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2 O IR AR 43 Ar b R A A XU . 5 SR B, R T Bk 3 () Z PAHs FI Z PAHs 7 5 F B {E 5 51K
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Content, Distribution, Source Analys,ls and Risk Assessment of PAHSs in Arable Splls

."‘.
—d ‘ ’,

of Taiyuan

WU Zhang-wei, DUAN Yong hong * , LIU Li-wen, XU Li- shual CHEN-Xiang-ling, YAO Xu hong
(Cnllege-nf Resources and Envi vironment, Shanxi. Agricaltural Univ ersny, Tngu.930801 China) J

A v

Abstract PAHs (pﬁl)cyc ic aromatic hydrocarbons ) ate ulﬁulafed ﬁrabl’% soils have significant impac 5 0 on’ farm and qua M and human health, which has_auraded w1de ¥
attention from scientists-and the public. A total of 22° “arablf 5011 samples were ollected from Taiyuan, an o'ld ingustrial Gity , dhcluding three districts (mdustrldl zonies hIHV
areas, and sewage fifigation area) and the contents of 21 PAHs were tedied using the GC-MS method. Th sources of PAHs in Soils were analyzed using the dlaggostlc
ratios*('DRs s method and pnsm\e matrix factorization ( PMF model | and the soil health risks were anal yzed using the incremental lifetime cancer risk (ILCR) model. The

resu]ts,!'ndloa'ted that the average LOHLCHtrdllOnb of Z PAHS and z PAH% in dldhl6 soils of Taiyuan were 934. 6 ng+g ™' and 787.7 ng-g ™", respectively, which were
Tower than the s01 polliition risk $creening value of dgmultural land sﬁpu dted in G‘Brl5 168-2018. 3-5 rings PAHs were the dominant components, accounting for ~90% of
the Z PAHs . Approximately 60% of sites in industrial zones, 13% in th} areas, and 33% in the sewage irrigation area had high PAHs contents larger than 1000

ng-g " The spatial distribution of PAHs showed that more severe PAHs pollution in the soil occurred in industrial areas than that in the other two districts. The DRs
suggested that the combustion of coals, bio-masses, and traffic emissions were the dominant sources for PAHs pollution in arable soils in Taiyuan. The simulation results of the
PMF model indicated that the sources and contribution rates of PAHs in cultivated soils were coal and biomass burning sources (59% ) , traffic sources (22% ), and coking
sources (19% ). The risk assessment confirmed that the arable soils in Taiyuan had high potential carcinogenic risks; thus, more attention should he paid to the PAHs
pollutions in arable soils.

Key words: arable soils; polycyclic aromatic hydrocarbons (PAHs) ; Taiyuan; source analysis; risk assessment
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FES BERE S R RS R L S0 m YR PR EERY 5
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F®1 KEHHG T 21 F PAHs B55HIERIRD /ng-g !
Table 1  Statistical description of 21 PAHs of arable soils in Taiyuan/ng-g '

T w | BAE BAE TIK  TIK REK EEK kK GGK
Tl FIE S AR CFE SRR CPE ShEE CFE
1 %%(Naphthalene,Nap) 2 2.00 ~103.7 16.81 9.75~19.25 16.50 2.00~103.7 18.69 2.98~44.76 15.32
2 JEi( Acenaphthylene, Acy) 3 0.87 ~25.89 6.65 4.92-~20.22 8.60 0.87 ~25.89 5.88 1.63~17.81 6.24
3 508 (Acenaphthene,Ace) 3 0.06 ~8.17 2.14  1.90~5.06 3.34 0.06~1.74 0.81 0.16~8.17 2.65
4 %j(Fluorene, Flu) 3 0.27 ~79.98 12.79 5.87 ~24.40 12.34 0.27~79.98 15.36 1.99~36.54 10.75
5  df(Phenanthrene, Phe) 3 10.48 ~404.8 88.30 68.84 ~239.9 121.7 10.48 ~404.8 89.37 25.02~152.2 68.75
6 T (Anthracene, Ant) 3 10.74 ~535.5 106.7 91.06 ~317.3 161.1 10.74 ~535.5 107.8 25.65~160.1 75.61
7 ## (Retene, Ret) 3 15.19 ~144.0 44.94 23.61 ~136.0 56.27 15.19~71.29 32.98 18.24 ~144.0 49.27
8  %¢JE (Fluoranthene, Fla) 4 19.32 ~487.9 115.3  103.8 ~487.9 231.3 19.32~109.3 60.12 28.39~293.3 99.90
9  E&(Pyrene,Pyr) 4 11.35~307.0 69.96 67.99 ~307.0 151.0 11.35~73.15 35.17 15.29~171.0 55.85

#JF [a] B [ Benzo (a)
anthracene , BaA ]
1 ( Chrysene, Chry)
FI[b] & [ Benzo (b)
fluoranthene , BbF |
K9 [ k] % B [ Benzo (k)
fluoranthene , BKF ]
IR L0 B [ Cyclopenta (cd)
pyrene, Cpp ]
KI [a] € [ Benzo (a) L™
pyrene , BaP |
K [e] B [ Benzo (e)
pyrene,BeP] d ‘
17 4 “TE( Perylene.,-Pler) i 5
st < AP l,TETE Dibenzo(a,
: Hh) anthracene., ]I)ahAJ
BigE[1 ,i,3—cd];ﬁ'5 [ Indeno
(1,2,3-¢d) pyrene, InP]

¥ ORI [ ghi 1 A8 28 )
20' |[ Benzo (ghi ) perylene, 6
/ whip? =

._.
o
~

._.
jan
»~

—_
[}

13
14 5 ND ~82.35 _19.26
15

16

18

6  ND~133l6

19
F y g )

7.70 ~233.9 51.22 58.32~233.9 113.2
7.89~228.3 60.84 45.56~228.3 113.6

5 17.32 ~380.1 98.80 79.88 ~380.
5 4.22~121.8 25.12 27.06 ~121.8  59.93 4'22~2§!35 10.58
0.28 ~39.89 8.23'
5 7.81 ~244.4 49.08 53.54 ~244.4 119.3“"‘ 7.81 ~44.84I 19.79

5 10/68~283.9 67.03-65.37 ~283.9 140/1
1.18-40.93 /€28 11.25-40.93 2041/ 1488 ~5,64

o : ";J. F
5 k63 ;—2746/756 1 6.78~27.43 1520 1.69411.03 | 4.47

130.64 1.37 ~133.6 60.98 8.00 ~34.09 18.24

0.26.2241.9%4 4597 ‘_J_séf"s ~241.9 1140

7.80~66.81 25.34 7.70~130.7 39.77

7.89 ~154.9 41.93 11.85~131.1 48.37

—

186.9 17.32~142.3 58.25 22.24 ~265.5 85.91

4.34 ~60.34" 18.70

.I" ll

| = i
ND ~68.247 20.66 0.32 ~82.'3§_-' 2414

-
8.68 ~194.94" 36.112

i 1 = A
IO.FG‘S ~134.0/ 40.15 14.09 ~126:4 50:33
: 4 o -

45,97 1.61~20.42

(627 -

1.63~18.96  6.065

/ l P

ND ~98.52 25720

&

7.36 ~62.01 21.22 0.26~92.02 29.70

21 5% ( Coronene, Cor) 7 ND ~25.95  7.43 5.40~25.95 13.32 2.12~12.05 5.44 ND~20.18 5.92

22 27PAH5 55.65~1237 323.3  316.1~1237 668.4 55.65~479.3 178.6  67.60 ~830.0 260.2

23 PAHs 118.1~2900 787.7  724.4~2900 1488 118.1~1875 533.0 178.4~1770 624.9

24 ZzlPAHs 152.4 ~3294 934.6  836.4 ~3294 1727 152.4 ~2111 635.2 232.2~2163 760.8
1)ND HAKH

(MO T B X 6 4545, H > PAHSs & 435
42900 ng-g™'. 1875 ng-g™' Al 118.1 ng-g '
> JPAHSs (8 ik 43 A1 BAT R S0 25 (W] S R, T
X PL ~ PS5 A F R B A6, 3 PAHs & 44
i, PR B T BTG YKo (600 ngeg ) AL, HEY
60% IFE S T 5 R I5 YL KF- (1000 ngeg™'),
A BSOS A R A A A R SRR | ek
| NS T St 0 1 AT S S B
Ak HETS B SR ZL S e 4 A7 B S E G L. P6 ~ P13
ASE T R D A 7 G A o I 1 e X PRI AT
(A ACIE AN LR NG 8l , 14 PAHs & 4%, 1
29 13% MRE s L T 35 B 5 Y K. P14 ~ P22 {7
FRIET R TS HE X, 2 33% (AR S AL T HEETS
YK

B2 T Tk X | el X A5 X 78 PAHs
PAPRLE R b ) 25 S5, AN TR) DX 88 Y SR PAHs 7E &
F2ERER. > PAHs & P B EAE Tk X
1488 ng-g™' \FE LB XM 533.0 ng-g ™", 7EVG HEIX
9 624.9 ng-g ™", Tl X B 75 Y K24 0 B XA
TSHEDXHY 2 ~3 A5, 3 AN XL S5 ik PAHSs Fh 24
1, TAlkIX 21 Fh PAHs fE % PAHs 4 Fla, BbF,
Ant Al Pyr [ B 2 (a) ], & & F X E 5 20 &
> PAHs B HEIN 13% , 1%, 9% F19%; FEREIX
L % PAHs K H i EAR KA Ant (17%) . Phe
(14% ) . Fla(9% ) F1 BbF (9% ) [ 1 2(b) ]; Tii5HE
XAPL 5 PAHs 5 LAKRIR A Fla(13% ) . BbF
(11% ) . Ant(10% ) F1 Phe (9% ) [ ¥ 2(¢) ]. Fla J&
FEALE PR AYTE R 1) BBEF FI Pyr S22 5 AL ¢



8

SRR . R L E PAHs (5 i o)A IRARHT S XU IE AN

4391

Z

38900

37°50°

Pl {

16PAHs & fit/ing-¢™!
® 118-200

® 201-600
6011 000
@ 001290

37°40°

o G 1 824
s £ 689
112040 E -

112730
i I W I o
L ;&“)ﬁi?ﬁ#ﬂtifﬁ PAHS = @575 / i
Hig. I Spasidl disfribiition of PAHs in arable Soils’ siPiveian
":ig r{ p?.,t-laf ?Il!l‘l}llli} ion o s in aj‘” e.}}rpg i ¥

1 | P |"‘ i i A r'r. ’ “'".
WRBe BT R £ PAHS Qzﬁg* a
e e

YYRMRGE AT 2 Phe TR 4 Hf
Wi BB A AT e

ST Y

T T BRI L )| PAHS & BEPIY(

1488 ng-g ! ARTFRIR VLT Tl X JH 14 H
+4 (2240 ng-g )" FE I B BATEC 25 K AR T
(1733 ng-g ™')™ T LW 28 0 4 A I+ 4
(928.2 ng-g ' )™ F1 & W Tk X (590.0
ng-g ') L HErR PAHs 19 & B KR TH B X A
TS L4 D> PAHs A HEF S 5 533.0
ng-g ' F1624.9 ng-g ™ BT T IR 4K T (556.3
ng-g )W LRI (518.2 ng-g ') P IR A
mige B 4 (613.1 ng-g™ )P, @& TH I FE R
(190.6 ng-g™' )™ BN R AR £ T (64.0
ngeg ™ )N K F B Y Caserta B (29.0
ng-g ') L4 PAHs (198 . 5 E P A ]2 5
B IEAR E, KT 3 AN X8 i e Ak s s
B

RGN A X 3, PAHs i 25 75 B 3%, 4 3
DR > PAHs A5 iR PAH & BEHEAT T

RIT 20 WS 2 5 R, Bls 28 X RO e Jm A IE
oA 77 2SR T 25 A A R AR

KRIEH TALIX | B XRIVSHEIX > PAHs & itff
FERH XS (P <0.05); fE— 2T ZH I
B AREW], Tl XA B X, Tl A5 #E X 2
i) PAHS 2% 5 3 T B RT3 HE X 2
(6] 22 5 AN T2 A5 TR PAH Y5 25 70 M2 R
7R,3 AN KR 2 FRAN 3 BRBTAT (9 LR PAHS | 6 FRAY
InP A1 7 308 Cor FHZF AR 4.5 Fl 6 I
AW PAHs 5 i A TE 3 22 5 (P <0.05) , B
SEUBAEAE S PAHs HL5 5L LA L,
2 BF1 3 BRAIA Y PAHs AT BE K BAT 5 48 R 1AL
PR, B4 S A6 AN [R] DX 38 (8] 2 4% 9 R, i MR ER
PAHs 1 KRS Bt T 4 5 O , Bl A 3
AR S 22 R R B IR IR R R 2
B PAHs FEAETALIX 5 FEbg X, Tk X ARG T IX.
225 4, T B 5T X 52 B G0 M 3
G | |\ S
SR PAHS TR 2
A R PA s 0 3 Bt T 9 32
b 2 g, R b s > e g ik
PAHs M SRALR 5, 3%&@“« 2 Al ,3_1%;",19}{-}}:5_;3'.
PR g SRR S 5 PAHS # I (L7 T S

g%ﬁ@{&i‘aiﬁm%‘ﬁfg b 2 2 5 % 5 O

F.

4 3

\F75R PARS S22 R L 022 5 S
O EEEE T 0.05.

AW R TE PAHs B9 8403, DL 3 R AT 4
5 PAHs 0T iz X 22 BRI s LL 5 216
R PAHs 0 N AR bR KT 3 ~4
IR PAHs 3 5 24 61%, KT 5 L2 37% 1Y
5 ~6 ¥ PAHs, R K JF i #Eh + 38 h i PAHs %
TR T HEBAAE Y BRA B 3 5 K D T REFE 25 4 rh 4
B A BRI A

2 ~7 ¥ PAHs TEAN R Dy fE X rh iy o5 Lt an & 3
fiias, Tolk X 5 Fb 4 2R PAHs > 5 3 PAHs >3 3
PAHs; FCBZ X il 3 #F PAHs >4 ¥f PAHs >5 3§
PAHs; 759 X (5 It 4 3 PAHs >3 ¥ PAHs >5 ¥
PAHs. Tk X 37 2] 55 £ 8 U5 18 #E 09 % i, 4 30
PAHs 53 £ BRIX 5 &1 3 3 PAHs & kb
W X e T B X PAHs 78 KA it A&
R A L DXV A AR AR, T L B A B IR 3R
PAHs ] {20 726 55 e T 4 A L M 2R 48 o SR T Y
R JE R B X B0 TR 0 B 20 16 800 m DL L, 1 HE I
X B V4R 25 BE AR T 800 m, A FrBis IX. A% 4F - 1
FE LG I XA, X AT e A R T I IXIE R 3 3%
PAHs. Tl IX 4 ~6 ¥F PAHs & 5, il REA Ky
%X IHAETE Z 1A A Bk



4392 E7 - Y = S S 4 %
500 3500
(a) Lok
100 | 2800
% 300 | 2100
<) ) =
g 20 1400 &
100 | | é % % é] 700
oL X e ES ﬁ ‘aJ ﬁ E-9 0
600 2200
4002 (b) EBEK
1650
T{Im 150 | T:_u
¥ 3
& el 1100 2
] E g[
& s0 1 i @ é é E é é ﬁ-ssu
0 .:. - 2 Eag % VIR @ E-3) % 0
300 2200
B0 @K
{16350
- 150} T
2 00 | {1100 &
I " o
€ s0f é L {550 "
, _ CRR- & ¥ =

3 4 5 6 7 2

o

16 ]'.-‘ 18 19 20 21 22 23 24

(a) TAEIX, (b) FEBEX, (c)i5HEX; 1. Nap 2. Acy 3. Ace, 4. Flu, 5. Phe, 6. Ant, 7"Ret 8|F1aH 9. Pyr, 10. BaA{ 11jc/hry w M
e o A
BbF, 13. BKF, 14. Cpp 15. BaP, 16. BeP 1i7 Per” rg DahA 19. InP, 20. thlp 21 w@or 2. 2 PAHs , 23. Y L{PAHS"

A it e

v F

%
> PAHs -"‘ i 2u IJLJ& TSR 21 PAHp'ﬂgg,; ra >
2 . T I
A !n. n:_,. _,; '.'I . el Flg 2 Content of thq;.‘?;l PM:@ mdustrlal zones, hilly areas.‘ Iamd sewage 1rr1gatlonn area F — _‘.ﬁ"'
| VEP i K ! .a.l"_’ ;o .? <
B 257PAHS -Bﬂ PAHs [ 456PAHs [ S5PAHs [ 65EPAHS [:|?f+PAHq
T
F. [ X
Tolke X
‘SU 100
i %
B3 TWK, FEXAGERH2~7 35 PAHs f&LE
Fig. 3 Portion of 2-7 ring PAHs in industrial zones, hilly areas, and sewage irrigation area
2.3 JRfEAT DL, ST 35 R ¢ R A 300 T AR S5 AT o R T A

HAEWT PAHSs (14 28 5 00 H 25 ] S o Pk | 43
MET 3 AN X 22 A4~ HERE S A2l b 2. &
4 f Fla/(Fla + Pyr) B{EII KT 0. 50, FBH £ HE 05
) PAHs S48 FRIAR SE BBy L0 pT A
BaA/(BaA + Chry) FJ{E/NT 0. 35, iz 23 1
— B A R R IR sE A s LA S L R T
0.35, 3% W] H 3= 22 32 R0 2B W ot R b TR 10 52
Wi 234 IX Y5 YL R S 2%, Fla/ ( Fla + Pyr) {8 £9H%
ZEEEK X AT g5 A48 05 Y AR A 5. 22 A FE AT
Tl IX InP/( InP + BghiP) BI{E K £ 4 F 0.2 ~
0.5 Z 18], FH] Tl X+ 38 52 3 W 7R 1k A7 MR AL IR e

B TSHEIX A RZ HE R Z KT 0.5, R Z 5|
RN P R ARG 22 s B IXRE 0% A
Y ARAE 0.5 Eﬁ,ﬂﬁh—'ﬁkﬁ{ﬁzﬂﬁﬁ%nﬁﬁ%. AJ

ii%%tlﬂ PAHs 15 2 i) E R IE, AN 7 + 38 7
)38 8 HEBCIR 5.
KT 4 3E PAHSs 19 PMF 43 b4 B an&l 5 ir
R, IR 3 AR R B PMF AT AR 3R R T
%éﬂé} oy i S BTk R B (R R R R R 1
W1 Nap, Flu, Phe 1 Ant 2537 & X H 5Tk 58
755, Nap Al Flu 2 £5 5% A A i 28 7= o 2 bl Y 32
B PAHs"?' Phe 1 Ant 3B I5 T A b HE G A
A LI PAHs SIAH R AR VR A E B R
Y15 Ret SEAEYFMRBEIRAOFE R BghiP #1E N

S AR R | SR MR T 1
fRAFHREI, HXE S PAHs S A TR

20 19% . AT 2 2500 PAHs 407 & S =
TR BRI, X L2 43 Phe . Fla F1 Pyr # #1IA



8 RRHE KIRTTHR -1 PAHs (88 4040 R BEAT 5 XU PEA 4393
= Tl e EEEK W 5K
o A AR 06 MO HRkEIR
% R #E
0.66 H " In a "% o s
P13 p;z n 03 Pli2 ?’W P71 i ..520 2
0.65 “ ; )
’ PO mw , B AK . ba b Pidpig O 5 P2
T b I P21 pi1  MAbE £ - P10 P17 P35
£ Pz P10 L P 5 " ¥ P11 -
5 06 P15 . g o3f h Py N
£ pio P17 P20 = P4 P2
= 0.62 = P6 £ 02 .
L :
0.61 Pl
rg » 0.1 |
oo m - . i R
i 4 P4 p3 L (b
| W L L 1 a L | : [I} P]-S |]:'TS !).1 1
025 030 035 040 045 050 055 060 030 035 040 045 050 055 060
BaA/(BaA+Chry) BaA/(BaA+Chry)
B4 #Hiih 5 PAHs % X E
Fig. 4 PAHs cross plots of arable soils
e 1 R, oriEeh 19% e
T g SRR N ekl {80 =
& 60F . . HATHRE | 60 g
£ oawr” » [ 40
Saf oo T | g L i g
{1 N S S S I 1 A P B T Y [ P . I I—T‘—| L _T_ b B b . 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
100 - - 100
- H2: A0 A m A GRE, TTRREE R59% .
w80 . . - . L 180 =
& 60 ' . . . 460 g
o 40 - - « [ “H40 B
g 220 . ] n 420 =
0 O e —+— 1 ! 1 1 1 1 1 1 1 Fy 1 1 | I Y o | s 1 — —1 {]
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
100 e 100
- H3: I, Bk 22% - .
el e
tt% 60 - -0 %
fli 40 — 40 E
g 2ofF . ’—'—‘ ’—-—| m < 3 : . . {20 =
0 | o [ — 4 —t— 1 L 1 L I L l_:_| L ‘Il =ﬂ=|.[i Ll'_“"_‘ 1 * R L LT i) {]
1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21

1. Nap, 2. Acy, 3. Ace, 4. Flu, 5. Phe, 6. Ant, 7. Ret, 8. Fla, 9. Pyr, 10. BaA, 11. Chry, 12. BbF, 13. BkF,

14. Cpp, 15. BaP, 16. BeP, 17. Per, 18. DahA, 19. InP, 20. BghiP, 21. Cor
E5 MPMF ST BAMNMESLEYNESSERETHME

Fig. 5 Component content and contribution rate of the typical contaminants from PMF analysis

FHRIRIEIR 5 42 BKF . BbF Fl Chry 2L
JRARBE s 0 B B R A F R > BaP F R A
TEATRBHRBE BRI 7 2 T AR I A% A 4 TR
B, X PAHs & B 1 DTRR R 20 (5 B 59%
F 3 H1 Phe, Ant, Ret, Fla, Cpp. InP F1 Cor 19243
i MO TTER AR, Ho InP | BghiP 1 Cor 2247
TETAIMBRBE M B S, 2 A8 3 HE iU ) H 246
Py MR 3 FE R sl v, Hok 4 PAHS (953
BRACLY R 229% . AT LR i BF b+ 3 v PAHs 19 3
TR R MR AL ) TR 68 (59% ), 38 388 ik AR R
P BTRR A 2915 20% 2247, 3 5 R TiT BG4 16 K 1
JHE IR IR 5% N oA TR FE A b G Py sl S g2 — 3K
B(J[27,28] .

2.4 WESTEH

5 [ AR BN S0 1 v 2 RS i PRl s
107 ~10 74 fIKF 10 ~° (9 KBS AN 5 B R BUE— 2647
Bl T T 10 7 8 XU B A Ry T SR LA ST Bl ok
ok /2 At T R I A O KUBS: L R T DA AR 3
TEWFZE DB B A RERE fih PAHS B9 KUK | 0 A ) 4F i
AR ST Tl A | R R A A A 9 4%
FREZ A% 50 B ABES AT AR D | FAE L, AR
FUNAE L 4 4.3 NIk 4 S AREA 3 Rk fiig iz
16 Fi PAHs R B0 XS E 1 6 fras, Al LA
8 X3+ HEh PAHs B A9 ILCR M HUETE 8. 69 x
1077 ~2.61 x 10 > Z [a], Hrfr P1, P2 F1 P20 3 IR
RSB B0 B0 A, A B AR R



4394 E7 - Y = S S 44 %
30
Tl X Fe [ X bt
I #H4EH
B W E L
>0 %
= [ e 4
o
g
K 10
0.1 tnlﬂ:.]l[[l:.:m:[ﬂlﬂ:.]} -
o

P1 P2 P3 P4 P5 PH P7 P8 P9

P10 P11
FRFEm

P12 P13 P14 P15 P16 P17 PI8 P19 P20 P21 P22

6 PAHSs R E KU M

Fig. 6 Cancer risk assessment for PAHs

14% . TEWSAFE IS 20 | 75 47 20 SO XU ey, HOR
SRR, T AL B0E KRS E B KT 1071, BlAE
2 86% MIMEAEUE RSB KT 10 . Tit R H 4
M AR, 5P 0 B0 KU 18 T2k Tl X
15T DRI Fr [ DX - 349 i R DRSS B s B R
11,84 x 107, 4.20 x 10 H1 2. 63 x 10 *H It
QLN SR S ) S i3 R st S0 S AP

AR 3 77 1y B0 A TLI& Eﬂﬁfekm{ﬁﬂ’&"\ﬁﬁ‘fg_e

B YT B M L - 2 SO AU B
ﬁ%%ﬁﬁfxﬁ@ma@%mm 'y

3 Q:b [ e Il A ..\ul,u I .;.
(V) v

I(l)*j(ﬁ¢*ﬁ'ﬁﬁ;t§§ﬁnnth z PAH aii{-

Y1 Hy 787 7 ngeg ™, 2 27% E’J#nniﬁLT‘IOOO
ng-g- 'E’JEF(? 7J(‘TF“ fH BaP () &% &L T GB
15168-2018 4 FH #1375 Y XU i e (.

(2) HHERE S \\W%E,\llﬂ1i§7%ﬁliklzﬁ
wi L FEBR IXRE A RS X A 3 R ] A 2R 10 X
B3 A XI5 B AH 60% . 13% Fil 33% FIEE 5+
Herp PAHs & & M ad T H E 75 4 K F (1000
ng-g™), TAlkIX > PAHs & 5P 2 4 1488
ng-g_1 SN R XFNTSHE X Y 2 ~ 3 %

(3)KJETH R+ 3 ~4 3 F1 5 ~ 6 31 PAHs
SrZndi D) PAHSs () 619% il 37% , KJE Tk &
Herb iy PAHs = B0R T me R A= ) R e, Tl X
+ 3 4 35 PAHs S iR ZE; BERIX HIEZEHE
RO B2, S A 20 3 3 PAHS.

(4)1ZWr L2 H PME 570 53 B 25 R — B3R W
LI TN A P AR e K D Tl B b - 38 b PAHs 19 3
BRI s PrfRUR | SR | R A AR ) BRR e U X
i + € h PAHs 8% 5 09 STER 250 518 19%
22% F159% .

(5) KI5 T APl 3 ki A7 7 AN 25 2200 1) ft

JRURS: , B0 XU AR Tl DX, 95 8 DX B XA IR

Frmi B, B2 5 AT G

S E k. ___.a-""_' ;

(1] WA, BT, AR, %. ﬁfﬁaﬂiﬁnﬁiﬂ%ﬁ 3 KR
RS [)]). AR, 2020, 57(5)1051-1059.
Shen R F] Yan X Y, Zhang G L, et al. Statps quo,of and
strategic tfunk,mg for the t%evelopmem of soil sméncefff{- Chma in
the new .Pra[ﬂ é,ptq Pedologica Sinica, 2020, 5"'.(5) ig?
1059. /

[2] ﬂm@zﬁm K, % Y it Mﬂhﬂiiéﬁ*ﬁéﬂi
i‘%%ﬁ&%[}]’ iﬂzﬂiﬁ}ﬁf 2015, 70(12) ; 1859- 1869."
Zhu'Y G Li G, Zhang G I, et al. Soil becu‘rlty from Earl.h,s""l
(’I’ltl(‘&f zop}d to e(‘o%ystqﬂq\‘ services[ J]. Acta Geographica %Hl]Cﬂ
2015 70¢( 12) 1859-1869. | Ir--"I

(3] XIbE @fﬂ?“ X [E 4 % T 5 - TS A
FATH 1], AR, 2006, 26(3) ; 901-913.

LiuZ F, Fu B J, Liu G H, et al. Soil quality: concept,
indicators and its assessment[ J ]. Acta Ecologica Sinica, 2006,
26(3):901-913.

[ 4] Pratds, Aot fomene, 2. (A LS JR o0& 2
MYTHTLI]. RAVFRFRA240, 2017, 36(9) : 1689-1692.
Chen N C, Zheng Y J, He X F, et al. Analysis of the report on
the national general survey of soil contamination[ J]. Journal of
Agro-Environment Science, 2017, 36(9) : 1689-1692.

[5] W3Ck, Paists, MHE, %8, o [ gk I A e 3f b i 5 2 L
RERAELI]. 2R, 2021, 58(5) : 1094-1109.

Hu W Y, Tao T T, Tian K, et al. Status and prospect of
farmland soil environmental quality management in China[ J].
Acta Pedologica Sinica, 2021, 58(5); 1094-1109.

[6] Sun]JT, Pan L L, Tsang D C W, et al. Organic contamination
and remediation in the agricultural soils of China; a ecritical
review[ J]. Science of the Total Environment, 2018, 615. 724-
740.

[ 7] Tarafdar A, Oh M J, Nguyen-Phuong Q, et al. Profiling and
potential cancer risk assessment on children exposed to PAHs in
playground dust/soil; a comparative study on poured rubber
surfaced and classical soil playgrounds in  Seoul [ J ].
Environmental Geochemistry and Health, 2020, 42(6) . 1691-
1704.

[ 8] LiX, Zheng R, Bu Q H, et al. Comparison of PAH content,
potential risk in vegetation, and bare soil near Daqing oil well
and evaluating the effects of soil properties on PAHs [ J].
Environmental Science and Pollution Research, 2019, 26(24) .
25071-25083.



8

FORAAE : ORI TR - 3 PAHs B985 & A AT 5 KU A

4395

[9]

[10]

[11]

[12]

[13]

[14]

[15]

~and source apﬁgintmént of polycyclic aromatimhydm.(‘arbdri.@ :j,r;ﬁ‘i

Azzolina N A, Kreitinger J P,

Background concentrations of PAHs and metals in surface and

Skorobogatov Y, e al.

subsurface soils collected throughout Manhattan, New York [ J].
Environmental Forensics, 2016, 17(4) ; 294-310.

Wang C H, Wu S H, Zhou S
identification of polycyclic aromatic hydrocarbons ( PAHs) in
urban soils; a review[ J]. Pedosphere, 2017, 27(1) ; 17-26.
CaiCY, LiJY, WuD, emission

source and health risk of parent PAHs and derivatives in surface

L, et al. Characteristics and source

et al. Spatial distribution,

soils from the Yangtze River Delta, eastern China [ J].
Chemosphere, 2017, 178 . 301-308.
Liu W J, Wang Y L, Chen Y C,

hydrocarbons in ambient air, surface soil and wheat grain near a

et al. Polycyclic aromatic

large steel-smelting manufacturer in northern China[ J]. Journal
of Environmental Sciences, 2017, 57 93-103.

R, Boken, s, 4. by IX )2 80D PAHs (95
HERORIEAIATL ], PG, 2021, 49(3) : 311-317.
Wu M, Duan Y H, He J L, et al. Content and source analysis of
PAHs in surface soil of northern China[J].
Agricultural Sciences, 2021, 49(3) . 311-317.
Wang W T, Simonich S L M, Xue M,

sources and distribution  of

Journal of Shanxi
et al. Concentrations,

spatial polycyclic #~aromatic
hydrocarbons in soils from Beijing, Tianjin and surrounding

north China [ J]. 2010, 158
(5): 1245-1251. J

areas, Environmental Pollution,

Chen Y, Wang Y'H;, Yu K K, et al. O¢currence characterjstics™,

" - -alkanes ﬁver phe past 100 years in somhweaiﬁna;{]

Ly ]

Science of Tilrr’ Tntal Env1r0nment 20224 808" dm 10. 1@16/,]

HSCITOTENV 2021.151905. | 4

[161 ALiuS D} Xia X H, Zhai Y W, et al. Bla('k (:arbon ()BC) in

urban and surfgtihding rural soils of Bf‘ljlng, Chlna
d1€t{r1hunbn . and rehltmn%hlp

; %patlal

with polyryrhc 4 aroma&u’.

i hydrqcarbons ( PAHs) [J]. Chemosphere, 2011, 82( 2 ) 2.2-3-

[17]

[18]

[19]

[20]

[21]

228! ¥

Wang X L, Zuo Q, Duan Y H,
variation of polycyclic aromatic hydrocarbons in surface soils in
North China Plain[ J]. Environmental Toxicology and Chemistry,
2012, 31(10) : 2246-2252.

Woz, sk, XUBTEN, 4. BE T OB LR R IR 2 R
IR AT BBV [T]. BREERE 2, 2018, 39(2):
889-898.

Yao H, Zhang S C, Liu M L, et al. Sources and risk assessment

et al. Factors affecting spatial

of polycyclic aromatic hydrocarbons from the urbanization process
of topsoil[ J]. Environmental Science, 2018, 39(2) : 889-898.
JaE, SREBE, XIReEE, 4E. LI TR M R ME T 2 05 R
GRAEAE MBI (1], R IR, 2019, 36
(4): 534-540.

Zhou J, Zhang J S, Liu X X, et al. Pollution characteristics and
risk assessment of PAHs in agricultural soil in suburb of Beijing
[J]. Journal of Agricultural Resources and Environment, 2019,
36(4) . 534-540.

Ay, i, XU, A RSO YA H 3 PAHS 234
REAE SLUSARAT ). Th EBREERIE, 2019, 39(2) . 741-749.
Zhang X, Yang J, Liu M, et al. Distribution characteristics and
source analysis of PAHs in farmland soils along Shanghai traffic
artery[ J]. China Environmental Science, 2019, 39(2) . 741-
749.

BRUE, BIAEIE. P U BB Tl P b b 22 3E 05 SR U A AT
[J]. KILHEGHE 55T, 2009, 18(9) : 843-848.

Ge CJ, Yu H M. Source apportionment of polycyclic aromatic

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

hydrocarbons in agricultural soil in typical industrial zone in
Nanjing city [ J]. Resources and Environment in the Yangtze
Basin, 2009, 18(9) : 843-848.

I, MR, KT, S ORR R R R L
TR NI FIE[T]. HBERL, 2019, 40(7) .
3369-3377.

LuY T, Xiang X X, Zhang S C,

characteristics of PAHs in soils with different land use types

et al. Vertical distribution

during rapid urbanization[ J]. Environmental Science, 2019, 40
(7): 3369-3377.

Shao X L, Xu Y P, Zhang W,
hydrocarbons ( PAHs) pollution in agricultural soil in Tianjin,
China[ J].
Journal, 2015, 24(3) . 343-351.

Maliszewska-Kordybach B. Polycyclic aromatic hydrocarbons in

et al. Polycyclic aromatic

Soil and Sediment Contamination: an International

agricultural soils in Poland: preliminary proposals for criteria to
Applied

evaluate the level of soil contamination [ J J.
Geochemistry, 1996, 11(1-2) . 121-127.

SRR IIRAIEE Tl S AR IR R AT [ A ] L. B
R BRI 55 i —— 45 JU0 9P S 2 1.3

[C]. dbnte FEREERE & E BRI Fo0 _ZB'H

KIFET G, lﬂ%éﬁfr)ﬁiﬁ)ﬁﬁﬁw\ i:l,%'i?ﬁ 202074 [#
R4y %ﬂﬁAZ-zJ%%fﬁfr/\?& in?‘EI%ﬁ, 202103-22
(03). | W \ ,

X, MR, TR, A i(ﬁﬁ[:ii%*%ﬂf*“(‘i
R MRS 'itlzzéﬁg% 2008, 15(5) : 155=460.1

Liu F qu Y H  Wang J W,,et al. Pollution Pharartermllc% of.‘
po]ycycflq aromptic hyd*ocarf;:ms in the topsml of Talyuan cffy, v
north Chlna J]. Earth Science Frontiers, 2008 15(5)

160./ = E

T, A AR ) [:j:i%(fmﬁﬁ}ifé%ﬂﬁﬁﬂiﬁ"
[D]. KJ: WPk, 2016,
B B SR AT ML
Mkt , 2000.
Duan Y H, Shen G
aromatic hydrocarbons in agricultural soils at a typical coke

China [ J]. 2015,

=0 . deat: R ELR

F, Tao S, et al. Characteristics of polycyclic

production base in Shanxi, Chemosphere,,
127 64-69.

Liu H, Yu X L, LiuZ R, et al. Occurrence, characteristics and
sources of polycyclic aromatic hydrocarbons in arable soils of
Beijing, China [ J].
2018, 159 120-126.
LiuQY, WuY H, Zhou Y Z, et al. A novel method to analyze

the spatial distribution and potential

Ecotoxicology and Environmental Safety,

sources of pollutant
soil of Beijing urban parks [ J ].
Environmental Pollution, 2021, 284, doi: 10. 1016/j. envpol.
2021.117191.

Enell A, Reichenberg F, Ewald G, et al.
studies on PAH-contaminated soil under varying temperatures
[J]. Chemosphere, 2005, 61(10) : 1529-1538.

Wang L J, Zhang P Q, Wang L, et al.
hydrocarbons in urban soil in the semi-arid city of Xi'an,
China:
relationships with soil properties[ J]. Archives of Environmental
Contamination and Toxicology, 2018, 75(3) : 351-366.

Peng C, Chen W P, Liao X L,

hydrocarbons in urban

combinations in the

Desorption kinetics

Polycyclic aromatic

northwest composition, distribution, sources, and

et al. Polycyclic aromatic

soils of Beijing: status, sources,
distribution and potential risk [ J].
2011, 159(3) : 802-808.

Qiao P W, Dong N, Yang S C, et al. Quantitative analysis of the

Environmental Pollution,

main sources of pollutants in the soils around key areas based on



4396

w5

Bl

2 4%

[37]

[38]

[39]

[40]

[41]

[42]

,.Wang CH, Zhou S

- China[ J] Sf’lence ‘of the Total Env1r0ﬂm9nta-" 201
[757.  / f | I3 y

the positive matrix factorization method [ J |. Environmental
Pollution, 2021, 273, doi: 10.1016/j. envpol. 2021. 116518.
United States Environmental Protection Agency. EPA positive
matrix factorization 5.0 fundamentals and user guide[ EB/OL].
https://nepis. epa. gov/Exe/ZyPURL.
P100IW74. txt, 2022-03-22.

Polissar A V, Hopke P K, Poirot R L. Atmospheric aerosol over

cgi? Dockey =

chemical composition and sources[ J]. Environmental
Science & Technology, 2001, 35(23) . 4604-4621.
Xie T, Lu F, Wang M E,

anthropogenic background to pollution evaluation and source

vermont ;

et al. The application of urban
identification of soil contaminants in Macau, China[ J]. Science
of the Total Environment, 2021, 778, doi: 10. 1016/].
scitotenv. 2021. 146263.

IR, WA EPA PMFS. 0 7538 4387 X B AR I AT b i i
FWFZEL)]. PR S8, 2016, 41(1) : 115-118.

Wen L, Xu J P. Application of EPA PMF5. 0 in analysis of
precipitation in Pudong new area[ ] ].
Management, 2016, 41(1) : 115-118.

ESC, BRFETE, B, A RIET PM, T EHIT RS
AR O VR R AT A2 R KU SR [J]. B AL
2022, 43(5) : 2343-2354. g
He B W, Nie S S, Li Y L,

characteristics ,

Environmental Science and

et al. Seasonal dl@t]abutlon
source analysis, and health risk Pvaluatmn of
PAHs in PM, 5 in Chengde[J]. Envlronghemal bcwhc_e, 2022,
43(5) : 2343- 2354 i’ L -

Song J, Human ht’alt’h 1! k q,-rﬁf—
polycychc aromaplc hydrocarbons in the qurlldh, sbﬂ g,d N;mjmg,

612/ 7;(_)_-

et al.|

[431 Wang X T Chen L, Wang X K, et al. O(’cu'rrence sou‘rceb and

[44]

[45]

[46]

[47]

‘ health risk ‘assésshnent of polyeyclic aromatig hydm(‘arbnn% in /
': urbilm (Pudong) and su’burban soils from ghanghal 1n§h1na[]}
J Chemnsphere 2015, 119 1224-1232. 4

GBI15618-20187 1SR HE ket A4 i 1405 e MBS MT
s,
Mohit A, Keshavarzi B, Moore F. Polycyclic aromatic

hydrocarbons ( PAHs ) in urban soils of Ahvaz metropolis;
contamination, composition, distribution, potential sources, and
cancer risk [ J]. Human and Ecological Risk Assessment; an
International Journal, 2019, 25(4) ; 935-948.

Chung M K, Hu R, Cheung K C, et al. Pollutants in Hong Kong
soils; polycyclic aromatic hydrocarbons [ J ]. Chemosphere,
2007, 67(3) : 464-473.

BEF, BB, Sel ) L WZRA R H RIS T RS g
REAE S URARDTL )], FRIEERL, 2017, 38(4) : 1587-1596.

Ge W, Cheng Q Q, Chai C, et al. Pollution characteristics and

source analysis of polycyclic aromatic hydrocarbons in agricultural

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

soils from Shandong[ J].
1587-1596.

ZIpM, 2, 2R, & IR K i X R 2 1
MEZIF R[], AR 224, 2014, 33
(11); 2136-2142.

LiTC, Li W, Yuan C Y,

aromatic hydrocarbons in surface soils of Yinchuan Plain and

Environmental Science, 2017, 38(4) .

et al. Distribution of polycyclic

surrounding areas [ J |.
2014, 33(11) : 2136-2142.
Rajan S, Rex K R, Pasupuleti M,

compositional

Journal of Agro-Environment Science,
et al. Soil concentrations,

profiles,  sources and  bioavailability  of
polychlorinated dibenzo dioxins/furans, polychlorinated biphenyls
and polycyclic aromatic hydrocarbons in  open municipal
dumpsites of Chennai city, India [ J].
2021, 131 331-340.

Qi PZ, Qu C K, Albanese S, et al.

aromatic hydrocarbons in soils from Caserta provincial territory,

Waste Management,
Investigation of polycyclic

source apportionment, and
2020, 383,
doi: 10.1016/j. jhazmat. 2019. 121158. .~ |

E?/](W B, TN, % B AEA LIS “M%’i%i%‘
%%W‘J%iﬁﬁﬁﬁﬁﬁ[ﬂ o AR} 2 E ‘2Q_.1'é, 32(2) .
278-287. | ' s o

Xue Y G, GungP WangD(P et al. Env1r0nm9ntai--'fwhav1or% of

.__,Prog:wsa

southern Ttaly: Spatial distribution,

risk assessment[ J]. Journal of Hazardous Materials ,

the per51stent orga,rﬁc pollutants in forest ecosystem[]
in Geography .2013 2(2) 278-287. -

MlguPl A H Pere}ra PA P Bfnzo( k) fluoranthene , henzn(ghl) )
{ and indenof( 175 2 3-cd) pyrene:,
automot.lve emissions in, rereptor modehng[ J J
and Tephrmfogy, 19894 10(2) 292-295. ;
QuY]J, ‘(Jong Y W, Ma'], et al. Potential sources, mﬂu'encmg

Perylene ~new _lracers” of

Aero%ol g(‘lE‘HF{“

factorsy, and health risks of polycyclic aromatic hydrocarbons
(PAHs) in the surface soil of urban parks in Beijing, China[ J].
Environmental Pollution, 2020, 260, doi: 10. 1016/j. envpol.
2020. 114016.

Okuda T, Okamoto K, Tanaka S,
identification of polycyclic aromatic hydrocarbons ( PAHs) in the
China, by
Chromatography and applying positive matrix factorization ( PMF)
2010, 408 (8) : 1909-

et al. Measurement and source

aerosol in Xian, using automated column
[J]. Science of the Total Environment,
1914.

NEA, SkBU, BRWE. SF iR S BRI E 2 B
J7 ke (PAHs) RUEH AR [ 1], L HEGE R, 2008, 39(5):
1204-1209.

Bu Q W, Zhang Z H, Xia X H. The Application of molecular
biomarker parameters as indicators of PAHs source in soils, a
2008, 39(5):

review[ J ]. Chinese Journal of Soil Science,

1204-1209.



HUANJING KEXUE Vol.44  No.8

Environmental Science (monthly) Aug. 15, 2023

CONTENTS

Analysis of Change Trend and Influencing Factors of PM, 5-O5 Pollution in Tianjin from 2013 t0 2020 «+:+seseeseessessenssisenesieninnsienees XIAO Zhi-met, LI Ya-fei, GAO Jing-yun, et al. (4211)
Changes in Ozone Pollution Trend Characteristics and Sensitivity in Jinan from 2015 to 2020 «+:xssesrerrersemssesiensstneisinncneineens SUN Xiao-yan, SUN Jun, GUO Meng-meng, et al. (4220)
Analysis of O Pollution Characteristics, Formation Sensitivity, and Transport Impact in Southern Nanjing —«+++esesesereeseressusenssesenenes ZHENG Xin-mei, HU Kun, WANG Ming, et al. (4231)
Characteristics and Driving Factors of O3 Pollution During 13 Five-Year Period in Tianjin «+++-+--- +o++ LI Yuan, XIAO Zhi-mei, BI Xiao-hui, et al. (4241)
Response of PM, 5 and O3 to Emission Reductions in Nanjing Based on Random Forest Algorithm «+eesecreeeereresssenensisninninsns SHANG Yong-jie, MAO Yu-hao, LIAO Hong, et al. (4250)
Quantification of Ozone Pollution Transport Based on Four-dimensional Flux Method in Foshan, China ««seseereesererrersienmesincnnnenens WU Li-ping, MO Hai-hua, YANG Li-ting, et al. (4262)
Effects of Source Depletion on Vapor Intrusion Risk Assessment +eeesrererssesiemenenminmnin e ZHONG Mao-sheng, WANG Yang, JIANG Lin, et al. (4271)
Spatiotemporal Variation Characteristics of Main Pollutant Fluxes in the Yangtze River Basin from 2017 to 2020 »«+v+eeseererereererssenenenene GUO Chao-chen, LEI Kun, LI Xiao-guang, et al. (4279)
Spatial Variation Characteristics, Influencing Factors, and Sources of Hydrogeochemical of Surface Water and Groundwater in Mountainous Area of Hutuo River ««+ereresreserrersisnnenennneene
.................................................................................................................................................................. KONG Xiao-le, CHANG Yu-ru, LIU Xia, et al. (4292)
Spatial Distribution, Source Analysis, and Health Risk Assessment of Metal Elements in Karst Water in Southeastern Chongqing ~ «+++++++++++++: XIE Hao, ZOU Sheng-zhang, LI Jun, et al. (4304)
Mechanism of Salinization of Shallow Groundwater in Taocheng District, Hengshui City ««e+seereeeeeerenees HE Jin, ZHANG Huai-sheng, CAI Wu-tian, et al. (4314)
Assessment of Groundwater Contamination Risk in the Plain Area of Southern Turpan Basin - BAI Fan, ZHOU Jin-long, ZHOU Yin-zhu, et al. (4325)
Microbial Community Composition and Diversity in Metal Sulfide Mine Water Systems «++-«eereseererrsesernssnesinneinnnenenes DING Cong-cong, ZHU Xu-yan, ZHAQ Xing-qing, et al. (4334)
Occurrence Characteristics of Microplastics in Baiyangdian Lake Water and Sediments «+«+v+srsereereseresremnsennssinessneinecnenes CHENG Xin-yu, YANG Li-hu, SONG Xian-fang (4344 )
Analyzing the Pollution Sources and Mechanisms of Urban Rivers Based on Identifying the Molecular Signature of Dissolved Organic Matter -+ ZHU Yi, YE Jian-feng, SUN Xiao-nan, et al. (4353)
Occurrence and Fate of Steroid Hormones in Sewage Treatment Plants —«+«+esseseersenessmenenssinimnensnii LIU Yuan-yuan, FENG Hui, ZHANG Yun, et al. (4364)
Distribution, Source, and Ecological Risk Assessment of Persistent Organic Pollutants in Surface Sediments of Boao Coastal Waters «++++ HAO Run-bo, FU Guo-wei, SONG Yan-wei, et al. (4374)
Content, Distribution, Source Analysis, and Risk Assessment of PAHs in Arable Soils of Taiyuan WU Zhang-wei, DUAN Yong-hong, LIU Li-wen, et al. (4387)
Potential Ecological Risk Assessment and Source Analysis of Heavy Metals in Soil-crop System in Xiong'an New District «+v+veereereeereeeesee GUO Zhi-juan, LIU Fei, ZHOU Ya-long, et al. (4397)
Pollution Characteristics and Source Analysis of Heavy Metals Based on APCS-MLR and PMF Receptor Model = ++«+eeeeerrerreeremmensnenssmnnncninnnienens
- DUAN Hai-jing, MA Jia-yu, PENG Chao-yue, et al. (4406)
Pollution Characteristics, Source Analysis, and Risk Assessment of Heavy Metals in the Surrounding Farmlands of Manganese Mining Area «+:+esrereereeesessenenmssicnnesnenssnnncsneene
.................................................................................................................................................................. YU Gao, CHEN Fen, ZHANG Xiao-dong, et al. (4416)
Translocation, Accumulation, and Comprehensive Risk Assessment of Heavy Metals in Soil-Crop Systems in an Old Industrial City, Shizuishan, Ningxia, Northwest China —«-veeseerrereereeees
............................................................................................................................................................ WANG Ying, DONG Ai-jun, YANG Jian-feng, et al. (4429)
Distribution Characteristics and Risk Assessment of Tetracycline Antibiotics (TCs) in Soil-Vegetable System with Soil Fertilized with Animal Manure
.................................................................................................................................................................. DING Dan, HUANG Xiao-yi, G | (4440)
Accumulation Pathway of Cd, Pb, and Zn in Chinese Cabbage under the Condition of Exogenous Pollution Superposition in High Geological Background Area :
............................................................................................................................................................... JIAN Huai-liang, LIU Hong-yan, MEI Xue, et l. (4448)
Effects of Combined Pollution of Microplastics and Lead on Maize Seed Germination and Growth MA Gui, LIAO Cai-yun, ZHOU Yue, et al. (4458)
Application of Fe;0,/Mulberry Stem Biochar Effects on Soil Arsenic Species and Rice Arsenic Content ~««+xewesseeresrersenesnenenees RUAN Lin-giao, LIANG Mei-na, DING Yan-mei, et al. (4468 )
Remediation Effect and Mechanism of Biochar in Combination with Nitrogen Fertilizer on Cd-contaminated Paddy Soil ++«+s+ssesrereereeerereneenns ZHANG Li, LI Ru-xia, HE Yu-lei, et al. (4479)
Effects of Combined Application of Different Nitrogen Fertilizers and Biochar on Cadmium Uptake by Pakchoi ( Brassica chinensis L. ) in Cadmium Contaminated Soil ++++«+eeseeeeresnesneesee
.............................................................................................................................................................................. LI Ping, NIE Hao, LANG Man, et al. (4489)
Effect of Coconut Fiber Biochar and Ts Nitrate Modification on Pb Passivation in Paddy Soils ++++eeresrerrerseesennsnenniinensininnens HOU Zheng-wei, LI Jian-hong, LI Cai-sheng, et al. (4497)
Effects of Biochar Application on Physicochemical Properties and Bacterial Communities of Microplastic-contaminated Calcareous Soil -+ RAN Tai-shan, LONG Jian, LIAO Hong-kai, et al. (4507)
Effects of Modified Biochar-Supported Zero-Valent Iron on the Removal of Trichloroethylene and Responses of Microbial Community in Soil «++++-++++- LU Hai-nan, LI Peng, GUO Lin, et al. (4519)
Effects of Modified Distiller’s Lees Biochar on Nutrients and Enzyme Activities in Purple Soil +:+setseeeseresesennnenenennienininnens YOU Le-lin, XIE Yong-hong, WANG Zi-fang, et al. (4530)
Biochar or Straw Substituting Chemical Fertilizer Increase the Risk of Phosphorus Loss in Subsurface Runoff in Sloping Farmland ~ -++-++++see--- LAI Jia=xin, DENG Hua, ZHU Hao-yu, et al. (4541)
Carbon Loss During Preparation and Aging of Sludge Livestock Manure Biochars ««+«+«+sesesreresesesersssennemnneinnencnns ZHANG Ying, ZHANG Chang-hao, ZHANG Xiu-fang, et al. (4554)
Effect of Chemical Fertilizer and Manure Combined with Biochar on Denitrification Potential and Denitrifying Bacterial Community in Rhizosphere Soil «+«eseeessesresnesseneneneinineinnen
............................................................................................................................................................... XIE Jun, WANG Zi-fang, WANG Ying-yan, et al. (4565)
Soil Bacterial Community Structure and Function Prediction of Millet/Peanut Intercropping Farmland in the Lower Yellow River ««-se:e-eseee LIU Zhu, NAN Zhen-wu, LIN Song-ming, et al. (4575)
Effects of Microbial Fertilizer on Physicochemical Properties and Bacterial Communities of Saline Soil Under Brackish Water Irrigation +-«+sesserveesrssnesnenenmienensininincniininsnnen
............................................................................................................................................................ LIU Yue, YANG Shu-ging, ZHANG Wan-feng, et al. (4585)
Remediation of Petroleum-contaminated Soil by Highly Efficient Oil-degrading Bacteria and Analysis of lts Enhancement Mechanism -++-++-- YAQ Zhen-xian, WANG Li-ping, LI Dan, et al. (4599)
Impacts of Land Use Intensification Level on Fluvo-aquic Cropland Soil Microbial Community Abundance and Necromass Accumulation in North China «+«ereeeseesrersesssnenenenininsinnen
........................................................................................................................................................... LI Sheng-jun, SHENG Mei-jun, LI Gang, et al. (4611)
Pathway and Policy for China’s Provincial Carbon Emission Peak +«+eessesseeeseserenenniinimnnininini MIAO An-kang, YUAN Yue, WU Han, et al. (4623)
Carbon Offsetting Mechanism of China Province Based on Carbon Reduction Cost —+++sseeseseersessemenenemininensininenisiscnens ZHONG Shi-yu, ZHANG Xiao-min, WU Jia, et al. (4637)
Analysis on Change in Soil Organic Carhon Content of Farmland in Yangtze River Economic Belt Under Different Fertilizing Measures — ++++++++++ LIU Xin-yu, LU Jiang, MENG Xuan, et al. (4647)
Multi-scenario Land Use Optimization and Carhon Storage Assessment in Northwest China — ««eereseererssrseremssnssinne e CHEN Ning, XIN Cun-lin, TANG Dao-bin, et al. (4655)
Analysis and Simulation of the Spatiotemporal Evolution of Habitat Quality and Carbon Storage in the Weibei Dry Plateau Region of Shaanxi -+ GU Zhen-wei, LIU Jing, CHEN Yi, et al. (4666 )
Impact of Climate Warming on Paddy Soil Organic Carbon Change in the Sichuan Basin of China = «+eresreeserseeressenesinecinnecene LI Ai-wen, SONG Liang-ying, RAN Min, et al. (4679)
Stoichiometric Imbalance of Abandoned Grassland Under Precipitation Changes Regulate Soil Respiration - WANG Jia-yi, WANG Xing, WANG Yuan-zhuo, et al. (4689)
Effects of Water-salt Environment on Freshwater Wetland Soil C, N, and P Ecological Stoichiometric Characteristics in the Yellow River Estuary Wetland = «+eoeoreeveesesenenennineinen
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" QIN Ji-fa, ZHANG Jia-peng, SANG Luan, et al. (4698 )
Spatial Distribution of Soil Heavy Metals and Regional Control Strategies in China at Province Level «+:+ereeeeresreresenecirnneennen SHI Hang-yuan, WANG Peng, ZHENG Jia-tong, et al. (4706 )
Comprehensive Review on Environmental Biogeochemistry of Nonylphenol and Suggestions for the Management of Emerging Contaminants +««+xesveessesresrererememensininsnensinnen
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" HONG Ya-jun, FENG Cheng-lian, XU Da-yong, et al. (4717)
Research Progress on Distribution Characteristics and Formation Mechanisms of Microplastics in the Environment -w+s+ereseereees ZHANG Long-fei, LIU Yu-huan, RUAN Rong-sheng, et al. (4728)
Review on the Long-term and Short-term Effects of Biochar Addition on Soil Greenhouse Gas Emissions ««+vesetereesevesesemennesnennens ZHOU Yong-chun, WU Liu-lin, LI Dan-yang, et al. (4742)
Iron-based Bimetallic Catalysts for Persulfate Activation to Remove Antibiotics in Water; A Review «+eeseeserseresenensentninsenninennens WEI Jian, ZHANG Xin-yi, GUO Zhuang, et al. (4751)
Analysis of the Environmental Risk of Livestock Manure Pollution and Resource Treatment Technology ««+s+«sssreeresreressenssnesneeneneene AN Jing, DING Zi-ming, GAO Cheng-cheng, et al. (4764)



