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Airborne Fungal Community Composition in Indoor Environments in Beijing

FANG Zhi-guo', OUYANG Zhi-yun®, LIU Peng’, SUN Li’, WANG Xiao-yong’

(1. School of Environmental Science and Engineering, Zhejiang Gongshang University, Hangzhou 310012, China; 2. State Key
Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China; 3. Safeguard Research Institute, Procter & Gamble (Beijing) Technology, Beijing 100086, China)

Abstract: Indoor environmental quality has significant effects on human health. It is reported that adults in China spent about 80% -
90% of their time in indoor environments, and a number of physically handicapped people such as the elderly and infants stayed in the
room even up to 95% of their total time. Moreover, air conditioner in indoor environments becomes more and more important in modern
life, and a closed circulatory system can be formed among human body, room and air conditioner in indoor environments with an air
conditioner, which can make the microbes such as bacteria, viruses and mold indoors propagate rapidly or abundantly. Therefore,
studies on the microbial pollution in the air at places such as mall, classroom, office, and family home have been the research hotspots
recently. In the present study, the community composition and concentration variation pattern of airborne fungi were investigated from
Nov 2009 to Oct 2010 in 31 family homes with children in Beijing. Results showed that 24 generas of airborne fungi in family homes
were identified from 225 isolates. The most common fungi were Penicillium, Cladosporium, Aspergillus, Alternaria and Phoma. The
frequency of Penicillium, Cladosporium, Aspergillus, Alternaria and Monilia was much higher than those of other fungal genera in
family home, and the frequency of Penicillium was more than 90% . As for the concentration percentage, airborne fungi with most high
concentrations were Penicillium, Cladosporium, Aspergillus, No-sporing, and Alternaria, and totally accounted for more than 65. 0% .
Penicillium contributed to 32. 2% of the total airborne fungi in family homes. In the 31 family homes selected, the fungal concentration

in the air ranged from 62-3 498 CFU-m ™, and the mean concentration was 837 CFU-m .

Seasonal variation pattern of total fungi,
and Cladosporium , Aspergillus, Alternaria concentration was consistent, and the highest fungal concentration was observed in summer,
followed by spring and autumn, and the lowest in winter. Concerning the Penicillium concentration, the seasonal variation pattern was
different, and higher concentration was observed in spring than summer, autumn and winter. Finally, we also found that higher fungal
concentration was detected in families with boys than those with girls, and negative correlation was found between airborne fungal
concentration and living area per capita.

Key words :family homes; human health; airborne fungi; Penicillium; Cladosporium
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1.1 WFFERE SRS

FEAEIT T 5 AT (AR va k) HakE 31
FHET 2009 4E 11 H ~2010 4F 10 A #A7HURE , R S8
WFR L i R 2 S LA RIS FRIE. X HURE 31
PR BERIERE B LT (AR . B P G F B A AR
BATE 1 ~10 2 Z I LEE; R NIcH IR AT L

R s 1A B RE NS [ B A R 0R . AR RIBLTE 1Y
G S SR A 2 B R IR 5 T e BURE (9 5 JaE
M FAC AT AR R PG A AN R X 38k 5 G J= i SR04
WA P RIS A HTR]. ARG 31 PR RE Y,
K3, 3 o, P4, dei 9 pr, ] 4
PR EAAGAT X 3 P bkt IX 5 . oA
AL REL R W B R, AT K AR 1E BRI
X3, e N T R R R T sh A 2 (i o, r
DAEAC Rt At e B T A 9 R pE SR THURE. T
VEF BER KL H 125 m®, B/ NEFRZ) K 40 m?;
16 PR BE L B % ,15 P RE RN L%, NMEfcK
IR 10 % B/IMEIR 2 % S RL 21 O AR,
10 PR sk
1.2 2SS R

K H E = Andersen 4= ¥k FHUEE RS (FA-1, 10
FH R B AR FE i ) ST HORE I 2. & LT
WS 1) e P 2548 N 25 R Bl ) 2 AR BRARR AR SR AR
o R TG Y. KBRS 6 94, RS 400
AL T ~ VIRALA AR B W4/, 25 S el
28.3 Lemin ' B —Z 12 B G A, I 48
23 S A BRORL -3 KNS R 3 A AR AR 45 b 57
Im_|-.
1.3 HURERIER IR 5k

VERRAR R A R AR T BN FRIEA R S R
PR IBURE AR B8 P R B = 1 HURE 1 IR RRIRGE
SEIURE 3 d, BERHURE 1 K, BIR 3 ANES , I
31 PRES TE I TAERREAE 3 d ERL.
235 TR I EURE R B S AT BRI 1.5
m Ab. BUREZS S i M 28.3 Lemin ™' RAEZS A E
R FL IR 22 RA T A B s (B BE ) M 2 mm, &
P2 S LR A BORE R[] 8 3 min. HUORESR H B A2
90 mm P — YRI5 3R ML, WUSEE TC B 2% 1 Jm
A 20 ~25 mL 8K Y E B R AR 2, BRI S 45
L5 75 L P9 55 35 35 R 1 — ik, DA 258 1 3R
GriRs. A EWIRE R VD FCRE 97 2k (45 0% 40
g, FEEE 10 g, BilE 20 ¢, ZEME/K 1 000 mL) , A
FH(0.05 ~0. 125 mg-mL ") MH A E A K, R
LI BRI AR S AE 25 C R FRA R 3R 72 h, SR 70 5]
FEAS PIBRERE IR L 10 P TR VR R T I0 8, 43 B
alifl.
1.4 ZREREEITE L

il i Andersen SRR 25 45 i FL AY G4 A= 90 4L
T, Bt — B RS, £ B Wk T i TR —
LRl — S E RS IR A PR SR T T
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LA r oM SERBR B TR TS AR

I AR PR AR E J5 4% P A A OB B0, T
HS S ERWRE AR R IE IR .

. = I'x1000
t X F

Ko, e IR EEWREE (CFU-m ™) 5 T 7SR
TEEL(CFU) 5 ¢ O RAERTE] (min) 3 F A2 S (L

‘min"").
1.5 2 E R R R T 1k

AR B B PSR SR BAOBE T B 9 TR AR
EETHEFEE S, S ENAE R, X
FiIRdE BRI 3 d R AR AT B BV W Pl IR
SRR AT AR DAL T A 1, WS ATCH TR , BT 70 b At
. X B AR G N S RO R AT R A
(xDNA) PIHESEEIRG X (ITS) 734047, LI 5
P 1TS1 (5'-TCCGTAGGTGAACCTGCGG-3") Fil ITS4

x1 BRUES

(5'-TCCTCCGCTTA TTGATA TGC-3') #£4T PCR ¥
e alifk | 2R ENNT P NCBI Eds PE L 345
HEAEYHCER.
1.6  Seitatr FE R GIE 2

AT B P o3 B AR 2 22 il H SPSS Version
19. 0 Fl1 Microsoft Excel 2007 #£47.

2 HERS5HH
2.1 JEFRIES S EEEL5H
2.1.1  JEFIEEES S BEVE S5 RARME D

TEAANIBORE f 373 B 25 UL 225 Bk, Hivb 28
MRASE 5 R e 28 SR 197 Bk, BRI 5
FELERINE 1. P AT LIS TE 0 B alifb i T A
bR, BRSO 24 B RE . WRE A E
IR RBORE , G 7 G P IS B W R Kl
HEJE (Penicillium) . B #1J&E ( Cladosporium) . i 7
J& (Aspergillus ) . ‘B ¥% 70 )& (Alternaria ) F125 15 5 )&
(Phoma) , 535l 29 5 KLY 36.0% | 17.8% | 9.3%
5.3% f13.6%. fERTAILERIET, TR AL
ARDEEA, HC Y AR RS 0 18 TR SR 36%

SEHEMESEN

Table 1 ~ Community composition of airborne fungi in family homes

HHE =t e H 4T/ % B R Far bt/ %
Alternaria 12 5.33 Peyronellaea 3 1.33
Aspergillus 21 9.33 Phoma 8 3.56
Beauveria 2 0.89 Pleosporales 2 0.89
Chaetomium 0. 44 Schizophyllum 1 0. 44
Cladosporium 40 17.78 Scolecobasidium 1 0.44
Cochliobolus 2 0.89 Talaromyces 3 1.33
Epicoccum 1 0.44 Tilletiopsts 2 0.89
Eurotium 3 1.33 Trametes 1 0. 44
Fusarium 2 0. 89 Tritirachium 1 0.44
Lecanicillium 5 2.22 Ulocladium 2 0.89
Leptosphaerulina 1 0.44 Zygomycete 1 0. 44
Neosartorya 1 0.44 No-identification 28 12. 44
Penicillium 81 36. 00

2.1.2 JERFIAEEA S A IR SR E o L

L1 2R R IRBE 2 SR 1 DR AR
Sy WHBURRE LT B R &8 |
kefu)E . s | sk f)m | AR JE ( Monilia ) 1)
WELAT R A, N 95.7% . 89.4% | 62.6% .
45. 6% F136. 8% . TEH BT R4 0 W & H , 5 5
i P S BT R B vy, AN TR) R B ) s BT SR A TE 90%
DL b ik 100% . B T X SR 3R IR Ah, e H
PRAEZS S Y BEOR AR A, LE AR 5 0 . AR5
& Ak ) B m A

MR BE 43 R E R RIS B E 4y He
WEREBKK NEEE ., SflE, thEE, AR
FIAFEFRLIE |, TAT TR B SN2 (5 Bk B 1Y 65. 0% K
DLl Hoh i B R R R A e, o BRI
32.2%.

2.2 JERFEIEA AW E B RRE
2.2.1 BERESTEERES SE

AL E TSR 5 [ R RY 31 PY R, 25 <0
B B R AR (E N 62 CFU-m ™, fi% = {6 43 498
CFU-m B AFME Hy 837 CFU-m >, H{l Ny 633
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2.2.2 SRR SRR EE 21 AR
FSRUNESINETE $2 8- R N SN S R =
THE  KEMEAE(P<0.057) , ik hHZ Rk
T KTWERMK(E2). LR EREREEREEKE
ZE S SELTE SR BE 430 29 8 804 | 1443 670 Al
430 CFU-m ™. U & 1M 5, J8 358 ok 1
J& . thagE | s f)s B ER B R R e S
23 LR B AR — 3 (R R AR
A S s R EE SR E S AR, HFE RN
BERE EE MENMXEEARELR(P >

0.05%).
2000 500
1 800 |- =& Fungi - 450
== Alternaria
1 600 — 400 -
- —B— Aspergillus 00 ‘e
E 1400 - =t Cladosporium 350 :)
= 1200 | == Penicillium < 300 ©
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21000 - - 250 2
E sl 200 E
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B2 BRABEESEEREZTTELEE
Fig. 2 Seasonal variation patterns of airborne fungal

concentration in family homes

2.2.3  JEAEZREE LB A SO R AR R

P 3 2 S A SR J LE M e 53R B R A RE
B BE BRI, R RT A 1 a PR RKA U2
TG BE =S TP Y B R W T 2% K E (P
<0.017"). BRLRE, JEHTH R = TH

Furotium
Mucor

Cochiiobolus

L

ERME=SEREMHIREMRET ST

Frequency and concentration percentage of airborne fungi in family homes

W E R R ER B T LR RE(P <0.017 "),
BEREETEYE R 906 CFU-m >, % FBE V- HH
4764 CFU-m .
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Fig. 3 Effects of child’s gender on airborne fungal

concentration in family homes

2.2.4  JEAEGREE D R S5 H N A SR B R 1 R )
J J22 G5 R o] TR R BB 2 S B R 1) i) 4 [%]
4. BEREMBES S SARKRERAG R EES (P
>0.05") , B ZEFIA TRz SOBL TR MR B o T 5 1%
(P<0.05"), Mk Z= M TR (P <0.057).
SV B oS SRR B e TR H R
WEEF(P>0.05") MG NE 2 S LK B 1 °F
PIfE A 861 CFU-m ™ BERENIS 787 CFU-m . A
I, B3 J2 SR 0 23 B TR R B A Bk 2 1S
2.2.5  ZREENIY R AR s R E R R A G
S AT
K5 e

GRBE NI AT BRGSO RR R AT G
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Fig. 4 Effects of apartment’s construction on airborne

fungal concentration in family homes
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b EASE. UL, KA T EE WL 5 A
P A v AR SRR O, B A F A T AR, ==
AETEIK B R BT s

2500

N y=-22622x+1243.6
) 2 000 - R2=0.1667
E
= 1500 |
S Mad *
=]
#1000 - -
£ * e
a:x ot T
500 - .’ - ¢ %e
0 ' ' I
g m 20 30 40
A BYm?

Bs5 BEREAMERSEERENEXE
Fig. 5 Correlation between fungal concentration and living

area per capita in family homes

23 SHOR A FP 2 A B O AT fa R A AN [R] 9
S, Mucor, Rhizopus 5 BLTE H A5 58 1) B Ge M,
Altermaria herbarum .

alternata Cladosporium

Aspergillus  fumigatus | Aspergillus versicolor |
Aureobasidium ., Penicillium 5 B, & H- A % 58 1) U
M, Stachybotris . Aspergillus wversicolor . Aspergillus
flavu , Trichoderma . Fusarium 55 HRAERR® & EA
BRI IR L I, FE R E N ]
LT PR T A R A B BE AN FLAT A o 22
AIVER. AWTSER B, ZEATAT B9 31 F IR SR B 25
AR RN B T A A AR, OF AL E
24 JEASHEE, PR E B &R . B

J& . s s e S, X S HEAXRENER
EH I 4E R HA —L. Dassonville 251 i i [
CLEGH A ME R BE R 25 L HEAT TR R 3, 78
10 H ~ A3 H,77% W EE 3 85t TR LR,
93% MEBESTE T H&EE, T4 ~9 H,95% MK
BEY B T AR, 83% KBS B T W
60% MIZBEESFES 1 T A& , T 20% MR HE 53 B
W TR AR, Lee 2O WFSY 1 S H AR HBIX
6 RIS X E R DL, 76 % NN A BE h 53 85
th 26 JEZS SECEA , H B R = SIS 2 oh oA B
(81.1% ) . HHJF(76.7% ) . Kiftl)g (63.6% ) . Hh
IR (41.1%) , BERETE (17.8% ) Ml 4 F i )&
( Chrysosporium ,11. 1% ) , T 8 @ BB 1 H BU%R
BET 6% ; Lee 2617 WF5E T 5 [ 1o J2 LA 20 1 1L
ARSI, R 28 9 25 AR T ) R 35 TR I S A
fo)s . HEE . MER AR, SR, A e F
RENE AW EE SRR AR, o
Basilico %:lgjﬁ'ﬁq*&ﬁ%ﬂj%ﬁf 49 PREEER
FL AT TR R B, L2 ) 13 J@ s S E A, A
H oy R ER G KRR AL T6L )R (58. 9% ) | #EAS 1
J& (8.68% ) . B BRE & ( Epicoccum 5. 74% ) | Hl
J& ( Fusarium 5. 37% ) 55 , i 5 %% J& A1 #h 2@ 2351 5
1.25% F1 1. 14% , 3X 0] B 55 AN [R] [ 58 A1 Hb X () FR5%
ZM DL B R BE R AE R SIS R AIAH DG, Fang 251
WS R B, I T 5 A A 5 28 S B A I P 34 i s AR
YRR | oA | S fE | 7R A R
Wl |4 BN 43.0% . 18.0% . 14.0% .
11.0% 6. 5% , AW h &R E , Bi)E . the
J& . T 1R TR RN A A% AR Y VR B A A B R
32.2% . 22.7% . 7.7% . 3. 1% F11.9% . %X W5
IR SRR ki R E /MR L TEN, M
HIRENAELZ TEINEEMGED.

Je TR AR 2 S PR BRI LR 62 ~
3498 CFU-m 7 BEARN-¥{A Jy 837 CFU-m *, JLA
SEHME R 561 CFU-m ™~ X AN 57 45 SR BH I s T
B E A X S N IR SR R . DF
TR,k E B ABOH A /N R E ) 2 RO TR R B L
fASER4ME R 209 CFU-m 1 SE[E R IR HLIX 6
K BE 2 ROE W HR B ) LA - B (E R 88
CFU-m ™, EL BT MMy 211 CFU-m % i
2 @A E s AW WL E oy 10 ~
1000 CFU-m ~*'"7". 1fij 25 2% LA R (O B 53 th % 3R, b
T EAN A S S E WS s TR R e
FE A X P 2 B0 L A ) 235 SR B I b e T



2036 2D 5%

BEo 34 %

SN AE TS Y I O B e T R R M X
. A, e E SRR s S VR T A
1165 CFU - m '™ B B & F % N K BE 1) 837
CFU-m . X HHEMIFFRE R E NS K E
R FEANEARMFE. Garrett 2 % BLE SR
NI 6.25 f5; Lee 251" BF 5T % 0 2 [ 7 3 AR 42
FAS R EWWREL HENM 1.5 f%; Hargreaves
25 200 S BRI IV A L 307 TR 3 R 2 A1 28 4K TR
JEA NI 1.1 ~2.5 15

e BRI E s S E W AR E & T
HEFW AFBHRERM. XEHIENTKER
FEIRIETES, I HBiE = /s LW 1)
ARARTAR AR A R B R 2 B R I
P sEm, 2 2 I 2 M AR AL R, A8 A AN
FEHT L IX &R FL M IRAR 22777 R 225 R
PRITEL T~ S A i FE B ) 2, 8 R P B AR 1 SR A Ry
fEEEERTHE SR EEURNHIEG L, 1t
R EAERARKE ORISR & THEKEL
% 5 H R R A2 S BB WRIE I 227 AR LR AE 58
S—g 0 E NN B R S R AR E R
N ARACERIE S AT A ], KRR R 43S,
P B i TR R IAE L 29 413 CFU-m ™ i
R I IRAE A ZAUN 64 CFU-m ™, 28 S H
TR S B MR 0 147 157 EERE S (Y
4~5CFU-m”°) SR AMREN R & TAZ(H3
CFU-m ). 2EH W LI, F5EE . MU . i
B IR RV A 10 8 L A IR Bt R B R A DG B B AR AL
F.

AHIF 5 B A SRR LB P ) k28 R L TR VR
B WA Rg ], 4% 50 e 25 R B R R I s
UHRE. RIEH N LGN ESTF R
Wl AT R BITE 10 % Z Rl L R R G s A
BEH—F W, B TENEsish e,
BEURBEM DR E 2 T L SR, X e BER
JiE 25 B T TR R R v i RN, RO AR 22 3 1F
FER IS AL 5 106 s ARSI 1A 4 A
ORI

4 i

(1) LA RE SR 25 R R R e 1 B
A4 2R, AN [) LBV B2 T 4 LRI BB 3R 45 A A
. SR A LR EIK OO R | BftE |
B | HEAR LR M2 SR R P R R R AR
b NI E WEN

(2) b mt i B R FR B 25 AL R B A7 B A ]
XA, HARE I IR, FEARBESE Y, e (R E
62 CFU-m ™ g {H N3 498 CFU-m AR
{54 837 CFU-m~°.

(3) JE R IR 85 25 ST R B 215 AR AL SRR AE ]
AR LRI E &S T RS, KEMLE
(P<0.05") AT WERMK. FESKERKREZ
LAY 25w, I H 5 A E A R
AL

FOM A 5T BUORE R 2 P 45 2 b R B AR TS
IRBEAFAT O 5 X A S E R R LR E AT
YEN DL RME . il AT ARV . B BRI TR
SkEIL . S RBBH AR BB Bl 78 I TR b g

SE

[ 1] Dassonville C, Demattei C, Detaint B, et al. Assessment and
predictors determination of indoor airborne fungal concentrations
in Paris newborn babie’s homes [ J ]. Environmental Research,
2008, 108(1) ; 80-85.

[2] Li HL, Shan N. Investigation on the status of microbial
conlamination in air conditioner system[ J]. Shanghai Journal of
Preventive Medicine, 2004, 16(3) : 138-138, 141.

[3] ShenJM, XuZ L. Secondary contamination and bacterial control
in air conditioning systems [ J ].

Conditioning, 2002, 32(5) : 5-8.

Heating Ventilating & Air

[ 4] Miller J D. Fungi as contaminants in indoor air[ J ]. Atmospheric
Environment, 1992, 26(12) : 2163-2172.

[ 5] Homer W E, Helbling A, Salvaggio J E, et al. Fungal allergens
[J]. Clinical Microbiology Reviews, 1995, 8(2): 161-179.

[ 6 ] DouwesiJ, Thorne P, Pearce N, et al. Bioaerosol health effects
and exposure assessment; progress and prospects [ J |. The
Annals of Occupational Hygiene, 2003, 47(3) . 187-200.

[7] Koster ] A D, Thorne P S. Bioaerosol concentrations in
noncomplaint, complaint, and intervention homes in the Midwest
[J]. American Industrial Hygienic Association Journal, 1995,
56 573-580.

[ 8] Kodama A M, Mcgee R 1. Airborne microbial contaminants in
indoor environments. Naturally ventilated and air-conditioned
homes[ J]. Archives of Environmental Health, 1986, 41(5):
306-311.

[9] Law A K Y, Chau C K, Chan G Y S. Characteristics of
bioaerosol profile in office buildings in Hong Kong[ J]. Building
and Environment, 2001, 36(4) . 527-541.

[10] Garrett M H, Rayment P R, Hooper M A, et al. Indoor airborne
fungal spores, house dampness and associations with
environmental factors and respiratory health in children [ J ].
Clinical and Experimental Allergy, 1998, 28(4) . 459-67.

[11] Dharmage S, Bailey M, Raven J, et al. Prevalence and
residential determinants of fungi within homes in Melbourne,

Australia[ J]. Clinical and Experimental Allergy, 1999, 29



5 1

JriA A T e R A R TR 2 M AR A5

2037

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(11); 1481-1489.

Pastuszka J S, Tha Paw U K, Danuta O L, et al. Bacterial and
fungal aerosol in indoor environment in Upper Silesia, Poland
[J]. Atmospheric Environment, 2000, 34(22) . 3833-3842.
Kahan E, Gross S, Cohen H A. Exclusion of ill children from
child-care centers in Israel [ J ].
Counseling, 2005, 56(1) . 93-97.
Koskinen O M, Husmana T M, Hyvarinen A M, et al. Two

Patient Education and

moldy day-care centers;: A follow-up study of respiratory
symptoms and infections [ J]. Indoor Air, 1997, 7(4): 262-
268.

Bush R K, Portnoy ] M, Saxon A, et al. The medical effects of
mold exposure[ J]. Journal of Allergy and Clinical Immunology,
2006, 117(2) : 326-333.

Lee T, Grinshpun S A, Martuzevicius D, et al. Culturability and
concentration of indoor and outdoor airborne fungi in six single-
family homes[ J]. Atmospheric Environment, 2006, 40 (16) :
2902-2910.
Lee ] H, Jo W K. Characteristics of indoor and outdoor
bioaerosols at Korean high-rise apartment buildings [ J ].
Environmental Research, 2006, 101(1); 11-17.

Basilico Mde L, Chiericatti C, Aringoli E E, et al. Influence of
environmental factors on airborne fungi in houses of Santa Fe
City, Argentina[ J].
376(1-3) . 143-150.

Science of the Total Environment, 2007,

[19]

[21]

[22]

(23]

[24]

[25]

Fang Z G, Ouyang Z Y, Hu L I, et al. Culturable airborne fungi
in outdoor environments in Beijing, China[J]. Science of the
Total Environment, 2005, 350(1-3) . 47-58.

Hargreaves M, Parappukkaran S, Morawska L, et al. A pilot
investigation into associations between indoor airborne fungal and
non-biological particle concentrations in residential houses in
Brisbane, Australia [ J ].
2003, 312(1-3): 89-101.
O0’Connor G T, Walter M, Mitchell H, et al. Airborne fungi in

Science of the Total Environment,

the homes of children with asthma in low-income urban
communities: the inner-city asthma study[ J]. Journal of Allergy
and Clinical Immunology, 2004, 114(3) : 599-606.

Li D W, Kendrick B. Functional relationships between airborne
fungal spores and enviromental factors in Kitchener-Waterloo,
Ontario, as detected by Canonical correspondence analysis[J].
Grana, 1994, 33(3) . 166-176.

Marchisio V F, Airaudi D. Temporal trends of the airborne fungi
and their functional relations with the environment in a suburban
site[ J]. Mycologia, 2001, 93(5) ; 831-840.

Sautour M, Sixt N, Dalle F, et al. Profiles and seasonal
distribution of airborne fungi in indoor and outdoor environments
at a French hospital [ J]. Science of the Total Environment,
2009, 407(12) . 3766-3771.

Girls less sporty ‘from early age’ [ Z]. BBC News, 25 July,

2001, 23: 46 GMT 00 46 UK.



HUANJING KEXUE Vol.34  No.5

Environmental Science ( monthly) May 15, 2013

CONTENTS

Advances in Peroxide-Based Decontaminaling Technologies «+-«tseseeseereerssssenensninimminiiiins XI Hai-ling, ZHAO San-ping, ZHOU Wen ( 1645)
Environmental Damage Assessment: International Regulations and Revelation to China -+ -+ ZHANG Hong-zhen, CAO Dong, YU Fang, et al. (1653)
Human Health Risk-Based Environmental Criteria for Soil; A Comparative Study Between Countries and Implication for China XU Meng, YAN Zeng-guang, HE Meng-meng, et al. (1667)
Organic Waste Treatment by Earthworm Vermicomposting and Larvae Bioconversion: Review and Perspective — +«+seseereerseeseserensenenenieinnenne ZHANG Zhi-jian, LIU Meng, ZHU Jun ( 1679)
Strategies of Nutrients Control in Lakes Based on Ecoregions of Lakes in China DIAO Xiao-jun, XI Bei-dou, HE Lian-sheng, et al. (1687)
Current Status of Surface Water Acidification in Northeast China ++ XU Guang-yi, KANG Rong-hua, LUO Yao, et al. (1695)
Impact Analysis of Xi'an to the Water Quality of Weihe River YU Jie, LI Huai-en (1700 )

Distribution Characteristics of Dissolved Oxygen and Its Affecting Factors in the Pearl River Estuary During the Summer of the Extremely Drought Hydrological Year 2011 -«eseeeseseerseseenees
.................................................................................................................................................................. YE Feng, HUANG Xiao-ping, SHI Zhen, et al. (1707)
Application of Equilibrium Partitioning Approach to Establish Sediment Quality Criteria for Heavy Metals in Hengyang Section of Xiangjiang River —+e«+seseeeeesesessimsienenensineneennes

......................................................................................................................................................... HAN Chao-nan, QIN Yan-wen, ZHENG Bing-hui, et al. (1715)
Assessing the Benthic Ecological Status in Yangtze River Estuary Using AMBI and M-AMBI -+ CAI Wen-qian, MENG Wei, LIU Lu-san, et al. (1725)
Pollution Load and the First Flush Effect of BOD5 and COD in Urban Runoff of Wenzhou City -+ WANG Jun, BI Chun-juan, CHEN Zhen-lou, et al. (1735)
Influencing Factors in Measuring Absorption Coefficient of Suspended Particulate Matters «+«+xeseeveveeeeeeees YU Xiao-long, SHEN Fang, ZHANG Jin-fang ( 1745 )
Relationship Between pCO, and Algal Biomass in Xiangxi Bay in Spring YUAN Xi-gong, HUANG Wen-min,BI Yong-hong et al. (1754)
Effects of Turbulent Fluctuation Intensity on the Growth of Algae and Water Environment LEI Yu, LONG Tian-yu, SAN Lei, et al. (1761)
Simultaneous Removal of Algae and Its Odorous Metabolite Dimethyl Trisulfide in Water by Potassium Ferrate MA Xiao-yan,ZHANG Ze-hua, WANG Hong-yu, et al. (1767)
Catalyzed Oxidation of Catechol by the Heterogeneous Fenton-like Reaction of Nano-Fe50,-H,0, System HE Jie, YANG Xiao-fang, ZHANG Wei-jun, et al. (1773)
Photodegradation of Naproxen in Aqueous Systems by UV Irradiation; Mechanism and Toxicity of Photolysis Products *+ MA Du-juan, LIU Guo-guang, LU Wen-ying, et al. (1782)
Catalytic Ozonation of Nitrobenzene in Water by Acidification-activated Red Mud KANG Ya-ning, LI Hua-nan, XU Bing-bing, et al. (1790)
Experimental Studies on Stability of Flocs from Cadmium Pollution Emergency Treatment LIU Wang-rong, GUO Qing-wei, YANG Ren-bin, et al. (1797)
Evaluation of Floc Strength Based on Morphological Analysis and Optical Online Monitoring JIN Peng-kang, FENG Yong-ning, WANG Bao-bao, et al. (1802)
Mechanism of Reductive Dechlorination of Trichlorophenol with Different Electron Donors -+ WAN Jin-quan, HU Meng-die, MA Yong-wen, et al. (1808)
Preparation of Magnetic Quaternary Chitosan Salt and Its Adsorption of Methyl Orange from Water «++:tsveveeereenernernssniieineienenees ZHANG Cong-lu,HU Xiao-min, YING Shi-ying, et al. (1815)
Membrane Fouling hy Secondary Effluent of Urhan Sewage and the Membrane Properties «++v+weeesesreresssmsnnsnsssenesinnen MENG Xiao-rong, ZHANG Hai-zhen, WANG Lei, et al. (1822)
Treatment of Municipal Wastewater Using the Combined Reversed A%/0-MBR Process ZHANG Jian-jun, ZOU Gao-long, YANG Shu-fang, et al. (1828)
Study on Sulfur-based Autotrophic Denitrification with Different Electron Donors YUAN Ying,ZHOU Wei-li, WANG Hui,et al. (1835)
Nitrogen Removal and N,0 Emission Characteristics During the Shortcut Simultaneous Nitrification and Denitrification Process «+«++=w+s+eee: LIANG Xiao-ling, LI Ping, WU Jin-hua, et al. (1845)
Optimization of Solid-Phase Extraction for Enrichment of Toxic Organic Compounds in Water Samples ++++xesvessesseserenemsienennens ZHANG Ming-quan, LI Feng-min, WU Qian-yuan, et al. (1851)

)

Polyeyclic Musks Exposure Affects Gene Expression of Specific Proteins in Earthworm Eisenia fetida «+:+-++«+xseereesesesesenenenienens CHEN Chun, LIU Xiao-wei, ZHENG Shun-an, et al.
Health Risk Assessment and Ozone Formation Potentials of Volatile Organic Compounds from Pharmaceutical Industry in Zhejiang Province :
XU Zhi-rong, WANG Zhe-ming, XU Ming-zhu, el al. ( 1864
Health Effect of Volatile Aldehyde Compounds in Photocatalytic Oxidation of Aromatics Compounds Rt + ZHAO Wei-rong, LIAO Qiu-wen, YANG Ya-nan, et al. (1871
Compositions and Distribution Characteristics of Polybrominatd Diphenyl Ethers in Serum of Women from Sichuan Province = ++xeeeeeeeeseessesseeeees SHAO Min, CHEN Yong-heng, LI Xiao-yu ( 1877
QSAR/QSPR for Predicting the Toxicity of Imidazolium lonic Liquids .
%patlal and Temporal Characteristics of Heavy

FAN Xin-gang, MI Wen-bao, MA Zhen-ning, et al. (1887)

ng Reservoir in Inner Mongolia ~ ««eeeeeeerrermeneeenennenens

+ GUO Wei, FU Rui-ying, ZHAO Ren-xin, et al. (1895)
Road Dust Loading and Chemical Composition at Major Cities in Fujian Province ++++eeseeeeeeees +++ ZHENG An,YANG Bing-yu, WU Shui-ping, et al. (1901)
Numerical Simulation and Application of Electrical Resistivity Survey in Heavy Metal Contaminated Sites ~ ++++++++* -+ WANG Yu-ling, NAI Chang-xin, WANG Yan-wen, et al. (1908)

Effects of Arbuscular Mycorrhizal Fungi on the Growth and Rare Earth Elements Uptake of Soybean Grown in Rare Earth Mine Tailingg ««+s«+esseesseseseserenesenieniennsninenensniniinenee

............................................................................................................................................................ GUO Wei, ZHAO Ren-xin, ZHAO Wen-jing, et al. (1915)
Algicidal Activity Against Red-tide Algaes by Marine Bacterial Strain N3 Isolated from a HABs Area, Southern China «+«+s++seseeeees SHI Rong-jun, HUANG Hong-hui, QI Zhan-hui, et al. (1922)
Isolation, Identification and Oxidizing Characterization of an Iron-Sulfur Oxidizing Bacterium LYO! from Acid Mine Drainage «»+++++++ LIU Yu-jiao, YANG Xin-ping, WANG Shi-mei, et al. (1930)
Isolation of an Effective Benzo[ a] pyrene Degrading Strain and Its Degradation Characteristics —«++++esesesessssssssssssmsisiiiiiiins CAI Han, YIN Hua, YE Jin-shao, et al. (1937)
Aerobic Microbial Degradation of 2,2" 4 ,4'-Tetrabrominated Diphenyl Ether «-+esseereseeserererenssenneicnnenes ZHANG Shu, Franco Giulio, LI Xiao-hao, et al. (1945)
Piggery Wastewater Cultivating Bioflocculant-Producing Flora B-737 and the Fermentation Characteristics PEI Rui-lin, XIN Xin, ZHANG Xue-qiao, et al. (1951)
Correlation Between Acidic Materials and Acid Deposition in Beijing During 1997-2011 CHEN Yuan-yuan, TIAN He-zhong, YANG Dong-yan, et al. (1958)
Characteristics of Precipitation pH and Conductivity at Mt. Huang SHI Chun-e, DENG Xue-liang, WU Bi-wen, et al. (1964 )
Chemical Characteristics of Water-Soluble Components of Aerosol Particles at Different Altitudes of the Mount Huang in the Summer ++++++»«e-e-: WEN Bin, YIN Yan, QING Yan-shuo, et al. (1973)
Pollution Characteristics of Organic Acids in Atmospheric Particles During Haze Periods in Autumn in Guangzhou «++++-xeeeseeseeseseee TAN Ji-hua, ZHAO Jing-ping, DUAN Jing-chun, et al. (1982)
Characterization of Organic Carbon (OC) and Elemental Carbon (EC) in PM, 5 During the Winter in Three Major Cities in Fujian Province, China «+s+sreesesreensieienmenenininnnnn

......................................................................................................................................................... CHEN Yan-ting, CHEN Jin-sheng, HU Gong-ren, et al. (1988)
Size Distribution of Carbonaceous Particulate Matter in Atmosphere of Shanghai,China — «++vtsveesseesessmsmmniinne YUAN Ning, LIU Wei, ZHAO Xiu-liang, et al. (1995)

Secondary Aerosol Formation Through Photochemical Reactions Estimated by Using Air Quality Monitoring Data in the Downtown of Pudong, Shanghai «++++-«+eseeseereerssresenenenninennn
CUI Hu-xiong, WU Ya-ming, DUAN Yu-sen, et al. (2003)
QIAN Peng, ZHENG Xiang-min, ZHOU Li-min ( 2010)
LI Yan-li, MU Chao, DENG Jun-jun, et al. (2018)
GUO Li-feng, YAO Bo, ZHOU Ling-xi, et al. (2025)
FANG Zhi-guo, OUYANG Zhi-yun, LIU Peng, et al. (2031)
)
044)
)
)

Geochemical Characteristics and Sources of Atmospheric Particulates in Shanghai During Dust Storm Event

Near Surface Atmospheric CO, Variations in Autumn at Suburban Xiamen, China «+tereerererrerersssenneeinnnenes
In-situ Measurement of Background Atmospheric HCFC-142b Using GC-MS and GC-ECD Method
Airborne Fungal Community Composition in Indoor Environments in Beijing
Study on Quantification Assessment and Odor Fingerprint of Volatile Aromatic Hydrocarbons from Sewage Treatment Plant -
Superposition Impact Character of Air Pollution from Decentralization Docks in a Freshwater Port
Thermal Stability and Transformation Behaviors of Pb in Yima Coal

GUO Wei, WANG Bo-guang, TANG Xiao-dong, et al. (2038
LIU Jian-chang, LI Xing-hua, XU Hong-lei, et al. (2

LIU Rui-qing, WANG Jun-wei ( 2051
Synergistic Emission Reduction of Chief Air Pollutants and Greenhouse Gases Based on Scenario Simulations of Energy Consumptions in Beijing «+«+eeeeeeeresreresnenees XIE Yuan-bo, LI Wei (2057




*

CGMERIZEYE 6 [

%% WRPH A

BIES. Bt RE WM

%

x. (FUEREmHEY)

TENL EAR EB%E
AKE XSRS HE
R HIE BomtE 2 AR
| HosE 3 4

B Z

(HUANJING KEXUE)

EeEg ORI
BT d 6

R
W

I
WA RE

=

REZRS

SEN L B
JElol - Mg
BKF T

ZN

=

ENVIRONMENTAL SCIENCE

(Monthly Started in 1976)

(AT 1976 4£ 8 HRIT)
2013455 HISH 34% 54 Vol.34 No.5 May 15, 2013
+ & T EPER Superintended by Chinese Academy of Sciences
* B P EPBERE A SR Sponsored by Research Center for Eco-Environmental Sciences, Chinese
i B (SN Academy of Sciences
dbnt i TR ﬁé?}j Bl 225 55 Iz Co-Sponsored by Beijing Municipal Research Institute of Environmental
R R TN S Protection
* ORI T School of Environment, Tsinghua University
P 38 (HER R REE RS Editor-in -Chief OUYANG Zi-yuan
LTI 2871 (2576 (VN X UL Edited by The Editorial Board of Environmental Science ( HUANJING
P =] H
KEXUE
18 5, HRIEC T : 100085 ) ) _
HLEE .010-62941102 01062849343 P. O. Box 2871, Beijing 100085 , China
. .010-62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E—mai'l~hjl<x@ reees. ac. on E-mail ; hjkx@ rcees. ac. cn
http : //www. hjkx. ac. cn hitp: //www. hjkx. ac. en
H BR 44 % " "1 a Published by Science Press
bR IAR AL 16 = 16 Donghuangchenggen North Street,
ZIN N B
MR B A5 . 100717 Beijing 100717, China
BRI 2 3T dtatdbakER Printed by Beijing Bei Lin Printing House
b2 1T 4 # & K i Distributed by Science Press
FE 35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail : journal @ mail. sciencep. com
ﬂ- Jnj*:l Ab %E‘%ﬂﬁ EHKEE,)E"! Domestic All Local Post Offices in China
EEET PEERERRS EAF Foreign China International Book Trading Corporation ( Guoji
(b3 399 f541) Shudian) , P. 0. Box 399, Beijing 100044 , China
. ISSN_ 0250-3301 N
ETHS ————————— ] £ 2-821
RS, DN 02503301 EABER S,
E A E fir:90.000€ ESEITRS: M 205

BEWNSRFET




	01.pdf
	fm.pdf
	zml.pdf

	20130553.pdf
	03.pdf
	yml.pdf
	fd.pdf




