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Abstract

The environmental chemistry baseline research method was used to identify the natural process
and anthropogenic influence at the regional scale. Statistical analysis of heavy metals in 889 sam-
ples illustrated the baseline value of Hg, Cd, Pb, Cr, and As was 0.090 mg/kg, 0.147 mg/kg, 20.39
mg/kg, 42.78 mg/kg and 6.54 mg/kg respectively. The results of geoaccumulation index show that
1) class 1 accounts for 24.07% and class 2 accounts for 60.74% for Hg; 2) class 1 accounts for
13.84% and class 2 accounts for 80.54% for Cd; 3) class 1 accounts for 46.42% and class 2 ac-
counts for 43.97% for Pb; 4) class 1 accounts for 74.58% and class 2 accounts for 24.41% for Cr; 5)
class 1 accounts for40.16% and class 2 accounts for 47.13% for As. Meanwhile, the results of po-
tential ecological risk assessment show a low risk of Hg, Cd, Pb, Cr and As accounting for 85%,
70%, 90%, 90% and 90%, respectively. The results showed that the regional soil environmental
chemical background in Zunyi area by the methods of geoaccumulation frequency is consistent
with the result of potential ecological risk assessment.
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1. 518

TMNIE CHLX, SRS A A A R L, B X R IO A A S R VR, 7R ST g
AEERENRE, XEWAMRT RS LR H O EERR. ELAFR I 42, #ir -+
BESBAEE AN L], B R IR SE 2] FRERRER EE A X H AR R G
WETREMMEEERNZ —, SRESECRNE AL B, WRZH 5 210 HH(0.015~2.977
mg/kg) [3]o ST FELRMBHEEN X, 7FERNH HIEIREE SE M 250 e g A T VR, R4 H
IR Bk ik 24 5L 28 (environmental geochemical baseline), BEFfiRHERZR E Y A 4L 2P R OCR)IKE I H
SRAAR[A], T T X L3RR 5 a l, R AFHE M IR — AN EESEKIE[5]. H
B ER A B 2R AR YT IR R Z IR RS RS S, FRIR I I A S A A B 2, WS B Ak
FIUERIAREN, FU R ER I 252, BERE RS AT RO A 7= X 5, SCRBHR AL e AR £ (1 2
A0 AR5 18] A2 S A 1L 6]

ARSI M SO X L R JE 889 A~ E#EH Hg. Cd. Pb. Cr. As IR 54045, Bid PRt
BRA AR 4 AT DA S T R AR E O S AR S RS TR BT, DB DX SR RS I PP A v R T O
it EdE S5E R

2. MRFEE
2.1. IREXEER
TIF 7% DX SO X 7 T E bR, HiAh: AR 4R 106°17'22"~107°25'25", b4 27°13'15"~28°04'09",
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22. REMHR

HR 478 B 4 i o A 1R 2 1) 20 S P IR 308 398 2 R 22 5+ BH B PR A, SR AR S A vk, R
HEREA 889 NHLEEAT E B LI 1.
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Figure 1. Distribution of sample collection map
B 1 #eREXasmrnEE

KA RURTERCR RIERAURHIE TR, HURARXPIE. AR5, MR RIFIH A . NRTHK, Rkt
BRAERTE, ABCREERA. RSB AT 8. BEIERE, AEK R ™ H Bk SR ab &
KAERL, AMEZR LR, ZREHREEE AT TARBUN LGB IX AT BCRFE . £ 100 B Bt A B
HUIE —> 10 m x 10 m IET7 AR R fe ZRE AT 3R SN 10 m x 10 m IET5 T 4 AT i Al rh 3t
5 M &R 1 kg £4:(0~20 cm), ¥IEJRE)E, FMPIMEILER 1 kg fE9Z kR, [RII ] GPS I 5E 1E 77
T rh Lo I PR AR B - i 518 3%

2.3. Rt

AR SR 25 ] [ R IR R R A bR HE (USE-PAY RS 2 [7], FHJR 722 6 e fift, P& R 1 W dids
TE Hgs As, A 280 5P (AAS Vario 6)Tl5E Cd. Pb. Cro 24Tk FE N B S bR - 384
(GSS-2. GSS-5)iHAT /M #r i 4], /3B b B 52 % 10%~15%.

2.4. BRSO

24.1. Gt
K Excel A SPSS Kje A AR A%t Hrill (K $ed 2t 47 S it 70 #r

2.4.2. INEHFRLF BT
1) A% BRR BN vk
5 2 E A I T 4R TR IR A S X BOERS A6 . A B 5 0 R IR RN H )
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M, AT Zedn AL TR IR B 2 1% s R R S R R BN T SR I T IR B
(P SAE N 2 R bRk 22 A 28, i 2T R MY S E TR [8].

2) FHXF RAA S M T

TR AR, T R AR 5 e BRI FE R A0 H 2R A A5 i B BRI sl (R4 A1
DARFICRIRER EIREELTE ), ANTRE S e IREE 1P I E SR E R P DAL . & =8 =145
RN . 2) MR 75 1R RO TS SR 3 4) o X 3 Z AR vl RE 5 N KTE sl B 2%, ]
RETCG. A mm Sl R Bk, T AR Rk B AR B ARSR 11 SO I (R 2k) [9] [10] [11] [12] [13].

243. WERRREY
Hh 5t 2 A FE $(Geoaccumulation Index, 1ge0) % F) A Muller #5%1[14] [15]. A& 20 tH40 60 4E4RHEHITE
BRI A S LR K32 R T SRR M b B 4 J8 e TS A FE 1) e B AR bR[16], Rk R

C
I =lo n 1
oo =100z L.SBEJ @

BIETRAL, H FHRRAETIRRFE . 50 st S At i . st REE T 7308 7 AN Z0i[16], ANTH]
(I 73 AR A [ 1 < s TT 3R GRR B (O 1)

Table 1. The contamination degree based on geoaccumulation index

# 1 WRERERIRRIRRNEESRARSRIZEE

lgo 225 FOR M5 YR g lo B FORIGTGYRE lo B FORIGIGYRLE
<0 1 FREES 2~3 4 rh TS G R 5 G >5 7 Wit G
0~1 2 TGRSR R TGY) 34 5 Eibep/ S

1~2 3 pRE TG g 4~5 6 SRTT GBI AR B0 IS Yy

244, BEESREITENSZE

K B LR 58 Hakanson $i& H 138 78 A2 245 XU 45 £5092:[17] (Hakanson, 1980), #R## Hakanson %,
XA IR SR i A 4R 1 PRI S 5 5 240 (The average single ecological risk index) E; & 13 £
b 5 4 JB ) 25 5 TR A0 A 25 fG 4B HR[17] (The complex ecological risk index) R; 773 527~ 4

RIAESEERE: E =T xP, (2)
FaEARNRIEE: R, =D E, ®)

X, PTG R EL, T BRI B R H .

7 T v EEE | RN N R E, 6 2 R W 4@ K B MK P RO B 06 8 4 S ¥ YL I U
TEAWEFEH, R Hakanson F il i AR 14 H 5 5 14 i 3 28 B0 PR AR HE o AF . 25 4 8 1 A= 2 1k el
N ZBUCA: Hg (40); Cd (30); As(10); Pb (5); Cr(2). H# Hakanson %, 388 & @44 G =R AL
IIhRAE WA 2,

Table 2. Relationship between degree of pollution and potential ecological risk assessment

T2 BEESRERRSSRMEEXR

Ei <40 40~80 80~160 160~320 >320
Ri <150 150~300 300~600 >600
T5 QR LT Hh4E i R i
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3. &R 5vHe
31 TIMEESESENW

THES RS EBINERG 5

SO X A -4 Hg. Cd. Pb. Cr. As HIEESEIKESMELE 2, WEFER, Cd 5 As
BB WA SR A, &S B e R 2 M HEAL B IR B AR . 4% Sturges I H A AR[K = 1 +
(LgN/Ig2) KA 5E AT L EL 4], AVCKREESCN 889 4, Hg. Cd. Pb. Cr. As 2051404 11 4Lk T A4
¥giit, RmE 3, ATLIEL, Tt Hg. Cd. Pb. Cr. As S EAFTEIES i, SndxiHt
JE¥ITFE RS . ik, HMESEARHEARFEMEARGRMEZ TR &8, BT FME
A UTARAEZE R R R B &

T SCEL A b TG e H VR 43 i 8]

e 107
106.4 1066

D974 T
473
27271062

BB 4 AV 3 1

25
>
15
1
» e ,_/\ 0.5
. e o 4 /"‘
e e 7 4 107.6
e : 107.2 107-
s SR ﬁﬁgﬁ&gﬁ—&
2273 1062 10647
T S A T S PO S0 A ]
700
P e - e T
(Lo g 900 I e G W o WO B W g Bl R
600t Gt S e - = "
500~ .
400Z 8T & -
300 00
20053 500
1004 et 5 ‘ )
s e G 1)
28,17 S : A S
2873 o ] ey
27.82'7>\~ : - - ";,«1072 1074 107.6 100
274 1068107 7

PYE O 106.6
27.2 1062 1064

DOI: 10.12677/aep.2021.112015 147 IR AT


https://doi.org/10.12677/aep.2021.112015

(RN

AL S R Crile L3 A 4]

LESY W JE AR TR
. 574 107 |5
; B To7
2149773 2 1066 158 b

27277062 106.

Figure 2. Distribution map of heavy metal content in soil
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Figure 3. Distribution diagram of heavy metal content and logarithmic conversion frequency in geological sur-
face agricultural soil

3 WERRERIDRESE S ESHMBEIINN S E

T HR SR S RIS AR EUES oA, ESSMENE 3, XEFFRGIH TS BT &
fFo REEMRAAEE IR ESENRMATES T W 3, 45K, HFAE M= b 2 B i e
WAHJE[18] [19], M EEBM S ESMEIEE SR FEE T, FEMh 8 hEE, btz
A A RN . AR 3FTLUEH, REEMRE Cr D&M & IEAN, Hg. Cd. Pby As &S
A, EXEEA LG RIESDAAEL, RN IMESES, Pb MER R KA, N 0.72,
H UG Hg. Cd 43515 0.66. 0.61, Cr. As HHXT# /N 0.36. 0.32,

FEEFEICRES SEM MO, KIEE 3, X S X -3 %0 3 o KA Ko/ IME 7 A 15
IR L 4, MHZE RSB LI E SR TS BT KT & EX LSO A E R IR 5k 4 F0lE 4.

M 4 AL, i HIX Hg & &JEEN 0.02~2.76 mg/kg, “F¥4 0.182 mg/kg: Cd K& EIEE N
0.099~2.07 mg/kg, “F-¥3%& &4 0.356 mg/kg: Pb 7 & [ 7E 5.401~224.64 mg/kg 7], ~1*#5 34.15 mg/kg;
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Cr & &5 M 8.25~140.27 mg/kg, “F-141H 50.58 mg/kg: As & &GN 2.05~70.56 mg/kg, 115 A 10.92

mag/kg.

Table 3. Descriptive statistics of heavy metal content in surface soil in Zunyi area after outlier test

#3 REERREENMXTIRESR S EMNERSIT

JCE FERE P¥MEMmokg)  WdEZE AiB(molkg) SEE(mgkg) AR R ;3 i
Hg 889 0.182 0.12 0.189 0.02~2.76 0.66 75.07 6.9
Cd 889 0.356 0.217 0.344 0.099~2.07 0.61 8.66 2.62
Pb 889 34.15 24.69 33.9 5.401~224.64 0.72 8.28 2.27
Cr 889 50.58 18.22 49.63 8.25~140.27 0.36 1.34 1.13
As 889 10.92 5.81 10.89 2.05~70.56 0.32 7.39 2.18
Table 4. The maximum and minimum of heavy metal content of surface soil in Zunyi area
F4 BYMXTEPRAREAERRNMED TR
WA Hg (mg/kg) Cd (mg/kg) Pb (mg/kg) Cr (mg/kg) As (mg/kg)
B 2.76 2.07 224.64 140.27 70.56
et Ll N s i \ .
X AL =k KR eI =
(= 0.02 0.099 5.401 8.25 2.05
Tgrh RN E R . - ; -
X =& [LEES WA e 4 At
RREBSRNESREZI 138 20.91 41.59 17 34.42
@ 47 @47
~ 37 ~ 3
=71\ SR
s h =
& 27 x 2
=0 =
| |
17 1
0 | T 0 —
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Figure 4. Double logarithmic distribution curve of heavy metals concentration and relative cumulative
density in geological surface agricultural soil
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3.2. MY FRRETRE S RIFF IR FEL N HE

321 RERITRECRNELEE

Pl 4 g Aoll 338 B < Jem 7 2R VR PEE B R R SR AR JRE (R XU H o A i 2 1R 5 3 45 5 (R R R) X R TS
RIKEME, MR ZTRT RSB TG, AT A TR R PN 2 bRz 2
ZICR PRI, R X IR R LR R 2 A VE (L35 5).

Table 5. Baseline range of heavy metals in surface agricultural soil
#F* 5. kBRI TIES & BAIELSEE (mg/kg)

TLHR LA R TFIME 2 bR E FaHl S ALV
Hg 0.158 0.120 0.029 0.062~0.178 0.062~0.178
cd 0.299 0.227 0.055 0.117~0.337 0.117~0.337
Pb 50.12 29.82 10.52 8.78~50.86 8.78~50.86
Cr 63.12 43.76 10.32 23.12~64.40 23.12~64.40
As 17.78 10.07 3.66 2.75~17.39 2.75~17.39

322 MEMRRERIESRIELE

5 MR Z AR R R TR S B AR R 2, AT I E A 2 ME, SRR
(K 5) P 1 ﬁ?%ﬁ:%?%%}#lﬁﬁiﬁﬁ(ﬁ%%‘ml) (R RN i =N v 73 R L - S T R (BB 327
fi, 1515 P 2 AR FAE T RO NTE SR ), DB i AR a2 2 ARk -3 izt 3R
MIBELAE, TR RS RE M2 FHELE 6).

12 12 -
1t P — 1 - P
Fost o Ny g 08T N
= / =06 - /
K06 R o4l /
B 04 | Mo, | 4TTEA
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Figure 5. Curve of probability function of heavy metals content in agricultural surface soil
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Table 6. Baseline of heavy metals in agricultural surface soil
= 6. RERWTIESEEIELE(Mmg/kg)

TER Pisil Pimi 2 TER SR FE LMl W5 RS
Hg 0.115 0.510 0.090 0.096 0.090 0.158

cd 0.182 0.618 0.147 0.149 0.147 0.299

Pb 28.08 78.17 20.39 20,59 20.39 50.12

Cr 60.04 155.12 42.78 43.49 42.78 63.12

As 9.10 19.06 6.54 6.84 6.54 17.16

2 6 W, Cd M55 7% 70 FHE(0.299 mo/kg)5 CAOVIASE IS ) [20] S AL 51 M
RJZ T4 Cd 19%HE(0.659 mg/kg) Z= UK, MELUNTEAF N T FAEN . &5 T, RELIEE
& IREEL I ME Cd (0.227 mglkg), AE &4 (. X)) TR R S BE s T o Bk s oA,
PR DL LT B AT T LT AR v 22 [21 )7 S LA R, 42 [ %4 B3R Cd 15 5 VB [3] 79 0.2086 mglkg,
LERAATT

3.3. HERRRITROH

1) Hg FHhst S AR5 44 i

Hg 132641 (0.090 mg/kg)Fl lgeo tHE AT, 345 Hg [T RFFEECH 0.431. X 3R JZ 3B HOFE i it
75T, I 24.09% IR it B8 M 5T SR FRFEEL 1geo 9 | S, 60.74%I1 K 2 L IFE S ECH 2 24, 12.43%1)
FEREON 3 20, 2.02%MIFE BN 4 2, 0.502%1IFE BN 5 %, 0.22%[KIFE AN 6 2.

2) Cd [1yHh 57 RARTS G5 b

I Cd [ HELAH(0.147 molkg) Fl Igeo T AT, FRAFH L BR R A0 A3 Cd Mt RAE AT 0.601.
X R RE T I, 13.84%FE 31 Cd st RARFEHCA | 91, 59.17%IMFE R 2 4, 21.37%IFF
m N 3 %, 5.AT%IIREECN 4 2, 0.45% 9 5 .

Table 7. Geoaccumulation index of heavy metals content in each countryside in Zunyi area
F7 BYBEEZETREGRRRRISREN

RFEHLX Hg cd Pb Cr As
WA 0.567 0.308 -0.016 -0.586 0.114
VTR 1.052 0.491 -0.239 —0.466 0.402
RN 0.658 0.477 1.152 —0.565 0.408
JehiE -0.100 0.227 0.321 -0.512 0.0029
T 0.415 1.823 -0.750 -0.565 —0.366
B i 1.374 1.345 -0.103 0.035 0.219
=k 0.769 1.232 0.496 -0.139 -0.120
PR 0.052 -0.003 -0.026 -0.299 —0.554
= 0.052 0.569 0.183 -0.361 0.065
=& 0.152 0.874 0.424 -0.239 0.345
LI 0.415 1.257 0.146 -0.647 0.161
AR 0.245 0.859 0.407 -0.112 -0.205
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Continued
BT 0.052 0.848 -0.429 0.126 0.210
PR 0.245 1.152 0.362 —0.468 0.124
IG5 A 0.152 0.430 0.192 -0.363 -0.075
3= 0.431 0.691 0.159 -0.343 0.155

3) Pb. Cr. As [FHbTE ZAE 45 Hr

Pb. Cr. As [RFEL{E (551 20.39 mg/kg. 42.78 mglkg A1 6.54 mg/kg), K FH T B RS AR H 1geo
MITHE T, 3k43 Pby Cry As M5 SR ARG GL48403 7 4 0.159. —0.343 #1 0.155 (% 7). 45647, K
Pz X R 2L 138 Cr smZm AL T I 4RAS, Pby As AT T075 GBI 25 JUIRES .

XFT Pb, AT X A FE ORI, 46.42%FF S B T SR ARTRECN | 9, 43.97%HIME M ECh 2 21,
8.59% AL AN 3 2, 1.02%IFE AN 4 9. XFF Cr, 74.58%FF S B L BAFEE N | 2, 24.41%
FIRESR AN 2 2%, 1O1%MIFRES AN 3 2. XFT As, 40.16%FE S B ET ERFEEON | 22, 47.13%[0FE
m R 2 9, 10.91% A SR ECH 3 2, 1.8%IIAE A ECH 4 2. Pb. Cr. AsiX 3 Byt R IA 90%LL FAE
B, N LR 2 9, SRS fEEE LCERER W ES Py Cry As 175 4 5% DL 1 2K EUH
]

4) RIS E REU T

PATIA S fEE R BE HEFE N Cd > Hg > As > Pb > Cr, T LA HI 3B i s /K P Cd. Hg 7ER R
2 HERB S Y A, AR T AN AR S E . XK T EERUR S R I X AR S A
. 1ZMX Hg. Cd. Pb. Cr. As [t 57 S AR5 4448404 71 0.431. 0.691. 0.159. —0.343 #10.155,
T IZ X AR E E LML+ Hg, Cd. Pb. As &b TS YRS, Cr Li5 k.

34. BEESRBEERS T
R4EE 8 WL, Cd FIRIAESAE REE R, L 28.23%, ZHIX Pb. Cr. As [HIIAERSEE
ZHIBAR, S A I AN

Table 8. Potential ecological risk index evaluation (%)
7 8. BEESKIEIEEITN (%)

/B 1
g ,
5 g # i e
Hg 88.98 8.32 2.25 0.45 0
Cd 65.02 28.23 5.74 1.01 0
As 100 0 0 0 0
Pb 100 0 0 0 0
Cr 100 0 0 0 0

MR ] 6 8 LR REARN R E G E TR E GRS RE TR /N T 150, A TREESEFL.
BAKME 2 HE LSRR /NT 150, &TEMAESEHELN . FKE 2 HNE LSS
TRECHER: 2P0 > DR > MO > MRE > BTRE > AL > =88 > AR > Rl >
BITAH > R > =781 > MR > JEHi > HoKkE.
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Figure 6. E; and R; of heavy metals content in agricultural surface soil in each countryside in Zunyi area

E6 BYEEZERERITEEECREVESTRERYRESETRIEIEY

4, gEip

BRGSO X R Hg. Cd. Pb S R i, FARX BBt 07 ik e 123X R = 4
EHEESREMNILL 5T 5ERA: Hg 0.062~0.178, Cd 0.117~0.337, Pb 8.78~50.86, iz FiHbER{k2AFEEL .
CDF ihZn] AL B EF Bl — AN EdE, IF HIRBORH B BUR, i iz X Hg. Cd. Pb %57t
G g% M PIE AR SEm 5 AN NESE A RS R, B Rk B Rk 5
Bl s i) Py B LA, BRI SZ A DR 3 R g s, O ROl TE A I VAN SRt — AN IR
BESENY SEEE .

FH 57 B ARARE (1 geo) (175 GUAE BETHR0E X R IR < R 15 oA 200), Hg. Cd. Pb 45754484
FES5Zn 5 ml & Hg 24.07%09 1 4%, 60.74%y 2 Z%; Cd 13.84% 4 1 2%, 80.54% 4 2 Z%; Pb 46.42%7y 1
%, 43.97 N2 Foo KRAASREFEHOTIE SCHLX + 358 &8T5 IR S AR, 42 Hg 88.98%
BT, Cd 65.02% N1, Pb 100% A%, HIA/NT 150, J& TH8M, M AEXaL, X s 5
GER, SRR, U TE A FEIN R E EKE

E&WH
% 3R R34 10 H (21667009); 254 S 4%[2018] 2775.
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