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NEEEFH TR ELBR THE AR HRES BB RMERER, ARRUCIHRFE EfmT AR
BLE5WEEAKYDTREXELSBIERIBAF N R, BB A L3R F R E ], 4519 2 - 3pH.
FHRSESESL/RCA. Hg. Pb. CrflAsTGRNEBEKBEUESSE, X385 BT T -8
BIT=F 58S SEMPMEE. IRERER: (1) PWEERERXRVIERELSBHRERR: B
ZIR. FRELBELERNEYE, HPUSBREANTE, =MESRBOCSEE THHENER, 4
KEUDBEEERER. (2) LFEpHE. FIESEESELBERSSEZNRIXRR: pHEBFNACI. Pb
EEREHRBEZEAMRE, 5SEREHg. CrilAsZ AEHEMKXE. SOME5ENECI. PbHASEEEHE
KIEHR, 5EMSHgHCrEMRERHE. (3) L EELECI. PhEESHENERRAEREEIEM
FRKR, HgE B E5HAENENMEREZE X, Mcr. AsSBRS5HERENHAMAIATEZE. MRS
T BRERERESBNBRE AR AS E B ELS R RMEE TERAERIBHZKRE .
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Abstract

In order to better understand the reduction of heavy metal pollution in agricultural soil in south-
ern China under the mixing of northern loess, this experiment intends to take the natural loess in
Dingxi City, Gansu Province and the heavy metal-polluted soil in Furong District, Changsha City,
Hunan Province as the research object, sets up different mass ratios of the two soils, determines
the soil pH, organic matter content and the full and effective state content of heavy metals Cd, Hg,
Pb, Cr and As elements, analyzes and evaluates the soil pollution and explores the correlation be-
tween the three and the effective state content. The results of the study show that: (1) The heavy
metal pollution of agricultural soil in Furong District, Hunan Province is mainly contaminated by
cadmium, lead and mercury heavy metal elements, of which lead exceeds the standard is the most
serious, and the three heavy metals have exceeded the environmental requirements, and neces-
sary control measures must be taken. (2) Relationship among soil pH value, organic matter con-
tent and heavy metal effective state content: pH is negatively correlated with effective Cd and Pb
content, and there is no obvious correlation between pH and effective Hg, Cr and As. SOM was po-
sitively correlated with the effective states Cd, Pb and As, but not with the effective Hg and Cr. (3)
There was a significant positive correlation between the total amount of soil heavy metals Cd and
Pb and their effective amount, the correlation between the total amount of Hg and its effective
amount was significantly positive, while the correlation between the total amount of Cr and As and
their effective quantity was not significant. The remediation method of using northern loess mix-
ing to reduce excessive heavy metals can provide a basic scientific basis for the future remediation
of heavy metal pollution.
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1. 518

T R S G AT A AL 2 RO SRR A A T R R AR AR e — A B AR B
ERERM M RGN EEH R, R NN AE S Y # CLE A7 P ik At [ 1] 3 b i
RN AL LA ST B, XY ARG E, G O T KRR 5%, X
P A 25 2 0 DA B N A f RS 2 7 AR AR R IRV FE KUK [2] [3] [4]. 42 Jm 4 2 B E 4.5 glem® LA L, A
MEFFRERT 55 Mersw, HRNESRTRAm. K. W WAEECR[1]. HREEES
QAR T AR AW AP S s Ee o Rl A B 18, S Lh R s S Eiminid 2T Ry
S, GRS RSB IR[5], 4w bnTs R RHE R AR I Btk & A
FFANEEE]6].

T3 pH B YRR SR A R, B RIS AR A TR SR R, TR
SR AR, I HL pH AR (IR 35 b G S T R AR T S M AR I R A — S IR,
Bt B RAAEILS ST 1 B E BRI A5 [7]. A PSR IR 35 b i ik B W UL R e 20 i
TR FA HLBIR, AR = 5 0 E B DAL EA T i A I R SRR A LN AL &4, W R
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AN R TR KRS BB, b T R AP B R RS, 2 T EOE R A R PR
fR[8]. HAT, FEZRMIAINE G BB 7 sORPERE XS HIRAGR T, (HR2, XEHLHIaRnth =
Xt LI AEAN R L 75 B

Bl N T HRE IR pH E, AP E SR AR 3 IR AR, AT AT R 4 % v i
B L S ESEG RO R, RASKE EREAPCIERNE . BRS8N SRR TR,
ARG M ARAEN LB 3 pH (B AP SRS IR EE R A RERAMR R, il +
B RS G PSR L FR SRR A A5 4

2. MRER=E
2.1, it IR

Bl Oy E T LA R g R gt sy R AR AR A AR, R T
[0, KBAEEHZEXRL, HeRisit REMREE KD IREX . LM REE KRG L igkh
FERR IR R ER AR, S ERNT B, X%, JifisLHE, i$025 mm 5 1 mm
i A AL i 5 E S RE

2.2. Rt RFZE

I ILIE 6 N H: 3 1575 g i & H A 2393 0:10 (CK)+2:8 (T1).4:6 (T2).6:4 (T3).8:2 (T4).
10:0 (T5). FFAMCFERE 3AEE . MlEKAF M L% pH (. HIEEGNRERESREE. AUSEE.
435 pH e R A AL, BB ELLA 1:2.5; HIEAHURNE R B R A IbE[10]; HIEE SRS
% H HNOs-HF-HCI-HCIO, & R iE Mk [11]; TR &R A SE & &0 X DTPA-TEA-CaCl, B
G RIRPEE[12]. B4 R I FE A E T R e RS, 8 HRGE G AR B T S (ICP-MS) & & 4 )R
TR .

2.3. HIBAE

K F Excel2019 1 IBM SPSS 26.0 X ANFEIALHE 2 6] pH {E . HIEEHR . SR em 55 8ES
I S AR AT AT 25 A B AT RE < 5] VA 20 #

3. BZRE 4R
3.1 HEEBUMREESRISTRS TG

311 £W|pH E., IR, ESRLESHFISEE

BER T 1E pH . AYUESE. £4J)8 Cd. Pb. Hg. Cr. As TR 4L &K Cd. Pb. Hg. Cr. As
TCRAMESEER N 1o N L ATEH, FAE pH (B BE T 78 N LU 3 i 528 5, KN
T5>T4>T3>T2>T1, T5 MmN 820, ¥ CK & 1.84, SOM. H4EJE4 & (Cd. Cr. Pb. Hg. As)
B g HAR AL, SRR, % CK 4K T 13.64g-kg ' 2.01 mg-kg'. 568.60 mg-kg ' 7.02
mg-kg '+ 0.02 mg-kg '\ 37.70 mg-kg . 3 pH (K, 3T 4 o0 F AW B I R R, S0
e RS R HIR[13].

3.1.2. E€RER BRI
R (3R ER8E o B A ] s - 33y e XU B P b vE (G 4T) ) (GB 15618-2018), 348 ¥ Y XU i 106 18
5&HMENE 2. £ 3.
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Table 1. Soil pH, organic matter, total heavy metal and effective state content
=1 TEpHE. BILR. EEERL=RBUSE=E

FE R A R/(mg-kg™) RS EI(mg-kg™?)
Kb pH i SOM/(g-kg™?)
Cd Pb Hg Cr As Cd Pb Hg Cr As
CK 6.36 22.65 2.2000 650.0000 7.1203 0.0780 65.5000 1.3869 322.4640 0.0012 0.0027  0.0090
T1 7.34 22.48 1.7980 536.2833 5.7163 0.0746 57.9600 0.7462 240.5193 0.0012 0.1448 0.0160
T2 7.36 21.60 1.3960 422.5567 4.3117 0.0712 50.4200 0.6866 179.3397 0.0011 0.0094 0.0141
T3 7.81 17.91 0.9940 308.8433 2.9080 0.0678 42.8833 0.4660 108.7523 0.0011 0.0062 0.0130
T4 8.03 15.71 0.5920 195.1167 1.5043 0.0644 35.3433 0.3063 58.8833 0.0011 0.0673  0.0079
T5 8.20 9.01 0.1900 81.3967 0.1000 0.0610 27.8033 0.0156 3.6593 0.0011 0.0123 0.0010

Table 2. Screening values of soil pollution risk in agricultural land
2. RAMTIRSRRRLTHEE

LR I AR (kg )

+:45% pH
i K i H 5
55<pH<65 0.3 1.8 40 90 150
6.5<pH<75 0.3 2.4 30 120 200
pH > 7.5 0.6 34 25 170 250

F: HERSREEMZITR SR

Table 3. Soil pollution risk control values of agricultural land

F+ 3. RAMIDIRSRNEESE

IR B AR e/ (mg-kg )

-4 pH
5 K fif Y i

5.5<pH<6.5 2 25 150 500 850

65<pH<75 3 4 120 700 1000

pH > 7.5 4 6 100 1000 1300

M 1 hESREEEE 2. & 3 WG, V55 (CK):REX K L. BYRURSEICER T
SRV EB, —MESEAES R T 1.10 5. 1.30 551 2.85 £, LG RR R, HAPRUR
SRR ECONTE, Fik 185%, R LHERAE XIS AR H 32 ORT5 Y o™ B X R4 R
WA, FTREAFAE LIRS AR T A E SR T R S ERUR, AR . sk
DR IR B m A AR AL, HRIUM TR, K. . BRSNS REN, &Y
Bl i R AR LR

32. XM pH ESESBRBIEIEMNEX M

PR TIRE SR A ST RS pH ERRRER AL 4. Wk 4 h ot &2/ PR, 13 pH (5 Cd.
Pb JCFEA BB MR IR E FAH KR (P < 0.01), HELZ UL Cdy Pb JCER YA Rk 2l 4 135
pH 3G KT FEA, IXBEAAE — /) pH JERIN, B3RP % & B T 5% S 8 T EE R 2 BE R,
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B[4 N R R, K 3% pH (H 5% As. Cd. Cr. Pb Ml Zn S EEHMRKR,
Tt B2 3% pH X1 5 H 2GS As. Cdy Pb Fl Zn Z ] R IEAHR K R, W LIS B 13 5w A R (Rl
WAFAE IR TN E AR 7 sUMSEm . AR TR Hg. Cr A1 As TR A RS S &5 1% pH
ERARSE A &2 (P < 0.05), RIE—E [ pH Y, pH ERIZL Hg. Cr Il As A 2055 BRI A
Ko

Table 4. Correlation coefficient between soil pH value and effective content of heavy metals

F4 LB pH ESEERAVSIENERRY

G R R REL
cd 0.99 -0.696"
Pb 0.962 -171.457"
Hg 0.777 —21.399
Cr 0.078 0.007
As 0.381 -0.003

e TRELE P <0.01 ACTEAR S .
33. TMENRESESRBHNESSENHEXM
TERELSEANETESEIR S BRI Rk 5 s

Table 5. Correlation coefficient of soil organic matter and heavy metals

F#5 ITRBNASESESRBUSIENEXRY

Eizga R FAR R
cd 0.852 0.075"
Pb 0.904 20.711"
Hg 0.634 10.796
Cr 0.250 0.003
As 0.848 0.001"

e IRELE P <0.05 KTARSEME

e 5 MR R, SRR R LR & B S TR SR A RO AR SRR RN IEMR R A&,
HHPUREES Cdy Pby As TRAMEREZHWIEM KRR, 15 Hg Al Cr oz = A RN
A BB S5 RF FL b R, LI S Cd\ P 5 3EH MU 2 MAFFEE AR B R IR X R,
KT RER By TR G R T e 2 B E R, pH AR AR

34. TIRECELESHUSTEHEXM

I BIR 5 A e ) A 5 A RS S BT AR KRN A JE R A P 2 18] B IRl Ak AR (R 6
F7R)-

M 6 AU, (R 1 Cd. Pb u R e 5 HAT R 2 [0 AR 2 M IEA SR R (P < 0.01),
RERAK[6)FE NG L3 Cu. Pb TR &R SHAMEZ A RARL RN 2 Hg TRi4
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5 A ORI R 1 IEAH DG OG R (P < 0.05), MAHALIEM Cr. As iR A 5HA KRS R
#(P>0.05), X[F—LESRLEESHIEGTEAN—EMHRMF L R[16] [L7AHEML, T8id Cr &5
S5HABEZ M SHEARNRE, 1R &R A R 3 G B E AR K S N o, St —
BHERRERIE—ERM[14].

Table 6. Correlation coefficient of total heavy metals in soil

F6 TIRECRELESAWSTENERRY

ECEA R R RE
cd 0.960 0.597™
Pb 0.997 157.038"
Hg 0.828 10.456"
Cr 0.178 0.013
As 0.642 0.005

4. Wi

3% pH {2 o€ LIV A E B R R 1 (18] [19]. WRFUERHT, pH {HBOK, L3 HE ST
B TR PR ] 5 A FH R, S3U00 B 6 J A AS RRAIR [13] 0 AT 70 A I v 1 IX (1 H  Jm v e - 438, 7E
wnTHR eSS, 3 pH EWE LT, B EESRETES pH B UM, pH E4 R E P
HAE LI TR A B KA R pH SR 2o 238 1K e B s = A o, 7E 3% pH
B4 8 (I, T8gexf H &8 5 1 RN RE ) S aE, ARSI EIFK. 2 ZEEE20]F 5L, K
Kt BT e i) B3R, S 4% pH (BT, 10 pH (ES BIER ) Cd B RGE S R AMFEE BT
AR R T RHISE N [217F = -LEME LI e hn A9 e ol DUE1S 138 pH B0 B4, nT LA &1 E
TR SRS SRR G, XA IS RN — B AR, R pH
KT 6 B, B pH 4R, Cd AT RI SR &, (R T 6 i, Cd BIZE TR T RE[22], X2
DA Ay 338 pH {78 fbont 5 4 J mI R FH M R 2 e ] BEAS & L — IR O &R [ 23]

BHHUR SRR HIRAE . FRA R OEATRAE, ERENEMIPRALIR 0, RN fexs H IR p st
RIATEGE, e TR EEE 2 —[24]. b4h, TIHEEVURITE KRS, ©aesEXT 1Edh
(1 42 J@ EAT R R I o B, FEBEE LIRA U & Rkl s, WAL T Re b2 2,
ERWIBRIS K G ESER, 1R ESERAEY TR FH1E[25] [26] [27] [28]. fEARFLLE R, Bk L%
BHRMIFAS, T8d Cd. Pb. Hg S5 &8 1A ZURAE T A B & R, RELEAVIRN EE R A
BHROBRAIWIH SHAAER, ANASESESBA S SRR IEMX. Yin FR291MP SR, 5
PHAEE IR, WA LI AT E SR S EAUKRE M ESE SR /N T [3015F AR I,
GG SEAEX AL A VUR R K P ES R &, SAMALS R —5%. H2, Zhao 55 A[31]
M 96 X T HERFEK A LR B, LI LR & R E S B A A2 B IERC R, MINENR S ER
FITLAEDRT SRR, 5 Zeng S5[32]WF 45 R —5. Fluth, ik i"T LI pH mgSe A, I
Bl AEHAF LIEAV, ATE AR E SR IR IR, BRI SR E R

5. &ig

X AE T B S T R R TS YR F IR RN s IR SR S LR B B R E SR
R NHANGESE. PR pH E. YRS ESENPIT, SR L5 mas i
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1) WimEEX L LIRS RGN REZ R, AR ES R uRIEY, HA DR
RONTEE, “MESECEHE TR ER, ORI B .

2) THEpH . AR S ESESEASESTEZAARR: pH SHZE Cd. P S 2T E
K, 543G Hy. Cr it As Z A W ARG, SOM 545234 Cd. Pb Al As & & S I S i IE A6,
54 %4 Hy M1 Cr (B AP EANEH & o

3) LIEE 4JE Cd.Ph & 5 A MR I 2T IEAHK KR, Hg & 5 H A s A 2 535 EAHC,
1M Crv As &8 5HA MEIME AR,
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