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Enrlchment and Ecological Risk Assepsment of Avallable Phoﬁphdrus in Paddy Sonl of

Fujlan Prmnnte Over Past 40"yeay§ F L e

CHEN Zhong- xmg”2 QIU Long-xia' > CHEN Han- -yue o FAN X.t‘e-yul 2 WU Ting'* SHEN Jing- quan SIXING Shi-he'* | ZHANG, Li-ming' ="
(1. . College of Resource and Environment, Fujian Agricultué aid Foreud') Unnersnty, Fuzhou 350002, Chitta; 2. Unnersuy Key Laboratory of Soil Ecosystem Health and
Reguld";on in Fll]ldn Fuzhou 350002, China; 3. Fujian CrJOp fland (Consthiction dnd Soiliand Fertilizer Station, Fuzhou 350003, China)

Abstract ; Th(-" ecologi@al risks sueh as water eutrophication caused bySoil phosp-horuﬂo%% have attracted extensive attention, and its dynamic changes and enrichment effects
are the' basis for formulating reasonable control measures. i4 this study, based on the paddy soils of 1.8 x 10° hm® in Fujian province, the dynamic changes and ecological
risks of available phosphorus in paddy soils over the past 40 years were analyzedusing a soil database of 1:50 000. The soil database contained 1471, 215534, and 2 895
paddy sofl'samples in different periods, respectively. The paddy soil samples were derived from the 1982 Second National Soil Census, the 2008 Ministry of Agriculture and
Rural Areas Soil Testing and Formulated Fertilization Project and the 2018 Ministry of Agriculture, and the Rural Areas Arable Land Quality Monitoring Project, respectively.
The results showed that from 1982 to 2018, the content of available phosphorus in paddy soils increased by 47 mg+kg ™", and the enriched area reached 1. 65 x 10° hm*
accounting for 91% of the total paddy soils in Fujian province. From 1982 to 2008, the available phosphorus content of paddy soils in Fujian province increased hy 28
mg-kg ™", with the enriched area reaching 1.47 x 10° hm* , accounting for 82% of the total paddy soils in Fujian province. From 2008 to 2018, the available phosphorus
content of paddy soils in Fujian province increased by 19 mg-kg ™", with the enriched area reaching 1.22 x 10° hm® , accounting for 69% of the total paddy soils in Fujian
province. Further ecological risk assessment showed that from 2008 to 2018, the area of paddy soil with ecological phosphorus enrichment risk in the province gradually
increased, mainly distributed in percogenic paddy soils and hydromorphic paddy soils with a slope of less than 2°. In the future, effective phosphorus fertilizer management
measures should be formulated for different types of paddy soil to prevent the occurrence of environmental problems such as water eutrophication.

Key words: available phosphorus; phosphorus enrichment; ecological risk; 1:50 000 soil database; spatiotemporal variability
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KEIA. me-kg ™ B (6) HTI 5 5% o o 50 A

1.3 R KRS LA R S R

FEA XA R KRG 26 | A7 BIX T ARINARL
S U ¥ i (available phosphorous content, AP,
mg-kg™') . K AE L+ A B E 4 i (variation of
available phosphorous, VAP, mg-kg™") Fl/K i+ A
BOBE E 4E % (variability of available phosphorous
content, VAPC, %) FokfE LA %I e THI H 23 ﬂé% s

(arqa'variation of avqi-lable phosphorous / AVAP ;"‘I_pg")_‘
YN e W 7 A
| - 'll ‘lll n ' F ‘ ¥ J"_:
J U hes= Sam) [ o f
(o 1/ i - L BN | f
! .'? .I | L | n I ] i ..l.... .V
J 'AP; =, (AP x APSL.)/ WAPS.8 (29
l P Zl ' Zr i d_,ff
3 \]—AP = APfl _ Asz ( 3 )
VAP(f 1-/2)
VAPC = =t < 100% (4)

AVAP = (AP, - AP.) x APS, (5)
A, APS S X KA 4 545 /K A 4 3 3 0 T
Bl(m®), APS, N5 i IR BB E R (m®) ,
AP, R i A IR EIEBERZ KA £ (0 ~20 em) T
AR (mg-kg ™), n HEBEEL AP, y/KAE L
1982, 2008 % 2018 4F +IEHE & it (mg-kg '), f A
ARGy (f, S 2008 4B 2018 455 £,y 1982 4FEf 2008
).
1.4 8 KR A B A SRS N
A FE R FHAR X XU 22 BT A e 44 7K A 1
AT A SRS R Y
AT 5 2= 7k%§if§§§$§%§%%ﬁﬁ -
(6)
P T4 A A K H 35 il 5 i AR S KU
I FAE A 5 25 40 DLARIE , AT 35 B 35 45 A F
FENR B H M I o (AR Ih FE Hy 42.8

1

[R) Sty B AIE AT - 3% 1] e 213 IX K H 4 398 ik
ARSI T 40 mg-kg ™' ABFILESL I
T 2008 47 I 2018 4E AT M & R ISR IFS 0
g~ kg ™ 97K FE B9 R 5 1 TERUIR: XK R 40
mg-kg_lj@llﬁl‘} ﬁf{ﬁ, Fﬁhﬂﬁ ArcGIS 4k ﬁﬁfﬁ}ﬁﬂ’%ﬁ
2008 4EFl 2918’ @7&;& S EER S0 ig : _lfg;i
i%é%ﬁwzk[{ﬁ%%&,a‘f%fﬁ SPSS St Bl sl s
BRI 1‘%‘#_}&( d’f}'fhamical__.gl.’illstering methods) X{H‘EZ_T
SRR RBIAT 18 53 D, MR 43 DXV PR 4 K
A et B B A R 0 5 A RORX (07
0.515) , PR IX (0.515 ~2.090 ) Fil 55 KUK IX
(2.090 ~4.084)
1.5 ot S5abs

AHFFE 1982 2008 F12018 4F-fRaA 3 ANt
WK A A 80 o o 5 2 SRR S B 1 2
£ ArcGIS 10.2 H1 58 . 3 F ArcGIS 10.2 %4 B
B 2 I B 3 3 W O T e S 3 7 = el L] o I
SR 5 KA [R) B A 7K A A 25l & &b A 72 (R B oy
Mr, 1551 1982 ~2008 , 2008 ~2018 F1 1982 ~2018 4F
R KRR A 3 e AR AT S R OK RS -
A0 B AR IRURSS DX v JRURS: DX g XU DX ) AR X6 XL
Wy Z R0k 43R F SPSS 22. 0 B B A BB A
R(DCM) |, KAE LA %508l & 5 . B 42 30 UG [X 1T
FUEG T HE Excel 2019 H5E I, H S FEIR A 28
&I F ] Origin 2018 #4231,

2 GRE5SR

2.1 FEEME 40 KRS A R0 R 2 AR RRE
2.1.1 AR S SRR AR E

AR B AT R 10507 K il R 4384k
WG AT R, 28 A KR EBE181 7564, B
AN 1,80 x 10° hm®, 1982, 2008 F1 2018 4EixX 3
A AR KRS £ 2 (0 ~20 em) [ A0 ACE- Y {E



3744 o

B 43 %

Jits o (2 40 98 9.55, 37.50 F1 56. 63
mg-kg . FE— MK RE 76 800 & = 25 (8] 5 A ok
F (K 3), 1982 A KR A 2k AR 2 i vg
) 2R 36 B s Hoh ) o (R RUBE) U (> 50
mg-kg ") BY/KFE 1 B A LE PSR AN U R TR ML IX
AN 4.37 x 10* hm®, /7 4245 KR £ & i AL
2.42% ; o (AR BAK ( <10 mg-kg ") AYKFE +
FEAEAREE PSR X HFR 1. 26 x
10° hm?, (5 42 /K A8 1 B ALY 70. 05% . 2008 4

A KA A R S S A A R S 1982 4R 22
of il 1)

SRR, BAS mm R, AR 2P

(a) 19824 €0 g™ -

({728 mbkf, ' <0 W 10-20

=

20~30 30-40 N 40-50 N =50

o (A0 ) B85 ( > 50 mg-kg ") AIKRE + 3 52404
TEAR A TS, WA K 4. 15 x 10° hm?, (5424 7K
+ R 23.01%; o (A SHE) K (< 10
mg-kg ™) MK R 1 32 B 43 A 76 4 48 A6 A b
oI, AR 4. 35 x 10° hm? |, (5 4248 /K A8 4 s i H
9 24.11%. 2018 4F o (A % W) B & ( > 50
mg ke ™) B/KRE R0 A AE AR A m A AR
T AR 7,59 x 10° hm? |, 544 K8+ SR
45.10% ; o (A RUHE) BAR( <10 mg-kg™") K AH
- FE AR A A AR A X TR 1. 31
x 10° hm® , (528K RGBS 7. 24% .

B3 1982,2008 712018 Ehﬁéx‘bl‘]ﬂtﬁﬁm%‘iﬁmﬁ{a( AP) @57
Fig. 3 gpallal distribution of avalla!hle phnsph&ru% content of paddy soil in Fu]lan provmce in 1982, 2008, and 2018

-

"Ml?% 4 Tu%tﬂ AE 40 AP R A A 7J<7T‘51iﬁx5€ ot VLTI 69% . 25 45T , 1982 ~2008 4EJi]

Wy %ﬂﬂﬁzﬁﬁ*%t% B A £

~2018..$|Eﬂ¥m§$é KAE L o (%) 3 i"JJuT 47
mg-kg ™', EEMMALAT] 1. 65 x 10° hm® , 25 44 K
e £ BRI Y 919% 5 Hirr, 1982 ~2008 4[] 42445 7K
L o (BB BEINT 28 mg-kg™', BT FIZA N
1. 47 x10° hm® , 245 £45 /K A5 + B AL 82% 5 2008
~2018 4F[H &= H KR+ o (A 58 8 m T 19

mg-kg ™', B ARTFN 1.22 x 10° hm®, 29 i 245 /K F

(a) 19824 (b) 20084E

FAUmeke " <0 B 0~10

E4 1982, 2008 12018 EEEZEARARPKBLEUHEEES

EEREE K AR EEE R ET T 0~10
mg-kg ™' Z [A], 2 b AR KRR L BTE AR 23%, 2Ly
AT AR ALTS; 2008 ~2018 4F i) 48 245 K A8 +
AR SRR E T 20 ~ 50 mg-kg T 2], 2
A KRS T BT Y 22% , 3 E 40 A T AL R
HB. 1982 ~2018 43T 40 4 [A] 4 44 /KRG A R =
R RIRIME T T 20 ~50 mg-kg ™' ZJA], 2 A K
A TR 28% , T A TR AN L.

100 km

10~20 20~50 WM 50-100 WEE =100

184> %

Fig. 4 Spatial distribution of enrichment of paddy soil available phosphorus in Fujian province in 1982, 2008, and 2018



7 3] Wi B4 10T 40 AP R A 4 KRS AT S8l s RO B T A 2 XU TTA 3745

2.1.2  JKFE A RO A s AR AR R )

AN TR st 30 A 7 A KR 4% I 28 10 il B 2
SIRK(ES). 1982 4E4 o (AR ) fie i B2
HKAE LFE B KR L, 435135 %) 10. 29 mg-kg ™' FlI
10. 06 mg-kg ™" ; 1M w (A RUBE ) Fo k1Y 2 R /K A5
A F KR L, 43 Bl 3.38 mg-kg ' Al 4. 72
mg-kg ™'y HAUKRE L WM o (FH 58 M T 6. 33
~8.22 mg-kg ' Z[H]. 2008 4EEE o (B R B
(2 B KRS - i & KR L, 4 Bk 5 95,23
mg-kg ' H148. 67 mg-kg ™" 1M o (AR LAY
JR R KRG AT B KRS £, 4 BICA 16. 21 mg-kg ™
122,58 mg-kg ™', HAAKFE L WIH o (458
AT 31.70 ~ 43.91 mg-kg ' Z[A]. 2018 4E 44
o (A0 ) o e A 2 SR VK R+ AL BOK RS £, 43
Ak 78. 85 mg-kg ' Fl 67. 54 mg-kg ", 1V B /K
TFVEE KR L0 o (A 808 ) FXTEAL, 53598
40.25 mg-kg ' 1 43.07 mg-kg ™', HARKRE T 2%
() o (AR08 4 T 45. 05 ~ 63. 64 mg-kg ™' 2T

100

7 [ 19824
7 20084 |
80 - 20184F
% %
T e ) -
= [ > —
5 60| X S 2
& X 7 3 X
g e
OB R
20 3 2 < S Uk
SO U ] B
o ?’ S ’7 X
- 4 [« [, e
0 o g o A T g o A
1 2 3 4 5 6 7
P R e

LR ADKFE L 2. EADKAE L5 3. B HAUKRE L 4. BURAK
fAL; 5. WEAKRE L 6. ShstAUKAE 5 7. WE AUKAE L
E5 1982, 2008 12018 FiEE &L REAEL
TRELHLENH
Fig. 5 Distribution of available phosphorus content
of different paddy soil subgroups in Fujian province

in 1982, 2008, and 2018

& 6 Al LIFE H, 1982 ~2018 4FIT 40 4FH 4%
A KRS LA S R 2R A %
. 1982 ~2008 4F:[a] i 7 7K A L i B KRS 110
o (A0 & AR, A ST 90. 50 mg-kg ™
A138.38 mg-kg ™', HiAW I o (AR &ERN
F20. 13 ~23.92 mg-kg~"; 2008 ~2018 4F[] Rl K
Ff IR UK T o (B 208 ) & ik, 40l 3
JNT 62. 64 mg-kg ™' F128.80 mg-kg ™' ; B T HEH K
FEt, AW o (AR &E7NT 14.97 ~
22.65 mg-kg (K 6). MK W RARHE S B E
LMBORE, 1982 ~2018 B F /KR + 5 1 Flh

100

N
80 -“/ 20084¢
< 20184
60
_ 40
2
:é’ 20
H
& 0
=20
40 k
-60 1 I I 1 T 1 1
1 2 3 4 5 6 7
RS

1ERARDKFE L 2 I FADKAE L 3. B E AR L 4. BUR ALK
Ry 5. MERAUKAT L 6. ShUURAR £ 7. W8 AR R &
E6 1982, 2008 712018 FEELREKE
TTAERHEERSE
Fig. 6 Enrichmenl. of available phospho';'us (.)f P_aéﬂy‘ F
soil subgroups i_r.lp Eujian proyince in 1982, 2008;.ér}d".201g

K KT 5. 68 ¥10° hin ) b 1% 5K R L T LD
65. 69% T B HS BRI N9 J2 A K e T, /03
hm?  {FL 5 0K AT AR 95.31% . )
2.1.3 BB i e s e
ENCI T AR e SRR T
2 SAR, TBRS  52 0 H s FE  TH FA 34
(7). db—2 M & 8 nT 1, 1982 4F 4347 1 3 &
20 ~ 6o FBl 1A 1 /K R o B A B, T
K5 10. 28 mg-kg ™', MK 0. 28 x 10° hm?, 5 4
BKAE L B 15, 79% , 5 + BRI N g
ALK (990 7 /K G L 9B B KRS b T 43 A 7 i
>25° 05 Bl 9 B KA & o (350 ) ek, -1 R
8.37 mg-kg ™', AN 0.02 x 10° hm?*, /5 444 KFH
TR 1. 31%, £ AR B F RUK R

70
—m— 19824
6 | —8— 20084
—A— 20184
_ S0
2
=11}
E 40}
o
by
'
3
20
10 | -, .

<2 2~6 6~15 15~25
HeHE/ ()
E7 AREHHASMEETKELERBHIENST
Fig. 7 Distribution of available phosphorus content

under different slopes



3746 7D 53

B 43 %

N E BOKAE L. 2008 0 A ZE S B /N T 20 LU
THKHE T o (AR R, I E K 51.85
mg-kg ™", AN 0. 56 x 10° hm?, 544 KR+ 8
T AR Y 30. 88% , 348 4~ HE 2 Yy s 7 /K A - g
B KRG L, 120 A AR % BE 15° ~ 25° 36 FEl Y A9 7K F
+ (AR ) AL, FBME R 27. 18 mg-kg ™', I
FUR 0.31 x 10° hm?, & @4 K F + 8w B
17.33%, FE TIERB B FRKRE L AGE R
KRG 1. 2018 448 A4 2 4 A 7 2° LA R 1K A8
+ o (CH ) Fem, FIE R 67.47 mg-kg ™', TH
UM 0.56 x 10° hm®, /5 4= K AF £ & m LAY
30. 88% , F 4 - HEF AL Ny s B KT A FEE T KA
+ WA AE S > 25 JE BN KRS + o (A3
W) FAK, SE A N 48. 61 mg-kg ™', HFL M 0. 02 x
10° hm? | 544 KR+ B 1.31%, 5 11
HKH R B H RKFE M AUKAE L.

3

KAt [

e
B AR
HEFTEAH | [T I ' ; :
MR AH 1 =
B 7T kA - I . 20184
TRk A
EREAR L [
P ROKE L ()
B #fkE L e
H ARk L [ 20084
S STAAH | [
2 Mk L e
PRk 1 [
Rk [
HUIRE }Ziﬁgjzsu
ﬁgg :g 3 ]}' ] 6°~15° 19824F
B IOKE 1 [ [ 2°~6°
i S
AR y ' . L 1 i
0 100 200 300 400 il
(A1) me ke

8 FRHBEEMEETABLTIAETARSENT
Fig. 8 Distribution of available phosphorus content

of paddy soil subgroups under different slopes

2.2 i A A R A A AU e s AR AL AR AE
2.2.1 B ASKE BAR AL RRE

FEEA 1982 ~2008 4E A1 1982 ~2018 4 Y /K AF
R AR 0 e A S KU TE AR A R 5. 48 x 10°
hm® 1 9.10 x 10° hm®, /&7 44 /K g £ & B

rﬁ“F‘rﬁ . :

i v (a) 1982~20084F

0 100 km
[I—

30. 38% F150. 58% . =S8 53 i R (&1 9) |, Ha it
TR B 2 B AR XU X 37 T S AL, o
R RV X 37 T e g D T 9 . DS [
G AT, VM KRG % 2 5 4 AU T B K
H LA KU X R 3, 2008 4FF1 2018 AR T #E R &
A5 XURG: T A0 05K 3] 1. 66 x 10° hm® F1 2. 24 x 10°
hm? | (7 44 i 25 6 46 XU ST ALY 30.29% FI
24.61% .
2.2.2 KRG+ AR A 25 MR (5

Hi & 10 7T LAE H, f A48 2008 ~ 2018 4F 47K
e S 1 Bl 2% T 42 1 0 SRR T Lk S
Hhy H 2008 4F 5 7 KR - 7E M KU AR XU 4%
S A TR K, 0 7 KRG 7 e XU
SRR A ; T 2018 4R35 B /KR 4 75 M6 KU A1
125 DI 3 o 43 TR A U 7 K R AETE T A
W R A AT LR, 7T DL, 2008 4F Fil2018 4 4
SRR - AR A 2 5 U (1 2 BB 7
. K, R R PRI B F REE KRR £
FORA 5 T S 2 I 7 i S A 2008 AP S KR
R g A AR AR, o T I 42,2018

EIERA 87 e SR ks, )
2.2.3 WEAMBHESI R IEE o ©

P 110, A K 3 ST
JRURS: DX 32 0 A W BEAR T 2° 9B LA, 2008 4F
1 2018 4F 9 TSN 514 2. 42 x 10° hm® Fil 3. 49 x
10° hm® , 43931 5 4228 /KRS i R 4 AR A U B i
T 44. 19% 1 38. 37 % ,3X F & ML T
KRG W2 TN B AR L MBE KL, K,
WEE KRG 4 2008 4EF1 2018 4E M THFR AR 54 1. 40 x
10° hm® F12.01 x 10° hm*, 4351 &5 % 3% B T 7k A% +
W2 A A A KU S TR AR Y 57, 84% F1 57. 60% ;
BEKAE 12008 4EF12018 4EAITI AR 4R 714 5. 42 x
10* hm® £ 8. 86 x 10° hm* | 23 5l 7 % 3% & R 7K A5 +
W2 W A A KU SR 22. 37% 1 24. 78% . it

HA R4 X
W A X
R X

o AR [X
[ reyrNieRey

B9 wmEAKBIBIEEESAESX

Fig. 9 Ecological risk zoning map of available phosphorus enrichment in paddy soils in Fujian province



7 3] Wi B4 10T 40 AP R A 4 KRS AT S8l s RO B T A 2 XU TTA 3747

oL 20084 .
o O A X g
E o R X
T 8r 5 JU X
X
- Z
E{I ]
wAr
o
.
H o2k
7
] z
0 LA ] T |_|7ﬂ ’—‘»L
1 2 3 4 5 6 7

pEERE
1R ARK RS L

20184

A A 7 U BT B > 10%hm?
= I~ = 2
NN
]

s

Ll SRR,

ol [ /s
1 2 4 5 6
RN B

7

2. WHRDKFE L 3. BEAUKAE L ; 4. R AR L 5. BFAUKAE L ; 6. EiBiAUKAS L 7. E AUKF L

10 KETTEBEEEESRESXERSH

Fig. 10  Area of ecological risk zone of available phosphorus enrichment in paddy soil subgroups

2 2008% T
7] o ARG X
o 7 186 DAL X
?
il
: 1,
x ol 7 7
&= 3 Z
=l /;fr;’; 7
1 4/ %
NINZ: 26| Uk o
<2 2~6 6~15 15~25 >25
R

1 Ty 1A

B EN R S HEYE <201 6° ~ 150k
FEE B 1 5 24 KRS - R 21, 85%
36. 96% , i B L AE— BRI EhnR TR Tk
.

3 iFig

3.1 AEEEE KRS AR e AR s A R 2R
1982 ~2018 4F3F 40 4F KA A 7K F L i A 3K
B i AR S B S G Tt B 3 RS B 493 %, X
EA R IA N B« 5 Rk A LR TR )2 1
B S i 5 LT R B4 A — Y
A KR 7 A i b T 2 D PR X A
A A N it P 2 KR B2 1G o (&1 12) . i g3
1982, 2008 12018 4F i #4488 AL v 44 it FH 5 53 %)
66, 125 F1115 kg+hm >, 524 HEHr2lijiti FH 43 51
11, 230 F11235 kg-hm > B AE AR G 0 0 12 4F 14
ey G R e R e R
MZS A K, 1982 4F + 1A 5l & i i
(R 7K R = L0 A FEAR HEA8 VA AV e 5 b DX 2

20184
14 7
=T (V) S st —
S . 7 2 7
= 8r o8
X e 7
&l K 7
=4 e Z
4l /:\_.< o 5
2 % f 1-‘:5:
NINZ:: %
<2 6~15 15~25 >25

)

Bl AR R SRR KRS

= Fig. 11  Area of ecological risk zone of available phosphorus enrichment in paddy soils of slopes

Tk 2 X del R A (18.5 ~ 19.5°C) H B & /)
(1649 ~1673 mm) R THESEAR S THiRE
I S8 Tl A DI 0 B ) e e, R T R R
S0 AL R LY T AT LA Fe® T AL
Ca® " Hl Mg® ", (i 0 070 i 2 110 i, DA 2 e - 8
AR AR 1982 4F - HEAT R S IR K
B A o0 A A A A A AR AL R e S
X, 3% F2 B PR A i XS B R (19. 3 ~21.0°C) H
R (1522 ~ 1743 mm) |, {55 49 35 B85 R0 RA T fn
T AR YRR A A AR kR S RE A
PERA 2R [ , PR A kw5 2. 2008 4R 11
RO R T T PR K RS T 0 A A A T
F T2 DXCAE it A B K (5. 32 x 10* v) , dm i T
HAb XK. 2008 4F A A R0k & R K FE £ 3=
LA TE AR A G HRRN i PR Ak 2 [X Sk AT 34
JIE it P FEA /N (1. 67 x 10° t) . 2018 AFEFREE4S /K F5
G R AT R A A R S 2008 ARSEAHIL, L
R RAG, AR 2P ke g, Hpgdh2s 5
AR . ASHIF S B AR OB 9 25 SR B 5 X0 5 4200 A 3R



3748 57

B 43 %

el Pl 5 (6™ /KR A SR R P S AR e e L P R R
HAHA—EL.

35+ Bﬁﬂﬂ
02 #4am -
30 F 0

-

[
wh

b

o
T
>

ARl R < 10Y

=
T

wh
o
S

Ll

=1

2012
2016
2018

E12 1982 ~2018 £EELBEME S
TERE(iTd) BEREL
Fig. 12 Inter-annual variation in P- and C-fertilizer™

application rates from 1982 to 2018 L 8

MR+ 2Kk B, 1982 4R A AR &

T i e ST ﬁﬂﬁaiﬂl{% KRG E X L?E.j]ﬁ'l-l

HEE P TR, — B e 0 AT
b0 I I 3 S AL 40 4B
ok B AT B L, B R R T
WU R, 5 FAT 3o S b

wﬁ@ﬁ&ﬁﬁiﬁﬂ%ﬁi?ﬁmlﬁﬁﬂéff

zﬁ@@mcm@ﬁ&ﬂi%Aﬁ@aﬁmmmﬁ’
TR, — e 4 A 230 CURRHE | E I S B | 24 pH
T 5.5 B, PO~ 555 AP il Fe* 454, 6 mUdE %
PERSEREE , AF T A 2B S A ELR, 1982 FFEH

KRG (0 R0 o e A A I PR 92000 2K B4 e )

S, KBRS IR IR TR 2 W R R, A LY
JRFLZR D | P A RO A AR . 2008 4R B K
Tt A S5O 5 e 1 e PR A2 T B R A 7
B2 HNTF 34% ~45% , B 8 5 HAE 28 A #F5Y
T, M R AR R B R | A A B T
im0, 2008 A E KR A S R OB
1 FIZ S = 3, K it IR 5 3O sk
B AR 2. 2008 AR H KRS LA RS ST
MZE 264 HLITE M 1982 4E 1 46. 56 g-kg ™' &
#2008 419 29. 15 g-kg ', ARBE S EH S AP H
TR AL, 2018 AR IR K R 1A S8 &
TR AT 10 2470k E A5 T 40 H 4 1 i
WX 22 TR T &, B O R R s S SO A %
Bior i kA TR KA. 2018 4EER KRS + 4
S A AL R R R TR 2R ) R B AR

L FIRA G IR AL, RBCE SRR IE = (H KRR

AL AALURH 0 T He o R RS ER A KR L Ak A
AR, MR T R, 5O A R i b
t”][zu] )
HHFFLFWT, YR 5 T R Rk B 2 [ AP
BYNAR S | TR S AT <\l — 7K — 43 B (1
SR A R o2 i X KR A R A T4
e A (3 R N Do & = e 23743
(85K, H1 5 R 2 7K 3 e R A5 R e, A
AR KRS A 3 o i A T R R
HIE 2008 41 2018 4 AR08 % & B W Ltk 1982 4
TR, 3% 25 5 AN A AR AR R/
H K. TF 1982 AP 48 AR 1 7K R i AE e P =
B AR, SRS A W A Bl O AN L
#Ftw@fﬁﬁﬁfﬁimim%ﬁfT P
(R B0 LA ) 25 5 5 T i 25 K P 2 AR
HE S JE | 2008 4E A 2018 AEAREEA 7J<$aiii§'-%ﬂﬂﬁﬁ
P 0 B, e T AR [ 9 3 14 5 S0 ) AR
m@ﬁ%ﬁﬁf1¢@ﬁ%%%%§mﬁ@ﬁ§
jrrﬁiﬁim%mﬁm$wwfkmmcﬁ&w
Pk £ T /AN DX A 2% A BV e |
&T%A%FTﬁﬁ%Aﬁﬁﬁ%ﬂ (v
3.2 m@émmiﬁﬂﬁiﬁﬂhm@mﬁ%‘ﬁ
a0 A B A
DX B LB 1, XS X 9 A7 280 7 B T
B 4 S5 . 3 R TR A R TR ALK M
o HETTZS R KA B SR S BRI, ik AR 2
%mm%# M)A 1 45 X ) A T O
15 YA AT ST R IR, 2002 4F LSk 448 T K )
mmﬁ%”LMﬁ$ﬂﬁm#%ﬂ%ﬁ%%mﬁ
KB F T, s WEEITIA N, fE

A VRS J 120 XA A AE 75 B TR HE O 2 U F
AW o5 G O SR 2R — RN AL BRAr

S5O R A S RV IR AR R b R, T
A [T T B0 Ve B P Tl T B A R 3 5, K TR
22— WA T (K1 9) R KA L#ER
F = 39 2 o P 0 A A | o B o o S R e
IR (FETT . ea i A=) A 4% 80% L
ROFRAR. A ST I B R 2 A R,
b - e R AR KRS LR A
rh R U X 32 A T o) e ) AR T IR X TR
BRI 2 U i U R T AL SE A AR B s A
Hiuita BB H KA 06, MR TRl i ok, W Tk A 1
B e AR XU DX R L A e KURE XA 32, X
TR T A A AR KT, 2016 4Tl
VE &R AL 2. 65 x 10° hm?, Ak A it JH & 5 3
4.03 x 10° kg, 5 S0 28 7 2 KUK ey 7



7 39 Wi 45 . 1T 40 AP R i 4 KR AT 2 v S0 B A A 3

S RS VAL 3749

MAEE KA (F 10) , 2008 4-F1 2018 44
éﬁf@kfiu S EERBE MR E KL,
iX — 77 T 2 F T B> - e R AR AR 4 o0 A7 T A
&), a3l b A KR ST LAY 47.90% F
33.76% ; J3—J7 AL 40 42K 448 #F b it AE o5 B 2
S | IR B T N AR N 0 ST AR N
2018 AFARHEA A R4 R K R A B R AR
A, FERR TR REZ IR TR KR
Bl B B T HAT S S i
PUNGE S SR ey iR
SETEAE AR A KUK X B0 A T P4 by BT v
RTF 200 X3, R SRR R Z 0B BB KR
. E R R T, KRS R AR AR A KU
FUR B < - TR ka3, B2 R R AR
A7 T ST A R T A DX R TR R B R EL R 1 2 | 4%
Sy K AR PR M AR T, T S e AT VA
K EHAEBEE 6° ~ 12° 3 [ PN A9l 28 3 O e S
A, 150 LR R G R I 28 , i th o — 2B 3 A
T Xt 2 IX A 20 o e A I S A A AR

%?Tl‘lﬁ‘fﬂ;ﬁ 20 275 sz Fﬁ Ei%mﬂj
4125 07 AH LR 4 R e | éﬁﬁm@ﬁ%ﬁﬁa
j:?ﬁan% AT 40 47K 1 5 S 00 MR R 1 A X

LRI 1982 ~ oS fﬁlﬂ?ﬂﬂ@éﬂ(*ﬁi;{:w(?ﬁg

xﬁz’@@i‘MT 47 mg-kg ™!, B WAL 2 AL
BT 919 , B 43 A T v s A 45 L 3. AR [
7J<$ai§§ﬁ”§kﬁ 1982 ~2018 4[] 4 i 44 7K A - 4%
P2 R R K R A O i TR R W T

75 mg-kg ™", HAh W 254 F 36 ~59 mg-kg ™' Z[A]. &
TEAE S RS PEAG B, 2008 4F F1 2018 4F F7 44 7K

*ﬁiﬁk%é%ﬂﬁiuﬂlhEI%%ETIET’%*HIE?FT#@
it , PR T R e A A XU X, HLEA P R

mfﬁl:jai- TE/KFE 226, 2008 4F 1 2018 4F

FETERE R & BT TE A A KU ) E 2R B I T 20

BB E M E KR 1. S5 4O # b BARIEAS

Rl KA 28280 | IV A DX AT B IX A 3R T SR AR

JEEAE M4 AR AT it FH o, DA B 1k K A R A S A

B 1) A AR ).

SE

[ 1] Alewell C, Ringeval B, Ballabio C, et al.
shortage will be aggravated by soil erosion [ J ].
Communications, 2020, 11 (1), doi: 10. 1038/s41467- 020-
18326-7.

[ 2] Nishigaki T, Tsujimoto Y, Rakotoson T, et al. Soil phosphorus

retention can predict responses of phosphorus uptake and yield of

Global phosphorus

Nature

rice plants to P fertilizer application in flooded weathered soils in
the central highlands of Madagascar[ J]. Geoderma, 2021, 402,

[3]

[4]

[5]

[7]

[9]

[10]

[11]

[14]

[15]

doi; 10.1016/j. geoderma. 2021. 115326.

X, Sk, i, B TR KRR E SRR i Y
mfas ”{ﬂc%‘?ﬂ ]. FREERI, 2020, 41(5) ; 2127-2136.
Liu X, Shi B, Meng J, et al.
characteristics of water eutrophication and sediment pollution in
Baiyangdian Lake[ J]. Environmental Science, 2020, 41(5) .
2127-2136.

Hansel F D, Amado T J C, Diaz D A R, et al.
fertilizer placement and tillage affect soybean root growth and
Agronomy Journal , 2017, 109(6) ; 2936-

Spatio-temporal variations in the

Phosphorus

drought tolerance[ J .
2944.

HILET, MOOTRE, BOR, SF. RS LA O A
FRIE R L X B P B2 [ ], H4EsA4R, 2021, 58(2) .
476-486.

DuJ X, Liu K L, Huang J, et al.

characteristics of soil available phosphorus and its response to

Spatio-temporal evolution
phosphorus balance in paddy soil in China[ J]. Acta Pedologica
Sinica, 2021, 58(2) : 476-486.

Gong H Q, Meng F L, Wang G H, et al. Toward the sustainable
use of mineral phosphorus fertilizers for crop.prqduoti'(;i.l- in China.
From primary resource demand to final 'auricultg.rér lusé [J].
Science of the T()ldl Environment, 2022, 804 d01 10. 1016/].
scitotenv. 2021 150183 =
YRR, T, T ke W*RTDFamii%Z’(Wﬁﬁi%
mﬁ%,ﬁﬁﬁ[ P RN T BERE 4, 2013, 732 (5 991-
999. | y \ i

Xu X C "Li 'YX Meng C etsal The characteristics Of mlrogen
and phosp’hurus leaching #a paddy soil in sublroplqs ¥7. .
Journalﬂ,\of ro-Environment Science, 2013 32(5) : 991-999%
Yang“H Q/.EHB K K #T4 D P, et al. Removal of phosphaté by
aluminum-modified clay in a heavily polluted lake, Soufﬁwest
China;
Total Environment,
2019. 135850.
KA, B, DA, S RO B R R A
BRI AT SO FEE R B SR LT ] RBERkE, 2016, 37(5) -
1677-1684.

Zhang L, Cao W, Ma Y Q, et al.

phosphorus in the tidal reach and estuary of the Daliao river and

effectiveness and ecological risks [ J]. Science of the

2020, 705, doi: 10. 1016/j. scitoten.

Distribution of nitrogen and
analysis of potential eutrophication[ J]. Environmental Science,
2016, 37(5) : 1677-1684.

Isiuku B O, Enyoh C E. Pollution and health risks assessment of
nitrate and phosphate concentrations in water bodies in South
Eastern, Nigeria[ J]. Environmental Advances, 2020, 2, doi;
10. 1016/j. envadv. 2020. 100018.

Sattari S Z, Bouwman A F, Giller K E, et al.

phosphorus as the missing piece in the global phosphorus crisis

Residual soil

puzzle[ J]. Proceedings of the National Academy of Sciences of
the United States of America, 2012, 109(16) ; 6348-6353.
MacDonald G K, Bennett E M, Taranu Z E. The influence of
time, soil characteristics, and land-use history on soil phosphorus
legacies; A global meta-analysis[J]. Global Change Biology,
2012, 18(6) : 1904-1917.

Reijneveld J A, Ehlert P A I, Termorshuizen A J, et al. Changes
in the soil phosphorus status of agricultural land in the
Netherlands during the 20th century [ J ]. Soil Use and
Management, 2010, 26(4) : 399-411.

Li H, Huang G, Meng Q,
phosphorus management for crop and environment in China. A
review[ J]. Plant and Soil, 2011, 349(1-2) . 157-167.

MaJ C, He P, Xu X P, et al. Temporal and spatial changes in

et al. Integrated soil and plant



3750 A 43 %
soil available phosphorus in China (1990-2012) [ J]. Field taxonomy[ J ]. Soil Science Society of America Journal , 2006, 70
Crops Research, 2016, 192 13-20. (1) 78-83.
[16] Lz, TA8, FEIEH, % i 30 FIREMADKAT AL F (28] okHi, AW, 3, & T GIS HoR M A Rk
HARRHMELT]. HEYE IR S5 IER 4, 2018, 24(6) : 1416- FEHAEB KR — LR 2= T B0 FI[T]. ZEJUT%
1424. Rl2g224i, 2015, 34(2) : 326-336.
Wu HL, Wang S C, Yan Z H, et al. Evolution characteristics of Zhang Y, Zhang L. M, Zhou B Q, et al. Enrichment and
fertility of typical paddy soil in China in recent 30 years[ J]. ecological risk assessment of available phosphorus in farmland
Journal of Plant Nutrition and Fertilizers, 2018, 24 (6) . 1416- soils by GIS technology a case study of Taining county in
1424. Fujian[ J]. Journal of agro-Environment Science, 2015, 34(2) .
(171 w4k, R, REE, & 5 RAEKELAIRMEA, 326-336.
B, HAEDIEALT]. JURLRLAEE, 2014, 41(6) : 70-73. [29] ®OAGE, k4, Z00A, 45, tRESRHA. BERLSOIRG K
Huang J C, Peng Z P, Xu P Z, et al. Investigation on organic WM ISR ]. MW E IR SRR, 2014, 20(1) .
matter, nitrogen, phosphorus and potassium of paddy soil in 148-155.
Guangdong Province [ J ]. Guangdong Agricultural Sciences, Zhang M Q, Yao B Q, LiJ, er al. N and P accumulation status
2014, 41(6) : 70-73. and their leaching potential in vegetable fields in Fujian Province
[18] ERJEZR, 1@“3,,\\, FRAIT, 4. fdb4s 07 R 5 [J]. Journal of Plant Nutrition and Fertilizer, 2014, 20 (1) .
Bof 2 AR SRR A5 53 PR RS Kriging JA{E 537 [ ], Hb#E~% 148-155.
#z, 2000, 1(5) : 555-566. [30] &, AIETC. i.(téligﬂﬂjjﬁ%ﬁ%ﬁﬁ&ii% Bl g
Guo X D, Fu B J, Chen L D, et al. The spatio-temporal T X LT e m A R R AR R ()], 2001
variability of soil nutrients in Zunhua Plain of Hebei Province: (5):227-231, 238. -
Semivariogram and Kriging analysis [ J ]. Acta Geographica Lu RS, Shi-Z Y. Femlny restoration of degrade'glaf‘re sml ]]I
Sinica, 2000, 1(5) : 555-566. s Accumulation of phosphoms in red soil and its ‘possﬁ)le effect on
[19] Z=FAMk, BREE, T3, % *%ﬁf{zﬁﬂﬁ#}éiﬁgﬁwﬂ environment[f]. Soils, 2001, 33(5) : 227-2314/238;
IR 2 AR AR AR ) ] ':F‘Elj:i;t% ﬂFHUr 2019 (4): [31] ChensS, Iin;B W, Li Y Q,let al. Spatial and’ tempﬂral changes
16-23. of soil pmpertle:s And' soil fertility evaluation! in ‘a large’ gggnn-
Li C L, Chen M“ W, Wang Y, e al Temporal and spatial s produ(ﬂ:llo{l areg of s lroplcal plain, China [*J. Gepderma,
variability of, avallable phosphorus and potasSium:' in ck)plgmd‘ 2020, 357, d Oiy 10. 1016/_] geoderma. 2019. 113937. “
/ topsoil of, _Tihn Provmce [J]. Soil and Fe‘ruh‘.?.e;ﬁ’leuc'{ in [32] ﬂi{iﬂ:, (njlyj 75(5 i {hﬂﬂﬂkiﬁm%1ﬁXT%@i$ﬁ
% China, 20197 (4) 16-23. - - - iﬂziﬂ%ﬁf@‘i o> RAE Y R RS [T ] Pff‘ﬂaa, 2020‘
[20] |BAgs T'irilﬂﬂ BRI IR &ﬂ@?%ﬁ’%‘% 41(49. 1921-1929. ‘
I N EAE Eﬂﬂiﬁ‘?ﬁ[]] ﬁﬁ’ﬂ:j(”k'm’j[ﬁ (’Zzik 'ﬁéﬂ ﬂ—% Zhu H Y"', Gao M, Long 'Y, et al. Effects of fertilizer re&uclion
i ), 2021, 47(4" . 517-526. £ and applicatiofl- of organic fertilizer on soil nitrogen and
Ch(e"n J 4 l_}ing A N‘ Shi J C. Spatiol-tempore}_l,.‘ var_latii/r phosphorus nutrients and crop -‘yield in a purple soil sloping field
Chara,pterlshcs of soil pH, nitrogen, phosphorus and potassit i [J]. Environmental Science, 2020, 41(4) : 1921-1929.
nument'i in Wenhng City of Zhejiang Province [ J]. Journal of [33]  BPEM, Z=/0ik, fREisE, 45, )08 4 LT ZS () AR S RRAE
Lhejlang University ( Agriculture and Life Sciences), 2021, 47 FHSZ MR ZSE [ ]]. HBRRl2~, 2020, 40(3) ; 478-485.
(4):517-526. Zhong C, LiXJ, He YY, et al. Spatial variation of soil organic
[21] LinJS, Shi X Z, Lu X X, et al. Storage and spatial variation of matter and its influencing factors in Guangxi, China[ J]. Scientia
phosphorus in paddy soils of China[J]. Pedosphere, 2009, 19 Geographica Sinica, 2020, 40(3) : 478-485.
(6): 790-798. [34] Fink J R, Inda A V, Tiecher T, et al. Iron oxides and organic
[22] s5kZHH, tll]j]l] ﬂ:ifﬂ‘ - ST A E R - S R A matter on soil phosphorus availability [ J ]. Ciéncia e
Sof 5L Hb W 1 AL L Y S l]ﬂ [J]. EBHIEEHK, 2011, 20 Agrotecnologia, 2017, 40(4) . 369-379.
(11): 1626-1633. [35] Neufeldt H, Da Silva J E, Ayarza M A, et al. Land-use effects
Zhang L M, LiJJ, YuD S, et al. Map scale effects on soil total on phosphorus fractions in Cerrado oxisols [ J ]. Biology and
phosphorus storage for uplands of China [ J]. Ecology and Fertility of Soils, 2000, 31(1) : 30-37.
Environment,, 2011, 20( 11) 1626-1633. [36] X% FKER KRR LIRS B[ D], L
(23] BrebiL, siml, sRE, 45, R dl T oea pLa K AL B o EgOl R, 2014,
JRERON T T]. iﬁ%%?ﬁ, 2018, 55(3) : 606-619. Liu Z J. Nutrient characteristics and quality assessment of low-
Chen Z X, Zhang N, Zhang L. M, et al. Scale effects of yield paddy soils in South China [ D ]. Beijing; China
estimation of soil organic carbon storage in Fujian Province, Agricultural University, 2014.
China[ J]. Acta Pedologica Sinica, 2018, 55(3) : 606-619. [37] kAR, LT RoRT B 3RO PR it e A W bl i e A S
[24] Zhang L. M, Zhuang Q L, Zhao Q Y, et al. Uncertainty of E[J]. LR, 2020, 51(1) ; 79-88.
organic carbon dynamics in Tai-Lake paddy soils of China Shen J Q. Estimation of soil phosphorus storage in the cropland of
depends on the scale of soil maps[J]. Agriculture, Ecosystems Fujian Province based on high-resolution soil database [ J .
& Environment, 2016, 222 13-22. Chinese Journal of Soil Science, 2020, 51(1); 79-88.
[25] HZRGIR. 2019 @@RGHHEE[M]. deat. PEG R [38] JelEfe, R=IAE, RBERNE, 5. AEWSER AN AR R
#t, 2019. B RICRAMS AW [J]. HERE, 2020, 41
[26] skHF, BTN, LERESLBANITE(M]. dbat. B (2):914-921.
L, 2012. Zhou H H, Yuan X Y, Xiong Y T, et al. Effects of biochar input
[27] ShiX Z, YuDS, Warner E D, et al. Cross-reference system for on changes of available nutrient elements in riparian soils with

translating between genetic soil classification of China and soil

different landuse types[J]. Environmental Science, 2020, 41



Wi B4 10T 40 AP R A 4 KRS AT S8l s RO B T A 2 XU TTA

3751

[41]

[42]

[43]

(2):914-921.
JARIZE, Bk, MoNE, AE. 3R B X 4 S e A MR
BOR[I]. HEER, 2019, 40(11) ; 5098-5106.

Zhou L J, Wu L, Lin X B,
contaminated paddy fields

et al. Remediation of cadmium
conditioners [ J ].
Environmental Science, 2019, 40(11) ; 5098-5106.

Zhang W, Zhang Y W, An Y L, et al. Phosphorus fractionation

related to environmental risks resulting from intensive vegetable

using  soil

region [ J ].
10. 1016/]. envpol.

cropping and fertilization in a

269, doi:

subtropical
Environmental Pollution, 2021,
2020. 116098.

XIEZE, WM, R, % ROKAS ok B 5 S 5 R
W&, AEPE IR SRR, 2015, 21(2) ; 509-516.

LiuZJ, Ai C, Xu X P, et al. Research strategy of reclamation
and management for low-yield rice paddy soils [ J]. Journal of
Plant Nutrition and Fertilizers, 2015, 21(2) ; 509-516.
KT, A, i, SR SRR R AR TS U
WA [)]. BRI, 2003, 24(3) : 155-157.
Zhang N M, Yu Y, Hong B, Factors influencing
phosphorus loss by runoff process from farmlands in the Dianchi
watershed[ J]. Environmental Science, 2003, 24(3) : 155-157.
BRK, B, B, e e Al 1 s Gt i R B Xof R
BFFELT]. EACEIER, 2006, 22(11) : 371-377 45
Huang D F, Wang G, Chen C. Research of agricultural non-

et al.

[44]

[45]

[46]

[47]

point source pollution issue and prevention and cure
countermeasures in Fujian Province [ J].
Science Bulletin, 2006, 22(11); 371-377.
. AR VA U T R R e P [T ]
2017, (9): 3-5, 17.

Wrirse. fmaa I i ok M BRI 2 3 A AR AE D ). il
5T, 2019, 41(2) : 130-139.

Chen Q L. The spatial-temporal distribution of the nitrogen and

Chinese Agricultural

R 2

phosphorus in the nearshore area of Fujian Province[ J]. Journal
of Fisheries Research, 2019, 41(2): 130-139.

XA i, JeE, AF. A/ NROR 1R R A O R
TR RIE A Lo [ ], FERE, 2021, 42(1):
251-262.

Deng H, Gao M, Long Y,
and phosphorus losses under different land-use schemes in the

2021, 42

et al. Characteristics of soil nitrogen
Shipanqiu watershed [ J ]. Environmental Science,
(1):251-262.

HEE B, ORE, X, &5 LT CIS AUtR AR AR
FARWIE G 15 RS T]. *lﬁﬁiﬁﬂﬂ#’?k, 2018,
26(12): 1887-1897. -

Kang Z M ,+Zhang R 'X Ye Y Z, et al. GlS haseﬂ_;is’fﬁutwn risk
assessment; of nltrugen and phosphorus loss in surfauf runoff in
Chinese ldum oft Eco-
Aicule 2018, 26 13): 1887-1897.

farmlands jin Fu_]lan Proyince [ J].




HUANJING KEXUE Vol.43  No.7

Environmental Science (monthly) Jul. 15, 2022

CONTENTS

Development Scenarios and Environmental Benefits Analysis of Future Power Generation Industry Under Two Modes in China ++++++++- LIU Chun-jing, LU Jian-yi, ZHAO Wen-chang, et al. (3375)
Forecasting of Emission Co-reduction of Greenhouse Gases and Pollutants for the Road Transport Sector in Lanzhou Based on the LEAP Model
..................................................................................................................................................................... PANG Ke, ZHANG Qian, MA Cai-yun, et al. (3386)
Discussion of Air Quality Forecasting Evaluation for Cities Based on Half-level Method ««+veveseeeeesesnermssmenensinineniiinensenens WANG Xiao-yan, ZHU Li-li, XU Rong, et al. (3396)
Characterization and Health Risk Assessment of Heavy Metals in PM, 5 in Xiamen Port «eereeveessennmsniinie. XIAO Si-han, CAI Mei-jun, LI Xiang, et al. (3404)
Deposition Characteristics of Water-soluble Tnorganic Nitrogen and Organic Nitrogen in Atmospheric Precipitation in the Northern Suburbs of Nanjing —««+eereereseeseerereenenienenssniniincnnnnen
......................................................................................................................................................... ZHANG Jia-ying, YU Xing-na, ZHANG Yusxiu, et al. (3416)
Analysis of PM, 5 Transmission Characteristics in Main Cities of Jinzhong Basin in Winter ««+veeoeveseressernsiniiinin. WANG Xiao-lan, WANG Yan, YAN Shi-ming, et al. (3423)
Temporal Evolution and Source Appointment of Black Carbon Aerosol in Ordos During Summer and Autumn 2019 «-«-+++:+e+: KONG Xiang-chen, ZHANG Lian-xia, ZHANG Cai-yun, et al. (3439)
Characteristics, Sources, and SOAP of VOCs During Winter in Jiyuan «+eseteveeesssessssssssmtnsinnniniins e WANG Fang, LI Li-xia, WANG Hong-guo, et al. (3451)
Characteristics and Source Apportionment of Volatile Organic Compounds in August in the Chang-Zhu-Tan Utban Area «+e+eseerereeeeeeres LUO Da-tong, ZHANG Qing-mei, LIU Zhan, et al. (3463)
Ozone Sensitivity Analysis and Control Strategy in Shijiazhuang City in July 2019 ZHU Jia-xian, WANG Xiao-qi, OU Sheng-ju, et al. (3473)
Spatiotemporal Variation and Influencing Factors of AOD in the North China Plain GUO Lin, MENG Fei, MA Ming-liang ( 3483 )
Aerosol Optical Characteristics with Ground-based Measurements via Sun Photometer and Its Relationship with PM Particle Concentration in Changlan «++«+essessesrersessemenennsininense
......................................................................................................................................................... ZHENG Yu-rong, WANG Xu-hong, CUI Si-ying, et al. (3494)
Spatial-temporal Distribution and Evolution Characteristics of Air Pollution in Beijing-Tianjin-Hebei Region Based on Long-term “Ground-Satellite” Data ++++++s+sesseseeerssserenmensisnnenennnnen
................................................................................................................................................... WANG Yao-ting, YIN Zhen-ping, ZHENG Zuo-fang, et al. (3508
Ten-year Trend Analysis of Eutrophication Status and the Related Causes in Lake Hongze —+:e+eereereeesesenennimmcniennnnincneennes CHEN Tian-yu, LIU Chang-qing, SHI Xiao-li, et al. (3523)
Shallow Groundwater Around Plateau Lakes: Spatiotemporal Distribution of Phosphorus and Its Driving Factors —«+oeseseeeeereeseseseneneenes YANG Heng, LI Gui-fang, YE Yuan-hang, et al. (3532)
Characteristics and Dfferences of Dissolved Oxygen Stratification in Different Tributaries of Three Gorges Reservoir During Impoundment Period »«+xsxeesesserseesemensnssnineneiiiineinnn
............................................................................................................................................................... J1 Dao-bin, FANG Jiao, LONG Liang-hong, et al. (3543
Dissolved Organic Matter Component and Source Characteristics of the Metropolitan Lakes and Reservoirs in a Typical Karst Region ++++++++-: NI Mao-fei, ZHOU Hui, MA Yong-mei, et al. (3552
Characteristics, Sources, and Risk Assessment of Perlyfluoroalkyl Substances in Surface Water and Sediment of Luoma Lake ~++++++++++ HUANG Jia-hao, WU Wei, HUANG Tian-yin, et al. (3562

Vertical Distribution Characteristics and Influencing Factors of Phytoplankton Community Structure in Qiandao Lake

ZHANG Zi-han, ZHANG Xin-ru, JIA Chuan-xing, et al. (3587

)

)

)

WANG Ji-yi, HUO Di, GUO Chao-xuan, et al. (3575)

Chemical Forms and Spatial Distribution of Phosphorus in the Sediment of Sthe River )
)

)

Influence of Optimal Land Use Allocation on Phosphorus Loss in the Process of Rainfall and Runoff = «+ereeeerereerereseensecnnsicnnnenes ZHOU Hao, CHEN Fang-xin, LUO Yi-feng, et al. (3597
Distribution Characteristics and Risk Assessment of Accumulated Heavy Metals in Bioretention Systems — «++veresseesesrersessesnennesnennes CHU Yang-yang, YANG Long, ZHOU Yuan, et al. (3608
Effects of Damming and Impoundment on Planktonic Microbial Community Structure and Interspecific Interaction Patterns in Different Water Depths «+ovesveseeeeesessresieneneiiiiiisinnn
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Xun, ZHANG Jia-jia, YUAN Qiu-sheng, et al. (3623)
Identification of Bacterial Flora and Metaholic Function of Sediments in Different Channels of Duliujian River Basin, Tianjin «+++eeeeeees LIU Jia-yuan, FENG Yue, YANG Xue-chun, et al. (3635)
Spatiotemporal Distribution and Source Apportionment of Suspended Polycyclic Aromatic Hydrocarbons in Surface Water PENG Ke-xing, LI Rui-fei, ZHOU Yi-chen, et al. (3645)
Spatial Variation and Potential Sources of Microplastics in Rivers in Tongzhou District, Beijing MEN Cong, LI Di, ZUO Jian-e, et al. (3656)
Effects of Microplastic Exposure on Crucian Growth, Liver Damage, and Gut Microbiome Composition —«+sessseressessssesnemnensesssinensiininennes HU Jia-min, ZUO Jian-e, LI Jin-bo, et al. (3664 )
Influence of Different Types of Dewatering Agents on the Solidification Effect and Physical and Chemical Properties of Sediment —«+«++++++++- REN Jun, YIN Peng, WANG Wei-zhen, et al. (3672)
Structural Characteristics of Micro-nano Particle Size Biochar and Its Adsorption Mechanism for Cd®* - +* MA Wen-yan, PEI Peng-gang, GAO Ge, et al. (3682)
Phosphorus Adsorption Characteristics of Different Biochar Types and Its Influencing Factors LIAN Shen-hai, ZHANG Shu-nan, LIU Feng, et al. (3692)
Development of Zeolite Loaded Mg-La-Fe Ternary ( hydr) oxides for Treatment of Low Concentration Phosphate Wastewater «++++++++- YIN Xue-jie, SONG Xiao-hao, DING Chen-man, et al. (3699 )

Succession and PICRUSt2-based Predicted Functional Analysis of Microbial Communities During the Sludge Bulking Occurrence and Restoration in One-stage Combined Partial Nitritation

and ANAMMOX Process *+++* +++ LI Ya-nan, YAN Bing, ZHENG Rui, et al. (3708)
Aerobic Granulation Stability and Microbial Diversity of Filamentous Bulking Sludge ++* GAO Chun-di, YANG Xiao-yang, OU Jia-li, et al. (3718)
Dynamic Variation in Vegetation Cover and Its Influencing Factor Detection in the Yangtze River Basin from 2000 to 2020~ «++++seseeee2 XU Yong, ZHENG Zhi-wei, GUO Zhen-dong, et al. (3730)
Enrichment and Ecological Risk Assessment of Available Phosphorus in Paddy Soil of Fujian Province Over Past 40 years «+«+++++++ CHEN Zhong-xing, QIU Long-xia, CHEN Han-yue, et al. (3741)
Effects of Land Use Change on Constitution, Stability, and C, N, P Stoichiometric Characteristics of Soil Aggregates in Southwest China Karst »«+«+xeseseereeesemenenseninenensininennne

..................................................................................................................................................................... HE Yu, SHENG Mao-yin, WANG Ke, et al. (3752)
Heavy Metal Pollution and Health Risk Assessment of Mine Soil in Yangtze River Economic Belt ~«++eeseeereererersermienenenninenieniinennen ZHANG Zhe, LU Ran, WU Si-yang, et al. (3763)
Pollution Characteristics and Phytotoxicity of Heavy Metals in the Soil Around Coal Gangue Accumulation Area + SHANG Yu, SANG Nan (3773)
Evaluation of Mercury Pollution in Soil of Different Land Use Types in Coal-fired Industrial Area LI Qiang, YAO Wan-cheng, ZHAO Long, et al. (3781)
Cadmium Enrichment and Bioavailability of Quaternary Profiles in Nansha District, Guangzhou, China «-++sesseserresreresnenennneene WANG Fang-ting, BAO Ke, HUANG Chang-sheng, et al. (3789)
Health Risk Assessment and Environmental Benchmark of Heavy Metals in Cultivated Land in Mountainous Area of Northwest Guizhou Provinge = ««+stssesreresresesensseninenennsininenne

XU Meng-qi, YANG Wen-tao, YANG Li-yu, et al. (3799)
Effect Factors and Model Prediction of Soil Heavy Metal Bioaccessibility «-««+s+esseseeereseerennenennneees ZHANG Jia-wen, TIAN Biao, LUO Jing-jing, et al. (3811)
Effect of Organic Material Amendments on Soil Respiration in Tobacco Fields of Central Henan «+«+«+esseseereereeesenenenninienennnneneenes LU Qi-fei, YE Xie-feng, HAN Jin, et al. (3825)
Methane Production Potential and Methanogenic Pathways in Paddy Soils Under Different Rice-hased Cropping Systems —++«sseseevesveseeneeees SHEN Wan-yu, HUANG Qiong, MA Jing, et al. (3835)
Characteristics and Assembly Process of Reclaimed Soil Microbial Communities in Eastern Plain Mining Areas —«+eeoeseeeeesersseesesennees MA Jing, DONG Wen-xue, ZHU Yan-feng, et al. (3844)
Differences in Bacterial Community Structure in Rhizosphere Soil of Three Caragana Species and Its Driving Factors in a Common Garden Experiment «++veeeeeeesresseessesenennsiniieinnnn

..................................................................................................................................................................... L1 Yuan-yuan, XU Ting-ting, Al Zhe, et al. (3854)
Comparison of Bacterial Community Structure and Functional Groups of Paddy Soil Aggregates Between Karst and Non-karst Areas XIAO Xiao-yi, JIN Zhen-jiang, LENG Meng, et al. (3865)
Contrasting Responses of the Microbial Community Structure and Functional Traits to Soil pH in Purple Soilg «++«+seseesreeeeseenesneees WANG Zhi-hui, JIANG Xian-jun (3876 )
Effects of Agricultural Organic Waste Incorporation on the Metaholic Capacity of Microbial Carhon Sources of Dissolved Organic Matter in Paddy Soil = «++vereeesseseerersenemieneneiniinensn

----------------------------------------------------------------------------------------------------------------------------------------------------- XIAO Yi, LI Zheng, HUANG Rong, et al. (3884 )





