ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE




w % B 37 5535 % 4510 0

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2014 410 A 15 H

H K

T DU ol DMLY 6152 D PM, o/ PM, SRAEZREQBIE] oo o3 0B, B KBR, 4R, PRAMD, 20040 & 91(3639)
1992 ~ 2012 AR TS AT FAE FLRRAE BT 2 oo evvveveoeeemeoeseeeece, HAHE, T, R, T, 4R X (3644)
T S LA R R ORI T B B R AL AR AR S - PR i 4B 4R X7 KA R H X A8 (3651)
e B MRIZE AL T 208 VOCs HEBCHFE S BFAIARAT ovvvvveeeo B8, EAR, KA GRAER, UK, R A (3663)
Bedii i NO, Al SO, JEURLHE B bEAT R WO NO, HEBHYTLI -oeoveeeeeseeseseeenens EER ARE, RES, BH(3669)
TR BT B S T I T L BE B I T IFT -+ eeeeeeeremmmmmmmmm ettt RE KM, AP X(3674)
R P A - A ALY + ST R BUR G TR BTG Y RYSIN  -ooeeeeemeeeee TRk A% (3683)
TR I AL 2 R GU DT v oeeeeeeeeereremmmme e KB FNRATF, BRI TR (3692)
3 KB TR B AR SR AT < veveveeeseeseessec KR, B, T3, EARE, EHK(3702)
L MB35 T 37 R U TS FE R I 25 R AIETIETY + v vveevvveeesmmmneesssnneeesinee st ee e st W AR, Z o F(3709)
AT K SO R A2 PR AR N . AT DRSS R M T RG] -oeeeeeeeeee FRE, RIERE, TER,ILEM(3716)
AR T REOK Th Z RIS YA S A SRS PR - SRR IR W T, R AR T, RAE R 4B (3722)
55 1) P A 8 X ST 375 TR v 2 R B 5 0k ( PBDES ) (75 YL AE A AR v vveeeeeeremmmmeeee s

.............................................................................. GEE UL KEE, ZLE, BEH, N, E5(3731)
SREAT T8 R ST i R B EE G S A A R AT -+ v v eeee oo oo e ee e TR, EL, DRITF(3740)
FATIT T COD 15 DO (IS E S ELELM 25 vvvvvrreeeeeeeeeeeemmmii e WA, AL, E Ak, BK B 3748)
FTI R CDOM WU 558 Sl Z A AR AL TIFGT v vvevreeemmmmmneeeeemnn e e e WEE, BE, R, HE, T4 (3755)
AR I EAX (RN S N PR b B e L A, FERE, HEF, KF ) (3764)
M FIRATEE R 7 B M SRORBETIIITE -oeeemeeeeeeeeeeees WU, BRE, T, EAR, FAE, RER, LR (3769)
N s N R B S Sy ¥ € S (S bR E M, I, R E, TR(3775)
Ao HEK G S A R AP (I ) BIPERE oeeeeeeremeemmeenieeeeeenes TR, BB, Tl 4], 0 B R, R, T 998 (3782)
SN N T AR BER VA E IR AR IR -oeeeeeeee EXR,ETH ERHE, TER, X, KM, KRE(3789)
IR AR IS IR BILPZIRERE oooeeoeeeomee s S, I X B, A F B, B X (3794)
TEALER(P25) SEHEA BRI ER IAIIFGY o vvverereremm e T A, ik AL, B8 7K B (3800)
TR X B GRS A 0 T 2 o7 200 R TS AN S T A B BT e vveeremmmeeem e o X HA, T, BB, Bk (3807)
IV U P PR 4R Aot P R 2 TR A0 S R BRBIESE oo 48, BT A B4 (3814)
DRI T A X B2 - HE TP AR ORI 2 WA BORURATAL -ooeeeeeeeeemeeeeeans SR HAE T AN, G AF(3821)
TP L P T AR B SR HE AL B IR < eeevvmmmeermmmm e HEE, T, BE, HE(3830)
W X G I T T SRR AT 5T 2R A A B G S B B oo eeeereeemmmmmnit et

.................................................................. 2 5 , E?B%%'EE,—%fé\f/v\,f/%%t%,%ﬁ%,%mﬁ,%m%,%%%(3836)
M PG L S R PR RAS AL oo TR, A IR BT B (3842)
B Z X AR JFRAF B AR+ AR TO -oeeeeeeeeees RS A, ERK G, KT, T/, R =% (3851)
YN MR BN AL RS0 IR A B[ IR oo eeevemeeeemmmmmeeeeeemni e e e o, EHE,ED EWE, T T(3862)
S UV ORI oy O I RA B i R R R e L ML R, ER, A E, R A R(3869)
SIS A AT LA T e + BRI K= W R R EPERIE TS oo I 4k AR A A TR/NR T 34T (3874)
15 RGN 3 SRR E P REE AT TE oo MR, RAER, N&E, FHF,EAEMR(3882)
b A T E HE Ay N ik e S S D) L R W, BT EH =, ERF, 5 HE(3888)
Oy WL TR Xt B 5 ST A AR T SRR HBEM ooveeemememenmeneeeeeeens W, KA R, HEA, ERR, B, 05k % (3896)
il 588 J3E X AN ) - HEA LR AR A & Ul B Y S e FR RIS, R T HE, BRR, R4 (3903)
BCO, REGFLAAUME AT KRG LM I HIRAN cveeeeeermee e W EACRE M (3911)
FIHTEER] Burkholderia xenovorans LBA00 12 = XHILSAAR PCBs B SAUSRAMBEAT: - vvveeeeermennes WRA %, 5K #, vE 0, EUR (3918)
T 75 2L - S R LR TN 14 9555 B OB AU <o evvoeeeeeneenoe LB, 8%, A, A 35 T (3926)
PR AL IR E U E MU P B G A wooeereerees oo, BN HE HET KM, B A (3033)
ER A T P A0 B i B P A A ) BT R B SR SAIT <+ vv v eeeemmrmmreeemmmmi et F g, A E 2 A 3940)
R A T AL A T TN« 35 T2 B AARIE oo T HE BRI, 28, BIE(3947)
KA ECE A SR RFIE BOK A F DAY - oeeeeeeeeeeeeeeens L8, R R, B, B BT I, 2R (3952)
TR A L AEHE G ) R T VERIFET vvvvvrreerrmmmmmreermmmi e, AN EWRE,F L, BEE, Fila(3959)
PEFEIRIX NI TSI K 5 R BRI A SCHERE T oo FW, AT, 2 F B KES, T FIH(3970)
&) ALY Laponite B+ 54 bR AL AR A 48 SO RO AL BRIERE - B REM RN, FHF(3977)
CuO(-Ce0, )/ ALO, HEMFS ZEEAC AMPERERTIL -ooeermeeeeemrereeeeeees T AR A AR, B, KE A 5E(3984)
A MR I ZE IK B 2 AT FP IR - ereeeeeeeemmm e s M Ak, B A (3991)
FESRTTREOS KA COD HEHRIFMIIHT oooeveeereeeeeeeene LR, PR K kL E SRR T (3998)
AE BT A KR A ZS TR RL 2 TEAL - verrrmenreeemmmmm e e e ettt 6B M, B T (4003 )
B E S A HLIS UL VS Y S T FERR IR BHGTE coevvrvereeerrmmmreeeeenin e EH, Bk, EED, T4 F(4009)
FREEA EVTAS MR PRI AL -oveeeeeee e KR, EAW, W E, F R, R, KR, BV (4015)

(ABEREY ERSTRTIN (3887) (AERFYAETT IS 55 (4008) = H.(3730,3739,3774,3895)



Vol. 35,No. 10

%35 B 10 4 H by : =
(U . ¢ Oct. 2014

2014 £ 10 A ENVIRONMENTAL SCIENCE

ETEETRRIENEZEIE PM,, /PM, . XEZHIFF

P bt R BOE ek AR /MBS AR R

(1. WEHRAEAEE =B JLaT 100084 2. ERMERIPRIE G I RekIF S a6 & AL =, J
MR KA SRR, Jbst 100191)

WE . HaqFRE wICE IR PM, SRR, U6 kA r B e T8 PM, REESR AL e B R R BRI AR TR I &
T—FhEE R P, /PM, BRI T RS, S SR IR T IR I &0 T B PRbr i 1SO 77081995 X R
ARRLAE | RAF S BT B 74 mm, Tl 2 T [ e VR O RO R, SRR IR T DL 22 e A, A 0T DL 22 28l 1, i F F
ARV BE (R M A SRAE . RO o 25 (9 D 5 5 R BT o LU S ARG, LU AE IR/ INE DRI s B R Dy MR ARAURL B 2 | UL
e M M AT 11 (0 g 5 0 By SR I EAR Y 1. S ~ 2 A

KB T YR BRE SRS PTIRAURIY (PM ) 5 400K (PM,, ) 5 VIEIRR

FESES. X830. 1 XHEIFRIRA. A XEHS: 0250-3301(2014)10-3639-05 DOI: 10. 13227/j. hjkx. 2014. 10. 001

100084 ; 3. Jbatfnes

Development of a Two Stage Virtual Impactor for Stationary Source PM,, and
PM, . Sampling

JIANG Jing-kun'?*, DENG Jian-guo', DUAN Lei'>, ZHANG Qiang', LI Zhen', CHEN Xiao-tong', LI Xing-
hua’, HAO Ji-ming'"

(1. School of Environment, Tsinghua University, Beijing 100084, China; 2. State Environmental Protection Key Laboratory of Sources
and Control of Air Pollution Complex, Beijing 100084, China; 3. School of Chemistry and Environment, Beihang University, Beijing
100191, China)

Abstract: China does not have a national standard method for stationary source PM,, and PM, ; sampling. Current commercial PM,,/
PM, ; samplers have some limitations when used in China. In this study, we developed a two stage virtual impactor for sampling PM,,/
PM, , from stationary source. lts performance was evaluated using laboratory generated aerosol. Its collection efficiency curve satisfies
the requirement of ISO 7708 :1995 for PM,,/PM, ; samplers. The diameter of this cylindrical virtual impactor is 74mm, smaller than
the diameter of the sampling port in most stationary sources in China. Both filter papers and filter thimbles can be used with this
impactor which makes it suitable for both low and high dust concentration sampling. The ratio of the minor flowrate to the total flowrate
influences the cutoff size (Dy,) of the virtual impactor. Reducing this ratio will lead to an increase in Dy,. The distance from the
bottom of the accelerating nozzle to the top of the collecting nozzle should be greater than 1. 5-2. 0 times the diameter of the accelerating
nozzle.

Key words : stationary source; virtual impactor; PM,;; PM, s ; collection efficiency
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Fig. 1 Schematics of virtual impactor

AR5t 43 B R M o ] FH — SOk R AL, BV E
SETEL(Stk) . /INKIAR B ORI Stk /)N, FOREAR 1)
R Stk K. WERBE—R AR PR A 50% bl 32 %
AT =5, 75 AMA 50% B oE AT, AR %
RiAE A UIEIRIAR (Dyy ) , X REAIHTFE 7 80R Stk .
Dy, Tl Stkeg, OG0 2 W T Wt s T A2 2 itk
PEBRFRBE R LT S H0% - g O o 2
BT S B FE RN B2 D, W B2 D, | B
WEPEIT A BEES S| MEMEC B L W T B A R
FIEHE S50 1 [R5 .

D. - 9D, - Stky, ()
v 4C.pQ

2 ERMERRESRAZITEMT

DL B AR AN 2ok T ] 1 R AE 1 R R T
(80 mm) NJFEMIBELT T PM,,/PM,  XUE R fUL4 o5 %
FERSIIET. 1 JeiRi% Stky, , B EVIEI S Dy 2.5
pm 3% 10 wm , SRS AR L F i A 20 (1) 8 R
i Q MIBEHE A2 D, FIE RIS 45 R R O
B2 D, 49 D, 1 1.3 ~ 1. 4 f5F FURL 9 35 5% B
ANEBE ST LB E T D, B/ AR
MEEASE IR 1 Pos. SYERIAUR ZEERME 2 B
TN RFERS 0 =9, R PM, 5 PM, 5 Al
PM . WS 50 0135 M4y A 7 ELAR A 10 ~ 30
mm P[5 IS 43 ) 5 080 1 X Rz, R Tk AR R
FH—RA I T, AR UE T — 3 R b, 7E 0T ) F 54
ST T HER N AT DUBCE SB35 T s R
SRAE 5 AIRVR FE R AT DUBCE I, SRR 1R
BTN T RSN ER  RAEEARIME R 74 mm,
T T [ YRR

*1 PM,/PM,  WEEINEHERHEFZHEERSH

Table 1  Parameters of PM,,/PM, 5 two stage virtual impactor

2"\@[ PMIO é& PMZ 5 é&
U Ve 4 6
TR mEHE A% Do/ mm 4.62 1.50
W T A% D, /mm 6.20 2.00
I A 1T A ES S/ mm 7 3
AT EF R Qy/Lemin ! 9.8 9.0
W Q e/ Lomin ! 0.8 0.9
e ST AL Stk 0.32 0.37
EHE LN TR (25°C 25 R) 682 1297

3 ERMETRERHIRE

3.1 WERSK
F FHSE 50 2 H5 AR 8 R G0 xT ke fULE oF R A AR
AT TR E. Fr € R G ELH6 R 3l FL A I & A 4%



10 4] PR . BT RO o S A [ 2 U PML,/ PM, SRR R B 3641

HoG— Dy = 10 pm

150 mm

2.5 um=0,=10 um

f F‘Dﬁ 2.5 um

74 mm

B2 PM,,/PM, s W4 Az U o R A 2R
Fig. 2 PM,,/PM, 5 two stage virtual impactor

(VOAG,TSI 3450) , = kAR, THREMNER
R TE L (APS, TSI 3321) . J VOAG 7245
HRNCR R, AR5 2 [T T e 8
B A SO R B BURL. [E VOAG 1IR3
R R 5 3R B TR TR B T AR AR AN [RDRL AR /)N
(4 A BIOBURL B 1 ~20 wm. JFHJE Jo U R 48 K A=
(4 LA B B R, 9K J5 9 6 W 3% ( Leica,
DM6000B) W £ HIZ AR , BN H oA 3K, FH APS 5E
ik W R 40 1 B . SR S R 2
BR(PSL) XF APS #4T 145, W45 1, 2 F12.5 pm
() PSL /NER UG E 53514 105, 1.98 F12.46 wm,
FU APS 5 LR ER .

P R FUE o SRR 2 T TR T T AR
SE. AL I PM 25 PM, 2% 32 3 TR
T HA G R B AT [ R A SRR 2 P 3 1 9 A
BN R B R | SR I FH e 4l 7K g 5B RN 2k 1 9%
R BV A F I B AR, F 26 4 6ok
(HITACHI, F7000 ) 22 9 G2 S i) 7 i, Hor =3
TR R RIC A M, R E A M, 1R
ek My, PM 5 PM, YT EIRCR (g, ) AR
(my) AT A (2) R (3) A

MZ
MM, 1 M, (2)
M
: (3)

(S TR TR T

3.2 bRESEH
WK 3 14 Fros, ML 5 R FE 2R P, 20
PM, T HISCR fh X 08 F [ BRbrifE 1SO 7708 .
19951 FFHLAE ) PM, o/ PM,  SRAE R EIROR (A

TR BSRFELR VIEISOR MR BE) . PRGN I 1
SR UIEIRAR S8 2. 49 wm AT 10. 0 wm , AN 19
Stk 3R 0. 32 F110. 37, Hg U8 o5 SR AL 2% A 1) 1
ORI AR T G fi i RAE RS, T IR 4 —
BRI/ INHYBURLY) ( SRR R /INBURL TS 3 ) |, Bl
FHERBN N EHR D, /N VIEIRCR ARG T
0, Mi& WA & I ELE. {5 i T/ NSOk 4 1 it
TR/ AR PM, S5 v B % 52 M 1T D Z2 A
T1. M PM, I PM,, s A $5 2R 45 S vl T R fUdE o 2 1
TR P R AE VTR S BT iR B R K. 7RIS VERAE AR
PN THT 5 LR 408 2R 3 228 R A A Mo W P A )
TR AL 10 T , Ay S WA 1 T s o 1242 R ARG T
£ DA S B Tt p R Tl A AR IR R () 5K
PRI SRy 3 T2 3 7R MR 1T T2 T AP0 o 0 0 AN 2
T B W BT AR A R T, SRAERS PM, s LR A
it 7% , PM,, 3R AN 1L 5% , 45 B B B b o
1SO 13271 ;2012 Hx T RE 4D i RAE RS A Bk

w - g ®
80
3 el
= -0 IR
i -0 %
40 — IS0 7708:1995
20
A -
ol Faall T A N
0 2 4 6 8 10
23 ) 2 E % Dyum

3 PM, s RHIYI B %0 B 2% 0 [B) hL 12 Bk 4 45 5k
Fig. 3 Collection efficiency of PM, 5 stage and

loss of different sized particles

100
e K »
go (- ~H BR ,
— ISO 7708:1995
S 60
=
e
<=1
40
20 |
TN St s it - et St S

0
0o 2 4 6 8 10 12 14 16 18 20
EEE) AR DJ/um

B4 PM,, RAIEIEIZLER i 2 70 A 5] HL 12 Rk 4 B 52 55
Fig. 4 Collection efficiency of PM, stage

and loss of different sized particles



3642 2N 5%

4 EIETRERERSHEXVIRIRNR M

4.1 Witk

Marple %5110 o 8 401 31530 2% B0 400488 < 4%
Stk ML IRH HICE T 05 3 A (B (RO
Lb) |, T o A 8 TUART 2 850RT 3 3k 5 e U ) 1Y) 43
JHETTRZA Stky, I ESCAH. ARWFEEE T VOAG 7=
A KL B B ORL AR (2,48 um), B AR IRTE 9
Lemin ™", SOV HUBIFGE T HOG IR s A 52 M. 25
AN 5 iR, B UOR AR /N 2. 48 wm ORI 1)
VIBIROR TR, PR AR, TR e i
MER, Stk FOMELEF B K. &5 SR 554138 A 45 SR A1

ﬁmwzsj_
50
- O YK P
40 | —O- ik =7
,""‘.",
L0F e
EY]
+*
o2
10
A - B FAN
0 1 L 1 1 L
5 6 7 8 9 10 1
AL/ %

5 R e 3t E ERLE BRI M P B R R R A R
Fig. 5 Collection efficiency and loss as a function

of the minor to major flow ratio

4.2 R O R

[ 5 PM,, SR AR A A LA 28, o st
W 1T B (A3 2, 2.5 AT 3 mm) 4% ER
B E BRI SR NE 6 . MR
92 mm BHEURL R IR I A
. (HIEMIEE KT % T 2.5 mm B EIECR ML
VAT B Sk 2 ). 3K 10 B MRS I B A 1T P B KT
—E WEE, XA v i e g | BE s D
N R IEE EARAY 1.5 ~2 £

5 it

(1) W T —Ff i 3% [ 2 IR PM,/PM,
SR B XSG e FOAE T R e e | 2R AR AR I DD R R
MR 08 T [ BrpR i 1SO 7708 ;1995 X K kE 2% 1 AL
FE RFEAH R BN 74 mm 5 TR FE [ 8 PR R
FEORGHER. RAEERIE AT L2238 g it nl D22
VRT3 AN RV B ) AR 2 0

B % 35 %
100 [ IV v —— =
! A PHMRES=3)
80 [ H - PGS =2.5)
27 -m HERE=2)
O #K(S=3) -
£ 60 - ! v  Hk(§=25) e
5 ! =< mk(h},——'
& p
m 40 - J ./
20 & .’/
& l~<>_{>
0 @mm?{‘; 1 | m‘OT‘h_Q_‘_TO

0 2 4 6 8 10 12 14 16
LERE N FERED/um

Bl 6 MmEHEREIT O R BE B X YT B s R AR R B %20
Fig. 6 Collection efficiency and loss as a function of the distance

from the accelerating nozzle to the collecting nozzle

(2) Mg L4 o 5 19 U0 BB AR 5 Uit [ &2 A

K5 A RRARIVURL Y 0451 2% , RE U045 o 45 5 6 A 11

AR S 2 /D O S I AR Y 1.5 ~ 2 £

Bt Bl b R BE 2 RO R B HLAT ST

PRI TR i VOAG SCH.

B2k

[ 1] GB3095-2012, ¥EEzs S EArifiE[ S].

[2] LeiY, Zhang Q, He K B, et al. Primary anthropogenic aerosol
emission trends for China, 1990- 2005 [ J ]. Atmospheric
Chemistry and Physics, 2011, 11(3) : 931-954.

[ 3] Hufhh, XPelE, Z20%, 4. W@ TSR iEHEh PM, o REETT
LR T]. FRERLE, 2014, 35(5) ; 2018-2024.

[4] John A C, Kuhlbusch T A J, Fissan H, et al. Development of a
PM,,/PM, 5 cascade impactor and in-stack measurements [ J].
Aerosol Science and Technology, 2003, 37(9) : 694-702.

(5] XDt ToAk, B2, 4 WY-1 BRI A b 4ok 5
FALRBIRILI]. PRI TAR, 1985, 5(1): 17-24.

(6] UK, BES, KiEHE, 5 Z9hdRESH T 20
JRE IR TRIF[J]. kAL, 2012, 39(5) : 77-81.

[ 7] USEPA Method 201a and 202. Methods for measurement of
filterable PM;, and PM, s and measurement of condensable
particulate matter emissions from stationary sources| S|. 2010.

[ 8] Wada M, Tsukada M, Kondo A, et al. Separation characteristics
of a multi-stage VIS impactor for PM,;,/PM, 5 mass concentration
measurement in a stack of a stationary source[ J]. Journal of the
Society of Powder Technology, 2009, 46 (6) . 467-475.

[ 9] Szymanski WS, Liu BY H. An airborne particle sampler for the
space shuttle[ J]. Journal of Aerosol Science, 1989, 20(8) :
1569-1572.

[10] Wang D B, Kam W, Cheung K, et al. Development of a two-
stage virtual impactor system for high concentration enrichment of
ultrafine, PM, 5, and coarse particulate matter [ J ]. Aerosol
Science and Technology, 2013, 47(3) ; 231-238.

[11] Friedlander S K. Smoke, dust, and haze: fundamentals of
aerosol dynamics [ M]. (2nd ed.). New York: Oxford



10

PR . BT RO o S A [ 2 U PML,/ PM, SRR R B

3643

[12]

[13]

[14]

[15]

University Press, 2000. 94-124.

Hinds W C. Aerosol technology: properties, behavior, and
measurement of airborne particles (2nd ed. ) [M]. New York:
John Wiley & Sons, 1999. 117-136.

Kulkarni P, Baron P A, Willeke K. Aerosol measurement:
principles, techniques, and applications[ M]. New York: John
Wiley & Sons, 2011. 129-151.

Marple V' A, Chien C M. Virtual Impactors: A theoretical study
[J]. Environmental Science and Technology, 1980, 14 (8):
976-985.

Loo B W, Cork C P. Development of high efficiency virtual
impactors[ J]. Aerosol Science and Technology, 1988, 9(3) .
167-176.

ISO 7708 ; 1995. Air quality-Particle size fraction definitions for
health-related sampling[ S ]

ISO 13271 2012. Stationary source emissions-Determination of
PM,,/PM, 5 mass concentration in flue gas-Measurement at
higher concentrations by use of virtual impactors[ S].

Marple V. A. History of impactors-the first 110 years [ J].

[21]

[22]

[23]

[24]

[25]

Aerosol Science and Technology, 2004 , 38(3) . 247-292.
Marple V A, Willeke K.
Environment, 1976, 12. 891-896.

Impactor design [ J ]. Atmospheric

Novick V' J, Alvarez J L. Design of a multistage virtual impactor
[J]. Aerosol Science and Technology, 1987, 6(1) : 63-70.
Xu X. A Study of Virtual Impactor[ D]. Minneapolis: University
of Minnesota, 1991. 98-150.

Chen B T, Yeh H C. An improved virtual impactor: design and
performance[ J ]. Journal of Aerosol Science, 1987, 18 (2):
203-214.

Chen B T, Yeh H C, Cheng Y S. Performance of a modified
virtual impactor[ J]. Aerosol Science and Technology, 1986, 5
(3): 369-376.

Chen B T, Yeh H C, Cheng Y S. A novel virtual impactor:
Calibration and use[ J]. Journal of Aerosol Science, 1985, 16
(4): 343-354.

Ding Y M, Koutrakis P. Development of a dichotomous slit nozzle
virtual impactor[ J]. Journal of Aerosol Science, 2000, 31(12) ;
1421-1431.



HUANJING KEXUE Vol.35  No. 10

Environmental Science ( monthly) Oct. 15, 2014

CONTENTS

Development of a Two Stage Virtual Impactor for Stationary Source PM ;o and PM, 5 Sampling —+eeceoeveereressennssnneniine JIANG Jing-kun, DENG Jian-guo, DUAN Lei, et al. (3639)
Characteristics and the Impact Factors of Acid Rain in Fuzhou and Xiamen 1992-2012  +:esvereereereseserenssinenensininennsennes ZHENG Qiu-ping, WANG Hong, CHEN Bin-bin, et al. (3644 )
Concentration Distribution of Metal Elements in Atmospheric Aerosol Under Different Weather Conditions in Qingdao Coastal Region «++++: CHEN Xiao-jing, QI Jian-hua, LIU Ning, et al. (3651)
Emission Characteristics and Hazard Assessment Analysis of Volatile Organic Compounds from Chemical Synthesis Pharmaceutical Industry — +«ereeseesesseserenemiemenenennenensininenenn

LI Yan, WANG Zhe-ming, SONG Shuang, et al. (3663 )
REN Zhong-pei, ZHU Tian-le, ZHU Ting-yu, et al. (3669 )

NO, and SO, Formation in the Sintering Process and Influence of Sintering Material Composition on NO,, Emissions

Application of Activated Carhon from Waste Tea in Desulfurization and Denitrification «+«+«+sssssssessssssesssnsssnensnsinenensis e SONG Lei, ZHANG Bin, DENG Wen (3674)

Effect of Soil Texture in Unsaturated Zone on Soil Nitrate Accumulation and Groundwater Nitrate Contamination in a Marginal Oasis in the Middle of Heihe River Basin +:«-:esseeeesresneseeeess
........................................................................................................................................................................ SU Yong-zhong, YANG Xiao, YANG Rong (3683 )

Health Assessment of River Ecosystem in Haihe River Basin, China +«toetoeeereressssemienenienni e HAO Li-xia, SUN Ran-hao, CHEN Li-ding (3692 )

Analysis on the Variation Characteristics of Iron and Manganese Concentration and Its Genesis in Changtan Reservoir in Taizhou, Zhejiang Provinge =««+stsssessessesenssinsieniensnininenenennes
.................................................................................................................................................................. L[U Shu_‘uan ZHENG Chen YUAN Q] el al (3702)
Spatiotemporal Characteristics of Nitrogen and Phosphorus in a Mountainous Urhan Lake «++«+xtseessesrsseressnesssensnsininininnns e BAO Jing-yue, BAO Jian-guo, LI Li-qing (3709)

Formation of Geochemistry in Underground River Under Rainfall Conditions; An Example for Underground River at Xueyu Cave, Chongging =«+++eseeeseeseereess
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Feng-kang, LIANG Zuo-bing, YU Zheng-liang, et al. (3716)

Contamination and Ecological Risk Assessment of Polycyclic Aromatic Hydrocarbons in Water and in Karst Underground River Catchment =««+sesseseressessersenenenenenenininennsininnensnens
............................................................................................................................................................... LAN Jla-(‘h?ng, SUN YU-Chual’l, 'I‘LAN Ping, el al' (3722)

Pollution Characteristics and Ecological Risk of Polybrominated Diphenyl Ethers (PBDEs) in River Sediments from an Electrical Equipment Dismantling Area —«+sssereeeseressssimssisninnnens

........................................................................................................................................ CHEN Xuan-yu, XUE Nan-dong, ZHANG Shi-lei, et dl. (3731)
Ecological Risk Assessment of Heavy Metals in Surface Sediments in the Southern and Central Haihe River Basin WANG Rui-lin, CHENG Xian,SUN Ran-hao ( 3740)
Distribution Characteristics of COD and DO and Its Influencing Factors in the Daliaohe Estuary ««+:tereeveeeeeresessmsineisiiiiiiinnn YANG Fu-xia, JIAN Hui-min, TIAN Lin, et al. (3748)
Seasonal Variation in the Absorption and Fluorescence Characteristics of CDOM in Downstream of Liaohe River «+:ereeseeeeeereereeneeees SHAO Tian-tian, ZHAO Ying, SONG Kai-shan, et al. (3755)

Nitrogen Uptake and Denitrification Study on the Joint Treatment of Aquatic Vegetation and Immobilized Nitrogen Cycling Bacteria in Taihu Lake ««eereerrereeresremieniensimeniniiiinenn

............................................................................................................................................................ LIU Dan-dan, LI Zheng-kui, YE Zhong-xiang, et al. (3764)
Actinobacteria and Their Odor-producing Capacities in a Surface Water in Shanghai CHEN Jiao, BAI Xiao-hui, LU Ning, et al. (3769)
Laboratory Evaluation of Remediation of Nitrobenzene Contaminated Aquifer by Using Groundwater Circulation Well BAI Jing, ZHAO Yong-sheng, SUN Chao, et al. (3775)
Sorption Characteristics of Tea Waste Modified by Hydrated Ferric Oxide Toward Ph( 1) in Water WAN Shun-li, XUE Yao, MA Zhao-zhao, et al. (3782)
Effects of UV Radiation on the Aggregation Performance of Small Molecular Organic Acids  WANG Wen-dong, WANG Ya-bo, FAN Qing-hai, et al. (3789)
UV Photolysis of Propranolol in Aqueous Solution; Mechanism and Toxicity of Photoproducts PENG Na, WANG Kai-feng, LIU Guo-guang, et al. (3794 )
Photo-catalytical Degradation of Diphenylarsinic Acid by TiO, (P25) WANG A-nan, TENG Ying, LUO Yong-ming ( 3800)
Effect of Carbon/Nitrogen Ratio on Short-Cut Nitrification and Denitrification of Polyurethane Biofilm Reactor *++ + TAN Chong, LIU Ying-jie, WANG Wei, et al. (3807)
Distribution and Removal of Anaerobic Antibiotic Resistant Bacteria During Mesophilic Anaerobic Digestion of Sewage Sludge «++«+++++++++++ TONG Juan, WANG Yuan-yue, WEI Yuan-song ( 3814 )
Spatial Distribution and Risk Assessment of Tnsecticides in Surface Soil from a Rapidly Urbanizing Region «+:«+sesseorereeesesnennenseennes WEI Yan-li, BAO Lian-jun, WU Cheng-zhou, et al. (3821)
Field Measurement of Soil Mercury Emission in a Masson Pine Forest in Tieshanping, Chongging in Southwestern China = +«+++ereereerseseeeees DU Bao-yu, WANG Qiong, LUO Yao, et al. (3830)
Chlorine Speciation and Concentration in Cultivated Soil in the Northeastern China Studied by X-Ray Absorption Near Edge Structure ««+:+++++ LI Jing, LANG Chun-yan,MA Ling-ling, et al. (3836)
Soil Organic Carbon Storage Changes with Land Reclamation Under Vegetation Reconstruction on Opencast Coal Mine Dump -++++++++++-+- LI Jun-chao, DANG Ting-hui, GUO Sheng-li, et al. (3842)
Effect of Sulfur on the Species of Fe and As Under Redox Condition in Paddy Soil ++eeeseeresrerseresemenensinineniiniiennnen TANG Bing-pei, YANG Shi-jie, WANG Dai-zhang, et al. (3851)
Response of Ectomycorrhizal Fungi to Aluminum Stress and Low Potassium Soil = «+ressesseesersereresimmenenenninenennenenne ZHANG Wei, HUANG Jian-guo, YUAN Ling, et al. (3862)
Long-Term Manure Application Induced Shift of Diversity and Abundance of Antibiotic Resistance Genes in Paddy Soil ++++xeeseeerevssseeseisinsens HUANG Fu-yi, LI Hu, WEI Bei, et al. (3869)
Effect of Phosphate and Organic Acid Addition on Passivation of Simulated Ph Contaminated Soil and the Stability of the Product «++++++++ ZU0 Ji-chao,GAO Ting-ting, SU Xiao-juan,et al. (3874 )
Bioremediation of Chromium( VI) Contaminated Site by Reduction and Microbial Stabilization of Chromium «++sesssssseseseessesienenens ZHENG Jia-chuan, ZHANG Jian-rong, LIU Xi-wen et al. (3882)
Effect of Thermal Enhanced Soil Vapor Extraction on Benzene Removal in Different Soil Textures - LI Peng, LIAO Xiao-yong, YAN Xiu-lan, et al. (3888)
Effects of Elevated 05 Concentration on Nitrogen in Greening Tree Species in Southern China YANG Tian-tian, ZHANG Wei-wei, HU En-zhu, et al. (3896)
Effects of Nitrogen Application on Soil Greenhouse Gas Fluxes in Eucalyptus Plantations with Different Soil Organic Carbon Content LI Rui-da, ZHANG Kai, SU Dan, et al. (3903 )
Ozone Effects on Soil Microbial Community of Rice Investigated by ' Isotope Labeling CHEN Zhan, WANG Xiao-ke,SHANG He (3911 )
Enhanced Aerobic Degradation of Low Chlorinated Biphenyls by Constructing Surfactants Burkholderia xenovorans LB400 Based System ++* CHEN Shao-yi, ZHANG Jing, WANG Han, et al. (3918)

i, LU Lei, et al. (3926)
Isolation and Identification of Electrochemically Active Microorganism from Micro-Aerobic Environment WU Song, XIAO Yong, ZHENG Zhi-yong, et al. (3933 )
Characteristics of Microbial Community Structure During Isolation of Electrical Active Bacteria WANG Min, ZHAO Yang-guo, LU Shan-shan (3940)
Predicting Copper Toxicity to Hypophthalmichthys molitrix and Ctenopharyngodon idellus Based on Biotic Ligand Model WANG Wan-bin, CHEN Sha, WU Min, et al. (3947)
Macrozoobenthos Community Structure and Water Quality Evaluation of Tian'e Zhou Oxhows «+:+ssesseseesersessessssssnenninnisnnnnenne MA Xiu-juan, SHEN Jian-zhong, WANG Teng, et al. (3952)
Species Selection Methods in Deriving Water Quality Criteria for Aquatic Life «+«+vseserereeresremienenmiineneninineninn ZHANG Ling-song, WANG Ye-yao, MENG Fan-sheng, et al. (3959)
Correlations Between HBCD and Thyroid Hormone Concentrations in Human Serum from Production Source Area ««+:++sessessesesessessemenssennenes LI Peng, YANG Cong-qiao, JIN Jun, et al. (3970)
Preparation of Cobalt Oxide Mesoporous Metallic Oxide-Clay Composites and Their Catalytic Performance in the Oxidation of Benzene «+++++++++++ MU Zhen,MA Chun-yan, CHENG Jie et al. (3977)
Catalytic Degradation of Naphthalene by CuO(-Ce0,)/AL,04 ZHA Jian, ZHOU Hong-cang, HE Du-liang, et al. (3984 )
Toxicity Tests and Their Application in Safety Assessment of Water Quality +++++»++++ XU Jian-ying, ZHAO Chun-tao, WEI Dong-bin (3991 )
Assessment on the COD Discharge Status of Municipal Wastewater Treatment Plant in a City of China ZHOU Yu-hua, LU Yan-na, ZHANG Yu, et al. (3998)
Assessment of Ecological Environment Benefits of Reclaimed Water Reuse in Beijing «++eervereeesrerererssemnenensininininins e FAN Yu-peng, CHEN Wei-ping (4003 )
Construction of Index System for Early Warning of Persistent Organic Pollutants (POPs) Pollution Incidents n China WANG Lin, LU Yong-long, HE Gui-zhen, et al. (4009)
Environmental Damages Assessment: Establishment of System Framework in China = +oveeseeeeressessesisnensinne ZHANG Hong-zhen, WANG Jin-nan, NIU Kun-yu, et al. (4015)



E % K

(CAEMEFEYE 6 BREZERS

FH H i

BIES: B RE BN

o
%OE. (REREEHT)
TTENT EARIR FILZE Fggs WONWl W #R o hiEEE
S 2 SE vzl 5B =z =q
AoKE XEER BlE BET & B RS ke
— =g N N N -
PRFHAZT  BAE 22 Ak AR WEE Bokd &
ya ¥ Y o
WO 6 s O W W W MR
-
w o a3 ENVIRONMENTAL SCIENCE
( HUANJING KEXUE) (Monthly Started in 1976)
(HH 1976 4E8 HAIH)
2014410 H1S H %35% 5104 Vol.35 No.10 Oct. 15, 2014
£ & TEPER Superintended by Chinese Academy of Sciences
* i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e I ( [))\;ﬁ;%j]ﬂflﬁ)’éj@f?) 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 % Bk A School of Environment, Tsinghua University
. BAREAE) G E RS i:llf:o;-in o b %EJYE[?(TIG 'Zil-}]l:and f Envi tal Sci (HUANJING
. o e s . ite y e Editorial Board of Environmental Science >
BT 2871 (R4 (HUE DU 1
18 5, MR 4% : 100085 ) KEXUE) )
HIE 010462941102 .010-62849343 P. O. Box 2871, Beijing 100085 , China
1§E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ;: hjkx@ rcees. ac. cn E-mail :hjkx@ ‘rcees. ac.cn
hitp ://www. hikx. ac. cn http : //www. hjkx. ac. e¢n
H KR 44 3 " " m Published by Science Press
LBt 5 Mo AR AL i 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
BN R 23T dvsdbAkenil)— 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 1 & 2ELHARER)S Domestic All Local Post Offices in China
EsEET PEERERRS BAF Foreign China International Book Trading Corporation ( Guoji

(L5t 399 f546)

Shudian) ,P. O. Box 399, Beijing 100044 , China

ERRATIS
B E N

ISSN 0250-3301 o

= ) B:2-
CN 11.1895/X ERBEZNKS: 2-821
90. 00 J© ES&EITRS: M 205

BRSNS FET





