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Deposition flux and seasonal variations of indoor dustfall in Xiamen, China

HAN Wenliang'*"" CHEN Haiming'” CHEN Xingtong'

(1. Department of Environmental Science and Engineering, College of Chemical Engineering, Huaqiao University, Xiamen, 361021, China;

2. Institute of Environmental and Resources Technology, Huaqiao University, Xiamen, 361021, China)

Abstract: Seasonal dustfall samples were collected from 49 indoor sampling sites, which include
homes, offices, computer rooms and furniture factories, in Xiamen, China, using glass plates
(walled by clean aluminum foil ). Deposition flux and seasonal variations of dustfall were studied.
The geometric mean of the annual deposition flux of dustfall in homes, offices, computer rooms and
furniture factories were 13.1, 7.2, 4.9 and 179.9 mg-m > d™" respectively. The deposition flux of
dustfall in homes and offices of Xiamen was about 2 times that in Shanghai, China, and about
5 times of that in New Jersey, USA. The deposition flux of dustfall in computer rooms was lower than
that in offices. Whereas the indoor deposition flux of dustfall in furniture factories was 1—2 order
higher than that in homes and offices. Seasons significantly influenced the deposition flux of indoor
dustfall, but no significant urban to suburban difference was found. The lowest deposition flux of

dustfall was found in winter for both homes and offices, whereas the highest flux was found in
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summer for homes and autumn for offices. The seasonal variations of dustfall deposition flux among
the sampling sites were consistent, indicating that indoor dusfall was manily from particles in the
outdoor air. Being closed nearly all the times, the deposition flux of dustfall in computer rooms
showed no significant seasonal variation. While the seasonal variations of dustfall deposition flux in
the furniture factories were in accordance with the fluctuations of the manufacturing output.

Keywords :indoor, dustfall, deposition flux, seasonal variation, Xiamen.
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PRIXGE. LR Ak, B AR5 A B, W AR A WSO B9 2 i T e 0 10 5 5 3 AL B LR PP % ) T 5 i R AR G 1k
B2 AR A SN AR G R0 O A 2 DRI R R ) A, o AR R A AE < WE AR AR LN
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1, B G RE A EE ML IR a8 NPT, SR AR —AF DU Z= 38 N A e i, T ST T AN [ 2 PN 305
Hh 2R DT B S AR, O SR T 5 AR A P A oA T W 5 9 1O A e N MR B B K P T 5
S b B B FERIPELE

1 SZEG#B4) ( Experimental part)

1.1 FEARAE

TEJE T 23 DRBE 17 DINVAZE 5 DL CRBISHHL S IRk 55 a2 Fh a2 45 ) Fl 4 A EH.
T ZE IR AR A SRS A UL 1, SR A B LR 1 ORISR 2 R BRI 49 A o B T IX (5
)29 A 8RB (5 H0) 20 A SRFE S S B T 6 AT IBUX AL FE 5 P 0 LB AR BLIX, B A 4
2 I PR 2 X B R R AR X, LA AL X S AN S X A X
Tl X 2 BN RAE s KU BB 25 em x 32 em BB B ( 9 ¢4 0 9 RS ) AT DO R i | 3R
FERFE] A 2011 4F 12 H—2012 4F 12 H , BAZ 1 REEREIA 3 A H (2590 d) L BR 3 M BRKRERE A
3ANFKET FEAR(FEE LA, AEWAY) BRI, IR BIA LR 190 1.
1.2 SEE Ak

T AR FH T FH A TR VRIS Ve Tl T 5, FH S BER o HH A R P 30, 0 S T v An A A
T F RS OB AR E N TC N fioh S 1 s T AR TS M R FESS SRS S ik T g e 4R 4K (Kimwipes,
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Kimberly-Clark , US) i INPA R/ 1E CUBE (1:1) 3 5770 5 A1 A48 40 B 0 e DA S R 4 31 1 a2, S AR TG 4 4K
LU 5 BT IS A R AR 9 . 0 A AR AR R S 4 7E TE IR TE YR AR (25 °C,60%) L E 24 h )5, EHE S
0.1 mg/MHT KPFRE (B HRIE) , WA K AR EZE /N T 0.5 mg( KEZEUNT 0.2 mg) . To 454 I FT#k
U AN R/ IE 2 e (1:1) R I 4S 36 h.
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Fig.1 Map of the sampling sites for indoor dustfall in Xiamen, China
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Table 1 Questionnaires on the home sampling sites in Xiamen, China

LTAVEL a0 N e SN

S5 In/ou it TRORETED e TR e e AN

K rea/ Year of Using time/ X Ventilation
No. Xiamen Rd. ) . AC type o Floor type Sofa type .

island m decoration (h-d™) habit
H1 B 3730 12 2000 BEHE 3 Lotk A T FFEH 8 h-d™!
H2 B bW 25 2009 BEHE 4 Vot I FFE S
H3 B 4 ZE Rl 35 1990 BEHE 4 Bkt p Nt TS
H4 BN T v i 19 1990 BEHE 5 B i} FEHS 6 h-d!
H5 BN HE S T AT 40 2009 LGN 3 Bkt S FFEH 2 hod™!
H6 N K % 35 2007 BEHE 3 bR i) CANC Ik
H7 BN YEFEPG H 45 2005 BEFE 5 Bkt S FFE 1 h-d™!
HS B bEi Ve i 30 2007 BEHE 4 B TR CANCIE
HY BN Pe—H 35 2000 L 4 AR i TR, &K
H10 B SC—H 10 1999 X 0 Ve A TS 16 h-d™!
Hl11 BN MR 10 2000 " 0 Vaiig & FFE T 16 hed™!
H12 BN R 40 2008 BEHE 2 W ¥ FEs
HI3 BN RS 50 2010 e 2 i 1 K HR i FFE < 2 hod™!
H14 B Hib AR — i 10 2008 BEHE 1 K HbAR i CANCIEL
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P - BB EEED e IRy pen pggen  BOIR

No. Xiamen Rd. Area/ Year (')i C type Using time/ Floor type Sofa type Ven'tllatlon

island m? decoration (h-d™") habit

H15 B ah A 40 2007 BEHE 0 R HbAR R A2 h-d!
H16 Ak e 20 2010 R 1 Bk B TS

H17 B4k LRKE 15 2009 X ¥ &t A T FFE S 24 hed™!
H18 B4 HLEXKIE 15 2009 BEHE 0 Bk A 1A} S 24 hed™!
H19 B4k NS 13 2007 BEHE 2 ek ¥ T 18 h-d™!
H20 Bk H 7R % 30 2009 BEHE 4 Bt i} FE RS 12 hed™!
H21 B4k WA B 40 2009  BEHAEHL 4 Bt o PANELS

H22 BAah bbeeiiie 40 2008 & 0 ik B FEHS 12 h-d™!
H23 By ah MR 30 2003 R 6 0 & FFEHA 12 hed™!

F2 BAE0) WL (C)MERT (F) R AERHAR

Table 2 Questionnaires on the office (0), computer room (C) and furniture factory (F) sampling sites in Xiamen, China

B/ " L REHL e e " N
55 o il WRCOREERaw e wwen TR BIIR G g DU
No.  Xiamen  Rd. re;za/ Year (.)f No. of No.of  No. of PCs AC Using ti‘lrle/ Floor type  Sofa type Venltllauon
sland m decoration printers copiers type (hed™") habit

01 & BIREHME 300 2005 0 0 100 gLz 10 hE LTI

02 BN REHK 35 - 2 2 1 s 3 Kt Al JFERSR

03 G EITH 30 2011 1 0 8 i 12 W il AR

04 BN EiLE 80 - 0 0 20 ki 3 kS Tl FERA 3 b
05 BN RE 4 2005 I I 2 AL 5 % B#E a8 hd
06 G REFRE 125 2009 1 0 6 Hil 1 e Wi FEHRS 3 hed!
07 Bl KiEHK 100 - 0 3 10 1EHL 8 %t B R 2 hed™!
08 B B 50 2007 1 0 5 Lz 8 &t Wl JFEHA 4 b
09 &R WELEE L 250 2011 | | 2 s 7 wHk Ml JFEBA S hed™!
010 BN BT 200 2011 1 2 14 s 10 1 k A

(00 D ST R = it 150 — 0 1 3 iEtilh 1 %k B JFEA S hed™!
012 BN JREEZE 60 — 0 0 1 GiEtilh 5 bk EE - FEHRR

013 B EEKE 100 2006 1 0 14 iEtilh 2 4l EE FEHA

04 B fEKE 600 2011 0 0 0 s 8 bl A FFEEA

015 B HEFEKE 30 2006 0 0 0 REHE 6 B E¥ - FERR

016 B MBKE 40 2007 | | 2 gLz % % & O

017 &A% 20 2005 2 0 4 REHE 6 4 Ml SRR
BN R 40 2008 0 0 2 iz 2% AR N IR

2 BA WEdH 20 — 2 3 14 Rz 2% AR il SR

3 BA O ALY 15 2010 0 0 2 s R % il il JFERR

c4 B AT 200 2006 0 0 45 Eilh 4 i B FEBA 12hed!
cs BAh gk 300 2006 0 0 2 GiEtilh % i % A,

FL B4 RAETOHE 200 2005 0 0 0 b 0 KR %k JFE S 10 hed ™!
2 B WELIE 400 2005 0 0 | X 0 Kl %k T8 10 hed™!
BB B FRTERE 400 2005 0 0 0 x 0 ki %k FHEHE 10 h-d 7!
P4 B FETARE 200 2005 0 0 0 % 0 kiR % HAURBR

{E: AC: air conditioning.
FE AT IE £ 19 H FHAE SR 5 2k B T RAE TR AR X /N i L2kt H 8 AR 16 72 AR — e w2 il PR A R

T T2 PR RE B B AR AR U v] DA TE AR DL A B Ak, 5 IR EE TR AR S s /b i ad Dy
| LA A 97t T 0 555 SR A AR 40 ) PR TR B G T ARV A SR T 1 S5 A G I AR DL Rl e R TR —
FE 223 A ST A U R 2 AT LR AR U 2 2 [
1.3 ety ik

ARG (QEAS RS A SCHE AT BRI 2R 5 2508 OBUR 28 5 2543 745 ) 8 SPSS 16.0
AR SE L M TCRR IR UL |, 2 /K a=0.05.
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2 R 51718 (Results and discussion)

2.1 AEBE MR A

ST REE I UGG SRR 2 N D0 2Rl 5 (F 2) #4756 1E A 501 ( Kolmogorov-
Smirnov test,a=0.05, SPSS 16.0) , {H¥F /3 JE A 25 (1 % N B A2 & B SR 5 P RS, B 455 XF
BOER 0, IR e T an JRe sk v B, 408 LT 5{E (GM) .
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Fig.2 Seasonal deposition flux of dustfall in every indoor sampling site in Xiamen, China

JE 1R BEE NI AR LR 131 mg- (m™d) ™", & BB FRER NN 1.7 5 (5 3).
I ZAE A RN 7.2 mg- (m™d) " (AEFEE) IAE 017) & LI = N R Y
25 TR ERINAE ZE B R e g . T =4 S R e = R BRI
— 8 A S PN PR e A T R T AT ATE KA AR A 3R T 3 (N R A P i A i, S
I T ARG S T B T AR R ) A 0. 5 I ANAE L T 1) 5 PN o L 9 R IAR D M = A S A%
DA 15 Y A H A S B R T2 N A R A i e A AR A K B T IHLG (R ARLSS S AL s, R 55 7
EHAAP I ES) E MRS 4.9 mge (m>d) KT INA B MGEE. X S i T REEHL 5 22 4 ]
BT (RIS S5 2 =55 , I EIR L H W AR NIEA | Z A2 S i Bk B 5 /N 58 2
IR E N TR R 179.9 mg- (m™d) ™' i m T HAME NI, 2 S T EI AR (£ 3).

2.2 [EobiE ) 2 AR SRR B

FJE 55 N [ T 1 UK K 7 222007 (Two-Way ANOVA, a=0.05, SPSS 16.0) W], 15X F pE =
IR B A BB (P=0.042) , B (T IX, HI—H14) 35 40 (3RB, H15—H23) (47 [7] % [ 2 5
WM (P=0.412) . T ZBE A RAT A5 22 18] Y 8 2 i 2 59K (03 PN R BE 45 21 g 2 3l o I KM
SEIR/IMER) 4.0—8.4 5, BAMNRBES B R KBS/ MEN 2.6—5.4 £%) 1M1 55 AN R BE 4% 27 Fe 238
LA L (0.78—1.00) FIHHE L (0.93—1.04) 3430 1, It A N J5 22 K TRy 26, 38 iy 9 (T
DX) 8 A1 (IR ) T 14 o 24 308 G J 2 25 S Xt 6 B A LSRR 25 5, =5 AR 3 e K/INEE 257 Jmy Ml 2
VA IR 1 52 ) 21 % 38 2 36 5 52 1] 11 22 L L #4 ( Post-Hoe multiple comparisons, LSD ) i#f — 20 3R | &
ZHE KERALBBAEDREER(P=0.011.0.016) , X MEFHER T EER(P=0.056) ,[HF
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TME KA B2 5 (P=0.506.,0.600).

R3 EHIENERE RS A XA (mg- (m*>d) ™)

Table 3 Comparison of indoor dustfall deposition flux in Xiamen with other areas around the world (mg-(m*>d)™")

REEEHEA AERER JLAE

x I TT/ H X Type of Sample Ceomerric TE AHEE Frifi 22 SR ik
Country City/region . . Median Mean SD Range Ref.
sampling sites lype mean
% BTN Rz Wik — _ 9;1} ::32~f2’ i ::11'.33’ i : :21-%8:412.?5 © r30]
hE it KIE 22N 7.9 8.8 8.9 4.2 3.9—15.9 [29]
[ [SRir3 IVAE 24 3.6 2.9 6.2 8.4 1.3—26.4 [29]
i I KhE 22 13.1 14.3 14.5 6.6 3.0—39.0  AHFFE
HE 1] IAE [ 7.2 6.9 7.7 3.3 277—23.6  ABFSE
ERE| I BNz [ 4.9 4.6 5.2 2.0 22—10.9 AW
eN EI] FHI G2 179.9 231.7 235.9 167.7 45.7—549.2 A5
i [ Daeyeon-dong 3T & 4 ST — — 112.6 — 55.6—217.0 [28]
i E Wolpo-dong 12 4h pstiin 3 — — 118.4 — 35.1—238.4  [28]
i [E Gijang-gun  ZBIX ZEHh RTTRE — — 63.3 — 23.6—105.8 [28]
4  Haengam-dong % FE 4k TR — — 53.4 — 13.9—143.3  [28]

KEEREAE A TR (10.2 mg- (m™d) ") , A FHRE (15.1 mg- (m*™d) ") (K 4) , DR FREAE
B A (P=0.00015) 3% 5 38 EUBHE VY S HE 2 N R 90— 200 1005 SCRRARGE 1 32 1R 24
AR R R TR NI E B IFEE L, ERUEOK, =2 A= S ki 1
SRRSO T it 158 ) 3 A PSR il it AR AR L 5 S SRR — B0 A A B R

®a HITHHE JpnE HUFMEET UFEEA R (mg- (m*d) ™)
Table 4 Seasonal deposition flux of indoor dustfall in homes, offices, computer rooms and

furniture factories in Xiamen, China (mg-(m>d)™")

e Type i Home I ZE Office
Z Season & = % % e -] #* %
Spring Summer Autumn Winter Spring Summer Autumn Winter
JUAI{E GM 12.7 15.1 14.7 10.2 6.6 6.9 9.4 6.4
"F{E Median 14.2 16.6 14.3 10.8 6.9 6.9 8.8 6.1
FHIY(H Mean 14.9 16.2 15.9 11.0 7.1 7.3 10.0 6.6
brifE2% SD 8.3 5.7 6.4 4.3 2.8 2.9 4.3 1.9
fe/IME Min 3.0 6.2 6.9 4.4 2.7 3.7 6.6 4.0
Fx KAH Max 39.0 29.5 27.7 20.5 12.9 16.5 23.6 10.3
2 Type BB Computer room FHJ Furniture factory
45 Somoon % P A P % 1 A P
Spring Summer Autumn Winter Spring Summer Autumn Winter
JU I GM 3.9 4.6 5.6 5.7 205.5 64.1 405.2 196.2
H{E Median 4.3 4.8 4.4 6.0 264.7 67.8 485.4 198.8
FHIIE Mean 4.2 4.6 6.1 5.9 224.3 67.8 432.3 219.4
brifE2E SD 1.6 0.5 3.0 1.7 100.3 31.2 154.1 118.3
#z/IME Min 2.2 3.9 3.6 3.6 110.0 45.7 209.3 99.5
IRAE Max 6.6 5.0 10.9 8.1 298.0 89.8 549.2 380.7

T A S ORI 0 R TR AL 2 N RN S SN T R AP OR IR AN KRR A ACE L TH
AR EED S ORGSR AR (R S AEAR ) S R BE T FRRR OB T BRI LA
SEALTE AR R, B P R R A7 B N M L TR (RS [ 2 R A SRR R R AR
R DU 2 20 3 i 2 (R AE DGPR3 AT (3R 5) R W BRE & W2 Z [ AH OCPE R 55 (r=0.342, P=0.140)
A, HAh 4% 2515 18] 4 B A 5 (r=0.461—0.754, P<0.05) 3% FE W 52 BE 45 35 PN SR AE s P2 il i 2= An 1k
B8, BN EEOR A T RIS P ORI 5 A [ 5 55 R G S e T R 2 TR 25 1
LA XU 5 9 25 5 DA B H LG ok 19 32 B A0 2 A0 HH ORE A9 1) 5 e R AN ()L 4 2R bl TR P 2D,
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N R £ 22 B AT AR ORI SRL I I e 03X 5 B R T 5 22 32 s ANBURL ) R i 22 4
B2, AN 6] 8 JURE ) A 5 2 ol s 2% 52 9 2= P AH DG T 9 22

BEAh, 2 PR B f AR <50 wm BRI AR R N AT WA SR e A A A R
Y FEIE<0.5 pm AYLITURL'S 22 AR 4 U R A Y R T AORE (<1 pum ) 5 B 1 A3 B AN
IR H( Brownian and eddy diffusion) UL, TREL SR 3 i i Uk R R R R T
PR URL ) 10 HSd 0 2 e T E E  (H R R AR HORLIURE 19 L 1) . 28 v T4 3 A o i 2
PR 4 B B0 2 A A SRS, R RIAE >S5 m AY R4 i B FUBURL ) B0 A — 2 A 6t (r =
0.50) , [ LA B Zdgg ey i WA 0 1 5 Hoke 8 % A RO Lo 4 s A K.

RS BTTTREE A2 2520 2 N A B A A AR GRS A

Table 5 Correlation analysis of indoor dustfall deposition flux between different seasons for homes or offices in Xiamen, China

ZBE Home IMAE Office
P Season # Fl # % # i * %
Spring Summer Autumn Winter Spring Summer Autumn Winter
% Spring 1 1
X Summer 0.691** 1 0.691** 1
K Autumn 0.754** 0.699 ** 1 0.758 ** 0.497 1
£ Winter 0.572** 0.342 0.461" 1 0.733 ** 0.507 * 0.609 * 1

e ox o« BARMBFEME(a=0.01,E); *+ BARBFME(a=0.05,%E); * * Correlation is significant at the 0.01 level
(2-tailed) ; * Correlation is significant at the 0.05 level (2-tailed).

IS aE 2 N R T B A XU R 7 2293 M7 ( Two-Way ANOVA |, a=0.05) £, B 230 A EE N
R 3E AT LR B (P=0.094) . 558 (01—012) 5548 (013—016) 1Y 22 SR I 2338 I [e2h
HEFZMALE (P=0.103) . TIHAZE RS ELEMEL N (01—012) , HEANRFESTA 3 45
TG K 2 (013—015) |, IS AN [R] X 9328 5 25 N [ 2 308 o 1T B T 22 37 T R B B8 22 5 () 5%
Z H 35 (Post-Hoc multiple comparisons, LSD) i#f — 25 3R B | Bk 25 FlH: Ath 22 1 [ 42 i A7 7F b 5 25 7
(P=0.003,0.010,0.017) , 14 & 55 = R FEANHE &t 2 AN AAAE 8 35 25 7 (P =0.550—0.854)..

INAZEREARR R AR . R Ry 22 40t R W, HOA B R Al & 5 A Z T WA A
], 4 F5 A% =200 3 2% 5 (One-Way ANOVA, a=0.05, SPSS 16.0).3X Al G2 1 T-5 k45 i
RUINN ISR et ], 22008 1 25 A0S, AR /D JF 0 38 X, 3% 28 AR 24 3 k2 4 AR AR5 i /N I 2.
INFEAS R R DU R A3 i 2 (R AR SR S BT (3R 5) R, B Rk Z A4 i A OC (r=0.497, P=
0.050) , B 54 LI R bk 5422 ] i E A0 (r=0.507—0.609, P<0.05) , Hifth 4% 2=y i) ¥ 5 b 53 25 4
K (r=0.691—0.758, P<0.003) .iX F B INA T 45 55 N RAE S B2 ii i 2= 10 AR A — 30, BB 2ok
H PSSP R PR i TE A E ' SRS, kM EN A SR, 5
TR A ) A 555 118 AP DG sz e 1 21 i) R 2T B Ay 22 5, DR b A2 2 A s A5 b R 40 5% M R JEE P AR T

HLD5 W2 et 25 5 AR A B . B DR 3R Ty 22 A0 BT R W, DU 2R 4 242 3 o [H] 2 6 1 3 2% 5 ( One- Way
ANOVA, @=0.05) .3 J& i T REEHL D 2 R &bt A R BE ( KA bL s IR 55 2= 45) , E N E IR H

R NIEA 2 A28 S A R 0 52 0 /N IT B ML 45 SR A 1 DU 2 R 24 3 g (] A S M 2 E%‘(P—

0.185—0.740) , H X AW Z=[a] Ay RE i o £ R AA7E AR E (r=-0.261, P=0.671) ,ixX R UIHL G RS
FHERNINA I R ], 2 N A2 52 3 b s S OR300 52 1 555

FR FRFE AR L RRR, R (64.1 mg- (m>d) ™) , BkKZER K (405.2 mg- (m*>d) ™). 5K
HLT R 2R E TR A APRHIH] FTHE R SR I P AR B R A DRI 4 ) g bl e ) BT AR Ak R B
REATRB P KRR e R K S R BER A m R 2 H XA TN TRAE
IR A 2SR R A SRR, — e R Az = AR i i B AR R, I ZE Rl R R S
NG AR — T
2.3 RIS P IREE IR A T 1 LA

FE DU Z= R SR I AN FAIN 2T 1.8 5 (1.6—2.2 £i%5) , X AT BE 5 R @ MK £, Wi Iy
IR AHT 35 38 P A IR 2 A DG VA B DU =R Al i 2 WL 1Y 1.5 A5 (1. 1—1.7 45%) , T RN 2 K
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RIS AL S5 dn = 5 B ST, H WA NIEA l— B InA = A, 2 = 4has b ok
BRI B /0N | DR I oA 2 0 T 3 2 3 AR, DL 25 SR U 3 N 2l Bk A S 4h s AP B 1 kL
Y, 28 N 230 R R/ INSZ 28 AR 40 22 /U R XL 1 Sl 2 R ). 5 L ) PR £ D 2 o 2 3 R v T
FIERINAZE JEFIEATEN 14 15 (4—28 £%) , BB I A FREEH 25 15 (9—43 i) , K] F 5%
N ZE Y 12 45 (5—28 %) . HH AT UL, G2 A 77 ZE ] by 2 W B LB 3 N IR e Hh T 1—2 B,
F I 25 TN R 118 e R XU 15 DGV . 2 1) 55 ) I 25 A, 52 380 2 (R R 28 1) — i s i, LA 2 3 o 58
IVARIER) 2.1 45 (1.6—3.0 fi%)

3 %4518 ( Conclusion)

(DEITREE I NE B ME R = N AE YR E LA E 58 13.1,7.2,.4.9,
179.9 mg- (m™d) ™" J& [ T5BE RPN %S 24238 H AR Lo ) P AR T A T 40 X 4 v K. R L 2 PR D R
It LU = N PR R 1—2 B

(2) ZE5 5% 28 PN R 2 3 e 0 2 ) T T DX R A0 ] o8 2 3 TG I 3 2 5. RBE I N T A el
A3 AR A, B AR AR AR, A R M S e AL DU R i e (R Y TE 2 R R
FLT R A3 1 2 AR R A2 R B A PR I S s

(3) BT T FRBEE SIS ZE 10 5 PSR B 20 3 o 2 1 b A — B, R B h F R T4 R
)RR ).

Bt - I R RO A SO 2L A B e R A SR A N B R LA (A
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