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Emission Characteristics of Particulate Organic Matter from Cooking ™ /
LI Yuan-ju'?, WU Ai-hua'*, TONG Meng-xué”, LUAN Sheng-ji' , LI Zhi!, HU| Min} P
(1. Shenzhen Institute, Peking University, Shenzhen ‘518057 , China; 2. State Key Joint Laboratory of, Environmental Siﬂlulgt_io”h. _fiﬁd
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Pollution Control, Cgllegq of Environmental S¢iences .and.E.ng'inee_ring, Peking Un‘i:versity ,J'“Beijiqg 100871, China) =
Abstract; Cooking is an important source of atmospﬁqric ‘f;a}ﬁb;llate organic matter, ﬁROM )= In this st},léiy, four Chinese restaura;nté_in-
Shenzhen (west"'étyle_: dim-sim restaurant wd'rlkei;"é i ,antﬂé;l, and Korean cuisine) were Sampled"'fo examine the chemical .(:ornposit.iop_;:-'
of POM and resé;arrch molecular tracers. The régult showed‘““th‘\at-'more than 60% of the M, rﬁass-j‘yvas due to organic compounds. F(;r
the quantified ¢fganic [compounds, the results indicated; that fatty acids, dicarbbxyl:ic lacids, and n-alkanes were the major organic
compounds emitted from all cooking styles|, PAHs, sterols, and monosaccharide'anhydrides were found at relatively low levels. The
cbmppsitioﬂﬂl of POM 'yas strongly influencéd by Gooking style. The cooking styles of the west and Korean restaurant emitted the most
abundant fatty lacids n-alkanes, and PAHs, but thesleast stér'(')]_g_.-a’fid monosaccharide anhydrides, whereas the dim-sim restaurant and
worker’s ca,ﬁteen.displayed the opposite results. The valués=of Fla/( Fla + Pyr) and LG/(Gal + Man) provided candidate tracers for
cooking because theyu were less influenced by the cooking styles and were significantly different from other pollutant sources.

Furthermore, cooking contributed significant amounts of fatty acids and dicarboxylic acids to atmospheric PM in Shenzhen.

Key words : atmospheric environment; cooking; PM; organic compounds; tracers
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Fig. 1  Content of n-alkanes emitted from different cooking styles
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Table 3  Diagnostic ratios of each cooking style

sz FETE bR
- Phe/(Phe + Ant)  Fla/(Fla +Pyr) BaA/(BaA +Chry) InP/(InP+BghiP)  FI16/F18 FI8:1/FI8 Di9/F18:1 LG/(Gal +Man)

s 0.53 0.43 0.41 0.96 2.00 2.29 0.05 ND
wh= 0.54 0.41 0.54 0. 80 3.25 3.12 0.05 18.03
e 0.43 0.29 0.57 0.78 3.19 2.24 0. 06 10.25
KRBT 0.44 0.27 0.57 0.92 2.83 2.34 0. 07 10. 98
BB 15 1.00 0.36 0.47 0.19 2.38 3.01 — 14.57
WS (R 5] 0.96 0. 44 0.51 — 2.70 1. 86 — 10. 10
B (%) el — 0.32 — — 2.52 3.27 0.05 —
WISE () ) e — 0.35 — — 3.71 4.54 0.05 17.71
JISE(T ) 6] — 0.32 — — 4.95 4.83 0.06 8.07
ZRALIE ()M (6] — 0.41 — — 8. 11 6.55 0. 06 12.59
T A3 (96 ) 126 — 0.52 0.27 — — — — —
L) — <0.2 — — — — — —
Frri — 0. 63 0.68 — 5.27 0. 87 — 3.00

1) Phe %%/ﬂié Ant TR, Fla FR 9, Pyr FR1E, BaA £RFET:(a) B Chry FRM, InP £REIF(1,2,3-cd) B, BghiP %%/Tz::fr(ghl)m

Di9 FmT-—

7£0.2 ~ 0.5 Z 8], fif A BB TE A A Al R bE Fla/
(Fla + Pyr) BY{E/NTF 0. 2, 6T B AIUA A SE] K
F 0.5, 3B IHEMFE 0. 5 22471 @Jﬂj,Fla%(Fla+
Pyr) 1] DIE WA /J?{"*TE/J/TH% L

$/\XEM(F16) MR (F18: 1) '3+A%*
(FI8) LA T i méﬁﬁﬁﬁ%AW?
ﬁﬁﬁ?ﬁlﬂ%%%ﬁf%tlﬂmtuﬁ s fimy g
EHERC AT F16/F18 HTE 2, %ﬁﬂ
il é‘yﬁl,«éf et F16/F18' Eﬁﬁ%ﬁ%ﬁ3 e
é%ﬂ@éﬂﬁ%ﬁﬁﬁ i Rﬂxﬁﬁfﬂfﬂﬁ?ﬁm{%
R F16 F18 F18: 1l F18: 23X 4 J S Ha
S AR S PR — 2, (2 F16/F18: 1A 22 i 4K
K. SHTARIBFSEA LU, AR5 ih & ) 25 R 2
Lo SN B SN A [ Wi i1 N L B 1 e | I (BP9 8
WkF, HEM F16/F18 H T &, H Ik F16/F18
AT AME N X PE AR DR HE R dR bR 2 —. S5 — v T
VOB TREM P F18: 1/F18 W S IR T &% 2N&ET
O EE e O N - W B M N R T
L, AWFFE P& s FS R T B O A, (U
TR IS wha R B AY (5 B 32 00 He A
T (BT /N N SR AN A LS8, BL I H A, P& A
ORI ZERAK. WA, 8T R S MRR K
He Al AR AR TG FEAE 0. 05 ~0. 07, AJF) 3 F 22 6] i 25 5
3 /)N,

LG/ (Gal + Man) BV 2 Ji€ # SR Wi/ (F2L0E + H
FE A ) | (B H S AR B8 RS PR 1R R ).
RGBT TR, HARZE R WL 3. F9R T 1
h&MT”\*E’JEE@%»ﬁ‘%% ToiE A MR 3 K

BT e ORI B LU (R g, B AR T A0 (A
(IEEIRCEE 3 .%%Eﬁ)\éﬁiﬁﬁi mA, R TR

; LG FOR M RNE , Gal FRFFLHE, Man o8 H 58 R 1

—" RN B R

,f'
) kL4 LC/(Cal + Man) Eﬁ?i@{‘a‘ﬁ 12.78, X
ﬂﬂﬁﬂﬁzf?ﬁ%bﬁﬁﬁ*’.ﬂﬁﬁ(s oo)%*nwiﬁkﬁ
EI’J—TFi’J{E(lS 00) [24-po. 3. 32) A LG/(Gal+Map)
m7u¢ﬁ$ﬁ§ @ﬁﬁh% |

3.2 %ji_hﬁmﬂﬂilﬁ & '
Mﬁﬁ?— 2019, 3:17 A10~17 Hﬁ%%ﬂﬂﬂii‘:"
—wﬁn*ﬁﬁaﬁxﬁﬁ%rWHﬁ&ﬁ%ﬁr
TR, oS R 2 1 | JE W 5 075 e U5 5 R
gd— K, FRERF ]2 23,5 h. [ 6 R TIRYIT KA
B85 v R4 A T 60 R 4 PP R T A ALY
s PR LR B TR T R A RIURL ) v A e 7 SR A
1) B G 37 o AR R R AU ). A T SR A Ok
TRT AW TR, R, A AR R KA B 49 v )
HE T SR TR AT X 2 AIG. AR IR R BOR ) vh 2 R 05 4R
() 2 AT R AR ), B R TR IR
G KAL) h ) 22 38057 e A i FLA R R U
WA AR XA AR FT 45 R T LA B, 38

]
i

ZEREMIREE [ ki
HIQE FARE

Ok
@M |
o
R
A OSSN
i OO
Ei Sy
T S

AR AR

BN eSS s

1 10 100 1000 10000
Hit/pge!

B6 RINKSMBEREFHMPEZFNINSE

Fig. 6 Content of important organic compounds from cooking

100 000

and in ambient air in Shenzhe



8 1

ST BRI WU HERCRS ik

3473

R R AR PAHSs B BTRRRR B2 R TR K
VRO 5y — 5 T A RUR AR T e U TR 1 7

e TORAUBRLYY , e rh AN A T R 1 22 BRSO,
BRI AN IR 197 PR A R S 5y SR Al o0 fi.

TEAL IR AR ORI A0 A0 s 17 1R 1) 5

=N

FEAT 33X U WA R R I T R SUBURE ) Hh 4 1
JE W R ) SRR A, R ARE P IR

AR TR, (H2E A XN

NEGSPRS v el

HEC C18 BYIRIREE CO MR AE R A AL

BRI T —SE R T R
4 @
(1) 4% 700 OB 0 1 BLEE (OC) 7 i

B, B PM, s BT 60% LA . 78 A e PR A L

CUEIN T

i, F s PM, R AR

15% 7oAy, HoUOR —IJnRR M IE M BE ke, T 2 3657

Jet | H WAL B S A LA o o

ﬁ%&iﬁaﬂfﬁ
(2) SR B[RS FURL ) 1A L A 5

S, PR FTHER O TR T o e 2 TRy e

ﬁﬂ%’a‘%iﬁmﬁmﬂﬁ,,\{Kz%ﬁ%fﬂ'@&i,méf?m_
ﬂ/\Tﬁié’J@E&ﬁ {H 2

Fi 2T A 2 ﬁ/u\

ey 7libiesiis '@éﬁ%ﬂ% LI FH %3 FER .

(3) A [ HU4 2 41 i) LA 7] LM’Fjv ij\”ﬁﬂ’]

B ?F%'ﬁﬁa,ﬂa/( Fla + Pyr) fil LG/( Ghl + Man )/ {14 th
{ETW Hé”ﬁjﬂtﬁﬁzﬂﬁﬁ’ﬁﬁh% R, 22 ﬂtﬂlﬁ&/ ¥

5&1@@2&@ B8 I 1 A 10 S5 1 X5, 'ILM’E
WA IRIBAE R R B Y. T Phe/ ( Ant + Phe ) Fl InP/
(InP + BghiP) S5F8hn AR KE & = R AR, 22 1L A )

A LA AR AR 975 YA

(4) B A RIS 4y e R B STk 2
PAL T A BRIV R A T ICIRIR , i X 2 R 05 R PR
B 5 A TR AR

CES

Bt B E Bl B R TR 5T T B SR A
xfﬁﬁﬁﬁtﬂinuﬁé%ﬂfﬁ 35 Bl

S k.

(1]

[4]

He K B, Yang F M, Ma Y L, et al. The characteristics of PM,
in Beijing, China [ J]. 2001, 35
(29) : 4959-4970.

Chen G B, Morawska L, Zhang W Y,
pollution in China [ J ].
Environment, 2018, 178 198-205, doi: 10. 1016/]. atmosenv.
2018.01.053.

Crippa M, DeCarlo P F, Slowik J G, et al.

chemical composition and source apportionment of the organic

Atmospheric Environment,
et al. Spatiotemporal

variation of PM, Atmospheric

Wintertime aerosol
fraction in the metropolitan area of Paris [ J]. Atmospheric
Chemistry and Physics, 2013, 13(2) : 961-981.

Sun Y L, Zhang Q, Schwab J J,

sources and processes of organic and inorganic aerosols in New

et al. Characterization of the

York city with a high-resolution time-of-flight aerosol mass

..i-'

[5]

(7]

[8]

[10]

[12]

[13]

[18]

Atmospheric Chemistry and Physics, 2011, 11

apectrometer| J | .

(4). 1581-1602.
Wan M P, Wu C L, To G N S, et al. Ultrafine particles, and
PM, 5 generated from cooking in homes [ J ]. Atmospheric

Environment, 2011, 45(34) . 6141-6148.

K, bk, 2R, A BB PM,, Ak R
fELT]. BREERMEIFSE, 2016, 29(2) ; 183-191.

Zhang T, Peng L, Li Y H, Chemical characteristics of
PM, cooking fumes [ J ].
Environmental Sciences, 2016, 29(2) . 183-191.
A, WAL bt R R IR HE AR BAL R AR KT A AL
TR BTRRL T ] FRIERLE, 2007, 28(11) : 2620-2625.
Wen M T, Hu M. Physical and chemical characteristics of fine

et al.

emitted  from Research  of

particles emitted from cooking emissions and its contribution to
particulate organic matter in Beijing[ J]. Environmental Science,
2007, 28(11) ; 2620-2625.
Huang X F, He L Y, Hu M,

chemical characterization of atmospheric submicron particles

et al. Highly time-resolved
during 2008 Beijing Olympic Games using an aerodyne high-
resolution aerosol mass spectrometer[ J ] . Atmo..spher'i'(: Chentistry
and Physics; 2010, 10(18) : 8933-8945." .-__-'f'i‘:.-" !
Hildemann| L_ M Markowski G R, Cass'G R .. Chemical
composition of emlqsmns from urban sources nf fine=organic
aerosol [ J ]/ ILnVlronmenIal Science & lechnologg,"' 1991 2'5
(4): 744759, = “ &
Rogge W F H!ldemann L M Mazurek M A, “et"al. Sopr(*e@ of
fine orgamc aexg_sol 1. Charbroﬂers and meat cooking operatlons i
[Jl. Enmrunmental &31en‘be & Technology, 1991, 25 (67
1112- 1125 ' =
Schauer J.f Kleeman® M J, Cass G R, et al. Measurement of
emissions. from &ir pollution sources. 1. C; through Cy orgamc
compounds from meat charbroiling[ J]. Environmental Science &
Technology, 1999, 33(10) . 1566-1577.
Schauer J J, Kleeman M J, Cass G R,

emissions from air pollution sources. 2. C; through Cj; organic

et al. Measurement of
compounds from medium duty diesel trucks[ J]. Environmental
Science & Technology, 1999, 33(10) ; 1578-1587.

Schauer J J, Kleeman M J, Cass G R, et al. Measurement of
emissions from air C,-Cyy

Environmental

pollution  sources. 4. organic
compounds from cooking with seed oils [ J].
Science & Technology, 2002, 36(4) . 567-575.
McDonald J D, Zielinska B, Fujita E M, et al. Emissions from
Journal of The
185-194.

et al. Measurement of emissions of

charbroiling and grilling of chicken and beef[ J ].
Air & Waste Management Association, 2003, 53(2) :
He L' Y, Hu M, Huang X F,
fine particulate organic matter from Chinese cooking [ J ].
Atmospheric Environment, 2004, 38(38) ; 6557-6564.

Zhao Y L, Hu M, Slanina S, et al.
fine particulate organic matter emitted from Chinese cooking[ J].
Environmental Science & Technology, 2007, 41(1) : 99-105.
MRERZE, TRM, FREAR, AF BRI T AR K 2 BT kR
POHERCRRAE [J]. T R# 4 ( B AR , 2013, 52
(6): 824-829.

Ye S F, Zhang B, Fu H H, et al. Emission of fine particles and
fine particle-bound  polycyclic

Chemical compositions of

aromatic hydrocarbons  from

simulated cooking fumes [ J ]. Journal of Xiamen University
(Natural Science) , 2013, 52(6) : 824-829.

e, S, wysnk, 5. B [ HE I HE OO K 2
WG RRRORAE AT )] FRBERLA:, 2014, 35(1) : 46-
52.

Fu H H, Tian N, Shang H B, et al. Size distribution of particle



3474 7N

Es 41 &

[19]

[20]

[21]

[22]

(23]

[24]

[25],

and polycyclic aromatic hydrocarbons in particle emissions from
simulated emission sources[ J]. Environmental Science, 2014,
35(1): 46-52.

FLLRN, SR, TR AR RO HUBOR A Y BT e B
ML BT R AR [T ], BB, 2019, 40(5)
2010-2018.

Wang H L, Jing S A, Qiao L. P. Chemical compositions,
concentrations,, and emission factors of particulate organic matters

2019, 40

mass

emitted from catering [ J ].
(5):2010-2018.

See S W, Balasubramanian R. Risk assessment of exposure to
aerosols cooking [ J .
Environmental Research, 2006, 102(2) : 197-204.

See S W, Balasubramanian R. Chemical characteristics of fine

Environmental Science,

indoor associated  with  Chinese

particles emitted from different gas cooking methods [ J ].
Atmospheric Environment, 2008, 42(39) . 8852-8862.

Bl . Y= RS I M. dEat: e Tl it 2004.
115-253.

Zhao Y L, Hu M, Slanina S, et al. The molecular distribution of
fine particulate organic matter emitted from Western-style fast
food cooking[ J]. 2007, 41(37):
8163-8171. ;
Rogge W F, Hildemann L. M, Mazurek M A,

fine organic aerosol.

Atmospheric Environment,

et al. Sﬂ}r&;es of
4. Particulate abrasion products from leaf
Envifonmental v'.Sqience &

Technology , 1993 27(13): 270027115 L

surfaces of urban plants [ J ].

ces.-f"'. J].
13 5, 2736k

fine orgamtz aet,bsoh 5. Natural gas homt a‘pp
- Env1ronmet}_51 Sm,an(‘e & Technology ”1993'--")27

~Rogge W F, H]]demaﬂn L. M, Mazurek M A, et al Sod\‘ces.-'{j'f_m.

[27]

(28]

[29]

[31]

[32]

2744.
Abdullahi K L, Delgado-Saborit ] M, Harrison R M,

Emissions and indoor concentrations of particulate matter and its

et al.
specific chemical components from cooking: a review [ J].
Atmospheric Environment, 2013, 71 260-294.

Chen B H, Chen Y C. Formation of polycyclic aromatic
hydrocarbons in the smoke from heated model lipids and food
lipids[ J]. Journal of Agricultural and Food Chemistry, 2001, 49
(11): 5238-5243.

Chen Y C, Chen B H. Determination of polycyclic aromatic
Journal of

51 (14): 4162-

hydrocarbons in fumes from fried chicken legs[ J].
Agricultural and Food Chemistry, 2003,
4167.

Miguel A H, Pereira P A P. Benzo(k) fluoranthene, benzo( ghi)
perylene, new tracers of

and indeno (1, 2, 3-cd ) pyrene:

automotive emissions in receptor modeling[ J]. Aerosol Science
and Technology, 1989, 10(2) ; 292-295.

GuZ P, Feng J L, Han W L,
polycyclic aromatic hydrocarbons associated with PM, 5 in
Shanghai, China[J]. Journal of EnvironmeptaL.Scie‘rl(.;és, .?_010 s
22(3) . 389-396. J d_;f’"

Oros D R, Slmonelt B R T. Identification and emlsslun factors of

et al. Diurnal variations of

molecular tragers in orgamc aerosols from biomass, l‘)urnl ~Part 1.
Temperate climate Con}fersl[ J]. Applied Ceoch'emlsl}f 200]. 16
(13): 1513 1544+ v 4

" r

Oros D R Slmt")nﬂt leR T. Identification and enﬁ@@mn _fa(‘tor@ of
moleculél‘ tfacersiin organic aewsols from biomass burmng Pam 2.
Declduous trees [ J]. Applied Geochemistry, 2001 16.( 13"7 =
1545-1565., / =




HUANJING KEXUE Vol.41  No.8

Environmental Science (monthly) Aug. 15, 2020

CONTENTS

Comparison Analysis of the Effect of Emission Reduction Measures for Major Events and Heavy Air Pollution in the Capital -+ ZHONG Yi-sheng, ZHOU Ying, CHENG Shui-yuan, et al. (3449)
Evaluation of Different ISORROPIA- Il Modes and the Influencing Factors of Aerosol pH Based on Tianjin Online Dala GAO Jie, SHI Xu-rong, WEI Yu-ting, et al. (3458)
Emission Characteristics of Particulate Organic Matter from Cooking LI Yuan-ju, WU Ai-hua, TONG Meng-xue, et al. (3467)
Characteristics and Sources of 12 Trace Amount Elements in PM, 5 During a Period of Heavy Pollution in Huanggang, Central China  +++++++ CHEN Zhan-le, TIAN Qian, MAO Yao, et al. (3475)
Aerosol Optical Properties over the Ebinur Region ++eteseseesesesssssssnniniiiinii e ZHANG Zhe, DING Jian-li, WANG Jin-jie (3484 )
Characteristics of Secondary Organic Particles and the Potential Formation of SOA from VOCs During Wintertime Heavy Pollution Episodes in Tianjin

..................................................................................................................................................................... XU Hong, TANG Miao, XIAO Zhi-mei, et al. (3492)
Characteristics and Source Apportionment of VOCs at Different Pollution Levels During the Winter in an Urban Area in Zhengzhou -+ LI Yi-dan, YIN Sha-sha, ZHANG Rui-qin, et al. (3500)

Emission Inventory of Intermediate Volatility Organic Compounds(IVOCs) from Biomass Burning in the Yanglze River Delta During 2010-2018 +++v+ssreveseureeseursetieisnintinniniinininininnns
++ ZHU Yong-hui, WANG Qian, HUANG Ling, et al. (3511)

Emission Characteristics of Biogenic Volatile Compounds ( BVOCs) from Common Greening Tree Species in Northern China and Their Correlations with Photosynthetic Parameters ««+«++++++++-
XU Yan, LI Shuang-jiang, YUAN Xiang-yang, et al. (3518)
Characteristics of Surface Ozone and Impact Factors at Different Station Types During the Autumn in Guangzhou «+-eeveeeseseenseseseneens GAO Ping, ZHUANG Li-yue, WANG Long, et al. (3527)
Pollution Characteristics and Sensitivity Analysis of Atmospheric Ozone in Taian City =«+«+xeseeseeeereeresnennenseennes seveeeens [ Kai, LIU Min, MEI Ru-bo (3539)
Pollution Characteristics and Health Risk Assessment of Heavy Metals in Road Dust from Non-ferrous Smelting Parks ~— +xeseeoveseereeees FENG Yu-yao, SHI Jian-wu, ZHONG Yao-qian, et al. (3547)
Pollution and Source Analysis of Heavy Metal in Surface Dust from Xi’an University Campuses «+-veeeseessssressssnsmsnnsisneninsinnenenes FAN Xin-yao, LU Xin-wei, LIU Hui-min, et al. (3556)

Monitoring Method of Total Particulate Matter in Ultra-low-emission and High-humidity Exhaust Gas from Stationary Sources and an Actual Test in a Gas Power Plant «-«+:esseoreeeerenneneenees

-+ HU Yue-qi, YAN Xu, KONG Chuan, et al. (3563
WANG Jian, HUANG Zhi, LIU Yan-ying, et al. (3572

Vessels” Air Pollutant Emissions Inventory and Emission Characteristics in the Xiamen Emission Control Area

)
)
)
)

Method for High-resolution Emission Inventory for Road Vehicles in Chengdu Based on Traffic Flow Monitoring Data «««+«+=ssesseeresseneenesneees PAN Yu-jin, LI Yuan, CHEN Jun-hui, et al. (3581
Inversion of Water Quality Parameters Based on UAV Multispectral Images and the OPT-MPP Algorithm «+:«+seseessesessessensenseenenenennens HUANG Xin-xi, YING Han-ting, XIA Kai, et al. (3591

Effects of Different Water Stratification on the Vertical Distribution of Nitrogen in Sediment Interstitial Waters; A Case Study of the Three Gorges Reservoir and Xiaowan Reservoir
............................................................................................................................................................... LIU Jing-si, ZHU Xiao-sheng, HU Zi-long, et l. (3601)
Pollution Status and Pollution Behavior of Microplastic in Surface Water and Sediment of Urban Rivers — ««+sessesseeseresenmmneninninicnenns ZHAO Xin, CHEN Hao, JIA Qi-long, et al. (3612)
Spatial and Temporal Variation of Phytoplankton Community Structure and Its Influencing Factors in Shanghai River Channels XU Zhi, CHEN Xiao-hua, SHEN Gen-xiang, et al. (3621)
Restoration of River Sediment by Calcium Peroxide(Ca0,) Combined with Biochar «+++sreresereresssenenssnsinsesieiiscnienens LI Yu-ping, JTANG Ying-ying, LIU Bao-ming, et al. (3629)
Quantification of Nitrate Sources to Groundwater in Karst Trough-valley Areas Based on Dual Stable Tsotopes of §'*N-NO; and 8"80-NO;™ and the TsoSource Model
.................................................................................................................................................................. XU Lu, JIANG Yong-jun, DUAN Shi-hui, et al. (3637)
Dynamic Process of Nitrogen and Phosphorus Export and Loss Load in an Intensive Orchard with Ridge and Furrow Plantation in the Three Gorges Reservoir Area ««+s«ssessessesenesessensenees

YAN Kun, WANG Yu-kuan, LIU Qin, et al. (3646
GAO Bin, XU You-peng, LU Miao, et al. (3657
ZHAO Chao-ran, SHAN Hui-mei, ZENG Chun-ya, et al. (3665

)
Analysis of Rainfall Runoff Pollution and Pollution Load Estimation for Urban Communities in a Highly Urbanized Region )
Adsorption of As( Ill) in Water by Iron-loaded Graphene Oxide-Chitosan )
Sorption Behaviors of Copper lons and Tetracycline on Microplastics in Aqueous Solution ««+seeeesessssesersnssnnssiniinne: XUE Xiang-dong, WANG Xing-yuan, MEI Yu-chen, et al. (3675)
Effect of Porous Fillers Properties on Biofilm Growth —+vesvessesesesesssssenensimiinininiiitisin s JIANG Yu-qin, LI Jiong-hui, FANG Zhi-guo ( 3684 )
Adaptability of Nitrifying Biofilm Systems to Low Temperature; MBBR and IFAS » LI Ren, YU Li-fang, ZHANG Xing-xiu, et al. (3691)
Improved on Nitrogen Removal of Anaerobic Ammonia Oxidation by Coupling Element Sulfur-based Autotrophic Short-cut Denitrification -+ FANG Wen-ye, LI Xiang, HUANG Yong, et al. (3699 )
3707)
)
)
)
)
)
)
)

Nitrogen and Phosphorus Removal from Domestic Sewage Aerobic Granular Sludge Under Intermittent Gradient Aeration +-++:essesveseesesseneneenen ZHANG Yu-jun, LI Dong, LI Shuai, et al. (

Rapid Start-up and Stability of Partial Denitrification Based on Different Waste Sludge Sources «+-+=«+eseeseerersseesenensienienens ZHANG Xing-xing, WANG Chao-chao, WANG Yao, et al. (3715
Decision-making Analysis of Excess Sludge Pretreatment for Struvite Recovery Based on AHP-PROMETHEE I Method » LIU Xiao-lei, LI An-jie (3725
Effect on Ammonia Inhibition Mitigation in the Anaerobic Digestion Process with Zero-Valent Iron LIU Ji-bao, NIU Yu-tong, YU Da-wei, et al. (3731
Performance of Anaerobic Membrane Bioreactors for the Co-digestion of Sewage Sludge and Food Waste ««+x+sveserersseseenmsessnsnsienenenns DAI Jin-jin, NIU Cheng-xin, PAN Yang, et al. (3740
Antibiotics Induce Horizontal Gene Transfer of Resistance at Sublethal Concentrations «+«+«+seesrssersrsserenrensnrnscnnesnscenne YUAN Qi-yi, CHEN Hong-jie, Laurence Haller, et al. (3748

Impact of Tetracycline Antibiotic on the Transcriptional Expression of Tetracycline Resistance Genes in Shigella flexneri - +++ GAO Pin, RUAN Xiao-hui, QIU Wen-jie, et al. (3758
QIAO Xin, WANG Bo, GUO Yuan-yuan, et al. (3765
Analysis of the Effect of Temperature on the Microbial Flora Structure During the Nitrite Oxidation Process Using 16S rRNA High-throughput Sequencing ««+«+x+esseseereseremmensnsncnennnnees

-+ HOU Xiao-wei, NIU Yong-jian, LI Wei-wei, et al. (3773)

Competitive Selection of Hydroxylamine on Ammonia Oxidizing Bacteria and Nitrite Oxidizing Bacteria

Universality and Potential Application of Mn( I ) Oxidation Triggered by Microbial Interspecies Interactions +«+++++++- -+ NING Xue, LIANG Jin-song, BAI Yao-hui, et al. (3781)
Distribution and Potential Nitrification Rates of Aerobic Ammonia-Oxidizing Microorganisms in Surface Sediments of Mangrove in Sanya River «eoseesereresesemenenennenensininenen
..................................................................................................................................................................... LUO Qing, ZHEN Yu, PENG Zong-bo, et al. (3787)
Effects of Ozone Pollution on Growth, Yields, and Mineral Metallic Element Contents of Paddy Rice —++etoveereesresnesnessesennsiene FANG Xiao-kun, LUO Xiao-san, ZHANG Dan, et al. (3797)
Short Term Effects of a Changing Carbon Input on the Soil Respiration of Picea schrenkiana Foress in the Tianshan Mountains, Xinjiang -+ SHAO Kang, GONG Lu, HE Xue-min, et al. (3804 )
Effects of the Combined Application of Organic and Inorganic fertilizers on N,O Emissions from Saline Soil «+++s+sereeresesresreresnenennsesenees ZHOU Hui, SHI Hai-bin, GUO Jia-wei, et al. (3811)
Mechanism and Influencing Factors of Increasing Soil Temperature by in-situ Electrical Resistance Heating «+«+xseereeeveeserenessinnenennenns GE Song, MENG Xian-rong, XU Wei, et al. (3822)
Acid Mine Wasteland Reclamation by Juncus ochraceus Buchen as a Potential Pioneer Plant = «+xe+sessersereeesenenssenenensininennns HUANG Jian-hong, FU Jiang-li, YAN Xin-rui, et al. (3829)
Effects of Drip Imrigation Patterns and Biochar Addition on Soil Mineral Nitrogen and Microbial Regulation of Greenhouse ++ CAl Jiu-mao, LIU Jie-yun, QIU Hu-sen, et al. (3836)
Effects of Cotton Stalk Biochar on the Structure and Function of Fungi Community in Alkaline Rhizosphere Soil of Rice Under Cadmium Pollution ««+s++sessereeresseserenseninenenninisiinenen
............................................................................................................................................................ LIU Shi-dou, HAN Yao-guang, ZHU Xin-ping, et al. (3846)
Effects of Different Treatments with Water Management Combined with Leaf Spraying Silicon Fertilizer on Cd Accumulation in Rice ++++++++-+ WEI Bin-yun, ZHOU Hang, LIU Jia-wei, et al. (3855)
Effects of Chelate GLDA on the Remediation of Cadmium Contaminated Farmland by Pennisetum purpureum Schum ++ QIN Jian-jun, TANG Sheng-shuang, JIANG Kai, et al. (3862)
Situation Analysis and Trend Prediction of the Prevention and Control Technologies for Planting Non-Point Source Pollution +-* YU Ying-liang, YANG Lin-zhang, LI Hong-na, et al. (3870)




	1
	08
	zml

	20200803
	2

