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Abstract: Pulmonary drug delivery agents deliver drugs directly to the lung tissue to obtain higher local
concentration, which is beneficial to the treatment of lung diseases, and may reduce the systemic side effects.
Therefore, it has become the preferred drug for the treatment of many lung diseases. However, the drugs entering
the lungs are easily cleared by the lung tissues, which reduce the retention time of the drugs in the lungs and affects
the efficacy. Although particles with a smaller particle size (1-5 pum) are easily inhaled into the lungs, they are also
easily swallowed and cleared by lung macrophages. While the porous polymer microspheres (PPMS) with larger
geometric diameter (Dg > 5 um) and low density (p < 0.4 g-cm™) can not only effectively avoid the phagocytosis of
alveolar macrophages, but also have a high effective deposition rate in the lungs due to the appropriate aerody-
namic diameter, moreover, the polymer is biodegradable and non-toxic, so it has become a research hotspot for
pulmonary drug delivery carriers. This article combined with the lung clearance mechanism of granules, summa-
rized the preparation materials and methods of PPMS, as well as its quality control, etc. Furthermore, opinions are
also put forward for the development of PPMS, to provide a reference for the in-depth study of PPMS.

Key words: porous polymer microsphere; pulmonary drug delivery; clearance mechanism; preparation material;
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12355 715 EL 4% (aerodynamic diameter, Da) #2& % 4™
RN RS, Dg 2 H 302 6 HURE A5 F0RL ) 5
A LA AR S M, 1 Da s b2 S 58
B WL~V AH [ 5 77 0 % 38 JE ) B4 47 %% 52 (1 g-cm®) 3K
PORLTF [ AR, A2 T E 2R 2 5 74 F DUAH [R]
JEE Wi V& 10 7K 30 1 B AR, s BORE B A0 N R IS
BT Ry, IR T FORLAE il e O R A B Y. @8, Da
N 1~5 pm [R ORI IS S DT TE IR AP . SR T
1 G N JBURE R %5 FE K (p > 1 g-cm™®), ZE3R Dg < 3 um
A ReAT DU T, 10 Dg < 5 um [ 550025 %) 5238
{77 R L 7 (AR FH S BRI 3R, 945 2 i i v
S A I, AT B A T 25 ) R E . ko, #e 4t
BRI N )57 5 A B 25 2, FR A AR I 22, I DRI B = 2%
PEREAE FH M 25 5 5 BUN R 3 s R, sk, 78
RA PR £ 0 A2 Foi & B BALA, HRCR AR
Dg (> 5 um) FMKZEJE(p < 0.4 g-cm™) =701 2 FLIEk
(porous polymer microspheres, PPMS) (1% 1), AS4Y 43
VR A 5 SR, T L e 0 R [ e 20 ) e, K 24
W Dk 2 S, Bk Ak, LR & & ) Da (1~5 pum)
RE S 2P A5 il i A U, A= R B2 ™7 Zhu
S T — P KB R R AT IR R AL PR A
Z 1R E W) [poly(lactide-co-glycolide), PLGA] k£ fL,
R T ¥R 97 R R 1 AR /N 41 B il 9 (non-small cell
lung cancer, NSCLC). K% Dg A 10 um, HER1A ¥ Da
IR 2.72 um, FRAMSEER BT, K4 & 2 B KRR ALE
5 R 4 L 7 Wk T N ) LA 055, B B L) 2, %R
s N i R PR NSCLC K BB B (1 fili 35 J e EL B VE FH T
FEAHAE, o R AFRIPINSCLC Rk .
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Figure 1  Scanning electron microscopy (SEM) image of poly(L-
lactide) (PLLA) porous microspheres. (Quoted from Ref. 10. The
image by Wang Y et al. is licensed under a Creative Commons
Attribution 4.0 International License, no change from original).
The PLLA porous microspheres was prepared in a high-voltage
electrostatic anti-solvent process with the geometric diameter (Dg)
is 19.1 = 0.4 um, the density is 0.289 + 0.004 g-cm™ and the aero-
dynamic diameter (Da) is 4.2 £ 0.2 pm
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fig A& L ER (lipid microsphere, LM) % iiF B 7] DL &
HMEVE PE A VIS R EE, RIS YRGB ) o T A ) 5 A
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T ARAIE il 45 2 1A A ME, PPMS il 4% 5 V2
B REE, PPMS & 7 f BR ] £ 1k A2 b in & E 1
AL A 1T R, H R R A% 7 VR LAV TR K
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Table 1 Preparation materials of porous polymer microspheres (PPMS). PLGA: Poly(lactide-co-glycolide); PLA: Poly(lactic acid)

Material type ':lna:::ri(;fl Source of material Drug loading range Advantage Disadvantage Reference
Synthetic polymer PLGA Polymerized by lactic ~ Small molecule drugs, Biocompatible, Not suitable for [23]
materials acid and glycolicacid  DNA, RNA and biodegradable and lactose deficiency

proteins non-toxicity
PLA Lactic acid polymer Proteins and peptides  Biocompatible, High cost procedure [29]
biodegradable, and
low immunogenicity
Natural polymer  Chitosan Deacetylation of chitin  Peptide, protein, Non-toxicity, Poor solubility [30]
materials nucleic acid and biodegradable, and
vaccine ease of modification
Cyclodextrin and A cyclic oligosaccharide Small molecule drugs, Increase drug solubility, Acid instability, poor [31]
its derivatives formed by starch proteins and peptides sustained release water solubility
Sodium alginate  Polysaccharides Protein, nucleic acid ~ Biocompatible, Poor long-term stability ~ [32]
extracted from brown and acid sensitive bioadhesion, and and encapsulation
algae drug biodegradable efficiency
Gelatin Products of Partial Gene and vaccine Biodegradable, High freezing point, [33]
hydrolysis of collagen non-toxicity and easy to degrade in body
no antigenicity
Lipid matrix Liposome Triglycerides, waxes or  Lipophilic and Solubilization, detoxifi- Affected by prepara- [26]

fatty acids

bioactive molecules

cation and targeting tion process easily
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(dichloromethane, DCM) %5 3 4 14 5 AL 771 H 7 A vk
HH, K BAL AR KW (7K 18 w5 B D18 o 4 1) 2% A
N BT A R WL IO HI L, B S R A L WL /O
FUE N B 2% B [poly(vinyl alcohol), PVA] )2
K (BhKAH), AE BT D) 3 5 & 2% A T B B R
J W IOIW, FL7, FAE— & 5611 T B Z48 R A DA
A, 19 3 2 FLAERE 2% 07 VI i N AL R
FSCAWCER P9 315 B R THI 1) 22 AL &5 48, A 2t s IR 1 A% S8 07
V2 A5 sk IRk L 235 ) AN AR RN A sk R T 1P 222 S i i
W BRI M BAL A, an b i R A R
Fe-B-FRWIRE 55 B BAL A, Gn ik IR A B R ik R
Al Alipour 258 3 25 R ) WLIO/W, #8 i,
DU R S B 1 R B AL A, ) 46 A7 48058 42 8 1 DK L
K (paclitaxel-loaded large porous particles, PTX-LPPs)
697 Wl . R Bz B A R Z A PEse, T
KERAE NG T PTX-LPPs J5 il 19 1) 4= W R H & M
(51 + 7.1)%, 11y HIH 20 23 v 5542 B v P 2 v, 24 5 2
IRV . (H R WL /O/W, 4% K i 1l % PPMS 75 2L
FH AL A WL ), 31X 26 106 201 56 4 B 25 DLk b6 %t AL
A3 ST AT AT BE 402 3

Flask 1 N
4 Steam to remove

(oil phrase) )
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W,/0 emulsion B
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Figure 2 Preparation of PPMS by double emulsification-solvent
evaporation method. DCM: Dichloromethane; PVA: Poly(vinyl
alcohol)

32 MRETFMRZE KAWIE T IRIEH % PPMS 120
BN R 3TN . 4 B AN AL 3] (R 245 ) 4 B v R e
BTFAE A WU, NI &4 1 B K VA,
P14 57 I % 25 W P AU R TR T B /N R, 4

TS A A WL ISR 28 R, il T LR 43 AR A R
FEEFLER, TR FLIMERES 4, A5 1F 50 R FH 65 5 T f ik
il & 7 3R A P 1 2 FLATRL, 2 7< Da 4.8 £ 0.1 pm,
BN (91.8 £ 0.1)%, SLIGHTFE R I, /N BRUBE 55 45 24
(77 &R AR A 2470 — 2L I AR A 1) 5 1 RG24
[ 10 4 B B2, O ELIE 55 25 24 20 FL A 5 110 8 g o ),
BV 4 By R FEAG TS I PR S, it o R A S (9 9 FE AT T
F T4 5 IR IS BN FEAN B . 5% 5 AR L 1 4% PPMIS
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stream and evaporate
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Figure 3 Preparation of PPMS by spray drying method
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5 RE WA KA 88, ) 2% A B AR I8E 1L exendin-4
(Ex4-C,,) 12 LBk, W75 Dg 4 16.2 £ 2.3 um, Da Ny
4.3+ 0.5 pm*, 1% 2 AL HERBE N B, R B
RE AT 280 TUARAE /N B AR A i, b Ab, 3 b W B A7
Ex4-C,, (5 H/NER 29100 pg) H2 FLAMERTE 25 & i 2
RUHE R db/db /)y B A 2 7 R TR B IR T 2

F 2> B VR S K P 25 ) R VE 47, (B AL SR W 5 3R T i
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Figure 4 Preparation of PPMS by phase separation method
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34 BlaF_SWHRAE Hiln A SRR A
7% (supercritical carbon dioxide, SC-CO,) 7E il % PPMS
A H AT B R AL B, CO, AT DU A HiL A i 25
W, TG T FERE IR 1) 2 B D BRES, Lin 1M A SC-
CO, i Al % 3G IR 5% K 1 PLLA Z FLIER TG 77
B PRI, K IAZ AR TG ¥ 75k B8 LR A 2t AR AR R
BRI i SR . SC-CO, HT LLYE i % PPMS
B R R A S BICAL B A R B 48 s )B4, R A
ZMAER . SC-CO,MEAEFLINT, ol il i 27 54 1
77 134 4 PPMS (& 5). #5 Bdk | 5] &) AR E RIS
BRFATE AR S5 KA 0 78 40 VR 1) 4% TFL R, Ja
FUBERE N, VR A VI TE B R AR TR B A B, K
IR B i R B A R 7E — RN R
AN P2 1, B n ik OB R R A H B = iR R
U 77 )5 19 3 2 FLMEREY, fEm R, CO, i iE T
BRI, AT R R P R Y, A RO, R
CO, N &R ik, L2 fLRE. EREGT
i SC-CO, K45 1 BALA MAE I, T s ik oo Jse 7 4%
P CO, ) & 77 k4% il 1 Bk 1) B 42 AL 420, SC-CO,
PR 1T, 2 20 B (181 6) o2 Sl ¥ T R 1) 3%
EWIENZERK R TE AR ISR OK-H ) 5 S
Ao B, TR A YK E R, kR (L) B
SR A W B, T [ IS I 7 4D SR N 2 A
TR AR b, B )52 SC-CO, T 113 B4R 255k ie % 4L
FIRIB - SC-CO, 7N AT A #8575 7], Kt 24 43 F ik
FIPPMS | (K 7). B Jef ESLAIMEE DR s T
DCM 1, B J5 7 N 3R R 1% (¥ PVA K, 18
A B R ALK, 2 J5 B T 30 cClE R /KA,
PiFE 5 h UE R B 2 DCM, 5Bk 44 5 F i 7K 2 i
HT- 1§43 2] PPMS, )i Fil SC-CO, #5745 259 4 T kN
TR FL B, I Ak 2k 25 PPMSPT, R ] SC-CO, il #
PPMS R/ A HLIE 77 15k B, 8 S 35 M IS, 22 4
B, 0 H A& AR, R E A AR R 25,
TR 1 S, TR A IR A K S 7 2 LR
TR 25 R 5T b B TR PR S AR
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e CO, entrapped within
Stirring <
stablizer, cross-linker

monomer droplets
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% Porous
Water M ropl At hight p icrospl

Figure 5 Supercritical carbon dioxide (SC-CO,) is used as a
porogen in preparation of PPMS
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Figure 6 SC-CO, is used as a desiccant in preparation of PPMS
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g loaded
and dried with SC-CO, @

Porous Drug-loaded porous:
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temperature

Figure 7 SC-CO, is used as a carrier in preparation of PPMS
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A BN I B f R PR b 2D 24 W R 751 2 [] H B
gh dn R 2 B I AT REPERT . EAL, VR 4 IRE L AU
T8 5 e PO AR ORLAS AT 4% R TS B ) PR B )
B AL G H IR T R0RL, DX 1 T 1% 55 16 1) (4] 3R A
72 A VR T T URIR 77 i, SIS e 4 25,
Poursina 2K F SFD A= 7= ] MR N 1) fi 8 54 45 2% i
b, K& FURL ) Dg A 15~16 pm, {H UL 2 /& FE £ AL
FIBRIE, XA A R0RE 1 25 P A /0N, HLRORE B S 4 b 1
43 % (fine particle fraction, FPF) > 40%, R I H B 41/
e NPEBE . PPMS HIRLAR B2 J 3% T 25 #4) th SFD i
TR T2 250, Tvgs W 45 46 L R0 B 2 MR o (4H
B BE VR FE) RS 5 R &R UE, I AE S B
3 A o AT DU A B Ak 8 2 B AR S5 A ) R
73~ W YR L AR 2 Y 2 A5 LA ) 6 X P T 45 24 1
FIORLEST, SFD Fo ¥R A2 7= B S R KL AR A2 52 1) R
FRORL, JCHIE F T ) 4 il 45 25 PPMS, {H 2 T
SFD LZM 2 FEE I A4, 1217 SFD 15 B i &K
SR AR, B AT 2 b T S5 s o A B,

Freezed rapidly
b P under the action of
FanLne . . low temperature

- device gas (cryogenic N;)
&

Material liquid Droplet

Atomization

Ice crystal Porous
microspheres.

Figure 8 Preparation of PPMS by spray freeze drying (SFD)
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A A P2 0 0 BN AR ;= L2k AT i — B K .
3.6 ETYRKAZLFLIBREIEHEA MR AG
K¥i (nanoparticle, NP) 5 A 7 $i& v M 1 11 25 W0 ¥ i
JEE B T2 ) (%) it 8 S 1 P O PR B R S T TR
BIBLEMIOLES, H T NP [ BRAR BT &2 A0 B, i1
BHIEWN G B sh 22, 7776 — 2 R PR PECY.
J9# e NP LE &6 B pT AR, R R BN TR HOR, 274
1 Péclet #1555 T 15 26 444~ , {8 NP I ) 22 ) (n
JalEAE 7)) S5, BUR AN IR R 2R i b, i — 2 T Al
K ZE A T T B 2 FLAIORE™A . X e gl ok 2 FLAORE 1Y
KT NP BIRLAE (> 5 pm), FEAK NP B B2 A 7 1
Al BE, B T NP 7E TR, 7R — T A R, %
BV R M) T B AR 2R — H B 52 5B (polyeth-
ylene glycol grafted onto phthaloyl chitosan, PEG-g-PHCs)
NP 48 1, 22 7 W] W N R AT 2 K 110 95 B2 6 7K B I Bk o,
I I A RN K BRI, BRI I K AR 7 fit 2H 23 1)
WP v T B AL (FURE 5 Ok A6 3R T VD B 1R 5 ),
FLAE i 4 e 45 B Kk 7 h, 3% B 952 IR 5 7K g e Al ek e
% T PEG-g-PHCs NP 7Eili i (i ™). BT NP1 £
FLAR IR ] 2% AT FTHL >, T 45 254K 2 4L
TERAT) 75 2 IR B 52
37 EHEtHI&HZE BT LRPPMSHI& LS, T8
EEl S R o N L =TS O ] 1
PPMS. 78 ) 85 1R R ZH OV SR FH Al i 4% A B 2 i) 5 471
# ACS14 ¥ PLGA Z LI ER, M| 753 Dg > 5 um, 1M
Da < 5 um, FPF 4 KT 50%, ¥ 1% % LBk i N K
I8, R AR AT LA R8RS T K BRI, 50 il 3 ik
iR TR K R 1 — e iR T E A . Wang 2R
FH ey Hs 5 B B0 79— 202 1) 4% 159 31 1 PLLA 22 FLAREK,
S p < 0.4 g-cm®, Dg y 10~30 pm, Da A 1~5 um,
FPF /9 56.3%, i & i 45 24 1 23K
4 FHERAZHPPMSBIREEH]

it #3255 24 PPMS (1 Joit & 42 1) 32 2298 [ PPMS [ 3
A1 BE A 38 24 1 BE 2 #, W PPMS 1) Dg . 2 fL I
ROPRAME T B2 B A R IR 5 il s 25 1
FREZ %L, Qi Da Ak 16 57 & 45 — M5 O, X824
X PPMS ) 22 A= PE AT AR A R FH B2 b B AR
41 PPMSHIDgHNZESF  HORLK Dg K AE
i (particle size distribution, PSD) {1351 HE#N &%
AEM NP B 1 oG BEM. 3d 3  FH 3 A 6 HUH (dynamic
light scattering, DLS)™* 1 4 i H1 7 & i 8% (scanning
electron microscopy, SEM)®¥5%+ PPMS [f] Dg £l PSD
ITHRAE . PPMS [ Dg M Rid% 7 A 5 i & i 2 1 T2
SR, G A TR e ) S ELAR 3 B % A
B 254 5, — it i, PPMS ) Dg Bt 5 I %

(R FE i1 < H 77 R0 35 ok 55 1R 34 KT AR /0N, o o o) 46 11 R
TP IR T v S VB AR 1) AR i T AR K iR 4 24
IURL IR Dg A /1N T 25 5 43k i 6 5 e 4 A e, A K ) e
PABS TFR A5, DALt 72 2 PPMS R F5 Hh Boef Bk
20 Dg ) T2 2 80T & B ¥ i, {F Dg # i#£ 5~
30 pm P A IE & ili R ik
42 PPMSHIFEMA Bk H A 2% BRI AR
FEARE LR . W FUER BH, BB MURL P AR ) FPF BH B
f T AN U R0, PPMIS () 2 THI TS 45 W] DL B 42 B
Tl % B SEM WL 807081 b ) 3@ ok B A 4 ik S S R
R B SEM WLEE, 5% 43 J5 ] 3 5 B R 5, BB 4 7
RO E™ . PPMS [ 3RTH T 45 5 ] & 34 8} 19 M i A
RN AR O, JE PR AT g A AN [\ R 2 FE S
fife J5 A HUAH B R BEAFAE 2 57, B0 SRR A
)38 B2 AN [|], T A IELR) 3 52 e PPMIS 22 FLYE, 25 K i
B BE A, T FL3E AN B 55 5 R IR R0 P A B 0o
WUl PPMS [ 2 A 25 K < 35 FA1 . TR It 75 1) 46 3ok 2 v
N ) 25 RE P R AT VAL B A5 1) A I R VR FEAE
&R E A
43 PPMSHELELREARFIFLERER PPMS 1) tL 3 1
TR FLI 8 2 08 SR 1R R 24 3 R 2 <3 ) 2 1k e
0. PPMS [ L T FUAN LB 2R ) PAE 77 K FELEE
T, i@ BET (Brunauer-Emmett-Teller) 1 BJH (Barrett-
Joyner Halenda) #4773 #7077, % T 2 ALK, HeR
Rt A AL B 2R 3G KT AR K, PR mT DLIE e 42 1) 22 AL IR
R FLIR R & IE  LL R AR, B H ATic sl —Md
TP ] DR i s il FLBR 2 . FEVF 2050k, 18
i 36 A T (Y BOAL A BR  HIR BEAE — e R BT s
M) B R Fr FLBR 2R 0
4.4 PPMSH)Da RAERITAR  Z5WR0kL 123 <3 )
2 T AR K b 5 e 245 ) 1 it S R I A, e K PSD 4%
I 7E 38 224 0 Bl P AR A ORI P (R T AR, {3
X 2 ALK, PSD AN 72 th e H 28 R 3l 1 22 AT N 1) e
— K %, Da H RERMEW N PPMS [ 22 K 3l ) 2= M g,
Da 5 ER) D MIE JE (p,) %, =FH HIRK R AKX
1) Bl

Da = Dg /% (D)
X

Hort, p, R URLIK 52 B3R 2 FE, p* Ay IR T I J0RL 1
ZHEEE (1.0 g-em®), y ATESKIER 7 (BRI kT
x=1). HAIATIL, FiF 1 Dg. % R A48 45 % Da
FEAE RS . Da PR R LE i B TR AL, R A
Da vy 1~5 pum (KL 7 REDURFE 4l S . PPMS
{180 it 8 L AR AT LAl 3 0 ORE P A Y A AR SR RAE
PPMS [ 44 P TR w38 3ot 7] 375 1 K R P RN 3 24
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PPMS, 73 7R FH 26 R i Al CT BB 43 it PPMS #E4H
AL AV Jifi 5 B AR Y AR AR R
I\ G 22 B AR 9 B i i 45 5 (andersen cascade impactor,
ACI) SR B, 3 24 PPMS 25 N\ 35 #2174 FE 47 4
FIRFES, LL28.3 L-min™ (1l ik ACHl7% 30 s, R
FH HPLC 20 72 B AN B% = A 250 0 2 &, ] RN R
NEAR < AT um BFR (2~7 %), AR (2) iFHE#H
24 PPMS AR A1 il i fR R 1
. 2~TER R &

I ) = S g i
45 PPMSHIZAEMEHE HAEMOEHFZ
S AR B ) 77 R 25 A s i R AR, I AE NSRS T
e PR Xl 2 T 23T . PPMS B 24 & &) il
B 8 2 T BRI AR R VA R, SR B HPLC VA
B, F 2B A R % A 2 (3) A (4) 4 AT

w
P = 1 x 100% ©)

2

x 100% (2)

B = % x 100% (4)

Ho, WO Z FLMER R 2590 & ' W, 08 2 FL T
BRI S, WO R R e R R
AT 80% .

4.6 PHEBLEZAPPMS BUMRINEERL R I 7 PPMS 2 [T
10 25 P e i A 5 A P PR RE T, 3 i R R AR, T R
2 FEONR 250K IR T i I At b 3 %
JSE, Rl sb a6 200 S SR IX — 4R Aw . P IE I AR AR
S W22 PPMS (1) S8 B RUME o B2 1) 70 1 A K R
TN 5 T8 AU 2 WD TE AR N B B SRR 2 L,
F B3R 77 9224 - B b B3k | S A vk R IR E Vi
PRI, Pk USPA 25 B % (R FR 8 %) w2
— @ T AR A AR SO T v, AN AT A g
KT b g /D Bk 1 SR A, T L AT DURE G SR AR
TR IR 45 2%, Ok 95 1 24 g e 3. Rawat 5501 ] i
K RE 23 Bk 5 0 Hh 6 PLGA fHER 3k 47 4 AR
JHORERT I o &5 SRR B, AL 368 b vk B ek 2 ERORE B AR 1)
Tk, I ae AE R E Kk ) RABUREI E 4 b, SRR R
SCREZNE L. TESEBRERAVERS, AR 5T b 259 1) R i
PAEZE S o BT Ml 25 2 ) 700300 N i 5 = 22 52 il
(R gZ MR, BR] 0k FH T il 0 25 245 FH (¥ PPMS F) 44 A1 ¢ T
IR TRl RAE R A I, A S50 BE 0 2 TE
it 0 P S5 B R JBOS 0, P 45 81 47 PR A PR A P 45 R

H1 T~ PPMS il 71) 1) R T80 A, I iR R 0tk 7
B B T, 3 2 B0 7= ot 4t R P B T, 3 o f
72 it R 0T B 7 A A T S DR A T A ST AR A RE
JHCRE 38R 56 T v SR PG AT 2 25 5% PPMS ) 44k 4

FERAT N JUFPER 22 (045 R pH 3 T 3 4 77 F
i) W1 LU0 RGO ER f B A R 25 0 i B S R, T
T2 PPMS AR, FRARE LR [E — Ak T K
SRR i 3R TR 56 (0 B L A A R BLAR PPMIS 1)
1A RE TBOR B0 A TE B AU N PR B 175 350 T a3k AT, (H el
T fil o A AR & AR B, PPMS 7E Jili P T BE £ DLEE B
RS20 77 B 25 4
4.7 PPMSHISEUME RBIMERKSEE o EMER
TSI AR RN SR 1) A B S B A R e, 2 2 kL
K& BRI, PPMS [#7K 7> & & al il i R /R 2%
PRARF s B AR AT T 2 B A 51 11 ] A
73R N FE R JEE 2 9 99.5% Fili 8 i, 43 MR ALK 43 A R
BRI, Soma 254 5 B, TR ) 2% PPMS (04 ) 1 3% 4%
WG T8 A AU 1 b ) B A 42 11 A 11 3 5 o A B
PPMS [f17K 43 & B 78 22 0 UKL [ i 8l 1 7= AR s . R
UF (RISl A R T 32 7 TR R 2k, S 2 24 R G
20338 32 B Jili 2B PRV ARAIE o R BN T AR 4R KR FE B 5
By L $8 BRI R IE A AT VAT
48 HthREESH B i PPMS KT &% H I H
b, JitiFB 45 24 PPMS 38 B2 6] 5% B3 47 5 3 326 7] & 1) — 1k
F A A P R AT R o R LAV ARV 8 M Oy
AR % 1 PPMS A7 1E — 58 F2 BE 10 MLV 71 5% B 17l
f, G0 DCM S5, 56 I W T8 86 AT — e SR PE, PR ot 4
ZiKE PPMS 7= i 1) 15 7510 5 B 0 b 47 2 o1, 38 SR FH S
AH RS VL 5% B A ML AT AR I, Bk ) Ry —
PR R Al A= DB P RT 2 B e [ 247 0 ) N 55 701 ) A
HEAT R
5 RESERE

B A KKi4E (Dg N 5~30 um) £ PPMS H T %
FEAR (p < 0.4 g-cm?®), T B A R I4F =K 380 15 1 fe
(Da < 5 um), AEF Rk 8k At v 05 40 i F 7 s, Bl
BUURR e E, H PPMS BESE K 245 W) 78 Jili 5 Py s B e 1), 42
BRI RO . AN, PPMS W] AR W AR [ AR 7
WS NP, X AR EFREH . PPMS
e B RE Il 4A 25 1 ik . (2 PPMS H T fili 50
YA MAETEA /D TR BP0 B O PPMS il 5 i F2
T BN ECFLA, 1X T BE 4 SRk — Le AN TR G
g wiiy, A ESCFL A = A B AL E AN &) BRI, 2
5y SRR B AL R P 10 22 5, BAE RBREELAIN 25 5
DRl 7o il 5 B0 E 1 25 W B i, A i e 3L A 5 BT
FLBRAN 3557 1) 788 DA B 7 2 B BUFL A S 5 6 4 1) 2454
FEAE R, T EENLYE AN [F) ) A% L2 AT BRI T AR R
@ AT {E PPMS il £ 3k 42 Hh v fff 3 o1 2 FL 3Rk ¥ Dg
AfLfR, HEERE A 259, X EA RIFHES5)
J12E M RE, DAk B A P il 30 0 1) R, T AR A4
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ReTT AT ZATIR AL, ) PPMS il i R o 5 20
NHA BT, O E AT K ik an el G A HLIE 77 ik
B T L, DA 3K A L 708 Il 0 P 52, 7 AR A AN
Al A7 AL A 2R E ST AR BAR IR AR S 5 @ S
PRI 25 RN SE 5 W08 5 Ve e, o0k 1 i 32 AT K B
PR T W AR R A, A AR T, o A
FEOR, S APRAIE ™ dh S5t R AR 52 AT 58, © H |l o 5 Al
25 2 PPMS it 1 2 BUM 56 1 ot B 42 i d v, — e 72
& L SE T 2 ROBI At L, TR L s Z5UEE N PPMIS 2%
BRI B 2 HOH AT R, R SRR B S S A
R NER R, © AR S R LHRIE
H, X TR ZR IS 2510 8, REVK RN T RS
2 il 8 7= A 23 4k, PPMS K I 25 2 S VAT it —
BHEE . R PRIX L ]G 25 7AW TN AR T S N
FWE AR, AR I AN WSS ), I E AR AW R
PR, T iR 45 245 1) PPMS il 71145 H AT 45

YEE STHK: G 22O IR 9 A 5 P WSCAR B ) SR, R RO 43
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