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Seasonal and Spatial Variations of Carbon Fractions in PM, ; in Ningbo and the

Estimation of Secondary Organic Carbon
DU Bo-han', HUANG Xiao-feng', HE Ling-yan' ", HU Min’>, WANG Chuan', REN Yu-chao', YING Hong-

mei’, ZHOU Jun’, WANG Wei-feng’ , XU Dan-dan’
(1. Key Laboratory for Urban Habitat Environmental Science and Technology, Shenzhen Graduate School of Peking University,

Shenzhen 518055, China; 2. State Key Joint Laboratory of Environment Simulation and Pollution Control, College of Environmental
Science and Engineering, Peking University, Beijing 100871, China; 3. Ningbo Environmental Monitoring Centre, Ningbo 315012,
China)

Abstract: To investigate the seasonal and spatial variations of carbon fractions in PM,  in Ningbo, PM, 5 samples were collected at 5
sites in typical periods of 4 seasons from December 2012 to October 2013. The concentrations of organic carbon (OC) and elemental
carbon (EC) were determined and the contribution of secondary organic carbon (SOC) was estimated. The result shows that: (Dthe
annual average of PM, ; in Ningbo is 51.6 pg-m~*. OC and EC account for 17% and 6% respectively. According to the result of the
backward trajectory model, the concentrations of PM, ; in winter and spring are higher mainly because of regional transport from inland
China. @ the OC/EC ratio and the correlation between OC and EC indicate that in summer a large sum of SOC is generated while in
winter the influence of coal burning emission for heating in North China may be the main reason for high OC/EC ratio. (3 the
contribution of SOC was estimated using an EC tracer method. The result shows that this method is not suitable for both winter and
spring because of significant regional transport. The average concentrations of SOC in summer and autumn are 2.5 pg-m > and 2.3
pg-m ™, accounting for 42% and 28% of total OC respectively.

Key words:PM, ; organic carbon (OC) ; elemental carbon (EC) ; secondary organic carbon (SOC) ; Ningbo
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Fig. 1 Location of five sampling sites
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Fig. 2 Concentrations of carbon fractions in PM, 5 at each site
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Table 1  Comparison of carbon fractions of PM, 5 among domestic and foreign cities
i A AL A ) s oc EC o owmc i
/pg m /pg m /g m

dtat 2009-04 ~2010-02 123.5 18.2 (15% ) 6.3 (5%) 2.9 [7]
R 2009-04 ~2010-02 141.5 18.8 (13% ) 6.9 (5% ) 2.7 [7]
AFRE 2009-04 ~2010-02 191.2 26.5 (14%) 9.8 (5%) 2.7 [7]
T 2012-12 ~2013-10 51.6 9.0 (17%) 2.9 (6%) 3.1 AWF5E
HLH 2006-01 ~2006-12 71.5 13.7 (18% ) 5.9 (8%) 2.3 [8]
L ifg 2003-06 ~2003-07 54.0 13.4 (25% ) 3.3 (6%) 4.1 [9]
I 2009-01 ~2009-12 42.2 8.3 (20% ) 4.7 (11%) 1.8 [10]
Il 2009-11 ~2010-12 45.4 17.7 (39% ) 4.9 (11%) 3.6 [11]
Urban Guangzhou 2004-08 ~2004-09 107.5 17.5 (16% ) 5.7 (5%) 3.1 [12]

2005-02 ~2005-03 129.9 23.9 (18%) 4.4 (3%) 5.4 [12]
Urban HK 2004-08 ~2004-09 54.8 11.3 (21%) 4.3 (8%) 2.6 [12]

2005-02 ~2005-03 56.4 13.4 (24%) 2.3 (4% ) 5.8 [12]
Background HK 2004-08 ~2004-09 31.9 5.6 (18%) 1.4 (4% ) 4.0 [12]

2005-02 ~2005-03 34.8 5.9 (17% ) 0.8 (2% ) 7.4 [12]
Yocohama, Japan 2007-09 ~2008-09 20.6 3.8 (18%) 1.9 (9% ) 2.0 [13]
Chuncheon, Korea 2005-12 ~2009-08 31.0 5.6 (18%) 1.9 (6%) 2.9 [14]
Schiedam, Netherland 2008-08 ~2008-09 17.2 2.1 (12%) 2.2 (13%) 1.0 [15]
Thessaloniki, Greece 2011-07 ~2012-04 23.5 5.72 (24% ) 0.69 (3% ) 8.3 [16]
Jefferson Street, U. S 2001-07 ~2005-01 17.4 7.1 (41%) 1.4 (8% ) 5.1 [17]
Denver, U. S 2008-03 ~2009-03 - 3.37 0.44 7.7 [18]
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Fig. 3 Concentrations of carbon fractions in PM, 5 in each season
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Table 2 Meteorological characteristics during sampling periods

" R MEXRBE AR Rk B A
A

1

/C /% /mbar /mm /mes”
12 7.1 73 1025 117.7 5.9
15.9 58 1013 112.9 4.5
7 30.3 59 1 004 38.7 4.2
10 20.0 70 1019 372.9 5.4
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Fig. 4 Classification of the sources of air mass in different seasons

G5 (F ). WNERGARE, LIS OC/EC [
s (3. 8) , 2RI 5 (3. 6) M (3. 1) IRz, i
TF(3.0) FHLC A5 (2. 8) BY OC/EC H(E R AR, Ut
] SOC it A= b I35 e P4 15 5% o5 SRR B o, i T
VX 5 AT REAFAE S 2 () — IR Be . & BBk I 4
) OC/EC HAB 35 R 3.1, 2.7, 3.2 fl12.6,%& %
FE 2R OC/EC W EK &, ERA e, OGRER
FOGRREF R, A R F 4k 2 O AR A SOC; {H4
FRZIFEAFTF SOC 1A K, 7T B2 POC SR
AL FE OC/EC WAE TR, A ZFMRAEHIAL Tt
J7 A A SRR AL 1 B 1) (2012 4F 11 A ~2013 48 3
H) L RITEAERY O RIFFT & BRI HE R A B 28 R
(1) 24% , & F BRI YR IR, AR SCik A
BRIEHERCH) OC/EC H B2k 2.7 ~23. 87 K
SRR ST 5, (R R A s T HE ROIR (R E RS
He it S 05 B OC/EC WL E Y5 Bl R 1.0 ~
4.2 AW KRB OC/EC HLMH LA 1.5 ~
7120200y DR ok A 0 A b i DX AR AR 8 A S8
TIWAZERSR PM, F OC/EC HAE T il B R
. Na ZP0 fERFFE it 2 3, AU OC/EC H AR B
ASREHIBE SOC YA 1, P A HIE O 1A Y5 X358 114 A
e 2: T3 OC/EC HAE Y284k,

0C 5 EC yAHSMERT ITE—E 2 1A OC
SRIRRFRARN . & F L E L BIUZE 0oC 5 EC 1

AR E 4 0. 81, 0.90, 0. 86 F1 0. 84, 144 ik
FHSE(P <0.001) , {HAZRAYAH OC R E /)N, R W
225 OC MRIFECE 2%, X S HT ST 4 Br g R — 35
EA MR R 2 JRERSR . RIERAEY
TR kbR = A b DX TSV M 1) R U (HL
FEXS BTHR A L B8] B 2745 AR AL ARRAE i AN 48
2.3 SOC ffliE
T Bl B 3 B SOC I H AR EC 7R B
BEPHT SOC W /G 5. EC /n BRI M EEA IR
BN Uk i EC FN POC 18 H A AH R SR R, HLE
BRI BT X — B, Lim & BT
P SOC A
0C,; = EC x (OC/EC) ,, + N (1)
0C.. = 0C,, - 0C; (2)
{,0C,, . (OC/EC) ;. N, OC_ Fl OC, 7353k
POC , —RBREEIRHERL Y OC/EC Uil . —WAE B2
JEA HLER . SOC i oC. fEAR Z Wt i, (0C/
EC)  #BHFEA T OC/EC Hf iy B/ IMERA R, A
H X G LA SOC AE . HSERR FiZd/
SV Z RS, A5 IR i 3h
F. M T E AR BRI D AR
OC/EC B HARM 5 DHA, FHH OC 5 EC 5T
TR BRI A AR DG AT, IRl 2 i R R Y,
FERRI(OC/EC) SR ILEL 5. P al L 2 ZEF



3132 2N 5%

B 36 %

BEMIIEEEF (R N 0.95 ~0.96) 4 T B Ak
ZE(R 7 0.99 ~1.00) , iX 511 SCH 7 #r 45 R — 2,
Ui A& R 227 21 X A% i 1 2 52 ), ¥ G IR
AR, ANEAE %58 )77, Huang 255 11 EC
TNERIEFT AMS-PMF 1543 A 35050 24 L ZE A 2 (1)

35

30 | @ AT ER . .,
) o m}"f&lﬁ(oc;}C)pn mjﬁ‘f& » .. .
25
's L § o o 3
E 2 % .o . (a) &%
SEEREES e .2
3 s s ot
i q!"‘f,fgﬁf”g
SE o y=125¢+197
. R =095, P<0.05
{] 1 1 1
0 2 4 6 8 10
16.00
14.00 o* LI (c) %
w1200 .
! L ]
E 1000 | e & )
S 800 3
S 600
4,00 - #‘ y=193x-026
2.00 f" R =099, P<0.01
0 | 1 | 1 1
0 100 200 300 400 500 600

EC/ug-m™

SOC It & 3, PIRh 7 ik i A 53 25 SR A R A —
B0 EC /RBRIEAEA T AR il SOC. &
RIS 25 AR D R4y, HAHE AL/ r] 2
M, R ok 26 0 e AR ] DAAR 2 2% Ml XA — DR
HEL.

25.00

(b) HF
20.00 | ® .
- [ ]
E 1500 *
B . e
K % o
S 10.00 o °°%
S ¥
5.00 * y=173x-048
R=0.96, P<0.01

0
0 2.00 4.00 6.00 8.00 10.00
25.00
™ (d) Bk
20.00 -
E ys00 - y
__5%_0 : a. e &S
g 1000 %% .
[ ]
5.00 - 'ﬂ" y=2.02:-0.76
. R =1.00, P<0.01
0 1 1 1 1
0 2.00 4.00 6.00 800  10.00
EC/pg-m™

E5 (OC/EC),MfaE
Fig. 5 Estimation of (OC/EC) ,;

gE G (D) AR (2) X EZE B SOC
PATAR A, R W A 3 2.5 pgem T AT 2.3
pgem 5 OC B 42% H128% . 1523 E HALI
X Ao 45 5 (3% 3) Bon, B Z1 SOC H ol
36% ~T12% ,FkZ=H 23% ~64% , 5 Z=1) SOC H il
= TRCE. XA T AR A — 3L
*®3 HtEmitX SOC & OC BIELBI/ %
Table 3 SOC/0C in other cities or regions/%

VA= # " 78 % SCHR
Jbat 27 45 23 19 [35]
K 50 72 64 60 [36]
L — 36 — 24 [37]
T — 42 28 — ENTIE
F% — 68 — 30 [34]
ity 36 37 23 24 [38]
=) — 42 — 26 [39]
3 g

(1) T Wi PM, ;s & 4FF Bk R 51.6
pg-m A OC F1EC 43515 17% f16% . =5 [H]

SRV 3 B 25 R A R 1 P i s DX 1) X
BRI RE R B AE S PM, W M Y £ 2R
K. OC 5 EC MREMEA TR, B, FREEAR
R IRAE (0 EC By 25 28 fk a3 A an OC B k.

(2) T U AAE P, T OC/EC L fE N

3.1. OC/EC L fE Ry 25 0] 22 53 32 W1, SOC X A4 Hui5

e i SR ST e, T ol X A5 R] REAF 78

EZH—UIRBEIR. OC/EC HLAEHF OC 5 EC HAH

KPR I, T A R SOC A2 AL, 1Ml

A Z N A] B AZ AL b DX R BRI I 11 Bl 255 1)

(3) I EC 7R BR LT B #Y SOC #EA7 144

B SRR TR A AR 2 52 B X A a4

SR, TS YIRS N A AR . B2

FURK 22 1) SOC W& JE 4y 5~ 2.5 pg-m ™ Fl 2.3

pg-m 5 OC %) 42% 1 28% .

S 3k

[1] LimH]J, Turpin B J. Origins of primary and secondary organic
aerosol in Atlanta: results of time-resolved measurements during
the Atlanta supersite experiment[ J]. Environmental Science &
Technology, 2002, 36(21) ; 4489-4496.

[2] Dan M, Zhuang G S, Li X X, et al. The characteristics of
carbonaceous species and their sources in PM, 5 in Beijing[ J].
Atmospheric Environment, 2004 , 38(21) ; 3443-3452.

[ 3] Ding X, Wang X M, Gao B, et al. Tracer-based estimation of
secondary organic carbon in the Pearl River Delta, south China
[J]. Journal of Geophysical Research: Atmospheres, 2012, 117
(D5) ,doi: 10.1029,/2011JD016596.

[4] GuoS, HuM, Guo Q F, ef al. Primary sources and secondary

China [ ] ].

formation of organic aerosols in Beijing,



9 1

FEIRERAE . TR P, "R 7 BRI 23 23 A RFIE A A DL A 5

3133

(8]

[9]

[10]

[11]

[14]

[15]

[18]

[19]

Environmental Science & Technology, 2012, 46 (18 ). 9846-
9853.

M, BIAT, 2/, . WA PRSI i E R
HEREL)]. PEEER, 2014, 34(3) : 555-564.

SO, T TR AT AR PM o R PM, 5 (9 15 A BT A
FE[1]. ISR EPIA, 2011, 33(9) : 66-69.

Zhao P S, Dong I, He D, et al. Characteristics of concentrations
and chemical compositions for PM, 5 in the region of Beijing,
Tianjin, and Hebei, China[ A]. W. PESZES. %30 W
HEASZFSESRICEC). et PESSRES, 2013.
1-25.

T, R, M3, & BUNT RS P, 5 Il PM, o 15 4 45
TELORIEAFEHTL ], EIRETHN, 2010, 26(2) : 44-48.
Cao J J, Shen Z X, Chow J C, et al. Winter and summer PM,
chemical compositions in fourteen Chinese cities[ J]. Journal of
the Air & Waste Management Association, 2012, 62 (10):
1214-1226.

B, ZE I, . VYIS PM, R IRRET S ik
AHERAGELT]. HEFE #ERFE, 2014, 44(4)
723-734.

E0R, BHE, I, 45 TN MBIXERA AU PM,
AT ], FREEHEAT FE SR, 2013, 25(4) : 9-
12.

Duan J C, Tan J H, Cheng D X, et al. Sources and
characteristics of carbonaceous aerosol in two largest cities in
Pearl River Delta Region, China[ J]. Atmospheric Environment,
2007, 41(14) . 2895-2903.

Khan M F, Shirasuna Y, Hirano K, et al. Characterization of
PM, 5, PM, 5,y and PM,; in ambient air, Yokohama, Japan
[J]. Atmospheric Research, 2010, 96(1) : 159-172.

Han Y J, Kim S R, Jung J H. Long-term measurements of
atmospheric PM, 5 and its chemical composition in rural Korea
[J]. Journal of Atmospheric Chemistry, 2011, 68 (4). 281-
298.
Mooibroek D, Schaap M, Weijers E P, et al. Source
apportionment and spatial variability of PM, 5 using measurements
at five sites in the Netherlands[ J]. Atmospheric Environment,
2011, 45(25) . 4180-4191.

Samara C, Voutsa D, Kouras A, et al. Organic and elemental
carbon associated to PM,, and PM, 5 at urban sites of northern
Greece [ ] ].
2014, 21(3): 1769-1785.

Chen Y J, Zheng M, Edgerton E S, et al.

Environmental Science and Pollution Research,

PM, 5 source
apportionment in the southeastern U. S.: Spatial and seasonal
variations during 2001- 2005 [ J ].
Research: Atmospheres, 2012, 117 ( D8 ), doi:
2011JD016572.

Xie M J, Coons T L, Hemann J G, et al. Intra-urban spatial

Journal of Geophysical
10. 1029/

variability and uncertainty assessment of PM, 5 sources based on
carbonaceous species| J]. Atmospheric Environment, 2012, 60 .
305-315.

Huang X F, He L Y, Xue L, et al. Highly time-resolved

[20]

[21]

[22]

[23]

[25]

[26]

[27]

(28]

[30]

[31]

[32]

[33]

chemical characterization of atmospheric fine particles during
2010 Shanghai World Expo [ J].
Physics, 2012, 12(11) ; 4897-4907.

Chow J C, Watson J G, Pritchett L. C, et al. The DRI thermal/

Atmospheric Chemistry and

optical ~ reflectance carbon analysis system: description,
evaluation and applications in U. S. air quality studies [ J].
Atmospheric Environment. Part A. General Topics, 1993, 27
(8):1185-1201.

XU, ARG JE T e R U IR ARG A S R T [T ]
Rhefgi@l, 2007, 52(4) ; 470-476.

Watson J] G, Chow J C, Houck J E. PM, s chemical source
profiles for vehicle exhaust, vegetative burning, geological
material, and coal burning in Northwestern Colorado during 1995
[J]. Chemosphere, 2001, 43(8): 1141-1151.

Zhang Y X, Schauer J J, Zhang Y H, et al. Characteristics of
particulate carbon emissions from real-world Chinese coal
Environmental Science & Technology, 2008 , 42
(14) . 5068-5073.

Schauer J J, Kleeman M J, Cass G R, et al. Measurement of

combustion[ J].

emissions from air pollution sources. 2. Cl through C30 organic
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 pollution sources. 1. Cl through C29 organic
compounds from meat charbroiling[ J]. Environmental Science &
Technology, 1999, 33(10) ; 1566-1577.

Zhang Y X, Shao M, Zhang Y H, et al. Source profiles of
particulate organic matters emitted from cereal straw burnings
[J]. Journal of Environmental Sciences, 2007, 19 (2): 167-
175.

Reddy M S, Venkataraman C. Atmospheric optical and radiative
effects of anthropogenic aerosol constituents from India [ J].
Atmospheric Environment, 2000, 34(26) . 4511-4523.
Andreae M O, Merlet P. Emission of trace gases and aerosols
from biomass burning[ J]. Global Biogeochemical Cycles, 2001,
15(4) : 955-966.

Streets D G, Bond T C, Carmichael G R, et al. An inventory of
gaseous and primary aerosol emissions in Asia in the year 2000
[J]. Journal of Geophysical Research: Atmospheres, 2003, 108
(D21) ,doi:10. 1029/2002JD003093.
Na K, Sawant A A, Song C, et al. Primary and secondary
carbonaceous species in the atmosphere of Western Riverside
County, California [ J]. Atmospheric Environment, 2004, 38
(9): 1345-1355.

Feng J L, Chan C K, Fang M, et al. Characteristics of organic
matter in PM, 5 in Shanghai[ J]. Chemosphere, 2006, 64 (8) :
1393-1400.

Du H H, Kong L D, Cheng T'T, et al. Insights into summertime
haze pollution events over Shanghai based on online water-soluble
ionic composition of aerosols [ J ]. Atmospheric Environment,

2011, 45(29) ; 5131-5137.
VEFHE, JEBRME, VAR, S T PM,o A LR R T F



3134

woooH

2% 36 #&

[34]

[35]

[36]

MR SR IR (1] P EFRBEEIN, 2014, 30(1) :
49-52.

Huang X F, Xue L, Tian X D, et al. Highly time-resolved
carbonaceous aerosol characterization in Yangize River Delta of
China: Composition, mixing state and secondary formation[ J].
Atmospheric Environment, 2013, 64 . 200-207.

Lin P, Hu M, Deng Z, et al. Seasonal and diurnal variations of
organic carbon in PM, s in Beijing and the estimation of
secondary organic carbon[ J]. Journal of Geophysical Research:
Atmospheres, 2009, 114(D2) ,doi:10. 1029/2008JD010902.
Gu ] X, Bai Z P, Liu A X,

et al. Characterization of

atmospheric organic carbon and element carbon of PM, 5 and

[37]

[39]

[39]

PM,, at Tianjin, China[J].
2010, 10(2) : 167-176.
CaoJ J, Lee S C, Chow J C, et al.

Aerosol and Air Quality Research,

Spatial and seasonal
distributions of carbonaceous aerosols over China[ J]. Journal of
Geophysical Research: Atmospheres, 2007, 112 ( D22 ), doi:
10. 1029/2006JD008205.

EAH, B, IR, S LT PM, st B R
AEAF I F R 00 (1], FRBEREA, 2010, 31(8): 1755-
1761.

Bigla, PRerss, skiks, &5 hEEE U S KRR
SRR BT R AE SRR [T ], T E IR R, 2010, 30
(11); 1543-1549.



HUANJING KEXUE Vol.36  No.9

Environmental Science ( monthly) Sep. 15, 2015

CONTENTS

Estimation of PM, 5 Concentration over the Yangtze Delta Using Remote Sensing: Analysis of Spatial and Temporal Variations =~ +++eseseeereseressensnsiennsenn XU Jian-hui, JIANG Hong (3119
Seasonal and Spatial Variations of Carbon Fractions in PM, 5 in Ningbo and the Estimation of Secondary Organic Carbon «+:++++seeseeeeee DU Bo-han, HUANG Xiao-feng, HE Ling-yan, et al. (3128
Concentrations of Acidic Gases, Ammonia and Related Water-Soluble lons in PM, 5 and Gas-Particle Partitioning in Qingdao - ZHOU Jia-jia, SHI Jin-hui, LI Li-ping, et al. (3135

)
)
)
-+ HU Ling-fei, ZHANG Ke, WANG Hong-bao, et al. (3144)
Air Quality Characteristics in Beijing During Spring Festival in 2015 CHENG Nian-liang, CHEN Tian, ZHANG Da-wei, et al. (3150)
Chemical Loss of Volatile Organic Compounds and Its Impact on the Formation of Ozone in Shanghai «+«+sereseseeesessissnsnnsini e WANG Hong-li (3159)
)
)
)
)
)

Concentration and Particle Size Distribution of Microbiological Aerosol During Haze Days in Beijing

CHEN Dong-zhi, MIAO Xiao-ping, OUYANG Du-juan, et al. (3168
GUO Yu-long, LI Yun-mei, LI Yuan, et al. (3175
++ YE Lin-lin, WU Xiao-dong, LIU Bo, et al. (3186
YU Min-da, ZHANG Hui, HE Xiao-song, et al. (3194
Spatial Variation of Ammonia-N, Nitrate-N and Nitrite-N in Groundwater of Dongshan Island «+:«+sesseevseeesesenenmsiniiininienns WU Hai-yan, FU Shi-feng, CAI Xiao-qiong, et al. (3203

Sources, Migration and Conversion of Dissolved Alkanes, Dissolved Fatty Acids in a Karst Underground River Water, in Chongging Area =««+:eseeseeesesereremneneneneininensininennne

Removal of Waste Gas Containing Mixed Chlorinated Hydrocarbons by the Biotrickling Filter

A Three Band Chlorophyll-a Concentration Estimation Model Based on GOCI Imagery
Temporal and Spatial Distribution Characteristics of Dissolved Organic Matter and Influencing Factors in Lake Chaohu -

Spectral Characteristic of Dissolved Organic Matter in Xiaohe River, Hebei

...................................................................................................................................................... LIANG Zuo-bing, SUN Yu-chuan, WANG Zun-bo, et al. (3212)
Influence of Sulfuric Acid to Karst Hydrochemical and 8'3Cyy. in the Upper and Middle Reaches of the Wujiang River HUANG Qi-bo, QIN Xiao-qun, LIU Peng-yu, et al. (3220)
Hydrochemical Characteristic and Reasoning Analysis in Siyi Town, Langzhong City -+ S ZHANG Yan, WU Yong, YANG Jun, et al. (3230)
Seasonal Variation on Nutrient Limitation for Phytoplankton Growth in a Coastal River-Reservoir System, Southeast China «++++++++eeee CHEN Cong-cong, RAO La, HUANG Jin-liang, et al. (3238)
Physiological Effect of Vallisneria natans Under Different Concentrations of Nitrogen, Phosphorus and Chloramphenicol ««+«eseseereereeesenenees HU Zhen-zhen, CUI Yi-bin, LI Mei, et al. (3248)
Effects of Algicidal Substance on Phaeocystis globosa and Tis Fatty Acids by the Simulation Experiment «+«+«+r«sessesrereenees * YANG Qiu-chan, ZHAO Ling, YIN Ping-he, et al. (3255)
Agricultural Non-Point Source Pollutants Removal by Enhanced Riverbank Interception Facilities Under Different Operating Conditions -+ LI Huai-zheng, CHEN Ke-li, WEI Zhong, et al. (3262)
Speciation Distribution and Risk Assessment of Heavy Metals in Typical Material Roof Dusts = ++vsveveeeseeseesnesssenensinineniinnenes LI Dun-zhu, GUAN Yun-tao, LIU An, et al. (3269)

Formation of Disinfection By-Products During Chlor( am ) ination of Danjiangkou Reservoir Water and Comparison of Disinfection Processes
......................................................................................................................................................... ZHANG Min-sheng, XU Bin, ZHANG Tian-yang, et al. (3278)
Effects of Interaction of Ozonation and Coagulation on Coagulation Resulls «+«+sxsssssereerernsenenenneimnenensinines s LIU Hai-long, GUO Xue-feng, WANG Min-hui, et al. (3285)
WU Yue, WU Chun-de, LIU Lii-gang, et al. (3292)
XAS Analysis upon Dissolved Species of Orpiment in Anoxic Environment WANG Ying, XU Li-ying, WANG Shao-feng, et al. (3298 )
AOX Pollution in Wastewater Treatment Process of Dyeing and Dyestuff Chemical Industries «+:eseeeeesemersesssemensninininn SHEN Yang-yang, LIU Rui, XU Can-can, et al. (3304)
)

)

)

)

Effects of Anions on Bromate Formation During Ozonation of Bromide-Containing Water -

QIN Cai-xia, TONG Juan, SHEN Pei-hong, et al. (3311
SHUI Yong, Kawagishi Tomoki, SONG Xiao-yan, et al. (3319

Fate of ARB and ARGs During Wastewater Treatment Process of Spiramycin Production

A Comparative Study on Two Membrane Bioreactors for the Treatment of Digested Piggery Wastewater

Analysis of Microbial Community in the Membrane Bio-Reactor (MBR) Rural Sewage Treatment System «««+«+seesresesersenessnensneniscnennens KONG Xiao, CUI Bing-jian, JIN De-cai, et al. (3329
Start-up Characteristics of Four-zone Integrated Reactor for Nitrogen Removal in Winter and Analysis of Nitrobacteria Community ~+++++++++ ZHANG Yan, SUN Feng-xia, XIE Hang-ji et al. (3339
Achievement of Sulfate-Reducing Anaerobic Ammonium Oxidation Reactor Started with Nitrate-Reducting Anaerobic Ammonium Oxidation =«++:+s+eeesesserserseresimmeneniinininie

................................................................................................................................................... LIU Zheng-chuan, YUAN Lin-jiang, ZHOU Guo-biao, et al. (3343)
Effect of Increasing Organic Loading Rate on the Formation and Stabilization Process of Aerobic Granular Sludge «+-«+«+-seseeeesessereens LIU Xiao-peng, WANG Jian-fang, QIAN Fei-yue et al. (3352)
Nitrogen Loss Through Different Ways in Cropland Under Conventional Fertilization; An In-situ Study of Summer Maize Season in the Middle and Lower Reaches of the Yangtze River -+++-+

......................................................................................................................................................... SANG Meng-meng, FAN Hui, JIANG Shan-shan, et al. (3358)
Effects of Water and Nitrogenous Fertilizer Coupling on CH, and N,0 Emission from Double-Season Rice Paddy Field «+eoveeeeeeeseereseneieseen: FU Zhi-giang, LONG Pan, LIU Yi-yi, et al. (3365)
Characteristics of N,, N,0, NO, CO, and CH, Emissions in Anaerobic Condition from Sandy Loam Paddy Soil = +++sereseerereerseresneennsneeens CAO Na, WANG Rui, LIAO Ting-ting, et al. (3373)
Characteristics of Soil Respiration along Eroded Sloping Land with Different SOC Background on the Hilly Loess Plateau -«+:«+-+sssxeeeeeee CHEN Gai, XU Ming-xiang, ZHANG Ya-feng et al. (3383)
Effect of Biochar on Soil Greenhouse Gas Emissions in Semi-arid Region ««+s+sseeeereersensenenienenennininnnns GUO Yan-liang, WANG Dan-dan, ZHENG Ji-yong, et al. (3393)
Characteristics and Coupling Relationship of Soil Carhon and Nitrogen Transformation During In-situ Mineralization Cultivation in Forestlands in the Mountain Area of Southern Ningxia *++++++*

..................................................................................................................................................................... NI Yin-xia, HUANG Yi-mei, NIU Dan, et al. (3401)
Nitrogen Fraction Distributions and Impacts on Soil Nitrogen Mineralization in Different Vegetation Restorations of Karst Rocky Desertification »«+«+sesesrereeressemenenennieneniinininnn

........................................................................................................................................................................ HU Ning, MA Zhi-min, LAN Jia-cheng et al. (3411
Distribution and Dynamics of Cropland Soil Organic Carbon in Jianghan Plain; A Case Study of Qianjiang City = «+«+ssssesseresssereneeeens WANG Yu-zhu, XIAOQ He-ai, ZHOU Ping, et al. (3422
LI Rui, JIANG Chang-sheng,HAO Qing-ju (3429
+= NIE Yan, WANG Xin, WANG Bo, et al. (3438
GUO Peng-ran, LEI Yong-gian, ZHOU Qiao-li, et al. (3447)
-+ LIU Jie, LI Xiao-dong, ZHAO Zhong-hua, et al. (3457)
ZHAO Yan, ZHENG Guo-can, ZHU Heng, et al. (3464)
Influence of Mirabilis jalapa Linn. Growth on the Microbial Community and Petroleum Hydrocarbon Degradation in Petroleum Contaminated Saline-alkali Soil «+«+«eseseesesserseseerennennanens
+++ JIAO Hai-hua, CUI Bing-jian, WU Shang-hua, et al. (3471
A+ Absorption and Assimilation by Four Ectomycorrhizal Fungi WANG Ming-xia, YUAN Ling, HUANG Jian-guo, et al. (3479
Contamination of Organophosphorus Pesticides Residue in Fresh Vegetables and Related Health Risk Assessment in Changehun, China -+ YU Rui, LIU Jing-shuang, WANG Qi-cun, et al. (3486
SONG Li-na, WANG Lei, XIA Meng-jing, et al. (3493
w++ LU Wen-zhou, QTAO Yu-xiang, YU Ning, et al. (3501
REN Yong, JI Sha-sha, YU Ming-feng, et al. (3508

= LIN Xiao-dan, TIAN Liang, LU Bin,et al. (3515
Definition and Control Indicators of Volatile Organic Compounds in China JIANG Mei, ZOU Lan, LI Xiao-gian, et al. (3522
Influence of Dissimilatory Iron Reduction on the Speciation and Bioavailability of Heavy Metals in Soil ~ ++eereeeseerereessssmmeneninninininie SI You-bin, WANG Juan (3533)

)
)
)
)

Homologues Levels and Distribution Pattern of Polychlorinated Biphenyls in Typical Capacitor Contaminated Soil

Adsorption and Desorption Characteristics of Endosulfan in Purple Soil

Community Structure and Succession of Methanogens in Beishenshu Landfill, Beijing -+

Fertility and Environmental Impacts of Urhan Scattered Human Feces Used as Organic Granular Fertilizer for Leaf Vegetables «+-++++++
Degradation of PCDD/Fs by the Mixture of V,05-W0,/TiO, Catalyst and Activated Carbon

Energy Conservation and Emissions Reduction Benefits Analysis for Battery Electric Buses Based on Travel Services

)
)
)
)
)
)
)
)



£ .

CGrER=ZNE 6

K FH H

BIES: B RE BN

EHREZERS

%OE. (REREEHT)
TENL  FAERE FIE F44r H O N H O OF L
S, o == =
AOKE KEE X s w0 RS ARE
— N - N =
PRFHAZT  BAE 22 Ak AR WEE Bokd &
B B9 W N W W BIEK
-
w3 ENVIRONMENTAL SCIENCE
( H};J{AJ‘NJINC;;‘: KE)ﬁ(JLTJJE) (Monthly Started in 1976)
(HHl 1976 4% 8 UREID)
201549 B 15 H #36% ol Vol.36 No.9 Sep. 15, 2015
F = [ESp IRt i Superintended by Chinese Academy of Sciences
=]
F i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e 7 (USSR RF) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
A = - - Protection
e % KK [ School of Environment, Tsinghua University
i Editor-in -Chief ~ OUYANG Zi-yu:
. BAREAE) G E RS Ed;t:(: } ) by The Editori ll}]l:omd f Envi tal Sci (HUANJING
L0l 2871 {2548 ( T D DL B y e Editorial Board of Environmental Science >
18 5, MR 4% : 100085 ) KEXUE) )
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1§E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn F-mail :hjkx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn http://www. hjlex. ac. en
H KR 44 3 " " m Published by Science Press
It B A AR 7 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
EN Rl 3£ 4T dtmcdbAkEpRI Printed by Beijing Bei Lin Printing House
% 1T 4 4 & K i Distributed by Science Press
35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT M l 4= [E 45 Hu ik F Ry Domestic All Local Post Offices in China
Eih 2L r ] [ B 52 5 VA ) Foreign China International Book Trading Corporation ( Guoji
(b3 399 f54H) Shudian) ,P. O. Box 399, Beijing 100044 , China
—erim  ISSN  0250-3301 s f =
7N | —_————— = 2=
RERETS: 1805 x EREZ RS 2-821
B A E fir:120.00 T ESEZITRS: M 205

BRSNS FET





