AY &
A

ENVIRONMENTAL SCIENCE

_,c'ko‘“_:;wu COD ‘f* 'HCKHDV
. HUANJING KEXUE

e ,‘
%
4

Vol.41 No.1
F41E F1H




w % # 3 N L

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2020 46 1 A 15 H

H &

SIE 20 SESR R PM, TG HIRSHYIZS L covreeereseens oo mes s M, GEE, BB B (1)
2007 ~2016 4F LU IR BERFAE 5T SRR Z3HT oo vee oo HR#E, LF, RBE, BEA, MES, K18 (14)
HFKS PM,  HIC AT SRR . AR P LL BN -GRIUR]  evveeemesseemesememss oo

.................................................................. XAk, BHE, BR, BF, ARE, MEW, Ao K, KEE, B+%( 23 )
IPAT SR X A Z | T2 PM, (TGYUREAE  coeereeereeremnesineis R0, g, PER, SHEH, K, HE, BR (31)
2019 4EJCHATE A R ETT EIG Yl B PM, T5 Y45 0E BORIEARMT -veeeeeeeeee Rwtd, Bk, T2E, B, AkR, 24&, 56 (39 )
S TR AR PM, | V5 URARAT - e vvereveseeemeseeemss e W HEA BXH (50 )
LT PM, | FEEYARE weveveeeeseoeeeseceee s FRE gk KB, AEY, BEA EEA, BER(5T)
BERET W ABICE R (GEM) 15 YR BB A I X 5mk e pr - G, WEE, B R, A%, BiE, K&, FEE, HM (65)
GRS PM, s K TAHE B T 2 T AE BB -+ vvreveeeeeeemmemsemsmnmsrs s WEE, 26, THE, GHE, KBE (75 )
B TEATEN PM, BERBRLZ AL AT - +rvereerereeesseses sttt

................................................ ESE, RE, KET, RAVE, EAM, KAV, %, BHE, BE, TRE AT ( 82)
ST R b 2 AL o RAR S TR A AR AR AT T R S TTAG oo RAA, H80F, N E, BHR) (90 )
PR AR HE B S5 RAE LT ZH ORI HEIURRAE, oveeeereerememmmssis THF, AL, 20%, AR, AF, KA (98 )
B K T L TS Y R LSRRI - veeveeee s enseesens s AT, Ze¥, T, AR, TLE (106)
G T E SR L9 & 571 |5l ¥ ¢ (R i, Fy, THA, T, Kamr, MEL, AR, FRE (115)
KAIL=AAM 2017 FHLENZE IVOCs HERCE B 2 T FOXT SOA (YA BEM <oveveeeeees I, Bk, IHE, BAE, KE, H&, FA (125)
IR MR TTAEE RS DI IRBE e X WBE %%, B, LM, FEH, B, £& (133)
ML TE VOCs HEBLIUR S ATIEAMAT eveeervreeeemsemsmnmsminsencisess s W, G2 EEE ART, FEH, ZEA (139)
U EEAIARB A - OH&UML SOA J= R FFEA AT AR R - LW, MW, 20K, T, 845, F3#E, 245 (146)
LA R | U KRR AL R AIE BOKIRRIER LE voeeeeeeeeeene REE, BXH, REE, ZXA, KB, Z@wmF, KEE, FH (155)
KITIR AT+ X K SRR R T LRI ZE ovreoeeeereeesee e ees et

et OB TEW, TR, BEY, 205, HAE, THE, HER, THA (166 )

LIRS AR K AL 2 R R R s () 0 A RS RAE -eeeeees SROUIL, BAHR, EA 4 -FIA# 44, A.S. Saparov, Gulnura Isanova ( 173 )
T WS KRB R 0 A 3 K R RS0 . LB WISIE 30 AR A AEAL ] vvreveeemsmrsnmsnssensssssmsss st

........................................................................ i, A, BEE, B, B, AAE, 2EF, Bk, FHYW (183)
SRV 25 B N B T SRRSO AR AR | 0 AU SCRL R BPA oo WU, KA, MEM, K, 0P (194)
RULH S BOKIOK AT HLBR R 15 A IS WAL oo FH, K2R, K, TH, MO, B, &, RTE, $mo (205)
tﬁﬁ%ﬁz_ﬁ{iﬁgéﬂkﬁ‘%%kw{gﬁgﬁﬁm%ﬂgél‘g‘[ﬁjﬁ\ )tﬁ’ff%ﬁ&;’é/ﬁﬁg*ﬁ ...............................................................
............................................................... BAEE, ML, k%8, BAE, B, FEMK, 2E2, B, B, T8 (213)
FIFFIERZ TR U RO Z AR, B IEAT BRI ooeeeeeeeeeeeeeeens EAE, X2, BiE, RER, EAK, KR, Kik (224)
HAAETLRZTTBW) PAEs ShAHEE RS Mg -ooeeeeeeoe I, AT, TEHk, E6F, FAEY, ¥F, FEX, AT, KT (232)
RPN F1 A LB AR P GO S R R TG BT oo Fx4e, WECE, XORW, L EH, WM, Kok (242)
SO YR B A ) B KT R RPN oeveeeeee MNEH, 5%, Kk, Bty FWF, RXR, 284, B4 (253 )
= W A LSRR 4 I R BB AR LI - WA 3, R, BN, W, T4, BE%, RAM, HED (262)
%%%;{kx/qé}‘\@ﬁg{%%xj%@ﬁ%uﬁ&fﬂ/’;)ﬁﬁ&xﬂ‘mﬁ@&ﬁﬁkﬂ@ﬁ?%ﬂﬁi%&*ﬂfﬁu ...............................................................
.................................................................................... ZHE %3\%%, %i@%, 7’%7:‘73{'5'&—, MR, TEH, w2 (273)
—BARTRERERLE M 1B SO e BAT, BRI, Y8, BHA, F@, BB, BEHK (284)
Mﬁ;ﬁﬁ%&:ﬁ@@ﬁﬂéﬁ*@ %ﬁE&EXﬂ- Cd( 1 )uﬁl}ﬁ”ﬁﬁﬁ .......................................... #E , f?}ﬁ i , =] g%t\ , Z XX , I ( 293 )
BB AR AL SUR P BURBIEFE oo AR, KW, BE, BEE, B, KEE, BRE (304)
TALBRAUESTEL LTI U R ERBHEIERH  oveeveneessssss s s, KgHk, TH, Rk (313)
TERS R IK AL TR 2 55 b i V5 IR (AL TV 25 e R AT AT veveveeeerne e
.................................................................. g %g)h I%E, ?H%, gg;ﬁ’ %/, {;ﬂ;g, IHE, %%’ Bk (321)
JET SBR-ABR SE8L PN-SAD #l i TZ BT SGHLATAEE -ooovrvereereeseneeens WEE, KE, 22, BEE, WEsk, #HEH, WHER (330)
FET RV SNAD T2 dB AT vvevveereerrersmememeneene ettt A X FE, hEk, TEH, kA (337)
&ﬁﬁ{t_%gﬁ%ﬁﬁﬂﬁﬁ{t_ﬁﬁﬁi{kTZ%}E%%\iﬁj}&@aﬁ{& ..........................................................................................
..................................................................... W/AND, F%E  Karasuta Chayangkun BN, #h P BRARE, PR (1 345)
T AL 15 TR D B 55 B LT R AL IHAETIE STHI  «oveeereeemeemeemmeeieeie s X, REMB, TEE, hAEE (353)
TR AR5 T P B 1) 0 S B AL TR TS R AR BRI wvvvvveereeemm e 5&,7’?, %é\ﬁk, ?}\(’ T ( 360 )
SRR 7 v e A s L 1) O 5 4 N ST g R MEE, ERE, WG, B, DA, hE, KRE (368)
HARMIARS B 7 h ZIRTFHE (PAHs ) RIS AP ATFFAE ooveeemeerverenemneenenenns M, REH, KER, &F, BFE (377)
AL S e A R IR A 5 A RS BT A AR ooooeeeeeereeeeenens KR, R, B&F, BEk, B, TH%H (385)
KGR 5 O L C N P ALK AR HRRRIE oo BRI, FRM, MHE, HAE, TE (394)
P HH R T L SRR R AL SR v vveeveeneenmeeie e FEW, B B, BRE, B, k% (403)
T2 QUER o AR ol AT R € WA, Ex@, THE, ARi, KiE, FE8 (412)
FERT B AR FERTTR A FE S0 GO DTG B 20 RO LUK RO oo Th, BWE, AFE, R, BiRE (420)
HET PMF B A USRS T I BRI  ooeeoemmeeeeeeeeenes FRH, WA, ARE, TRE, MEFA, B (430)
8 BRSPS 23 18 0 A BACAED) B G SRR oo BEX, Bk, SR, TNE, HITE, R, BRE (438)
Tﬁﬁiﬂﬁ%ﬁfa%ﬁ%ﬁkHﬂi*%%‘-ﬁf%%%E%EE%@?&%&E@%% %ﬁE ........................................................................
......................................................... DEE, g8, 2%, B, EEE, AF4, BTA, B, 25, Bl R (449)
AR BRI 4, B BN T oo kit A %08, AAIH, WiEE, HAK, LEA (460)
AT PR X S A I AR BT BRI RO ooeeveeeeveenemenens REF, B, REY, RLR, ERME, DK (469 )
Byt g DX B A SN IR B LA G AR BB = RA, BRET, e, W, T8, RIFRK (479 )
it 5 P ) IR AR SRR PR OB SR BRI - EXE, IRM, ARC, 8, F0%, TEF (489)

(REREAVEITIR S (89)  (REIRA) ERFIN(97)  fFE(303, 329, 344)



)
(= SR In B R £ 5413 551 20204F1 H

Eco-Environmental
. . Vol.41,No.1 .,2020
Knowledge Web Environmental Science ol4L,No.l Jan.,

20 BE o o - KIIEMARYPRHERNSESETRY

ZESCAEY, TRIREE T, XK, YLEAM, XRHEM, ARHE

(L VLPEIIVE R 2 A e Bb 22 B VL PS4 WA A Y SRR AP SR T S s 000 3 B 2 330022 2. VIV D 27 7605 BH 90 b
SR g aE mELa e E M e 330022)

TEE. HEJE LIRS I HRS Yol MO REE B 5 Y ), W 1 A7 T S 3000 A 15 Y M AR AR B LR 2SR S 3R] 60
FH IS b P15 rh S e T 4 T IR G 22, X PRI 1 B m%*ﬁz&*ﬂriﬁi J&(Cu, Cd, Pb, znﬁzcr)ﬂﬁag
K HTGASFHAE AT 00, G5 R, TURR) T4 B h O R 2 BV O 356 ~ 1452 nekg ™' P FE(EA 982. 33 n-kg ™' ;iliad
S R BRI S G TR 28 | LRAEISREERRES IR 2 F(48. 23% ) s i B8 EZ LR A0 £ hifg LA < 1. 00mm 4 ¥
BEYV RS FZRNR N (PE) | NF R L0 (LDPE) FIEZR NI (PP) . BLERI-REIE 43 M (SEM-EDS) & 31, o 8 e % 1y HUAH
B 29l SURFHIARRE  FFE ZMESETE. S MESEARHITRY RIS H RERER R TUAR SR, TR
ZHAEIER (TOC, pH, EC BORiAe) Mo 7 %8 55 i (8. O LA E52 0 (P <0.05) 5 Jr 2253 ik 53 H7 (VPA) ik 34
PRI ZR AR 0 B 5 S A RS TTRRR 53 5004 37.70% i1 0. 70% , {ELFI 35 159 B3 [5] STk 3% 49. 60%,Tfﬁﬁii‘iﬁﬂum7ﬁx&ﬁ
He Ak, OB T A R 4 B A A — 2L B SR T 4 T s Yo (1 A W A Hmﬂﬁiuﬁfﬁ’lﬁiﬁkfﬁiﬂb -

SRBRIA) O PH ] DB s OBR 5 R R A5 A7 R A I i
HESES X522 XHARIAE: A iﬁzﬁ%:0250-3391(2020)01-0242-11 DOI: 107‘132‘27/j.hjkx.201907169 ..,-"' i

Occurrence Relatlonshlp Between M}cr()plastlcs and Heav’y Metals Pollutants 1n

the Estuarlne Sediments of Poya/ng' LEake and the Yangtze "Rlver ~— "

LI Wen-hua' JIAN Min-fei'*" | LIU Shu h JIANG Yu-Mei' , DENG Yan- bing's IZHU Lin' ; ’

(1-Jtangxi Provincial Key Laboratory of Protjeetlon and"l Utlhzatlon of Subtroplcal Plant Resources College of Life Science, Jlang)u
Norn}al Umversny, Nan(hang 330022, China;/2. Key Laboratory of Poyang Lake Wetland and Watershed Research, Ministry of
Educatlon J1angx'l Normal ' University, Nanchang 330022 'Chlna')

Abstract ; Heavy metals are typical pollutants in the environment and microplastics are relatively newly recognized environmental
pollutants, with their coexistence potentially compounding pollution and ecological risks. In this study, we investigate the contents and
morphological characteristics of microplastics and heavy metals (Cu, Cd, Pb, Zn, and Cr) in the estuarine sediments of Poyang Lake
and the Yangtze River as a means of exploring the relationship between them. The results showed that the abundance of microplastics
ranged from 356 n-kg™"' to 1452 n-kg™', with an average abundance of 982.33 n-kg™' in the dry sediments. Microplastics were
identified as being of three main types: fragments, fibers, and films, whereby fragments were the most dominant type found and
accounted for 48. 23% of the total microplastics in the sediments. The main color of microplastics in the sediments was chromatic, and
the particle size of most microplastics was <1 mm. The major polymer components were polyethylene (PE), low density polyethylene
(LDPE) , and polyethylene ( PP). Scanning electron microscopy with energy dispersive X-ray spectroscopy ( SEM-EDS) results
indicated that the surfaces of microplastics were rough, porous, cracked, and torn, and that the five heavy metals were found on the
surfaces of different microplastics. These heavy metals accumulated to different degrees in the estuarine sediments, and redundancy
analysis indicated that environmental factors [ including the total organic carbon (TOC), pH, electrical conductivity (EC), and
sediment particle size ] and the occurrence of microplastics all had significant (P <0.05) effects on the distribution of heavy metal
concentrations in sediments. Variation partitioning analysis ( VPA) showed that the contribution rates of environmental factors and
microplastics to the bioavailability of heavy metals were 37. 70% and 0. 70% respectively, but the combined effect was 49. 60% . We
conclude that microplastics in sediments may act as carriers of heavy metals and activate their bioavailability, hence posing a potential
threat to the ecological security of estuaries and wetlands.

Key words : Poyang Lake; sediments; microplastics; heavy metals speciation; coexistence
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mm 33 [R5, 20 80. 68% MIFLME IR AE <1 mm.
1 ~2.5 mm F12.5 ~5 mm R B 608 R B
o7 HC S FRFR AL X RS [ B 3 (e) ]

BRI B Z R N B [, B ME
B niEe, a4 Fl FEUEA RN E, RO
SR 5 HLSE Y8 N 34. 67 %, I D A8 kLT
i EE Bl ik 59% [P 3 (d) 1, 3% i T HLAIBE L
(P<0.05).
2.2.3  OBRHLLAMGIERHIE

Y TERE T 949% B TR T %0 R AWk
. WER R ET N LM (polyethylene , PE) | T S
FE R RN (polypropylene , PP) | £F 425 = B ML
SRR 20 (low density polyethylene, LDPE ). X} 4%
Sl LTI S SRR AS ) 2R 0 1 4 L A9 s
gt (B 4) 0 193 206 Ee AT = T 3L
BE L, H 22 5245 25 I AL AG AR 5 2R 04 L o)l 2

'-:_%x\‘

SRR} B 3R T RS SR AFAE

phology of microplastics in sampled sediments

(ﬁ:@ zf@_

W, O .
2.2.2 (OB EERHE

AR E L Bl 356 ~ 1452 n-kg ™', 3y
FJEH A 982. 33 n-kg ™. HirP I CURORIE 2 A
T, T 1090 ~ 1452 n-kg ™' HORERAL, FE
EYEE Ky 858 ~ 1114 n-kg ™", BE 1L 3= B {36 Bl
356 ~877 n-kg ™5 I FHOE R B B 2 R TR ALAN
BELLI(P <0.05)[®3(a)].

R

— Jﬁiﬁﬂﬁiﬁ <f>*/§w#

(P <0.05) /T CRpELL
2.2.4  THYRHY SEM-EDS $F#iE

I A4 T A (SEM) 5 REREY (EDS) 4
G HT LIRS IS AU TR /N T 500 wm 1)
R M (PE) | AR E R 2% (LDPE) KRNk (PP)
HI TR FE T, 45 SR AN & 5. SEM [R5 3¢ W 4 R o
BRI 2 HARE . 29l 2R RS RRAE , 3X
Fh T Z R I TE SR AE A R T 3 H e R A,
PR TR X 4 IR M 2 ). EDS 43 HT & BLR
EREARIR &A€L 0, S, Si, Ti M ClTE,
FERTI W B AT — 2 A Jm T R, AR A 45 i
REXT 42 S SRR ) RO B e R 22 R R S
75 2 1T R S 114 45 o A 288 BB VR 22 v T SR TR M IR 2%
FESR s s U 1A 3 FIOAS [R] 2R 6 1 %) o ek g o
4R AL LS R T AR

T35 T, T SR 2 1 T 4 R BB 4 BT W3R 2
FiR,Cd 5 Al EELAASIEXFE, HikGm 2
ok PR SR RA E 7 Ph 5L PhF, BOIE R AEAE
S LA R L SR TR B R Fe LA ]
FALB A BIE 5 (Fe,0,) FEAE ; Ti R MGk JiF £
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B ICER | TiO, Je—Fh iz B T2 A MR
PUB Pk BURE. HAth 5 62 J& JC K Cu  Zn | Cr Fll Mn

%2 mENRTeRTENRES TSR] [

Table 2 Statistical results of EDS analysis of métal e.lé'irnen‘ts

&
.
wrga) |
L = s

" ©bn the surface’ of microplastics

emez [0 At

Cu 770.09(20.03) 0102 000 )"
cd(cdoy [ . ¥ ome( x0.08) 0.02( +0.00)
Ph(PbF,) ‘,\;:}‘“nl.} & 2.56( £012) 0.27( 0. F)I

Zn 0.16( £0.04) 0.03¢20-01) " &
Cr d 0. }?’E +0,05) 0.03¢ 0.0%)
Fe(Fe,05) (" 251 | 6.50( +0/80) 2.21( £0.20)4

Mn A 017(£0/02) 0.14( £0.01)
Ti(Ti0,)  * 0.60( +0480) 0.24( £0.09)
“AI(ALO;) 9.17( £2.60) 6.46( £2.80)

GAATETE SR BB R, S0 Hh o
R RF L.
2.3 VIR E SR NI
2.3.1 FEEJRWEESMEE
IBRYIh R EER S ®EIEK3,Ca, Cd, Pb, Zn
H Cr &5 B4 91K 29. 87, 0. 84, 84.13 . 86.45
F174.23 mg-kg ™", FAE Y = T EHW DU i 5%
{8, I SAHCHR A S5 T L A B, 5 PSR &
R THREH IO S (H. A, AS Rk A3 ]
LR EMRI BN AR 2R VO S FES
J& ) B S TR ALRIBE LS 7 (P <0.05).

®3 EHEABRYPELESE /mg-kg!

Table 3  Total contents of heavy metals in the sediments at different stations/mg-kg~

1

i H Cu Cd Pb Zn Cr

L 24.53 +1.21b 0.40 £0. 05¢ 56.32 +4.34c 83.79 +3.78b 65.42 +5.24b
FEO 38.00 +2.23a 1.38 +0.21a 118.00 7. 79a 98.01 +6.21a 80. 46 +4. 56a
bl 27.08 +0. 98ab 0.74 £0.13b 78.07 +3.59b 77.55 +1.21b 76.81 +6. 17ab
S 29. 87 0. 84 84.13 86.45 74.23
SCHK[31] 51 0. 67 72 117 42.9
XHk[32] 30.92 0.52 67.17 80. 26 69.03

T PHII T JLH[33] 4.75 0.75 12.50 45.75 29.5

1) [f—BIARR/NG FRER R 225 3 (P <0.05)
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Fig. 5 SEM-EDS images of microplastics in the sediments

2.3.2 HEERWIEERE

JITAT R i Y B 4 A5 T A 3BT o B A b
K 6. 459 s R A (F4) 2 rE 48 18T
LA (Cd BRAM) . 3t AR Rl JG &R, Cd 1Y 55 R 4
BUES (F1) f7 Fedieim , Ph AT RS (F2) AR 5
5 FMESIRICEAME(FL + F2 + F3) JT &5 He ) (i
B MK Cd (73.48% ) >Pb(51.44% ) > 7Zn
(35.66% ) >Cu(28.83% ) > Cr(18.02% ). 4% ¥k i
()22 RN, I H R 4 Jm A7 8808 ot i o 550 3
(P<0.05) mFBELIAAHL.

2.4 IR AR X H 4 R 14 5
2.4.1  JUBRY PR RES 4 JE AR O o b
IR RHIEZS | Bl kife SR G WA
Gy WRAFRFAE T3 T8 43 Ay (O b 5 o 4 T ] f A Gk
K H Pearson K307k, Z5 RN 4. 18 R H L4k
5 Cu, Cd, Pb WFEAI(P <0.05) , %1% W] 4%
RS RZE 4R P EHL(P <0.05) ki <0.5
mm Fl 1 ~5 mm WRHIEELS Cu, Cd, Pb, Cr B354
K(P<0.05), LMY Cu, Pb, Zn BEFEHK(P <
0.05). HHIE AT DL, Jeif F An] T b o X0 A 28 L 2647 03
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2 LU ws mensEaEmEss)
i “; y | P Table 4;: Corre}'aiionbef@l&ﬁicroplastics and heavy metals
¢ F “UiH Cu = cd Ph Zn Cr
IS 0.610* 0.434" 0.513" ns ns
VIS R ns ns ns -0.461* ns
LT YRk 0.454* 0.515* 0.489* 0.732 " ns
'@, ns ns ns ns ns
];ﬁ@ Elﬁ ns ns ns ns ns
- B 0.411* 0.389 * 0.388* ns ns
A 0.621 ™ 0.505 " 0.676 ns 0.522*
<0.5 mm 0.512" 0.503 * 0.537* ns 0.408 *
Kiie 0.5~1 mm ns ns ns ns ns
T
1~2.5 mm 0.482" 0.556 ** 0.567 ** ns 0.545 ™
2.5~5 mm 0. 400 * 0.396 " 0.452" ns 0.401 "
RN 0. 547 * ns 0.435" 0.381" ns
REWH B ns ns ns ns —-0.445 "
IR B B I ns ns ns ns 0.473*

1) # % FARTE P< 0.01 AKFCBN) L SEMDE; « RIRTE P <0.05 ACFE OB LR EAHDE s ns Fon M B3

2, OB e S T i) 2 HOE A DG R

2.4.2  PUARYH IR AL RN A A
AL

2L IR IR S AR G B AL N 200 B
LR, XAl LT T O AR AR |
F SR TR Y 2P A 3R A AT O I (P

<0.05) , /5255 BN 7. RIETCAR T LA I 5245
KBRS b & B, DU i 2 EEAL R (EC,
UUBRWIRLAE | TOC, pH %) f& 52 ) 1 43 J& 7 5t 1 ¢
R MR R ) . FifR(<0.5 mm,
1~5mm), AR E, 4F4:26) MESWH T
(PE) 25 AH R AT R AE 252 i LR ) 4 8 5 i
(SETERSES
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PE 5.8 0.012
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D S [ { . ) ot/ T A7, y
' Y J S e FA WAy L AL SFSA] e [k AT T RS
gﬁT%mmﬁ%*ﬁﬂﬂ&gg@@f% 3.1 GOOBRARAERRAE BH A SR -

TR S 11 4 L 109 T 58RI
ST VR it B 8 ) AR % of
10, 50y, pH RIS LA KL 6 % e e JA 00 )

TRATAICES M i B RS 3 33, 7% , B o

G T B RS AT 0. 7%, 16 % 19 b T ok
K H 49, 6%, W OB R REHE— b WL 4
TRV 25 1) A7 RS o A, 45 70 7 4 T 05 e 0 11 2
T ROE B 25 KB 45 S8 2 W1, BB R (F =
7.9,P =0.002) M H AL E(F =22.5,P =
0. 002) 564 T 42 J& A5 RS HO B8 0 7= 21 i 3 B
T e 40 e ok 4 T 5 14 028 48R 391 T B D 2
f B[] 5 ik
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Fig. 8 Contribution of microplastics and physicochemical factors
in sediments to the bioavailability of heavy metals as

determined by variation partitioning analysis
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et ), 0 9 9 5 g
SRS YT SR U 2 — . B b O R
S TARHURIGE L. 5 J5 PRI 2 U 10 R A 3 5 4
T s Y 5T VB T e HE A B X, 4R L 37
E TR T A T Tl Al T e 3
LK, N UM R /D A A% 3 5% 0 /N, 380 11 B
VORI BB BE (L dw I, IR KPR T
TR0 BH I8 ek SR A (54 ~506 kg ™) L K
WP (11.0 ~234.6 n-kg™") AT (1% (20 ~
340 n-kg ™), BRI /R ZE G WA PO (112
~234 n-kg™'), N KL KHE T (500 ~ 28 000
nekg ™). W11 B A TS o A b o S A LK
SP-. 0 B4 1R YT A 4 B H R 2 AT
A B FIIEA5, AELRD B 0380 11 B LARE A2 £ ( <5
mm) , MRKILE  KRILIAF4ESE N F (<1 mm) ;3
SREES ) AN P LR S A o E (<1
mm) | R TE H AL 4258 E (<2 mm) 5
RS [ b 37 0 A I 25 B 2 S ] R S e
e S VLRI TR S T T 5380

PR 2 22 R I J5 R AR A 7 A o
FIMAKAE 5 wm LU B0 FAE R % @55, 1
HOH GG K 2 RIS & 0, 255 16 24k 7
T MR P9 SR TR 2 T T IR 75 Y Ak
WEoE b, R < 1 mm 1 B0 R BT 5 B 075 35
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Ph{Cd Ba il Sn 5 ARE00 420 85 T SR BUIBKL A
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5 Fi T i I 2 1 MO R 25 T K BRI ) I PR
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() FE 4 S TR . 3 — W B SR AR AR 0T e 5 Y kL R
T 26 G AL R e A e A 5 S R S
F oA YT S TR R R AT 0 B A s DX A
MIE AR, 915 7K A S A 36 Rt e s g 7
R, X e 4 g T 2 ] RerE KA A= W ik N 1R
P BRI FR G TR O, IS T AT R
AR & B, OF T 0 H AR Y A AR W AR
FRUOA] RSN T R P RS | SO R S
Cu, Cd, Pb BFEM (P <0.05) , HJFEH ] g 23
B IR 40 AR 25 B 3R 0 ok 32 2 B 4 . % &
Je , 4 JE B A A T B S U R R T A
L A AR B A7 S TRDAE B, DA S 4 i g 7K
AL G W Ta] AR R SRR B FBG 0 T O b 4 e
AT AE AR (F =11.9,P =0.002) &5
T4 JE S O PR 2R, H DR AT R R T Rl 3R T
% (@55 (41 TiO, | PbF, 4§) 2 BB 3R 5, M
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S TR AL ] R A 3L RV E AU S B Y
AR EIACE AR S, T H R E RS T A GS
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4 it

(1) BB WA 1 KT B TR Ak = B
Bl N 356 ~ 1452 n-kg™', F 4 B {8 K 982. 33
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Cu, Pb, Zn, Cd fil Cr 3X 5 Fp & )8 e R M A
. | L
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(28.83% ) 5> Cr(18702% ) | Yl 4

(3) VLB ELAL FIZE (TOC | pH (| BE Sk
) JESEAOB R I T U (e B I K, BB
SO T R 47 20 L 1 B R A
37.7% Al 'o.;/g/o, i 4 1 I T 35 49, 6% (<
0.05) , Al FECES &8 I A ) A RS AL, R AT

W T 4 R B R - E R T AR IS

8 A A 250 X D A 25 2 A UV A SR

SE

[1] BEA. “eli g 1]. KARER, 2015, (12); 34-
39.

[ 2] Nizzetto L, Futter M, Langaas S. Are agricultural soils dumps for
microplastics of urban origin? [ J]. Environmental Science &
Technology, 2016, 50(20) . 10777-10779.

[ 3] Gallagher A, Rees A, Rowe R, et al. Microplastics in the Solent
estuarine complex, UK; An initial assessment [ J ].
Pollution Bulletin, 2016, 102(2) ; 243-249.

[ 4] Mrosovsky N, Ryan G D, James M C. Leatherback turtles; the
menace of plastic[ J]. Marine Pollution Bulletin, 2009, 58(2) .
287-289.

[ 5] Koelmans A A, Besseling E, Wegner A, et al. Correction to

Marine

plastic As a carrier of POPs to aquatic organisms: a model
analysis[ J ]. Environmental Science & Technology, 2013, 47
(15) : 8992-8993.

[ 6] Rochman C M, Hentschel B T, Teh S J, et al. Long-term
sorption of metals is similar among plastic types: implications for
plastic debris in aquatic environments[ J]. PLoS One, 2014, 9
(1) 1-10.

[ 7] Chakraborty P, Ramteke D, Chakraborty S.
partitioning of Cu and Ni in mangrove sediments; relationships
with their bioavailability [ J ]. Marine Pollution Bulletin, 2015,
93(1-2): 194-201.

[ 8] Brennecke D, Duarte B, Paiva F, et al. Microplastics as vector

Geochemical

for heavy metal contamination from the marine environment[ J].



14

ZEICARAE . RPN 0 VL BEDUR P GO R S  JR T e Y A7 AR 251

[10]

[11]

[12]

[14]

[15]

[17]

[18]

[19]

[21]

ARBTREE FEAE AT D).

| 640,649,

Estuarine, Coastal and Shelf Science, 2016, 178 189-195.

Karami A, Romano N, Galloway T, et al. Virgin microplastics
cause toxicity and modulate the impacts of phenanthrene on
biomarker responses in African catfish ( Clarias gariepinus) []J].
Environmental Research, 2016, 151 58-70.

Palleyi S, Banoo S, Kar R N,

characteristics of off shore sediment of North Bay of Bengal: a

et al. Textural and geochemical
statistical approach for marine metal pollution[ J]. International
Journal of Sediment Research, 2015, 30(3) : 208-222.

Moore F, Nematollahi M J, Keshavarzi B. Heavy metals
fractionation in surface sediments of Gowatr bay-Iran [ J ].
Environmental Monitoring and Assessment, 2015, 187 (1):
4117.

Pedro S, Duarte B, Reis G,

availability in estuarine surface sediments:

et al. Metal partitioning and
Changes promoted by
feeding activity of Scrobicularia plana and Liza ramada [ ] ].
Estuarine, Coastal and Shelf Science, 2015, 167 . 240-247.

Yin H, Deng J, Shao S,

toxicity assessment of heavy metals in the sediments of Lake

et al. Distribution characteristics and

Chaohu, China[ J]. Environmental Monitoring and Assessment,
2011, 179(14) ;. 431-442.
Wang Z S, Wang Y S, Chen L Q, et al.

contamination in coastal sediments of the Maluan Bay; ‘(-:Ghina)

Assessment=of metal

using geochemical indices and multivariate statistical approaches

[J]. Marine Pollution Bulletin, 2015, 99(1:2) . 43“:.5_3.

I%,%ﬁ,%%.%T%ﬁﬁ%ﬁ%ﬁmﬁﬁ%ﬁﬂiﬁ.
A 20170 N S 686

1688,/ AT 4 Y/
Wang P, C'flen B Zhang H. High' lhr@ﬂghput <equenq,ur_1g

| analysis afebactedhl communities in soilgof typloal Poyang Pake

A wetland[l]]. Acta Eculoglca Sinica, 2017, 3‘7(5) 16504 1658

) UL R, 5 500 2 A e A e
YT R 2
Zha,ng] Huang"X L, Zhang T, \
po]]ullon on microbial community and diversity in lake-river
Journal of Lake Sciences, 2018, 30

et al. Effects of heavy metal
ecotone of Lake Poyang[ J].
(3): 640-649.

Dai L J, Wang L Q, Li L F,
analysis and source identification of heavy metals in the sediment
of Poyang Lake in China[J].
2017, 621 1433-1444.
Jiang Y H, Xie H Q, Zhang H,

distribution and risk assessment in the Le’an River subjected to

et al. Multivariate geostatistical

Science of the Total Environment,
et al. Dissolved heavy metals

violent mining activities [ J ]. Polish Journal of Environmental

Studies, 2018, 27(4) ; 1559-1572.
SRR, WIEEE, RSP, A SRR I B U i

BH AR S HORIR[ ], 33k, 2018, 55(5) ¢ 1222-
1232.
Zhou L. Y, Jian M F, Yu H P, et al. Distribution of

microplastics and its source in the sediments of the Le’an river in
Poyang Lake[ J]. Acta Pedologica Sinica, 2018, 55(5) ; 1222-
1232.

Yuan W K, Liu X N, Wang W F,

abundance,

et al. Microplastic

distribution and composition in water, sediments,
and wild fish from Poyang Lake, China[]].
Environmental Safety, 2019, 170, 180-187.
BAFRAR. D s S0 88 BE ) D AT AR A BT [ ]
1999, 54(1) . 77-82.

Hu C H. A historical study on the back flows of water from the
Jiangxi [ J].

Ecotoxicology and

HoF AR,

Changjiang River to the Poyang Lake at HuKou,

i /Elﬂ.;, 2018, 30 _(_39/ ,/"'

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Acta Geographica Sinica, 1999, 54(1) : 77-82.

kAR, BEOG, R, & BHBIRTE M), B RiER
FHAR WAL, 1988, 15-71.

Zhang B, LuZ G, Zhu HF, et al. Studies on Poyang lake[ M ].

Shanghai: Shanghai Science and Technology Press, 1988. 15-
71.
Hakanson L, Janasson M. Principles of lake sedimentology[ M].

Berlin, Heidelberg: Springer, 1983. 82-91.

sl gl 2B [ M. JEaT: hE RO R
AL, 2000.
Prata ] C, da Costa J P, Duarte A C, et al. Methods for

sampling and detection of microplastics in water and sediment; a
critical review[ J]. TrAC Trends in Analytical Chemistry, 2019,
110 150-159.

J, wEEd, PR, S IR T g vh SRR 3 B8 B
HFRMBOEELT]. AHE i, 2016, 61(14) ; 1604-1611.
Zhou Q, Zhang H B, Zhou Y, et al. Separation of microplastics
from a coastal soil and their surface microscopic features[ J].
Chinese Science Bulletin, 2016, 61(14) . 1604-1611.
IR, R, RIS, SE ISR i k £ IT b
*i%ﬁmmmwﬂﬁﬁﬁﬁU]%Pﬂﬁﬁm4x
(5): 1759-1765.

Jian M FJ K L Y, Xu B F,

!
characterjstics of heavy metals pollution in thé wa}é‘r soil and

et al. §pallolem‘pnral variation
sedlments Enviroptiertt of|the, Lean River- Poyang"'Lake Wetland
[J]. .Envm)nméntal S ience,, 2014, 35(5) ; 1759- 176;
Davidéon“"C M, l'homas R P McVey S E, et al. hvaluauon of a
sequennal extraction ptﬁcednre for the bpeudtmn of heavy met’-ls_-’,
in sedlp’lenﬂts[ J1. Analytica Chimica Acta, 1994 , 291(3) ; 277-
286.¢ il ol e
Palma P'f Ledo L, Alvarenga P. Assessment of trace .él':ment
pollution and its environmental risk to freshwater sediments
influenced by anthropogenic contributions; the case study of
Alqueva reservoir ( Guadiana Basin) [ J]. CATENA, 2015,
128 174-184.

RuiJ P, Li J] B, Wang S P,
communities to simulated climate changes in alpine meadow soil
of the Qinghai-Tibet plateau [ J].
Microbiology, 2015, 81(17) : 6070-6077.

ffEdE, P55, skl 45 R W IR Y 4 Jm =S 18] 40 A
B Ae AR 25 B AT (1], i L FR B, 2014, 30(6)
114-119.

WuHY, Luo Y, Zhang Q M,

potential ecological risk assessment of heavy metals in sediments

et al. Responses of bacterial

Applied and Environmental

et al. Spatial distribution and

of Poyang Lake[ J]. Environmental Monitoring in China, 2014,
30(6): 114-119.

SRKSC, AR, SRAT, A B EHWR)Z DO P K R g
JEWRAFIE 25 B AR e A A R [ )], VT S 3 8 5 R 353
2014, 23(8): 1132-1138.

Zhang D W, Luo L. G, Zhang L, et al. Speciation and potential
ecological risk assessment of as and heavy metals in surface
sediments of Poyang lake[ J]. Resources and Environment in the
Yangtze Basin, 2014, 23(8); 1132-1138.

28y, SRIREy, H/NSC VIVEE LR RE L R RS
[J]. "PEZRELEDN, 1992, 8(3) : 66-69.

Sul, Xue YG, LILY, Microplastics in Taihu Lake,
China[ J]. Environmental Pollution, 2016, 216 711-719.

Peng G Y, Zhu B S, Yang D Q,
sediments of the Changjiang Estuary, China[J].
Pollution, 2017, 225 283-290.

Fischer E K, Paglialonga L, Czech E,

et al.

et al. Microplastics in
Environmental

et al. Microplastic



252 7 S 41 &
pollution in lakes and lake shoreline sediments-a case study on environmental factors[ J]. Acta Scientiae Circumstantiae, 2011,
Lake Bolsena and Lake Chiusi ( central Ttaly ) [ J]. 31(11) . 2447-2458.
Environmental Pollution, 2016, 213 . 648-657. [42] Galan E, Gémez-Ariza J L, Gonzilez 1, et al. Heavy metal

[37] Ballent A, Corcoran P L., Madden O, et al. Sources and sinks of partitioning in river sediments severely polluted by acid mine
microplastics in Canadian Lake Ontario nearshore, tributary and drainage in the Iberian Pyrite Belt[ J]. Applied Geochemistry,
beach sediments[ J]. Marine Pollution Bulletin, 2016, 110(1) : 2003, 18(3) : 409421.

383-385. [43] Imhof H K, Laforsch C, Wiesheu A C, et al. Pigments and

[38] Sahin S, Yayla P. Effects of testing parameters on the mechanical plastic in limnetic ecosystems: a qualitative and quantitative
properties of polypropylene random copolymer [ J ]. Polymer study on microparticles of different size classes [ J]. Water
Testing, 2005, 24(5) ; 613-619. Research, 2016, 98 . 64-74.

[39] SulL, Cai HW, Kolandhasamy P, et al. Using the Asian clam [44] Tumer A, Holmes L A. Adsorption of trace metals by
as an indicator of microplastic pollution in freshwater ecosystems microplastic pellets in fresh water[ J]. Environmental Chemistry,
[J]. Environmental Pollution, 2018, 234 . 347-355. 2015, 12(5) ; 600-610.

[40] Costa M F, do Sul J A I, Silva-Cavalcanti J S, et al. On the [45] Ashton K, Holmes L, Turner A. Association of metals with
importance of size of plastic fragments and pellets on the plastic production pellets in the marine environment[J]. Marine
strandline; a snapshot of a Brazilian beach[ J]. Environmental Pollution Bulletin, 2010, 60(11) ; 2050-2055.

Monitoring and Assessment, 2010, 168(14) . 299-304. [46] Cole M, Lindeque P, Halsband C, et al. Microplastics as

(417 FEmgg ) gk, FBIESC, 4. MR ZUTEY & 48 i A7 contaminants in the marine environment: a review[ J]. Marine

S BB A 1o M [ 1] FRETRL 2224, 2011, 31
(11) . 2447-2458.
Wang M Y, Zhang L, Qin Y W, et al. Speciation of heavy

metals in sediments from Xiang River and analysis=of their

[47]

Pollution Bulletin, 2011, 62(12) ; 2588-2597. =
Holmes L A, Turner A, Thompson R C, et al. _--A'('_l.s_orptio.n of
trace metals=to plastic resin pellets in the maﬁr}ﬁ':"érilvifonment

[J]. Environmental Pollution, 2012, 160 . 4248. y -
i F




HUANJING KEXUE Vol.41  No. 1

Environmental Science (monthly) Jan. 15, 2020

CONTENTS

Spatiotemporal Variations of PM, s Pollution Evolution in China in Recent 20 Years SHI Yan, LIU Rui-mei, LUO Yi, etal. ( 1 )
Characteristics of Aerosol Particulate Concentrations and Their Climate Background in Shanghai During 20072016 - +++ ZHENG Qing-feng, SHI Jun, TAN Jian-guo, et al. ( 14 )
Characteristics and Sources of Elements in PM, 5 During Summer for Three Typical Cities in Pingdingshan-Suizhou-Wuhan, Central China —««eseseeerrerssmesenemesimnscnnesn e

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" LIU Wei-jie, SHI Ming-ming, CHENG Cheng, et al. ( 23 )
PM, s Pollution Characteristics During Winter and Summer in the Hohhot-Baotou-Ordos Region, China LI Yi-ming, LIU Jia-yuan, SHI Guo-liang, et al. ( 31 )
Analysis of Pollution Characteristics and Sources of PM, 5 During Heavy Pollution in Shijiazhuang City Around New Year's Day 2019 «erverereeeseeresenensnsenneinmnsicnne e

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHOU Jing-bo, DUAN Jing-chun, WANG Jian-guo, et al. ( 39 )

Modeling Studies of Source Contributions to PM, 5 in Chengdu, China XU Yan-ling, YI Ai-hua, XUE Wen-ho ( 50 )

Chemical Characteristics of Arsenic in PM, 5 in Beljing SHI Shao-xuan, YANG Yan-rong, QIN Juan-j JllﬂJl et al. ( 57)
Pollution Characteristics and Potential Source Contributions of Gaseous Elemental Mercury (GEM) During Summer and Autumn in Ningbo City :

YI Hul, LIN ]1a—mel, CAI Qlu—hang, etal. (65 )
Seasonal Characteristics and Source Analysis of Water-Soluble lons in PM, s of Anyang City SUN You-chang, JIANG Nan, WANG Shen-bo, et al. ( 75 )
Analysis of Stable Carbon Isotope Characteristics of PM, 5 in Summer and Winter Season in Xinxiang City w+v+eeereererereseenennenees YAN Guang-xuan, SONG Xin, ZHANG Jing-wen, et al. ( 82 )
Construction and Evaluation on Size Resolved Source Apportionment Methods Based on Particle Size Distribution of Chemical Species -+ LIANG Yong-li, TIAN Ying-ze, LIU Tong, et al. ( 90 )
Fine Particulate Emission Characteristics of an Ultra-Low Emission Coal-Fired Power Plant ** WANG Run-fang, MA Da-wei, JIANG Shao-yi, et al. ( 98 )
Driving Factors of the Significant Increase in Surface Ozone in the Beijing-Tianjin-Hebei Region, China, During 2013-2018 YU Yi-jun, MENG Xiao-yan, WANG Zhen, et al. ( 106 )
Characteristic of Surface Ozone and Meteorological Parameters Analysis in Anyang City —«+esseseessersessemenensminenenssn e YANG Jian, YIN Sha-sha, YU Shi-jie, et al. ( 115 )
Emission Inventory of Intermediate Volatility Organic Compounds from Vehicles in the \angize River Delta in 2017 and the Impact on the Formation Potential of Secondary Organic Aerosols

""""""""""""""""""""""""""""""""""""""""""""" - ++++ WANG Qian, HUANG Ling, WANG Yang-jun, et al. ( 125

Exhaust Smoke of Non-Road Vehicles in Typical Cities of Eastern China «+++s+ssesereeresresesesecnennenes ++ LU Jun, HU Qing-yao, YANG Qiang, et al. ( 133 )
Emission Status and Standards of Volatile Organic Compounds from Chinese and Foreign Bulk Petroleum Terminals HU Wei, REN Bi-qi, HUANG Yu-hu, et al. ( 139 )
Secondary Organic Aerosol Mass Yield and Characteristics from 4-ethylguaiacol Aqueous +OH Oxidation; Effects of Initial Concentration —+««+s+ssesssessessersenesenenenisnininsnssininenee

ZHUANG Yu, CHEN Yan-tong, LI Xu-dong, et al. ( 146 )
Stable Isotope Characteristics and Vapor Source of Precipitation in the South and North Slopes of Wushaoling Mountain ««+««+:+essexeee: XU Xiu-ting, JIA Wen-xiong, ZHU Guo-feng, et al. ( 155 )
Characteristics and Influencing Factors of Stable Hydrogen and Oxygen Isotopes in Groundwater in the Permafrost Region of the Source Region of the Yangtze River :

-+ WANG Shao-yong, HE Xiao-ho, DING Yong-jian, et al. ( 166 )

Hydrochemical and Isotopic Characteristics of the Lake Balkhash Catchment, Kazakhstan SHEN Bei-hei, WU Jing-lu, Jilili Abuduwaili, et al. ( 173 )
Effect of a Comprehensive Improvement Project on Water Quality in Urban Lakes; A Case Study of Water Quality Variation in Lihu Lake Over the Past 30 Years —««eeeeseersereenesesencees
......................................................................................................................................................... TIAN Wei, YANG Zhou-sheng, SHAO Ke-giang, et al. ( 183 )
Detection Method, Distribution, and Risk Assessment of Pharmaceuticals and Personal Care Products in the Yellow Sea and the East China Sea ++«+ssseereesserssimmimsimminii,
................................................................................................................................................ -+ CHEN Xian, ZHANG Cai-jie, YANG Gui-peng, et al. ( 194 )
Occurrence and Risk Assessment of Organophosphate Esters in Source Water of the Nanjing Section of the Yangtze River LI Dong, ZHANG Sheng-hu, ZHANG Qin, et al. ( 205 )
Spatial Distribution, Spectral Characteristics, and Sources Analysis of Dissolved Organic Matter from Baiyangdian Lake in Xiong'an New District During the Winter Freezing Period ++++++++++
.................................................................................................................................................................. ZHOU Shi-lei, SUN Yue, ZHANG Yitan, et al. ( 213 )
Spatial Characteristics, Risk Assessment, and Source Analysis of Elements in Surface Sediments from the Baiyangdian Lake =~ ++e-seeeseeeeeees WANG Jing-zhong, LIU Zhuo, WEI Hao, et al. ( 224 )
Distribution Characteristics and Ecological Risk Assessment of Phthalate Esters in Surface Sediments of the Songhua River -«+-++:+++- WANG Huan, YANG Yong-zhe

WANG Hai-yan, et al. (232 )

Occurrence Relationship Between Microplastics and Heavy Metals Pollutants in the Estuarine Sediments of Poyang Lake and the Yangtze River

LI Wen-hua, JIAN Min-fei, LIU Shu-li, et al. ( 242 )
Effect of Ozonation on Microorganism in the Biological Activated Carbon and Disinfection By-Products in the Effluent LIU Bao-ming, WANG Xi-xi, ZHANG Xiao-xia, et al. ( 253 )
Refined Assessment of Exposure and Health Risks of Heavy Metals in Water for the Children in Xigu District, Lanzhou -«+:«++++s++: CHEN Yue-fang, SUN Shan-wei, DUAN Xiao-li, et al. ( 262 )
Adsorption of Phosphate on Mg/ Fe Layered Double Hydroxides (My Fe-LDH) and Use of Mg/Fe-LDH as an Amendment for Controlling Phosphorus Release from %edlmenti """""""""
""""""""" WU Jun-lin, LIN Jian-wei, ZHAN Yan-hui, et al. ( 273 )
Characteristics and Mechanism of Monothioarsenate Adsorption on Sand, Sediment, and Goethite - + LIAO Dan-xue, SHAN Hui-mei, PENG San-xi, et al. ( 284 )
Substructure Characteristics of Combined Acid-Base Modified Sepiolite and Tts Adsorption for Cd( II ) XIE Sha, XU Ying-ming, YAN Cui-xia, et al. ( 293 )
Characteristics of Nitrogen Metaholism by Denitrifying Bacterial Agents in Low Dissolved Oxygen Black Odor Water — ««+eseereereeresesenenseinnene ZHAOQ Zhi-rui, LIU Shuo, LI Duo, et al. ( 304 )

Metagenomic Analysis of Antibiotic Resistant Bacteria and Resistance Genes in a Pharmaceutical and Chemical Wastewater Treatment Plant ++++eeeeseerereresienieneninnininiinn

+++ CHEN Hong-ling, ZHANG Xing-tao, WANG Qing, et al. ( 313 )
Measurements of Bacterial Community and Biodiversity from Activated Sludge for a Wastewater Treatment Containing Starch — +++sveeseeeeeeees ZHAO Ting-ting, QIAO Kai, WANG Lei, et al. ( 321 )
Process Control and Operation Optimization of PN-SAD Coupling Process Based on SBR-ABR +:tveeeeeeseesvesvsmssnensininienieininnne CHEN Chong-jun, ZHANG Min, JIANG Ying, et al. ( 330 )
Effects of Intermittent Starvation on the Operation of the SNAD Progess ««+sxseessrerssssssssnmisniniininii e LI Dong, LIU Zhi-cheng, XU Gui-da, et al. ( 337 )

\htrogen Removal from Mature Landfill Leachate via Denitrification-Partial Nitritation-ANAMMOX Based on a Zeolite Biological Aerated Filter »«++eessersereesesemienensimeniniinininnn
CHEN Xiao-zhen, WANG Xiao-jun, Karasuta Chayangkun, et al. ( 345 )
LIU Wen-ru, SONG Jia-jun, WANG Jian-fang, et al. ( 353 )

Rapid Achievement of Nitrifying Micro-granular Sludge and Its Nitritation Function -+

Effect of On/Off Aeration Time Ratio Under High Frequency On/Off Aeration on Performance of Nitrosated Granular Sludge ««+:++++seeseeeereereen ZHANG Jie, LAO Hui-mei, LI Dong, et al. ( 360 )
Occurrence, Distribution, Source, and Health Risk Assessment of Polybrominated Diphenyl Ethers in Surface Soil from the Shen-Fu Region, Northeast China «+:e+seseeseeressernesseresenennens
............................................................................................................................................................ XIANG Xin-xin, LU Yin-tao, RUAN Qi-yang, et al. ( 368 )
Vertical Pollution Characteristics and Sources of Polycyclic Aromatic Hydrocarbons in a Heterogeneous Unsaturated Zone Under a Coking Planl «+«+seeessesressssemensinsiniisisiniinnns
................................................................................................................................................ MENG Xiang-shuai, WU Meng-meng, CHEN Hong-han, et al. ( 377 )
Distribution Characteristics of Antibiotic Resistance Genes and Mobile Genetic Elements in Beijing Vegetable Base Soils ~ «++veseeeveeeees ZHANG Ru-feng, SONG Yuan, GAO Hao-ze, et al. ( 385 )
Stoichiometric Characteristics of Purple Sloping Cropland Under Long-term Fertilization and Cultivation - DU Ying-ni, LI Tian-yang, HE Bing-hui, et al. ( 394 )
Ecological Stoichiometry of Carbon, Nitrogen, and Phosphorus in Subtropical Paddy Soils SONG Jia-ling, SHENG Hao, ZHOU Ping, et al. ( 403 )
Denitrification and Anaerobic Ammonium Oxidation in Soil Nitrogen Migration Process in a Farmland of Wanshandang Lake ++++:++++-: CHEN Zhi-hao, QIN Yun-bin, DING Bang-jing, et al. ( 412 )
Effects of Straw Biochar on Soil Microbial Metabolism and Bacterial Community Composition in Drip-irrigated Cotton Field «+e+eeseeseeeveeesee WANG Jing, MA Li-juan, LONG Ze-hua, et al. ( 420 )
Source Appointment of Heavy Metals in Agricultural Soils of the Jiulong River Basin Based on Positive Matrix Factorization - HUANG Hua-bin, LIN Cheng-qi, HU Gong-ren, et al. ( 430 )
Spatial Distribution of Soil Arsenic and Arsenic Enrichment in Crops in the Oasis Region of the Southeastern Tarim Basin = «++++»++++ CHEN Yun-fei, ZHOU Jin-long, ZENG Yan-yan, et al. ( 438 )
Bioavailahility, Translocation, and Accumulation Characteristic of Heavy Metals in a Soil-Crop System from a Typical Carbonate Rock Area in Guangxi, China «+:ereeseeesemerseremenenenns
..................................................................................................................................................................... MA Hong-hong, PENG Min, LIU Fei, et al. ( 449 )

LUAN Run-yu, GAO Shan, XU Ying-ming, et al. ( 469 )
Response of Soil Respiration and Its Components to Nitrogen and Phosphorus Addition in Farming-Withdrawn Grassland in the Semiarid Loess Hilly-Gully Region —+«eeeeseersesseesennennees

ZHOU Jun-jie, CHEN Zhi-fei, YANG Quan, et al. ( 479 )
LAN Xing-fu, WANG Xiao-tong, ZHOU Ya-xin, et al. ( 489 )




	组合
	封面
	中文目录


