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Heavy Metal' Pollutlon and Cumulatlve Effect of Sml drop Systems. Around

Typical Enterprlses in Xlong an New District ./ § ] P,

ZHOW Ya-long' 7 WANG Qiao-lin" | WANG Cheng wenjl 7 LIU Fei'* | SONG Yun- taol 23 GUO Zhi-juan'** | YANG Zhi-bin" "
(1. In;tltule qf Geophysical” and Geochemlcal Exploration, Chinese Ae ademy of Geologlcal Sciences, Langfang 065000 China; 2. Key Laboratory of Geochemical Cycling of

Carbon, bnd Mercur; int" the | Earth’s Cntltdl Zone, ChineséFAcaderiy of Geologma}' Suences Langfang 065000, China; 3. Research Center of Geochemical Survey and
Assessment on Land Quality China Geological Survey, Langfang 065000, Chma)

Abstract; In order to evaluate the influence of heavy metal pollution risk in a surrounding soil-crop system caused by industrial activities in enterprise-intensive areas and to
analyze the characteristics of heavy metal content and excessive levels in wheat seed and root soil in farmland areas around the enterprise in Xiong'an new district, the
geoaccumulation index (1), potential ecological risk index (RI), principal component analysis, and correlation analysis were used to assess the pollution risk and source
resolution. The results showed that 96. 67% of the root soil samples had more than one kind of heavy metal present beyond the screening value of soil pollution risk to
agricultural land (GB 15618-2018) , whereas the content of Pb in 96.67% of wheat seed samples and Cd in 16.67% of wheat seeds exceeded the national food safety
standards (GB 2762-2017). The pollution of Cd and Ph in root soil was relatively severe. The proportion of samples with medium to heavy pollution was 83.33% and
53.33%, respectively. The samples of Cu, Hg, and Zn in a light-and medium-polluted state accounted for more than 90%, whereas As and Ni showed a light-pollution state
and there was no Cr pollution present. The RI of root soil samples ranged from 212. 69 to 1 022. 69, and the Rl in 73.33% samples was graded as a strong ecological risk. Cd
had the greatest potential ecological harm, followed by Hg and Pb. The enrichment of Cd, Zn, and Cu in the soil was mainly affected by the production activities of
surrounding enterprises, whereas As, Hg, and Pb were not only affected by the above factors but also might be affected by human sources, such as automobile exhaust and coal
burning. Cr and Ni were mainly affected by natural geological background factors. The accumulation of heavy metal elements in the soil-crop system had a negative correlation
with the distance from the enterprise (H) , and the closer to the enterprise, the more significant the accumulation effect of the heavy metal elements in the surrounding soil-crop
system.

Key words : soil-crop system; soil heavy metals; pollution risk; cumulative effect; Xiong'an New District
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Table 1  Analysis index matching method, detection limit, and analysis test pass rate
ez LA B 1 A L, X - ke 2
I el A KOMRIIR g oy 18 DETEIR Rk TR AR
As AR T 9% (HG-AFS) 0.3 R Ry DS RD Slivinirs 0.2 100
Cd  AFESFRRT%: (1CP-MS) 0.02 SR TR R 0.03 100
Cr B FIRBRE L (ICP-MS) 0.2 X TS 5 100
Cu 5B FIRITIEE (ICP-MS) 1 RS 1 100
Hg W7 -JETFIOGIE I (CV-AFS) 0. 005 e N A Sliviniiar 0. 002 100
Ni  SFEF RS (ICP-MS) 0.1 = NI ar 2 100
Pb SEEFIRTIEL (ICP-MS) 0.1 E RN SR 2 100
In GBS TRBRIE M (ICP-MS) 1 BTG RS 2 100
R2 IEHRSERNELER" /mg-kg ™!
Table 2 Content and determination results of standard samples/mg-kg ~'
2T bR o o(As) o(Cd) (Cr) (Cu) w(Hg) o(Ni) o (Pb) (Zn)
FRuE( 6.20 79.0 35.0 13.4 116 15.0 28.0 39.0
GSS3a AR 1 5.89 71.8 32.2 13.5 115 14.9 28.6 38.1
WA 2 6.64 85.2 33.4 12.8 12 15.2 28,0~ '“"'36._2
RE(E 12.9 200 59.6 25.3 75.0 17.1 27.0 "'_'r7(21
+ 4 GSS39 WEML 12,7 187 61.9 26.0 =76.8 16.9 26.5 / 73.9
WhEME2 133 18147 63.2 24.8 78.3 |} 16.4 25.74 70
o : | &
05843 FRUEE 1.4 12, 84.4 %1 270! 38.4 195 & 554
RR(Es 1np g 137; -~ 80.6 24.4 /259 39.5 20. 24 (5810
= st | EL13s | JSED 7 50 2.1 4 ,.18.01‘ 62 18.8 .6
A0 MEE 1204 ¥ FF/ g8 & 38.6 23.6 18.24 6.1 18.9~. . 35.07 &
L haeE 0.0287 | /40 o4 0.110 0.66" | 1,604  10.097 0.070 2.90
“'(“;533' LW 0.031 /i 401 S o 0.54 f 1570 0.09% 0.057 2:',‘,‘#9“
& M 2 0.0212" J5~’J2{‘ 0,092 0.82 J 152 0.120 0.072 3769
7 UVl FrafE (e 0.1144 12,0 " 0. 140 1.70° 4.80 0.16 0.075 13.0
"I csi1 | A 1 0. 114 8.6 —_20.071 1.44 4.10 0.08 0.043  10.7
M’F%F o R 0.108 9.6 0.082 1.78 3.80 0.10 0.042  11.6
PR 0.025 18.0 0.190 2.40 — 0.11 0.067 12.4
GSB24 WA 1 0.024 17.9 0.089 2.50 1.66 0.09 0.052 11.2
W 2 0.025 17.5 0.099 2.54 1.42 0.09 0.053 11.5
FRUE(E 0.110 34.0 1.040 4.10 3.20 0.67 0.430 11.2
GSB25 W 1 0. 125 38.2 1.301 4.35 4.10 0.53 0.377 11.9
W HHE 2 0. 100 35.6 0.946 4.46 4.07 0.74 0.370 12.6
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Table 3 Characteristic statistics of heavy metal content in crop root soil in the study area/mg-kg

-1

i H w(As) w(Cd) o(Cr) w(Cu) w(Hg) o(Ni) w(Pb) w(Zn) pH
e/ ME 18.4 0. 461 84.6 53.4 0. 048 44.1 56.4 132.0 8.31
10% 43 v fEL 20.7 0.786 87.3 59.3 0. 056 45.0 68.8 152.5 8.55
25% 5rfifH 21.5 1.092 89.4 74.0 0.063 47.3 95.8 183.3 8. 60
50% 4 fE 23.2 1.367 91.3 88.0 0.074 48.6 135.5 211.0 8.69
75% 5 AE 24.8 1.623 93.1 112.0 0. 101 50. 1 230.0 235.5 8.75
90% 43 fEL 26.5 2.123 94.6 149.3 0. 145 52.7 274.8 305.2 8.79
SN 28.5 3. 826 95.0 246.0 0.229 54.5 398.0 625.0 8. 82
it 23.3 1.423 91.1 99.2 0. 089 48.7 158.7 224.8 8.67
ﬁ‘(ﬁ?ﬁ 2.3 0. 629 2.6 40.0 0. 040 2.5 87.1 86.7 o 0. 124
BRREL 0.10 0.44 0.03 0.40 0.45 0.05 0.55 6.39 = ’6 o1
{Tjhﬁ*i{ﬁm] 13.6 0. 094 68. 3~ 21.8 0. 036 30.8 21.5 78447 /790
TS g 1Y) 10. 8 0.16 66. 34~ 227 0.028 | 289 21.2 73.8 S
GB 15618 fii k(i 25 0.6 250 100 3.4 ! 190 170 30 & 41— )
GB 15618 A5 (f1 100 4 1300 ) — 6 [ = 1o’ — “
AR GHBIREME) /% 7, 23.33 9.67] | ! “733, 33 0 J 0/ . 33.33 10. 007" | =
1)N 5303 — B A MOCHRER ; pH (e | 7 10 A-"J;.f" PR 5 ! -
F T .l = 5 j - il

'i},@ GBTS618-2018 148k i bl 5 149

YIRS B bR, AR U R A R AR Y 30 #FZWE%E
;‘%iﬁﬁﬁunqﬂﬁéﬁ /N GB 15618 2018 &
/*{E /H\EF' el Hg AN ﬁgfm T 6B 15618- 201&*
TR T2 AT 339?”, AR 1

Fe i As. Cd. Cu. Pb %u Zn At GB 15618-
2018 T, 8 2 0 e (E A RE S A ol 7. 29,
10, 10 13 4.

2.1.2 RS E R R S AR O
4 BT XA A A X 30 /N A2 b5
B JE S RRIE ST, O 5T XN R SR R T

% Pb ﬂ‘ra%ﬁﬂzjﬁ(ﬂ 826) , LA /IN z%ﬁ%ﬁiﬂ Pb
TEER 1 SRART REEZ B SE D Aimall A 7 1 20 4 ST
. 5 A F SRR (GB 2762-2017) B E
G B4 BT L BFSE I Al B 341 4 T 1K/
FAPRiH As, Cr, Cu, Hg I Ni (& &ICF &5
GAFEFERE, 29 /N FFSERE S Ph i A
% E R, AR5 96. 67%, AL 5 1F/N 4
RS Cd & GB 2762-2017 i, Ui HT

DX E 57 WA Al SR i A T XN RS Ph S 4
JRICE A TR LG, T RE A7 7F — 22 M0 1A i B
AU

F4 HREEYFZEEEIEHESIT /mg-kg™!

Table 4  Characteristic statistics of heavy metal content in crop seeds in the study area/mg-kg ™'

i H w(As) w(Cd) w(Cr) w(Cu) w(Hg) w(Ni) o(Pb) o(Zn)
e/ MA 0.05 0.03 0.17 4.3 0.0015 0.12 0.16 24.7
10% 43Vt 0.05 0.04 0.18 4.8 0.0016 0.14 0.31 27.3
25% 43 hifE 0. 06 0.05 0.18 4.9 0.0018 0.14 0.38 29.0
50% 5V AfE 0. 07 0.08 0.22 5.5 0.002 0 0.16 0.57 33.9
75% S3AiAE 0.09 0.09 0.28 5.9 0.0023 0.19 0.93 36.5
90% 43 iAE 0.14 0.10 0.31 6.1 0.002 4 0.31 1.66 42.0
FEONIED 0.19 0.14 0.36 7.9 0.0027 0.73 3.18 53.9
¥ifH 0.08 0.08 0.23 5.5 0.002 0 0.19 0.77 34.0
brifEzeE 0.03 0.03 0.05 0.7 0.0003 0.17 0.63 6.4

A5 R AL 0.42 0.36 0.23 0.13 0.16 0. 60 0.83 0.19
B ARIE GB 2762-2017 0.5 0.1 1 — 0.02 1 0.2 —

HFRE/ % 0 16. 67 0 — 0 0 96. 67 —

1) N=30;

“—" TR M ARUENE ; MARRFRE GB 2762-2017 brifi i LL 5
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DX PN /INZZ HF S o 4 s AR ) 4 A8 BCF ME
KN Zn(16.29% ) > Cu(6.09% ) > Cd(5.73% )
>Hg (2.58% ) >Pb(0.53% ) > Ni(0.40% ) > As
(0.36% ) > Cr(0.25% ). HhHEBICER Zn B4
YIRS ICR KT 10%, HAy 7 M4 B Ic R EY
BERS W I /N T 10% . WFSEIX Ph AR W) E 4 R 5
BIH (0. 53% ) i TP A Bt X (7 32458 1X) 80
PEANENF SRR TR 4R Ph AW E & R B
(0.29% )" B 5545 5 A% 30 L XA B, B 5% IX 4
Hevh Ph B35 PRI 1 TR AR L X

R IX T E &R B R £ R Ph(0.53% )
<Cd(5.73% ), Ut LIEE LR Cd EYEHES T
Ph, 53 X + 3 1 4 )8 B 25 M A= W0 ROk o Hr 445
— 3 B IX AR I 3 Cd A RS AR e,
TS FKEES &7 ik 33.43%, Pb A WA A3
b HEAR 0. 639% 1) B IX PE RS AR B+ 4R AR Y
AT OKIEAS B T3S H A5 AR BR R 45 5 35 LL 1)
BN Cd> >Ph > Cu> Zn™; L4 4 M+
H 4 JE YA SES R R Cd ﬁ;ﬁ; Vo,
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D sl e 3 T /N 52T e P B £ L
e 5 g A I SR < K
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/JLF“EP’iNE’EH?@%FEJ Al R B B, R
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WFSE X /N RS R Ph S EEARRE T Cd By
FHETRRSRESBEITEASHRA L 28R
TCRZ AR 22 WA B AR C &R (D I] Hh i sk
REFS BT S R A 52 24 ), DA 52 o) i 90 4 P A
PREEARIARAL , — S5 MR N Zn-Cd 9B &

FERIONFETER Y SR Zn 30 Cd B9
W HLFE R AT BE R Zn AT Cd S8 44 8 1Y
LEA A TS . A, Ph/Cd 38 BHVE AL 23 5
HAYARE
2.2 HEEEIG5YIEG
2.2.1 MARIEFE S JETE I

R T 2 L TE M T BB (1) DA
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Fig. 2 Heavy metal accumulation index (/) in root soil in the study area
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T 86. 44 ~717. 38 Z[A] , BI{E K 266. 87 , ;2 WAL T
B 2 A 5 A A KU A IR A o 70. 00% i
SR Cd JE AR A SR 59, JE T om s
RS RFEARRN 16. 67% . B4 JH He IEAELS
U HE B R 68. 00 ~ 326. 71, e Hoqb T 45
TSR A AU, Hirb 80. 009% FE & E 4 R Hg &b

TR A A RS A9 P T 7R A 25 KUK L 5
S, 5 BRI 66. 67%, M ANEBFETE 8 14
SEGAN 2 BRI AR A AR S R A . Cu T TE
A S IS P8 B S 21. 89, T B g B (A 25 XU
GG AL AR R LA T S A SRS S . As
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2.3 TLEKR R R
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BB BRI ZE X P A9 A2 77 Al A0 58 1 T R AR
P AT A A 2 AU S R S B B A 5 X N A 7
Al T T 583 T B DU RE X . 1R A X R B )R
TR Z2 A Ah AR R 70 AR SRR A5 0] R XN
A A= PR I Bl (TR AT (4 TR A IRl | P i 55 )
FEALRY SR R T RS E VR AT R AR Y
RARHFREA K. XFEAKIEITHE R Cd, Pb Al
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2 JE AR P b - 38 PR 85 I 5 2 ) R 43 R A5 e
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PIMAIF R 2 R8T i 2 50 0 43, B PSR X ] —
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WF X - HEPRE 5 i 2 550 o M U e i 2
FESBCL F 5 HAUH 3.33% 5 2R FHZE AL 5
B9 F, di L 30.00% 5 JUARE T IORE S 5L 20 14,
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ZTTHRER N 38. 34% 5 55— F W4 (PC2) ot &
g Cr, Ni Fl Sc, JF ZTTHRFE N 27. 41% ; As, Hg Fl
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Table 5 Orthogonal rotation factor load-of heavy
metals in root soil in the study area .
b PCl
b . e =y,
As 4 . 0.213 0,359 i/ 400748
Cd = 0 00935 00187 " 0.253
Cr S 0.0% 0.851 /' 0.286"
Cu 0.922 0. 08¢ f 0:1525
He o |/ 0177 -0.041 “0.863
Ni=Yy ¥ - 0. 354 0. 898 £0. 040
Pb .~ 0.672 0. 067 0.687
Zn ¥ 0. 967 0.014 0. 149
Se -0.358 0. 890 0.026
FRIE(E 3.45 2.47 2.00
5 ZETTHREES % 38. 34 27. 41 22.17
SR 22 TR/ % 38. 34 65.75 87.92

BWERNE4SE Cd, Zn, Cu M Pb, 5% — F o
(PCLYWIHA (2 6). BLAb, 5K 75 2 461 X (4 B3 1
b EFREE M 35K Ak 27 1 U5 W 45 SRR S, - S R
Cd. Zn, Cu F1Pb HEHEX S XA HH-/NNIEE
TR B 25 TA) 57 B HAT X Ry 5 2. IR, HET R —
F e PC1 H Y 4 ME 48 Cd, Zn, Cu 1 Pb B
A R AR o R R T, HL e 4 R 5 R v e
Al A 7= 28 T B ARG
F6 CWABTBERESEITESBBME /me kg

Table 6  Content characteristics of heavy metal elements

in the smelting slag of the enterplrises/mg-kg'l

iE| As Cd Cu Pb Zn
HR/ME 31.5 1.49 9 654 602 3625
RRE 77.6 45.00 29959 2298 17 617
B 52.4 16.43 17 836 1195 9055
1) N=4

EARES ) awm*%giﬁcwamﬁfg
EA%&&%W%Sam% ﬁmmywhmm@
KA. E/ﬁ)ﬁ Crfil Nig kA oo R, 25 AR %’»ﬁf“
ﬁ&ﬁ%ﬁmAﬁl% w&fﬁwxﬁ%“— Efi

43 (PC2) éﬁﬁzéﬁ 3 ﬁm%‘? Ehp FEZ Hﬁkﬂﬁﬁ -
.%E’/ 5
= ﬁJZ #(PC3) T E 4 JE As Fl Pb %{Elk/*

'.ﬁn@¢m£%meEiEWA&¢F@mm

. 4R Pb MEE T4 — E I, wE T4
= ERGT T ST X Ph BRZ X AL A PR
BFEMAAN , i4057 3 32 RS BRBE A CAUR () 5.
F Ve DU 5 [R5 R 2°Ph/7Ph ¥9{E A 1. 189,
Ph/*Ph YIE A 2. 483, BT IR R HLAE 25 S i B
KIEIRE T NG (BRI (52, K
SRR FEMNTIERE . X Ed 4 K
SRR Th H S8 w (Pb) JEFY 452 ~ 1 767
' EIE N 860 mg-kg T, KA T IRULFE T
Pb U@ I 42.5 mg-(m’*-a) ', BEEH T
RS 18 U0 M Ph TRl R E 21,81
mg- (m’+a) ~" 7 AT ARAT I TR E KR
TRV Pb $ig A& 29. 25 mg- (m’-a) ' S 1N
U B B IX R 2 Ph A 4E S A & 30. 48
mg- (m*-a) " EIX g ) P E 4R P 4
TR FEFETELIZ(0~30 cm) , FEF RN,
R ZE 0 )2 R, Ph 5 48 A IR AR %
%, VEBABIFSR X 3875 Yo {5 B fE R 2 L - R
[t B AN B 4 i 32 JR I KA TR 5
HZE M. 3 As il He ARIRE 22248, HA
G52 B FHARABE 5200, ok B 1 T B2 19 KU g

mg-kg~
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LRSS A ARIESN 3052 B Tl AR S A B
FIRRIRESE N R A 04 4 TR R R 8RR R
T Hg PRt SRR K, X il 3 A 15 4 R
Y Hg Sl TR TR e LAY ST AE A Fh A b
TR A PR 7 HEE 7 062 DR I 0 5 = R 4
B 3 R LG R BRSZ Al A SN FR SR A1, i n]
RESZIR AR WA AR IR,
2.3.2 HIEAEYRGE &R R R

N T WFFEARMP G MR AF Tl Sl R e i 4
SE-VEW) R G TR 4 Jm ARG SR RYE R A T 4 -
VEV &8 & i S R R A b R B (H) 2R 4T K dls
AT (R T) Ak A SRR AR R G

JE@ICE Y R G Al BE B (1) B8 A O 6
B A HGT i R AR R S 4R T
F BBV . R X R AEY) RS 8 Fb
48 L Ph A SR AR (H) ¥R
W A IR AR L AUN RS Ph S SR
ACBE Al BE BT A AH OC &R B i - 0,553 Al
-0.492. tbAh,/NEFFSEH Ph FiE SRR L1
Pb & i B AT 0 35 IE AR OGO R ECR 0. 469 (1A
5) , BEBHF ST X /N FF S i E 4 @ Ph 5 i B iR 27
JEL I Al A = 36 Sl ) R ] X T B R A 5 X
INZE RIS 4B Ph F B AR R H K 96. 67 %
R 2 —.

KT TE-REVERGESEEES S EEHHAXEY

Table 7 Correlation between heavy metal content in the soil-crop system and distance to enterprise

As cd Cr Cu He Ni Ph _~Tn
ARG -0.540 ™ -0.341 -0.779 ™ -0.335 -0. 468" -0.575* _0.553" 20072
5 E U 0. 002 0. 065 0:000 0. 070 0.009 ..t 0.001 0. 002 /0146
N-As N-Cd Neer N-Cu N-HE N-Ni N T
e ~0.026 ~0.276 <0167 ~0.272 0.0670 D044\ 04927 £-0.00
3 OB 0. 890 0. 139 01378 .- 0. 145 of24 |/ 081 0. 006 0.994
i ! ; = L o Y, ¥ . g
1) " FoRfEXU 0. 01 ATAE B, * SR e W 9. 05 A T F AR ; N-As FeimM e kit T 6o STy A, LUK
. i A ¢ v o
; , g .I .H‘ 4 / -....-'.”.. # .Il' 3 ‘-.
36 4

_ . ¥=0,0034x + 0,225 _ y=-0,0018x+1.5303
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Fig. 5 Correlation of @(Pb) in wheat seed with @ (Pb) in root soil and distance to enterprise

A L Se-ARAE YT B R 5 S R R AR
B CH) AR AT s IRR 3 rp Cr BT NG 5
W 5 BE A B B I T 2 3 U R, LT AR
FHEEGROUR T AR A Tt
— ARG AR LI Cr FI NG SRS R R
52 JH AL A =G SRS A 5K RAR HEAL 7
LR 3 2R i DN 30 A R (Al A7 15 3
SRS (BT 3R ) . AR Tk AR O e 4%
b AR REAE T R AR AR ) TR R

WA S X b T A58 AR I RRAIE L 52 N R i sl 4 3
PRI RIERR ).+ Se FE R IH T 1y
5e, H AN 52 NG B 52, R I AS YRk 53 )
AR R T3 Se ST RAE R e+, iR & T4
£JR5 Sc FEMEMHBRRA LIEPESEZ A
SRUB TR R R ko ho X b B4 JE ou R
S EARMEAE (SR /Se) 5 RE S B A BB A
KT R s (K 8) WA 1 Cr bRl 1
( Cr/Sc) FINidxs #E K F ( Ni/Se) 5 Ak #E B

®8 ITHESETRSERANESOWEBHEXE"

Table 8 Correlation between standardized value of soil heavy metal content and distance to enterprise

As/Sc Cd/Se Cr/Sc Cu/Sc Hg/Sc Ni/Sc Pb/Sc Zn/Sc
FHIME -0.319 -0.274 -0.009 -0.257 -0.412" -0.180 -0.504 * -0.197
2 W) 0. 086 0. 144 0. 963 0.170 0. 024 0.341 0. 004 0.296

1) ™ FRRTEXUN 0. 01 AR ERFHIE, * FoRguXU 0. 05 K- L R HIC
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(H) T Z AR, HAH K R E53 700 -0. 009
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MV EE S (H) AR 2 0 2 O OCOC R AR & +
erh Cr M NI TIPS R E SR 2 ML T S
e, 5 AR R - i 4 B e R E A g R — 3k

3 i

(1) ZWF7E K AL A P= 2B TG sh S AR IR E R
SN B R L HERE S As. Cd. Cu, Pb fil Zn 7%
R Ak A FH b A 1 2 XU B e (B AR 1E (GB 15618-
2018) , HilB AR 51°h 23. 33% ., 96. 67% ., 33.33%,
33.33% F110.00%. Cd Fil Pb My ZBHEH 1, LA
~FEIGPREH R FE TGYAHXE; Cu, Hg Al Zn
o BBUEE L, LURTS R 5 eSO 5 As | Ni
1 Cr 3 RIFEHL 1, 40 T2 75 Qe s e 75 LIRS,
F S 4 R A A 25 KU AR A 25 XU 2
F, HEFEALL LA Ry 73. 33%,/H\EP{#€T£E,JL
F RSN Cd, Uk Hy B Ph, T4T8 As

N R Zn RS SRR, (1 [

(2) EW/J\%*%;&#;:.: FPE/\J%QET?WH-
ML, Hrh 96+ 67% {3/ N2 SR Pbﬁr’%ﬁtﬂ
i i%ééﬂ%ﬁ/ﬁé(cls 2762-2017) ‘16 67 %41 ikF
SR fl R Cd B Rt GB 2762-2017 jfﬂﬁ XJ‘ET—
%%ﬂ“ OPN LN RN /J\iﬁp%qﬂ%\ﬁﬂz@ﬁ@

Hﬂ%ﬁaﬁjﬁ/\ﬂi/}\j\j Zn > Cu > Cd >Hg>Ph>N1 <

As > Cr‘,‘_, INFERESEX T AR Zn . Cu M1 Cd BRI
3K 5% LA b A A 4w T
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LRI, 66.67% MYFE S T A5G B 2 ) hy
JURRE RS,
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[1] Duan QN, Lee J, Liu Y S, et al. Distribution of heavy metal

pollution in surface soil samples in China: a graphical review
[J]. Bulletin of Environmental Contamination and Toxicology,
2016, 97(3) :303-309.

Zhang P Y, Qin C Z, Hong X,

et al. Risk assessment and

source analysis of soil heavy metal pollution from lower reaches of

[5]

[8]

[9]

[10]

(1]

[12]

[13]

yellow river irrigation in China [ J ]. Science of the Total
Environment, 2018, 633. 1136-1147.

Jiang Y X, Zeng X C, Fan X T, et al. Levels of arsenic pollution
in daily foodstuffs and soils and its associated human health risk
in a town in Jiangsu Province, China[]].
Environmental Safety, 2015, 122 198-204.
Nkansah M A, Darko G, Dodd M, et al. Assessment of pollution

levels, potential ecological risk and human health risk of heavy

Ecotoxicology and

metals/metalloids in dust around fuel filling stations from the
Kumasi Metropolis, Ghana[ J]. Cogent Environmental Science,

2017, 3(1), doi: 10.1080/23311843.2017. 1412153.

TR, SRR, R4, S TR LR Tl X B Ak
F I SRR XS IEAN [ T]. FREERl 2, 2021, 42

(2):900-908.

Meng X F, Guo J M, Yang J X, et al. Spatial distribution and
risk assessment of heavy metal pollution in farmland soils
surrounding a typical industrial area of Henan province [ J].

Environmental Science, 2021, 42(2) : 900-908.

Mok, B, EE;L‘, LT PRI AR AN
PRI TS Y &ﬁ%@‘ﬂﬁ"ﬂﬁ\[ﬂ TR, 2020,
41(6) . 2869-2877. #’.' ;

Xiao B, Xue P Y Wei L, et al. Characteristies uf Cd As; and
Pb in soil and wheat graln@ and health risk a%eesémer:} of grain-
Cd/As/Pb on the field scale[.l] Environmental Sc}é‘nce 2020
41(6): 2869 2877 /
Hi‘tﬁ‘\?}i‘)’ﬁ Aﬂiﬁ%/ﬁf’ﬁ él_lj:ig‘{?‘”"%‘ﬁﬁﬁ

[ EB/OQL 1. http //www gov. cn/fool/qltel/201404]7/l
782bcb§8§40814ba158ﬂ01 "pdf 2014-04-17. . - v
IR, BIRT, ASutk, 65 mtﬁ%mﬂi%ﬁzi%@
& G YO SR EAN [T]. BT, 2014, 28
(3) : 523-530.

Cui X', Qin VA Y, Luan W L, et al. Assessment of the heavy
metal pollution and the polentlal ecological hazard in soil of plain
area of Baoding city of Hebei province[ J]. Geoscience, 2014,
28(3): 523-530.

KR, F e, M, S5 HELEHTIX e 4 Jm MR AL 2
WEMCHE M) AR [T, FREERLS, 2020, 41(9): 4169-
4179.

Guo Z J, Zhou Y L, Yang Z, et al. Discussion on key issues of
geochemical monitoring of soil heavy metal in Xiong’an New
DistriLt[J] Environmental Science, 2020, 41(9) : 4169-4179.
WEIR, MW, TR, SF MEZORTIX L E B TS e g
?E&ﬁ%%ﬂlh[ﬂ. TPEREERNE, 2021, 41(1) ; 431-441.
Guo Z J, Zhou Y L, Wang Q L, et al. Characteristics of soil
heavy metal pollution and health risk in Xiong’an New District
[J]. China Environmental Science, 2021, 41(1) : 431-441.
FEA, RA, ZERNI, &5 WAL i A E A T
P P T]. ARSI, 2010, 19(4) : 786-
791.

Guo H Q, Hao J J, Li T G, et al. Application of an enrichment
factor in determining anthropogenic pollution of heavy metal in
topsoil in Hebei plain[ J]. Ecology and Environmental Sciences,
2010, 19(4) . 786-791.

WFEL, EREA, RS, AR LA U R PR I Bk
A== AW ()] HAERTZR, 2008, 15(5) : 90-96.

Zhang X Z, Guo H Q, Li H L, et al. Distinguishing origins of
elements in environmental geochemistry of Baiyangdian billabong
of Hebei province, North China[J].
2008, 15(5) : 90-96.

e, Bakoet, TIvbk, S5 MEZemn Xk | R 3E-REY) &R
GEEE 4 VTR AR A KB VA R R AT ()], BB RN,

Earth Science Frontiers,



5986 A 42 %
2021, 42(4) : 2003-2015. TR R N E 5T (], EAFHAR, 2017, 12(2)
Zhou Y L, Yang Z B, Wang Q L, et al. Potential ecological risk 155-168.
assessment and source analysis of heavy metals in soil-crop system Cai K, Zhang Q, Wu Y X, et al. Speciation distribution and its
in Xiong’an New District[ J]. Environmental Science, 2021, 42 influencing factors of Cd, Cr, Pb, As, Hg in farmland soil from
(4):2003-2015. Heibei Plain, China[J]. Asian Journal of Ecotoxicology, 2017,
(14]  Hig, ZWd, £/, &5 MEH X U5 I A 8o 42 12(2) : 155-168.
R = AR (1], TR E M, 2019, 46(S2) (27] HHE, Eopsk, 200, Wb g il R LR G T R
123-129. FPFETEZS SR A S AT (0], R, 2015, 42(2)
Ma Z, Xia Y B, Wang X D, et al. Integration of engineering 655-663.
geological investigation data and construction of a 3D geological Cui X T, Wang X Q, Luan W L. An analysis of modes of
structure model in the Xiong’an New Area[ J]. Geology in China, occurrence and biological availability of the heavy metal elements
2019, 46(S2) : 123-129. in soil of the central and southern plain in Hebei[ J]. Geology in
[15] Ik, SAOMSR, TRASHN, S5 2 X = 4 i B 2544 . China, 2015, 42(2) : 655-663.
kARSI GRIA AR ()], PEBA . R, 2018, (28] WX, E2IE, s, 25 INARZ LM X 23/ R Gt
48(9) : 1207-1222. HERAFTCR B TAERT]. BT, 2020, 34(5) .
He D F, Shan S Q, Zhang Y Y, et al. 3-D geologic architecture 936-944.
of Xiong’an New Area: constraints from seismic reflection data Zhao X F, Wang Y X, Zhang Y S, et al. Interaction of heavy
[J]. Science China Earth Sciences, 2018, 61(8) : 1007-1022. metals and other elements in soil-wheat system in Anqiu area,
16] DZ/T 0295-2016, Mt S Bk AL APF-M A0 S]. Shandong province[ J]. Geoscience, 2020, 34(5) : 936-944.
17]  DD2005-03, A=A HERAL2E PPN AL A B R 2R [ ST [29] “R¥, HRIR, B #6814 7Zn, Cd ”E_Aﬁ;’é“ﬂgkﬁlﬁﬁﬁ
18] Miiller G. Die Schwermetallbelastung der sedimenten des necker F0T]. N, 1997, 8(6) : 639-644. '_,_.-“r‘
und seiner nebefluse [ J]. Chemiker Zeitung, 1981"‘6‘; 164- Zhu B, Qing C L, Mu S S. Ecological effeet “of I.,exotlc-Cd-Zn
175. compound | poﬁl‘lti;)n on jpurple soil [ J]. Chipéuée Journal of
[19] &g, Zhil, F8, 5. ﬁﬁn%ﬁjti{sl&l:ia&m%ﬂa Apphed Ecology, 1997, 8(6): 639-644. ;;.f
S SRS R AL i&)ﬁﬁﬂi,ﬁow, 29(8“_) . 1215- [30] AWERE OB, BTHE. B R &EAML'F%Z;D@@&
1219. ' - F EurJf*&Haé aﬂ'#ﬂ’ﬂﬁﬁanu Lo ST 2020, 20
~Gao I, Li R M Wang Y, et al. Soil veochemlcal bASehhe lf,ind‘d (3): 1176—1184 o #
. env,nonmemal ba‘tkground values in nonhem-Ha,l‘ne in _,‘-‘C'iuna Zhao X X Feng L, Wang Y H Physiological responses ¢ and ;0'. nt_-ﬂ
=[], Geolqgﬁ’al Bulletln of China, 2010, 29’("'8) 1215 ‘1219 t0x101ty,0f tomato seedlings under single and ombined stres<of
[20] .Hakanson L. An ecological risk indéx for aquatlc pollu‘tlon zinc jand ‘éadmium [ J7) | Journal of Safety and” an1r0nmenl
.~ control. asedlmento]oglcal approach[ ] ]. Watler Hesealclcﬂ 1980 2020, 20“(3) 1176-1184. i
( @ 14(8) 975-100T. [31] #E3E. Pb/Cd S H AR KL i%ﬁxﬁ ﬁXﬁK%HikE’J Y i
PIAER 3 RIS, AR, . Z?Eﬂitz&iéé}%{%ﬁ—ﬁt f/r [D]. R Arpfil ke, 2020, 47-53.
/5 GELERE[JT. klkﬂfﬁﬂ 4, 2017, 36(12) ; 2365-2378: [32] KFZ, SEAET, R WHENTEREHERLEE SR
Wang YJ, Wu T L, Zhou D M, et al. Advances in soil heavy Y EIN [ T]. R i, 2006, 25(1) : 65-
thetal pollution evaluation based on bibliometrics analysis [ J]. 72.
Journal of Agro-Environment Science, 2017, 36 (12) . 2365- Zhang X Z, Bao Z Y, Tang J H. Application of the enrichment
2378. factor in evaluating of heavy metals contamination in the
[22] HEEHEARYR, TEAREEN S, hEETRT =HE environmental geochemistry [ J ]. Geological Science and
[M]. db50. P EBREERA B, 1990. 326-359. Technology Information, 2006, 25(1) ; 65-72.
[23] TG, SRR, XI4RaL, 5. RAEYI R DXL = 2 A [33] et R ZoegeitarpriM]. deat. i E G R,
NS HT——LAGRE AR IR X R 0 [ )] SR A5 5 5 2010. 204-227.
2019, 42(3) ; 219-224, 234. [34] K&, BT, X4kLD, % MO XTI LRRE SR
Xing Y, Zhang S R, Liu J H, et al. Effect of crop root soil on V5 YR AE I A A KU ‘L—T—1)| [J]. Hu=f U%, 2021, 28(4) .
agricultural product safety ; take the eastern part of Baoding Hebei 238-249.
province as an example [ J ]. Geological Survey and Research, Zhang S R, Wang C Y, Liu J H, et al. Assessment of heavy
2019, 42(3): 219-224, 234. metal pollution and ecological risk in soils of the southwestern
[24] ¥, ERAENT, Tk, S WAL E T — A B part of the Xiongan New Area[ J]. Earth Science Frontiers,
HEERICAEIIAT BB IFAL[1]. KSCHBE TR M, 2016, 2021, 28(4) : 238-249.
43(2) . 140-146. [35] EBT, skFE, xidkar, 5. MLHXESERHEX 115
Xing H L, Guo H M, Wang Y, et al. Fraction distribution and EAJE I YRR LRI [ J/0L]. v E LT, 2021.
risk assessment of soil heavy metals in Anxin—Qingyuan County http ://kns. cnki. net/kems/detail /11. 1167. P. 20210301. 1753.
in Baoding of Hebei[ J]. Hydrogeology and Engineering Geology , 015. html, 2021-03-02.
2016, 43(2) . 140-146. Wang C Y, Zhang S R, Liu J H, et al. Pollution level and risk
[25] %%, BOWfg, Z28ckk, &, Wb FRAH L EFE S E LR assessment of heavy metals in a metal smelting area of Xiong’an
Pb, Hg #hsRfb2FAT M A m R [ )], P EME, 2016, 43 New Area[ J/OL]. Geology in China, 2021. hitp://kns. enki.
(4) : 1420-1428. net/kems/detail/11. 1167. P. 20210301. 1753. 015. html, 2021-
Cai K, Duan Y M, Luan W L, et al. Geochemical behavior of 03-02.
heavy metals Pb and Hg in the farmland soil of Hebei plain[J]. [36] Gao L, Han L F, Peng W Q, et al. Identification of
Geology in China, 2016, 43(4) . 1420-1428. anthropogenic inputs of trace metals in lake sediments using
[26] #Z, ki, Rz, 5 WP REA D HEE S BB 5 geochemical baseline and Pb isotopic composition [ J ].



12 3

JEI 25« 225 X Al o i A - SE-AF ) 2 490 o T T e XSS, S R Bk

5987

[37]

[38]

[39]

[40]

[41]

" Sofls, 2020, szgz), 234-246. Y

Ecotoxicology and Environmental Safety, 2018, 164. 226-
233.
TEY, BB, B RERIE SR TR IR

WL AT ].
4096.

Wang M M, Yuan M Y, Su D C. Characteristics and spatial-
temporal variation of heavy metals in atmospheric dry and wet
deposition of China[ J]. 2017, 37
(11) : 4085-4096.

XPER. RAT LT s PR T Cd | Hg, Pb HbIRAL 2
RGBT (D], AKE: AREZT¥bE, 2010. 35-
52.

WA, ESCHE, RV, . WAL E M ECE R X RS A
KBRS TRHFHAEL)]. PIEHE, 2010, 37(6) : 1769-1774.
Li SM, Luan W L, Song Z F, et al. The distribution and source
of atmospheric dustfall in the southern plain of Hebei Province
[J]. Geology in China, 2010, 37(6) ; 1769-1774.

T, ARIESE, WMT, S I ORARIE N LIRS
QAP ARBEAL)]. BRALT, 2015, 35(5) : 43-47.

Wang L H, Zou Z Y, Zhang X Y, et al.

mercury in soil and

IR R, 2017, 37 (11) ¢ 4085-

China Environmental Science,

Review of sources of

remediation techniques for mercury

contaminated soil [ J]. Modern Chemical Industry, 2015, 35
(5):43-47.

AL, XV, TRE, 4§ i%*@ﬂﬁﬂé{ﬁﬁﬂ%ﬁﬂl
A EOITTHERRLT]. L4, 2020, 52(2) : 234£246.

An L H, Liu M €, Zhang J Q, et al. Source% of ar%emf ine ﬂml

~and affealng f"aclors of migration and release

ay Yes)le

.-" | -

[42]

[43]

[44]

[45]

XUF5, B, R, & RBEREE i R
RGPV BORIFE AT )], R, 2013, 34(2) : 712-
717.

Liu F, Wang S X, Wu Q R,

analysis of the mercury pollution in soils and vegetables around a

et al. Evaluation and source

Large-scale zinc smelting plant [ J]. Environmental Science,
2013, 34(2) . 712-717.

WHRA, DUNME, A4k, 55 BT AR T i ST B ik
B E R PR AR AT LU (1], AR Rl R
%, 2021, 40(1) : 160-167.
Fan ] N, He X M, Du W,

environmental baseline values of heavy metals in soil based on

et al. Analyzing and comparing

standardized method and statistical method [ J ]. Journal of
Huazhong Agricultural University, 2021, 40(1) : 160-167.
IR, BRI, KER, . AT S ik
FHHb T 4 )8 SAVEHE SO e A B fa F X W FE ()], 13
24, 2019, 56(2) : 408-419.
Lu X Z, Gu A Q, Zhang Y W,

assessment of heavy metal in agricultural soils based.on the

et al. Sources and risk
environmental geochemical baselines [Jl .AActd".-Pedolqgica
Sinica, 2019, 56(2) . 408-419. i __‘_;':""I
B, AR IRIR, BKE, 45 ﬁﬁ?ﬂoﬁﬁiiﬁii
Eﬂf“imfﬂlf_%%éﬂﬁﬂ&m AT }ﬂ%ﬁ?-zom
35(6): 23922400, | | Iy
Zhao X R " Nasier 'T Cheng Y Y, et al. “Envlroﬁme___ﬁf:il
geochamlcal haAPhne of heavy metals in soils of the 1li River hasin
and pollu'ho,n evnluatlon[]] an1r0nmenta] Science, 20‘14 35_‘
(6): 2&92 2400. | &

d P / e ik 1



HUANJING KEXUE Vol.42  No. 12

Environmental Science (monthly) Dec. 15, 2021

CONTENTS

Emission Reduction Potential of Air Pollutants of Thermal Power Industry Based on Carbon Emission Reduction Target and Emission Standard Constraint Scenarios ««+s«ssessesreseresesneneenees
.............................................................................................................................................................................. LI Hui, SUN Xue-li, PANG Bo, et al. (5563
Volatile Organic Compounds in the Vehicle Repairing Industry of China; Emission, Management, Purification, and Policy = -+««ereeresseseereeees WANG Hai-lin, YANG Tao, NIE Lei, et al. (5574

Analysis of Air Quality and Influencing Factors in Sichuan Basin During the COVID-19 Outhreak CHEN Jun-hui, FENG Xiao-giong, LI Yuan, et al. (5594
Estimation of PM, 5 Concentration in Sichuan Province Based on Improved Linear Mixed Effect Model and Geo-intelligent Random Forest «++++++ WU Yu-hong, DU Ning, WANG Li, et al. (5602
Characterization of Water-soluble Inorganic lons in Atmospheric PM, 5 in Chengdu During the Later Stage of the Air Pollution Prevention and Control Action Plan ++++reseererrersvsesenennenees

)
)
Pollutant Emission Inventory of Biomass Combustion Sources in Xining City - * GAO Yu-zong, JI Ya-qin, LINZi, et al. (5585)
)
)

.................................................................................................................................................. =+« 11 Jia-qi, ZHANG Junke, DONG Gui-ming, et al. (5616)
Characteristics of Chemical Composition and Source Apportionment of Atmospheric Fine Particulate Matter in Luoyang »+ SUN Jia-bin, DONG Zhe, LI Li-ping, et al. (5624)
Characteristics and Main Influencing Factors of Black Carbon Aerosol in Beijing ++ CAO Yang, AN Xin-xin, LIU Bao-xian, et al. (5633 )
Chemical Characteristics and Source Apportionment with Temporal Refinement for VOCs in Tianjin Suburb in Summer WANG Yi-xuan, LIU Bao-shuang, WU Jian-hui, et al. (5644 )
Pollution Characteristics and Reactivity of Volatile Organic Compounds in Shenyang DU Han-hing, WANG Nan, REN Wan-hui, et al. (5656 )
Characteristics and Source Apportionment of Atmospheric SVOCs Around Typical Chemical Industry Zones GE Xiang, WU Jian, GAO Song, et al. (5663)
Source Analysis and Health Risk Assessment of Toxic Volatile Organic Compounds in Nanjing in Summer and Winter -+ ++ ZHANG Zi-jin, LIN Yu-chi, ZHANG Yu-xian, et al. (5673 )
Emission Characteristics of Industrial VOCs Based on Emission Inventory and Field Test; A Case Zhengzhou High-tech Zone «++++sseeveeesevseesusensnees REN He, LU Xuan, LIU Yang, et al. (5687)
VOCs Emission Characteristics of Water-hased Architectural Coatings and the Influence on the Atmospheric Environment in China «+++ GAO Mei-ping, WANG Hai-lin, LIU Wen-wen, et al. (5698 )
WRF-Chem Simulations of the Impacts of Uncertainty in VOCs Emissions on Ozone Formation and Control Strategies ««+«+sesseseereeseeees WANG Feng, WANG Jian-wei, YANG Ning, et al. (5713)
Spatial and Temporal Distribution of Ozone and Influencing Factors in Shandong Province ZHANG Miao, DING Chun, LI Yan, et al. (5723)
Chemical Characteristics and Contaminant Sensitivity During the Typical Ozone Pollution Processes of Chengdu in 2020 «+-+ ** QIAN Jun, XU Chen-xi, CHEN Jun-hui, et al. (5736)
Development of an Emission Model for Oxygenated Volatile Organic Compounds from Gasoline Vehicles Based on the Online Measurement =««+««s«+sssessesserseeseneneseninenennsininennnens

............................................................................................................................................................ HAO Yu-gi, YUAN Zi-bing, WANG Meng-lei, et al. (5747)
Dynamic Evolution Characteristics of Water Resources Utilization Efficiency in China Under the Constraint of Triple Attribute Carrying Capacity =~ «+se+sssserseressessensenssnemenennsnininennnes

ZHANG Kai, WU Feng-ping, CHENG Chang-chun (5757)
Prediction of Total Nitrogen Load in Yangtze River Basin ++= DING Zhao-wei, ZHENG Hua (5768 )
Dynamic of Net Anthropogenic Nitrogen Inputs and Riverine Nitrogen Export in the Yangize River Basin in 1980-2015  ««ereesereereeeeneeees YAO Meng-ya, HU Min-peng, CHEN Ding-jiang (5777 )
Characteristics of Water Environment and Spatial-temporal Distribution of Nitrogen and Phosphorus Load in the Yellow River «+:eseeeserereeeeees HAN Xu, PAN Bao-zhu, CHEN Yue, et al. (5786)
Analysis of Nitrate Pollution Sources Under Different Rainfall Conditions Based on 8'°N and 880 Values «+++++eeereeeeeereeneenennennenenenss XING Zi-kang, YU Zhong-bo, YI Peng, et al. (5796)
Seasonal Variation Characteristics of Eukaryotic Microbial Community Composition in the Source Water Reservoir +-:seseeeeeseeeeees ZHANG Hai-han, HUANG Xin, HUANG Ting-lin, et al. (5804 )
Characteristics of Planktonic Bacteria Community Between Summer and Winter Surface Water in Dali Lake ~ +eeereereereeresienienenniinienen LI Wen-bao, GUO Xin, ZHANG Bo-yao, et al. (5814)
Impacts of Wastewater Effluent Discharge on Bacteria Community and Water-soluble Organic Matter in Benthic Biofilm in Receiving River s«++eeseeseereseserenenienenensnninininininnn

........................................................................................................................................ <+« WANG Yu-tao, FAN Chen-yang, ZHU Jin-xin, ef al. (5826)
Pollution Characteristics and Risk Assessment of Typical POPs in Typical Drinking Water Sources in Wuhan ZHANG Kun-feng, FU Qing, TU Xiang, et al. (5836)
Investigation on Fluoroquinolone Resistance Genes in the Intensive Aquaculture Area of Shatianhu Intensive Aquiculture Farm and Surrounding Waterhodies in Shanghai, China =~ «+++esveeeee

................................................................................................................................................................................. XU Mu, 1T Shi-hao, MA Jin, et al. (5848)
Influencing Factors of Nitrogen Removal from Low-Pollution Water by Aerated Constructed Wetland ++++sesresrereeresemenensinincnniinnes LI Lin-lin, LI Rong-tao, KONG Wei-jing, et al. (5857)
Removal of Characteristic Pollutants in Livestock Wastewater by Horizontal Subsurface Flow Constructed Wetlands —««+«ereereerersereereeeeennene ZHAO Wei, FAN Zeng-zeng, YANG Xin-ping ( 5865 )
Improvement of Nitrogen and Phosphorus Adsorption and Stormwater Retention Capacity by Hardwood Biochar as an Additive Material in Filler Soil «e+eeseereeereserensenemienensnniincnnn

......................................................................................................................................................... MENG Yi-ke, WANG Yuan, WANG Chuan-yue, et al. (5876)
Removal of Ammonia Nitrogen from Polyvinyl Alcohol/Sodium Alginate Fixed Micron Zeolite Powder in Black and Smelly Rivers ««+:essesreeeeees WEI Chao, CHEN Tao, JIANG Qiao, et al. (5884 )
Effect of Corn Stalk Biochar on the Adsorption of Aureomycin from Sierozem ««+:«+s+ssessesesessessemsensnenmssnintsnee NAN Zhi-jiang, JIANG Yu-feng, MAO Huan-huan, et al. (5896)
Microbial Degradation Potential and Transformation Pathway of Micropollutants in Sand Filters of Drinking Water Treatment Plants - +++ ZHOU Jie, WANG Dong-lin, LIN Hui, et al. (5905)
Long-term Trends in Illicit Drugs Abuse in the City Assessed by Wastewater Analysis —«+eseeseereeesemenensssninnnnin s CAO Yu, DONG Xiao-tang, SHAO Xue-ting, et al. (5912)

)
)
)
)

Stress and Post Effects of Azithromycin and Copper on Archaeal Community and ARGs in Activated Sludge GAO Yu-xi, LI Xing, ZHAO Jun-ru, et al. (5921
LI Qiang, CAO Ying, HE Lian-sheng, et al. (5930
Distribution and Ecological Risk Assessment of Polycyclic Aromatic Hydrocarbons and Heavy Metals in Coking Sites in China -+ WANG Yao-feng, HE Lian-sheng, JIANG Deng-ling, et al. (5938

Spatial Variation and Risk Assessment of Heavy Metals in Soils of Main Torreya grandis Plantation Region in Zhejiang Province -

Spatial Distribution Characteristics and Source Analysis of Soil Heavy Metals at Typical Smelting Industry Sites

........................................................................................................................................................................ QL&NC Yll, u Ying_juY LUO Qian, el al' ( )
Heavy Metal Pollution and Cumulative Effect of Soil-crop Systems Around Typical Enterprises in Xiong'an New District ZHOU Ya-long, WANG Qiao-lin, WANG Cheng-wen, et al. ( )
Heavy Metal Accumulation Effect and Safe Planting Zoning of Soil and Rice in Tongren — «+esereeseeresremenenmnnnni ZHU Liang-liang, WU Yong, ZHOU Lang, et al. (5988)

(5997)
(6006)

Effect of Dry-Wet Alternation on the Immobilization of Arsenic in Red Soil by Cerium Manganese Modified Biochar «+++++++eseereese HUANG Xiao-ya, LI Lian-fang, ZHU Chang-xiong, et al.
WANG Bing-qing, YANG Qin, LI Hong-ying, et al.
Characteristics and Influencing Factors of the Dissolved Methane and Nitrous Oxide Concentrations and Emissions from a Rice Paddy Drainage River in China «+«esereeeeesensensenenenennnnes
+++ WU Shuang, YANG Wei-tong, SHENG Yang-yue, et al. (6014)
Coupling Effects of Water-saving Iirigation and Controlled-release Fertilizer (CRF) Application on CH, and N,0 Emission in Single Cropping Paddy Field «+:+:+eeeeerenereneneisnnnininnn
.................................................................................................................................................................. WANG Yong-ming, XU Yong-i, JI Yang, et al. (6025)
Effects of Manure Combined Chemical Fertilizers on Soil N,O Emission and Microbial Characteristics of Wheat Crop System in Northwest Arid -++-++ WANG Kai, SHI Lei, MA Long, et al. (6038)
Effects of Different Types of Straw Returning on the Bacterial Community, Organic Carbon Mineralization and Maize Yield in Upland Red Soil »«eeeeeseereereeresiemienenenmineninninenn
-+ KONG Pei-jun, ZHENG Jie, LUAN Lu, et al. (6047)
YANG Jian-giang, DIAO Hua-jie, HU Shu-ya, et al. (6058 )
Effects of Combined Application of Biochar with Chemical Fertilizers and Organic Fertilizers on Nutrients and Phosphorus Forms in Purple Soils  ++erereeeeeseseeresssnnisiniiiiiinens
XIANG Shu-jiang, YU Luo, XIONG Zi-yi, et al. (6067 )

WANG Zheng, SUN Zhao-jun, Sameh El-Sawy, et al. (6078)

Ammonium Nitrogen Fertilizer and Humic Acid Synergically Promote the Removal of Cd from Soil by Tagetes patula L. -

Effects of Nitrogen and Phosphorus Additions on Soil Microorganisms in Saline-alkaline Grassland




	组合
	封面
	中文目录




