0577-6619/2008/66(1)-0111-19 Acta Meteorologica Sinica S R¢ Ik

R R A S SRR REEEAE K MM

oW OBAE W E RAEW YIRS
YAN Peng"* PAN Xiaole' TANG Jie' ZHOU Xiuji' ZENG Limin®

T EAR B A PEFEBE . AT, 100081

Jeai R R AP A L I AT, 100871

e R R BT 2 B . L AT, 100871

1. Chinese Academy of Meteorological Science, Beijing 100081, China

w DN

2. Atmospheric Department , Peking University, Beijing 1000871, China
3. College of Environmental Science , Peking University, Beijing 1000871, China
2007-01-31 W ki , 2007-04-06 24 [1].

Yan Peng, Pan Xiaole, Tang Jie, Zhou Xiuji, Zeng Limin. 2008. An experimental study on the influence of relative humidity on

the atmospheric aerosol scattering coefficient at an urban site in Beijing. Acta Meteorologica Sinica, 66(1) :111—119

Abstract The humidity-controlled aerosol measurement system is developed to study the hygroscopic properties of aerosols.
The system includes a humidity-controlled inlet to humidify the sample air, and two nephelometers to simultaneously measure
the aerosol scattering coefficients under “dry" and “wet” conditions. During the measurement, the air passes through the inlet
and are humidified by the water vapor diffusing through the wall of the membrane tube. The method used to adjust the amount
of water vapor, was called the “combination of water vapor addition and/or thermal control" method, which is realized by con-
trolling the temperature of water out of the membrane tube. Using this system, the experimental study on the hygroscopic
growth of aerosol scattering coefficients at an urban site (CAMS) in Beijing city was conducted from December 7 to 22, 2005.
The instrument was installed on the roof of a building on the campus of Chinese Meteorological Administration in the northwest
of Beijing urban area, so that the inlet of the instrument was about 50 m above the ground. The preliminary analysis of the
measurements indicate that: overall, the hygroscopic growth factor of the scattering coefficient f(U) increased continuously
when the U increased. the average growth factor f(U) of the aerosols for the whole measurement period could reach to 2. 1
when U increased from less than 40% to 93%. The average hygroscopic growth factor at relative humidity of 80% , f(U=80%
+1%), was about 1. 2640. 15. Further calculation shows that the hydroscopic growth factor f(U) was relatively higher when
the air was relatively polluted, where, the f(U) at U=80% was about 1. 48, however, when the air was clean, the growth
factor f(U) at U=80% was about 1. 2. The growth factor f(U) for relatively polluted case was lower than the result reported
by Carrico (Carrico et al. ,2003), where the f(U=82%) was 2. 2240. 20 for polluted aerosol type during the Ace-Asia experi-
ment, but the behavior of the hydroscopic growth under clean air conditions was similar to those influenced by burning biomass
or blowing dust as reported (Carrico et al. 2003; Kotchenruther et al, 1998). These results reflect the different characteristics
of aerosol types at Beijing urban area under the different air conditions in the winter.

Key words Humidifier, Aerosol scattering coefficient, Hygroscopic growth factor
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Fig.1 Structure of the “humidity control" inlet system
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Fig. 2 Schematic map (a) and working picture (b) of the measurement system
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60—65 63.1 1.08
65—70 67.6 1.13
70—175 72.1 1.17
75—80 77.7 1.24
80—85 83.1 1.33
85—90 87.9 1.48
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3 EH 32 A X Ag 45 R (Day, et al., 2001)
Table 3 Hygroscopic growth factors of aerosol scattering coefficients measured at three rural sites in USA
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60—65 62.8 1. 45 62. 4 1.23 62.5 1.33
65—70 67.9 1.55 67.6 1.34 67.6 1. 44
70—75 72.3 1. 65 72.5 1.55 72.4 1.62
75—80 78.0 1.83 77.4 1.74 77.6 1.79
80—85 82.8 2.1 82.3 2.04 82.5 2.07
85—90 87.4 2.46 87.6 2.51 87.5 2.58

=>90 93.3 3.17 92.2 2.66 92.1 3.19

Xt EE B R R T 652, Day S 45 L A
BRI P EF & 15 e .

H T AR IR B ke 2D I A A I AL 2 B A R
DN, 340 6 15 AR 4 0 e A 27 A7 Jo ok 3 A F AT %) W
55 Day (2001 [ W8I0 2Z 1] f AEARLPE 1 2 . (HL3R
A3 2 AR I SR 1 1 38 T I A 2 4 B
Pt F 3 E GSMLGC k& BB JLA™ H X 4 kL F
P A2 A R AT T LB . X b R AR I U
M WF5% (Zhang, et al. , 2002; 3K{-fift 4, 2002),4&
T R W SR IR R PR VR A HE IR RN 4 28 2 b R IR
M FEZRIE ., BT RS E B A B Rk
BKfEJ) (Malm, et al. , 1994) AL 5t & K £
947 24 J2 3 BSCWR DN ) A AP TR S 2R BT K 3 4 IR 1Y
— AR Ty — 5, N SCHER IR E L S iR e
FE] L0 1 A0 I R A 22 O I B R B U

Ji5& B PR e 22 3 AT B R a AL BRI A R

KK F1 75— DR 4R Malm 4 (2001)
P02 GSMLGC BB it 5t X & &
FO) A7 TR &% 8%, 28 4k A IR 28 Cammoniated sulfate) 5 41
BT B E 4 ek B, GSMLGC A1 BB il 5 i R
B (B AL B IR £8) 5 40k 7 1 EL R 2k 310 —
63% (Malm, et al. , 2001, 2005), ifij Jb 5T X & Z&
VT 22 WL 45 2R 07 4 R B (AL AR R £8) 15 4ik:
T AEI A HA 16%—28% (He, et al. , 20013
Sun, et al. , 2004), [ F 5 B2 £k H A 508 1Y 55 K

JiL >~

SR BE T o PRI 5T 28 Z 200K 1 HP A ) 7 PR e (R

AR IR L) & & T AE AL 1 SOV I Y CUD i AIK 1Y
T A EEEE,

— S5 E F O U 78 80 %6 I 1 85 & B85 K
BT f(U=800) 3k FAEA [F] A i 2 1L 1Y 5
JK 3K fE /1 (Hegg, et al. , 1993), 41 Xu %5£(2002)
1999 4F 11 J 75K IT = £ U b X 2 XK I8 R A IS
W s W FU=80%+1%) K 1. 7—2. 03
Kotchenruther 25 (1998) 7& [ 78 1M 75 1) 4= 4 Jii R 68
KM SR F(U=80%) F 1. 16; Carirco %5
(2003) 7E ACE-Asia # [8] X 3= B2 v 4> S I (14 )
RN F(U=82%) N 1. 18 (k2 D,<<10 pm),
A A AR XK (CAMS)
FWU=80%+1%)H1.26 (0.15), % MEH W BAL T
Xu %5(2002)1999 4 11 A 7E I % i 45 F B L v
W R BRI [R] 1 ACE-Asia 7 32 25 2 Wb 2 S IR
S 1) B ORI ) S 7K 3 PR R . X R B T b T
T DX I A ) A= T P Joit 55 4 U = A O el X
SR AT
5.3 AEGEMBENSERFEKIGKHZ

A IR B SR K RV A Hh A I Ak 2 B A R
SE R HE TS [ 8 A0 M ok 15 G RUBE 3 A1 Rl AR 27 1
G3 AR A [ o I 2R B 1 1 28 A A AN ()
WIEEE ., B 5 41T CAMS &5 4 “ A8 %5 Ye ” Fi
TN BT IR IO AR R B A A A £k

MR DU AE 5 Je 7 AR B U R B
ARG WA T B B, ULEE Y



B WA LT IR BB R KO K A L AT 5

301, Polluted
4 Clean
2.54 °
2.0 4
2 L]
1.5 °
L] A
e o ° A
104 Ae-h.b w8 % .
0.5

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
U (%)

K5 CAMS Il g5 4 FT5 i 1% 00 R
PRBURKH R KR
Fig. 5 Average hygroscopic growth factors of
aerosol scattering coefficients vs. U under”polluted"

and “clean" conditions measured at CAMS site

{90 I ST TS v 1 S K PR R S A X R . S
RN OLT A& CAMS U S#f 2 N—NW X
FF, HR S, CAMS I 5 47 F 46 5277 K 5 7
AEHR 385 X1 75 G A 23 5 0 000 o O 0 5 AR
LW TR A T B U R R 3 I b DX A R
AU I T2 R VR T BB LA A W R 5 RN A 4 5 ) A
Ko R TEWE W55 0T CAMS 5 Wi i £ (UD
(ELARAEAR o 17T 26 AH O 85 T e 15 50 BoF o AR 48 iy 1 xof U
R JZ R 23 B o 0 O I 2 2252 0K B T XA HE
TR M) o I T ¥ G AU e v N A T G B B4 s T R
Eh AR £ AR R g o PR O R AR K K
AR . 22 TR I8 1M A0 SBT3 B A
[F) 2% Ak il 2 1 it I 3 5 2 485 5 AR I Ak 2 B a3 I
TR 3 A e i AR i — 20 M F 58 . AR 37 s
e B0 A 0 ) — AL B RBOE KK f
(U=80%E1%) 45K 1. 20 GE ) 1 1. 48 (35
Perp) . ERMHE . X B4 H T Carrico % (2003)
1E ACE-Asia [ 8] 75 2| 09 5V A0 15 Ye AU b /b AU A
LA I SE LR 2 R S I (D, <10 pum) T
R SR K B 7 DA KA B P 0L 1 A 0k e
b E W} A{E (Kotchenruther, et al. , 1998), H i,
ACE-Asia #[a] A [6) 28 B 8 I Ok A2 D, <<10 pm)
BRI K F £ (U=82%) 43 9 g MG PEHY 2. 45
+0. 27,54 R 2. 2240, 20, 2R A K118, k1l
#Ik 2.5540. 22(Carrico, et al. , 2003), 7EEPY
DA B 2R P B BR B R ISR K K W 7oy f(U
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=80%) %N 1. 16 (Kotchenruther, et al. , 1998),
X BB AT AT LA L A e 45 3 4 Z b
7 X (CAMS ] 50 A0 B Y 26 K K I 7 7E T B
B 00T L Carrico 25 (2003) i WL I 45 5 W1 2. i 1K .
TEAEVE IS RARME T R B K KRN T 548
JT R AL FIYD 2R R S5 R T 40
PE—2 ARHEIE 5 45 R . 2% L[ IMPROVE
(3 [ i DL B W ) 1) %o WO R B K KR T
W) LA S 2 (http: // vista. cira. colostate. edu/
improve/tools/reconbext. htm) , Xt ¥ I #7 [6] 4t 5T
CAMS | g2 “J5 3¢ F“TH 3 "G 00 B Y fQUD AT T
WE. IR E AN
fWU) =b,+6,(1—=U)"+
b, (1—=U)"
AN AR BB 4.

A HUN RO R LA A SIA RS (CAMS)

Table 4 Parameters for the regression formula

2

of the hygroscopic growth factors of aerosol

scattering coefficients(CAMS)

] bo by b2 R?/NGHEA SO

5 YL A 0.8513  0.1021  0.0009 0.993/14

TH 0.9832  0.0243  0.0036 0.996/14
IMPROVE ¥ ;

ARy 0.3371  0.5860  0.0916 0.93

M 4 & RS IMPROVE MR H B 4E
SR T IE A 2R R BOG H AT LA . CAMS il
S £ QU B X B 1 1 K 2K+ IMPROVE i
0 P A5 3] f) 45 % 3 S e T b I A AR IR SR K
PET 5 € E IMPROVE Wi My DX A7 45 B I 1) 22 591 .
5.4 AHEMFRIER

BRSO B P R IRV 2 g Tz
ARG 30 6300 Sy 32 A B i ok 1% 25 H i
FFEAZ . KM AZE A I ) (4 35 B 3
57 ol T AR G 0 AR CRL S Bk R A E BB AT
PR T IR 1 P K T A RS I A R 2 e
ASCI 55 A AT 2R B U AR B K K A — A
A E kR (Carrico, et al. , 2003; Kus, et
al. s 2004) 3 Fi I BB R B /N 5 A e
JEE A P ST o DA R R R 5 A I AR A B ]
AR, RGN T — DA EE R IR R G0+
JEE 0 s p A AR I (UD AR AR AR PR A
L T B 0 5 5 /DN 1 i 22 A 2 O (U 11 U 2 AT
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L 1oy

(2) WL E] Ak st CAMS 55 805 2 850k /K
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(3) B W8I 2 B L b mt 1l X 4% 2 00 s i o
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