R R,
SRR R I B 4 R B i EAT T A T RN 2 2, e = PR B A Y 4 S e AR AR Y
e BRE U2 [R5

A FAERRRE 77 KRR BEBURE T 50 ARBRIEBRAR S (BB AR PR - 480E &), 38 2 B2
TEREVE | B A AR B TR IR SO R T R R BRAE Ak H As. Cd. Cr, Hg. Pb & &, RA R
R 705 e 8. AR 25505 e BOE A T ek Tl 398 7 4 V5 e R B, AR B bk o 4 S PR (.
AR AT X B A Ak v B 4 S R AR I AT T AT, 3 e R S0 IXURS: H8 BRI B0 KU 48 BOTAs T 8K
BRFERE XU, 26T A E AT FC R A & £ R BHE T RISk R4 h 48 = 4R 0L, LAA
PR - eI T i | BRI T £ 4 RN AR (g B P LR A B

1 MBLE )7 (Materials and methods)

1.1 WF5E IXHELL

TFF 5% DX S5 Ji T8 i 4 Y8 W N XU BB, DX PN I 2 3B, A IR A, AT 34700 15.9 <C, AR T 2R TR
i 1308.1 mm™, Hp 2 IFER R FAE 4 RAMIILEAA . AR TR AR E L R, A AR
IR F g B fik 3 2R RILUA K - RUKRE £ o0 325 - HOR A DUbk b | el b A
Hioh 3.
1.2 FESCRES S Hr
1.2.1 FEACREE

FE SR AERT B] A 2022 4F- 8 H, 454 W58 X ARGk 1l 25 1] 23 A7 4R il % = e RV BRAE i E 1 7R
£, WHIT XTI AR L0 125 km?, #2180 S kmxS km (9 RS BUAK 76 B A% Th 35550 A 15 10 SR AE A, A
W50 A RAE AL, SRR BHERESL 50 14, T ECERAEARERAE & 50 4. 3R S AR A SR ] 3—5 Ab R
FAMEAEIE T, | 28 SOSRAE I A HE TR A, U R BEA AR R 24 2 mm A9 H 1AL 0 T B B4, AR, X%
BET R S I BRAE AT AR SR kA Ak SR S CBRAe Ak RS A e T 350 SR 5 ) , ALl — TR A SR A
BN H B, SR ) 1 kg, KRR S BARA BN 1 TR,

R R RS BT KT S A SR IRT, BBk e DL A B S | R AR, B DR
i 2 mm JEJRIH, BRARTCIE YR A B BHAS, A .

FRAEASARE ff R Il 5 R 4Bk P B, 1 2238 2, RIAFTIE, BOOR e Yo I 20, 2 B4 .
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Fig.1 Distribution of land use types and sampling sites in study area
1.2.2 s3primat

FE i 20 A 003K ph 0 b 48 b B I b0 58 . 2 BB R FH D 2 65 1L (AFS) Tl /2 As.
Hg; L JEGHE 4 45 B8 7K B 3% 1 (ICP-MS) T 5E Cd., Pb; X 548 98 6 ik i (XRF) M E Cry 35 TR etk
AR 7 (ISE) 3 pHU BRI BEAE it >R B -2 615 1k (AFS) W 2 As., Hg; HEBHE A 45 25 (R o i vk
(ICP-MS) il % Cd. Cr. Pb.

FE 4 B I3 SR R — S b ME W) i (GBW10014, GBW10015, GBW07407, GBW07447,
GBW07449, GBW07451, GBW07452, GBW07453, GBW07455, GBW07431~GBW07435) Fl & & /3 1 J5
T VR FIORG %5 B MER B 0 B A (50 AR ) 3 A [FIZEBIBREY i 1—2 1, 5
B i RIS AT, 31330 BN A BRI (B 55 b v ) ST (A P AR G 1R 22, R AR IR 22 /N T 10%. K%
FEAE R T R R EE 52 0 A D7 A A i 0 B RS 4% B, B AR 2 T 100% B 5 43 AT, TR
OIATTEE R X AL ZE , B SRAEXS W22 /NT 5%, BT AT b 0 TR 35 RIORE 2% B 5 4 2R 25 R 100%. A 3 AT
IR ZE AP 5 (£ BARIX B BR AL 2738 A HLE (1:250000) ) (DZ/T0258-2014) | (L 2SR AL 22 PPN L
AT AR B R (GR4T) ) (DD2005-03 ) 25 AH e R bR iR, Bt il 4E.

1.3 Hds st 5 K26

K 11 Excel 2016, IBM SPSS Statistics 25 5 4 {4 #4784 4 B 43 #7, 1 ArcGIS 10.7, Origin 2021 i
1T EITE 21l
1.4 HIEEEE S RIENITE

PP 3 B — T 4 8 JU 3R A B — V5 G DR B R 15 Jedg Bk, THE A =R

P,=C,/S; (1
X, P A HIERER SR ITE i BN FISREEG ¢ EEE SR e R | ST S, o HIEE 4 R T
R i WS EAREAE, S5 bk (AR B IT i A FH M 4= 458 75 e XU A 5 i (X7 7) ) (GB 15618-
2018) P YA FH M 39875 e IXURS: T e 1B, Q¢ 1 . RIS @ oo R i 19 YL SF ] M4 P, 2l b A~
SO, TR 2.
R g b A TS YL XU i e (E

Table 1 Soil pollution risk screening value for agricultural land

A

Item pH<5.5 5.5<pH<6.5 6.5<pH<7.5 pH>7.5
As/(mgkg™) 40 40 30 25
Cd/(mg-'kg™) 0.3 0.3 0.3 0.6
Cr/(mg-kg™") 150 150 200 250
Hg/(mgkg") 13 1.8 2.4 3.4

Pb/(mg-kg™) 70 90 120 170
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Table 2 Classification standard of contamination grades of soil heavy metals

AN 5 AR AL T YA WS a5 YR AL THYEFR
P; Contamination grade Py Contamination grade
Pl Joi5 4 Py=0.7 A
1<P<2 Biis e 0.7<Py<1.0 R
2<P<3 BREEG Y 1.0<P\<2.0 BTG
3<P<5 rpEE s Y 2.0<Py<3.0 R Y
P>5 Y P>3.0 WY

B 0 20 TR G 30055 2 15 LR AR A 45 2 1 e B0, THE A3

Py = /(P2.+P%.)/2 (2)

Aob, Py oy HEZ R E SRR NS L5515 YRR B Py N HIEZ R SR ICR I N 75 Y48
K-S 5 Py J9 L IEZ P E G SR TR BB N 75 Rt B e R (B, LIRS R S Rc R Bin
SFGATARAE Py K> R ARG, PRI 2.
1.5 Al e XUBS: 3 T 12

T A At v R J O AR 22 1B A BRE XU 23 31 SR P B IR <5 J s AR Al SO 4 B XU i
(HQ,) . 21 4 Jm 7T 2 I Z0yi £l e JXURS: i £l (HID BRI 4 J T 3% B0 KB T8 5 (CR) . ZITHE &R
JCE BUE XK (TCR) WA, A AN 7,
ADD;  C,xIngRxEFxED

HO. = = (3
Q RfD,  BWxATxXRfD, )
HI= ) HQ, 4
i=1
CR, = ADD, x SF, = C; xIngR X EF X ED x SF, (5)
BW x AT
TCR = Zi:lCRi 6)

K, ADD, W& HIEAE LR ICE i M H ¥R G, A0 mgkg'-d™s C; RARGERE AT & /0 H 4
JEICE i (&R, B0 mg-kg s IngR A A\ AR H BRBERE A R, R85 (b E s RS 5 R (2022) )
2000 keal E 277 K KT HRfE 2 1 7K 2R 2 200 B, B 0.2 kg-d ' EF by B @840, BRAEARAE R i 27K 2,
BAEATEM3AH(9—11 A), 90 d-a™'; ED b &8 i ], HL 24 o BW S PR, B 60.5 kg™
AT NFH4 22 g2t A, 5 4 @ A B0 F 34 22 82 1 A B 9125 d(EDx365 d) , T 43 J@ B0 - 14 2 5% it 8] Bt
27667 d(75.8x365 d)); RID, WA AH LR ILE i EESHE K, As. Cd. Cr, Hg, Pb [ RfD 37
435124 0.0003 mg-kg'+d™". 0.0010 mg-kg'-d”'. 0.0030 mg-kg'-d"', 0.0003 mg-kg"-d"'. 0.0035 mg-kg'-d";
SF, WA AE LB ICE i INBUERPR REL, As, Cd. Cr, Pb iy SF# 741 55115 1.5 kg-d'mg ',
6.1 kg-d-mg ', 0.5 kg-d-mg "' 1 0.0085 kg-d-mg". 24 HQ, o, HI<1, &/~ JE B0 XU ol LL Z W5 24 HQ; B
HI>1, FRAA7EAE S0 KR ; HQ, 3 HI BUEL R A, JE 08 KU B 5. 24 CR, 3 TCR<1x10"°, /R AN FFE
5335 00 8O KUK ; 24 CR, 8 TCR A T 1x107°—1x107, &7 200 KUK 76 7] LLUHE 32 36 Bl 22 N 5 CR, 5%
TCR>1x107*, & BAFTE B 3 (1) B0 KUK ; CR, 3 TCR FU{EER A, B0 KU 1 .

2 25 535718 (Results and discussion)
21 HEESESGE

TRk b + 3 4 8 & B N pH HSE 145 B W 3.+ pH L B4 T 3.98—7.48, Hiip A 76% %
FE R 133 pH<S.14, & B R Ak el + 38 DA R 1 A 3. 3 As. Cd. Cr. Hg. Pb )& &40 7 N
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9.85. 0.22, 62.37. 0.12. 32.47 mg-kg™", Hivh, 145 As. Cr. Hg. Pb V-2 & &K T R4 T30y e
a5 HAR Y, 20 R A Y S 0,63, 0.87, 1.07, 1.09, 0.89 1i5; 14 Cd EX & 1 8w T35
SofE, SRR A HIEEE SE M 175 75, RUIERBA R -5 Cd A4 — e B Y B 4R

A5 S RO FRAE B 2 R B WORE B () FE B e, AR S R RGER, B EORE R, e H a7
FIAN IR, — e, B 5 REBUNT 10% A5, AR5 RE T 10%—100% Z 8] 1 4848
5, SRR T 100% 5w AR e i e 3 n AL, S R 4R Ju R AR S5 R JE N . Hg>Cd>As>Pb>Cr,
B Pb Al Cr & AR 5 R BUG ST 10% 4h, KRS MESR TR EEL R A B ES T 10%, B
AR5, UL He. Cd. As Z 2 A Y FEEE A ZE0E sh Ay 5.

R3O PRBBkRE L SR A R AR

Table 3 Descriptive statistics of soil heavy metals of kiwifruit orchards

brifE2s/ " WirEE 3 S E/
= = - ~ F-Y1H/ B AR ZEU (% -
WH KM/ (mgkg) f/ME/(mgkg™?)  H{E/(mg-kg™) j’:ﬁjﬁ,l (mg-kg") 1%?5& (%) (mg-kg™)
. - . (mg-kg™) Variation !
Item  Maximum value Minimum value Median value Standard . Hunan Province
Mean value .. coefficient .
deviation soil background value
As 20.50 6.50 9.03 9.85 2.99 30.37 15.70
Cd 0.43 0.09 0.22 0.22 0.07 33.53 0.13
Cr 75.30 53.00 62.25 62.37 5.89 9.45 71.40
Hg 0.39 0.06 0.11 0.12 0.06 45.02 0.12
Pb 40.70 25.60 32.20 32.47 3.62 11.16 29.70
pH 7.48 3.98 4.75 — — — 5.60

7E: pHIGH 4R “— /8 JTOEHE. Note: pH is dimensionless; “— means no data.

22 TIEESRGRHN

A0 F0(2) T3 RR Ak el - 398 5 45 Jag ¥ e 85, i 3T B8 45 R W 15, Pag. Peas Pers Prgs Pro.
Py 53 AT 0.16—0.51, 0.29—1.43, 0.30—0.50. 0.05—0.22, 0.23—0.58., 0.34—1.08 Z [f]. fy[&l 2 7]
AL, BRpERk el 8 S R 4 8 PR TS YRR BCP AL E AR IR R Cd>Pb>Cr>As>Hg. & 3 AT A, Bk Cd 4F,
25 RFE S+ 3 As, Cr, Hg, Po B R TET5 Y4 (P<1)5 5 12% RAE £ 3 Cd MRS Y (1<P=<2),
FLACRAE B+ CA ¥R TEI5 G (Pog<1) . NS 25515 e 48 5k Py KRB, A 72% HISRFE S AL T4
42 (PN=0.7)5 45 26% [SRAE s Ab T AR (PNS1) 5 A 2% MRAE AL TRETS YL (1<Py<2). BRFH,
BrAEpe e + T 4 R 5 YL A Cd o 3, R TG e il .

BT R
Slight pollution Slight pollutioy
121
5
]
8= it e e Wittt it
8 pREE S
E 08 No pollution
3
=
B $

0 1 1 1
Ps Pcq P Pyg Ppy Py

B2 Praatie e Jm SR S AR R (P) MU M2 255 15 YA B (Py)
Fig.2 The single factor pollution index and Nemerow comprehensive pollution index of soil heavy metals of kiwifruit

orchards
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Fig.3 Distribution of contamination grades of soil heavy metals of kiwifruit orchards

2.3 BRI E R

X BRI At b B R R AT S, R S R U SRR, 4R AR 4. 3R 4 TAL, BR Hg Ab,
T A W A i o At R < JB PR R 100%, H 6 HH AR AU 12%. BRBERE & As. Cd. Cr. Hg,
Pb & KA 4 0.0020, 0.0081, 0.0152, 0.0004., 0.1550 mg-kg™, 5 (& &2 FEEZ A &8s
Gy PR ) (GB 2762-2022) HAILE RS AGAk T 46 Ja IR et (B0 BT 00, SRR i i Cd & 1A TR bk
4w B FRAE, Po BB ERFALN 4%, BEBIBRGEBRAE & b B 43 i 75 YA B e i

R4 GOBBE SRS A ST
Table 4 Descriptive statistics of kiwifruit heavy metals

IRl K% /% FRAH/(mg-kg™) f/IME/(mg-kg™) FRAE(E/ (mg-kg™") HARR/%
Item Detection ratio Maximum value Minimum value Limit value Exceed ratio
As 100 0.0020 0.0011 — —
Cd 100 0.0081 0.0009 0.05 0
Cr 100 0.0152 0.0072 — —
Hg 12 0.0004 <0.0003 — —
Pb 100 0.1550 0.0023 0.1 4

RN THE. Note: “—” means no data.

2.4 TRAERK R AU P4

Btk v B 4 I 28 1A A Al S0 XU A0 AU PEAN 25 R K] 4 s . Rk AE S As, Cd.
Cr. Hg. Pb ¥y HQ & Kl N 5.47x107, 6.63x107°, 4.12x107, 9.77x10™*, 3.61x102, HI & K {4 K
4.59x1072, /N F 1, R BRI A 5 P 4 @ A8 K0T Be X AR B AR S0 RS BRAEPREE
i As, Cd, Cr, Pb 1) CR fe KMEH A 7.79x107, 1.28x107°, 1.05x10°°, 1.78x10°%, TCR i K{H A 1.44x107,
ANTF 107, FRBH B HBRAE PR Y 4 Fh 4 X A AR i 10 B0 XU & 1 1 4252 i .

107

@) (b) S IR T e
10’5 L b, Carcinogenic risks can be accepted
o ps % %
.
. >
o R T A
Carcinogenic risks can be ignored

aia §

HQus HQea  HQer  HQuy HQp,  HI CR 4 CR¢q CRer CRpp TCR

_
<
9

Carcinogenic risks
T

107

Carcinogenic risks
—
(=)
&
T
|
!
|
/
i

_
S
o

10*3 L

_
3
s

Index Index

B4 BB AT G A AR 0 U K (a) 55 0 KU A6 K (b)

Fig.4 The non-carcinogenic risk index (a) and carcinogenic risk index (b) of heavy metals ingestion byeating kiwifruit
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T A bl v e 2 1T RS o A B RS R XUBS: 1) SRR A B AR A 5 B, e, A5
BREMERE T He 25 5 AR T4 H R A, # H A6t BRAY 50% WAE, T35 0 R JXURS: B 5 Rk 5P 344
H 15 AT, 5 ol <G ok AR A AR B0 U BT b v 24RO As>Cd>Cr>Pb>Hg, 1, As, Cd, Cr,
Pb J2 3 A B XU A 32 BT B T R 4 P G Jm e MY o XU BRI e 2R Cd>As>Cr>
Pb, Jh, Cd i U XU i £ H R ILR.

(a) AT KUK Non-carcinogenic risk (b) FJ#E s Carcinogenic risk

As 34.99% As 9.33%
BN Cd 21.99% Cd 83.70%

Cr21.64% [1Cr6.86%
B Hg 1.29% Pb 0.12%
[1Pb 20.09%

B 5 4 0 AR B R 15 5 (a) 5 B0 XU 18 5 (b) 1Y DTk 37 2 1

Fig.5 Mean values of contribution rates of heavy metals to non-carcinogenic risk index (a) and carcinogenic risk index (b)

KT, B BRI AR 5 Tl 48 Ja o A A3t i A B XS AN B0 XUBS: ) T RE AR S8,
AR BRSSO IR T 2 H S A W R R, DA, AR E A G ] RE X
AL FRE 4 i DX
2.5 HEE-BRRBER G E G R R RN

O AR AR A K HCAR I, - S v 1) B 4 A 5 S (B A DG, S5 R A0SR 5 . As, Cd, Cr, Hg, Pb 7+
B ) i S Rk B i 2 R B B T A S (P>0.05) , R BRI As. Cd
Cr, Hg. Po LR 5 HIEPE S mor Rk i EJC.

x5 LR IVBEMERSE S BAHLE T

Table 5 Correction analysis of heavy metals in soil-kiwifruit system

iH
Ttem As Cd Cr Hg Pb
PSS G -0.012 0.108 -0.117 -0.267 -0.025
W EVEP 0.937 0.456 0.417 0.609 0.863

TCERAYEERBUE TR AAEY D& & 516 L gerh &80t e, v DU A Yt b e R R
WECFN & AR RE 11 >, ST R AW e AR R AR R, SR I AE Y R HEhIZoT R 1Y & AR RE R, 1T As,
Cd. Cr. Hg. Pb AW s 4 R, 4558003 6 Fin. BRBERkXT 148 As. Cd. Cr. Hg. Pb B4 & £ R 4K
e RAB AT 5 K 2.51x1074, 7.07x1072, 2.38%x107, 3.64x107, 4.60x107, ¥J/NT 1, SiHAX 5 fhE 4 @ oe &
IR N TR | Sed . B 2Bk .

£6 WRIBEWEERN

Table 6 Bioconcentration factors of heavy metals

T H

Ttem As Cd Cr Hg Pb
SN 2.51x10™* 7.07x1072 2.38x107 3.64x107 4.60x107°
e/ ME. 7.78%x1073 3.84x107 1.06x107 — 6.46x10°°

T “—FR T, Note: “—” means no data.

3 4518 (Conclusion)

1) B p el - S8 5 o B IN 1 {5 e AR B0 P, WL, B 12% SRAE s 09 L Cd W RS Y b, £ R A
S S S R P TS U N SRS TS YRR R Py R, AT 28% SRAE A TR E S R SR A T YR
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b TR K D) s YRR B, Hoh, 26% b TR LR, 2% Ab TR TS Y. BRSRE, Bk e e
i Cd 15 4%, B4 T5 Y il LR .

2) MR CEE A e 4 bR vE B8 5 e IR ) (GB 2762-2022) 1 B A2 ARG B 2 4 J BIR e 1
TRAERRAE 5 AU AFTE 4% (1) Po AEFR IRE 5, RIBRBERRE i B 4 T e B e e i

3) B BB A As, Cd. Cr. Hg. Pb /N AT BB X A AR 5 Al 3E B0k KU, Hodr, As, Cd. Cr.
Pb 2 AE #0 KU 1Y 2 B DTk R 15 & I BRBERR R AR As, Cd. Cr. Pb Xt A A Al 250 KRS g F 7l 42
323t [, 2o, Cd 2 BUE XU 1) 2 5T IR

BB E SR &S R E SR & R 2 AT R E A, RIRERE O E &R 5 HiEh E S
J& B i TG BB R AR AR RN T L, U E &R R IRk R AR
Ak s AR IR

5% 3Lk (References)

(1] 8, G5, BE D, S V- PRk 8 4 )8 & i 500 ™ W B s R I B3 (D). & S 2 B 46 0 27 41, 2021, 12(4)
1380-1385.

LIY,LU B, YANGJ Y, et al. Analysis of heavy metals and nutritive assessment of minerals in kiwifruits produced in western Hunan
Province[J]. Journal of Food Safety & Quality, 2021, 12(4): 1380-1385 (in Chinese).

(2] ThEpd, fok e, Miles, 55 BRMoBkrr A AL R E B 5T (D). TH LA 42441, 2003, 23(12): 2172-2175.

MA J G, YANG S Y, LIN S P, et al. Purification of active components from kiwifruit seeds by HPLC[J]. Acta Botanica Boreali-
Occidentalia Sinica, 2003, 23(12): 2172-2175 (in Chinese).

(31 Z=ibde, BAULE, BARUR, 45 BRionl e a3 58 3 4 i et o (1), 7 DAY, 1995, 15(4): 377-382.

LIJ W, MAO S Z, LIANG M Y, et al. Studies on the contents of nutritive component of fruits of genus actinidia[J]. Guihaia, 1995,
15(4): 377-382 (in Chinese).

(41 ZEEE, 200, KUK I PG BRBARR: o3 20 B S SR poRr i A Rp e AIF 5T (T0. b [N, 2017, 42(8): 136-139.

LUAN X, LI X J, GUO M M. Xiangxi kiwifruit seed component and characteristics of kiwifruit seed 0il[J]. China Oils and Fats, 2017,
42(8):136-139 (in Chinese).

U5 ] Bk, FRH, 46 SRt i B RO e S T A M TS (1], B dh BH, 2007, 32(4): 51-55.

HUANG C, ZHOU C C, LI W. Nutrition and health care function of kiwi fruit and its processing technique[J]. Food Science and
Technology, 2007, 32(4): 51-55 (in Chinese).

L6] HULE, MR, B, 5. PG pE i X A 38 5 4 Jm V5 e W U5 70 A S R BE ot i 07 (). SR8 R}, 2024, 45(3): 1760-1768.
XIAO K Q, XU H G, GAN J, et al. Traceability analysis and environmental quality assessment of soil heavy metal pollution in
southwest Hunan Province [J]. Environmental Science, 2024, 45(3): 1760-1768(in Chinese).

[ 7] TIMOFEEV I, KOSHELEVA N, KASIMOV N. Health risk assessment based on the contents of potentially toxic elements in urban
soils of Darkhan, Mongolia[J]. Journal of Environmental Management, 2019, 242: 279-289.

[8] LIMHS, LEE J S, CHON H T, et al. Heavy metal contamination and health risk assessment in the vicinity of the abandoned
Songcheon Au-Ag Mine in Korea[J]. Journal of Geochemical Exploration, 2008, 96(2/3) : 223-230.

[ 9] CHEN Z K, MUHAMMAD I, ZHANG Y X, et al. Transfer of heavy metals in fruits and vegetables grown in greenhouse cultivation
systems and their health risks in Northwest China[J]. Science of the Total Environment, 2021, 766: 142663.

[10] LIXY,LIZG,LINC]J,etal. Health risks of heavy metal exposure through vegetable consumption near a large-scale Pb/Zn smelter in
central China[J]. Ecotoxicology and Environmental Safety, 2018, 161: 99-110.

[11] Eff4, &% 85T, 5 BEX LE: DNERGEPES S S EREE KX AR X6 (1], 358102, 2022,
41(10): 3231-3243.

WANG W Q, XU D Y, HUANG Q Q, et al. Characteristics of heavy metals in the soil-wheat system of sewage irrigation area and its
health risk assessment[J]. Environmental Chemistry, 2022, 41(10): 3231-3243 (in Chinese).

[12] ROMERO-ESTEVEZ D, YANEZ-JACOME G S, SIMBANA-FARINANGO K, et al. Distribution, contents, and health risk assessment
of cadmium, lead, and nickel in bananas produced in Ecuador[J]. Foods, 2019, 8(8): 330.

[13] WANGQY,LIUJS, CHENG S. Heavy metals in apple orchard soils and fruits and their health risks in Liaodong Peninsula, Northeast
Chinal[J]. Environmental Monitoring and Assessment, 2015, 187(1): 4178.

(141 5, MFRRAE, Sk . A0k 2R o0 4 Jg R BRI Bk £ 4 R XURG: AR (0], o [ - SR S5 A, 2018(2) - 161-169.

LIU Q,HUL P, YU C S. Accumulation of heavy metals in the soil-cherry system and health risk assessment—a case study in
Qinzhou area, Tianshui city [J]. Soil and Fertilizer Sciences in China, 2018(2): 161-169 (in Chinese).

[15] LIXM,DONG S J, SU X O. Copper and other heavy metals in grapes: A pilot study tracing influential factors and evaluating potential
risks in China[J]. Scientific Reports, 2018, 8(1): 17407.

[16] Hm e, B TE, X G, 5. SEIN A B SCEL R bk AR 25 Bl X - 3 7 J 5 e BRIP4 (0] 7K AR 41, 2019, 39(1) : 264-270.
DU Q L, CHENG Z F, LIU P Z, et al. Evaluation of soil heavy metal pollution in kiwi fruit base of modern ecological park in Xiuwen


https://doi.org/10.3969/j.issn.1003-7969.2017.08.030
https://doi.org/10.3969/j.issn.1003-7969.2017.08.030
https://doi.org/10.3969/j.issn.1005-9989.2007.04.015
https://doi.org/10.3969/j.issn.1005-9989.2007.04.015
https://doi.org/10.3969/j.issn.1005-9989.2007.04.015
https://doi.org/10.1016/j.scitotenv.2020.142663
https://doi.org/10.1016/j.ecoenv.2018.05.080
https://doi.org/10.7524/j.issn.0254-6108.2021070604
https://doi.org/10.7524/j.issn.0254-6108.2021070604
https://doi.org/10.3390/foods8080330
https://doi.org/10.1007/s10661-014-4178-7
https://doi.org/10.1038/s41598-018-34767-z

12 ] VPR AR B bk 2R 0 43 15 G 0P SO e e R KRG 1Al 4165

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]
[35]

[36]

County, Guizhou Province[J]. Bulletin of Soil and Water Conservation, 2019, 39(1): 264-270 (in Chinese).

BRI, Wi, e, 45, SN E R R b e Jm AT L)L VLR R R, 2019, 47(1) 1 255-260.

CAIN, XIE J, DANG H M, et al. Safety evaluation of heavy metal in soils of main kiwifruit orchards in Guizhou Province[J]. Jiangsu
Agricultural Sciences, 2019, 47(1): 255-260 (in Chinese).

AR, 5 A, B Rk, 55 D VS 2 BRApk bl L o 4 ) 8 e Ry g KURE TP (0], U AU ARARAFHE A2 2 3 (H AR,
2015,43(2): 173-178

LIX T, YUE TL, HU Z Q, et al. Concentrations of soil heavy metals in kiwi fruit orchards in Shaanxi and risk evaluation[J]. Journal
of Northwest A & F University (Natural Science Edition), 2015, 43(2): 173-178 (in Chinese).

I, EIE, P, S TOA T ARk AL S g b G RBURBLETSE D). TR X RAEBFSE, 2010, 28(3): 219-223.
ZHANG Y F, WANG Y, REN D, et al. Research on heavy metal accumulation in soil in an organic kiwi fruit production base[J].
Agricultural Research in the Arid Areas, 2010, 28(3): 219-223 (in Chinese).

FeARDE. HE Rk B 4 A i R AR SR I AR L 8 SO ) [D]. Bt RR: SR K2, 2016.

DANG H M. Characteristics and quality assessment of heavy metal content in soil-kiwi[D]. Guiyang: Guizhou University, 2016 (in
Chinese).

SRS AT LR, 57 HE, S5 BBk DX A 9 T A 0 A R A K A S BRI TS G XU DA AR 22Tl = B o) (7). R3S 4E
#,2022,11(3): 307-319.

LIT, REN X J, QI G W, et al. Distribution characteristics of soil heavy metals and ecological environment pollution risk assessment in
the kiwifruit production area of Zhouzhi in Xi’an[J]. Soils and Crops, 2022, 11(3): 307-319 (in Chinese).

TR SRR . L SRS R 6 T B TR Y2 A AR B AR SGHE [T]. B2 R 55 TR, 2021, 21(3) : 946-951.

XU H L. Distribution characteristics and correlation of six metal elements in kiwifruit root, leaf, fruit and soil[J]. Science Technology
and Engineering, 2021, 21(3): 946-951 (in Chinese).

BUR, IMEMS, R, 45 VLA V0L R b 2R el - SRR 05 et 5 2R A KU AN L], 5 B, 2019, 38(5) : 524-533.

HE L, SUN B B, WU C, et al. Assessment of soil environment quality and ecological risk for kiwifruit orchards in Jiangshan city,
Zhejiang Province [J]. Rock and Mineral Analysis, 2019, 38(5): 524-533 (in Chinese).

WE, BHEA, B, %W BRpeopk el LT 4 T KOs G [ R0 AL IS, 2017, 38(6): 1097-1105.
YANG Y, TONG X C, WANG R C, et al. Analysis and safety evaluation of heavy metal contamination in kiwifruit orchard soils in
Hunan Province [J]. Research of Agricultural Modernization, 2017, 38(6): 1097-1105 (in Chinese).

FATT, A, VST, S5 I VU R Ak A R - SRR A B o B 4 B BOIR BT (0], AR R IR S PR 24, 2017, 34(3):
280-285.

WANG R C, SHI H, PANG L, et al. Accumulation of heavy metals in soil and kiwifruit of planting base in western Hunan Province,
Chinal[J]. Journal of Agricultural Resources and Environment, 2017, 34(3): 280-285 (in Chinese).

A4, B A, B, AFL PRV A 7 X RS R AR R 92 Cul Zn, M, Pb, Cd & Al (], & Tk BHE, 2012,
33(21):309-311,348.

ZHAO JM, DUAN A L, GAO G T, et al. Determination of Cu, Zn, Mn, Pb and Cd content of kiwifruit fruit of the main cultivars in the
major kiwifruit production area of Shaanxi Province[J]. Science and Technology of Food Industry, 2012, 33(21) : 309-311,348 (in
Chinese).

GUO J, YUE T L, LI X T, et al. Heavy metal levels in kiwifruit orchard soils and trees and its potential health risk assessment in
Shaanxi, China[J]. Environmental Science and Pollution Research, 2016, 23(14): 14560-14566.

Wi 48 BT R A AT B R R M [M. Ky 1 r b P b A, 2015.

Hunan Provincial Civil Affairs Department. Important books of administrative division of Hunan Province[M]. Changsha: Hunan Map
Press, 2015 (in Chinese).

CHAI L, WANG Y H, WANG X, et al. Pollution characteristics, spatial distributions, and source apportionment of heavy metals in
cultivated soil in Lanzhou, China[J]. Ecological Indicators, 2021, 125: 107507.

FE, FAAMK, TOE .m0 b X IR SR S R IR TEAE S RN (], BRI R4, 2022, 43(9) : 4756-4766.
WANG Y, XIN CL, YU S, et al. Evaluation of heavy metal content, sources, and potential ecological risks in soils of southern hilly
areas[J]. Environmental Science, 2022, 43(9): 4756-4766 (in Chinese).

NEMEROW N L. Scientific stream pollution analysis[M]. Washington: Scripta Book Co., 1974.

LA, A, K, 4. BT APCS-MLR I PMF 5 B f) BEGT 1L J8] 10 B b - 2 5 4 J 75 e SR AE Je IR AR ir (0], SR B R} 2%
2023, 44(4): 2192-2203.

MA J, SHEN Z J, ZHANG P P, et al. Pollution characteristics and source apportionment of heavy metals in farmland soils around the
gangue heap of coal mine based on APCS-MLR and PMF receptor model[J]. Environmental Science, 2023, 44( 4) : 2192-2203 (in
Chinese).

US EPA. Risk assessment guidance for superfund. Volume I : human health evaluation manual [R]. Washington D C: United States
Environmental Protection Agency, 1989.

US EPA. Guidelines for exposure assessment [R]. Washington D C: United States Environmental Protection Agency, 1992.

US EPA. Handbook for non-cancer health effects evaluation[R]. Washington D C: United States Environmental Protection Agency,
2000.

US EPA. Supplemental guidance for developing soil screening levels for superfund sites[R]. Washington D C: United States


https://doi.org/10.11689/j.issn.2095-2961.2022.03.008
https://doi.org/10.11689/j.issn.2095-2961.2022.03.008
https://doi.org/10.11689/j.issn.2095-2961.2022.03.008
https://doi.org/10.1007/s11356-016-6620-6
https://doi.org/10.1016/j.ecolind.2021.107507

4166

-
i

ke

3

43 %

[37]
[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Environmental Protection Agency, 2002.

US EPA. Exposure factor handbook [R]. Washington D C: United States Environmental Protection Agency, 2011.

hEE IR A P E R R -2022IM]. db 5T AR TR R, 2022.

Chinese Nutrition Society. Dietary guide for China residents-2022[M]. Beijing: People's Medical Publishing House, 2022 (in Chinese).
TR AR. o W AR R EE ST (R E) M. dbat: o [F 3R Rk, 2013.

Ministry of Environmental Protection. Exposure factors handbook of Chinese population (Adults)[M]. Beijing: China Environmental
Science Press, 2013 (in Chinese).

WANG F F, GUAN Q Y, TIAN J, et al. Contamination characteristics, source apportionment, and health risk assessment of heavy
metals in agricultural soil in the Hexi Corridor[J]. CATENA, 2020, 191: 104573.

KHARAZI A, LEILI M, KHAZAEI M, et al. Human health risk assessment of heavy metals in agricultural soil and food crops in
Hamadan, Iran[J]. Journal of Food Composition and Analysis, 2021, 100: 103890.

o PR . b [ TR B ML b i E BRI R U, 1990,

China National Environmental Monitoring Centre. The background concentrations of soil elements in China[M]. Beijing: China
Environmental Science Press, 1990 (in Chinese).

FEFM, R Z W, FIRSC, 5. 000 Hb X b T e IR BT B S 1] 40 A (1), i RS2, 2021, 41(8) : 3693-3703.

WANG Q L, SONG Y T, WANG C W, et al. Source identification and spatial distribution of soil heavy metals in Western Yunnan[J].
China Environmental Science, 2021, 41(8): 3693-3703 (in Chinese).

Seh, B, LR, A SET PMF BERY 0 22 M b 3 T G TR R R AT (] RS RL27, 2020, 40(9) 2 3919-3929.

CHAI L, WANG X, MA L, et al. Sources appointment of heavy metals in cultivated soils of Lanzhou based on PMF models[J]. China
Environmental Science, 2020, 40(9): 3919-3929 (in Chinese).

WNEE, BRI, 2 TLVT, S B 0l ORI 4 0 A 5 R IR A (] BB R4, 2010, 31(3): 768-774.

XIE X J, KANG J C, LI W J, et al. Analysis on heavy metal concentrations in agricultural soils of Baoshan, ShanghailJ].
Environmental Science, 2010, 31(3): 768-774 (in Chinese).

FENG J X, ZHU X S, WU H, et al. Distribution and ecological risk assessment of heavy metals in surface sediments of a typical
restored mangrove-aquaculture wetland in Shenzhen, China[J]. Marine Pollution Bulletin, 2017, 124(2): 1033-1039.

XK, KBk, L2 50, A5 AN TR ROBES ) 4 )2 L e 4y (9 28 1) A2 S MRS [0 BTSRRI 5 AR 2440, 2018, 26(2) : 305-312.
LIUJL,LIUL, MA X Y, et al. Spatial variability of soil salt in different soil layers at different scales[J]. Journal of Basic Science and
Engineering, 2018, 26(2): 305-312 (in Chinese).

WA, S e, kTR, A /N KPR TE G A d AR B AR B XU PR AT g A AL R B ) (7). PR kA, 2022,
41(4): 1158-1167.

LI H J, CHAO J L, YAO W C, et al. Characteristics of heavy metal content in wheat grains and human health risk
assessment—a County in northern Henan Province [J]. Environmental Chemistry, 2022, 41(4): 1158-1167 (in Chinese).

CHIEN L C, HUNG T C, CHOANG K Y, et al. Daily intake of TBT, Cu, Zn, Cd and As for fishermen in Taiwan[J]. Science of the
Total Environment, 2002, 285(1/2/3): 177-185.

HUANG M L, ZHOU S L, SUN B, et al. Heavy metals in wheat grain: Assessment of potential health risk for inhabitants in Kunshan,
China[J]. Science of the Total Environment, 2008, 405(1/2/3): 54-61.

WANG X L, SATO T, XING B S, et al. Health risks of heavy metals to the general public in Tianjin, China via consumption of
vegetables and fish[J]. Science of the Total Environment, 2005, 350(1/2/3): 28-37.

ZHENG N, WANG Q C, ZHENG D M. Health risk of Hg, Pb, Cd, Zn, and Cu to the inhabitants around Huludao Zinc Plant in China
via consumption of vegetables [J]. Science of the Total Environment, 2007, 383(1/2/3): 81-89.

WS, EIRSE, w4y, . 150 A R AL b P A ¥ BRSR AR T 4 e SRR R B A e R XU (0], BREE R4, 2021,
42(10): 4916-4924.

YANG J Z, WANG Z L, GAO J W, et al. Accumulation and health risk of heavy metals in cereals, vegetables, and fruits of intensive
plantations in Hainan Province [J]. Environmental Science, 2021, 42(10): 4916-4924 (in Chinese).

B AR, VB, 8% A A5 VLR R b XK RS 5 /22 5 S JE R A | A R A (BCF) wAB W (1], b M B, 2013, 40(1)
331-340.

LIAO QL, LIU C, CAI Y M, et al. A preliminary study of element bioconcentration factors within milled rice and wheatmeal in some
typical areas of Jiangsu Province [J]. Geology in China, 2013, 40( 1): 331-340 (in Chinese).

GU QB, YUT, YANG ZF, et al. Prediction and risk assessment of five heavy metals in maize and peanut: A case study of Guangxi,
China[J]. Environmental Toxicology and Pharmacology, 2019, 70: 103199.

EBL BN, SRR, S TR EBURBFX L Cd A=A B BOE  E R (1], FREERLE, 2020, 41(4): 1864-1870.
WANG R, HU X L, ZHANG Y W, et al. Bioavailability and influencing factors of soil Cd in the major farming areas of Chonggqing[J].
Environmental Science, 2020, 41(4): 1864-1870 (in Chinese).


https://doi.org/10.1016/j.catena.2020.104573
https://doi.org/10.1016/j.jfca.2021.103890
https://doi.org/10.3969/j.issn.1000-6923.2021.08.026
https://doi.org/10.3969/j.issn.1000-6923.2021.08.026
https://doi.org/10.1016/j.marpolbul.2017.01.004
https://doi.org/10.7524/j.issn.0254-6108.2021092306
https://doi.org/10.7524/j.issn.0254-6108.2021092306
https://doi.org/10.1016/j.etap.2019.103199

	1 材料与方法（Materials and methods）
	1.1 研究区概况
	1.2 样品采集与分析测试
	1.2.1 样品采集
	1.2.2 分析测试

	1.3 数据分析与图件绘制
	1.4 土壤重金属污染评价方法
	1.5 猕猴桃健康风险评价方法

	2 结果与讨论（Results and discussion）
	2.1 土壤重金属含量
	2.2 土壤重金属污染评价
	2.3 猕猴桃重金属含量
	2.4 猕猴桃健康风险评价
	2.5 土壤-猕猴桃系统重金属富集状况

	3 结论（Conclusion）
	参考文献

