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Fig. 1 Distribution map of the soil samples in Renqiu,Hebei°

ZH N, 42 TRRE S B 2% ~ 3% A BT B AR S L
FEGALER I H AP R BE B 00 R R AR EH
ST A SR SO  pH B BRB R HT BR
BE RN BL LB VBR A RO AR A SR AR
AR AR

AU FE BT IR A 5 ZE T b A8 A b 3Ry
BBV b 5T BA T IE R IR AT P A I Oy R A S A
BTSRRI Ty 128 A a5 B b o o b R A2 P A
FIE)DZ/T 0295 WY2ERAEAT Kl 45 SR 75 G AH G
2R,
1.2 HiEAESH

BAEF FH Microsoft Excel  ArcGIS SPSS 255 ##
S PR AT | AT R 43 A A g RSB0, R
HFHa 8k e P LR B He 80k AT ik
TR AL BN 24T

2 GRG0

IR IR T | e R RN Ry R
3 ANJ7 2R SRS N R D b i ekl e, 2
I e —E LR S R GG B N AR AP RS TR 3k

-ﬁgﬁﬁiﬂ: Light loamy aquic soil % F ¥ 1 Medium loamy aquic soil
D;‘dﬁiﬁﬁ]i Sandy loamy aquic soil - HERH L Heavy loamy aquic soil
l:l KFEH sampling points

Sl S N g R 1Y i ) B 4t
FrA A r=Re 1 ( B R 5,
2004 ; B4 %5, 2011) , AWK
WS 12 5 7 ( Lo
BRALZE IR AL ) 2K PR
WF9E X 36 )2 + e 0 1) F ik
P I X A 48 5T 2 A X G
o htE BEE . PE R
Bz = 5 NEY,
2.1 TEFHTEREN

4% oy FR AW BT
M, FE R AR R Y
JLR ., TSR ITR M T EE
HIZEEWMRIEDEREE .
A i Y i i 5 7 = (BRIEDG
84,2011 509 455 ,2011 ; D%
%6,2020) , K, TR SR
STICE W b ER AL SRR &0
G3HT ) SR 5y KF 3R A
A3 [A) 43 A B, X T4 A B
BRI A 2 38, FF & 4 M e € %
U8, Fe 50 ¥ £ HE v o TG BE
Rt EEN, R IE R
HEREE A HERTE,
O R S MY E KT R R E IR ITRE M
MYERLTHEMEITLR SRS TEAUS &2
et — AP ARSE IX T3 FR 3 1Y SEPRAE L , T 4F
Mot Tl A = B LR AR (B VE 4R, 2011)
2.1.1 TEEYVLEXRETE

5T K BLR JC 2 A X B 5T X ALY
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Table 1 Classification standards and statistical values of essential macro elements and trace elements
—5(EF) ZHEBFER) ESAGED) UEIE S TAF(hZ)
LR ERiaiai] Epiaiai] ERiaiai] Epiaiai] R4l
I BATUE I RATUE a2 nnia RARUE S RARUE
VA Qi (%) Va4l (%) SRR (%) Vax i (%) Vi i (%)
) LI
18 AR >40 0.15 30~40 0.45 20~30 10. 68 10~20 74. 14 <10 14.59
- % (mg/g)
7%5 % N(mg/g) >2 0.3 1.5~2 7.22 1~1.5 | 49.17 | 0.75~1 | 30.83 <0.75 12.48
K| P(mg/g) >1 44.36 0.8~1 29.02 0.6~0.8 21.35 0.4~0.6 5.11 <0.4 0.15
=2 K(mg/g) >25 0.75 20~25 7.37 15~20 89.32 10~ 15 2.41 <10 0.15
e Fe,0;,(%) >5.3 8.75 4.6~5.3 77.19 4.15~4.6 11.03 3.4~4.15 3.04 <3.4 0
% B(pg/g) >65 4.96 55~65 10. 38 45~55 38.95 30~45 44. 66 <30 1.05
= Mo( pg/g) >0. 85 6.77 0.65~0. 85 4.96 0.55~0.65 4.06 0.45~0.55 7.97 <0.45 75.75
@ Cu(pg/g) >29 2.56 24~29 9.77 21~24 19.25 16~21 60. 45 <16 7.82
% Zn(pg/g) >84 5.71 71~84 17.59 62~71 39.85 50~62 32.63 <50 3.91
ES Mn( png/g) >700 0.15 600 ~700 1.95 500~ 600 36.09 375~500 57.59 <375 4.21

R2MLLEELETRAREIES IR ERSITE

Table 2 Classification standard and statistical value of soil elements available state contents in Renqiu, Hebei Province

—(FHE) ZEEFER) =EF(PAE) VYA (k=) TAF(BhZ)
TTE yi Y yi 7 yi
Iy RARIE FrHER) S RbRIE FrE SRR FrHEp) Y AT FrE Iy RARIE FIMEE)
(%) (%) (%) (%) (%)
Rk (pe/e) >20 0 10~20 0.33 4.5~10 3.33 2.5~4.5 | 11.33 <2.5 85.0
A (mg/g) >0.2 23.33 [0.15~0.2| 22.33 [0.1~0.15| 33.67 |0.05~0.1| 19.33 <0.05 10
AR (ne/g) >30 80.0 16~30 10. 33 <16 9.67
HR (pe/g) >2 33.67 1~2 5.67 0.5~1 0.67 0.2~0.5 0.33 <0.2 59.67
F R (pe/g) >1.8 3.33 1~1.8 24.33 0.2~1 72.0 0.1~0.2 0.33 <0.1 0
AR (ng/g) >3 20.33 1-3 66.0 0.5~1 9.33 0.3~0.5 3.0 <0.3 1.33
B (ne/g) >30 0 15~30 0.33 5~15 26.0 1~5 70. 33 <1 3.33
R, 80% A I+ ; A B 3= & X 5 WF 5% X 1 ALY 33, 67%,

— i Mo B 7ty e 1 1 b S A
AT IX S e B = | X Al g2 i T om Z0 A A0l 1%
Bl O A B S [] 19 28 £k 1 7= AR 28 () AR 5 (v AR
rBREBE A E AR TGS X RIBFFE T, 1992 ; 28
T 145, 1998) .

2.1.3 TERZFUSSEREN

TR TR KIS EAE T ) i ds T, ASBE
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Bt oo R e HEEE b e T R g =1
b, ANRE SR AE WA R, DERIX TR A RS
HERNE 2,

P T o AR Bl = X BT 5T X i R A
10% , F & X B FEE X 5T X 45. 66% , 1
S BF Y X AR Y 33. 67% , B Ak DL 42 5 —rh 4
h 3 AR R AL TR Z RS A RO B R L R
X0 3 A AU R AL T 2 — P ARRAS A AR
WTEFEFERE, F8 BFEE X SO X R

Bz X b7 B 5T X0 L 59. 67% 5 A RCE DL
H—PAERA Oy B, B E W X R X AR
24. 33% , PAEIX 5T X ARG 72%

— ¥ - R WO A2 pH Y R T B ) 3
B 398 pH 3R HIT R A E I B TR (27 R4,
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() T A i 3l 5 BOCH: A Bl 18] A A48 £ T 7= 2 25 ]
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H P R TR A S 2 T 1S
BT MR TE N e, B A pH Ak
JRELA BT GEEYE KR, DL A HLS AR A
TG SR 23 B2 WA RCPE T LA pH R 5% 1] 35 0 58 1
(ZBFIF%E,2014) , PRI, A SCHE pH X )% + e
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0.05 /K FEBFIEMIEKER;B LRAMNES S
R RMA R, 7 pH=8. 5(5R )
ZMFF,CuZn P LEAMS S E AR 0.01 K
FERBEEMELER,B LRANSS2ESE
H—EMELELZRZ;Mn K TEAUES B EM
FRAM A G, 3 pH oM 258 58, Cu.,
Mn Zn K JTCRABS S H 2 AHCHER S ;B P
TLEAME S ARG

W TR AMSERSHARSERAARK
UFIAR DG G R B BT 2 4 R o iRl =Z K
VL MA RS BN  gotR e Ko
FEKT, MARSGENEHR =, LI 3T
RARSERE T H e, 12N 484 5 5 s i
B — B B A RS, W40 35 24 i R 5 R
iOF L

AT T 48 R B = A5 B U, DA

Ko Je i A S vl Bk B A Bk = A E A RS
IR R A S A N, IR SR G X 1 i i LA
KRR, DR R A A IE AR W R VEIT
WA f L R T

2.2 tESEETEEN

XHEYREVER R FHE SR TR WEE (A
Reir) #4r, 4E AN BEAR I M s R RE ) 1 37 AL
N, (A4 R T HE4EELIEP YA RS,
HIAP LA A/ 35 5 4 & 15 Y PR b ol (R SE R
45,2020) o PAQ - IEEREE o A FH b - 1T G XU
BYEFRUEY GB/T15618-2018 Ay 43 & 7 1k XU 07
TEE AR FRUE , R LG bR D0 48 B0k FUe i %
CEOTE Y AR BRI BT A T SN S
LRy CETR S 2011 TBIR 244 2015) , 4558 0L
4,

HY 28 AT AT AR 38 v AT R A T i A fE | B
FEIX E 3 HA 0. 27%11) Ni JEE M 0. 53%1 Zn TG
2R A Cu Pb . As (Cd .Cr Fil Hg T4
9349 h—2% ,Ni Cu . Pb . Zn As Cd .Cr F1 Hg 8 Fl &
GEITR BT = A1, s e LG5 4s
BRI AT X 2555 Y dR B i /N T 0.7, &8

KB AR, TR E A
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Table 3 Available state content and total correlation coefficient

of soil elements in Renqiu, Hebei Province

TRFF HARE 5K
A & IT R U Mn, Cu, Zn, Co,

Ni, Pb 54 HLBA B B SRR, aT e

PIES
pH o Mn i 5 o IRRE TR G, DT AT A A LR
7.5-8.5(PE) | 0.691°° [ 0.217°7 [ 0.746"* | 0.155 | 0.135° |0.448°° (RSP FITR LIS HMELIBHEY)
=8.5(3BiME) | 0.367°* | 0.256 | 0.620° " | 0.461 0.072 ]0.609" " Wil fdi B 3 ek 4% (3B T [F) 4%, 2014)

T T —E0 .01 KPR B REFEA, " —FE 0.05 A (BUM) b REHK,

RA4MCEERETIEECEAESEREESIT
Table 4 Classification statistics of heavy metal elements
in the surface soil in Renqiu, Hebei Province

WFFE X 3 Ni Zn JTTEA AR, H L
A5 M -+ B L A N 4
JEICR S,

WA (4t £ 5 7 1 3R BE TR A bR

WEY (NY/T391-2013) Fi ¢ [ KA 7 i 42

He | Gt SFUEFRETC A EHSEFE B ER )

sy TR FH (%)
Ni Cu Pb Zn As Cd Cr
— 99.73 | 100 100 | 99.47 100 100 100 100 100
—Y 0.27 0.53
=%
[UEA3

(GB184071-2001 ) X}HF5Y X 4] 4 3 & 4>
JE AT BAEAR VAN, 255 PSR X 34
RAFA TO s T B S Hb 1) PR 5 T A

R 5 RAERFT MG RERE

Table 5 Environmental quality standards for pollution-free

vegetable producing areas

HE B Cd JTTE R 6 ANFE S (AR E
0.9%) 1 Pb IR Y 1 FE M (HARR
0. 15% ) AN ikbrAb , HAb T ZR KP4 5B AT
B RO T IR BT TR AR ) .

i T s(14.7 . 2o s S N
TG GO0 RO IO IR R R A R
HURE O~ . .
(pg/g) | >7.5 150 0.6 250 25 Lo BE(MES Ee6),

TE 455 B TAR KIZOT R Aok fE
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Table 6 Environmental quality standard of green food producing area

JZ SR Z IR DL, B R R A R E
PRI =i RO A i i B, 4 R
DXl - S i A

St m

2) A R B TR 2

03 HAMAGRARMA, Cu B Zn TE

I H pH Pb(72) | Cd(0.63) | Cr(110) | As(14.3) | Hg(0.3)
FREFRUE | 6.5~7.5 50 0.3 120 20
(pg/g) >7.5 50 0.4 120 20 0.35

T 455 B AR KGZOn R i ok fE

RTMLLEEREIEERTESENRR

Table 7 Classification table of surface soil healthy elements

in Rengiu, Hebei Province

Wb TR Z AR ARG SR
Fe JUZR B AHE 425, M0 AT 200 ik
Z Mo LR S 5 HABES TR R
Zo o tgotR SR TR SAMEZ
[AIFH OGS R AR RS L R A S S H

Se L FT% 6% SEBAA—ENIEMIXKER, 11 pH
o Sedrht [ WG [ FER [ | TERE [ EAME GYESUSREENE, Cu,Mn Zn K TR A
(pg/g) (%) (ng/g) (%) (ng/g) (%) 3 = A2 A S e B —
D 5 . 00 . 00 . xﬁCf\ '3/\%§E’J*H\EQT$/{EZ§3,B\P JLER
ZH(FEE) 0.4~3 0.44 550~700 | 2.38 5~100 0.26 ARGE S 2R RAHSCHERS 58
SHGEH) | 0.175~0.4 | 22.34 | 500~550 0 1.50~5 | 84.43 (3) BFFR IX LR pH K5 , Sk
PULR (FYELZ) | 0.125~0.175 | 19.82 | 400~500 | 64.28 VSRR S . SIS R R RS X
T (RZ) <0.125 57.40 <400 | 33.33 - ° T

2.3 TEERTHERIFEN

X 2 Sl A T FR AR ( B
BRACZA VT BAE ) 0 50 09 5 b HE HEAT T 55 KK
I

A5 b B S N AR R RN S A ) AR KOG R
P, R—MAsmilEons ., HEhis R, il
T EYEES R B R e, IR RS,
AT DAGRIE TS S (0075 5, S ML i Hoda
BB (RIZESF-,2020) v M T 2 b 960309 5 ™ T b
DX, e 9 AT BB | U A M e (R PR
4.2016) o MUEA BT AR IR IR W B85, 2 A
R EITCR 2 —, il & s R e 5 A
KBS FhBE CRPEIESE2014)

HH 2% 7 W0 5 DX A G g5 = 7K P43 A L 4]
iKF 77.229% A0 F i AE R A KF R 22, 34%
fiffi & A 0. 4 we/g VLAY &l X3 &7 0. 44%
T el 3R 2 A i AR PR R Bl = R =
AN R & IR R 97. 6% i AT, Ab TR AR
. WX RZE 1 84. 43% HuAE i 48 T 7E 18 45
G, HUE 13, 95% (R B eI 2 5540,

3 %5

(DEERZ B A KA T IR SR LA
T BAEERE, RAAYLE N Mo, B Mn %
Bz P, N 4 it ZIE R A e A B
AL, /R FEAAE AR, KRIE A HUILRER]
AR R IR R, A I AR X 28 X 1 3R

FKZ LS FE L JEITE Ni,Cu,Pb,
Zn As Cd .Cr Fil Hg 408 = 9% -3, R~ 51 Ni Al
In TCEN R I HR RGP — 905
XZEATE AR BTN T 0.7, 23A 8 T — %+ 3%
I LT 2384 G T0 A T 60 25 7 Ml 1Y) A5 o o A
e SRR M AR T AR 2 e o A LT
BEGRUR 4R = A AR

(4) 22 4 8 il B T Z BLAL T3 R A il A
FOUE BR LA T2 RS AT RE 2R E il
XIRAY 457 0. 44%

i ¥ / Note
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Geochemical evaluation of surface soil elements in
Renqiu City, Hebei Province

CHEN Wenjing" , CAI Kui® , LUAN Wenlou” , YAN Jiadong" , XUE Dongqing" , TIAN Haofei®
ZOU Chengjie” , ZHAO Liang" , GUO Han" , SONG Wei" , DONG Xin"
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4) Chengdu University of Technology, Chengdu , 610059, China

Objectives: As one of the crucial natural resources, soil is tightly associated with people’s daily life. Based
on the 1 : 50000 scale of geochemical survey results in Renqiu City, Hebei Province, the writers evaluated the soil
quality of the study area, aiming to provide scientific basis for the ecological environment protection, land use
planning, characteristic agriculture development, high-standard farmland construction and else over here.

Methods: According to the relevant standards and specifications, this paper assesses the nutrient elements
essential for soil plant growth, the environmental quality of heavy metals and the factors of soil health quality in the
study area. By means of Microsoft Excel, ArcGIS, SPSS and other data-processing softwares, we conduct the data
distribution test, parameter calculation and map plotting. Moreover, single factor index method, Nemerow
integrated pollution index method, correlation analysis method and else are adopted for further data processing and
analysis.

Results: (1) Soil nutrient elements like phosphorus, potassium and ferric oxide were found all in a rich or
medium state, while organic matter, nitrogen, copper, molybdenum and other elements were in a relatively
deficient state, whereas available manganese and available iron in the available state were relatively insufficient.

(2) The soil was identified as being generally and slightly alkaline, with the analysis between the effective
state content of elements and their total amount showing a certain correlation. The soil’ s pH-value changed from
alkaline to strongly alkaline, the correlations between the effective states of Cu, Mn, Zn, K elements and their total
amounts all decreased, while those between the effective states of B, P elements and their total amounts both
increased.

(3) According to the evaluation of heavy metal elements by single factor index method, except for one sample
of Ni and two samples of Zn exceeding the screening value of agricultural land soil, the elements of Cu, Pb, As,
Cd, Cr, Hg all met the control standards of agricultural soil pollution risks. The Nemerow integrated pollution index
in the study area was assessed to be all under 0. 7, indicating that all of them have reached the first-class level.
The contents of eight heavy metal elements in the study area all satisfied the environmental quality standards of
pollution-free vegetables’ origins, Except for some Cd and Pb samples that failed to meet the standard, the
contents of other elements wholly achieved the “Environmental Quality Standard of the Sources of the Green Food” .

(4) As the indicators of soils’ health quality, the elements of F and Se were found generally in the state of
lack to relatively lack, while the element I was in a moderate state as a whole.

Conclusions; The geochemical evaluation criteria of soil quality, single factor index method, Nemerow
integrated pollution index method and correlation analysis method have all been effectively applied to the
geochemical assessment of soil elements in Renqiu City, Hebei Province, which provided a scientific basis for its
land use planning, characteristic agriculture development and high-standard farmland construction.

Keywords : soil fertility ; heavy metals; environment quality ; health quality ; correlation analysis; geochemical
evaluation
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