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Abstraét Sewage 1mgﬁt10r1 is a common alternative to makezup for the shorfag age. of_,agncuhural irrigation in intensive agricultural areas. Abundant organic matter and nutrients
in sewage"can’ improve soilfertility and crop yield, but hazardous materials, “such as heavy metals, will damage the soil environmental quality and threaten human health. To
better undelrstcmd the characteristics of heavy metal enrichment and potential health risk in a sewage irrigated soil-wheat system, a total of sixty-three pairs of topsoil and wheat
grain samples were collected from the sewage irrigated area of Longkou City in Shandong Province. The contents of Cr, Cu, Ni, Pb, Zn, As, Cd, and Hg were determined to
analyze heavy metal contamination and calculate hio-accumulation factor (BAF) , estimated daily absorption (EDA), as well as hazard quotient (HQ). The results showed
that the average contents of the eight heavy metals were 61. 647, 30. 439, 29.769, 36. 538, 63.716, 8.058, 0.328, and 0. 028 mg-kg ™", respectively, which all exceeded
the background values of corresponding heavy metals in the eastern Shandong Province. Especially, the average content of Cd was higher than the current standard value of soil
environmental quality of agricultural land soil pollution risk control, indicating the apparent soil contamination. However, the correlations between the heavy metal contents in
soil and wheat grains were not significant, suggesting that it is difficult to conclude the enrichment degree of heavy metals in wheat grains merely by the heavy metal contents
in soil. The results of BAF showed that the high enrichment capacity of wheat grain was primarily obtained with Zn, Hg, Cd, and Cu. According to the national food safety
limit standard, the over-limit ratios of Ni (100% ) and Pb (96.8% ) in wheat grains were the most serious. As a result, under the current consumption of local wheat flour,
the EDAs of Ni and Pb were high, accounting for 28.278% and 1.955% of the acceplable daily intakes ( ADI) for adults and 131.980% and 9.124% of the ADIs for
children. The results of the health risk assessment exhibited that As and Pb were the main sources causing health risks, accounting for approximately 80% of the total risk.
Although the sums of the HQ of the eight heavy metals for adults and children were below 10, the total HQ of children was 1. 245 times higher than that of adults. The food
safety of children should receive more attention. When considering spatial characteristics, the health risk in the southern study area was higher than that in the northern part of
the study area. The prevention and control of heavy metal contamination in the southern area should be strengthened in the future.

Key words: sewage irrigation area; heavy metals; soil; wheat grain; health risk
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Table 1  Descriptive statistical analysis of heavy metal contents in soils

AR R ¥fH HERE JRURS: i 320 5 S RN AR 1 bR 2
/mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ! /% /% /%
Cr 34.600 ~108. 100 61.647 56.200 200.0 23.440 63.492 0.000
Cu 14.590 ~193. 400 30.439 19. 600 100.0 84.068 65.079 1.563
Ni 16.170 ~74.610 29.769 23.500 100.0 29.796 84.127 0.000
Pb 11.390 ~195.700 36.538 25.400 120.0 66.807 95.238 3.125
Zn 36.950 ~187.700 63.716 56.100 250.0 38.656 61.905 0.000
As 4.551 ~20.482 8.058 6.300 30.0 28.914 85.714 0.000
Cd 0.136 ~0.870 0.328 0.108 0.3 36.559 100. 000 57.813
Hg 0.010 ~0.084 0.028 0.029 2.4 35.412 68.254 0. 000

1) JRURSS: i e 1 Ay ¢ R o o FH 3th 4 3875 e XU A P b v (347) ) (GB 15618-2018) 45t K AEAE /K . +3% pH EHAF 6.5 ~7.5 BHEY
HUE; #ARR 1 LLULARS RIS RE NS Lobsif; AR 2 DU TR (d A2 Lbrif
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Y.

s

£2 MASAEHEXHEELBABAITER /mgkg !
Table 2 Descriptive statistical analysis of heavy metal contents in soils from typical sewage irrigation areas/mg-kg ="' « -
e et ) TR G K ) KI5 ] i S e
T HfH B S HfH E S ¥ EL S bofis)
Cr — — 40.160 ~108,000° 64.190  48.000~99.700  79.817 - ) o~
Cu 13.310 ~60.040  26.510  10.900 ~61.300  28.150  14.900 ~48/900 28,523 | 30.160 ~56.80 4 40.630
Ni — — 5 — [ — 17.800 ~46.700, 331427 " — " 4
Ph 19.900 ~42:830  28.040  5.800~69.770 15,620  16.800 ~52.500% 25,230 | 15.300 ~39.350" | 22.100
Zn— 61590142520 85.500  62.200~333/000 #179.050  52.400 280,000 83.703 #196.530 ~209.330 203470 _
As /£ J — 5.;'21(3“-:751}/760,{ 11,230 5.300~21/300 . 120267 17.360 ~38.560___26.870 _
cd 0.010 ~0.420 0.240 ~ 04050/~ [ 170 " =£0.460 0.110~0.450 ' £ 0.190 1.120 ~2.590 1. 840°
Hg | - — I — 00351720 4" 0410 0.020£1.300 07097 .
et gt Vi % v "

F Vi, - ? J A
2.2 [Nk ER R R Ae  F

/INFE PR T I A e R PG4T 4 R R
(#3Y, o (Ph) Ml w (As) P 330 FIE K, 40 51K
0.125 ~9.221 mg-kg ' F10.041 ~1.142 mg-kg ™',
X I AR S 2 BGA 103, 608% 1 71.704% (5 3) , 45
[ A8 S . 0 (Cr) . @(Cu) . @ (Ni), @(Pb)
o(Zn) . w(As) ., ©(Cd) fl w(Hg) AHME S 5] K
0.782, 4.622, 1.463, 1.081, 30.945. 0.311,
0.051 F10.010 mg-kg". H:H Ni £1 Pbh B 48 i =

FE A BRAEARE (GB 2762-2022) , & 4 {EH />

-

IR 2 A KR UERY 3. 658 1 5. 405 135, KA TR &
EBEAE R LUR . N APRAE b Ni e &
SR HEAR, Ph HBARFE S 61 15, B4R N 96. 800% ;
As FHBFRE H 20. 600% , HVK K Cd(6.300% ) = Cr
(6.300% ) >7Zn(4.800% ) ,Cu I Hg JCE LHIRFE
fir. B UEHEIRT, Ni F1 Pb JCZE AEF I X /NG AR
LB EH. AR RV, KEEH N BireYa
PE B FRERLL AT AE i A P TR A FE
WA RG22 W, HmLEERME hkE Y |
2 N AR

R3 MENFHESEHERERITSNER
Table 3 Descriptive statistical analysis of heavy metal contents in wheat grains
A~ L e A 7R Bl Z H G A BR B b U
eI e Pt EARR et /%
Cr 0.532 ~1.434 0.782 18.031 1.00" 6.300
Cu 2.536 ~6.891 4.622 21.722 10.00% 0.000
Ni 0.518 ~4.545 1.463 42.037 0. 4004 100. 000
Pb 0.125 ~9.221 1.081 103. 608 0.20" 96. 800
Zn 19.360 ~57.320 30.945 28.893 50.00% 4.800
As 0.041 ~1.142 0.311 71.704 0.50" 20. 600
Cd 0.018 ~0.180 0.051 56.863 0.10" 6.300
Hg 0.005 ~0.017 0.010 40.000 0.02" 0.000

1) IR B A E bR 2ih s e R ) (GB 2762-2022) 5 2) P H O (&AW . B8 328) Kbl P A 4. B ok B, Bl 5

BEAE 8 FIOTZ PR ) (NY 861-2004 )
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2.3 HIENEAPRLE &R A ST

HH 2.1 5F 2. 2 5 o B A BT 45 R AT B A X
Cd. As, Ni il Pb JCREAE LI I & ER LB
{H/NZZ AR Cd Fl As JCZR ) & 1 IF R (5. Pearson
FHRAE TS R R (R 4) ,/NEFFRIT Y Cu FI
Ni JCE & i 5 HErP O W UG R & i i A OC, A OC

FEE— 8, Hip Pb ST r {HM 0. 001, Cr, As I Cd
ARG R B S, A AF 5T 2 B IR B 1) o 4 )
EXHAR R G SA — e (R IR, Rl B4 VR 1Y
Free Tt /NG AE AR X T 4 i WBOR % 38 ik 1 3%
Wi FRETS fif E 4 R e R Nt —
B NFERTRINT E 4 8 B LZ Z Rl N FE B

FHB(r) 53R 0.258 (P <0.05) Fi1 0.373 (P < PRIk 2l -4 rp o 4 10 35 B/ SR
0.01). HARTTE M & A /N FPR-H R AR I XN/ INZ R b 8 4 9 3 SRR .
x4 TE-DNEIFHELE Pearson HEXESTERY
Table 4  Correlation analysis between heavy metals in soil and wheat grains
Cr-v Cu-v Ni-v Pb-v Zn-v As-v Cd-v Hg-v

Cr-s -0.135 -0.148 0.034 0.016 -0.142 -0.003 -0. 154 -0.181

Cu-s 0.128 0.258 " 0. 145 -0.035 0.203 -0.112 0. 154 -0.269"

Ni-s -0.229 -0.157 0.373 ™" -0.042 -0.032 -0.137 -0. 004 0. 045

Pb-s -0.111 -0.037 -0.047 0. 001 -0.024 -0.052 -0. 085 0 021

Zn-s -0.112 0. 049 0.477 -0.100 0. 128 -0.091 0. 075. . —0 069

As-s 0. 040 -0.086 0. 041 0.124 -0.171 -0/234 -0.085 =" 0 116

Cd-s ~0.024 ~0.094 ~0.016" 0.114 0.075 | 0,040 0147 oo

He-s -0.002 -0.019 0.127 4" 0.246 -0.122/ 4+ 0loos| 0.109 /40105
1) % R P<0.05, #x %N P<0.01;s %%/T:tfi%ﬁnu v %/T‘/ Eag =S ’ | _;" - _,*"
2.4 ~HHLN iﬁﬁﬁé‘z}% E’%ﬁﬂ‘ﬁ Iy = f"- kfk/l\ﬁ*ﬁﬂ(]‘ii‘% EF' Cd Lij] Hﬂ%ﬂffﬁ 54 Eﬁﬁ ; ,H\U\

o e R S R %ﬁfﬁ%w
Cr, Cuy Ni, Pb Zn As, Cd fll Hg %%%ﬁ({ﬁﬂ@ﬂl
Fel27331 7 0. 594% ~2.901%. 3. 062% £ 40. ?)26%
1. 555%~ 12. 827 . 0.280% ~ 26! 558% . 19. 262%
~ 115, 691%4" 0.443% ~ 18.759%"
60. 00% 1 12. 005% ~98. 853% , Frh L Zn | Hg, Cd
il Cu'X 4 FhoTE B9 a4 R B0 B, At
EIRTH (B 2)  AHXS T B, 8 MoTR I e R 5
(-5 e/ METEHZIT , B AT, & 4 R B0 = (A 7] g
TC ik FLSERE L /NG PRI TR 4 R R URRE 7, A =2
T, e/ ME B R BEOICRE T SR 5. 28315, Cr,
Cu. Ni, Pb. Zn, As. Cd F1 Hg E@E;%%;f&i@{a%ﬂu
M 1.345% . 19.300% ., 5.154% . 3.349% . 53.969% .
4.233%  17.841% F138.767% (£ 5) , B EEfE S 1 K
F/MKIK K :Zn > Hg > Cu > Cd > Ni > As > Pb > Cr, 1%
5 i/ IMEL B U — 3. AEASIF 9 Hr /N2 R
Zn, Hg., Cd 1 Cu M EAVE &I B, NI SE 5T
[FIRE A /N2 AR 2R B 13846 Zn > Cu > Cd > Cr
FOFLEE (B0 He M0 42RE0—B7 . T e a5

N Zn. Cu, Mg, Pb; Ni ﬂl As,Cr £¢55.
%*&ﬁﬁﬁiﬁ@fﬁéﬁbﬁﬁﬁﬁﬁ%’ik
FEHE T 4 B 295 5 1R AR . 70 G

.v._.l

SR A TR B A TG SR AR ) 2 3R A

55%;5%-,'

W AE A A VE S A BRE s b R 5 AR,
UL AERE A N B R A 20, cd e b EE L)
BT (G ML A1, B ae 1 Bk,
F L3S B /N 22 AR Cd B SR RE 1B YL Cr,
Ni, As, Hg #l Pb ZDIRIE R (FRE ) WA T 1 4%
o REAIE Cr JeR TR E B LIk 85% LA I Bk

PRI | T R He T+ -
VEYFERL B 2 R BOF A 255 5 AR5 45 5 AH

ZERE X AT RBJE B R B F 9 DX AU 43R /N 22
FPAIH Heg w3 i 18R i w AR TR
Hg &5 R WO EL-5 d5e/IMERH T i e 25 e KB 2
(F2) , IR /N AR PR 13 He B IACRE
TIHBA R, Britb 25, 13 pH A, AP S &L
Le/NA Rl A o e — e A BB SR/ NSRRI £
e 4R gm0

x5 TENETFHNEERBSITER %
Table 5 Statistics on the accumulation coefficients of heavy metals in soil and wheat grains/%
mH Cr Cu Ni Pb Zn As cd Hg
N1 2.901 40.726 12. 827 26.558 115. 691 18.759 60. 000 98. 853
/M 0.594 3.062 1.555 0. 280 19. 262 0.443 5.285 12. 005
¥l 1. 345 19. 300 5. 154 3.349 53.969 4.233 17. 841 38.767
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i 2.5 /NERPRLEE 4 ) fa R KU P4
o S0 _ HaR HRRARMMELIREY, 5H RrmA
X oof | i (acceptable daily intake, ADI) #H Lt , Bi A FI L ZE
2 4L
g w Coll | N AR, B AV A R
ar ) . B 1 28.278% F1131.980% (3 6) , X Al RE 5 /NE Afhr v
oL " . 3 : o . . N N N
Cr Ca Ni P Zn  As  Cd  He Ni F & B R UIAROC. H /N2 FPRL 4 B iR P
R A GobF4h BT (6 3), Ni T % 0 RE A AR N
2 HEMEFHNESEEERUERE 100% , K39 ARG Ni & 5 B0 M SR 258 i Ni
Fig. 2 Boxplot of the accumulation coefficients . . e s
o . JLEAE NP LR, B L, BF 5T X /N 22 R
of heavy metals in soil and wheat grains . . N
NiJG 2 14 78 7 fgt e XU bb 3™ i, N 5| A JE %
*6 MERBRLNZEHBANESZERESY
Table 6 Estimated intake of heavy metals from wheat flour by residents in the study area
iH Cr Cu Ni Ph 7n As cd Hg
A EDA 3.023x107%  1.787 x1072 5.656x107% 4.183x107* 1.235x10°" 1.201 x10~* 1.961 x10~* 3.791 x10~°
JLE EDA 3.763x107° 2,224 1077 7.039x107° 5.207x107° 1.537x10°"  1.495107%  2.441x107* 4.718 x107°
A ADIEY] 0.2~0.5 30 0.02 0.214 60 3 0. 06 _~0.043
JL# ADI) 0.05 ~0. 133 8 0. 005 0. 057 16 [oi8 0.0f6 7. o1
A EDA/ADI  0.605 ~1.512 0. 060 28. 278 1.955 0. 206 0. 040 0.327 “‘.-"0. 088
JL# EDA/ADL  2.829 ~7.526 0.278 131. 9804 9.124 0. 961 0. 187 1.526 /' 0.41]

1)EDA Fl ADI {504 Fymg - (kg-d) = -EDA/ADI E’Jﬁli{jiyo};

M. A ttZ—F,,ﬁ\:ﬁE%EﬁﬁE]\ﬁJLE EDA/ADI {E_;,
ﬁ%ﬂﬂf 2% F10% LR, ksl \Wady /b S G'ir >
Cd>Zn>Hg}Cu>As - =

%ﬂﬁl:/hi*ﬂai E@%Hhﬂ’]%%wfﬁ‘
%EAF(%‘%7) EJC!EH\EI’J Cr, Cu./Ni", Pb JZn}4 As,
Call Hi 9 1k HE XL ) » 5 0002 40. 447 F
0.283¢ 11195, 0.412, 4.005, 0. 196 0. 126706%
W G MKYC N : As > Ph > Cu > Zn > Ni > Cd > Hg
> Cr, i Pb 5 As JUER M HQ E& L 1, fF7EW B
() R XS . 8 i 4 19 5L HQ B R 6. 666, 1K T
I FH 10, RUATE YA/ EZ M EHE T, 4R
ARSI X B BUAE N 8 g R 3. L
BJ Cr, Cu, Ni, Pb, Zn, As. Cd 1 Hg XU 48 %05
A 0.003, 0.556, 0.352, 1.488, 0.512, 4.984 |
0.244 F10. 157,52 As F1 Ph B HH S % bnifi, HAy
TTEANFERK. JLER 8 Fiot ¥ HQ H &1t
8.296 T Im A 10, 3R W i Y HI/NE Tk & H i
P AR H 4w S AN 2 fa F L AR BARAH
JLEER HQ SMETE LS A B A, {E X L 25 i) B
DB AT %0, JLEE 8 FhoT 2 1 HQ (E X & F A R
{8, it R JRURS: SV R AT N 1. 245 4%, JLEE R B i
fat Rl A2 0 5 | S B 22 501

A EEE T, As A5 JLE HQ 5555 41
o7 EI X R AU AT 609% LA b | Je 338 R A AR ft B XL
B EE TR, AR R KR A As 7 S350
B OBTRN Bz R 2 e 2R A 1 I B K R
PE WFSE X g As 9B B — i, H/NEFERE

! & o
i
1 F i
g

wof -4 As A M BE S IR R, LA 20. 6% HIHE ST
ﬁ@m%éﬁm@mm”fﬁLam?ﬁﬁg
P00 PR MO R L 2% B T R U
hAs TEBBO LTSN, H A WILFE0EH,
BTSSR AN | o e 1 f
SRS AR . Ph TR B9 HQ (4351 5 B 5 L R
B 17.927% F1 17. 936% , ALK T As. F1 3% 3 Al %,
INZZRPRIH Ph S B AE A — o R AR . B AR
Ni JTCR /N R AR AR R R (£ 3), LA
ML # 1y EDA 43 Jll iy ADL Y 28.278% #il
131.980% (% 6) ,fHBAFILIE R HQ [EH/NF 1,
A IRUBS: 1 R B — . X AT B R Ni oo 8 Tk
FREYI R, AR R S ICT As, Cd ACe°t
EHUEY R, DL Ph A Cu SE 0 R0 AR
GJE Ni JUPAEE 20Tt (ARt A8 A7)
P NG RE. Cu A1 Zn XF L 2E 1 1% A fat e XU
O] 3 B 5 /N R P ) B B KR
R, AR A TR A R S S R Y 1k B DDA

S XL T TS E X B B R 2R g R &
PR, B AR S ARSCHE R L 3 ) 2 532 4 BRI 52 A A
RS AT 2R (HRANESRAE

HiER M 558 S R 50 US EPA H#EFE{H, 155
PG e J AU, T4 &5 SRt AR — 3, RI R 4R As Al
Ph 238 B DX R g e XURS: 1) =229 . #h e T
D, B AP BR AN 32 R R 5 S AR AU S B, Ak e KU 245
R ZE 4R R ERES RN W A, 7E
HQ 8 i i B9 RID 33 4 US EPA HE#ES %
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Table 7 Health risk of heavy metals caused by the consumption of local wheat flour

it H Cr Cu Ni Pb Zn As Cd Hg =82

A 0. 002 0. 447 0.283 1.195 0.412 4.005 0. 196 0.126 6. 666

L 0. 003 0. 556 0.352 1. 488 0.512 4.984 0. 244 0. 157 8.296
R ASCRIRIP I R
ZAlE

PN S5 R R A BT SE.

8 Tl 4 Ja 114 ikt R JRUIG 2 i) A 45 S Wk s (A
3) 8 FUTH B A BE | B 17 T I H UL G Y AR
AE MR XURS: 358/, HQ B FI/NT 6 b e 4
AR B A BRE XU S e A1, HQ BRI AT 4
~5 Z ). T IX PE pg R A BN HQ SRR T 7, f
J5RE DRI s 2~ A L S LRI Bl DX e S
AU T AR g 7 A8 A 4 o N A o DR, Ay 4 Sk
L, HQ BT 8 ~9 ). Ho 4y IR 43 b XA fidk
FRIXUS: HQ AN T 6 ~7 Z [ L2 R, Bk
AN, oAb DX 35k Ay J L fe R XU %ﬂi’JjH:7_:IJ:EB
L PG RRBL R A R #méﬁjti{ﬁ
I UL 2R R P A b Y HQ 'ﬁ%uiﬁﬁs 9. &

PR M AR T) LY § 71T G e

KAV 10 ANZS 53 715 45 %Erﬁwﬂ%}@'c‘j 1,
%ﬁ%*%ﬁxﬁmmimHQéwﬁkmnu—
%%lﬁﬁﬁm@%*%%ﬁﬁ#m*ﬁf%

ﬁgﬁﬁm %@Eﬂﬁ@@W/iﬁﬂ%F
mﬁ%%@ﬁﬁgAwﬁ
HeE AP %%%BML@%%EiE@
@ﬂ@%%ﬁ%ié@@ Biva TAE o .
| e RO (@) BA R
B 45 [0 8-9
B 5-6 Il 9-10

[ 6-7 m 10-11
7-8

| R

(b) JLTiK

| e
| BRW
\

B3 HREEAFIILERRERESESS
Fig. 3 Spatial distribution of health risk in study

area for adults and children

(1) Ji FUHT5 3 X M 4 2 42 5. 8 b il
o B (3 5 T I T A 0 R
AHEIRRTE 60% LA L H Cd iR & E
THUAT RS I ik P 35 e R 5 bt
1 FEA R AT 2 15 57. 813% . 5 F b M 700 35 3 1% A
e BF5 I S0 T 4 75 et 541 0 R IX L
PR | BB T A R

(2) B Cu ﬂl Ni L4, Eﬁﬁcmj;i%‘”id\
KPR 4 Mﬁ%iﬁ?i%ﬁﬁ%&ﬁk
TS Ea%ﬁ%ﬂﬁmiﬁﬁ¢ﬁﬁﬁmz%
Bl i 9 R AT E R T A,/ ﬁﬁﬁ%m
Hg., Cd 1 Cu i 98 REV 38, X Co 1 B 4T
5. 4 H‘ . V] 7y

(3) NI e By 2P W b o2 et
Nﬁmmm%mﬁﬁﬁﬁmﬁﬁfméﬁ%ﬁ”
100% 1 96.8% . EEEEL.EJZE’JEE/\%DJL:@ H ¥ Nv Al
Pb ICZ A B ﬁ%ﬂﬁﬁi)\ﬁfﬁﬁ%‘x/\iﬂﬁ

E"fﬂgg/gxﬂﬁ@@f 28.278% M1 1.955%., JL # H 5t ¥ % A &

131.980% 1 9. 124% . fgt FE KUK DA 45 R o, 48
INZ TR AR E 4R, As Fl P X A AL
T N4 A f R RS e A, I R ) A As A
Ph [ /NAZ AR Y BT, DA RS ARG R A /N 22 T 3
ST | Ay R XU . A, )L P Vs A (e R IR & 2
3k TN, JLEE B i A n) N 5 | AL T 2 E A
(4) Nz [E) 534>k 9T X R A AL a7
SKBE AR VT AR BRI LS ) VA f 5 XS /37 A
DX, UGS Ay A s L g o XU e 0. 4 I i e S
DX o 4 5 Y B AR B
SE 0k
(1] HE, B&R, S50 REAFETSRRENETE%
[J]. HERRREPEE, 2011, 26(9) : 905-915.
Xia J, Zhai J L, Zhan C S. Some reflections on the research and

development of water resources in China[ J]. Advances in Earth

Science, 2011, 26(9) : 905-915.

(2] BRdE, B0, Xiat, & KYNSERM LR EI5 YL

WAEREER BT [J]. folk SRR 22440, 2012, 31(11)
2152-2159.
Chen T, Chang Q R, Liu J, et al. Pollution and potential
environment risk assessment of soil heavy metals in sewage
irrigation area[ J]. Journal of Agro-Environment Science, 2012,
31(11): 2152-2159.

[3] ZEmede, MOEIR, BRapt. LR fRolkK 1 BEm 23 DT BT i



3616

w5

=2 14 %

[5]

[6]

(71,

[ 81

[9]

[10]

[12]

JR B AT BETELT ]

11.

Li XY, Hao J] M, Chen A Q. Time-space matching pattern and

evaluation of agricultural water and soil resources in Shandong

Province[ J]. Journal of China Agricultural University, 2020, 25

(11): 1-11.

Farki, XVEY, B4, S KFEBRE LA A
RIS S35 [J]. HARBIRAR, 2004, 19(2) : 160-

169.

Wang H R, Liu C M, Mao G Q, et al. Negative effects of water

scarcity on agriculture in Beijing and countermeasures [ ] ].

Journal of Natural Resources, 2004, 19(2) : 160-169.

Wk, TR, BB, 5. AN ERRRBERRT 1%

EERERM R IR R RLEE, 2018, 50(12)

144-151.

LiMS, Wang Y Y, Hao Y,

heavy metal pollution under wheat-maize rotation system in the

North China [ J ]. 2018, 50

(12): 144-151.

TR, P, AL A K AT K AL I XS AL st

FREE KA B ()], KRILTE IR 535, 2019, 28

(7): 1716-1724.

Qin H H, Sun Z X, Gao B. Effects of agriculturf}:].-“water

conservation and south-to-north water diversion on sustainable

R ARl K2R, 2020, 25 (1) 1-

et al. Research progress of soil

Shandong Agricultural Sciences,

water management in North China Plair“f‘“[ J]. Reé':)urces and
Environment in the Yangtze Basin, 2019, 28(7) : 1716-1724"
dyu S D, Wu"".l Si Wen X F, ” Effects of redfauped
wastewaler; 'frrlgaglon on soil-crop systems in G’hm : cwf J].
Science of ‘;_h Total Environment, 2022, 813-‘"' d01 10. 1916/ i

et al.

| scitotenv.2021. 152531. | J

";m weget&ble; grown. in Northern India J]

Ghosh A 'K, Bhatt M A, Agrawal H/P. 'Effect of léng term

apph’catlon of tigated sewage water on hPavy metal aooumulatmn

Fnﬁr onrﬂ_e.ntval’y,.f‘

i Monitﬂring“ﬂ'ilnd Assessment, 2012, 184(2) _" 1025- 1036,

Tal.A Rethinking the sustainability of Israel’s irrigation practices
inf the drylands[ J]. Water Research, 2016, 90 387-394.

THEE, B35, Xk, % mAEEX HESEY T ES
JEARFR A IEAS [ 1], PR, 2018, 38(4): 1550-
1560.

Wang SY, Wu WY, Liu F, et al. Assessment of human health
risks of heavy metals in the typical sewage irrigation areas[ J].
China Environmental Science, 2018, 38(4) . 1550-1560.

Qin G W, NiuZ D, Yu] D, et al. Soil heavy metal pollution
and food safety in China: and

10. 1016/j.

effects, removing

2021,

sources
technology [ J ]. Chemosphere, 267, doi:
chemosphere. 2020. 129205.

Wk, gERRee, 5, & BT HBOUE A H LERNE
*Tf%ﬂﬁ$%ﬁﬁ%¢§?ﬁﬁfﬁ)§ﬂﬁﬁlTﬁf [J]. BRI, 2020,
41(6) ; 2869-2877.

Xiao B, Xue P Y, Wei L, et al. Characteristics of Cd, As,
Pb in soil and wheat grains and health risk assessment of grain-
Cd/As/Pb on the field scale[ J]. Environmental Science, 2020,
41(6) ; 2869-2877.

KRR, B, 25, S Jb TR TE HE 3N (Triticum
aestivum ) VR F 4 SRS AE (R XU T [ 1], R FREERLA%
AR, 2011, 30(2) : 263-270.
ZhuY E, Zhao Y, Li Q, et al.

metal in

and

Potential influences of heavy
“ soil-wheat ( Triticum aestivum )” system on human
health: a case study of sewage irrigation area in Beijing, China
[J]. Journal of Agro-Environment Science, 2011, 30(2) ; 263-
270.

[14]

[15]

[16]

[18]

[22]

[24]

PRAGIL, B0, AR, 2. VSHEAME T a R e HHE 1
TR BRI 25 43 A R AE—— LA AL 50 Tl 38 O X R IRl T 75
HEXAHH B[ )], HFRRLSE, 2013, 33(8) ; 1014-1021.
Chen Z F, Zhao Y, Guo T Z, et al. Impacts of sewage irrigation
on heavy metal distribution and chemical fractions in arable soils:
a case study about sewage-irrigated farmlands of the Fenggangjian
river in Tongzhou district of Beijing, China [ J ]. Scientia
Geographica Sinica, 2013, 33(8): 1014-1021.

Wang Z W, Yu X M, Geng M S, et al. Accumulation of heavy
metal in scalp hair of people exposed in Beijing sewage discharge
sewage China [ J ].
Environmental Science and Pollution Research, 2017, 24(15) .
13741-13748.

Meng W Q, Wang Z W, Hu B B, et al. Heavy metals in soil and
plants after long-term sewage irrigation at Tianjin China: a case

2016,

channel irrigation area in Tianjin,

study assessment [ J]. Agricultural Water Management,
171 153-161.

Lu Y T, Zang X H, Yao H,
contamination in groundwater in a highly urbanizing_ area of
Shenfu New District, Northeast China [ ] ]. lfmuti‘ffl;; of. PEarth
Science, 2018 , 12(3) 569-582. ‘ ‘--""M
T, BE S X P E SR Cd.Ph E’J&ﬂc#‘hﬁ 2
LI 4TI YRR, 2019, 36(6) : 763-7015%

Xu N, WeilZ Y. Ana]ysls on the variation charapfer of heavy

et al. Assessment of trace metal

metals Cd and Pbin the cultivated land jof Shenfu sew.age
1mgatlon distriét [J]
FnVIronm"enl 2()19 36(6) 783-791. u /S
TR, AU, B, & LR Al 2 HA %)
AL, ATEZEEIR, 2019, 35(18) ; 12-23. &
Wang'L My Liu J, JEFH Analysis of spatial-temporal
dynamic ‘éhange of wheat planting structure of China[ J]. ﬁﬁfnese
Agricultural Science Bulletin, 2019, 35(18) : 12-23.
Nadal M, Schuhmacher M, D(;mingo J L. Metal pollution of soils
and vegetation in an area with petrochemical industry [ J].
Science of the Total Environment, 2004, 321(1-3) : 59-69.
Adimalla N, Qian H, Wang H K. Assessment of heavy metal

Journal of Agricultural ’Resoui(;es and

, el al.

(HM ) contamination in agricultural soil lands in northern

India:

multivariate statistical analysis [ J ].

Telangana an approach of spatial distribution and

Environmental Monitoring

and Assessment, 2019, 191 (4), doi: 10. 1007/s10661-019-

7408-1.

THEI’H?,S(IJ/J\” AT, . Ui R R L
RIS RN [J]. TRXHRS 3R, 2021,

35(8); 132-137.

Jia ] Y, Liu X F, Zhao Y G, et al. Spatial distribution

characteristics and assessment of heavy metal pollution in

farmland soils in the lower reaches of Fenhe river basin[ J].

Journal of Arid Land Resources and Environment, 2021, 35(8) .

132-137.

XU, S5, B AR N e R e
HERBMREL)]. R, 2016, 37(1) : 270-279.

LiuS, Wu Q Y, Cao X J, et al. Pollution assessment and spatial

i

distribution characteristics of heavy metals in soils of coal mining

area in Longkou city[ J]. Environmental Science, 2016, 37(1) :

270-279.
ZEYF, TIE, BCH, 5. o0 iiis KT X R 1 48
FUR AT RIS YT [ T]. HEERLAE, 2017, 38(3) .
1018-1027.

et al.

LiCF, Wang F, Cao W T,

distribution and pollution assessment of heavy metals in sewage

Source analysis, spatial

irrigation area farmland soils of Longkou city[ J]. Environmental



6 1 TAESE . IARAE S E X 4 3/ N3 7 4 A R XL DA 3617
Science, 2017, 38(3): 1018-1027. Jry, 2019.
[25] ZFF7, ®ULC, BEM, S KR R 2R L 4 [37] MR, W€, BhotiT, &5, VURS LAY EE D X Bk - A Ay
A 5 ARG AR [J]. 3REERE, 2018, 39(12) S A G A R B AR PR (], B BT AR,
5628-5638. 2011, 31(9) : 2014-2021.
LiCF, CaoJF, LiJ S, et al. Ecological risk assessment of soil Yang G, Shen F, Zhong G J, et al. Concentration and health
heavy metals for different types of land use and evaluation of risk of heavy metals in crops and soils in a Zinc-Lead mining area
human health [ J ]. Environmental Science, 2018, 39 (12): in southwest mountainous regions [ J |. Acta Scientiae
5628-5638. Circumstantiae, 2011, 31(9) . 2014-2021.
[26] Z¥, SR, W&, 2 o O b 5 XA [E] 4 s A [38] US EPA. Handbook for non-cancer health effects valuation[ R ].
SRR A B 4 @ Vo YL R B Y B2 ) [J]. ﬂ:ﬁﬂr'ﬁ'ﬁ}fﬁ Washington, DC; US Environmental Protection Agency, 2000.
2019, 32(7) . 1224-1230. [39] Paustenbach D J. Human and ecological risk assessment; theory
LiT, WuQY, Yao L, et al. Effects of different land use types and practice[ M]. New York John Wiley & Sons, 2002.
on pollution distance of heavy metals in north plain of Longkou [40] fUASHE, DEgh ot A INARA LRI HIX b BR b 2
city[ J]. Research of Environmental Sciences, 2019, 32(7): FRAE K5 YA [ J] . ‘:F‘ [E Hb 5T, 2011, 38(5) : 1387-1395.
1224-1230. Dai J R, Pang X G, Yu C, et al. Geochemical features and
[27] xlgE ) PR K, WK, & ROWEEXESBIGRE contamination assessment of soil elements in east Shandong
W R0 [ 1], FREE Y 50514, 2022, 44(4) ; 448-453. Province[ J]. Geology in China, 2011, 38(5) . 1387-1395.
LiuJ H, Gu Z F, Cao J F, et al. Analysis of the influence [41] LvJ, LiuY, Zhang Z L, et al. Factorial kriging and stepwise
factors of heavy metal pollution in sewage irrigation area of regression approach to identify environmental factors influencing
Longkou city[ J]. Environmental Pollution & Control, 2022, 44 spatial multi-scale variability of heavy metals in soilsf'ﬂ. Journal
(4) . 448-453. of Hazardous- Materials, 2013, 261 ; 387- 397 '_,_.-“r‘ .ﬂ“l
(28] EAE. Jo FHTVSHE X A H H 43 i 3 SR W U A 5T [ DA [42] $MET5, THUfE, dARER, % K75 XN i*ﬂﬂ(rﬁﬁé
INZRITE R, 2017. ] ‘___.- EE’J?E&@@HF"WW[H Zzik%f*ﬂ#%éjﬁ =2015,
Wang F. Monitoring of heavy metals in the sewage irrigated 34(4): 679:685. | l { ., J
farmlands in Longkou city using remote sehsmg technul_ogy[ D]. Sun Y F Wang Z“W', Meng'W Q, et al. Contetits and” hg;fh
Ji'nan: Shandong ‘Normal University, 2017. , risk a%smqmentrbf heavv metals in wheat and ricé“grown in, Tianjin
[29] ,.*'JIQI Je 0¥ ﬁijtﬁﬂﬂﬁﬁi%&iéfﬁ lﬁlﬁ‘ﬁi ﬁ{fﬁ‘,ﬁ“ sewagé 11‘hgallon area, Chma{.-]] Journal of Agro—EnV‘l:.n“mment“
(1. ;'rf“jziﬁaﬁ}ﬁ 2020, 26(1) : 98-100. 0/ 4 Science, 2015 ; 34(4)4 679-685. -
= Lin Y H. éﬁ-aly@ls of spatial distributien Pha-!‘artenstr(‘% 0£ 'hPa\_zy [43] ﬁ@)d?@., ﬁmﬁ, Ji qu &, KETH{F(E@E:I:L%%E%E@
| metals in¢ “soil of 'northern plain of Longkou mty [ J] Ai"lhm YRR TEHN T ]. AelV 35 55 B R, 2011, 30(8); 1553-
- Agncuhural Science Bulletin, 2020, 26( 1) 98 100. .-J 1560, .“'“"J
[30} Kﬂi"ﬂ S BRI R 2 Jlﬁ/‘—iﬁj‘d\iﬁﬂﬂﬂﬁﬁﬁﬁﬁ Xie WJY, Fan' G S, Zhou H P, et al. Access of heavy metals
'I: E}iﬂﬁg ﬂi'éﬂ Fﬁﬁ*ﬁf ¥. ﬂlfifﬁ‘ﬁﬁ: ) 20(.)8., 27 (ﬁ) 4 _134(')-;;/,/“ pollution of the sewage irrigati(;n region in Taiyuan, China[]J].
1346,—! &y ¥ ___A_.'-'. Journal of Agro-Environment Science, 2011, 30 (8 ). 1553-
L1 X Y, Chen T'B Tan Y B, et al. Concentrations and risk of 1560.
Héavy metals in grain of wheat grown in Beijing[ J]. Geographical [44] thttk | DpfRe, MR, e s X 2 EEY- Ak &
Research, 2008, 27(6) : 1340-1346. SESBIHSMEA[]]. HER¥ %R, 2014, 34(6) .
(31] B, SRAARE, XI¥e, 45, H BT 0 o 5w R AR AT K 1517-1526.
WEE XS FEM [ J]. P2~ , 2012, 67(7) ; 971-984. Ma ] H, Ma S Y, Chen Y Z. Migration and accumulation of
LiJ S, Zhang Z L, Liu Y, et al. Sources identification and heavy metals in soil-crop-hair system in a sewage irrigation area,
hazardous risk delineation of heavy metals contamination in Henan, China [ J]. Acta Scientiae Circumstantiae, 2014, 34
Rizhao city[ J]. Acta Geographica Sinica, 2012, 67(7): 971- (6): 1517-1526.
984. [45] US EPA. CASRN 7439-92-1 Lead and compounds (inorganic )
[32] ZSNIE (%Ui%, Brdhim, & MR ORI E 2 [R]. Washington, DC; Environmental Protection Agency,
ST R TS e R AR RS PEAG [1]. Rk, 2013, 2004.
34(3): 1076-1085. [46] MR, ZW0T, hac i BABAR SR ET N[ M].
LiRZ, Pan C R, XuJ J, et al. Contamination and health risk Jba: Ff’ll—ilﬁ{ﬁmﬂ)iﬁ 1998.
for heavy metals via consumption of vegetables grown in [47] ERCEE, BEh, BOMS, 5. /NEL R R T8 280 Wk i i
fragmentary vegetable plots from a typical nonferrous metals mine NE[J]. gl FREERL 22254, 2019, 38(6) : 1218-1225.
city[ J]. Environmental Science, 2013, 34(3) . 1076-1085. Wang X J, Gao W, Zhao P, et al. Changes to wheat seedling
[33]  BREDG, ARk, A, . Jb T e Mt + 3 mh & it root morphology in response to cadmium stress[ J]. Journal of
T AR 0T [ 1], HiE2E4R, 2006, 61(3) : 297-310. Agro-Environment Science 2019, 38(6): 1218-1225.
Chen T B, Song B, Zheng Y M, et al. A survey of arsenic (48] ZEMEdL, Blmy, W/GR. E4AEMNA TR 5226 00 &E 45
concentrations in vegetables and soils in Beijing and the potential fE[]]. PEINEap = , 2021, 39(10) : 1603-1607.
risks to human health[ J]. Acta Geographica Sinica, 2006, 61 LiD S, Wei M M, Qing S K. Enrichment characteristics of
(3):297-310. Shangmai 5226 under heavy metal stress[ J]. Henan Science,
[34] WEWGIHR. WESKITFELE-2017[M]. WG . WaETET 2021, 39(10) ; 1603-1607.
Jai, 2017. [(49] Fald:, HE, M, % L3 - KRS/ /NE B4 8 WAL
[35] MEMGITR. WHELITHEE-2018[M]. G WE ML HEIREE)]. B EPRERE, 2022, 42(2) ; 794-807.
J&i, 2018. Wang C C, Tian W, Xiang P, et al. Mechanism of heavy metal
[36] MM R, WESIHELE-2019[M]. W& . WETEIT uptake and transport in soil-rice/wheat system and regulation




3618 A 44 %
measures for safe production[ J]. China Environmental Science, Resources and Environment, 2022, 36(4) : 80-86.
2022, 42(2) : 794-807. [54] BRuUHb, WA, Vpopde, S L3R U X AR H 438 K
[50] EeH, A #, Rt RKIT= MU X /N b0 & 4 EE GRS SITN 1], EEFR, 2012, 32(11):
JBS AR B —— VAR T R I 1]. HBplE, 2011, 3487-3496.
31(2): 226-231. Chen J D, Dai Q G, Xu X H, et al. Heavy metal contents and
Wang X R, Zhou S L, Wu S H. Distribution and relationship of evaluation of farmland soil and wheat in typical area of Jiangsu
heavy metals in wheat in the Changjiang River Delta—a case Province[ J]. Acta Ecologica Sinica, 2012, 32 (11); 3487-
study of Kunshan[]J]. Scientia Geographica Sinica, 2011, 31 3496.
(2):226-231. [55] US EPA. CASRN 7440- 38- 2 Arsenic, inorganic [ R J.
[51] ih, Z=ME M AEMAIM]. b, SEEF B WAL, Washington, DC; Environmental Protection Agency, 1993.
2017. [56] 1LvJ, Zhang Z L, Li S, et al. Assessing spatial distribution,
Cang J, Li W. Plant physiology[ M]. Beijing: Higher Education sources, and potential ecological risk of heavy metals in surface
Press, 2017. sediments of the Nansi Lake, Eastern China [ J]. Journal of
[52] %4k, AHFEINN, mss, 45 V5K AR 4 Hea T Ye it ot ik Radioanalytical and Nuclear Chemistry, 2014, 299 (3) . 1671-
JB[1]. B SRNIIESM, 2022, 38(1) : 10-20. 1681.
Qi F, FuTG, Gao H, et al. Review on Cadmium pollution from [57] US EPA. CASRN 7440-43-9 Cadmium[ R]. Washington, DC;
sewage irrigation in farmland soil [ J]. Journal of Ecology and Environmental Protection Agency, 1987.
Rural Environment, 2022, 38(1): 10-20. [58] US EPA. CASRN 7440-50-8 Copper[ R]. Washington, DC:
[53] FE s £ s Z=H s A T NEHIENE RGBSR Environmental Protection Agency, 1988. -
PRHAE XX [1]. TR IX PR SR8, 2022, 36(4) : [59] US EPA. CASRN 18540- 29- 9 Chromium— (V1 ) R 1.
80-86. Washingtons-DC: Environmental Protection Agen(gﬁ-"’iéQS“
Wang G L, Wang Y, Li X, et al. Enrichment characteristics and [60] US EPA. Rlsk assessment guidance for superfund volume I

risk assessment of heavy metals in the soil-wheat systemi=in the

Journal of Arid Land

lower reaches of the Qianhe river [ J].

human hPalth Pvaluatmn ‘manual ( part A) [R]. ’jV}sh-mgton

/

\
DC. an,lronmental Pﬁotedtlon Agency, 1989.




HUANJING KEXUE Vol.44  No.6

Environmental Science (monthly) Jun. 15, 2023

CONTENTS

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHANG Shao-xuan, CHEN An-na, CHEN Cheng-kang, et al. (3017)
Assessment of the Multidimensional Performances of Food Waste Utilization Technologies in China «««e«ssesesresseseemennennenininncnsneenns YANG Guang, SHI Bo-fen, ZHOU Chuan-bin (3024 )
QIAO Zhi, CHEN Jia-yue, WANG Nan, et al. (3034)
++ CHEN Yuan-yuan, YAO Xia-mei, OU Chun, et al. (3043)
Assessment of Emission Reduction Effect of Major Air Pollution Control Measures on PM, 5 Concentrations During 13th Five-Year Period in Tianjin «++vectereesereseeesssscnnesinsicnnnen

..................................................................................................................................................................... XIAO Zhi-mei, XU Hong, CAI Zi-ying, et dl. (

LUO Yu-gian, ZHANG Kai, ZHAO Yu-xi, et al. (
XIE Fang-jian, ZHENG Xin-mei, DOU Tao-tao, et al. (3071

(

(

(

Spatial Network of Urban Heat Environment in Beijing-Tianjin-Hebei Urban Agglomeration Based on MSPA and Circuit Theory

Relationship Between Urhan Spatial Pattern and Thermal Environment Response in Summer: A Case Study of Hefei City

Effect of Clean Heating on Carbonaceous Aerosols in PM, 5 During the Heating Period in Baoding

Transport Influence and Potential Sources of PM, 5 Pollution for Nanjing -+

Impact of Atmospheric Circulation Patterns on Ozone Changes in the Pearl River Delta from 2015 to 2020 -+ WANG Yao, LIU Run, XIN Fan

Effects of Tropical Cyclones on Ozone Pollution in Hainan Island FU Chuan-bo, DAN Li, TONG Jin-he, et al.
Analysis of Causes and Sources of Summer Ozone Pollution in Rizhao Based on CMAQ and HYSPLIT Models
Health Benefit Evaluation for PM, 5 as Well as 5 ¢, Pollution Control in Chengdu, China from 2016 to 2020
Impacts of COVID-19 Lockdown on Air Quality in Shenzhen in Spring 2022

Emission Tnventory of Airborne Pollutants from Biomass Combustion in Guizhou Province

LIN Xin, TONG Ji-long, WANG Yi-fan, et al.

)

)

)

)

)

)

ZHANG Ying, TIAN Qi-qi, WEI Xiao-yu, et al. (3108)

+ LIU Chan-fang, ZHANG Ao-xing, FANG Qing, et al. (3117)
WANG Yan-ni, YANG Jing-ting, HUANG Xian-feng, et al. (3130)
)

)

)

)

)

)

)

ZHOU Dong, HUANG Zhi-pu, LI Si-min, et al. (3142
LIU Li-ming, WANG Chao, GONG Wen-wen, et al. (3152
JIANG Ping, ZHANG Quan-fa, LI Si-yue (3165
XU Qi-feng, XIA Yun, LI Shu-jian, et al. (3174
Seasonal Variation Characteristics and Pollution Assessment of Heavy Metals in Water and Sediment of Taipu River ««+-«sseseesreeereeees LUO Peng-cheng, TU Yao-jen, SUN Ting-ting, et al. (3184
-+ JJANG Bao, SUI Shan-shan, SUN Cheng-yi, et al. (3198
Tracking Riverine Nitrate Sources and Transformations in the Yiluo River Basin by Nitrogen and Oxygen Isotopes ++ GUO Wen-jing, ZHANG Dong, JIANG Hao, et al. (3206
Distribution Characteristics and Risk Assessment of PPCPs in Surface Water and Sediments of Lakes in the Lower Reaches of the Huaihe River »++«seseerrerseresienenieneinininiininnn
WU Yu-sheng, HUANG Tian-yin, ZHANG Jia-gen, et al. (3217
LIU Chun-yan, YU Kai-ning, ZHANG Ying, et al. (
YAN Zhi-yun, ZENG Yan-yan, ZHOU Jin-long, et al. (
CHEN Ying, WANG Jia-wen, LIANG En-hang, et al. (3247
XU Heng-tao, FU Xiao-hang, FENG Wei-hua, et al. (
+++ CHEN Wen-jing, SHI Jun-ling, LI Xue-ting, et al. (

Main Chemical Components in Atmospheric Precipitation and Their Sources in Xi'an

Distribution, Respiratory Exposure, and Traceability of Atmospheric Microplastics in Yichang City «+++++++

Hydrochemical Evolution in the Yarlung Zangbo River Basin

Temporal and Spatial Distribution Characteristics and Source Analysis of Nitrate in Surface Water of Wuding River Basin

Pollution Characteristics and Risk Assessment of Antibiotics in Beiyun River Basin in Beljing

Characteristics and Driving Mechanisms of Shallow Groundwater Chemistry in Xining City -+

Groundwater Pollution Risk Assessment in Plain Area of the Yarkant River Basin

Composition Structure and Influence Factors of Bacterial Communities in the Miyun Reservoir -
Photo-Degradation Mechanism and Pathway for Tetracycline in Simulated Seawater Under Irradiation of Visible Light

Adsorption Characteristics and Mechanism of Ammonia Nitrogen in Water by Nano Zero-valent Iron-modified Biochar -

Removal Performance and Mechanism of Potassium Permanganate Modified Coconut Shell Biochar for Cd( I ) and Ni( I) in Aquatic Environment +«+s+sssseesesssesssisnininiiininiiiiiins
...................................................................................................................................................... ZHANG Feng-zhi, WANG Dun-qiu, CAO Xing-feng, et al. (3278

Phosphorus Adsorption in Water and Immobilization in Sediments by Lanthanum-modified Water Treatment Sludge Hydrochar = +-++++ssesveseeeeseeeees HE Li-wenze, CHEN Yu, SUN Fei, et al. (3288

Factors Affecting Nitrate Concentrations and Nitrogen and Oxygen Isotope Values of Effluents from Waste Water Treatment Plant -+« ZHANG Dong, GE Wen-biao, ZHAO Ai-ping, et al. (3301

)

)

)

Effects of Wastewater Treatment Processes on the Removal Efficiency of Microplastics Based on Meta-analysis +-«+xesxesseeeressennensssnennennen FU Li-song, HOU Lei, WANG Yan-xia, et al. )
Assessment of Critical Loads of Nitrogen Deposition in Natural Ecosystems of China «+:ereeseeeserereresenienenninineniniensene HUANG Jing-wen, LIU Lei, YAN Xiao-yuan, et al. )
JIN Yan-song, JIN Kai, WANG Fei, et al. )
DING Yue, WANG Liu-zhu, GUI Feng, et al. (3343)
)

)

)

)

)

)

)

Impacts of Climate Change and Human Activities on NDVI Change in Eastern Coastal Areas of China
Ecosystem Carhon Storage in Hangzhou Bay Area Based on InVEST and PLUS Models

Soil Stoichiometry Characterization in the Oasis-desert Transition Zone of Linze, Zhangye

SUN Xue, LONG Yong-li, LIU Le, et al. (3353
LI Wen-bao, ZHANG Bo-yao, SHI Yu-jiao, et al. (3364
Distribution Pattern of Bacterial Community in Soil Profile of Larix principis-rupprechtii Forest in Luya Mountain = »«+s+sesrsereeresreesrssseneenenss MAO Xiao-ya, LIU Jin-xian, JIA Tong, et al. (3376

Vertical Differences in Grassland Bacterial Community Structure During Non- Growing Season in Eastern Ulansuhai Basin

*+ ZHAO Jiao, MA Jing, ZHU Yan-feng, et al. (3386
YAO Li-ru, LI Wei, ZHU Yuan-zheng, et al. (3396
ZHU Shu-hong, HUI Chao-mao, ZHAO Xiu-ting, et al. (3408
CHEN Qi-gi, WANG Zi-jun, CHEN Yun-zhong, et al. (3418
Effects of Mulching and Application of Organic and Chemical Fertilizer on Greenhouse Gas Emission and Water and Nitrogen Use in Summer Maize Farmland «-«eoeeoveeeeseserseneniencnnee

Effects of Vegetation Types on Carbon Cycle Functional Genes in Reclaimed Soil from Open Pit Mines in the Loess Plateau

Effects of Biochar Application on Soil Bacterial Community Diversity and Winter Wheat Growth in Wheat Fields

Effects of Different Planting Years of Dendrocalamus brandisii on Soil Fungal Community

Effects of Biochar Amendment on N,O Emission and Its Functional Genes in Pepper Growing Soil in Tropical Areas -+

- JIANG Hong-li, LEI Qi, ZHANG Biao, et al. (3426)
Effects of Different Types of Plastic Film Mulching on Soil Quality, Root Growth, and Yield MU Xiao-guo, GAO Hu, LI Mei-hua, et al. (3439)
Pollution Assessment and Source Analysis of Heavy Metals in Atmospheric Deposition in a Lead-zinc Smelting City Based on PMF Model ~ +-+ CHEN Ming, WANG Lin-ling, CAO Liu, et al. (3450)
Characterization and Health Risk of Heavy Metals in PM, 5 from Road Fugitive Dust in Five Cities of Yunnan Province ««+vsseereseeereseeee HAN Xin-yu, GUO Jin-yuan, SHI Jian-wu, et al. (3463)
Pollution Characteristics and Risk Assessment of Heavy Metals in Surface Dusts and Surmunding Green Land Soils from Yellow River Custom Tourist Line in Lanzhou «-++eseeresverereenecseenes

* LI Jun, LI Kai-ming, WANG Xiao-huai, et al. (3475)
Source Apportionment and Pollution Assessment of Soil Heavy Metal Pollution Using PMF and RF Model: A Case Study of a Typical Industrial Park in Northwest China «-«-««sseeeseeresreseeeees

..................................................................................................................................................................... GAO Yue, LU Tong, ZHANG Yunkai, et al. (3488)
Source Analysis of Soil Heavy Metals in Agricultural Land Around the Mining Area Based on APCS-MLR Receptor Model and Geostatistical Method ««««+sesesessesserseeeemenenneinenennnnen

++ ZHANG Chuan-hua, WANG Zhong-shu, LIU Li, et al. (3500)

WANG Mei-hua (3509)

LIU Ya-jun, LI Cai-xia, MEI Nan, et al. (3520)

)

)

)

Source Analysis of Heavy Metals in Typical Farmland Soils Based on PCA-APCS-MLR and Geostatistics -
Characteristics and Risk Evaluation of Heavy Metal Contamination in Paddy Soils in the Three Gorges Reservoir Area

Health Risk Assessment and Environmental Benchmark of Heavy Metals in Cultivated Land in Wanjiang Economic Zone «+:+«sseseesserseeeenereees LIU Hai, WEI Wei, SONG Yang, et al. (3531
Evaluation and Source Analysis of Soil Heavy Metal Pollution in a Planting Area in Wanquan District, Zhangjiakou City +++++eseerereeeeee AN Yong-long, YIN Xiu-lan, LI Wen-juan, et al. (3544
Heavy Metal Concentration, Source, and Pollution Assessment in Topsoil of Chuzhou City ««+s+seeseeseseserensrmeneneininnins TANG Jin-lai, ZHAO Kuan, HU Rui-xin, et al.
Analysis on the Distribution Characteristics and Influence Mechanism of Migration and Transformation of Heavy Metals in Mining Wasteland -
.................................................................................................................................................................. EI Hong-bin, LUO Ming, XIANG Lei, ef al. (3573)
Ecological Risk Assessment and Source Apportionment of Heavy Metals in Mineral Resource Base Based on Soil Parent Materials -+« WEI Xiao-feng, SUN Zi-jian, CHEN Zi-ran, et al. (3585)
Enrichment Characteristics of Heavy Metals and Health Risk in Different Vegetables «+eeeeseeererresseesenenenninininiiniien QI Hao, ZHUANG Jian, ZHUANG Zhong, et al. (3600 )
Health Risk Assessment of Heavy Metals in Soil and Wheat Grain in the Typical Sewage Irigated Area of Shandong Province WANG Fei, FEI Min, HAN Dong-rui, et al. (3609)
Prediction of Cadmium Uptake Factor in Wheat Based on Machine Learning *+ NIU Shuo, LI Yan-ling, YANG Yang, et al. (3619)



	zw
	20230656
	yw



