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Impact of household environmental particulate matter and its exposure
risks from the combustion of residential solid fuels
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Abstract Large amounts of particulate matter (PM) are emitted from the combustion of residential
solid fuels. It will not only cause serious pollution of household environment particles, but also bring
greater health risks to the population, which has attracted extensive attentions of researchers.
However, there are few studies about the impact of the household environment emission from the
combustion of residential solid fuels, especially the researches on sources of particulate matter and
human exposure risks in household environment. This review summarized the formation mechanism
of particulate matter from the combustion of residential solid fuels, analyzed the impact of residential
fuels and stove type on household environmental particulate matter, and generalized the exposure
risks of household environmental particulate matter emitted from the combustion of residential solid
fuels. Finally, the deficiencies of the researches on emission control of residential solid fuels
combustion are discussed.
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EERA T 30 AL NATYERMCEEAL G2 1 AR BR L 2 AT R , i HL R 22 504 v e e b 2R, R 2 I
A R 5 AEG  A AS b DX U BR A R B A RAOR e 2 7 AR KB B 5 Vs e W, i COL URL )
(particulate matter, PM), Z ¥ J5 %% (polycyclic aromatic hydrocarbons, PAHs) 55, AN Y 2 /™ 5 52 i 5% it T4
B, WX = AP IR 1 5 Yt L RV 2 23 A5 Yt g T, AR ) RS HE RO A RN
S5 YL, B TRV AR A IR HE TS 1 5 a2 B4 25 UKL ) 15 Y i 9k 2 A, TR IER 58 18 1 P K
£ 25 K15 Y% (household air pollution, HAP) J& 780 & J v [8] 58 51 R AU IRV 26 2 — L 4 Akt piy A
BRBHIR b5 | 1 52 25 ST JL RRAF 1 A 280 J7 AFET-1. 20 40 80 ARAR LK, H BB Ak Ay PRk Jig
S BR[O L A5 B, H 2012 AF [ 52 f P A AR ) S A R BRI 1) L BB 4TS 43 ) A
43% F1 30%7. A8 AATTE 30 AR, AR RBHIR e i il i) SR BE 25 R T5 e E B R R P E R, (HEEA
138 A S I8 A 508 s, SE AT 650 J7 N FEZE AR sl e Bz ™. i 1 B AR BR B 32 (7R
RAFREE _LmfE T HAP.

AR, BFH AR BE R B HE R PM A AR G 90 328 7 32 21 G 1, DA AR A8 56 85 K1 440 s 4
(PM,5) W9 F. P Z AT AT O IR L, KRS 5 68 T i Wk BE A 40 B0k i, 5 45 Bl I 3% 8
O ML S 1180 N S fd SR DRI 2 DDA S0~ 10 8K, B i ol R [ AA SR A 5 HE il %) 5% JE B 58 2 SOk
Wy, 7 5 XU RN HE BICHE I 98 55 5 T8, A AEVE 2 A R 2 A . AR SCEE X R [ AR AL IR 458 rh R e B B
23 SRR D HE O JC I T A TR B 2R3 T R AR B rh PM AT BRI 3 AT 1 R R RE N
PPk RN G2 PR BE 23 SUBORL I R 52 e A9 1 R AR B A B HE TS 1) 8 I P85 25 SO ) 1) 2 B
B 5T 5 108 T H A5 BE PREE 25 S 0R A 0 HE I i) S A R JE 22 ALk

1 B A E AR B8 PM A JE B HL B (The formation mechanism of PM emission from the
combustion of residential solid fuels)

TESEBRA T, S8 Ik B AR AR DN, AR 958 B AR 1 S Ui AR 2 32 B BR ), S BURBE A 52 4
BARE. R HTEARRELA S8 2 A PE LG 2 PM IR 1L iy B ARAE . R P [V AORMIR B il A2 b 7 25 1 PMLJ2:
B JEBURE AN OBBURE . A ] 2 UORE A4 AR ) 7 A AN 8 5 A i R A AT AN TR 36 R ok il 2338 T R
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L1 BRAEEUR )
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TE RV, Bl AR R )T 12 R ) M JB AR 5 A 55 R 2R S W), 3 R TE T AL rh, i TREMR AN 52 2 7
BOHA Gy 77 A, B A URL 2 B AR o e A rh DR ) 1) 2 20 o . R Ao k3, TEdRk
B3, H TR B S BB 58 2R Re, Bk S A0 B W) AR AT 0 5 O3 Ak LS /N 53 11 e, X
T 5 S R PR BE ) S B AR 2 IR S R Y. Z IS IR oy R AR RN . R, 48
ICBAE FURLD L. 2 BT (R Bk OB ) 25 28 DD R TG R | B4 | A AR I S5 B, R T8 ORLAR BE Y
PM!'7,

1.2 RPRLY)

e B FE AR R b ao 2 vy 32 B 26 il Y QOB AIORE ) J2 M AROK SR, |h JEHLAT 1 00 Ak - B 25 i 72
TE RS, FE R IR IR, ORE b B TEAILEH 4325 A AR AR S i, > PR TR BRI TE ML 93 25 i
TN, 2338 58 YA AR T BUORE . BES , JSURL3E A BRI IR A EESS , TE A ToRE TR 5. Xiao S50
W FE R B T S Ak -5 45 2 S fOoK J0kE T 2 A9 T ML, AR g M i BB 1 v 45 M Na A K 7 W ROK IR 1
R 5.

25 ERTIR, i T R E I PSCRAR T B0 A RRBEAS 58 Ak be 72 PMUE iy 228 UL 7R b it
FEH A PM 2 ELEEHRICRI ZRBE PR, 28 S I DAt ok ™ Hi A A R A 3. PRIk, AR gk — 2B T 50 R
FH B AR B HE R PM (R 220 J 5 2 XU, B AR B v PM TR s L B 2 G e

2 REFBEESKPFOBYHIR (Sources of household environmental particulate matter)
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Rl S50 AN B R BEIREE; ) — PR R EE N GUIE sl (IR . ICRE | 54T MO R P48 7 55 ) 7= AR 1Y)
PM. H A R | 2 AT SR BE A 05 25 ROk ) e 2 B %) 2 AR TR, R 5 A B, B [ R R R IR 58 HE i
[ PM, AT BEIRE R kL 2 R0 Al AR AT AR A2 29, (R, T AR A e 20 0 X 5% e A 85 4 A< R 1Y
S, Sk B FH AR i PMHET . 5 88 XU B4 il T 5 £ A7 JEL
2.1 AN[AVRBEXT G B 5% 28 SRR ) 11 52 i)

SRR AE D) 0T (O S sl AR ME DA FT) 2 B T ARk v e b i R AR Jin 251230 X b |5 4 A48 0y (P
R BN PSR VY ) o AR G EAT T RIS, BRI 3B T AT R B AR
IR EEN S SR V& N oS T d A S 10D A /3 ) &7 N = W V1 /3 05 A S = ¥ &
(IR R LE R Bt rh 75 BEAE RS A e ok 25 R 1 B /K 43, 5 BRI Tk B A1 23 52 R B A A e 3k
B, 1E L PM s HER . Bk A i AR B IN, AR SR AE 0 i vp mT BE R e P, SRR AN A 2
SRR R TE AR,

H T 7E Z 02 PR 8 45 SR P T 5% 03, X6 AS [R] 28 R ) T 9% T2 B2 L 1 S0 56 25 R e il 3K 7
. KRR I3 BB 8% AT 0 1Y) S B [ AR SRR R e 2ot A i PML AL AR AIE 1 SE PR L. Shen 552 4 T
17 FRARLER | FpATF A RRHEE M, L HE % B | K. JUE S HAE, o0 TRARHHE R W) . k. K5y
T DA S S E. K IFEAR BB PM AU HERLE T (emission factors, EFs) & T AL EEH PM i EFs.
Liu SF B0 8 T 17 R RE 5 PM, 5 o0 28 MV B, & BT A BREAE 0 B HE i BB AR 55 31X 5 ZhuY
Wl BF5E A5 A0 25 SR — 350, SRR R B rh AR B2 v T AR AE W BT A S22 . T A e 3T 1A T A T = 5 v
KB, il rp U Y 45 K 288 B AR PAHs 5 SR UREAT 5. 18] 1 Geih T AS [R5 Fh B R AR 9 ok
L& HE ) PM Tt PAHSs Fl Ak 5T 41 43 (OC,EC) 9 JiT & ' {E KL 42 (mass median diameter, MMD)®* ~ %1,
MMD ‘& F R AT RAR 53 A 9 34T, S48 PM /NI — 23 R 8l ) 2 BLAR 10 45 o B 0K 9 5 T i o
423 PM Bt i 50% Bk FS. AL 1 H AT DL Y PAHS FlER 5T 20 43 (OC,EC) 3 %5 5 4 75 W Ok ok 1.
15 B i B B A IR AL IR 8 HE T 200 7 40 P A ST 28 Bt 5 /0, T HL 2 8 A0 A 4 A T i L I e A 7k
5 8 WU S5 7 TR T 1E— 25 TR R IF 5.
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Fig.1 Mass median diameter (MMD) statistics of PAHs and carbonaceous components(OC,EC) in particulate emissions from

201

g
=)
T

151

—
W
T

—
[}
T

Mass median diameter/um
Mass median diameter/pum

<
W
T

0

coal and biomass combustion™ ™+

2.2 ANTRPIF IR SR E B A SR ) R )

AT M DX TR A A FIAE TG 2T A 22 5, 7 At A [R) R By Jin S50 5 1 vl o] s DX T S A
b B9 2 Pk, AN TR] At DA W A8 25 5, 0 5 P DR 22 B R A R 0 1) ) B s e D A e T
kP A 05 H A (o A Al i kBRGNS AN

BRI BEROCR AR, FBOLRBEI HER 1) PM M B KO AF RS K 25 53 . Wang 55120 $5 H 7 4f
TCAA 1 ok B ZRBE R PM 5 1 PM o 9 BE 7K P S35 T 7. Xiao A5 19 e BTG AR 1 Pk HE T £ PM, 5 Y6 JEE
JE A KRB 6 . Muralidharan 55 97§ 16 BN RE 5262 T AY 6 Rt kb, LR 584 [ 72 4R}l
PM, 5 #RGEHE RS2 56, e IR AT 5 1 30 XURE AR P R PML, 5 B89k B2 /KPS (R T A 2838 XU AL 458



8 14 BT R [ AR e HI RO 52 I PR35 25 UMUK A0 522 ) S 2% 8 AU 2599

ok HE RS PM, s e R, H a5 i Gl XUB PM, 5 HE 0 HE R AT e T i A T AR 41 21 (World Health
Organization, WHO) HLE [ PM, s ¥ . Jetter 554 36 € [ s DX FH A 22 AR AEEAT T PM, 5 HERLIN
W, A B A 5 i 8 Xk B A P R PM, 5 BOHRRE S8 25 AR {EL Just S50 FEAT ST s i, ol FH AR
PR i 1t B ke S AL G KHMERH LE, 5K PM, 5 ¥R BE KV BERS B 35 FRAIC, (H MR AR 20 A E 7
L 240 A ) 1 FIE TR L T oy B ) Sk 2 1

L5 B JITIR, ASTR] B RORE R 28 B X R B 85 2 SR ) 52 W AT A 25 S SRR s AR BE i F
3 MIFFERAT B T 5 4 1) LA T (AR e B rh PML TR JSCRN HE AR AE., 30k S8 PR 2 SUBORE
Yy AR ge WS T FE B € T LA

3 REREEKFRYHFIEMN AR E I (Research on the environmental and personal
exposure risks of household environmental particulate matter)

7 ia WU AIFFE RETR A T itk S B ) B TR B TR Bl 0 2 2 2= U B ik (2 ), LA R LS R S P 25 S
TR B B2 1 0. T BT AR BT 1Y 22 8 B 58 25 UMUK W) % i XS F 52 32 53 S P A
— Pl PR 2 B KU BIE S, T8 A [ R AR 48 DN i R B A5 s UMUK A B2, AR I 6 DX I PME 9 JEE A
TEAS [R) PRI rp 458 B B S AL R A TS N H -2 B o o — PP AR B KU IF 5, 32 2l A A4 =X
SRAE GRS H HE WA PM 285 i, IR AR shBLURERAE 4% W I (B 4528, Sk om H % AR
#KF
3.1 FRBEIREE A UMUK PRI 5 82 XU IF 5

GEBE PRI 25 UMUK P85 8 e XU T 5 A9 SRR TEAS [R] R 136 3l Hh X AR B B2 B2 I 0L,
B AR A BE T P s A R IXURS: T 50 S (B S 4. I R P 1 7 R A5 ) BRSP4 124
R BRI B Z2 6 P58 2 SUWURL ) T v J3E 1) 2 B KBS P 4 22, 2 B  sh o A e R Jig vh [ K.
e 1G0T B R A R I8 R 2 ORAE 0T B [ AR RE HE T PML Y 22 88 KU IS . AR 1 vt
G, FEAE HIRABHRHEC PM MR BE I 2 T WHO AT HE I A 1850, SR [ i R AE A5 00 62 1) PM IR 2
K, 7 B SR 18 22 PRI TP T 5 2 19 PML R R, 1l T DI J32 0 B 1) 228 1 (o s A 30 ] e {9k
JEE) A [a] DX S A B 358 DR 3R 25 R 0, 5 B A R0 N M % B BT, A7 KAl 22 AN Af 2 P TR, i
TIEIFASREHERA BOTTAG AR H 3 A Z551

R TE R AR be 78 85 B8 Hh R 1] 2 3 URAE S i ) PML BRI 28 R 0
Table 1 The PM environmental exposure value measured by a fixed sampler in the exposure risks study of residential solid
fuel combustion

PMCAEIRIE)
I el L W) i Z > .
b TR kpm papen R PM (Environmental BEER oy
Location Sampling instrument  Fuel type Stove type Monitoring concentration) Year of References
© pung P ovep location W/ (ng'm™) Rtz publication
Concentration  Particle size
. N T X . 114.3
EYLYE Minivol-Air Metrics I EHN PM, 5 20094F [51]
K 87.5
I B 191
[ P Model 8520 Du§tTrak 3 = PM, < 20154 [46]
aerosol monitor TEHH Bk 1243
= Derenda > 62 PM;,
s AL BEfF EN 20154F
B Lys3.1/pMS3.I-15 - - 29 PM, 5 [52]
" TRA .
EIf Minivol-Air Metrics ttk';jr L5 d e 990.4+282.6 PM, 5 20174 [53]
PYPEF PMS Model PCASP-X ~ AS¢ B EWN 583 PM,, 20184F [54]
FEZH Minivol-TAS e LGk EW 139.3 PM, 5 20194F [55]
— B 3194173 .
W%F  DustTrak DRX 8533 A% EX PM,, 20204 [56]

SE 78.5424
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3.2 FEEREEZ SR NI F 55 KU AFF 52

A NABREZCRABER XA A H H Z 28 1 UE A TI0 B B9 9 3R 32 ) 5 1, IE T 2 1 O A e oA A G
AR #E AT TEAL . Huang 657 WF5 45 Y, BOARAN S 0 A BT T3 B ilg i 5 I & A R #E K T2 1E
FHOG, (RAR SR A L SEBRAIK 30% 2247 Du 465 A ALY & 3. BRIE, A A (485 R AR S 2 1T A
W RVBS AT 98 5 A L e 5. ¢ 2 R 3 26 1 (i R A A 385 R A B A A A R R I AF Y. R
FH 5 2 W 5E 36 o, 78 E A &2, BB ARdU R AR Gardb . P AN St FIPE RS (= /. U]
FSEM) S M X A B, REZHBEE P e T R ORI RS E K.

VT AE O, B I A IR RE R b 4 4 iR N BE (0 10 L RN L R ) B9 2R 5R XURS: BIF 9 S A A )
Baumgartner 555 ffi F S A (B #E 2CRFEZR X P E B AL T TN B W R XS 0FT, A AE4 2
2 PM, s N NBFR A 117 pg-m . Weinstein 2500 JE77 T RIREROBESE, ZobE 48 h i PM, s S AR R it
4 105.7 pg'm>. Dionisio 511 Xf [X] Fb WF )L ZEHz fil A= ) TR B be v PM EAT T 2R 58 KU 9T, 45 R &
IR LT 122 ik R S8 FA I P A R BHHE U PMLy s V€ B 435 R 114 pg-m™ 1 85 pg-m >, ABIE 7 F WHO #
WA A BRAE. DN L IRAF R ] 7 s, Al P A A 5 2R AL 25 R 65 B/ A9 I 5 5 A5 AHERY PM 28 8 1
L, J2 H R R KU I v 3 3 8 T B

R 2 e RJUEAREHR bE 5 8 XU T FE R FAS A S5 R AE AR B ) PMS SR 8

Table 2 The PM personal exposure value measured by personal portable sampler in the exposure risks study of civil solid fuel

combustion
PM(™A##)
STREAY BE VST o LA AN
s *ﬁfxgﬁ W P 'muﬂ“JL' PM (Personal R AT S ik
Location Sampling Fuel type Stove type Monitoring exposure) Year of References
instrument P P location  ¥¢FE/(ug'm™) #ifE  publication
Concentration  Particle size
AL X 144
X LR PM, s Monitor &l N PM,s 20124 [61]
AR 85
s i i;ffﬁifgﬁff K WREEAENE A 61 PMys  20146E  [62]
_ . : \ 316 PM,,
) PDR-1 OOOI(ThIermo Fisher st g = 20144F [63]
Scientific) 245 PM,; 5
PR S ‘;j[s‘“t‘a‘EG}fﬁlf TEBR ) it e 249 PMys 20164 [64]
v pu )1 i;fgj:zf(’g;"ﬁ‘sf; Ao REEMEEPHE =W 83.9 PMys 20166 [64]
fe Hh T UCB-PAZ?r)(Berkeley AL LGP absH =N 105.7 PM; 5 20174 [60]
Hh B P };\irjslrt‘zf(’;pgﬁl:; BT 5 EN 263.4+105.8 PM,s  20184F  [65]
SR T\;Z‘::zfgg;‘[‘sr; N B8t EN 202+99.1 PM,s  20194E  [66]
LN Shinyei-PPD42NS BB gl EN 26.26 PM, 5 20204 [67]
B 205.5
ipepy  Personal Exposure g g - = PMys  20204F  [68]
Monitors (PEMs) (L5 vkt 336.5

K2 8ot T R A AR RAL 2SR AR FRIAR PM(PM, 5. PM, . PM, s Fil TSP) A A A 22 52 X
B F 5 07897 e B TSP v PM, 5 WP B i Wk BETE 70% A2 47, PM, (5 PM, 5 B0 i MR BE 11 80%. 1]
T o8 ES P AR A, PME I3 2 B L LA 4 0K 4 o0 T2 R A, B AR ot S P [ AR IR bR b ke 240
AR I 8 A R 11 % e XSS A 9 ok B 22, L E RTATE SR A TR R B

25 LTIk, IR G BE PR A5 SRR ) 2 5 XU 5, ANACRT AT it >4 IRk R AP e (%) 4 R A 2, 1
FLAT DL R A 85 25 S 0L ) 1) 2 58 /KO, RO R B (e Bl 1L T 208 X, B N R IR B 25
UL HE TR B LR AR A
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Fig.2 Personal inhalation exposure of different particle diameter PM (PM,) 5, PM;, PM, 5 and TSP) emitted from combustion

of residential solid fuels®’ 38671

4 FEERIE S PR Y B HETBCHE I B W BFFY (Research on the emission control impact of household
environmental particulate matter)

G E PS5 25 SUMURE ) 8 HE R R IF S 2 B P A B R T — R e o % 18 s 8 A Jey A KUY 52
M, DR PR AR I B 05 2 ORI ok 5 — R B X 0 B B3 2 UKL ) 8 HE B Sk, 0 R A T 0 A
Jith. PIRPE I BT SR A & 1 R BE AR TG B SE PR O, BEAT R A 2l S e R 855 2 UWURL ) 22 8 K7, R
FHTE AR GE F PM AT A B 5 42 il S 41 1<
4.1 A Ja e KU SR BE BRI 2 SRR ) ) 5 )

% AT W75 G 8 XU DR AR5 e Wk B A i 2R AR . A S XA st A B
N Ah PM 5T Bk B2 O3 A1 AR AT BIF S, B2 124 5 AT BT 9 e HE R IR, A R0 AR T AR
PM ¥ B 1A B 200 S AR RO AR OB B Z B2 v, i O 7 8 R KGR 7 e e 2= Ui
JEH A TBL FAT, #1xF B 2R KRS S HE AR SC TS 40 DA HGH . Arif 557 BIF5E T EDREAC AT
SR BE o 10138 AU 0 45 AR REHI bE PM, s HERCZ RIS 28, e BT A g 5 ORI, 38 IXU3 1] PM, 5 7€
JEE 55T s 24 T WAL, P B8] PM, 5 ¥ B 50 A B A8 4. Hu 2504 76 b [ 4R 7 [1] 38 X
THOUHTFEINT, e B 22 32 21 b3 (Al AR 1] A2 0, A JCHRA 1] ) 28 05 Qe yi e (8 I 22 5%, i
FER R WG A2 0 PM, s D AR EEE R R,

Hp AN P e % P 2 MO ) 1 5 G Y B R I PR R o7, (8] 3 B2 T XTI s AR
X BEAT I PM, 5 25 KU 5207007777,
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Fig.3 Comparison chart of the mass concentration of PM, s emitted from the combustion of residential solid fuels in the

kitchen and living areal®>"%7> =771
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AT B], 38 KRR 2208, 5T 5 PM, s STt ik B PT A 2] 1947.1 pgem™ 3 & FAE I X PM, 5 B
KA. H 3K B 5 A b 0] 45 WA 3 X A 1 0 EA 7. Jin 26090 ZE AR5 op B 20 0 2 26T s AN & T 3 [+
RS, 72 5N A AR K2 72% 1) ZBEE B 7R R T 20T, 7B NS 0 A & S AU AR A — A s [f)
ERG. DRI, 7 5% 58 ARSI 9 v, 07 78 4325 B8 21 b g T2 SEE B 174) 45 FH ) B R 38 XU A5
4.2 T T RO R gk o 57 JRE R 23 A O ) 614 5

o R MR K R T TR (IR SRR TR AR AR A T RS, 2 H RS ARG R Rk e
PM, s U HE e A7 300 7 978 50, Huang 4557 B9 & BR, foff FH [0 (AR R Ak B Aol R SR A5 460 33t T TR0 IR R B %
JE PM A H % 85 i 5 H 29 30%—40%. Li 557Vt 78 LA 58 4 (R T To > 14 2 A AR EU R ARE
TS PM, s FIER 543 BB AIR T 93% 1 98%; 1M 58 i #2 th T —Fh skt AR A48 5 X s B S Ak vk, & B
Bl & SRR R A3 57, PMy s T il it B 2 I, 1 BT O i kAR e =XnT A 50HE PML, 5. SR,
Just 2509 5 B (el PR 300 3 O 1 (0 el o FR P ek s, FROOR P, 5 114 S5 9 5 A S PRI, (LA PME B30k 8
KA 5> A L, 68 20 URL ) 1) B0 B BT o ) S S 3G . ER U, PML, 5 TS U B s HE YA R Al T
R AT UR 4 K0 B A DB HEATS AN T A B,

J J2 A Jey A RS S R 2 R B B8 25 AR UK ) 5 R 1 % - B, 1T B R (5 P 9 3 AR R A e
TP LS PM, 5 D8HE S AT S50 T 3 . T ol 8 20 A 42 ) T i 1 o 32 B i EE A TR0, ok R AR
TR LS PM BHE T AR A AT, 17 = LA P 7 8 A0 URE 4 A D HER, LA R ST 40 AT %o R B85 25 A Ok
LA

5 %58 5RH (Conclusion and prospects)

LA, B I A APORH IR 58 T BSGF) 2 I B 358 2 S DR ) 7 e TR AE 2 By e BR O T A £ . R T
PRAR IR HE TONS 5 8 P15 25 SUASURL (T8 UL L SR Y8 . o IR, R 44 1) 46 7y T 22 A 17— ik
R TG R 18 DA P B T A A I B0 A5y 5 a8 E PR I58 5 SR ) 1 H P 32 3k B2 3
1 T WHO ROFREFRAE. PRI, 52 2R 455 25 SUURL ) B0 AR ST 58 A i 46 4 X 28 O 2. {HL H i e 114
BRRHIR e PM % B2 WU A R I ST AF AN 1, iR 7 I et — AP F 5

(1) BB BE R [ AR 8 Xk 5 2 B35 2 UBORE Y B0 52 0, 32 284 v 1 PM s BOBIFSE. SEBs L,
MORHIRBEHERL ) PAHS AR [ ZH 73 (OC., EC) B4 5 6 S A0 W AWORAIURE L=, 3 A &t B A I XU
ERGE SRRt iy s B <UL TR 7/1E0F | 3 (NS R AN v ik 9 €l Ry
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