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Impact of Collision Removal of Rainfall on Aerosol Particles of Different Sizes
DONG Qun'"?, ZHAO Pu-sheng®**, CHEN Yi-na>*

(1. Chinese Academy of Meteorological Sciences, Beijing 100081, China; 2. Institute of Urban Meteorology, China Meteorological
Administration, Beijing 100089, China; 3. Environmental Meteorology Forecast Center of Beijing-Tianjin-Hebei, Beijing 100089,
China; 4. College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China)

Abstract: The impact of collision removal of rainfall on aerosol particles of different sizes was analyzed through the calculation of Stokes
number, combining with the hourly PM,  concentrations and meteorological data in Haidian from October 2012 to October 2014, and
also the size distribution data in a selected rainfall process. The calculation results of Stokes number showed that the raindrops had little
effect on direct collision removal of aerosol particles of smaller than 2 pum, and had more effect on aerosol particles of larger than 2 pm.
Based on the statistical analysis of the observation data, the precipitation processes or the precipitation hours with significantly
decreased PM, ; were quite limited. However, PM, ; concentrations were increased in 43. 2% of the precipitation hours. By analyzing
the size distribution data of aerosol particles during a typical precipitation process, we found that the precipitation had significant
scavenging effect on Aitken mode particles ( <0.1 pm) and coarse mode particles ( > 1.0 pum), except for the accumulation mode
particles. Since the accumulation mode aerosols contributed most of the mass of PM, , the rainfall processes only had minor influence
on the collision scavenging of PM, ;.

Key words:PM, , ; wet scavenging; inertial collision; Stokes number; size distribution

ICARSR, ANBORLY) (PM, 5 ) AR S TS
PO WOPNLN S S aEe S i S S W N S PN
B P U R D e [ U TS R Y
KU ST Y H 5 2 B BUR L 23 1 T2 56
T AR H T e A ey A S5 I IR e R UK
SERRLZ — Y ATR Z AR ] Ay Bl i N TR, RS
FRIBEIN K 25 S It A Al 25 <, IR B AR TS e H
. (RS A B XU I RS B A 2
R R BR LA A 1) S I AR BRAVE AT, H R ik
Z ARG M A i SR

T TE BR AR D RS S Ok 1 1 T 2T BR AL
], 2R R AU A R R L Y2 ] B 2
KRG REENLBRZ — R B F 11E
T BRI R U R T R B TR BRO T e & Fae

IR AR, GRS NIE BRI = T g ER P
BrEe. Hob, = N IEEREE = B IS BB TR
T (S ABREAORE ) v A, 3 2 A5 Pk i
It R A B B 3R ok, i 22 AR
APIERR A AR

A7 273 R A R | 45 5 LG LI £
PRI RE LKL A5, T8 1k o TR AT i M e B A

R HEE: 2016-04-18; f&ITHHA: 2016-05-17

E£mH. Jbut i B H H 2 i R W H (Z2131109000413002,
xx2013002) ; db & TR F AN A HF g % B W H
(20140000212237K49 ); 4t =z w1 Bk % i+ & wi H
(Z131100006113013 ) ; 4t mt i A 4% B % ik & W H
(8131003)

EER N ERE(1991 ~ ), & W05 A, FEHF 5T 07 1 R /R
BER TR G A I BEAL FRE | E-mail ; dagidongq@ 163.
com

# JHIHIK R A, E-mail : pszhao@ ium. cn



10 44 TSR« R RO S [R) R I JBORE 1 RIS 5 BRBE ) 3687

Jo e VR BB (R AR A 100, 4 G AT I TR X A S A T
BRI 0. (FFE S BR A A 3o 2 o, A i o o
Ve J3E B0 B 728 A ST A A R K 0 B 5 R
RIMEREEER, BB FR I 2 XS0 I T B AN A2
TR XA IR Al T, 38 5 e k7 308 TR AU T8 Bk PR R
ARE LR, Horh i 2 2 AR S s 3 7
A R 7K P B 1) A XU S I A A TR AR R
YERL. BT AR A e o B e R G A b 22
A, XE R 20 T R N o e BAARVE A e HE
BT 22 Sl O S 7 A2 R S ), A5 I 2 2
R R NS,

AN A 273 X B AR SR IS 1R T R AL T 1 A7
ARG MZEA 25 18, & I -5 A8 R 1 1 i
FEBR R S R I BOR B o AT L TS . T %
R S TR K2 AT B L R A A VTR AR
Chate % X REFFHL I AL RECA KT T R4
SN R R Ve AR o S ORI T A LR 3 A
ATEAYH, D7 e, B RE R | K RO UK
Fe e e AL, BB R LA B AL T
LR, 4 4 <0.2 I, I RBCR SO
e B O, 6 d 2y I 9 7 BB
S EARIG G TS AE 10 pm J5 I R4
L AR EARZEA, 2 d, > 10 pm I Rl 5
BAEIT 1, ABERARIG MG K 7R BORLAR 0. 2
~2 pm JEE A I R AR, X IES Greenfield
T 1957 4E5E X Greenfield gap” " AHRF . FFLA,
A 3 KO S S Al 17 B3k 1) AR BIL TR SE A B T
TR L W0 G A3 A R X S I T B A R
A BRI R A [ 6l 0 R B 250 22 5, 455 58
DU PR RRT 15 | 0 OB 7 1 B IR MR B DL S L%
EWRFR, BANEKER RS RN LA
o920

25 b KON R S B E I R IRZ
BILHI 2 A, AN A R /K i Je A0 I a0 B %o
TC A S e Re A B B3 R AR LA B2 45 sz i A1
RIZEEAE I, JUHTE I HEBR AT 0 BRI U0 IS i
BRAE IR SZ0E 5 o Z M R AL A B A AR S &
TR BKIER R, IR R B 20 TR B, A
Al RE A TR FR T ) S PRt R HARMEZR IO 5
T IC SR, TR R S WD B AT 2 A R 2%
FE. BTLL, R T 28 Hh R AR S0 I s ok i) e F2 22 L
i, ARG [R5 ) T BR A X KRR BR A
FHRIRR ABEFEA % SR L | Hvk R 554
TRAAF AR S 1 000, 1) FH 4t AR RE i 43 LR A9 S 4

SEHTEL, ST RO R T BRAE . Ak, o T
HE— AP A U U 5 ) 2 P i BR AR, , ) 512
DEIFREE PM, B KO0 LR BER GORE, XK
i P SR IR ) AR AR DLt AT 1 .

1 #RE5FE

HAE Chate 552 (ORI 5E 45 5B, 76 ST oA
R | Z g iont it LA K i It 25 <0 AT Y T OB Bl S5 R
PR , TR 5 T HEA T Rl Y — i R bl
FEAEH PR (inertial impaction) , 5%
I STUASE A0 V18 5% 1 42 %8 245 1) — S W B (o
FETE AL Stk.

HriE e gl Stk & — N E 3
S 38 E TG SO g Stk SR AR S H B BORE
Yy 55 B 1R 5 15 0l 8 %) TT BB . Y 0T HE S T A
Stk A7 1 B R TLR 2R 50% . WiFEoa gl Stk
K, Rl A LR . X R AT 5 ST Stk 13
RN W

Stk = % (1)
Kf,p, RIGHRLYI L, C, 2RI BB IE R L
(slip correction factor) ,d, J&:4 WOk Y H AR, U 2
FEYR T 22 AR S B, d, RTE IR REE. n
s B R R B, #E NTP (293.15 K 1 101. 3
kPa) T4 18.203 x 10 ™° Pa-s"™. s\t B & IE &R
B AT R A RS BAS d, A
%[27] )

T DL EFS R RTIE 5 S ORE RlE A Aok
FEHEAT T 50T, TEA SO iy a4 B2 48 (BUE K
SR, BT IR NS ETR T RO N
B BBURL ) il 5 Y A b B A A e
Hr A = i S B BURL ) B BE p, 2970 1.7 % 10°
kgem ™ d, JEAR I IWURLY 1 B AR, d,, J& 38 T
(B, U 248 MR AR T 28 SO0 N BEoR B2, I
FEre gL stk it AP d, 5 U BIRA T
Mason T W45 A AR 25 S0

1/ InRITAE ) | s O il Qe IS RSITAT TN
JERE R G55 — 8 I W 4 K R 7T DA H 3
S R~ RUBE RSP 1898 B2 i AR AR (1) T 4T
Wt s BT (AARBIFY 2R AL A )
TR~ 55 T Al ) BLAR L AR IRy | TR
B RASEE R R AL 23 3 IR Y KRB A B R 22
S AN SIS | ARk FOR AR S S I
R, FOR AP 495 B 25 BT BRI, BT AAS SCTE T3



3688 ¥

i

B % 37 &

P EIBOE RN TR .

SRR R FOLIN BERE JCTE A ROt 0 ek X
2 R S VSR A T A AN GE T i ] L 1 35
WIREK 5 PM, e E B G 28, 0 SR B /R R T
T W B BRAE T T2 R 2 B B K R
PM, s R RE AR i I A B AR i 7 S B D v, AR
ZREKGI R PM, B TF 30 B R AIG, s AT
Fot. ST, AT TR E SR T
ol KU GE A S LI sl P A N ) PML, R R LA
SSINUREILIEE 3 1 €1 R WSE. STNE 3 ]
] BT R K L A, X PML, R B AR A FoK e R v
A HABAG T BLBEAT 23 BT e Tt EAh, 3 Pt i
TS R R K R b S EORS A A KA O3 A
FAE AR AT 0 AT

2 HRE5HM

2.1 RIS U R T A B e TR
A (1) XA [8] R AR Wi 5 AN [/ R/ 1Y

PM, i F IR LA AT HHAE 4 R LR 1.
1 paT DU 7 ORE PR AS E B L
N, BEE FRRRLAR A8, SR O TR Stk Se RS
W/ KRR ER—BA 3 ~4 mm, 5RKH AT A
7 mm, BB A EARNAE 0.5 mm LIT. 24
®1

TRAEN 0.5 ~1 mm B, Xt Rz A9 TG s T8 Stk S
TR, RV B2 DX R] A4 RRTIRE X IR0 1 i ) FH
Beo. 40 AR /N IS, BT AL Stk 2
90, FREH R I X R AR ER /N AR 15 1 4R 3 o
IFEFAR/N. MW R 2 W s, (1) H TR
AT T2 S N A U A AER N, (L HIE g
BEMOR N, F2 U/ d, BELEARWIE/N, W H T
A B AT TR Stk AT RAAIG , B2 B4 K1)
TR X A I T T B A FHAT BT RAAIR.

FERIRRAE A B B0, W3t s gk Stk &
i 25 ST A A0 P 8 RT3 K, B 9 T 8 R R
YR B BRI FH AR, X8 /N R S0 40 vl Y FH 553
RIS, ASBIFGE TR T AN [R) s 4% T i AT % 7 A ST 96 5
WStk o0 1 BRI IRAR B RN, 25 SR B, Bl
TEBRVE SR IY 0.5 ~ 1 mm ARG, %F 7 A9 B 46 70
Bl Stk o 1 BRI YRR 2 6. 80 wm ZE4. Xt
THRIAEA 2 pm DLUF AR, HHTFE e f4L Stk 4
I/NF 1 B, BEZK G PR 8T R 1 PM, | Ailf 188 1 PR AR
FHAR/IN W TRAR KT 2 um AOHLIBURL Y | Bl 138 075
(L RN

PEAN, 24 Stk =1 B X645 AN [RPRL AR [ 35 97 X6F 7 )
TR PR TR R B, IR TG IE RN, O R A B
T8 BRAE I AL R 2 LR ).

FRREHHITEERIIR

Table I ~ Summary of calculation results for Stokes number

BRI d, /i

TR d,/mm

0.01 0.1 0.5 1.0 2.0 3.0 5.0
0.01 0 0 0 0 0 0 0
0.1 0 0 0 0 0 0 0
0.5 0 0.01 0.01 0.01 0.01 0 0
1.0 0 0.02 0.02 0.02 0.02 0.02 0.01
1.5 0 0.03 0. 05 0. 05 0. 04 0.03 0.02
2.0 0.01 0. 06 0.09 0.09 0.07 0. 06 0.04
5.0 0.04 0.34 0.55 0.54 0.43 0.36 0.24
8.0 0.10 0.87 1.38 1.36 1.10 0.91 0.62
10.0 0. 16 1.35 2.15 2.12 1.71 1.42 0. 96
NV '8
=4 Stk =1 BB 1749 25.27 8. 60 6. 80 6. 84 7.63 8.39 10.22
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Table 2 Number of precipitation processes in each season
=4 &% 2% &S &%
EYSUREZN 19 86 32 14
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Fig. 1 Diurnal variation characteristics of the aerosol number size distributions and some related factors during the period of rainfall process

1, WA EBRVE AR /N X FRARKR T 2 um A
L) Bl BRAE AR XS 3K

W AEXF 2012 ~ 2014 4F P AT (1) B K a2 1) 5080
Giito Tt & B, 7 151 S FE K 8 op, B K AT IS
PM, W& B4 B S R AIG A o A O 8 R K e AR TR
B 15.2% . 1 H, X se i # 87, 0% Wyt Yy
PR AT KA KL, 3t 7843 U B T XUFE % 3 ki
BT EXLEEEM. PM, WK FTFA K T
m7 BB BRI AR 36. 4% , Ve BE - TF A FEK AT 1.2
R R 5 B T B B TR 43. 6% . ILAL,
TE 637 NREIK IR T, PM,, W6 BE B TR I 31
BFR I 43. 2% , T BERY BT IR 5 2B 52. 4% .
1M FERTA A RE K R PM, v B8 BT 3 A1 1Y
AP A 3 1. 7% . FRIABEKXT PM, s 5 BRVE TR
55, [RIA 38 2k X A AS AT 5 B A R, R KRR
RS R B AR AR SR T () PR AR B B I 5 JERL
Xt PM, s Bk A rh A RS R IR IR IE A 1
O3 E R RN L BRAE T T/ XURER KRS T,
RE KOG AR RS S0 IS I A I S I SR A, s

FRAl PM, VR A T T,

T B, A T 3 B K SR IR T BR Y
e FEEHU A58 T AH & 3130 F0 0 3 X 688 K 37 B AR
FHI A FEABIF 5T v A 2% el | H ok M 7 %
SRR IR SRR S 17 00, O L Z0M8 T W K AR A
AR, R A SCRFZE ISR EL RS | 20
58 X I LA i I 2 ST 0 T L3 0 SRR A O ) —
M AR, e SEPRAE AL, DL R R R A ]
Re &b X AT S L T bR P= A 5. FIrLA
FE ELAR A K I 7 Hp A SR AR B S PR 055 BRASOR , 75
BLEFXT LA R AT 25 A 5 1, 4T A0 B F 5T R
IK TR BRAE .

4 Hig

(D) FEPT B E , 2= U KL% 1k A 3)
ORISR 8 T3 R 19 A JRORE 1l 42 1) 0 4
SOITRL Stk AL, X TORIAR S 2 wm LR B BORLA)
T FE sE TR Stk 4938/ T 1, BRI R A0RE 4 14
RS BRI, X FRARRT 2 wm BOHUBURL



10

B . [ TR R TR SR T R e )

3691

Yy, BRI R AR AR XK.

(2 ) 368 2o F 3 R o v A A o A A A 1

BLHEAT AT R I, KA BARZAR AR ( <0. 1 pum) Al
BB (> 1.0 wm) A A8 AEBRVER  HXF
FURBLAS AW BRAE AN . | PM, ARk
JE 2 Ay A AR BUR ML, B Ib, [ KO 34 85 v )
PM, s 4RIl R0 B AR FHAR 55 .

(3) 3 X PM, e 8 R0 07 B 20 1 S 2 B R

T DB HEAT ST o BT R R, 46 K 25K
TEFR LA L A R T PML < 4 B I 0 A B B A
HA R L 8 Rkt PM, B 24 BT ETHY,
AL 12222 W R X PM, L 4 e v B VE AR A BR.

SE
[ 1] Zhao PS, Dong F, He D, et al. Characteristics of concentrations

and chemical compositions for PM, 5 in the region of Beijing,
Tianjin, and Hebei, China[J]. Atmospheric Chemistry and
Physics, 2013, 13(9) : 4631-4644.

Zhao P S, Dong F, Yang Y D, et al.
carbonaceous aerosol in the region of Beijing, Tianjin, and
Hebei, China[ J]. Atmospheric Environment, 2013, 71, 389-
398.

Zhao P S, Zhang X L, Xu X F, et al. Long-term visibility trends
and characteristics in the region of Beijing, Tianjin, and Hebei,
China[ J]. Atmospheric Research, 2011, 101(3) ; 711-718.
BFE, WAL, o, & JERTH XK TR 5 R PM,, s T5
SREROCERESNT 1], BERE, 2013, 34(2) : 416-
423.

Zhao X J, Pu W W, Meng W, et al. PM, 5 pollution and aerosol

optical properties in fog and haze days during autumn and winter

Characteristics of

in Beijing area. [ J]. Environmental Science, 2013, 34 (2):

416-423.

BEORIGE, SRR, M, AF. 2015 4R 12 Adbatili E S E G Y

FEIHT BT Y IR HE A AL [T]. BRIEREE, 2016, 37(5):

1593-1601.

Xue Y F, Zhou Z, Nie T, et al. Exploring the severe haze in

Beijing during December, 2015 pollution process and emissions

variation [ J ]. Environmental Science, 2016, 37 (5): 1593-

1601.

B, X0, RARZE, AF. bt B R R R K A X

RAPR 1653 A B [ T]. FREERLAE, 2006, 27 (11)

2293-2298.

Hu M, Liu S, Wu Z J, et al. Effects of high temperature, high

relative humidity and rain process on particle size distributions in

the summer of Beijing[ J]. Environmental Science, 2006, 27

(11): 2293-2298.

W, B, HERT, & REBEFRFMRSEMHT AR

JREH BETS A3 AR RRAE [T]. TR X BTIR 5 35, 2014, 28
(12) : 64-70.
Yao Q, Cai Z Y, Han S Q, et al. Variety characteristics of
aerosol mass concentration and number concentration in typical
weather conditions during spring in Tianjin [ J ]. Journal of
Arid Land Resources and Environment, 2014, 28 (12) . 64-
70.

(8]

[10]

[11]

[15]

[16]

R, R, BEBESE. B RtdbRR A R AR S I
BREFAEDTTELI]. B S 3BTRS, 2009, 14(5) : 523-530.
Kang H Q, Zhu B, Fan S X. Size distributions and wet
scavening properties of winter aerosol particles in north suburb of
Nanjing[ J]. Climatic and Environmental Research, 2009, 14
(5): 523-530.

REH, ok, ®IIC, TP X RO S Bk B K
KB TWREREMR ], BRAZR, 1991, 10(1) ; 52-60.
Wu Y X, Shen Z L, Huang M Y. Effect of precipitation on the
concentrations of both the aerosol and the ion of rainwater in
Chongqing area [ J]. Plateau Meteorology, 1991, 10 (1) 52-
60.

Chate D M, Devara P C S. Parametric study of scavenging of
atmospheric  aerosols of various chemical species during
thunderstorm and non-thunderstorm rain events [ J]. Journal of
Geophysical Research, 2005, 110(23) . D23208.

EBE, oM, BEBGT, % RIS TN BRELE KI5
[J]. HEBEBERSE2E4R, 2014, 31(3) : 306-313, 321.
Wang Y, Zhu B, Kang H Q, ez al. Theoretical and observational
study on below-cloud rain scavenging of aerosol particles|[ J].
Journal of University of Chinese Academy of Sciences, 2014, 31
(3):306-313, 321.

Greenfield S M. Rain scavenging of radioactive particulate matter
from the atmosphere[ J]. Journal of Meteorology, 1957, 14(2) .
115-125.

WL, ZEH. RO R T BRI S B [)]. KR
2%, 1992, 16(5) : 622-630.

Peng H, Qin Y. The parameterization of the influence of
precipitation on the washout of aerosol particles [ J ]. Scientia
Atmospherica Sinica, 1992, 16(5) : 622-630.

RN, AAES. W R S R TR R B [T ]
HERL ], 2005, 25(12) ; 1590-1596.

Zhao H B, Zheng C G. Numerical simulation of wet removal of
falling [ J ].
Circumstantiae, 2005, 25(12) ; 1590-1596.
AR, RRAEDE. AR BRI Ao 7 ) B L 1k A i e
LT, NHBCERIII%, 2006, 27(10) ; 1159-1168.

Zhao H B, Zheng C G.

simulation for drop scavenging of aerosols [ J ].

aerosols  when  raindrop Acta  Scientiae

Stochastic algorithm and numerical
Applied
Mathematics and Mechanics, 2006, 27(10) ; 1159-1168.
PMVIREL. Ao i B AR K B0 ) S P T AR 52 i ) UL 4
FE[D]. dust: hESGRERTRE, 2012, 14-17.

Sun G H. Observational study on the influence of wet deposition
of aerosols during summer precipiation at Shangdianzi station
[D].
2012. 14-17.

Beijing: Chinese Academy of Meteorological Sciences,

Chate D M, Pranesha T S. Field studies of scavenging of aerosols
Aerosol Science, 2004, 35(6) : 695-706.
Chate D M, Murugavel P, Ali K, et al.
scavenging of atmospheric aerosols for aerosol deposition models
[J]. Atmospheric Research, 2011, 99(3-4) . 528-536.
Jaenicke R. Tropospheric aerosols[ A]. In; Hobbs PV (Ed. ).
Aerosol-Cloud-Climate Interactions [ M ].
Press, 1993. 1-31.

TR, AT RYRERIER (D], A, hEREE
AR, 2000, 16-21.

Andronache C. Estimated variability of below-cloud aerosol

by rain events[ J].

Below-cloud rain

San Diego: Academic



3692

woooH

2% 37 &

[22]

[23]

[24]

[26]

removal by rainfall for observed aerosol size distributions [ J].
Atmospheric Chemistry and Physics, 2003, 3(1) . 131-143.
Loosmore G A, Cederwall R T. Precipitation scavenging of
atmospheric aerosols for emergency response applications; testing
an updated model with new real-time data [ J]. Atmospheric
Environment, 2004, 38(7) : 993-1003.

Mircea M, Stefan S. A theoretical study of the microphysical
parameterization of the scavenging coefficient as a function of
precipitation type and rate[ J]. Atmospheric Environment, 1998,
32(17): 2931-2938.
Mircea M, Stefan S,
coefficient; influence of measured aerosol and raindrop size
distributions[ J]. Atmospheric Environment, 2000, 34(29-30) .
5169-5174.

Chate D M. Study of scavenging of submicron-sized aerosol

Fuzzi S. Precipitation scavenging

particles by thunderstorm rain events [ J ]. Atmospheric
Environment, 2005, 39(35) : 6608-6619.
Rader D J. Momentum slip correction factor for small particles in

nine common gases| J|. Journal of Aerosol Science, 1990, 21

[28]

[29]

[30]

(2): 161-168.
Kulkarni P, Baron P A, Willeke K. Aerosol measurement;
principles, techniques, and applications (3rd ed. ) [ M]. New
York: John Wiley and Sons, 2011. 18-20.

BRIEEE, BNA, FEE, FORSYHE(M]. dia. JUE
R AL, 2003, 332-333.

B, KA, RIE=, 55, 754 B IL 55z 323 ] 4] i 5t
M EERART5 Rk AR AL S5 00T [ 1], BRI Ak, 2015,
34(5) . 824-831.

Zhao H, Zheng Y F, Wu X Y, et al. Variation and analysis of
air pollutants concentration in Nanjing during the Youth Olympic
Games[ J]. Environmental Chemistry, 2015, 34(5) ; 824-831.
TREE, WA, BR—W0. AU O [ RS 40 T SR A
W RAR ST A RFIERR ST [ 1], FREERL:, 2016, 37(4) : 1208-
1218.

Su J, Zhao P S,

concentration size distributions of aerosols under different weather

Chen Y N. Characteristics of number

processes in Beijing[ J]. Environmental Science, 2016, 37(4) .
1208-1218.



HUANJING KEXUE Vol.37  No. 10

Environmental Science ( monthly) Oct. 15, 2016

CONTENTS

Scavenging Effect of Rime and East Wind on PM, s Under Air Heavy Pollution in Beijing ~ «+seeeeeeeressesssiennssinienennn SUN Zhao-bin, LIAO Xiao-nong, WANG Zhan-shan, et al. (3679)
Impact of Collision Removal of Rainfall on Aerosol Particles of Different Sizes ««+x«+xessererereressnnsnsnineinsniinissnssn e DONG Qun, ZHAO Pu-sheng, CHEN Yi-na ( 3686 )
Source Apportionment and Health Risk Assessment of VOCs During the Haze Period in the Winter in Beijing «+++veoeeorereesesenneissisensiennn LIU Dan, XIE Qiang, ZHANG Xin, et al. (3693)
Pollution Characteristics and Emission Coefficient of Volatile Organic Compounds from Shoe-making Industry in Zhejiang Province ~ «++++vereeee XU Zhi-rong, YAO Yi, CAI Wei-dan, et al. (3702)
Oxidative Capacity of the PM,, and PM, 5 in Beijing During 2014 APEC ++eseeeerereesesssersrssssnniinisiiiiisene GUO Qian, SHAO Long-yi, WANG Wen-hua, et al. (3708)
Concentration, Water-Soluble lonic and Polycyclic Aromatic Hydrocarbons Composition and Sources of PM, s During Summer in Hongshan District, Wuhan — «eeoeeeeeessensssiniinnens

SUN Yan, QI Shi-hua, ZHANG Li, et al. (3714
+ WANG Zhen, YU Yi-jun, XU Pu-qing, et al. (3723
Comparison Test Between On-line Monitoring of Water-soluble lons and Filter-based Manual Methods for PM, YANG Dong-yan, LIU Bao-xian, SHI Ai-jun, et al. (3730
Chemical Composition of Water-soluble Ions in Smoke Emitted from Tree Branch Combustion = ««+:e+eesseseesessesenensmenenennsinininsininenns LIU Gang, HUANG Ke, LI Jiu-hai, et al. (3737
+++ FAN Xiao-xiao, JIANG Jing-kun, ZHANG Qiang, et al. (3743

Statistical Characteristics of Urban Changzhou PM, 5 Based on k-means Analysis

Number Concentration and Size Distribution of Particles Emitted by Light-duty Gasoline Vehicles

)
)
)
)
)
)
)
)

Testbed-Based Exhaust Emission Factors for Marine Diesel Engines in China ++ XING Hui, DUAN Shu-lin, HUANG Lian-zhong, et al. (3750
Distribution, Source and Human Exposure of Phthalic Acid Esters (PAEs) in Surface Dust in Urban Area of Xi’an City, China -+ ZHANG Wen-juan, WANG Li-jun, WANG Li, et al. (3758
Mercury Emission Characteristics and Mercury Concentrations of Municipal Solid Waste in Waste Incineration Plants «+«+xsseseeeveeeees DUAN Zhen-ya, SU Hai-tao, WANG Feng-yang, et al. (3766
Role of Sulfate-Reducing Bacteria in Mercury Methylation in Soil of the Water-Level-Fluctuating Zone of the Three Gorges Reservoir Area »«++seseeseeesesereresisnieneniinininnns

* CHEN Rui, CHEN Hua, WANG Ding-yong, et al. (3774)
LIAO Yu, SUN Yu-chuan, SHEN Li-cheng, et al. (3781)

Impact of Urbanization on the Sources of Dissolved n-alkane in Underground River

Source Apportionment and Ecological Risk Assessment of Polycyclic Aromatic Hydrocarbons in Surface Water from Yangtze River, China; Based on PMF Model ««+«eseeseseerseseeneneneenens
......................................................................................................................................................... WANG Cheng-long, ZOU Xin-ging, ZHAO Yi-fei, et al. (3789)
Hydro-chemical Characteristics and Quality Assessment of Surface Water in Gongga Mountain Region HE Xiao-li, WU Yan-hong, ZHOU Jun, et al. (3798)
UV-Visible Spectra Properties of DOM from Taizi River in Benxi City Section by Multivariable Analysis »++-++-* QIAN Feng, WU Jie-yun, YU Hui-bin, et al. (3806)
Vertical Distribution Characteristics of Dissolved Organic Matter in Groundwater and Its Cause — «++veeseeseereeneessmmenensisncnenen HE Xiao-song, ZHANG Hui, HUANG Cai-hong, et al. (3813)
Sediment Characteristics of Sewer in Different Functional Areas of Kunming ««+eesesersessessessenenmmninensinnnnn CHANG Hai-dong, JIN Peng-kang, FU Bo-wen, et al. (3821)
Concentration of Phosphorus in Sediments Interstitial Water as Affected by Distribution of Aquatic Plants in Dianchi Lake ««+-++«+se+e-e DING Shuai, WANG Sheng-rui, ZHANG Rui, et al. (3828)
Efficiency and Mechanism of Capping with Purple Parent Rocks to Control Phosphorus Release from Sediments = «+esxeoeseeeereseeeseseeeees HUANG Xue-jiao, SHI Wen-hao, NI Jiu-pai, et al. (3835)
Temporal and Spatial Distribution of Phosphorus in Paddy Fields Under Cyclic Irrigation of Drainage Water «-«+-«sstsseeesesesenesenensnneenne JIAO Ping-jin, XU Di, ZHU Jian-qiang, et al. (3842)
GO/QPEI Nanocomposite for Fast and High-capacity Removal of M. Aeruginosa ««+«+++sstsveseersssssnssressssnininnininiiitiiss s LI Jie, XIAO Lin (3850 )
Enhanced Pollutant Removal Performance of an Integrated Biological Settling Tank from Micro-polluted Water Bodies —+esvseereereesesesereeees WANG Wen-dong, LIU Hui, MA Cui, et al. (3858)

Odorants Removal and Microbial Characteristics in Treatment of Micro-polluted Source Water with Biological Powdered Activated Carbon-Ultrafiliration Combined Process

............................................................................................................................................................... XUAN Yong_qu ZHOU Ll, DENC Hul-pll’lg, el al' (3864)
Effect of Polysilicic Acid on the Deposition Behavior of Different Aluminum Species +««+s+xsessesserserssenenennsisinenssninsnenens ZHAO Yuan-yuan, ZHANG Yue, LI Su-ying, et al. (3870)
Concentration Variation and Removal of Amino Acids in Typical Drinking Sources in the South of China «+«+essereereeesrmerenesenicnenen LIU Wei, CAI Guang-giang, LU Xiao-yan, et al. (3877)

)

Degradation of the Nitrogenous Heterocyclic Compound Quinoline by O5/UV - «eeeeeeseeees +++ CHEN Ao-lei, CHANG Feng-min, WANG Cui-ping, et al. (3884
Impact of Anthraquinone-2-sulfonic Acid on the MO Decolorization, Hydrogen Production and Energy Creation During Anaerobic Fermentation of Klebsiella oxytoca GS-4-08 with Sucrose

.............................................................................................................................................................................. HU Jin-mei, YU Lei, HUANG Tian-yin ( 3891)
Classification and Analysis of Dissolved Organic Matter in 2-Buternal Manufacture Wastewater ««+:«+stssssseersesesssmmensnnienicnennes SUN Xiu-mei, SONG Guang-qing, XI Hong-bo, et al. (3899)
Concentration of Nitrate in Main Anoxic Stage and PHA, TP Metabolism for Nitrogen and Phosphorus Removal in Single Sludge System with Continuous Flow «+«esseseeseereresnessenesicnenenens

............................................................................................................................................................... WANG Xiao-ling, YUAN Dong-dan, BAI Li, et al. (3906
Distribution Characteristics of Anaerobic Ammonia Oxidation Bacteria in Sediments from the Adjacent Seas of Yangtze Estuary ««++oeeseeeeseereresescnnne FU Lu-lu, ZHEN Yu, HE Hui, et al. (3914
Bacterial Community Composition of Activated Sludge from Coking Wastewater «++++x++sstreesresssssmenneissenininne s MENG Xiao-jun, LI Hai-bo, CAO Hong-bin, et al. (3923
Soil Bacterial Communities Under Different Vegetation Types in the Loess Plateau (

HU Xiao-bing, RAO Qiang, TANG Su-lan, et al. (3939

Effects of Phenol on Activity and Microfauna Community Structure of Activated Sludge

)
)
)
LIU Yang, HUANG Yi-mei,ZENG Quan-chao (3931)
)
)
)
)

Comparative Investigation of Antibotic Resistance Genes Between Wastewater and Landfill Leachate +-«+««-reoveeerererermeneneneniennininenneinns HUANG Fu-yi, LI Hu, AN Xin-li, et al. (3949
Performance and Influencing Factors of Dissimilatory Nitrate Reduction to Ammonium Process by the Strain Desulfovibrio sp. CMX =+ XIE Bing-ke, ZHANG Yu, WANG Xiao-wei, et al. (3955
Effect of Straw Incorporation and Domestic Sewage Irrigation on Ammonia Volatilization from Paddy Fields ««-v+essereerrerreeeencnneescnnes XU Shan-shan, HOU Peng-fu, FAN Li-hui, et al. (3963
Seasonal Effect of Simulated Nitrogen Deposition on Soil Respiration and Soil Enzyme Activity in Masson Pine Forest in Mt. Jinyun, Chongging, China
.................................................................................................................................................................. ZENG Qing-ping, HE Bing-hui, LI Yuan, et al. (3971)
Effects of Biochar Amendment and Trrigation on Denitrification Losses in Greenhouse Tomato Fields «+-«+«+veseereeeeeeee ZHANG Wen-juan, SHE Dong-li, Gamareldawla H. D. Agbna, et al. (3979)
Effects of Soil Texture on Autotrophic CO, Fixation Bacterial Communities and Their CO, Assimilation Contents WANG Qun-yan, WU Xiao-hong, ZHU Zhen-ke, et al. (3987)
Simulation of the Absorption, Migration and Accumulation Process of Heavy Metal Elements in Soil-crop System ++ SHI Ya-xing, WU Shao-hua, ZHOU Sheng-lu, et al. (3996)
Synergetic Control of Bioavailability of Ph, Cd and As in the Rice Paddy System by Combined Amendments +++++-+++ WANG Ying-jie, ZOU Jia-ling, YANG Wen-tao, et al. (4004)
Effects of Different Organic Materials on Bio-availability of Cd, Pb in a Contaminated Greenhouse Soil «+++++sereeessesnersesseennenne ZHOU Gui-yu, JIANG Hui-min, YANG Jun-cheng, et al. (4011)
Effect of Montmorillonite on Fractions and Availability of Phosphorus in Soils Applied with Organic Fertilizer ««+:«-sssesesseseeeees SONG Xian-wei, ZHAO Xiu-lan, ZHANG Jin-zhong, et al. (4020)
Effect of Nano Zeolite on Chemical Fractions of Cd in Soil and Uptake by Chinese Cabbage at Different Soil pH and Cadmium Levels -+ QIN Yu-li, XIONG Shi-juan, XU Wei-hong, et al. (4030)
Characterization of Cr Tolerance and Accumulation in Lolium perenne L. and Pharibitis purpurea(L. ) Voigt «++sverereeeeeereererenen DONG Bing-bing, CHEN You-yuan, HUI Hong-xia, et al. (4044)
In vitro Metabolism of Volatile Methyl Siloxanes «+«+««sstssssrssessersesesenenennininensin s e LI Min-dan, ZHENG Guo-mao, WAN Yi, et al. (4054)
Efficiency of Aerobic Co-composting of Urban Sludge and Chinese Medicinal Herbal Residues —«+veeeererseresesssensnsininsiienn SU Cheng-yuan, ZHENG Peng, RUAN Qi-hua, et al. (4062)



(IMEFRIZFENF 6 REmBEE

£ & BA
BIES: B E BN

9

Z. (HUEREEHT)

=
A

AN
=

3 > iy 7
VL EAR EUIE EZZE WM B o LEE
e S S S Y73k 2,
FOKE NEE X s w0 RS ARE
N =Y > —4= 3 ==
BAEA BEAE £ AR R I BkE W &
W N NS 3 s
WO B R W N W W B
-
w % # g ENVIRONMENTAL SCIENCE
( HUANJING KEXUE) (Monthly Started in 1976)
(HT 1976 48 HAIT])
2016 Qg 10 H 15 H ’;E"? 37 % %‘ 10 Eﬁ Vol.37 No.10 Oct. 15 5 2016
* & TEPER Superintended by Chinese Academy of Sciences
* j]\ *]ﬂf#%%i?&%iﬁﬁﬂ%qj,b Sponsored by Research Center for Eco-Environmental Sciences, Chinese
o o (LEIERE T Academy of Sciences
AL 5T T B8 45 40 R 22 BF 5T Co-Sponsored by Beijing Municipal Research Institute of Environmental
R = S SN Protection
* % A School of Environment, Tsinghua University
i - . Editor-in -Chief ~ ZHAO Jin-cai
= |OORERE) Gi % 5 & EthO(: ; } by Th Ed'tm 'CTB d of Envi tal Sci (HUANJING
. gt | o . ite y e Editorial Board of Environmental Science >
LU 2871 {7 (I3 UL
18 5, R4 : 100085 ) KEXUE) )
H1IT .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085, China
1’%E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mai.l:hjkx@ rcees. ac. cn E-mail :hjkx@ rcees. ac. cn
hitp://www. hikx. ac. en http : //www. hjkx. ac. e¢n
H B 44 4 " " m Published by Science Press
b AR L A 16 =) 16 Donghuangchenggen North Street,
Hiliﬁl%é-lomﬁ Beijing 100717, China
EN R 2 3T dvscdbAkenil) Printed by Beijing Bei Lin Printing House
% 1T 4 # - K ib Distributed by Science Press
FE 35 .010-64017032 Tel :010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT 1 A& SLEKHHEEE Domestic All Local Post Offices in China
EShR&RIT  HE E PR S E R R A F Foreign China International Book Trading Corporation (Guoji
(b5t 399 f54) Shudian) , P. O. Box 399, Beijing 100044 , China
—ei=  ISSN  0250-3301 s =
nEHS ———————— X
RERETS: 1805 x ERBRL RS 2-821
B A E fir: 120.00 50 ESEZITRS: M 205

EASMRFET



	封面
	10fm
	中文目录

	英文目录
	英文目录
	封底




