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A Preliminary Study on the properties of Atmospheric
Aerosols in Qingdao

Abstract

Aerosol has much influence on the earth-atmosphere climate system through its
impact on direct and indirect radiative forcing. It also plays a crucial role in regional
air pollution problems.

Lying on the south of Shandong peninsula and surrounded by the sea, the aerosol
in Qingdao area is affected by land and ocean. Based on direct and scattered radiation
data measured by Skyradiometer, TSP (total suspended particulate) and size
segregated data, and the Moderate Resolution Imaging Spectroradiometer (MODIS)
data, the optical property and spectrum distribution of aerosol and the effects of
meteorological situation are analyzed in Qingdao area. The aerosol optical depth
(AOD) measured based on MODIS and on ground are compared. The results show
that:

Caused by meteorological situation, daily variance of AOD is rather large in
Qingdao area. South wind increases AOD and its daily range. Light fog and haze have
rather large proportion in AOD, and the contribution of fog is larger than that of haze.
For the wavelength shorter than 500nm, the single scattering albedo (SSA) is higher
in summer and lower in spring. But the SSA is higher in spring for the wavelength
longer than 1000nm. With the wavelength increases, the scattering ability of aerosol
descends. The wavelength index ranges from 0.9 to 1.4, and turbidity is lower than 0.3
in Qingdao area.

In the surface layer, the concentration of coarse particle is highest in spring, and
fine particle is about three times in winter to other seasons. The coefficient of
correlation between AOD and volume concentration of accumulated particulate is
above 0.9. It means that the particulate of accumulated mode plays leading role in
extincting solar radiation. With the wavelength increases, the coefficient of correlation
between AOD and nucleus particulate decreases, but the coefficient goes up between
AOD and coarse particulate. For the humidity over 60%, with the humility increases,
nucleus and accumulated particle manifold.

Comparisons between AOD measured by MODIS and by skyradiometer give
good correlations. When the AOD is lower than 0.7, the value measured by MODIS is
higher than measured by skyradiometer, but when the AOD 1s higher than 0.7, the
reverse shows. The correlation between AOD measured by MODIS and the
accumulated particulate is good. But the correlation between AOD by MODIS and the
nucleus and coarse particulate are poor.

Using MODIS products from NASA, the seasonal characteristics and variation
of AOD over Shandong peninsula are analyzed. Combined MODIS data and
meteorological data and API data, the effect of two dust storms during 2002 on
Qingdao are analyzed. The results show that the dust can be transported from the
source area to Qingdao, and debase the local air quality.

Key word: aerosol; Optical depth; columnar volume spectrum; MODIS;
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%21 BB YLEE B MR B R RN P E R i EE
(7, BRZERTHE, Ar, iRkE T, VERBRERETHE Ao, HIFEE
WHmm) | 340 380 400 500 675 370 | 1020
7, 0.890 0.826 0.794 0.654 0.473 0.351 0.294
AT, 0.553 0.528 0.514 0.445 0.343 0272 | 0242
@, 0.94 0.94 0.94 0.94 0.93 0.93 0.93
Aw, | 002 0.02 0.02 0.02 0.02 0.02 0.02
=022 SHEBEEM 500nm HFEEE KIS T
2 B
: : 3 H $i8
Fef ] T v PHRE  ERARESE  PHMMER
2002 %£ 4-7 F 15 0.59 0. 32 4, 75m/s 65% 61%
2003 F 4-T7 B 25 0.74 0. 49 4. Om/s 76% 67%
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PR AFEM T ZE AW

30

R R

M).2 0.2-0.40.4-0.6 0.6-0.80.8-1.01.0-1.21.2-1.41.4-1.6 1.6-1.81.8-2.0 22.0
S % B

K 2.2 500nm 3% B H PS8 BOGFE E A
222 SREFMNAFEREHNDI |

M 2002 5552003 FE 4 2 7 ARXTHLERTUEDE (R 22), SRBFHXL
2 EEAEENEWH. ERAMBTERTRERAEERERER ZTRHENTE
A, SEBCEEELSA. ATH-FPEHNARTEE RN LEREFE
EHEw, REHESSERAER, 250450t T ARRRULEARRTRAR TS
HREREE (£232), ERER: SBERAFEREERTEANBAR, MEL
RIS T MBRESNENEW, SBEERCFEEHRER/D, BEMNAX (H
B% ). BATALE RS, B3 BCEYISEROLE R R B T84T B M KB B FE R
B, mARKED, ZER-K.
%232 AEARSEZGETRERGERER

m\ﬂﬁfﬁ (EERE| kAR | EER | UERE | RHRE HRENE
340 0.480 0.632 1.084 1.234 0.671 1.065
380 0.432 0.585 1.008 1.157 0.615 0.99
400 0.410 0.563 0.969 1.116 0.587 0.951
500 0.322 0.465 0.708 0.934 0.467 0.777
675 0.229 0.345 0.573 0.682 0.323 0.541
870 0.175 0.263 0.419 0.502 0.232 0.376
1020 0.152 0.226 0.348 0.416 0.19 0.208
RIE £ F R EE 500nm BB B PR BOeFREEE (LE 2.3). AEFH

DIFESHE HBITREANSEBERAZEERA, AENBREME: BTIEXES
RS2 E RN, —RREE 0.1~0.5 28], HPHIABAEE 2 NRERED
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H X SRS MR

ME2003FE3 H7EHM2003F 4 A 12H. XBEHP3I A 7HEANBERS,
RENERME: 4 A 12 HEFRBEERS, THFHRABRLERK.

TR AANEERKR, SHARENESRS. AR 23a A HNEITER
ALEY, BRENENTHAZEENTRE AR, MESMENSIBEROLFEE
M BRAR, HIABRENTERNAEEERKR, MERMAFEEEHRNT N,

—

RTAEFEZELF
K&ko Ak, AR

HINET, EAINSEREZEEAERA LR RN &I
MEKX, SBEEAFEEENEA, M 1020nm 3 340nm, 5

EETE 022 3] 0.643 2834k MBARANAEEEMHBEMANE N, M 1020nm
F] 340nm, IRMEZETE 0.108 ) 0.300 Z 8], XTI RS _ ER AR X e T K

IERARRALL, X1 B 35 0 g XURY

AT RAEBIEERFENE R,

250 , 23[ b
200, a 1200 A ‘
uo| B ,
J?z gﬁ A A
$1.5 $1-5
L] L . “:
EIO' 4 Elo_ A Ay o
[ : r Ab ah F Y }‘L
A A A A ?
OSEL‘; . A age, ® o 057, 4 422 %
AL A A - A A ® F Y
.. A ® A
| 1 1 0.0 1 | . .
0‘01)% 5B 9 B 1 B 5 A 9 A
% 2.3 500mm BB A FRRERCERE

a BEATAER K, b.ERITEEIRK: @ 2002 , A 2003
H—F AN RRFHTBERAZERENE®R (R 23b) &, REHIAE
RIFHREN, SBRCFEREEEANER, TENIERRR, SBRNEFEFRE
M. BitEE 232 BRI, EXERS, REAZENHTRRTEBOLE
EEMENBEFHRADES.

B RNE LR, FRREAMNER BERAHLEBRSTEEX,

A

R

AR S RSB BB S KRR %, HEAEIR A

500nm ¥ B H PSR @RS FEESHY

MERERT, B REN

k.

23

=35 AR VR B FE < R 3R 0.569, 7E 0.01

2.4 BB THIEE S S00nm BENFERE
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FEEEAFMTFRR X

FRIRBUN KRR NE WA LU WAXNEE I KA SRR AR
FREE. BHMNERERT 60%i, HFEHSEERAZRE—KKAT 0.5, THINEE
NF 60%RTKIEFE R E—D T 0.5,

X 4E %

2.5

20

1.5

1.0

0.5

0.0

#®23b ARRBREAHGTREELEZEERE

\ E.BRRK | F, AR | EF. kAR | ZF. BRX
S (nmiy~|
340 1.183 0.741 0.403 0.573
380 1.105 0.690 0.364 0.514
400 1.064 0.664 0.346 0.487
500 0.883 0.554 0.276 0.379
675 0.641 0.412 0.201 0.264
870 0.472 0.313 0.156 0.198
1020 0.393 0.267 0.137 0.171
+ —
+ A
A A & ax sk,
- B ABy Bl A Ba A 2 A -
£ £ ﬁAAA Fal iﬁA ﬁ&?‘ﬁ Bop
A A A A A A A
_ A fé%ﬁa A -%"' A ]
A M\ A
A a B .h- S + +-|- + + —
B A Fay * +'|:'l- =
& + + + + h +
* + +
¥ o ety P -
Bt . -f- + + +
had + ¢ | | |
1 |
30 40 50 60 70 80 a0
X e
& 2.4 500nm R FEEFEMBRBSIEBRSHMNEENXAR

(+ SEBRNMEEREE, A RRESBREE)
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H B X S AR R0 B R

223 SHBERHEHERE
A B4 A B i ER B R )
el - G SRR T BB FIRE R, %
M ) W E R R RS BB Y R
yose | Tg N5 R RB M, KR T A
43 ~a. BRCR T HOBEIES B . M 2.1
i > U ATUAE WA R BRI A,
Mooz |- N ~'3 " e 2o 1
= - WRCHI M A o, BUHWREE
~ o, SRR, & 9% E. RAZES,
0.90 * * bt BB NAR, BEBEFHEKR
0.4 0.6 0.8 1.0 1 v .
WK 2ipEiay (B 25, nEE

A (um)
] SRR TE & I BB BT Sk R AR

& 2.5 FWNPRHWRKRESIRER

i 35 1K A AL

EAR; XA T 500nm FEK

mat, SEBEHTEREHFENRR, FEASTRIERSS: KX T 1000nm
FERRARST, FERERBRRU BBk,

i
-2 T

ARIKB KRS, BREREBAR
AR AR UL B IK U IR IR R A

2.6). ME

(I

WIS SR EFRSE, SMARSEEMNIER R KB R EEK
PRI R HASF N B RBUT R ETHERLMR, HFAX
; BRBSRRERERERERALATRTER
AT AL KU, BT R R & XM T 500nm

wERRIAR ST, ML MR SERN T RBSN R R ARmEB N IRKX

AT A6 PR IR B IR BT IR B R B BAR T BAT R IR 0L W Tk

ANF 500nm BIAEST, BB RE A ZE LA, M FEKAE 500~1000nm ¥ EHIARST
TS ENESTESEAHERK, SEKKXT 1000nm 5, ZEHESEAEET

.

500nm ¥ B B KR B R SHAME B NAEX R LA 0.288, 7E 0.05 H{EHE

ZRT, BgEFHRE, EHXXAACUENEESHERERR (
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H B X S A BT R0 B 05T

096

0.94

0.92

0.90

0.88

0.96

0.94

0.92

0.90

0.88

0.96

0.94

0.92

0.90

#EMNEES B

0.88

m—— EEHRENBKR
— ¥V HEREMEX

T VY — Y

Vv -

] I i | | I i I

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

¥ K (pm)

—— R (3D - - &k - R (B
i EREE) — e BRCEER)

| ! I | | ! I |

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
K (um)
Kl 2.6 ARRZFHFTREERRRBETIRBE

2.2.4 Angstrom iFE;NE 5K
M 85 RETMM Bl h i Z W AR —K, IEA%ERESEKZERXER,
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T BEURBR OISR

WK 2.7 s, MWEIFETCLEE, EXTHBEP, 7TNEEB 7 () EEBE—

ZEzZ, HIERWEr, () =K1K HF ol Angstrom BKIES, RBRX

SHEERAFRRE, oK, BrRRKAPINTFHNE, SFREZLD
FRKEDTFR, aBET 4; 4 Angstrom EME, AEHFLEFEKH lum 4

BERAHENSERACERE. NETEARERE, a MBI, ()= SUHIX
RUWTRFEEMAXRBEAT —8/KE. EEEEN 001, FH t REITIAT
HMANZIMEKSAFREEZRE t wEE (0=7), KP&/MMaiR{ER 4.2008,

B t HARR fo,(n=2)=3.3649, B A SHE R R 7, (A) BEK A ZRK

MEXRELEFER. S00mm HEENANEREESRE,(1) BEAXARTHERBE
# 500nm % BEFEERXR (BE) ERRFOAXE, EHEEMRREELT L

040 |

ol \ ) ]
ff_ : & o~
F i S E
B
554 B onf
0.1 [
0.04
030 |
05 [
jlﬁ L
’ -EEEEEE%E%E ;
B ¥
E | \ E E
B 010 [
\."
0.1 YR 1'_0 0.05 s 1o
F (um) K (pm)

% 2.7 SHEREEEE () BEKAZEXRE
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B SHEBF NS A

200 100
5% =

Rk

N I T T T - T T - T T N
@' N R e N L S L W S W _IN; {'_h QB Q
50 250
KE £F
~ |0 -
:E‘S 30 '- % 150 | - -
ol B ¥ 100 L1
= % = ﬁ
7 Z
10 — 50 1
8 @ A /By 9 N O bt L T T - AT - - T T .
IE:%:‘!r E}'cb 'C:J Qv 'Ihfc' LV RO W LA s LOR S -.I\' IS" Q'-fb DL W T N L . T . L T . ._I'\'

% 2.10 AREZHERKWR B nE
FIFH 7 MEBRRSEBRAFEESEKZBIFXR, KHAZDZHRET LT

HdlaMp. RUHE « g EAHIIEME 2.8 Brox, NEFELEHRTHE

Ks#ao FEHME 0914 BERN, FRELSE—B PN 03, Af—F0HE

A

—

o F g EHIKRK, REFEKLANZFT2HEARAZT o pAEE (E

2.0 FIE 2.10, BiELiFe M pNBEBERE2.8). B29 EREREN o M

WA BERIER, BEXFHEAER, WEHESHHIME 1.4 8 1.2, BIFEKETH
FREATEES, BLAEWRTREMMNE—, X—4R5E MR
BREEAGAT —2ER], HABME. A 2.10 7T LB HKE S KEMR
ERAN, —BAT 03, BEEWRAERENHIIKES.

HE—$ 407 Angstrom B IR BORIVEEE, % H o 71 B ST PHE LR

FRSMRAEER THFHE (R2.5). ARFALEHSAX AT —BHER:
REMFERER D, KBERZ, FEEX BKEBEJNEFRKR, FFBDN, WH
HEENTHHPREUTERS, BENT AT DR AT
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b RN e A 8

*®2.5

a~ K

FRg{E

ik

[7) A,

pA 7] A

K=

HE

REF

K

TF

-E=

KE

X

mALEHNE

EPN

0.925

1.179

1.296

0.935

1.278

1.037

1.171

1.074

1.085

0.338

0.129

0.091

0.396

0.408

0.348

0.246

0.154

0.309

LB RERALEFRE, ULKRITHHRNS]

& FHRERWIT, Angstrom FERER/N—E; BATILERAR, Angstrom VEME
BN TBATE N R ERE, XSWXotEEENER—3. MK
TRECZ A B R RAROLHT R B .

2.3 hEEFOTTe

A8 EEANHZEBENE TR K EEEH SRS RS, ETHE
X SEBOLERE . BRKESRBRL & Angstrom FEMBEMBAIEH, o0
M TR SHMXSEREFFELAEE[R24HHXER,. IRASGREN:

(D FHHMEIBFRAERBERNHENRR, ZIMHEKHHEHENSRKSFR
MR X MEFRENEWE, FRAIBELEFERURNAFERENHZER
HERAD: BITERE, SBEROLZEERKR, BENHE, WATIERRES
EREE/D, BEMNAKR, BENENFEEETRSBBAEREETLSRERL
H, RERE X LERX;

(2) RFEEESHMBEZREFIEMXRKR, HERECH 0569, Bidls
FE 001 WEEERK: EHNEERT 0%, XZEEE—fud 0.5, ZFHEx
LT 60%8), tZBEE—8/DT 0.5;

(3) BRBGHRBERFHENFNEL, SEBENFENTELFEHRAR:
TR KN T 500nm B, BRI RBEREFRE, FERK: ZEHE KK T 1000nm
Bf, BB EREARERE: EFABRRESRBREESHHCRIHEER

() RELANERBHEREZWHALE, ERFHUERFA TRRBIER
ERTERENER TS, RITICRE AR TR R E A LT BT ANE
Ol

(5) FHMEBAIEE o TEHME 0.9~1.4 BHEIA, FREBE-RDT
0.3; WKIEHEEREEFHEBHNFVELRE, BKBHEEXRFTIRS




5 X SR AP T

2R, FAFHERIGER, RUERERMKLEFTEAD, —#bhTF 03, F
RETRAEREOHIARRE .

(6) VM E 2R a2 U R R IRG AR &, TR IKEREA RN
FIRSRM T LB D: EREERITERRNAECTILRX, &R FREN
MU, HEMER/N .

FR-HRE, BHAERMESAARBRERAESTSENERY, i
B A ERAEER T, BEFENBHEARAY. 55, EFS, BHERE
L B BRI AR B, X AT R R TR E BB FER E R A2
FRER.
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FEGFAFELENRL

3 BEEMXSBRRFIEMR

A EHEYE TSP (Total suspend particulate, SEIZEBRY) A% FKEEBRM
FEMWERE, DREESNNEERNAERAREEE. AT TERHK
ISERR TRELERURSRFHHESAKEMR; S&R 8BRS
EEHE, WRTARESRFHGEINER.

3.1 RBERR#E
3.1.1 Andersen 4R FEH

B RABER T R RS RN BT R R, R B TR
HET A RESNEER ETE, TANgdEER (B 3.0). ATHIER
R ME AR E, WA RIRERESA.

TR P A REATSAD, SHEEEE— R EEZESE/ IR,
EXEAM AL, REABSALMERSTRELER. RUERTRITET,
KEREREER, §EERE—EEER DT, RERBESTREA
g, WESHILBRAD, SWINE, F5 MK FRE R — AW
£ TR, DU, HNR SRR ENREREEE. bER
BB B LU RRE .

- ‘__.---"

Stape 1

B 31 SERsgRERErEE
RN E E R T RS S N¥ERL, « FHER p, . SHEE

V. EAMERS URRERERERD,, WRMEETEN
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F RIS TR

A% 304 FE B SRPE A28 20 H A5 R R AE 72 1) Andersen R TR B R i =l 4 R T
IAESS (AN-200). KHEB|ADLEFIEENRE, FEN 2830L/min, HENS
ARGS9 R, RFEEsHESYERLTERE 11-0.43um 26 (REHHE
BLE 3.1). FREBREFHRER 2500QAT-UP AR, HE 7 4% PF050 &
T 240 .

# 3.1 Anderson 7;ZREERR 54K

0 1 2 3 4 5 6 7 8
7.0~ 4.7~ 3.3~ 2,1~ 1.1~ 0.65~ 0.43~
>11pm <0.43um
11pm 7.0um  4.7um  33um  2.1pm Llpm 0.65um
3.1.2 TSP R#

TSP FAEh A AL A AR B KR B S S RAEL (HV-1000F) SR, Wi
3% 1000L/min., {#F PFO40 RIVE ZIFM SRR . RAERT, BRI IRIRE 2
MR FETHRAEOREN, TS, KESERSEE BRI ASF R
o4 B SRR TR R AR | .
3.1.3 XHRESkS
Andersen £ F TSP KA B RS EREETREBEXFEEMN /XL
(120°20.134'E, 36°3.809'N), HHKBHEA 7/m. ZRHRAREE, HERMN
W, MEFTFNE, AEmib. RRERTAA 2001 4 5 HE 2003 £ 5 B, 3£ 25 M H.
Andersen ZZEEHEA AEURE 2 1K, 3L3K18 51 44 455 M M. HV KBERFHE
2001 4E 5 A% 2002 & 5 A4S AFRE 3~4 PSR, 2002 F 6 AZE 2003 % §
BEARE 2 MER. HBE TSP KFEAH 64 4. RIFELHT, FHEE
—fd 34 K, HREBAMKAKERS. RHNEHFRRESFERT R
FaEt, FREBEEHBRFRTERE, RPFOHRERENTHL K. K#
FERBORBEZA LS ERARNRR, HRANSBERERUKREBAHR
CREERTE 5HBMTID BRSEREERE.
A LB RBRMTENARVKREERL, UACHRAOTH,
HV-1000F 1 AN-200 RS BN BN BSRBFER, WE 3.2 fir.
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FE# ¥ RFR L F AR

a. AN-200 b. HV-1000F
B 3.2 SRS RRBRAFNER

32 {RRREHER

391 FF A B 6 K L B K PR 5 0 L K PR A BB R IR B BRI,
BAFENE -2, SHE=EHFESMEFEAIN, RRERFRHT
H.
3.3 BRI
331 SBREARESH
3.3.1.1 TSP RERENFETEH

ERENEENMNE R ER, FRBRAERRRRELFAGNUERTHR
WEH, EFH TSP 8% 0148 mpm’, WFERZSRE - SHFE CZAR
EMEATE LR, 64 RUMLSME 3.3 Fix, WEHRTLEHTS TSP &
Bk E H R — R T 03mg/m’®, RFER_LisME (TSP BRENT
03mg/m’). EA 64 YOMMAE, HhTFEFHETTRR—FHARMEQ0.12 mg/m’)ITH
13K, H—%, BYEFSEER (05 mgn’) HRE K BéT 200243
A 21~23 BRSAREBRER. XKRYPERSTESR, FHSEK TSP MELF
RHEINT 4.1 4809, B—EF 0.5 mym’ MFHEGEHPERRSFIEMN (2002
£ 3 B15~17 B), R—WLoRdBRER 3 A 21-23 ARYPLERIES, BW
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B SR BRI A

FRE®RE (mgm®)

p O B
§ 6 7 & 9 1011121 2 3 4 56 7 8910111212345
20014 20024 20034

B33 TSP REIREE (2001 %5 A% 200345 A)

FERYLRSWER, WE 33 ETEHAZAGK TSP REREHES
FHEAS, MEEARKIRE—SEE. TSP HERENFHEEL7A 0.143
mg/m® (). 0.093 mg/m’® (B, 0.130 mg/m® (FO- 0.178 mg/m’ (L), £FH
TSP REREEETEENFE. 78N 11 APHHALETFRRE AR KE
3 A, MBEHBCEOSRYEN T RSPEABRENEE. A—70, £FURK
%, BOEAE, ELYART HRAGHERR: TEERAME, dTHAK
HrRRl, SORBOREHBBER. X EROETELURESZEPRIERELETY
B &SR TSP REWEFET RO ERERA.

3312 SERREBREEST

MBI EHSARFRRENEN (B 342 XE, FEEIHNELEL,
EERRE 337.0m, EMEA=SFHENRY, EEEXMT 3.3-7um
0.43-0.65um, FKEWER T 4.7-7.0um 1 0.65-1.1pm, LFEFEEXIE 4.7-7.0um
F1 043-0.65um. XGRS RSB RERH EHENEEER, BET
Bt TR B R EFERBRT 11.0um BT, 55, BT RESTEHR,
HEUZIER TS AR EAREER.

HE & EETFHRBRAETUEHERERT (3.3-7.0um) RERTHE
B, REREAMTF 2. 1um PR TRERE. —RHRTRES ERRTET
AF lum WEE; KERSTENRFUEPERRDT 2um MEE: T
B FRR A —BAT 2umt, Bk, FEMENTEETERLHFLFLRLT
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T ERF R LR

5, SFEEA/PITRETER SRBHEBNAERSER.

(05 - - —
o 0,04 -
£
&
E .
~ 0, 03
s
ﬁ (L1 P
H
0. 01
0
0 1 2 3 4 5 ] i 8
B spring E summer B autumn Awinter
H3d4a FHPHERABREE (RPRBRAIEFS)
0.2 0.2
- 2 £ b
5'-0.15 » 015
- E
g &
2 01 E 01
v i
’.’% 0.05 R 0.05
b
& M =
0 L n n 1 0 I’ E— 1 T 5
0 2 4 6 8 10 12 0 2 4 6 8 0 12
d (um)
0.2 0.2
~ [+ ~ d
g g
019 L 015
g g
& e
E o1 E o1
0.05 0.05¢ |
] i
B L8
0 N N v == . 0 ,
9] 2 4 6 8 10 12 [3; 2 4 6 8 10 12

d (pm) d (pm)

B 3.4b Z=WEHRERERREY @EE. bEE, oHKE 44
B34 SRR SRR THRERE, HABREARE T RERRH
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B S BT RIS

W, ZEXE LB RN RSN, T H Andersen 34% RAERS RO 4 R FE 6] R
FAEHS], Ao EBEREHTIH— AL, BRERERERUMNSERE
[E)FG, BUEEAARFRAR N A R B BRI WA (B 3.4b), N TARRERE
AR, MBS —EFPERYSERERENRERERLS. B34 B7R
T RERRETE-HE, SPMEVTARFIRERAES THTIRE, B7EH
R RERRET. RFEWHREAFRNESEBEA. ANEPIER IFHEFESEH ¥R
KF 2um FER FHER THMEY, TAFAN FTRHREEREETHIGAE
5. B, B 3.4b kB HKFEEN TR EBRAMET K.

3.3.2 @FFREIESH

KAt AR T RSB RERNSBERAFoREHE, REFRZETHER
BT RRES S B RIS Bt BT SRATE BT LIRS BN
BVEEM 0.012um F 16.54pm 20 HWBESHESWEROIE TR (B 3.5, BRER
BANTHRTOHAEZER, EFV =P FEE2 54T 0.2-0.3um. 1-2pum
AR 3-7um. ZERB/ANT 0.1um b, EEKENHFE—HR, £FNEF. F=
K2 KT lum R FHERREHE S THMEN, MR/ T 0.1pm KR FEH
WHEREBRE. XEWXSTRERRERENAHEEEN, TREAZTHRX
FESSREMRITERRF, TLEHRRMEXAEONTHMNER, REE
R FARUERR TEE X IPRA.

Whitby S BRER T RESBR=ZMES, BEERSE ( r<0.05pm ), REH
25( 0.05<r<1.0pum YFUHHEA( r>1.0pm )M, DUEERAR S, LB EFENWERIRE(E
36), HRET, FEESHTFREMEYERRAY, BRSNTREKER
B, XAZBEE, HESETREEREFUESTHMAEY, KERR. EFTF
HMBZEAR FRPRER/D, HESNTFREERE. BNTRERERS,
TEWHERK. £ 32 AHEAESHNTHES L, EEENLFHNT DGR
B, BBAR TS UL, EFETHBERSNN FESFTRRETRES 2 i
Z2AK, BESKTHKEOOLER, £FRE. A TFERSHXIMETINER
ZESTEEE e BHRMZLE, BFE—EHERN. MUZAETEF« BN
BN, IR TFHERK, ZEHETERc HEKER, EBHANT <lum) B
EHBISRKER 11 ADMEL A ERXFENTERERRZ o R %f%ﬁ}ﬁﬁ?ﬁﬂm
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WG AR, MELATRF RIIE S M A ZE

0'F #2 ¢  EF o
 HE A &%V

o
<
th

* Bkm)
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#32 HAERBBRREFTPHERSEI

BE 2 KE 2
HARA 13% 13% 25% 9%
HEEE | 2% 39% 37% 30%
HES 55% 49% 38% 61%

333 SERAFEESHTRESHILES N

HLiEs H SEH 500nm 3 B ASOEBOL 2 IR RS A P R SR T AR Z
WAL (B 3.7), RIDEEREE T SERARRRBESNR T RN
—¥, TSHEASRTHRMHEERKR, XRENEE 90%MHEEERNENT lum
gk TR, A — B o R T A RS M RER, R
500nm R REELERE SESR TR BRIRE Z RIKAX KR A RE(E 3.8),
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HEAER LR RS EFRTRRREZ BIRAXRY (R 33), &N
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ST XA PRARAY IS B R SRR (58 9oLl E). AREBR
WS 2 B AR TR S AR XX R SRR A IAR. X TRERSEERE
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R 2 B AR R A B T RRES RSN T 5SRO 2 R EZN
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r<0.05p mi0.05<r<lpm| r>lbpm
340nm 0.435 0.925 0.367
380nm 0.427 0.932 0.386
400nm 0.424 0.938 0.396
500mm 0.415 0.96 0.442
675nm 0.389 0.987 0.527
870nm 0.339 0.98 0.618
1020nm 0.294 0.933 0.67

% 3.4 BTt B R G 3 B S T AR AT X R BT

#at AOD 5k FiESE W AOD 58 FERE
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0.32 A1 037, TiAANHEE SHEAR FRMHEAREEET 0. AMBESHRE
AR AR T 2 R A R E A 0.01 B, BAXEFERR. RY]
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FEF)HSHER TSP fISEXEER, DUEASERFERERE, 2thTHS
WX S BR TR B SBRERIESREREAX L2, PIRTA
R AR TR LR, SHRRY:
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TEBRSERA¥EENRESES, BTHhRREEMEEEINR
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FAEESEEERTT —MEE& KA 70 ANHE AP LTI 43R 5 3R
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EENELFRARE.

MEE _EHRERNE RNEESFT5EFHREEFEARE, T
MODIS MM ER, KEMAFEERTEMTEN. FIERE 2000 4 10-11 A%
HRERAMNERE 550nm W EFEEE 0.1 Z24", MODIS HH S
BREERMIXFRETRES MODIS SR EE RIEh MR R L KR
MR R R AEIRE X
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