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Abstract: [Objective] The objective is to investigate the soil heavy metal pollution and its ecological risk in

Diospyros kaki main producing areas in Henan Province, so as to provide scientific basis for evaluation of soil
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environmental safety and heavy metal prevention in the main producing areas. [Method] 450 soil samples were
collected from 90 D. kaki plantations in 3 major producing areas, including Anyang, Jiyuan and Sanmenxia, and
the contents of 6 heavy metal elements such as As, Hg, Pb, Cd, Cr, and Cu were determined. Pollution load
index (lp ), potential ecological risk index (/g) and ecological risk warning index (/gg) were used to evaluate the
heavy metal pollution and ecological risk in D. kaki orchard. [Result] The average contents of As, Hg, Pb and
Cu in soil were 1.26, 2.01, 1.86, and 1.64 times of the background values, respectively. The soil in D. kaki
orchard was moderately polluted by Hg, slightly polluted by As, Pb and Cu. Cd and Cr were pollution-free. Soil
As, Hg, Pb and Cu in the main producing areas were greatly affected by human activities, among which As was
mainly affected by agricultural activities, while Hg, Pb and Cu were greatly affected by industrial activities. The
average values of Ip, Iz and Igg were 1.08, 136.95 and 2.33, respectively, showing mild pollution, slight risk
and mild warning grade. Jiyuan producing area had the most serious pollution, and the highest /3 and /Iy level,
with Ip, Iy and [z reaching 1.32, 154.10 and 3.79, respectively. 13.33% of the orchards were moderately or
severely polluted, and 33.33% were in moderate or strong /I level. 66.67% and 26.67% of orchards showed
moderate and severe warnings respectively. Among the 6 heavy metals, Hg had the highest single factor
pollution index (Cf), Iz and Igzg, which were 2.01, 80.31 and 1.01, respectively. [Conclusion] Hg is the heavy
metal element with the highest / and /gy level in the soil of the main D. kaki producing areas. Jiyuan has the
highest Ip;, Iz and gz among the 3 producing areas, all reaching the medium level. [Ch, 2 fig. 8 tab. 30 ref.]

Key words: Diospyros kaki; Henan Province; heavy metals in soil; pollution; ecological risk
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1.1 R EHER

W5 X R T 5 78 Jb B9 K AT I o B8 M X (33°31'~36°21'N, 110°21'~114°59'E), ik K
705.0 mo % XA S W A 22 KU R Bl AU, BB IR E R, AR 1401 €, AEFE H AT
R 23700 h, FEFIEEIKESH 600 mm, AFEF3ZE K N 1700 mm, JCFEWICH 200 d, AEER IR
H 518 kI-em . IWARLITIRUA M F, LIS+ 3, pH 7.0~8.5.
1.2 #HERESHR

2020 4F 11 AAFRYOE , FEGFUR . 22PN =1 105 3 AR A A 7= X, SBUER 208 . R
HEREE . RS B R 90 A~ (BEANEIX 30 AN)o FERRAS S R A B BEE 14 25 mx25 m BAE
Mo, FFEEREHLPI IR XS MLk HSORFEL " SRAE 200 g HBE, RERIRIE N 0~20 cm. KR AR EA
T A BAE, ICSTORME RS M A . R L AP it 24 R it A A A 1 A

FREFEZE N TR, A, BEIERMRA, o 100 BIE i A R &b g
iff . R LB TSR A AU 4 pHU Y R AR RO R bR 1S ) T (GSS-12) i
BT sdl, £ 4)m 0 PISCR IR E RS L B R vE ENY . S B EARE S A
- EARFZ R Y R ARE
1.3 TESEETERESREITEMFIE

DAVAT F 48 AT LU SRR o el T 1 o J (85 (B (G B A . Ok . # . R 5K B SUE SN
7.79. 0.049, 19.60, 0.374. 63.80, 19.70 mg-kg ', PLFMFR “TFHAE” ) MIFMKIED, RA$N TS
YL45 %4 (contamination factor, Cg) V5 Y 11 faf 5 4L (pollution load index, Ipp) XJ#ili el 38 & 43 J& i 4775 L
PEAATT, DL GB 156182018 -S4 i i 4 Hdth + 1835 Y KUK A8 ¥ bn e GRAT)) b 19 [ SR A% FH s 1 358
YA e [ B, K. A, B 8. H1TE g RS I BE . (pH>7.5) 4351 A 25.00, 3.400,
170.00, 0.600. 250.00, 100.00 mg-kg ', fAifx “OiiE(E” 1 MIEMHKHENY, RAZEA A U F5 %X
(potential ecological risk index, Iy) VP4 1= 38 5 4 Jm V5 4 9V 70 AR A KU, ISR FH AR 25 U 5 45 480
(ecological risk warning index, Igg) ¥ 1584 A WU HEAT HUEPEALT > 1, Hid b L SRk, B L 8L HIY
BEERE 5 10.0, 40.0, 5.0, 30.0. 2.0 F15.0, WEAEAESRESTEE S HARED ULEE 1.
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Table 1 Evaluation indexes and grading standards of soil heavy metal pollution
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2,3] 2,3] rfEE (80, 160] (300, 600] LG (1, 3] iR
(3, +o0) (3, +o0) HE (160, 320] (600, 1200] AR5 (3, 5] i
(320, +o0) (1200, +o0) M (5, +o0) Gilis
UL Ce B IS YARE; Lo TS Y RE A BN T4 8 IR A S USRS R E AR RS XS AR R T A 25 KUK
TR AL

1.4 #IEALE
% Excel 2019 X 504G #e 47400 A5 4 BROFI3L, SR F SPSS 20.0 #E47 800848 110 Al K-S 1IEA 70 A K
5, JBTIES0A0 B8 Pearson AHSCHE T, EIEZ 7040 B9 H Spearman #E17AH /34T -
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21 AEEWMErFRTEELERES BT

3R 2 AIAT: A RIOR B a4 AP 22 P P2 IX B3 b e, 430k 13.84 1 0.105 mg-kg ™!, = I IX.
e BT U 2.34 mg-kg ' BYVRIGR B I A0 BCFE DR IR X - S B, 43 Il 54.80 Fil 0.492
mg-kg s BRI BT A =T X T AR R, 4300l 53.10 A1 38.01 mg-kg ', Arail R BRI IX
1) 1.36 F1 1.30 f5 . XA 6 i & @ 7EM p 4 3 40 2= X IR LB ERIEANF . 515 R EM T,
MALHE = e = AR TS, REIANFEXKYE TERME, BRAERNFE X AT HEN
2.00 f% 5 BSAE =TT AT K215 BB 19 2.00~3.00 15 ; HRAUAE SR XM 15 5408, midE 3 &
PEX BT ERE, HPTE ST X, N SRR 2.00 f5 . 6 FhE 4R BT i o O IETE 3 4 E
FER PR B, AEAR R ZE BH = DX, A RVERS 7E B R R — 1T ;™= DX LA B 48 AR 7 2 B R = 1 T ™= [X X 77
TERE LA PR K T (E, A TGRS, Hrh e ori ™ X 5 2 A T (B Y 3.07 £ . X UL [F] E 4
JBAE 3 AT X RBE AR, F2Ea0EW . . 8. WAKE 3N E- XA FES 3R 59.70,
6.60. 8.50. 5.85, ULHATTAYFR RELEE YA 0 25 7 (P<<0.01).
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Table 2  Statistics of the heavy metals in soils from the main D. kaki producing area in Henan Province

[k 53 80(mg- kg ™) ] JFht 53 8U(mg- kg ™)
FEIX ZH - FEIX S8 -
o R WO® W ook M W % W
I 13.84 0.105 1687 0.167 4634 29.79 ¥IE 1333 0.092 54.80 0.492 39.15 29.24
- WMEZE 670 0072 557 0.076 2433 1970 || - bRMEZE 367 0087 5575 0516 825 10.64
ZERHF= X FRIRF=IX
W/AME 155 0.020 534 0.000 17.09  2.56 W/ME 297 0015  7.04 0.048 14.82  6.10
WARIE 25.12 0373 2545 0.335 93.87 111.04 WARIE 2136 0399 27645 1.839 51.07 53.14
i 234 0.099 37.74 0277 53.10 38.01 ¥ME 9.84 0.099 36.47 0312 4620 32.35
FrifE2E 230 0.097 42.18 0.131 938 19.72 . FRfEZE  7.01 0.085 42.97 0336 16.63 17.50
=R X ) BAFEIX )
W/AME 122 0032 9.64 0.081 3529 18.71 W/ME 122 0.015 534 0.000 14.82 256
WHRIE 14.12 0543 204.00 0.847 87.12 128.90 WHRIE 2512 0543 27645 1.839 93.87 128.90

22 THEAWMErfrRIEESERESVNTRAYMBINESH

b M SR B S S/ (0~0.15) Y (0.16~0.35) Al (>0.36) 45 3 26U i3k 3 R
6 FIVEE 4 AR TR B A4 Al 7 X AR S AR B AR, SURRAEDT IR . BVFE L IH . BRAE DR IR A =0k X
Fy AR S L X UL 6 P 4 R 0 ZE A T R A A 7 X S (AR SRR AR, A0 AR AT AR — A A R AL
A Grubbs #EI5IEE 90 A~ + 35 4 @ Be 50 (D), SRS 22T pe 44 Al 32 7™ X 1 4% 6 Fh 4 I
OB S A (D 1) BRI ) O R BE A AE [0, 1] b, Eh S BOER R BRI YA (3R 3),
SMRTF G BT BN, WAEE—E IR IES i o oK. By . SRRV 0 sp L EER /N T8, ELOw 5351
272, 3.32, 2.60 F12.95, UEPAREAHIES . FASTEECAE N, AR, R ZENFE AT
BT ARG, W EDTE T IR R A A S X 4 S A 1) 43 A AR SRR IR RRAE o
23 SEAWMEFXTEESERBESH

AR 2 Mk o] LA SR AT - 398 v B 4 S R RPY . Xohinl g 4 Al = 7= X+ 398 1 4 g o i 43509 Pearson
M (R 4) R BI5R. . W, DEORSMEN A B EHC (P<0.01). H58. 4. #%, L
RA 583K A C (P<0.05). HEWIETRIGR . 4. B0l BEck AAHIEIR &R, B S5E0 . M. BIoREdA
RR B AR . RN, BPAE T REREX 6 ES B AN ERITR, SEESHMTRERAE LT
BRFEICE, 1 6 FhoC R 2B AR EAERERY B 2B B

TR 4 R TR OB 42 KMO FIEVER ) (Bartlett) K630 K 720 M F U 0 Ar 6 B . 46 1 £
ST RIS 2500 37.1%, FEAUSEST . FAFR, HrPET i B R ik 0.900;5 55 2 F LAl RS 34.4%
BT 25, LR RS RN R A R, B 2 4 o 0.730 FIT0.608 (3 5). A HUS EI R (K 2)
K L BRI LA SRS R A3 B EEAR LA R IR . X S ARG A BT R 4 R — 3
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Figure 1 Frequency distribution of the heavy metals in soils from the main producing area of D. kaki of Henan Province
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Table 3 Coefficients of variation and frequency distribution of the Table 4 Correlations matrix of the heavy metals in soils from the main
heavy metals in soils from the main producing area of D. kaki producing area of D. kaki of Henan Province
of Henan Province HEE  pH fi K Y i i il
24 FEX ook W W pH 1,000
I IX 0.48 0.69 033 045 053 0.66 o 0177 1.000
e X 028 094 1.02 1.05 021 036 K -0.119  0.105 1.000
==X 0.98 098 1.12 047 0.18 0.52 T —0.116  0.123 0.410%* 1.000
BAFTX 071 086 1.18 1.08 036 0.54 B -0.184  0.170 0.397%* 0.784** 1.000
PR B 1141 008 2242 021 44.72 29.47 B -0.191 -0237%0.176  0.006 —0.042 1.000
i g BAFEFX 025 272 332 260 077 295 Bl —0.085 —0.209% 0.085 0.299** 0.218* 0.264* 1.000
U RE BADTIX 098 9.79 12.94 6.74 123 13.60 PO * FR BEME (P<0.05), ** R BFEMRE P<
0.05)

24 SAEAWMECFXTESEESESN

FR A 73 bR X TAT Fig 48 Al 32 7 X 3T 4 SR A TT5 i . 2551 (R 6) nT A 3 AN X R 7
TS YARE (Cp) B RSB A5 R ZEPHK (2.13), TR (2.80) MI=[ 1R (2.02). A4, ZH™X A
A Al B YA F IC R TS YR A, 76.67% 1 Al Bl A b F T8 % YR A, T A R SR Y 75 G L i 38 Ak
83.33%, LB YL LU BIIRE 13.33% RV XA RE A BRI SR 175 G Ll s, b A R
15 Y L) 3R 30% . =TT XK A A el 3R B O T s g s AR BE TS Gy, (B A A 16.67%.
13.33% F1 6.67% WAl AL TEAR . H AN ) E TS IR . WA F- Xk E, R R F L E 4
JEBIGYICER, WA AR

T 4R 5 Y T RE AL (Ipr) R (GR 6): TTRE A £ X Ly o4 1.08, AT g A8 Al 327 X 4 g
BT HES BB YR, HhTl™ X Iy (AR (1.32), LM =R TG4, 59455
R LBk E , =X TG Y%, R3] 76.67%, Friir= X +HEm 48 15 Y i i i i o
2.5 AEAWMEFX TIEESEITENESXE S

DATRVEMEAE S Lobr e, TH550000 R 28 A ™ DX 45 Al el 1 498 7 4 I v A AR S AU FE B0 (B) Te 2 i e e
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Table 5 Principal component analysis of the heavy metals in soils from the main producing area of D. kaki of Henan Province
i H SR fi K i b2 i | T7 2E TR % BTk %
RETYT :ﬂilﬂfﬁiﬁ 0.173 0.648 0.900 0.880 0.124 0.418 37.1 37.1
F2EMSY —0.726 0.006 —-0.078 —-0.173 0.730 0.608 344 71.5
SWEEIRE () Yo BRI : 153417 IX, KEY 10 ”
SRR B R, 35 80.31, SRIRAR (1Y 1.45), 1 'O
O ARAL T BRI 1% . 3 P2 X 1) I KA 05 | |
PrURT XY 581.24, f/ME =TT X 126.99, . ; -
BB 3 AP R SRR, P E 0 s
P DB g, 1T ™ XA, (HLA% 7™ X E | G
BT Ab T o B AR SR R (2 7). 05| |
2.6 WEAMEFR LRSS REESRETE S | fibe
S AR KU U S TS T R B 25 KU T O . o O
R A kR, M T RS R ' ' i1 ' '
Wy B H 7 il il BEAFTE I AR S XU B SE , B RG IfE
. . o B2 TaatEs R LREER RS
B P A M B0 B A 5 W g * "

TR0 B A A 327 X 9 4 i S Y A 7S XU T

W (Lep), ZERWNFE 8 BN ETX I FHE A
233, NI, HAP IR X gy K (3.79),
ST, =T A BH P X R i
DRV 7= X RN T

Figure 2 Spatial scatter plot of principal component analysis for the
heavy metals in soils from the main producing area of D. kaki

of Henan Province

Fo 6 FEEIR T, PORTEZL BN =1 T X 2L K BHE
LAY, HIX 2 ME SR e TR BUEAARE, Hrh P X AL TR M

HE BUEAIAGE 1k 20% 0 XSS ICRARENTZXE) Cpy Tpp E VIR IR SRR RHEA—20
xo6 ARRBAEFSHMMEBERSEERIHERTILL
Table 6 Percentages of sites at different pollution levels in the total sample sites
BEPH X PRI IX
B EE R YE
FIME bR To%  BEe HEe B FEE R e B e HE%
Ceam 1.78 0.86 16.67  50.00 20.00 13.33 1.71 0.47 6.67 63.33 30.00 0
Cr 2.13 1.46 16.67  36.67 33.33 13.33 1.87 1.76 4333 26.67 13.33 16.67
Crp 0.86 0.28 63.33  36.67 0 0 2.80 2.84 10.00  53.33 6.67 30.00
Crim 0.45 0.20 100 0 0 0 1.32 1.38 66.67 3.33 13.33 16.67
Cr 0.73 0.38 76.67 2333 0 0 0.61 0.13 100 0 0 0
Cem 1.51 1.00 30.00 53.33 10.00 6.67 1.48 0.54 20.00 63.33 16.67 0
Ip, 0.95 0.34 76.67  20.00 3.33 0 1.32 0.70 50.00 36.67 10.00 333
=K A
BRI YAR S
FE bR % REE%e hEE% EE/%  PEIE bR 0% REY% WEE%  HEE%

Cr 0.30 0.29 96.67 3.33 0 0 1.26 0.90 40.00  38.89 16.67 4.44
Cr 2.02 1.97 26.67 46.67 10.00 16.67 2.01 1.73 28.88  36.67 18.89 15.56
Cr 1.93 2.15 30.00 5333 333 13.33 1.86 2.19 3445 4778 3.33 14.44
Crsm 0.74 0.35 96.67 3.33 0 0 0.83 0.90 87.78 222 4.44 5.56
Cr g4 0.83 0.15 96.67 3.33 0 0 0.72 0.26 91.11 8.89 0 0
Cr 1.93 1.00 333 7333 16.67 6.67 1.64 0.89 17.78  63.34 14.44 4.44
Ipp, 0.96 0.35 50.00  50.00 0 0 1.08 0.52 58.89 3556 4.44 1.11
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Table 7 Percentages of sites at different risk levels in the total sample sites

HELIE X PRI IX

WBEB pagty bl oo %% Bkoe MR OB P FREE RRUG % BRI R B9
Egy 17.76 8.60 100 0 0 0 0 17.11 4.71 100 0 0 0 0
Ey 85.25 58.44 20.00 33.33  36.67 10.00 0 74.86 7039 4333 26.67 23.33 3.33 3.33
Eg 4.30 1.42 100 0 0 0 0 13.98 1422 96.67 333 0 0 0
Eg 13.44 6.07 100 0 0 0 0 39.50 4140 66.67 10 23.33 0 0
Ey 1.45 0.76 100 0 0 0 0 1.23 0.26 100 0 0 0 0
Egy 7.56 5.00 100 0 0 0 0 7.42 2.70 100 0 0 0 0
Iy 129.77 63.51 73.33  23.33 3.33 0 0 154.10 12143  66.67 23.33 10 0 0

Py == X BAF X

VSR pagt b oo o Bl W Bl P R BB B0 B TR B/
Egy 3.00 295 100 0 0 0 0 12.63 9.00 100 0 0 0 0
Ey 80.83  78.84 26.67 46.67 16.67 6.67 3.33 80.31 69.07 30.00 3556 25.56 6.67 2.22
Ep 9.63 10.76 96.67 3.33 0 0 0 9.30 1096 97.78 2.22 0 0 0
Eg 2222 1048 96.67 333 0 0 0 25.05 2692 87.78 4.44 7.78 0 0
Ep 1.66 0.29 100 0 0 0 0 1.45 0.52 100 0 0 0 0
Eg 9.65 5.00 100 0 0 0 0 8.21 444 100 0 0 0 0
Iy 126.99 85.31 76.67  20.00 3.33 0 0 136.95 9295 7222 2222 5.56 0 0
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JiHE 7 B2
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Table 8 Percentages of sites at different warning levels in the total sample sites

<R B

KEL)R BEH X E X

PR gy bl Ko BU K T BRI VI bREE T WU R0 TG EE%
Tgg i 0.78 0.86 16.67 50.00 33.33 0 0 0.71 0.47 6.67 63.33 30.00 0 0
Ter 7 1.13 1.46 16.67 36.67 36.67 6.67 3.33 0.87 1.76 4333  26.67 23.33 0 6.67
Teg it —0.14 0.28 63.33  36.67 0 0 0 1.80 2.84 10.00 53.33 16.67 6.67 13.33
Ier s -0.55 0.20 100 0 0 0 0 0.32 1.38 66.67 3.33 26.67 3.33 0
Teg s -0.27 0.38 76.67 23.33 0 0 0 -0.39 0.13 100 0 0 0 0
Ter i 0.51 1.00 30.00 53.33 13.33 3.33 0 048 0.54 20.00 63.33 16.67 0 0
IR 1.45 2.36 3333 13.33 33.33 10.00 10.00 379  6.14 3333 2333 6.67 10.00 26.67

AELIR = X BAFX

WEIRA payf b Kmoe WU B TG T THE BREE KR W0 K% % B
Teg i -0.70 0.29 96.67 3.33 0 0 0 0.26 0.90 40.00 38.89 21.11 0 0
Ter 5 1.02 1.97 26.67 46.67 16.67 6.67 3.33 1.01 1.73 28.89  36.67 25.56 4.44 4.44
Teg 0.93 2.15 30.00 53.33 6.67 0 10 0.86 2.19 34.44 47.78 7.78 222 7.78
Ier 53 -0.26 0.35 96.67 0 3.33 0 0 -0.17 0.90 87.78 1.11 10.00 1.11 0
Ter i -0.17 0.15 96.67 3.33 0 0 0 -0.28 0.26 91.11 8.89 0 0 0
Ter i 0.93 1.00 333 7333 20.00 3.33 0 0.64 0.89 17.78 63.33 16.67 222 0
IR 1.75 3.98 4333 23.33 13.33 6.67 13.33 233 451 36.67 20.00 17.78 8.89 16.67
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