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Abstract

The contents and correlation of soil heavy metals, including Cr (chromium), Pb (lead), Cd (cad-
mium), As (arsenic) and Hg (mercury) in Qiongzhong the agro-producing areas in the middle of
Hainan province, were analyzed. The environmental qualities of soil heavy metal pollution were
evaluated by using 3 methods of Nemero pollution index, geoaccumulation pollution index and
potential ecological hazard index. The results showed that the average contents of 30 samples of
Cr, Pb, Cd, As and Hg were 39.26 mg/kg, 30.89 mg/kg, 0.08 mg/kg, 2.49 mg/kg and 0.04 mg/kg,
respectively. The correlation coefficient between Pb and Cd in contents was 0.6, and secondly, the
correlation coefficient between Hg and Cd in contents was 0.26. And there was little correlation
among the rest of soil heavy metals. Taking the background value of surface soil in Hainan as the
reference standard, the Nemero single factor pollution index was less than or equal to 20.34, the
pollution rate was above 50%, and the Nemero complex pollution index was 2.23, which showed
the fourth class belonging to moderate pollution level. Taking the background value of the sec-
ondary standard of national soil environmental quality as the reference standard, the Nemero
single factor pollution index was less than or equal to 0.8, the pollution rate was 3%, and the Ne-
mero complex pollution index was 0.22, which showed the first class belonging to clean level. The
geoaccumulation pollution index of Pb was 0.04, which belonged to the non to moderate pollution
level, and the geoaccumulation pollution index of Cr, Cd, As and Hg was less than 0, which be-
longed to the non pollution level. The potential ecological hazard index of soil heavy metals in
Qiongzhong soil was 138.21, which belonged to light ecological hazard on the whole.
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1. 5|8

L G R DA O LG R P SRR L (1] [2] [3]e BN LR SR, (EGR BN AT
REZAEMEAZ P T TR TS, (EAERIREERS, B Y E/F . Cr (5%). Pb (B1). Cd (5).
As (). Hg GR)RA MmN, 5HEE, AREMAEMREMN K ARG S, 51EERNA
B SERANTHRERIARAL, BEA ARSI HE R e RIE AT LU ™ s B sh N, 1
NENKIBE, fEF NS ARMER. 2012 4, RV, WBEBEIA 1 CAP™ b7 1 5 w5 B ia SE it
TIE) BRI REEEA b LR E e R IG RPA Y A FE, BRI AR s A0 dr it
HEE 48 Cry Pb. Cd. As. Hg (M5 epiiG & TIE(4] [5]. Wr A R pE b B B A g me T ek
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fiE, B FAEA LR TR Z R, HR P EER. BRARAEX, XA M7 i 5w T Gk
REAEEAT 704, WO B i A it 9 < S i e FU AT R SRR 2 A, S0 i R A b A AT )
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2. HAIFEREFMEN
2.1. HRFE

A PR R B, AL T N18°43'45"~19°25'20", E109°31'37"~110°09'08" 2 [], 3% P4 7 i & 66.7 km,
bk 76.8 km, JETHAN 2693.1 km®. Brb B SR g g R IEARAE, SRR RI RHERE S 2B, 2
W EE AR, FEX 10 AN 248, BHLEAA 8673.7 hm?. Bh 4T KRR N 5 2388.2 22K, LifEr
BMZW ARG, PRI 23.1°C, FPIMERNEE N 85%, 4 HERETEL 1900 /N, PR E
1641.3 =X,

2.2. HmRE

FERCRAES IR R B A5 T B YE Y (NY/T 395-2012) [6], &5AFAE IX Rl AR K/
AT AR B X3 R P SR RS AR S R K. 2017 46 3 ), XG44 b 3R i B b B 2 AR 7 L P b
THEHHATERE, %M “S” JBIE, BALFEH 10~20 N5 R(0~40 em)i4 e SRR BRI OE AR B Hh g
R b, RSN —Z, BETENEXAT, RS EINNBERIAR F, ARG, HRhi e,
ARAEAS I 8 brAH SO 07, RS AR A2 Y, SR AR IR i 30 Ao A 1 BN AR ™ i L 8 2 22 A UK
(EE4J& Cr. Pb. Cd. As. Hg FHEEL.

2.3. R

K FE bR B AR S gt 5 FE 48 Cr. Pb. Cd. As. Hg WIS EAH, RIS 1% pH
{8, AR HE -

pH (NY/T 1377-2007), 3% pH il €[ 7];

Cr (HJ 491-2009), 3 VB 0900 2 KGR 7RI e L8]

Pb. Cd (GB/T 17141-1997), L3 4. 4RNE £ 800 7 PRI 66 9]

As (GB/T 22105.2-2008), TIEFIE LK. S, SEFINE JEF2 605 2 355 T3 Sl

SE[10];

Hg (GB/T 22105.1-2008), TIEFiE @R, L. SERNE JEFRek5 1. tihaskn
ME[11].
3. Bk

HAT B mis R £ 2% WP TS RIRE0E . R Ris e dioh. WELSaHREnE.
SRR R VIR S R RHCESE . AU EE I WD TS RR 80k, iR Ris Qe dios. Wik
BIaFERRBOEF N RERIFE S BT 5T, B Excel F1 SPSS S5 HEAGr v 3 BT ide i it B 2 AT Ge v RFAE
fE T
3.1. AT SRIEHE

P 2 15 Gt B0 RN S o BR] - 3 Qe BOT BME A e, ™ TS Aeas LBCKRIBUE, R
TSR 755, N IS SRR AT A I PRA[12] [13], AT 4 18T S ML 3R 52 ) S A i B

LENPAINES (oF (/AT
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P =— (1)

Horp, Py O HSRIR AT RAR AL G IR R B SEIR B (mg/kg)s Si A (IR ETBUEARAE) [14]
TLE I AR HE B (me/kg): BRI R E IR E R T R (LD 2009 R4 E S IR A A A
SHERACFRAEZ GRER 5 1:25 752 AR B2 R AR S ) NHE SEH).

WHED 5 g B 3K
/Pii + P
P= > @

Hep, P OYNMP S RAREL P NPT TS B TR RN T IME, Pia YT eV 50 A T FE AU B
KNG WRAE A D 5 GAREORs 3 R T5 Qe ki) 70y 5 AN GE 1.
G SEP

¢ =2 x100% 3)
m

A e NEBBEATGREE (%), n NGRS, m N EREALSH
3.2. WRRISHIEHE

AR RS AR BOE AL BRI NG YRR IR 22 Al 3B P8 2t T B AR a1 T
RERTIET FEZAEER, TR Z IR RARBOTNFRAE R 015 QAR 2) [15]. ZITiERVIN
MW FE KRBT v 5 s YR FE A 8 B AR AR, IEER I N HIRE R 15 QA .

WA RIE R A

C
I =1 L 4
geo ng[KXBnJ ( )

XA, Cn AELEFNSSNE E(mg/ke), Bn NELEICRNHERIL TS SE(mg/ke), — kT IE
TMAERFHEEARERE, K MEEREENERTRSIEY SMEMNZ 3R &R (—REUE A
1.5).

33. BEAESREERYECE

3t BB K Hakanson $2 tH BV E A &G EIREOE[16] [17], WA T LB b E &8T5 Y i
LB EASEH R, ZEACEERESE SR, WHRES RN SN S TR AR

_A@o
BAEESEE R AKX
Bl =Tixt (5)
BEESEEREAX:
N=iﬂ (6)

b, C 2B E SR M IS & B (mg/kg): Cpr LY Flfi(mg/kg), ARTABOGHEREHER)Z 1%
HRME: T RPN R R %, H Hakanson i) 5 AR #E 44 HE <5 & 25 1R 00 N2 R E(k 3)
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Table 1. Grading standards of soil heavy metal Nemero pollution index

= 1. TRESENET SRER D RITE

e 15 YR 15 Y
1 IP<0.7 TEE(Z4)
2 110.7<P<1.0 TRV (TR )
3 M1.0<P<20 BIET5G
4 IV20<P<3.0 rhETS g
5 VP>30 GG

Table 2. Grading standards and pollution level of soil heavy metal geoaccumulation pollution index

2. PRECEHRBERIRRBRIZE

A R 54 AR R 1SRRI
Igeo <0 0 FREES
0<Igeo<1 1 Tolg ge~rhis g,
1<Igeo<2 2 LR
2<Igeo<3 3 s Y~ G
3<Igeo<4 4 GEREE/S
4<Igeo<5 5 G~ Y
Igeo>5 6 S EREES

Table 3. Grading standards and pollution level of soil heavy metal potential ecological hazard index

#3. IRECRBEETREEFRSR

BEASGE R E BEE S B H R ELRI YR
E. <40 RI< 150 B A G H
40< B! <80 150 <RI< 300 hEASEE
80< E! <160 300 <RI< 600 WAESfEE
160< E! <320 600 <RI < 1200 RS E®E
E! >320 RI> 1200 s A5G %
4. BBSH
4.1. EEmIH
4.1.1. §E

EH ¢ 4 TR, R A R 0 B P o e 8 30 ANRE RS B pH MECR 4.91, YN 4.30~6.20,
N R E 48 Cr. Pb. Cd. As. Hg & EMIMEAKIN 39.26 mg/kg. 30.89 mg/kg.
0.08 mg/kg. 2.49 mg/kg A1 0.04 mg/kg: HEJE KA 7 REIIE 50%LL b, SEBARFILIX L2 Rpok; H
o, As (928 R 230%, HK Crik 87%, M As, Cr ZAMNATFIECK, fEX 0 EmAys), 1E(E
B 1) S 30 SR A RS IR
4.12. FERMEXS

XoF i B A TR B AR AR T M g e S AT AR O, AR S T, HEEEPb 5 Cdz
[ IR OE R %0 0.60, XF] T REKT; HIR, He5 Cd 2K FRE 026, HAMNELBZ HESE
FHRMEA K pHAEE EEJE 2 [ 1A R AR/
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Table 4. Contents and pH value of soil heavy metal

T4 TRESENSEMpH A

Cr Pb Cd As Hg pH
=R () 30 30 30 30 30 30
76 FEl il (mg/kg) 423~165 5.92~116 0.02~0.21 0.39~32.70 0.02~0.10 4.30~6.20
1 (mg/kg) 39.26 30.89 0.08 2.49 0.04 491
FrifE % (mg/kg) 34.21 20.11 0.04 572 0.02 0.46
A% 5 RAU(%) 87 65 55 230 53 9

Table 5. Correlation analysis of soil heavy metal contents

=5 TRESESEBRXON

FHR R HL Cr Pb cd As Hg pH
Cr 1.00
Pb -0.07 1.00
cd 0.15 0.60 1.00
As -0.11 0.16 0.09 1.00
Hg 0.02 0.02 0.26 -0.05 1.00
pH -0.13 0.03 0.03 -0.21 -0.18 1.00

4.2. AB T SHEH

DI R DIRES BT S E T, Bk 6 v I, ¥R Tl BB b R 7 e i R IR 1) 48 Cr.
Pb. Cd. As. Hg KN RIS 4RI 0N 7.87. 3.80. 3.17. 20.34. 2.65, [ Hg N 2.65/NF 3.0, N
RS YA, TSR 4, HARMIKT 3.0, EEGY, SHREHR 5. As 550 2034, Hk
Cr N 7.87; 15YRIFLE 50%LL F, Hrb, Cr B15 5% 78%, Hk Cd Al Hg ¥Jik 72%.

HRE B A B GO bR SR, B 7 IO, WERE A T BB R R A S R
4%J& Cr. Pb. Cd. As. Hg MAHES RI5 495 %08: 0.80. 0.34. 0.53. 0.58. 0.27, B Cr v 0.80 KT
0.7 NG, 1GYEION 2, GHE 3 %I HRMBINT 0.7, RiEEERE), HRFHN 1.

% 8 oM, WP LEATSIBECH 2.23 (BERE TIBRES R SUE), SRSEINFEEY, 4
G, WD SR AT YA 0.22 (B XA E S0P ARiE), 15 RS FONTHEH(RE), 1 % AEE R
ARAELT B VRN 45 TR 75 P S AR

4.3. WFRRTH

FH AR B 5 e Buk o M i v A 7 S e i L3 S JB K75 Je R BT, M 9 i AL, BR Pb MR B5 4ude
BN 004, KT 0, LXK EETIIGR~i55s, 1 946, HAK Cr. Cd. As. Hg HifR Bi5 4485
YT 0, LEEETEFIRE, 04

44. BEESRE

RS H REORRALATE ¢ 8 B EASEE, MAEELESEHFRECRRILZ E &8
ARG 1 RPN .

138.21, 1S ARMAESEE.

m:im
1
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Table 6. Nemero single factor pollution index of soil heavy metal under heavy metal background values of surface in Hainan

Province
6. BEAREIEESEERETIEESCENES BTUSTRER
Cr Pb Cd As Hg
5P R 2 3% 6 B 5 {E (mg/kg) 15.24 22.34 0.05 1.14 0.03
FERB() 30 30 30 30 30
% K1E(mg/kg) 10.83 5.19 4.20 28.68 3.47
e/ ME (mg/kg) 0.28 0.26 0.40 0.34 0.53
¥l (mg/kg) 2.58 138 1.57 2.18 1.43
WHER 5 YetR 3 7.87 3.80 3.17 20.34 2.65
15 G (%) 78 69 72 50 72
VG YR G Y Y G Y G g LR
T REER 5 5 5 5 4

Table 7. Nemero pollution single factor index of soil heavy metal under background value of the secondary standard of na-
tional soil environmental quality

®7. BERMEREZRINMTE T LRESRAET BIUS LY

Cr Pb Cd As Hg
P B B PN BRE(PH < 6.5) (mg/kg) 150 250 0.3 40 0.3
FEME(D) 30 30 30 30 30
I K 1E (mg/kg) 1.10 0.46 0.70 0.82 0.35
I/ ME (mg/kg) 0.03 0.02 0.07 0.01 0.05
¥I{H (mg/kg) 0.26 0.12 0.26 0.06 0.14
WA Z 5 G4 0.80 0.34 0.53 0.58 0.27
g =S 3 0 0 0 0
T YRR N T T T T
15 QAL 2 1 1 1 1

Table 8. Nemero complex pollution index of soil heavy metal in different backgrounds

# 8 TRBERIRESRLEZANETISE

Cr Pb Cd As Hg g -
Bt (mg/ke) Vgﬁ’ﬂ’iﬁg A
WHERETRESRY S 2.58 1.38 1.57 2.18 1.43 223 RO, 4 2%
[ 5% BB B PN bR v 0.26 0.12 0.26 0.06 0.14 0.22 W, 14
Table 9. Geoaccumulation pollution index and pollution level of soil heavy metal
#9. TEESBRMARSTLIERREEITN
Cr Pb Cd As Hg
K=15, ¥4 Bn (mg/kg) 90 20 0.3 13 0.35
FEBMEG ME) (mgke) 39.26 30.89 0.08 2.49 0.04
MR RS AR HL Igeo -1.78 0.04 -2.52 -2.97 -3.61
TSGR FREES o5 Ye~rpiG Yy FREES FREE S FREE S
bEE/E 1 0 1 0 0 0
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Table 10. Potential ecological hazard coefficient and pollution level of soil heavy metal

= 10. DRESBEEESRERYLIERITMN

BEAERfAE Cr Pb Cd As Hg
BEEFEMMNARE T 2 5 30 10 40
PR o L S Y SR 15.24 22.34 0.05 1.14 0.03
(mg/kg) ’ ' ’ ' '
FEIMHG0 TR 39.26 30.89 0.08 2.49 0.04
(mg/kg)
R A R 5.15 691 47.16 21.82 57.16
V5 Y FE S BRASaE BRASGE hEEA NG E BRASGE REEA NG E

M 10 Fraf 1. 3 Cr. Pb. As & & PHMERBEASGEREIY/NT 40.00, B TREMESSE
%E; Cd. Hg FIEBAEASGEE R/ T 80.00, ETHEAESAEE. HhLEESREBTASHEERE
M 13821, Bk L RICARMAESRGE.

5. &hig

ARICH 3 BT, WIER TG YREGE . A RS e uk . AR EERENE, M
TR B 7R e 3 30 N E SRR ISR AT T, R E SR T YRR R LA A
PUARFEAT VR . 2530 R

1) B 2N pH BMEN 4.91, YN 4.30~6.20, NERME; F4LJE Cr. Pb. Cd. As. Hg & &
73514 39.26 mg/kg. 30.89 mg/kg. 0.08 mg/kg. 2.49 mg/kg F1 0.04 mg/kg, AR REUHAE 50%LL L,
VAR AR X LI E S B SR TR R, K, As AR REUL 230%, Cr ik 87%, Uil As. Cr 5Z4ht
FHEK, TE B LRI AR, AFE R AR R A s 55 Y% .

2) IEE SRS RN R, ELJE Pb 5 Cd Z AL R4 0.60, 152 T B3 KF; LK,
Hg 5 Cd Z [AIfI4H 55 540 0.26, HARME S B 2 (8 A ¢ RECA K . pH (H 5 HE &8 2 (R I REABIR /N

3) UEMARETEESBERMEITE, E4E Cr. Pb. Cd. As. Hg A HEE IS Y f8 500 5
N: 7.87. 3.80. 3.17. 20.34. 2.65, Bk Hg N 2.65 /NT 3.0, AFEIGY, 20 4 Ho, HEAMBKT
3.0, NEJETGY, FHS W, HHFRIBTE S0%LL s WD AT YR EON 2.23, TSRS H NP ST,
4 %%,

PR K R IEA ST R i I AR =TS, E4AJE Cr. Pb. Cd. As. Hg FIPAGD BLITS Yy
BHr58: 0.80. 034, 0.53. 0.58. 0.27, B Cr>H 0.80 KT 0.7 Aiiiidh, F92 X, 1593 3%5h;
HARM/NT 0.7, NIEREEE), S5 1 % AMP AT RECN 022, 1SREIONEH(RE), &

910
4) AAWFREHAERE LRI BT RE, ER AT E JOP0 i) s Evrir, 5201
TTRER AT .

5) FEaPE SR Po MR RIT R ECN 0.04, JE T TG 4~HT5 550, 1 %, HARM Cr. Cd As.
Hg Hifl Ri5 446805/ T 0, BT RIHERA, 0 4.

6) FEfH Cr. Pb. As IEASEE RN T 40.00, B TRMESMAEEKT; Cd « Hg MEEL
AfaHEZRHINT 80.00, J& T HEAEBMEEAKT, HhHEESBEEESAFHE D 138.21, Bk L
RINBEMEREH.
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