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Abstract ; Polystyrene (PS) foam is one of the'main plastlc mat-érldls dispersed in the environment. In this study, we observed that the
Insect-super mealworms ( Zophobas morio) , which belong to a species of the Tenebrio genus, are able to consume and degrade PS
foam. Individual Z. morio consumed an extracellular polymeric substance ( EPS) over 50 days with high survival rates. Analyses of the
frass egested using fourier transform infrared spectroscopy (FTIR) confirmed the formation of a new oxygen-bearing functional group in
the EPS. Gel permeation chromatography ( GPC) analyses indicated that the depolymerization of ingested EPS with decreases in both
M, and M was observed, suggesting that the EPS was biodegraded. We also used 16S rRNA gene sequences to analyze the gut bacteria
of Z. morio under three different feeding conditions, including with polystyrene, bran, and bran plus polystyrene. Under different
dietary conditions, the gut microbiota of Z. morio showed significant differences, such as Klebsiella and Ciirobacter becoming
significantly enriched. In vitro studies using 90-days gut microbial culturing experiments indicated that gut microbiota contributed to PS
degradation. Our research demonstrates that intestinal bacteria played an essential role in the degradation of PS by Z. morio, and
provides a new theoretical basis and application ideas for the biodegradation of PS.

Key words : Zophobas morio; polystyrene; biodegradation; gut microbiota; high-throughput sequencing
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Fig. 1 Photos of Z. morio gnawing PS
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Fig. 2 Steps of intestinal microbial extraction from Z. morio and

intestinal bacterial suspension and in vitro PS culture
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Fig. 3 Survival rate of Z. morio over the test perlod (5.0' days)
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Fig. 4 SEM images of microbial communities in the gut of Z. morio



12 4] EIE I S LV B LR DO R P b p URE 2L B 5613

A EL. 1FEME PS J5, Enterobacteriaceae fEER B B
( Streptococcaceae ) #l Pseudomonadaceae YA X} 3 &
¥ ETHT . SentaomrgT e BE R B A R AT 1R
J& ( Citrobacter sp. ) #{UEB 5 PE F1 PS A9 [ i 2% 1)
A XA EE T Enterobacteriaceae . 4 [q] i
fa) W Bk Ff1PS (Bl + B + PS 4) B,
MoFE E s W E T R,
Pseudomonadaceae B F- 23 % F . XA HEJEH
TAEZERRESIN G T 8 TR T A AR
FRUR, [6] I} Pseudomonadaceae 1E b ¥ Bl R il 508 5
T — R Bk PS TRA RN A A, (R it
T Pseudomonadaceae X PS JIR¥IAOF | A b b Ak P
2l Pseudomonadaceae [RAHXT = & 3 T, 21
SRR R BT By KT PS Y iR BE D L
Gy, EG =R (RSN v /A S U SN
( Spiroplasmataceae ) JHERE F ( Enterococcaceae)
Enterobacteriaceae Y A X - B 1 & 4= T ﬁ %‘ &5
k. il
18 PS A Ml — B 5 A 2 HC i i 3 T B
TEVRSNEFE 90 d AT 165 rRNA uﬂﬁ?&i%ﬁg/
1 S it o e L
wﬁﬁmm%w,,LT 5 DS WERR £ ?
?ﬁﬁﬁﬂﬁ%ﬁﬁ ﬁ‘*%@dzﬂ:lﬂ}% ( Gltp‘obﬂcter
ﬁ‘ﬁ‘ﬂ?@ﬂwﬂ’]ﬁﬂ%ﬂc ﬁﬂﬁﬁzﬂaﬁ%ﬁ@m&ﬂm

Enterobacteriaceae

Tﬁmz',—%ﬂ‘%’zj} 1-PS FB2-PS wiéﬂtlﬂ 5‘@4&@%’ 7

He e ffﬁja RSN Y
(Pseudf)monas)_fuwﬁg%aﬁﬁ %Wh‘ﬁ RALHK:
RN RABG BN E IR L —BEAHAL RS
By T — B E TA-PS 41y AR

FEJE KT I 5 PS & B8R P EEAR AT
( Morganella ) . Dysgonmonas H1 3 T 1A K &
(Klebsiella) BYARXT F B (K 6). M EH
i, Dysgonmonas P] LA FE ff A1 Il A K BT £F 4k
gm 1 Klebsiella 1 Bl 4 (SR K L], A B 5%
B SR AT AR PS VR iR K IS 5 R
% 3F 35 & m g m . #om oAl Bk W
( Lactococcus ) MRIFAK ( Spiroplasma) 35 % Ja{ & 3 1
J& ( Providencia) FMFEER T ( Coprococcus ) 5 #B I e A
Jr B H WL N AR B 38 XA R B o 2 AT L
3, WL PS e AN[m] M X R 22 i g 1 A A TR [R]
— by DA [] DA Y58 19 DR 22 1L Jig 1 A R A B S 22
S TEARIRIRY R AT BEE R E S R 281k, K
e i) 7B TE N 1 RURA A S o N ) R S = N
(7] 1, IX 1 K 32 U f B0 LA g AR R 2 B 1 25 A
FEA PS T A A W B, WFERRE PS Y4 B2
t, Citrobacter FAHXT FJE B Z 1. 78 B1 + PS 4

i

(a)

I FFusobacteriaceae
Enterobacteriaceae
| Streptococcaceae

B unidentified

I |cptotrichiaceae
Porphyromonadaceae
Enterococcaceae

RS E%

BI+B BI+B+PSBI+PS B2+P§S TA+PS

100

(b)

Bl /usobacterium
Spiroplasma
Lactococcus
B unidentified
Lactobacillus
B Bacteroides

Coprococeus
Pseudomonas
Dysgonomonas

Bacillus
Enterococcus
Morganella
Citrobacter
Proteus
Klebsiella

B1+B BI+B+PS B1+PS B2+PS TA+PS

>
=

=

AT B %
£

(c)
B Klebsiella
Streptomyces
80 Proteus
Lactococcus
unidentified
60 Providencia
Bacteroides
Caprococens
Pseudomonas
Dysgonomonas
Bacillus
Sphingomonas
20 Enterococcus

RIRFE %
Rt

Morganella
Citrobacter

BI-PS  B2-PS TA-PS TA-CK
Feh AL

(a) BRACFROREE AL (b) JRACH R B AL 5
(¢) KZERHE RS PS MG 21 d G HE
Bl5 TRBRRFGETAZRGEMENBEEEATHR

Fig. 5 Microbial community analysis of gut microbiome

for different diets

(R I B 2 U | Citrobacter AR = JE 1 25 1
T FEXS R 25. 8%, T AE TA + PS A i & ik
8.02% (Kl 6).

25 FFFIR 381t Bl + B, Bl + B +PS F1 Bl +PS
3BT AT LRI, SR I W 2% 1, B 3 s TR
2 WA R IE AR AR LK, 5 PS BEAFRAH SC L
AT JE AR FEEERG . @A AL BL + PS B2 + PS
FITA + PS A MUE VIRV S50 & L, AL PS J5
ENGE S AP 2LV 75 = L Ry SO 7 S T
25 SRS PS RAMERE IR AT L&
IAEIARSNE T2 00 7 8 B RE AL BB LA PS Sy M —fi
TEAEAE 0 R AN S B8 ISR ( Klebsiella ) | 2B
MEEE ( Sphingomonas ) F¥7 45 B2 #T 1 J& ( Citrobacter )
.



5614 7 S 41 3%
50
70 | Dysgonmonas Morganella
60 |- | a0 kb
50 |-
s S 30 |
£ &
# 40T ¥
E 30| = 20 |-
20 |
10 |-
10 |- rx—‘ | |
0 [ ] 0 | | | |
BI+B BI+B+PS BI+PS B2+PS  TA+PS Bl1+B BI+B+PS BI+PS B2+PS TA+PS
50
Citrobacter Kiebsiella
20 —
40 |
£ 30k g
g &
: g 10
= = =
20k
g ¥ S
10 \
Bl+B BI1+B+PS BI+PS B2+PS  TA+PS Bl+B BI+B+PS BI+PS B2+PS TA+PS
5
50 | Pseudomonas Proteus
1 s
40
= EE N
B 30| =
# #
= = 5
F 0l = B
10 ' ‘ \ ‘ \ i\
0 L - 1 [ 1 [ 0 I I
BI+B BI+B+PS BI+PS B2+PS  TA+PS BI+B B1+B+PS BIl+PS B2+PS TA+PS

FEAMEL 2

FefhE &

6 TRELEARBEHERKT LA FEE

Fig. 6 Distribution of dominant bacterial communities in each sample at the genus level

2.4 ORI R AN A YR Rl BT B

TERGFR B S 50 d WA R 22 iy S e it dd ot
GPC 43HrillzE T du 2 h S U 5 B PS A X 43+
JEhE G5, BI + PS 41 FE TP PS MBS T
M, (106000) FIH 538 M, (218000 ) 5 fir fi]
ML) PS(PS JEAE) A9 M, (112000) Al M, (237800)
FHLE S 2 A, B M, FAIK 8. 3%, M, F#AK 5. 3% (1
STREA t K56 P (Y <0.01). PS 7EL 5 K3 Hiiy
Wi J& , HARX 43 BT 53 A (MWD) [l I 23— 1 i
BIE 7(a)]. M, Fl M, WREARERBITE R b 77
TE PS (1 fif 2R FNRE .

L FTIR K TRl M) PS | B1 + PS 4 &L
KARMEEEZR Bl + B 41 U3 S5 5L kB PS 4 i3k

thPS IS R A T MU B 7 (b) . TE PS JEAE
W, 625 ~970 em ™Ak (4 I R E (L 4R 3 ) 5
U HAEMGE PS 5 H A SR 0 PR B ES. PS 1
FREIR (C=CMiJE | 1550 ~1610 cm ™' F11 800 ~
2000 em ') 7E HUEAE S P B I 55  XIESS T PS
S RE R HIEHE AR Z 3] TRR. [5) i
PS [ 5 fiF 06 iR 5 R AIG LA % Bk 3k 1) 68 1A A s R
(C=O0ffJE, 1700 ecm™") ,HLFH T PS fEKFEH
W IE N & AT B ff. A B3 EE 5 FTIR J6i%
WL 7E2 500 ~ 3500 em Ak R I TE 5 R L B R TR
LA A A oG, X BAESE T @ K FE R iE R4
THALIS , STy PS 5% B W st 7K 14 ) SR 7K M %
T 1 SR T AR



12 14 EIE I S LV B LR DO R P b p URE 2L B 5615
environment: a review of sources, occurrence and effects| J].
12 @ T I"EE:: Science of the Total Environment, 2016 , 566-567 ; 333-349.
o L [2] Bergmann M, Sandhop N, Schewe I, et al. Observations of
floating anthropogenic litter in the barents sea and fram strait,

= o8 | arctic[ J]. Polar Biology, 2016, 39(3) : 553-560.

IE [ 3] Engler R E. The complex interaction between marine debris and

% 3 06 - toxic chemicals in the ocean [ J]. Environmental Science &

% o4 | Technology, 2012, 46(22) ; 12302-12315.

= [4] Elsawy M A, Kim K H, Park J W, et al. Hydrolytic degradation

02 + of polylactic acid (PLA) and its composites[ J]. Renewable and

Sustainable Energy Reviews, 2017, 79 1346-1352.
i | ! ] | ! ! [5] Yang Y, Yang J, Wu W M, et al. Biodegradation and
7.0 6.5 6.0 55 5.0 4.5 4.0 mineralization of polystyrene by plastic-eating mealworms; part 1.
le(FA 43 k) chemical and physical characterization and isotopic tests [ J ].
Environmental Science & Technology, 2015, 49 (20) . 12080-

100 - {b) 12086.

[6] Lee B, Pometto A L, Fratzke A, et al. Biodegradation of
degradable  plastic  polyethylene by  Phanerochaete  and
—— PSEifE C=Cfifi jgg Streptomyces  species [ J ].  Applied and  Environmental

= - ‘;};‘jﬁ CF3H) b Microbiology, 1991, 57(3) ; 678-685. .

i 50 C - . i [ 7] Guillet J EgRegulski T'W, McAneney T B Bloéﬁ.g’f‘aﬁablhty of

3] 1 photodegraded_polymers. Il . tracer studies of medeéhon of

ecolyte PS ““}.;olgfslyrene L] Envlronmentgl énce &
XMrsr | Technology (1974, 810} . 923-925. ?H}

Vi 05{5@;1@}% [ 8] Kyrikou/ 1, Briassetilis D.. Bigdegradation of agrlcultural“ p]._gsf:c
0 i i | C=Om¥E y films: a (rltloal review [ J 1.y Journal of Pelymers 4nd the

3500 3000 2500 2000 1500 1000 500 Env1ronm'en,t, 2007, 15 (2) ., 425-150.
i #/em™ [9] Jones P H Praqad Dy Hes‘l‘:mq M, et al. Blpdegradablhly‘"of
C'a) )ﬁixfﬁ%ﬁ.ﬁjﬁﬂﬁz (b) Tﬁiﬂfﬁr:}ﬁ%{iﬂ\fﬁ%ﬁ’u@ phOIO(lggrasjed polymegs. 1. development [ of expenmentﬁ]
A ) }?‘E 5mEa ps k%ﬂiﬁﬁmﬁ*ﬁ | “-‘ procedur(-;.' J]. Envitéiithental Science & Technology , 197;1- .8

Flg 74 Analy51s of PS sample and frass of Z. rﬁonq fed..with‘ PS (10> : 919_92?.' | ) o ’
r | N J [10] Tian L., Kolvenbach B, Corvini N, et al. Mineralisation of*C-
'L% | y - : ; ,. J 4 _i_;:-f labelle.d polystyrene plaslics-‘ by Pe?nicillium variabile after
o ‘ ; e ozonation pre-treatment [ J ]. New Biotechnology, 2017, 38

- e o N 101-105.

:”;/LR ;F” ﬁﬂﬁg Eﬁj{i&ygﬂ 2 uﬁﬁ PS ﬂ?H- ’ [11] Gautam R, Bassi A S, Yanful E K. A review of biodegradation of
ﬁiﬂi@ﬁ/\ﬁ%% PS E/‘Jﬁléjj GPC 1 FTIR ?ljl\lﬁit synthetic plastic and foams [ J ]. Applied Biochemistry and
%éfya fi%ﬁ EPX?T:E PS E(J%%%}m% E_IZJE\:)%J\E Biotechnology, 2007, 141(1) : 85-108

[12] Kaplan D L, Hartenstein R, Sutter J. Biodegradation of
Eﬁﬁgﬁg*ﬁﬁjﬂ'ﬂp{ i j‘ SEM XJL/T\ 7&:})"‘ PS 2 jtil:g‘ polystyrene, poly ( metnyl methacrylate ), and phenol
%L &l ,U\@LIEF % ﬁQEH = T uT'ﬁiﬁl\;ﬁJﬁH PS 'ﬁf formaldehyde [ J ]. Applied and Environmental Microbiology,
RBIRAAF GG MO S luming MiSeq #ATH g G .
N N - . akamiya K, Sakasita (>, Oo1 |', et al. Enzymatic degradation o
ﬁ%{)ﬂu? , égl: {TA2N ’ Fﬁ% PS E[(J%)\ ’ j(%ﬁiﬂ"]% ]E polystyrene by hydroquinone peroxidase of Azotobacter beijerinckii
ﬁ)%’[éii % % E‘ﬂ{z Zi‘ i:E T A % E/‘J /E ’f/[ﬁ, Morganella N HMI121[J]. Journal of Fermentation and Bioengineering, 1997,
dysgonmonas Klebsiella F1 Pseudomonas 55 ‘i 3 & 4 ?{‘“5): 4?/?'422‘ " 0 s b p ]
“ " R N . “ rueger , Harms H, Schlosser D. Prospects for
ﬁ_%ﬁ%% PS E"Jﬁ*ﬁﬂi%lﬁ EF‘ E(J {t%%gi*a ,ﬂy‘ X microbiological solutions to environmental pollution with plastics
SERLA YR COIE B AE 3R 7B IS%%Z,’: PS & [J]. Applied Microbiology and Biotechnology, 2015, 99(21) .
FE T TSRS, IR A HERTAC A s (i M | |
.  eeap s _ [15] Mor R, Sivan A. Biofilm formation and partial biodegradation of
F%ﬁﬁ: PS E@%JE*Z‘U 2] ﬁkﬁ T Eg/ﬁzﬂq . Iﬂ EH‘ ’ %{3 polystyrene by  the actinomycete  Rhodococcus — ruber:
B AL O ERERT DLAEIRAN L PS S ME — B VB AT biodegradation of polystyrene [ J]. Biodegradation, 2008, 19
BRI SRR 2 ) Tl A R 8 T A " ,
- [16] Shah A A, Hasan F, Hameed A, et al. Biological degradation of
mﬁk" plastics: a comprehensive review[ J]. Biotechnology Advances,
St R CAE ST A Y , 7 2008, 26(3) 246265
[17] Peng B'Y, Su Y M, Chen Z B, et al. Biodegradation of

FEEEN
SE Ik
[1] LW C,

Tse H F, Fok L. Plastic waste in the marine

polystyrene by dark ( Tenebrio obscurus) and yellow ( Tenebrio
molitor ) Tenebrionidae ) [ J ].
Environmental Science & Technology, 2019, 53 (9). 5256-

mealworms  ( Coleoptera;



5616 7D 53

Bl

Es 41 &

[19]

[20]

[21]

[22]

[23]

24T

(251

"'201&) 32(4) 435-444

5265.
Yang Y, Wu W M,

mineralization of polystyrene by plastic-eating mealworms;

Yang J, et al. Biodegradation and
Part
2. Role of gut microorganisms [ J]. Environmental Science &
Technology, 2015, 49(20) . 12087-12093.

Brandon A M, Gao S H, Tian R M,

polyethylene and plastic mixtures in mealworms ( larvae of

et al. Biodegradation of
Tenebrio molitor ) and effects on the gut microbiome [ J ].
Environmental Science & Technology, 2018, 52 (11). 6526-
6533.

Yang X T, Song Z, Zhou S H,
microbial succession during nitrogen transformation in an ectopic
Bioresource Technology, 2019, 284.

et al. Insights into functional
fermentation system [ J .
266-275.

Yang S S, Chen Y D, Kang J H,

efficient biochar for dye adsorption using frass of yellow

et al. Generation of high-
mealworms (larvae of Tenebrio molitor Linnaeus) fed with wheat
straw for insect biomass production [ J]. Journal of Cleaner
Production, 2019, 227 33-47.

Yang S S, Wu W M, Brandon A M,

polystyrene

et al. Ubiquity of

digestion and  biodegradation  within  yellow

mealworms, larvae of Tenebrio molitor Linnaeus ( Goleoptera;
Tenebrionidae) [ J]. Chemosphere, 2018, 212 262- 27}:; .
TR, TREE, D, A j(;'iﬁﬁiﬁfﬂzkﬂ’]ﬂfﬁfﬁéﬁﬂ[ﬂ

Mok b, 2012, 48(6) : 175-177. [

Jiang Y, Zhang YN, Ma L, et al. Idenllflcatmn of | EIJIV-B female™,
I..-&-nd male adult of 7ophobac morio (Coleoptera Tehehrlqh )'

[J. S(lenﬁa S]}vae Sinicae, 2012, 48(6)«" 17'5 .
I, aﬁmk [k 32 1t Zophobas mrio SPUT 0T £ T

| A R 1] [ FRBEER e dft , 2010, 32(4) 4 435-4444 y
+# Miao S J|, Zhang Y L. Feeding and degradauon effect oh plastlc
of Zophobas mario [ J].

Ez(ffwﬁﬁ‘i T, 4. @(ﬂ@éﬂﬂ’]ﬂlﬁﬁﬁ*ﬁfﬂﬂﬁ?
tEiiE’JEe/UI'J[J]- Hl R 2240, 2018, 53(2) : 74-79.
Yin T, Zhou X, Wang Y B, et al. Effects of plastic foam feeding
on the growth of Tenebrio molitor L. and Zophobas morio

Fabricius[ J]. Journal of Gansu Agricultural University, 2018,

Journal of EnVIronmental Entnmology, J

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[34]

[35]

53(2) . 74-79.
Zhang J J, Kobert K, Flouri T, et al. PEAR: a fast and accurate
illumina paired-end read merger[ J]. Bioinformatics, 2014, 30

(5): 614-620.
Schmieder R, Edwards R. Quality control and preprocessing of

metagenomic datasets[ J ]. Bioinformatics, 2011, 27(6) ; 863-
864.
Yang S S, Brandon A M, Flanagan J C A, et al. Biodegradation

of polystyrene wastes in yellow mealworms ( larvae of Tenebrio
molitor Linnaeus) ; factors affecting biodegradation rates and the
ability of polystyrene-fed larvae to complete their life cycle[ J].
Chemosphere, 2018, 191 979-989.

Nowak B, Pajak J, Drozd-Bratkowicz M, et al.

participating in the biodegradation of modified polyethylene films

Microorganisms
in different soils under laboratory conditions [ J]. International
Biodeterioration & Biodegradation, 2011, 65(6) : 757-767.
Grant D ] W. Kinetic aspects of the growth of klebsiella aerogenes
with some benzenoid carbon sources[ J]. Microbiology, 1967, 46
(2):213-224.

Wilkes R A, Aristilde L. Degradation _ang- melabnhsm of
synthetic plastics and' associated products by PseL'gdaﬁlwna.s sp. :
capabilities and Lhdllenges [J]. Applied Mic'r'()‘bilpfggy,-2017 s
123(3) . 582 503, ! P
Yang J, Ya.n-g Y, Wu Vef M, et al. Fv1dence of olyethylene
blodegradatlun by Hbacterial strains from the guts of plastic- eg}mg
waxworms[] 18 ’EnVIroilmental Science & Technology 2014 48
(23)4 13776 13784. ' g
bubrdmaman A Mengén S Novel polyarom(mc hydl;ocarlff)n
W
Intem'atiq" | Journal offAdvanced Research 2015-, 3(7)';u 999-
1006, 7
Sun XX, Pinacho R, Saia G,

regulates expression of nervous wreck 2 to control NMDARI levels

(PAH) degraders’ from oil, contaminated séil samples

et al. Transcription factor sp4

and dendrite patterning[ J]. Developmental Neurobiology, 2015,
75(1): 93-108.

YouZ Y, Li Z, Zhang S J, et al. Treatment of oil-contaminated
water by modified polysilicate aluminum ferric sulfate [ J ].
Processes, 2018, 6(7) : 95.



HUANJING KEXUE Vol.41  No. 12

Environmental Science (monthly) Dec. 15, 2020

CONTENTS

Sources and Control Area Division of Ozone Pollution in Cities at Prefecture Level and Above in China YAN Hui, ZHANG Wei, HOU Mo, et al. (5215)
Dynamic Assessment of PM, 5 Health Damage Value in China from 2015 to 2018 +++ LI Hui-juan, ZHOU De-qun, WEI Yong-jie (5225 )
Analysis of Multi-scale Spatio-temporal Differentiation Characteristics of PM, 5 in China from 2011 to 2017 YANG Wen-tao, QIAO Peng, LIU Xian-zhao, et al. (5236)
Spatio-temporal Evolution and Population Exposure Risk to PM, 5 in the Guanzhong Area «+s+essessesseressssesseieniniciiniiiniennnns HUANG Xiao-jun, QI Ming-yue, LI Yan-yu, et al. (5245)
Formation Mechanism and Source Analysis of Two Heavy Pollution Periods in Winter in a Central Plains City ««+++=sesseeeeereesresssesenennsenennes JIA Jia, CONG Yi, GAO Qing-min, et al. (5256)
Winter Pollution Characteristics and Physicochemical Properties of PM, s in a Northwest Industrial City —«+eeeeseersessessesssnsisnnnenees YANG Yan-ping, CHEN Qiang, WANG Li-na, et al. (5267)
Characterization of Metal Pollution of Regional Atmospheric PM, 5 and Its Sources Based on the PMEF Model = «+eseereeseseeseseeneieneees DENG Lin-li, ZHANG Kai-shan, YIN Zi-yuan, et al. (5276)
Pollution Characteristics and Assessment of Heavy Metals in Atmospheric Deposition in Core Urban Areas, Chongging ««+xreresresesrsrserenneneen ZHANG Xia, LIU Bin, XIAO Bo-lin, et al. (5288)
Factors Influencing New Atmospheric Particle Formation in Ordos During Summer and Autumn 2019 «eeeseseesrereeseseneneen KONG Xiang-chen, WANG Hong-lei, ZHANG Lian-xia, et al. (5295)
Characterislics and Reactivity of Ambient VOCs in Urban Hangzhou, China +-veeeessereessesssismeneniinnin JING Sheng-ao, GAO Ya-qin, SHEN Jian-dong, et al. (5306)
Characteristics and Sources of Atmospheric Volatile Organic Compounds Pollution in Summer in Chengdu +++ XU Chen-xi, CHEN Jun-hui, JIANG Tao, et al. (5316)
Characteristics and Source Apportionment of VOCs and 05 in Shijiazhuang WANG Shuai, CUI Jian-sheng, FENG Ya-ping, et al. (5325)
Analysis of Industrial VOCs Emission Inventory and Countermeasures in Xiamen «+«+xssseteresessenssssinnsnensinsnenennene WU Dong-yang, ZHUANG Ma-zhan, WU Yan-cong, et al. (5336)
Emission Inventory and Emission Factors of Volatile Organic Compounds (VOCs) from Architectural Adhesives -+ LIANG Xiao-ming, SUN Xi-ho, SU Yan-hua, et al. (5345)
Sources and Health Risks of Atmospheric Polychlorinated Biphenyls in an Urban/Industrial Areas, Northwest China * MAO Xiao-xuan, LI Zi-xuan, SONG Shi-jie, et al. (5352)
Vertical Distribution of Surface Formaldehyde in the Pearl River Delta Urban Area Based on Observations at the Canton Tower «+++++++ HUANG Shan, PEI Cheng-lei, ZHANG Ying, et al. (5362)
Temporal and Spatial Characteristics of Total Phosphorus in the Middle and Lower Yangtze River Mainstem Under New Water and Sediment Conditions ++++++seeseeseesssesisneneisinncnennns
............................................................................................................................................................... ZHUO Hai-hua, LOU Baofeng, WU Yun'li, et al. (5371)
Seasonal Variations in Nitrogen and Phosphorus Concentration and Stoichiometry of Hanfeng Lake in the Three Gorges Reservoir Area  «+++++ QIAN Tian, HUANG Qi, HE Bing-hui, et al. (5381)
Distribution Characteristics and Pollution Assessment of Nutrients in Hengshui Lake Sediments —«+xseeseevsesserenermienenenninnnns ZHANG Jia-wen, WEI Jian, LIU Li, et al. (5389)
Endogenous Pollution and Release Characteristics of Bottom Sediments of Hengshan Reservoir in Yixing City — ««+seseeveeesessesseeens CUI Hui-fang, CHEN Shu-yun, YANG Chun-hui, et al. (5400)
Pollution and Ecological Risk Assessment and Source Apportionment of Heavy Metals in Sediments of Qingliangshan Reservoir in the Meijiang Bagin — ++++veeeeesseseesssmseneneenincneenns
.................................................................................................................................................................. JIANG Tao, LIN Wei-wen, CAO Ying-jie, et al. (5410)
Influence Factors of Potential Nitrification Rates and Functional Genes Abundance in the Jinshui River and the Qihe River of the Hanjiang River Basin = «+reeeseseereessermenensnniinensnn
.................................................................................................................................................................. ZHAO Bin-jie, WANG Xu, ZHANG Jian, et al. (5419)
Contamination Characteristics and Potential Ecological Risks of Typical Perfluoroalkyl Substances in the Water and Sediment of Coastal Tourism Resorts in Shandong Province = «+++essesveeeeees

WANG Shi-liang, CAO Xue-zhi (5428 )

« LU Jia-pei, ZHANG Zhen-fei, LIU Yang, et al. (5438)
)

)

Distribution Characteristics and Source Identification of Organophosphate Esters in Key Waters Areas of Taihu Lake

Residual Characteristics and Health Assessment Analysis of OCPs and PCBs in Karst Groundwater YE Kai, SUN Yu-chuan, JIA Ya-nan, et al. (5448

Biogeographic Distribution Patterns of Diatoms in Lancang River and Their Key Drivers +«+setoveveeeseeessienienensincninininene SUN Sheng-hao, CHEN Juan, WANG Pei-fang, et al. (5458
Bioaccumulation Characteristics of Quinolones (QNs) in Dominant Fish Species and Their Correlation with Environmental Factors in Baiyangdian Lake —+:teeceereeeeisnenenenieininniinnn
SHEN Li-na, FU Yu, ZHANG Lu-lu, et al. (5470)
Effect of Biomass Particle Size on the Adsorption of Phosphorus from Aqueous Solution by MgO-loaded Biochar ++ WANG Peng-fei, ZHI Meng-meng, CHU Zhao-sheng, et al. (5480 )
Photocatalytic Degradation of Tetracycline and Copper Complex by Bi,MoOg/Bi,S; Heterojunction «+:eeseeeereseesesesessisesissnnines HUANG Wen-xin, WEI Hu, JIANG Cai-yun, et al. (5488)
Enhancing PPCPs Removal and Membrane Fouling Control of Ulirafiltration Membrane by Ui0-66@Fe;0,@Ui0-66 »«+reveveereereerseesneneeens YIN Yue, WU Dao-wen, SUN Meng-yao, et al. (5500)
Advanced Treatment of Tail Water Using Pilot-scale Horizontal and Vertical Subsurface Flow Constructed Wetlands in Low-temperature Seasons ««+«+««sstsesseseessessensenseneneennneneennes
............................................................................................................................................................ LIAO Xue-ke, YAN Han-lu, WANG Zhi-yuan, et al. (5509)
Metagenomic Insights into Salinity Build-up in Microbial Communities and Metabolism of Hydrolytic Bioreactor Treating High-color PDWW  +eessesesessessensenimmnensniniininiisincnsnnen
............................................................................................................................................................... GAO Jing, ZHANG Shao-hua, WANG Rui, et al. (5518

Performance and Microbial Characteristics of Ammonium-limited and Nitrite-limited ANAMMOX Systems SONG Jia-jun, ZHU Ming-yi, GUO Kai-cheng, et al. (5527
- YAN Bing, XIA Song, GUI Shuang-lin, et al. (5535

BI Wei-wei, RUAN Shu-yu, CHEN Wu-ao-xiao, et al. (5544

Spatial Distribution, Contamination Assessment, and Sources of Heavy Metals in the Urban Green Space Soils of a City in North China «-«+sessereereererererenenemenennnnininsininenne

ZHAO Liang, LIANG Yun-ping, CHEN Qian, et al. (5552)

+++ DOU Wei-giang, AN Yi, QIN Li, et al. (5562)

Microbial Community Structure and Diversity During the Enrichment of Anaerobic Ammonium Oxidation Bacteria

)
)
)
)

Enhanced Dewaterahility of Waste-Activated Sludge in Presence of Fe( Il )-Activated Calcium Peroxide

Technological Classification of Cadmium Quality in the Rice Producing Areas of South China -+

Distribution Characteristics of Selenium in a Soil-Crop System and the Threshold of Selenium-Rich Soils ««++«+++++-+ WANG Rui, DENG Hai, JIA Zhong-min, et al. (5571)
Transfer Factor and Health Risk Assessment of Heavy Metals in a Soil-Crop System in a High Incidence Area of Nasopharyngeal Carcinoma, Guangdong ««+«ssesseseesesesemenenenieneneneenes
.................................................................................................................................................................. YE Mai, ZHANG Jing-ru, ZHANG Lu-lu, ef al. (5579)
DA-6 and GLDA Enhanced Pancium virgatum L. to Phytoextract Cd from Contaminated Soils «+««+«+«ssessessersesseenienensininennnns WANG Zheng, SUN Zhao-jun, Sameh Mohamed, et al. (5589)
Remediation Performance via the Passivation of a Porous Biomorph Genetic Composite of a-Fe,05/Fe;0,/C Using a Bamboo Template on As( V') Contaminated Soils ++sssseereessseseeesess
............................................................................................................................................................... ZHAO Ning-ning, HE Hao, FENG Guo-jie, ef al. (5600)
Biodegradation of Expanded Polystyrene Foams in Zophobas morio; Effects of Gut Microbiota =«+«++ssessessessssesenssssenininsnnsinsinsissstnsnsns YANG Li, LIU Ying, GAO Jie, et al. (5609)
Isolation, Identification, and Degrading Characteristics of an Oil Resistant Formaldehyde-Degrading Bacterium HAN Xi, WANG Rong-rong, SHI Chun-zhen ( 5617 )
Characteristics of Phyllosphere and Rhizosphere Bacterial Communities in Bothriochloa ischaemum in Copper Tailings ++ JIA Tong, YAO Yu-shan, WANG Rui-hong ( 5628 )

Effects of Selected Biochars Application on the Microhial Community Structures and Diversities in the Rhizosphere of Water Spinach (pomoea aquatica Forssk. ) Imrigated with Reclaimed Water
..................................................................................................................................................................... CUI Bing-jian, CUI Er-ping, HU Chao, et al. (5636
Effects of Modified Biowaste-based Hydrochar on Rice Yield and Nitrogen Uptake —«+eeseveeereesesimmenensiininenenninineininenens HOU Peng-fu, XUE Li-hong, FENG Yan-fang, et al. (5648
Spatial Distribution Characteristics and Source Apportionment of Soil PAHs in Shizuishan City Based on GIS and PMF Model + XIA Zi-shu, WANG Yu-yu, ZHONG Yan-xia, et al. (5656
Effects of Nitrogen Fertilizer and Straw Returning Methods on N,0 Emissions in Wheat-Maize Rotational Soils XU Hong-wei, LI Na, FENG Yong-zhong, e al. (5668




	组合
	封面
	中文目录


