ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE




3% f"& ﬁ‘ § F38 K 8l

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2017 4 8 A 15 H

H &

FH T U R T 0 PO BV AR GRS VP oo g, IR, A A (3095
ﬂﬂﬁiﬂkﬁ[;ﬂ(%ﬁ*ﬁ%*ﬁﬁﬁﬂﬁﬁ@#@?ﬁ ............................................................... %ﬁi , %}%/ﬁ\ , 25 [u‘k , ]% %U"( 3102 )
WM RS PM,, s o PAHs 15 e RRE BORTEMEAT  oeeeeenneees Bz e, BN R A = P E | 2 & & (3110)
2N M R R AR T UIIRE B I SRR vvvvvvvrerrrreeeeeeens Blam, <%, THES, &E,BFE, TER, Z#(3120)
RN R A ST AL BORIF AT oo vvvvvmemmmmmmmmnnnnnnnnneen EME K, ERE, %4, B) 4, i T E%(3130)
Fe AL mT BN R Tl i R b R SIS R HETBRIE -oveevereeremmeieeeeeeee R AT EE, SR EH, R EE(3139)
FET AR Y T A S R R M SR HETSURRAE oo $EHS MER, RIAE, TEN,KE, X%, 5kER(3146)
%33 wavelet-SVM E](J PMIO(;{QEE#J?&%E}E{N ................................................... E‘T’ , 9{&21 , 7%1/?;%; , w}s/%% , H)(él( 3153 )

J“‘d»pl%ﬂgﬂﬂfg(ﬂiaﬁlgﬁi?;{mu&ﬁkﬁké%ﬂ}}:ﬁﬁ%ﬁ .................................................................................
""""" EER KM BRE, FR, R, T ARA, B, 7 AR, KGR, B, EAHE, EF %, THY(3162)
WA RAFT AWM B IR FORIAR P A AI RGN woeeeeeeeeeeeesenssnsnnniininns bk A A ELA,HAMH(3169)
_ﬁ_ﬂi(ﬁiﬁﬁﬁ}%&ﬁﬁ%%ﬁ‘;ﬁifﬁﬁﬁ&/@éfél$m .............................................................................. )‘g"/i\zl&( 3178 )
B L DX DX R 5 T SR S TS YR «oeeeeeeermeeeeenes WU R, AT RES, RA R, A0, A, K& (3185)
HEH VLI A5 K AR [RDRAR AR ) = D ST AFAE v vevememmmeeeeeeeeeeeeeees KR BHE B ARR, X8 (3192)
(%Yllﬂ%§7k{z'§ﬁmﬁﬁﬂé(ﬁ .................................................................. fd}@cﬁ% , ‘}41’ I/? , zE , 7]J L , W , J%: B g( 3200 )
B2 RN N I AT K PR A B R TOHUBR I FEI  +eeeeeeeeeeeees R, HERE, FEW KB, FW,#EEF(3209)
BT AR ) SR K T 5 b ELE LA ER ] oo BB, ERG I, B, (3218)
M KBS0 KA S T BT H s LT G ] o oevesseeesseeesoe AN, BT, B, K B, 54 (3225)
DA 5 T RSB TR AT SIS evvvveoeeooss e B vHA, A A (3235)
KT RSB T B IEAS B LTRBERE XL wovvooeeesseenesssnesne HE R R RUE R KB, E N (3243)

U FE XN IS ] R P28 - KA U B R LRI JE 2R wovveevveennesnnesnseenieese e e
............................................................................................. Pxiﬁﬁkjﬁ, %‘E}] ) 7}(:‘:%’ 'ﬁaj’h/}&, 325/%(3254)

B 5 B TS DR RS O S BCRV AP « DA R (] wovvovvvesssennsssssnnns s
.................................................................................... %ﬁ%ﬁy&ﬂzmﬁéy%%yF}f\ﬁj]ﬁ’]};ﬁﬁfg, %é’ﬁéﬁ(3264)
AR RIS B B SR ARAILI] vveeeeermmmmmreeii FR,EFER,FER AR, EZ, F%(3273)
BEIE A BOR B A B TR EE RN FR AT UM v vvvvmmmmreeee e KAA B, EA, 1M, ERA, BEH (3281)
OB S D RE TR AE S5 BR AR R A SCE A3 T oo WA, FIE AR, K, ERE HEE I, X805 (3290)
BRI ERER a B 530 SCHSE AR 3T veeererrmrreeeeeeeneennns Rk, KEN, F/NE, RE, EW, Wi, KW(3302)
Kﬁ{@i&*ﬁﬂ Elﬂ‘ﬁf%?ﬁﬂ:%ﬁ@%ﬁﬁ ............................................................ _:E7H(, ?;7‘}( , %?\ﬁ , fkf]lﬂ;ﬁ? , 5}’(@%( 3312 )
IIE@(ﬁ'ﬂﬁ(ﬂ:%ﬁ%ét*@@é%ﬁth:#?ﬁ ............................................................ %g& ‘FE , ?}Ej , ;k }% ?)% , §K 7;% W]( 3319 )
T I R AR E IS AR A TR G 3T e Kk, R, B, 2 #F KT F 15 (3330)
%&ifiﬁﬁ“ﬁ%}u@iiiﬁi\*"l"lﬁﬁgﬁ?ﬁdﬁ%gﬁé%ﬁ*ﬁ ........................................................................ ﬁﬁ%—; , 7]:5]92( 3339 )
%ﬂiyﬁfﬁ{ﬁ;ki#,f/ﬁ/ﬂ:B@jﬁﬁfjﬁﬁ%(ﬁ;}(ﬂjﬁ}% ................................................ ﬁ% ;]@ 9*7- , A Xjﬁ , ///%/r:zk\ , F/if\ é% ,,( 3347 )
A W BB BE 5 5/ NIRRT IR B K BRIR, ovveeeemermmieeee i ERH AW A EE, XK F(3354)
T R A - AR S TR B TRIRAL T K +vmeeeeeeeeeesmeeeeees X e, JE B, KA BRR AT, K&, SIIEHL(3362)
pH e X T R A AT b PR B /K 5 7K B R R RO e vveeeemeeee THEIGHEE, 2%, TRE, REK, TR (3369)
TR P2 A 43 WA AL -DRA G R A EUR I ATHE  ovveeeeemenmmnnnneniiiiienn FIE M, R, BRI, "L, 4 0H (3377)
BEALL I K v A e 0 TR AT B XTI R R AL RR I oo TR RERHEH AL (3385)
KBS B RAE ANAMMOX JE I 5 i B vveeeeremmmrneesmniieeeneee FAE, ZHE G4 KRF , HRE(3393)
CSTR 1 MBR Sz s (LR AL TR Bl evveeeeeemmmmmmereeeennenn ez, RN, AR R, BN, #R 4R % Samwine Thomas (3399 )
B SR LR R PR ALIRAE oovevvvesssensssss s EHEM,H B LA KT, B, K CH(3406)
AN TOC/NH, -NX PRAA B A B AR REM - oeveemeeeeeee s FR XL A B R, B, 8 F (3415)
ERENT EGSB S0 2R IE AT IR TR TS YR I BN < - veveeeeerenmnmmnmmmmnenaaeaaaasaaeanannannnnns EE L EHL T AN (3422)
CANON RLI5 e T 2B IE B 5 GUATHE R A oooeeeeeeeeseeeesesieee I H T, KME ,F R EAM A (3429)
T 2 P T P 75 TV 5 R A B ( PROS ) GBI - evvvvoveee gAY, P W B, WA (3435)
K[ﬁ]ﬁﬁﬁeﬁﬁ?%@i N20 5 NOx E/‘JﬁFﬁiE%?E .................................................................. ﬁﬂ Z , ;(]J —E";] , 5}’(/};{( 3442 )
MR 3 6B SE MR RGBT wovvvvoecnenssscnni KL, AR A, T, F A, B N LK (3451)

AL EE LT A Ay LA 85 8 - AL F B IO BAT] o ereverovs e mer oo enesse e soeoesros e
................................................... ?ﬁ?—%,iﬁ%%,%ﬁ“&,i?ﬁ,ﬁ]EP@?,%?I%%,%’KW%@,ﬁUW&,ZﬁéﬂiE(3463)
F it T R 2 - S AL TR M B SRR E I AFAE - A, U, R s, Ak, K (3473)
T VBT 55 %o MR 1 - SBETRE  RAE IR FOME vvveeeeeemmmmmeneeeeniiieeenn T B RP AR EN, 2, E14 7 (3483)
FRAEA R A= T BIAR B 55 AR AR R - 338 A D Bl ] it U M i e eveeeeeeee BE AR PR, B, BRK, EAR, X2 AK(3489)
T T L B SRR (73 A A E LI PRI 2 e e eememeeeee e ettt e e ettt e et % F E(3497)
THALT 5L X 42 F A SR M AE 2 UFRAEEEE S - vvvvreeeessnnmnneereesannnneenee s nniineeaee e FE,EEM, M, R4, X 75 (3507)

INEREFTUR SRR SR A RETEAE W BB S LR B Cd2* TR PE  coveeeereem e
........................................................................ ®inE ’deﬁ/ﬁ’gﬂégﬁ,’gyﬁﬁ*ﬁ’ﬁﬁég’ F}f\;\(’ K K (3519)
S5 YT TEAT DNA LR oovevevvveeosssernnnnnn A, T, EAE TR, B E IR, A, 4 A% (3529)
SN TR T5 TEHE AR ACHE SRR IR - ovvvvees e W, P DI D T P Kt (3536)
H R L3 AT 46 20 0 A R A A R AT e eeevveveeermmmeeemmmmee et XNH, HAT, KEE (3544)

(RBERI2E ) AERR T8 (3280) (ABERIEVAETT JE 3 (3301) {58.(3353, 3472, 3535)



o 38 4 8 B2 55 Bt 2% Vok 38 ’?81?
2017 4E 8 H ENVIRONMENTAL SCIENCE e

W RS EY SRR R B MEYIRERKNZ ST
A

VG AR HALN, WA
(PEBEGERAGERESESHETESLR=E,FS  266100)
FE . AT RUDAX AEYRER P RSN, F 2015 4F 3 ~4 H [8143 53178 22 0 A5 5 b2 B2 B 2 e W <O IR A
AR SLRAE T AW R IERE S, IR DAPT e 0 -58 5 BRI B R E T B e ik . 2R RN, WAe kA EYR
Ve b S v B RGN (P <0.05) . PRI B S A Mk BE S KT SIS0 5. 61 x 107 cells-m ~* Fi1 2. 08 x 10°
cellsm = | YDA P X B2 43 BRI R 1Y 14. 8 51 6. 42 £, IR 22 M 5 W0 M AE 5 f0 A DR A2 43 A 340 5 LU 43 A | o
AR B > 7.0 pm BPRIAE b B AIRER I IAE 4.7 ~ 7.0 pm BRI b R EE R A 2 ) R AE 3.3 ~ 4. 7 pum AORIAR
AL ~201 pm BRI L. VAR kAR o A 35 % AR B AR AR, 22 MNP X4 A (R — B > 7.0 wm B 3h 3
L1 ~201 gy 0T S AL ARE Fh R S0 A 2 S HUREAR O A5 23 A . 22 N TS 5 Y/ R A 0 67 A 4 15 S5 (20 1) 22 224 cells g ™
F1 550 cells«wg ™", TP A A I B0REH) 4 G402 400 5507 340 R K T 5 v 1L 23 T K26 442 cells - g ™' 110 250 cells-pg ™', 3%
iﬁ‘ﬁ%‘?&'@%%?yﬁiﬂiﬁi%mﬁéﬁiiJﬂN'R%%ﬂv%ﬁ%*%ﬁ*ﬁ%é@iﬁﬂ,ﬁ'ﬁ%ﬁﬁﬂﬁ%f?%ﬂ@?&%%ﬁ*ﬁ%%ﬁﬁi%
IR - ~ " I
R bR R BRI BE . RAR M, PM, . H
FESES. X172; X51 X#ERIRE. A XEEHS. 0250,3301(2017)08-3169-09  DOL: 10-13227/j. hjkx. 201701011 ‘

| F
| ﬁ-

=

Influence of -Dust Events on the Concentratlon and Slze Dlstrlbutlon of
l

Mlcroorgamsms in Bloaerosols =) - y; & "
LI 'Hong-tao Qa jlaf-hua” , DONG. Ll—pe C/O Dong mei ‘ fr—

(Key Laboratory-of Marine Environment and Ecology Mlnlstry of Education, Ocean Unf:/ersny of Chlna Qingdao 266100/, Chlna)

Abstract ; In order to study the influence of du%t event%"’on the airborne microbes! in atmospherlc bioaerosols, bioaerosol @ample% were
contlgpously collectedl from March to April 2015 dufing ltwo dugt events using size-fractionated bioaerosol samplers in Lanzhou and
Qingdho. “The congentration”of airborne microbes weretmeasured Ausing an epifluorescence microscope after staining with DAPT (4',6-
diamjdino-2=phénylindole ). The results showed that the epf@@ntration of airborne microbes increased significantly during the period of
dust (P £0.05). The average concentrations of airborne microbes on sunny days were 5. 61 x 10°cells-m ™ and 2. 08 x 10’ cells+m ~*
in Lanzhou and Qingdao, respectively, whereas the mean concentrations on dusty days were 14. 8 times and 6. 42 times those on sunny
days, respectively. The concentration of airborne microbes presented a bimodal size distribution on sunny days in Lanzhou and
Qingdao, with a peak at >7.0 pm and the lowest values ranging from 4. 7 pm to 7. 0 pm. However, the second peak appeared at 3. 3-
4.7 pm and 1. 1-2. 1 pm in Lanzhou and Qingdao, respectively. The size distribution of airborne microbes changed during the dust
period. The size distribution of microbes still presented a bimodal distribution in Lanzhou; however, one peak shifted from >7. 0 pm to
1.1-2.1 pm. The size distribution in Qingdao changed from a bimodal distribution to a skewed distribution with the predominant
fraction in coarse mode. The background values of microbial load in PM,, before the dust were 2 224 cells-pg ™" and 1 550 cells- g ™'
in Lanzhou and Qingdao, respectively, and the highest value of such increased significantly to 26 442 cells-pg™" and 10250
cells*pg ™" during the dust events, respectively. This demonstrated that the high concentration of microbes in the dust events resulted
not only from increased atmospheric particles but also from dust source and transportation path along with long-range transported dust
particles.

Key words: dust; bioaerosols; microbial concentration; size distribution; PM,,

A IS KAk TR S A U s AE R PR SR A B A A A0 R R T A A R R AR 22
Oy TS B AT IR U R B R R
SR B RLSY , e s R i, JFnl 5] WA HEA. 2017-01-03; 1&iT HHA: 2017-03-07

L e pe 2 ~4] oxls~1] 7 = E€WA: HXRARBIAEETH (41375143) ; A HHHLLTE
BNFZ L ABAEPI . EATHE W, AA S FRHRIWUH (NCET-13-0531)

SRR 22 TF SO I B i 4 o S TREWS YEEB AN 29 (1991 ~ ), 5B WL AR5 AR, EEHF 57 10 SR
YIRIEIEZ RERL AR K Frik KRR TS BB ol 226735801 G o

‘{%?'Hﬁ‘? B‘J%‘Q’E *ﬂﬁ%«n*@%ﬁiﬁﬂ: I%%Eai*/— # JWAE/EH , E-mail ; gjianhua@ ouc. edu. cn



3170 AN 5%

B 38 %

SRR/ AR RN, AR IR I B R
JE RN ELURLAR 43 A5 % A B B AR A 00 22 5 KT
B SR TR AL R K P v T AR K, 2R W B
LR R A R R AR = AP UE R
JEE | 2 RCRIPREAR A1 78 A 2 S BUH FRET A A
flE RS2 R AN ] 12 R, SRR R UR A
R RA R 23 A, X T A R A ) IR
PSP A it O A i RS

AR RATE— PR WL RRIR R ARk B
AR IR R AR I S TR
WU MU R B GERR g Vb A2 KR, S — il i RXURE i
TET /242 47 R R e 2 A )T 90 e X Y R
SREILIE B AR B WA o s RS
e KW R faE NPRAERE, 3 nT LU i 32 0 K
B S TR D DX L 2 R i A AL
ARMEPH AR A2 B 7 A I IR IR 2 8 L2
W7 YA N K L T A
ARBEYRIR. HRER, W ERIAEY
IR JEE | B v A Al MURLAR 23 Al K AR AR 7R
. LA 8 BT VD A2 XA PTG SR TR JEE L

AR IRIETHEE'S ~ 10 £, BRI 8 E TH T,

— i G LT R I R A AR
INCES e DA A, T 5 A ST T
bt PN T 208, LBt MR B R

PSR INTSTE S P L2

I g o DA T o — 2 S L R

g s W R i 2 T A 2t

AR AT 2 S AT R AU | P K I
T L 5 s L B 1 2 39 ] 2 P B
WIS RN, EL B o B 8 R .
N
39°

PEEH H i X
38°

TEERARE
37°
T
36° L ]
35° Hilr
4
34° (a) 22H 4
1 L
1017 102° 1037 1047 105° 106° E

39°
38°
37°

367

34°
kv

SOV A A T 535 G A LA YD A T 5 11 1
~ 2 AN T, T TR R R I
P Ve FE TR P 25 M FLAT ARSI, 4 G T 9 2 28 B
1T G IR (EL 90 TE 0 8 5 2 R XA R
AR P T AR 52007 9 B W A B A B
G B SEVD A e R A ) O R B AR A A 1L
TN A2 B 2E T RS S AR TP KU DX
VRO B 6 ), X T AT T AR R
IR A R S35 A0 R A0 AR T .

TV A TR VD % TR X
WRHIRAIA R T 34952 1 24 B 1L 8 v 24 U5t I B g
R IR A ST S LUIFGE. % 7 30 T 24 3T 3 25 2%
Hi, KGN A U AR X AN S D v
AL 2 3, AR P AL Vb I 1 T 0
WEDCRITG Y X 272 03 B LA 5 M AT
PSI34S R I S0 , - 34 XA 2k
BT M, BRI D R IR RS, (B E S
ARG ] U W P ALK - i 2 TR S
— AR RS B B A PRI 2015
3 0 AL TR ORI B R T 4k b
PR 0 0 IRy 0 T 2 S e
T W I BT b s R 0 vk E A

B, | 7
-/ = o Y 4
1 RS y

1.1 RSN

RAE UL T 22 TR B TR b, ELARA S N
B PR. 22 M RE AR T U LI R 2= A Rk
PETH (36. 12°N,103. 72°E) , FEES #5901 km 2245, 1%
w72 By, G YR, BT AECRET

LA

1 | L
118 119° 120° 121¢ 122° 123 E

B1 XERMETE

Fig. 1 Locations of sampling sites



8 1 2R 4

U KA AR I S B A R B KR 23 A B 5 )

3171

r [ VR 2 07 LR X X 2E B T (36. 16°N,
120. 50°F) , BB LR 7 km 245, 8650 6 12, ik
TEHEEIX SR S5 A2 R 50% , N A SE /)N,
1.2 FEACRESIE

RV A A )RR AR B 8] 2 08 .00 FF 1,
A AR R ORI MERAE . AR A5 B A <
G REEARARTE LR 1. ARSI R G 5
SLHY DAPL Gy 7545 5 9O W AU B AR I B il A
Wi BE. iz 7 IR R 47, 6- ik k- 20K FE ngf
(4',6-diamidino- 2-phenylindole, DAPI) 5 DNA %
AN RS A 1R — 0 PR B RO T R
[EN SRS AN 192 RIE 54U N Tk 7 R il b}
A, % T 07 15 0T LA S B o6 B A TR B R
(BT A W, T8 AR ) S0 I B 58 HE o Y A0 52
TS T B A O SRR R S SR A A
F75% Je ok & BEgE AT I, Ml 5 A0 K 15
min PL_F AR ERER K nhiR L RS B0 SR

vh

i (I P RV ARG T ) | 44 2 ) SO R AR A
FA%E 80 mm, fLAR 0. 2 wm AYRERIRERIENL . FA-1
Kttt 6 MR >7.0 pm, 4.7 ~7.0
pm, 3.3 ~4.7 pm, 2.1 ~3.3 pm, 1.1 ~2. 1 pm,
0.65~1.1 pum, KA 28.3 Leomin ™', SRAFE AT
[ 24 30 min. RAEZEH S 76 G & rh i i —

PETRE T, T3 B A TR AR B 1A i RS TR
A B L B, B D WSS INA 200 pL ¥ N
0. 25% Byt 80 F120 mL 0. 85% ~0. 9% 5 AL
V. KR E T E RIS R SR A, T 37°C,150
r-min "' P75 30 min  BFIEAR TR AE B B SR M UE R
F) A FER AR R R, B Whatman S04
FLUBRSEAT IR DB, FE RS AE T, ik = AR NI4T
SIS AR EE R 10 pg-mL ™" A9 DAPI G
SN 8 min, FRAIE 2 T, 769 W U8 Wit
IBEAAE T BEHLIR 10 BT, 3T B A QI &

Eﬁﬂ’ﬁ@ﬂ"]%/l\ﬁ[“] R i 2 T?Elf%ﬁéhu EF‘%

R = R 28K B TE 121°C T R 15 Sk g,
min , BT U85S 1) B 050 FH i 7 T{ﬁﬁﬂ?k’] BEK Mif”ﬂttt%#& ﬁ%‘&ﬁﬁﬂ* ‘;_r'” |
IR R ER. 4 N ST,
7|<FFJ FA-1 56 J&Jﬁu@nﬁwmﬁ%mﬁ; VR s g, i,
ey, 1 fff,ﬁmﬁz’fn %ww—usﬁuwﬂ%@r” e A
- # Table 1 Samphng—'mformatlon and aelated meteorological and enyironmental jindices
I wa [ e 0 R fo: AT PMys R
= A (H-HTH) /°c -y /meg ! : /pugom 3 /pgem™> ki
A 03-13708 ;00 6 oy ] 2 112 RYE 44 20.0
"! 0314108 00" 1 cr. B S5 137 223 57 15.0
03-16T08 ;00 5 35 1 144 237 75 15.0
03-197T08 ;00 4 58 2 68 86 32 15.0
03-20T08 ;00 6 21 0 76 102 37 20.0
i 03-247T08 ;00 6 57 2 49 46 34 11.0
03-26T08 ;00 15 39 3 128 206 78 20.0
03-277T08 ;00 11 30 1 121 192 67 None
03-27T19 ;00 10 28 5 219 363 45 None
03-27T21 ;00 10 32 4 372 477 53 None
03-287T08 ;00 4 49 1 129 208 66 15.0
03-317T08 ;00 12 38 1 168 285 78 13.0
03-037T08 ;00 4.3 75 8.7 139 154 106 3.8
03-03T12 ;00 6.0 37 12.7 68 64 49 30.0
03-057T08 ;00 1.0 38 1.7 61 69 20 28.0
03-10T08 ;00 -2.2 55 2.8 71 91 37 21.0
03-157T08 ;00 5.8 93 2.3 57 64 21 10.0
- 03-207T08 ;00 12.3 34 2.9 153 218 117 8.0
03-257T08 ;00 7.5 77 3.8 50 50 31 12.0
03-287T08 ;00 7.7 98 4.3 80 86 58 3.0
03-297T09 ;20 12.5 66 2.7 199 346 127 6.0
03-29T13 ;00 8.8 86 4.7 118 183 86 6.0
04-03T08 ;00 8.4 71 6.8 85 91 62 14.0
04-10T08 ;00 8.5 86 2.7 64 76 28 16.0
1) None 7~ MICAPS %A} 58 UL B HU{H i 2



3172 AN 53 Bt 2% 38 %
Z S EMRFHEINTFEF S, I, AR FI55Y
C

X, e KH*M:MEE%(’M“Z?FH (cells*m™);
¢, :x PRI AEDIRIE (cellsem ™) 5 N, 2 EFE- 35
AEYIRL T (cells) 5 S B AL U8 AR 52 B o 9 1 FR
(mm®) 5 S;: BRBEMEF A (mm®) 5 V, . UEFE A
i (L) V, LG AR TR (L) 5 Vo RAEAR S
A (m’).
1.3 BdARiR

AHIFSE R A0 =2 M b XX | I BE | A
B kIR T EAIAR R MICAPS BB
WeatherUnderground ( www. wunderground. com) , 7
By 4 DR | IREE | ARG B R SRR T B TR
% Ja1(qdgx. qingdao. gov. cn) , 1 ES 4 5 MICAPS
%R Ml WeatherUnderground ( www. wunderground.
com) , M T ) AQL, PM, . PM, i K 5+
[ B3 WA Sl (www. cneme. cn) |, J& ] L )
JI NOAA 5 HYSPLIT B i R A i 22 451 A0 b
) 8] 4 B F Air Resource Laboratory ( www arl.
AR RO T EAS R

noaa. gov) ,

MICAPS ﬁﬂﬂfﬁ%frhﬂﬁﬂ’] s 2=t LEBL_;

éﬁzﬁ%éﬁ%fr ri P ﬁ <0.05 E’ﬂﬁﬁ%ﬁﬁ%ﬁ &

S B " By
(971 2 S 2 B TR S 3 i *Fﬁﬁg-'?;
Ewm¢mﬁ k1 R TS R e

71;%5 KEES 7 B, PM, I{E 75.3 pg-m 7, b1
Yfﬁﬁ'ﬁé 15.4 pg-m ™, B EY W B HIAE 1.33 ~
3.45 x 10° cells*m ™ , ¥ {H } 2. 08 x 10° cells-m
FRUEfR 22 7. 17 x 10* cellssm , X 5 Dong £ [30]
2014 4 3 ATET & [l — R AE £ D45 i 1ol A ) Tk
PIE 2.7 x 10° cells-m 7 FEIT. 22 MR A9 B K #E
B 3 E P HIME 78. 1 wg-m 7 ARiEDR 2 28. 8
,uMEWKf@@f3M~9uxm

pg m”

cellsem 7 Y} 5. 61 x 10° cells-m ™, b #E f 22
3.07 x 10* cells-m ~*. [ 7 UL 2] 22 JH A= 4 < fise vh
SV TR BE AR A

XoF L T b v B AT LR B 24 M RN 5 I R
AR PM AHZE AR K (P >0.05) (B2 S s
AR BEAEAEAE B 0 22 57 (P <0.05) , == S A
VIR P M 7 5 62. 9% . 2 M SE TR E Vb
FEJE AN b 75 YR PR AR 22 | iTH: N BT A 1) AR A
AR TG 5P SR bR, PR 22 N A ) 30 P 2

PR B AR SR AR T2 b B A 9
BORAL S | DRI B AR PM, A T 482 I B B R 4% 1F
T, 2P AR R s TE . R
R R 2. 4 TS

1108

sl 1%
QXIG‘ B

03-05
03-10
03-15
03-25
04-03
04-10

m 03-28

M (H-H)
H2 2015 43 - 4%%&%%&#&1%@& o

Fig. 2 Concentratlon of airborne microbes on sunny days—

from March to ‘April 2015 in Qingdao and Lan__zhouf ==
i N
4 e

2.2 ¥ "‘ﬁﬁéﬁf ' & g
m%*ﬁﬂmﬁ 3,71127 H 19:00 ~20 00 ZIEﬂ

1524 JHIF g f‘"‘im,ﬂjﬁ%? 21:00 ~22{00 Z-
[F]. P13 (a) O MV B/ 72 b SRR
2 P A B R T I P 5 P DB R
ﬁl:inﬁéﬁBﬁiﬁ/f/’{%ﬁ%*ﬁi@/ﬁffﬂmﬁﬁ
S ERAMRIRIX Z —, 22 MR R T — X 7R

2% 1 S A TR 26 20 XL 3 DX R P 3 R X R
T2 M E T TR

Bl 4 222 JNVD R T e JLERE S S v B (B

(e) BXFIEHY) PM,, . PM, o AR L (RH) | KU
(WV) | HREE(T) RfCR AR ] B A8 L o 3 H 26
H.3 H27 H10:00 ¥R ENE, S Y vk B AL

T M. 19.00 KM ZATHY 1 mes ™ WS
FT5 mes™ HIXHREEREAL, YA B 4558, P,
W1 T, PM, s WS T 1%, SV vk BE 2R3 fin
a1 AR, kBT f s fE 8.43 x 10°
cellsem >, 21.00, XUH FF 4H V855, RH HL 0 AT [1] 7,
2 PM, AEFR B K F) 477 pg-m ~°, BBAE Mrvk B
PR 2 8. 14 x 10° cells-m > 41540 TAR B AU 7K. 3
H 28 H,PM,, F&AIK & 208 pg-m ~°, Vb2 i FE 4%
DR A X I Bk 2 3 Vb 242 i Eﬁ7k¥ w;w&
FEN 5.50 x 10° cells=m ~* | AH FL AT — K i |- B i [
5. #73 H31 H,BRPM, K NFEHET3 A 28
H AE VDAt 358 )5 15 Y AR 1, Sl W v i ik



8

PRI PR . WA IO AR R R R R R B BORE AR S A (Y )

3173

Source % at 36.12°N 103.72°E

(a) 2243 H 27 H20:00

2 2 500
< 2000
g 1 500
2 | s00 Lo
E K. ! 1 1 | L ’l 1 | ] 1 1

EEEEEEEE E E B2

E S B A B S &S S &N

S & = - & & = = 3 & = =

03-27 03-26 03-25

B3 =MERERDLE

Fig. 3 The 72-h air mass backward trajectories for the two dust events in Lanzhou and Qingdao

Source % at 36.16°N 120.50°E

“‘
(b) 7 %3 429 H09:00 : : %
o |
5] 25
< 2083
g T 500
2 Sn{! 1 1 1 1 1 1 1 L 1 1
e e o e e e e e e e e v
(=] - o = [ =T = [T =] = = L= =]
T R I
03-29 03-28 03-27

S H 72 h BEHE

2333
T T 11

feellsm™

Sk g

PM,p/ug-m?
ad
S
S
I

PM: s/ug-m™
[=.2]
=
T
»
»

FHAS LIE %
&
I
4

4 /mes™!
T TTT
*

*
*

iEEPC
WS B
T T T

*
I

L 2
M * .

03H26H

03H 27H10:00 03H27H19:00 03H27H21:00

034280 03H31H
i 1]

4 2015 43 A26 A ~31 BZMBREWRE., PM,,. PM, ;. AXHEE, K&, BETL
Fig. 4 Variations in relative humidity, wind velocity, temperature, and concentrations of airborne microbes,

PM,,, and PM, s in Lanzhou from March 26 to 31, 2015

— P 3. 90 x 10° cells-m ~°.

SRIIE] , 75 552 B — R IP AR KA, HAF
gemfEck, A 3 A 28 HAJE G PM,, EFH2 150
pgem UL B, AQL L B FHE] 150 DL b, —EHF]3 H
29 HF4 AQI Z ik #] 100 AR, B 3(b) AE
Sy AR 720 SBG EE. S TR
VA AL ERAR . VAL BRAR I PG BR AR, AS b 2h 2

Fh1 S5 vty - P T ) ST — 21y il A XL o) s B 2 £ 3 i
KBTI PE AL YL mhE B YA kA
ARG — R B st ARl 1 B b XU A e 5T B
22 KA (http;//epaper. bjnews. com. cn/html/2015-
03/29/content_568774. htm? div= —1).

5 0T B U AHTE JLERE G SR Yk B
(c) BAFRLE PMyg . PM, 5 AHXSR B (RH) | XUk



3174 2N 5%

B 38 %

(WV) | IREE(T) BCRAERS ] 1 AR fe g o, 3 H 28
H Vb2 I U WS 3 A i ok B Ak 1 35 S, PM,
PM, (#BALF Gk, A X it 90% ,3 H 29
H 09.20 & &7 KRB 4 BIFREE T ILA /I
i, AT I R T [ B 66% , PM,, H1 BT — H ) 86
pgem T E] 346 wgem | PM, ;LM 58 pgem ’
ETEE 127 pgem 7, B WUk Rl 2 T F

1.04 x 10° cells-m ~* , lf TP R IAF B E 40
e, MBI BT BT 2T 13:00 A2
B, PM,, . PM, s #FELTF 46 B, A6 It JF 46 [l
T, AR 38 K A 0 e # 09:20 B K
2] S0 14 ] 5 = (B 1. 88 x 10° cells»m ~° ,EfﬁE%EE
TR K, - R R R B T
S HTEL

&
2o 2XI10° =
E:; 1X10° | =
2
g-:ﬁ 0 n ! ! n
E 300 | ¢
< 200 | .
Z 100 . , , [
£ y Y
5 120
2 10
o 80 A
g 60 |- A | ! 4
=100 v
=
280 | v
- v
E 60 . A . [
;, 7 E <
E -
R * *
=4 3k I * I L
14
o2 *
= 10k
= 8 . . .
6 | 1 | L
328K 3/29H09:20 329H13:00 473H

i i)

5 2015463 A28~4 A3 BEBEMEMRE., PM,,. PM, ;. EXHRE, K, BRETH
Fig. 5 Variations in relative humidity, wind velocity, temperature, and concentrations of airborne

microbes, PM,,, and PM, 5 in Qingdao from March 28 to April 3, 2015

FLRGIX PRI Vb A o A, AT DL & b A4 B i XL
TEIHARN . AEXT R EE X BB B RRAC, BEE PM,, 1
W2 LI, SRS YR Y B IR R R B
X Griffin 41823 (il — R BIHFFT 45 FARSE. Wb
NI 2 Pb A s R Y R 2RI AR T bR . =2
FEVDA IR A AU B 8 38 K I B W AT BTG, Uk
Y2 THE e DL R, X SR M & g 4
R—E MESEE AR, VA g K AL
LS| By i WA R N - S L B2 S I ) )
TR RS, BARAEIL TR  H N PV, 7T LUE
MNP RAERERTHE L.

2.3 VDR A Wk B RRE AR 43 A R

KT T U A XS S R R YR B RORLAR A

s, X EG T 22 M RN B X 3 H Vbt f R

o T KA (0 S 347 e 38 AR 43R4 A W - 2k
Wk 2 FiiR U 2R R AERT, 22 M S AR i B Y
R 14. 8 4%, T & BiAE P ok J3E 35 (8 2 W R 1)
6. 42 15, i VD 2R i) B AR P vk B 2 IR KR B T
PoXH R MR8 LN Sk
YIRS IR AP B2 25 5 B A X 5 P
WARSREMZE S A X AR LH, MAEYIRES
PM,, S BUAR G (0 LA G120y oAbl | 0k 47
L, R B AT 22, 2 JH A 00 9 ] 25
S AEYHRES PM, £ 2 FIEME (P <
0.01) , 17 & WIAR CHE AR (P >0.05) , ik J& =
PNV B S B A A e T e R R A I IR T
Sy Vb A BER5S UL ) S A v B v e A2 2 T
Hoh PR sg ) (H BIE it , VA B A vk S A



8

PRV . VAR RSO A IR I P R R B RORE AR 3 Afi FR) R

3175

PN EL P SN REA

& 6 AT LA MY B R I 22 M FIT 55 79 S R
TUCEE W e R 39 5 WU G A e e WL R BRAE > 7.0
pwm YRR AR b BT 5 a4 504 i) 2 22. 2% Al
26.9% ; FAKMEIIHBAE 4.7 ~7.0 um B9 R AL
e BT R A R 13, 8% F19. 6% . T KR
W P R A (19. 7% ) HPAE 1.1 ~2.1 um Y
BARLAR by =M S E AR, RS E(18.7% )
WITE 3.3 ~4.7 wm MR, BF5T & B0 22 M
Tk X AR 2 WOk Y kA EE A AE 5.8 ~10.0
pwm D EIFEE A, RN 1.1 ~3.3 pm kiR 5
AT S5 RAFT .

R R R, BB R AR A A e A T B AR
b, NP RAEF 1.1 ~2.1 pm F13.3 ~4.7 pm
PSR AR B A P vk B T v s B e K, 43 i) 3k )

22. 8 55N 18. 4 A RiAR S A 4TS A WU 43 A1 (H
KRAERE, EEEMN >7.0 pm BHE T 1.1 ~
2.1 pm 4R BRI TREE N, >7.0 pm KifE
FROTR A W e B B hn k9. 81 A%, BT 5 T B
(14.8% ) W BALTHE R, MiFERANHSEYSR
RS AR A A AR R B 2 A ) T
>4.7 wm BPHRAR, T BWREER 75% . Hof >
7.0 wm BLAE b BA W vk T 2 0 IS R 9. 17
i, Fe il B 2 TR T 38. 5% , fE T A kAR B
It o5 BB di i 5 RS R 4.7 ~ 7.0 pum KL
7 S Yk e R N, TR T RO 24. 4 %,
JIF o B A3 B TR 36. 5% B UK R W AR, T 20 kL
15 LA P e B v R EE AR GT /0N | AR AR T o B
BRI PR AR, L BEAR AR D8 /N T s . X 5 9 T
A5 2015 4EHETFAET S IR 45 AT

£2 BXRE5DVAREMSARPREYELRELEY
Table 2 Comparison of mean concentrations of airborne microbes in bioaerosols on sinny and dusty days £:3 A7 A
s M ) ‘ i o S L
HiAE/ pm — - — — . - =
fER(N=3) WA (N=2) - Y B L AE MR (N=5Sy WAR(N=2) SR i LA
0.65~1.1 8.59 +4.22 82.3+11.3 &  9.58 2.59 +1. 14 30014. 68 AV o
1.1~2.1 8.97 £7.12 205+7.43 22.8 4484328 _ |613%7.43 - ¥ S g
2.1~3.3 788 £5. 60 131 £49.2 | _16.6 3.99'+ k.71 10.8 +9. 00 =21 767 ‘
3.3~4.7 4105 £5.63 194 £76.6 | H B4 3.378L79 . 416.0'+12.9 4.74¢y |
AT37.0 F p7.05£5.93 94. 980014 £ 12.2 2.18%% 11427 3,242 41 24.4 :
‘o >0 0 ' @513.60 22 ifgys.-bff.- " 9.81 6. 11 £2.36 56.04+53.4 ks ol
Wk 4 56.2430.7 829 £20: 1 47148 22.7 7480 “146 £59.2 56,42
1) 5 R 5 0 K182 BB (R 22 S0 0 104@11;4}1 3 TR LA v KPR /s R B | Tl
J ” § — § F | | 4
ol W A 22 5 g U X B o O UL B
{0 TvS 7 N T B9 1 AN < - o ) [ 1K [ LI A b R =
50 | P = P 2
HIE ARG A NG R IT R Y E, H &
Ed BB WL AT , Y R Tk 74 15 I 38 S AR 2
= T 2 P P 3 T 7, LB 2k
gk KHE B AL, AN DR AR R b A AR vk B R
N [, PR DRI R . T, WA R
X HE ST TR T AR A ik B FTORLAR 43 A1 ) S e 5 10
0t N
1 1 1 1 1 é‘ggirgﬁ}é'
0.65~1.1 1.1-21 21-33 3347 47-7.0 =7.0 N . e "
Br/um 2.4 VAN Y 6 A 5 R

El6 ZMEBFERHREDLERENS
BRRHBERES AR

Fig. 6 Comparison of size distributions of microbes in

bioaerosols on sunny and dusty days in Lanzhou and Qingdao

ABIERILZEI AR, = HE—Rite ERUED)
VR REARI s T &, 0 EL VDA R 22 P AR AR BERL
AW E I IR J3E I 3 OR TR 1 HORAR A R
ST BARKARE. ARSI 5557

HT TR AR RUEY R, EE AT
WA B V2R R b OB P ) AR W B fer (3R
3). ATLAE Y, VR S YR BE Rl P B T
MFFE, W YA o 2 b 7 BT & PML, R | Y
2B T A AR L B T VDA R SO R R
22N VD AT AT S 22 224 cells-pg ™', Vb2
W s b TF3126 442 cells-pg ™", vh2b 3t J5 191 9% 3|
13678 cells-pg™'; F & V4207 H 5 {6 2 1550



3176 AN 5%

B 38 %

cellspg ™", Vb2t fie g B FHE]10 250 cells-pg ™', ¥
AR P E 689 cells-wg ™' A WL, ¥h2b K AR,
A2 MR ST 5, SR (04 B A 4 0 A #10 K h 1
(P <0.05) , X BIAVI 2R KA & AN, T4 Pk
AR B IASAAN I R S 23 A5 SR 385 o 81 i B 1
f A e DR A K B S A i ) U 2 UK B
A RIESNERAEY. 22 MU B G 67 far (i 37 2 T
T, UL VD AR5 Vb 2R 4 A T A
.
F3 ZMBREBDLIERBEDRE, PM, s 5
Table 3 Concentrations of airborne microbes and PM,, and the

microbial load in PM,, during the dust events in Lanzhou and Qingdao

o i W <100 PMy RO
(H-H TH) /cells+m ™3 /g m”3 /cells+ g ™!
03-27T10:00 4.27 192 2224
03-27T19:00 84.3 363 23220

=0 03-27T21:00 81.4 477 17 075
03-28T08 :00 55.0 208 26 442
03-31T08:00 39.0 285 13678
03-28T08 :00 1.33 86 13550

= 03-29T09:20 10. 4 346 3.003
03-29T13:00 18.8 183 10250
04-03T08 :00 1.54 91 1,689

1) PM o L B2 0 61 B e ﬁM]‘OYZ?f}EE‘J“Uiﬁ g

ety 6 o vt A o
9, B A A B TR K B A R T
SR, A T ] SRt 4 N 42 2 D A ﬁ'ﬁijli ik

R TR, 0 5 T
L P PR PR K T O, SRRV S

LT GaNE R S RN Ry O P
R RS A AR E R X G S fE
BTV BIPTG FBT 45 SR — 3. X8 R B A
BFFE I By AT R S — B, EIE T R R RUK
HEI YDA URE £ 5 U DX W I B B 1 i, 23160
KT D A SRR, T LD AR SR | (5
B0 1T JRL i X 30 4% 0 4 B M SO B 9
AL, T UL, YA 3 368 R M X 28
MBI | ORCAR A3 VR 25 4 A AR S 0, B
ST DAL i) I 90 S G ) R 80 RE
RE. VbR AR A ) S IR B W A5 D TE RITR A

3 i

(1) VAR Az I, PR )R v S ol A W e
REEIIN, WA YRR A R AR AR AL 22N
A S I TP U AT S U 53 A (L e ey DA DA

>7.0 wm BBEIF] 1.1 ~2.1 pm; MHSHEEE >
4.7 wm BPHDRLAS B Mg kA AR TR AR 3L
WA 53 A1 78 SRy RERL AR I A5 43 A . Ub 2R B E RO X A=
P G 1 2 T R K

(2) VoA e AR I ASACRURE 1) 0 AR ) <O TS v
M W v B SE n TORE ) 4 A= ) B4 0 R Ry
i, AR R S A5 4 i Vb A OB A A KR A,
SN R b XS SO AR R BE | R AR o AT
AR K ).

b2 & BRI R A NIWNE=P NS A [ D& EE YN
FE =2 MNP AL A ) SO R AR S By, B vh [ 8
S5 B TSR 2 T4 At MICAPS SEEI %R
SH Ak
[ 1] AriyaP A, Amyot M. New Directions: the role of bioaerosols in

and physics [ J ].  Atmospheric

Environment, 2004, 38(8) : 1231-1232. )

[2] CaoC, Jiang W J, Wang BY, et al. Inhalable Egici‘?)o.rgar_lisms
in Beijing’s PM, 5 anduPMlo pollutants during a.lse\.(g'ﬁ":us[nog-event
[J]. Environmental Sciénce & Technologys#2014, 48=(3) .
1499-1507. [ J o=

[3] HolJ, Danc¢an S. Eslim:iting aerosol hazards"lfron}‘;";; anthrax
letter[ J‘J ! Ioumz},l- of“ Aerosol’ Science, 2005, 367,( 5-_6_ } ?Ql -
719. f g5 b A U i

[ 4] Reponen T} Wli_!_leke K, Uleyicius V, et al. Effect of fellative._‘

4 e
humidity én the aerodyflami¢ diameter and respiratory deposition .
F ’ e F

atmospheric  chemistry

of fungal spores[ J7. Atmospheric Environment, 1996, 30(23%:
39673074, “ b S
(5] BRI, 88 KA 5 KSR S M E T [ D ]
SR 2, 2016, |
T6] WA T RIGERSE YR BOE W S
AERFHRE MR R [ D], &8, hEMEERY:, 2016.
(7] HBME. 75 B X AY R B P MO D]. 5 5.
TEWER R, 2013.
[8] 3k, Abafe, &I, & FREEE, EEYIHFR
OMRHERTSEL ], BREERE:, 2011, 32(1) 2 9-17.
Xu W B, Qi J H, Jin C, et al. Concentration distribution of
bioaerosol in summer and autumn in the Qingdao coastal region
[J]. Environmental Science, 2011, 32(1): 9-17.
9] LiMF, Qi J H, Zhang H D, et al. Concentration and size

distribution of bioaerosols in an outdoor environment in the

—

Qingdao coastal region[ J]. Science of the Total Environment,
2011, 409(19) . 3812-3819.

[10]  Efl, f27F, T, 5. WRHRERERIMEYR
BEREDE ST (1], MEER 2224, 2016, 36 (1) 279-
288.

Wang W, Fu HL, Wang T L, et al. Characteristics of microbial
aerosols on haze days in Autumn in Xi’an, China[]J]. Acta
Scientiae Circumstantiae, 2016, 36 (1) : 279-288.

[11] Heo K J, Kim H B, Lee B U. Concentration of environmental
fungal and bacterial bioaerosols during the monsoon season|[ J].
Journal of Aerosol Science, 2014, 77 . 31-37.

[12] Jones A M, Harrison R M. The effects of meteorological factors

on atmospheric bioaerosol concentrations-a review[ J]. Science of



8 1 2R

U KA AR I S B A R B KR 23 A B 5 )

3177

the Total Environment, 2004, 326(1-3) . 151-180.
R R R SRR S AR
RESHHELD]. T PREBHRY:, 2016.
FES SR, ML MMEM]. dEa.
2003.

KL A5 B b XD ARSI FAAE B H S A7 [ D] 8. b
FEl A 1 K57, 2005.

Kim N K, Park H J, Kim Y P. Chemical composition change in

TSP due to dust storm at Gosan, Korea: do the concentrations of

[13] R S A R

[14] ER A,

[15]

[16]

anthropogenic species increase due to dust storm? [J]. Water,
Air, and Soil Pollution, 2009, 204(1-4) . 165-175.

Kellogg C A, Griffin D W, Garrison V H, et al. Characterization
of aerosolized bacteria and fungi from desert dust events in Mali,
west Africal J]. Aerobiologia, 2004, 20(2) ; 99-110.

Griffin D W, Kellogg C A, Garrison V H,
microbiology in the northern Caribbean during African dust events
[J]. Aerobiologia, 2003, 19(3-4) . 143-157.

Jeon E M, Kim H J, Jung K, et al. Impact of Asian dust events

[17]

[18] et al. Atmospheric

[19]
on airborne bacterial community assessed by molecular analyses
[J]. Atmospheric Environment, 2011, 45(25) ; 4313-4321.

Jeon E M, Kim Y P, Jeong K,
events on atmospheric fungal communities [ ] ].
Environment, 2013, 81. 39-50. f
Lee S, Choi B, Yi S M, et al. Characterization of! ‘gﬁc;obial

[20] et al. Impacts of Asian dust

Atmospheric

[21]
community during Asian dust events in Korea[ J]. Science of the
Total Environment, 2009, 407(20) : 5303..5314 ;
(22]
10 the Afncan de%ert dust corridor over the mid- Aflantlc rldge
/" Odean Dnng Program Leg 209[J]. Aelﬁbmfuglfr 20(-76-.- 22
“1(3) . 211- 226 i ” T v F
[23] Solelmam Z Coudarm G, Sorooshian A | et/ al s Impaol of Middle
Eaatern dust blorms on indoor and outtjoor corr}pd's‘ltxon of
7 bioagtosol [ J]. Atmo%phenc Environment 2016. 138 135-143.
[247 | Sch]esmger;.lP Grlshkan 2 1. Bransport f
J mlm“porganlqm% 1o Israel during Saharan du%t event§ T '.]' T
Agrobwlogla, 2006, 22(4) . 259-273.
Yuan H L, Zhang D Z, Shi Y N,

viability and culture composition of airborne bacteria during a

Mamane Y s

[25] et al. Cell concentration,

dust event in Beijing[ J]. Journal of Environmental Sciences,
2017, 55. 33-40.

TR deatTin gt 28 A Y R B2 i A8 AL R IE AT 5E [ D ).
et stk R, 2007,

WHEE, F4ou, T, F 22T R ARG Y
(], PEVE, 2015, 35(4) : 977-982.

[26]

[27]

S

Griffin D W, Westphal DL, Gray M A. Alrbprne mlcmo‘rgdmsms

(28]

[29]

[30]

[33]

[34]

[35]

[36]

[37]

[38]

_[39]
,.é' }

[40]

[41]

Gu YT, XinJ Y, Li X, et al.

Characteristics of dust events

and their influence on air quality of Lanzhou, China[J]. Journal
of Desert Research, 2015, 35(4) ; 977-982.
W, SKRIEE WR] 22 R AT PR A [T ]. 22

SEARFEAR, 2006, 25(4) : 59-62.

HKHL, WRHE, SRATAE, A REV R, Bl
XARTRIEIR AN ]. HERBLA kR, 2005, 20(6) : 627-
636.

Dong L J, Qi J H, Shao C C,
distribution of total airborne microbes in hazy and foggy weather
[J]. Science of the Total Environment, 2016, 541 1011-1018.
RIEE, A, AU, 2 INTH AR Z 0 A0 SO0 00T 5t ok B 11
HTHR[)]. TRIXBIS, 2004, 21(2) : 112-116.

G, AxuE, BRIl 45 22 MERV AL PM, fiik iR
BHGBAEIRIX[ )], RPHESER, 2012, 35(4) ; 477-486.
Liu N, Yu Y, Chen J B, et al. A study on potential sources and

et al. Concentration and size

transportation pathways of PM,, in spring in Lanzhou [ J].
Transactions of Atmospheric Science, 2012, 35(4) . 477-486.
PR, BN TS. W RHXWAR RARHE T T]. ILARRA,
2006, 26(4) : 6-8.
Griffin D W, Kubilay
and aeromierobiology' over the Turkish Mediterrqpé{p" coastline
[Jl. Atmo%pheﬁc Environment, 2007, 41( 19).' 4@%0 4062.
ZIs)- D’J: ﬁﬂﬁdTT@ﬂﬂEq:l:L_l&F' W?RE \,Eéﬂr]ﬁﬁ
FEAEST AT D] M AINREE, 2010, ..;';'

Haas D,, Ga]ler A, The concem.mllongﬂ" of
(‘ultura})le mlcf'oorganljlsms 1n relation to partlcualate xpalter in
Atmospheric Eﬂvnonmenl 2013, 65 215-222. .
AR IS m%-

N, Kogak KM, et al.A.Ai..r-bmn'é..z{‘esqj‘:_l- dust

Luxner \J, et al.

urban aarTJ
BRI A B 5 e
[D]. . 1 AR 2016.

1 B -4Nl/f—l—]ﬁfékﬁﬁ%{ﬁm%mﬁ "”"ﬁ’ﬁﬁ%?ﬁﬂﬁﬂ
BFFEED . 2. MK, 2006. 4
Yadav‘S, Chauhan M S, Sharma A. Characterisation of bio-
aerosols during dust storm period in N-NW India [ J].
Atmospheric Environment, 2007, 41(28) : 6063-6073.

)= 2 L b I R R B (2 S N N R B
?%E@&ﬁ#fﬁ%?fﬂh [J]. WTTERE SIS, 2015,
28(4); 18-23.

Han C, Qi J H, Xie M C, et al. Cultivable fungi in spring sandy

dust air in Qingdao coastal region and their potential health risk

[J]. Urban Environment & Urban Ecology, 2015, 28(4) . 18-
23.

A%, WP T U b4 KA B b & SBUE M ETE
ZHMELD]. B8RS, Bk, 2013.



HUANJING KEXUE Vol.38  No.8

Environmental Science ( monthly) Aug. 15, 2017

CONTENTS

Evaluation and Development of a Weighing Chamber by Using Saturated MgCl, Solution «+++++eseseeseereesssesimmenenininenenninienien LI Xiao-xiao, ZHANG Qiang, DENG Jian-guo, et al. (3095
ZHANG Jin-sheng, WU Jian-hui, MA Xian, et al. (3102
++ GU Ai-jun, LIU Jia-shu, LUO Shi-peng, et al. (3110
JU Yuan-li, LIU Pan-liang, YU Zhou-suo, et al. (3120
WANG Shi-hao, ZHANG Kai, CHAI Fa-he, et al. (3130
+ XU Min, HE Wan-ging, NIE Lei, et al. (3139
Exhaust Emission Characteristics of Typical Alkanes from Heavy-Duty Diesel Vehicles Based on a Portable Emission Measurement System s«+seeseessesesesereresiemieneniimininininn
......................................................................................................................................................... SHI Chun-zhen, HAO Xue-wei, SHEN Xian-bao, et al. (3146
PM, ) Concentration Forecasting Model Based on Wavelet-SVM ««+++restererreeresrssrnrssicnnnnineitss e WANG Ping, ZHANG Hong, QIN Zuo-dong, et al. (3153
Emission Factors and Preliminary Emission Estimates of Air Pollutants from Ships at Berth in the Guangzhou Port »«+:++:+ssereeveee HUANG Xue-liang, ZHANG Zhou, YANG Wei-giang, et al. (3162

Characteristics Research on Carbonaceous Component of Particulate Matter Emitted from Tron and Steel Industry

Pollution Characteristics and Source Identification of PAHs in Atmospheric PM, s in Changzhou City -+

Atmospheric Dry Deposition Fluxes and Sources of Polycyclic Aromatic Hydrocarbons in Lanzhou Valley, Northwest China

Characteristics and Sources of Elements in Atmospheric Dust Fall in Zhuzhou City, Central China

)
)
)
)
)
)

Atmospheric Pollutant Emission Characteristics from the Cooking Process of Traditional Beijing Roast Duck

)
)
)
Influence of Dust Events on the Concentration and Size Distribution of Microorganisms in Bioaerosols —««+s«+sessessesseessenseneneninenenssenns LI Hong-tao, Qi jian-hua, DONG Li-jie, et al. (3169)
LU Hui-jie (3178)
)
)
)
)
)

Odor Emission Characteristics and Pollution Evaluation from Typical Household Rubbish Disposal Facilities

ZHANG Ming, TANG Fang-liang, YU Ya-yun, et al. (3185
Fluorescence Characterization of Fractionated Colloids in Wastewaters Received by Huangpu River ««+s«ssessesesesereneneniencnenininicnenn NIE Ming-hua, YAN Cai-xia, YANG Yi, et al. (3192

Perfluorinated Compounds in Snow from Downtown Hangzhou, China

ZHAO Hai-juan, XIAO Qiong, WU Xia, et al. (3200
WU Fei-hong, PU Jun-bing, LI Jian-hong, et al. (3209

++ XU Mei-juan, TONG Gui-hua, SUN Dan, et al. (3218

Comparison of Identification Methods of Main Component Hydrochemical Anomalies in Groundwater; A Case Study of Liujiang Basin ««+«sseseereerseessenenennienienensnnininnsinnee

+ ZHANG Xiao-wen, HE Jiang-tao, PENG Cong, et al. (3225)

Sources of Organic Carbon in the Surface Water of Lijiang River

Impacts of Thermal Stratification on the Hydrochemistry and Dissolved Inorganic Carbon in a Typical Karst Reservoir in Summer

Comparison of Heavy Metal Contamination Characteristics in Surface Water in Different Functional Areas: A Case Study of Ningbo -

Biotic and Abiotic Uptake of Phosphorus in Benthic Sediments of Suburban Streams Under Intense Human Disturbance Scenario +:«+xeovesveseeseeees LI Ru-zhong, YE Zhou, GAO Su-di, et al. (3235)
Sedimentary Phosphorus Speciation in the Coastal Hypoxic Area of Changjiang Estuary and lts Environmental Significance ««+:«+s+ssssesseseereens LIU Jun, ZANG Jia-ye, RAN Xiang-bin, et al. (3243)
Characteristics and the Relationship of Nitrogen and Phosphorus in Soil and Water of Different Land Use Types of a Small Watershed in the Three Gorges Reservoir Area -weoveeesesresneeeeees

............................................................................................................................................................ CHEN Cheng-long, GAO Ming, MU Zhi-jian, et al. (3254)
Characteristics of Carbon Transportation Under Rainfall Events and Associated Carbon Loss Evaluation in Loess Plateau, China; A Case Study of Yangjuangou Dam Watershed ««+:«+s+-seeeee

- E Xin-hui, WANG Ya-feng, GAO Yang, et al. (3264)
New Bromated Phenolic Disinfection Byproducts; Mechanism of Their Decomposition During Chlorination LI Huan, LI Zheng-kui, LI Ai-min, et al. (3273)
Effects of Algal Morphology and Al Species Distribution on the Coagulation-Ultrafiliration Process —«++s+ssseseersessesssssenenninenensinneniens ZHANG Da-wei, XU Hui, WANG Xi, et al. (3281)
Functional Group Characteristics of Planktonic Diatoms and Their Relationship with Environmental Factors in the Ruxi River ««+:tsesseeesereeneeeees XIANG Rong, LI Qiao-yu, YU Yi, et al. (3290)
Spatiotemporal Variations of Chlorophyll a and Tts Relationship to Environmental Factors in Shiyan Reservoir * SONG Yun-long, ZHANG Jin-song, Guo Xiao-ya, et al. (3302)
Rhizosphere Microbial Diversity in Different Wetland Microcosms WANG Lin, LI Bing, YU Jia-hui, et al. (3312)
Community Structure of Microorganisms and Iis Seasonal Variation in Beihai Lake ZHANG Ya-jie, LI Ke, ZHU Hao-ran, et al. (3319)
Analysis of Microbial Diversity in a Fluidized-Sand Biofilter Based on High-Throughput Sequencing Technology - ZHANG Hai-geng, SONG Hong-giao, GU Chuan-chuan, et al. (3330)
Analysis of High-efficiency Denitrifying Bacteria and Embedding Filler Performance and Microflora «+«+xsseseessersesssenemensiminenininniens MENG Ting, YANG Hong ( 3339)
Selection of Microalgae for Biofuel Using Municipal Wastewater as a Resource —««+sereeeeserensenseenemenensnininsinsinise s HAN Song-fang, JIN Wen-biao, TU Ren-jie, et al. (3347)
Purification Effect of Piggery Wastewater with Chlorella pyrenoidosa by Immobilized Biofilm-Attached Culture «+-+++++seseeeeeeeseereeeeees WANG Yuan-zhu, CHENG Peng-fei, LIU De-fu, et al. (3354)

Combination of Microbubble Catalytic Ozonation and Biological Process for Advanced Treatment of Biotreated Coal Chemical Waslewater —+:++sersesseresesereremieneneniinininiininenn
............................................................................................................................................................ LIU Chun, ZHOU Hong-zheng, ZHANG Jing, et al. (3362
Effect of pH Shock on Nitrogen Removal Performance of Marine Anaerobic Ammonium-Oxidizing Bacteria Treating Saline Wastewater ««+-++-++++- YU De-shuang, ZHOU Tong, LI Jin, et al. (3369
Removal of Nitrogen from Alcohol Wastewater by PN-ANAMMOX  xeeveeeeeeessensnsnesnninnenunmminsiiisiiissis s ZHOU Zheng, LIN Xing, WANG Fan, et al. (3377
Biorecovery of Palladium from Simulated Wastewaters and Its Catalytic Property for Methylene Blug «-«+«++x+esseesereereeesiercnenennne KANG Nai-xin, ZHU Neng-wu, GUO Wen-ying, et al. (3385
Investigation of Initiation and Shock Process of ANAMMOX Based on Color Space WANG Li-jun, LI Zhi-hua, HAN Dong, et al. (3393
Fast Start-up of Shortcut Nitrification in a CSTR and an MBR +++:eeereereens ZHANG Ting, WU Peng, SHEN Yao-liang, et al. (3399
WANYAN De-qing, HUANG Yong, BI Zhen, et al. (3406
WANG Fan, LIU Kai, LIN Xing, et al. (3415
*+ TAN Xiao, HUANG Liang, YANG Ping, et al. (3422
SUN Yan-fang, HAN Xiao-yu, ZHANG Shun-jun, et al. (3429

)
)
)
)
)
)
Conversion Pathways of Substrates in Sulfate-Reducing Ammonia Oxidation System )
Effect of Different TOC to NH,"-N Ratios on Nitrogen Removal Efficiency in the ANAMMOX Process «+++++++ )
Effects of Salinity on the Operation of EGSB Reactors and the Anaerobic Granular Sludge *++++++ )
Start-up of Granule CANON Process and the Strategy for Enhancing Total Nitrogen Removal Rate )
Effect of Extracellular Polymeric Substance (EPS) on the Adsorption of Perfluorooctane Sulfonate (PFOS) onto Activated Sludge »«+-++++++++++++ LIU Xin-tong, YIN Hua, PENG Hui, et al. (3435)
HU Lei, LIU Yun, ZHU Bo (3442)
)
)
)
)
)
)
)
)
)
)
)

Characteristics of N,0 and NO,, Emissions from Purple Soil Under Different Fertilization Regimes
Effect of Plastic Film Mulching on Methane Emission from a Vegetable Field

ZHANG Kai-li, HAO Qing-ju, FENG Di, et al. (3451

Responses of Soil Ammonia Oxidizers to Simulated Warming and Tncreased Precipitation in a Temperate Steppe of Tnner Mongolia «+++++++ ZHANG Cui-jing, SHEN Ju-pei, SUN Yiei, et al. (3463
Nitrification Activity and Autotrophic Nitrifiers in Long-term Fertilized Acidic Upland Soils ++++ XU Bai-lu, ZHONG Wen-hui, HUANG Qian-ru, et al. (3473
Effects of CaCO5 Application on Soil Microbial Nitrogen Cycle in an Acid Soil GUO An-ning, DUAN Gui-lan, ZHAO Zhong-qiu, et al. (3483
Responses of Extracellular Enzymes to Nitrogen Application in Rice of Various Ages with Rhizosphere and Bulk Soil = ««+-esseseereeeeneeees WEI Liang, TANG Zhen-zhu, ZHU Zhen-ke, et al. (3489
Variation in the Temperature Sensitivity of Surface Litter Respiration and Its Influencing Factors ZHANG Yan-jun (3497

Magnetic Properties of Farmland Soils in Arid Regions in Northwest China and Their Environmental Implications + WANG Xin, XIA Dun-sheng, WANG Bo, et al. (3507
Preparation of Magnetic Biomass Carbon by Thermal Decomposition of Siderite Driven by Wheat Straw and lts Adsorption on Cadmium -+ ZHANG Ru-yu, LIU Hai-bo, ZOU Xue-hua, et al. (3519
Effects of Traffic-related Air Pollution Exposure on DNA Methylation +++ WANG Ting, DING Rui, HUANG Dan-ni, et al. (3529
Effects of Exogenous Microorganism Inoculation on Efficiency and Bacterial Community Structure of Sludge Composting - YANG Ping-ping, YIN Hua, PENG Hui, et al. (3536
Life Cycle Assessment of Traction Lead-acid Batteries for Electric Bikes in China LIU Wet, TIAN Jin-ping, CHEN Lii-jun (3544






