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al., 2001 ), 5342534 O T AR 454
XA P FIURR A N R A J00RE ) vk 25 S s (3t
45, 2007; REMESE, 2007), MXFRIHER
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FOW A MR LA S 25 MR R ZR AR
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HEEZIEM. Hit, ARSI R4 X S0
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BT T AR AR RIFMT, SoWAESAN
AR5 Yo AR AR B T VR XS B, I
W KATE Y B i A ds i RS B PR R I AR AR
(R RIS
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TR, EREAAESE L, RIREK
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ZgE (£ 1), Hr, BRI 55 75 0 1 K ASbK
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Table I Diurnal average mass concentration comparison of particulate matters inside and outside of a landscape ecological forest under different weather

conditions in summer pgm?
Fr A MEh P SE

TSP PM,, PM, 5 PM,, PM, TSP PM,, PM, 5

EEIWMXG d)  79.79+18.95 38.26+9 8.22+3.34 93.18+21.24  43.08+9.52 9.48+4.23 0.86* 0.89* 0.87
FEEREQ d)  143.34+£29.16  91.26+19 39.24+16.6  154.66+84.08 90.53£39.78  40.82+18.96 0.93 1.01 0.96
£ =3 d) 217.75443.81  153.7+44.12  73.5742624  236.45£59.99 164.91+43.19  78.13+24.82 0.92%* 0.93* 0.94*
I2MER(B d) 2882449135 220.43+53.12  127.92+437.08  317.51490.26 241.65+51.12 136.89+35.51 0.91* 0.93* 0.93*
BEAMK(11d) 185.82£107.23 129.06£80.32  64.33+52.46  204.61£96.93 139.09+87.53  68.5+55.19 0.91* 0.93* 0.94*

B RS, *FOR AR T AR RIBRIM IR0 22 5 B3, BEAKF 0=0.05

®2 EEIRARSEMHTEMESKAFMMIR ST B RERE RN BRI & LGl 75 £ 5

Table 2 Variance analysis results of particulate matters mass concentrations and ratios of finer particles inside and outside of a landscape ecological forest

under different weather conditions in summer

Fi PN RSP
TSP PM,, PM,s (PM;J/TSP)%  (PM,s/PM;0)/% TSP  PM;, PM,s  (PM,¢/TSP)/% (PM,.5/PM,)/%
I BATRUR A A A 47.67+4.04 A 21.67+9.07 A A A A 46.33+4.51 A 23.6749.87 A
BB AB AB AB 63.5£0.71 B 41.5+9.19B AB AB AB 60.5+7.78 B 45+1.41 B
ESN BC BC B 71+7B 47.33+4.04 B BC BC B 70.33+8.96 B 47+6.08 B
B C C C 78+10.39 B 58.33£13.65 B C C C 76.67+8.15 B 56.67+12.58 B

Bl bR, IR RKRE FRZFORFFBR YA R R R T 2523, BFKF «=0.05

TEELIE SRR 2 = RASHIE, ARNFIRSE 3
FhRAR R ) v i 22 RN B . M SR
T, RNFIMSS p(PMys) i T2 KA, 1
p(TSPYFI p(PM0) 54 = K AH LA 35245,
ok B 41 00k 4 o v P 4 R T LSS KR
OS2 SO

HELLL FIE O R R . R AR R
S, M5E ASEYRE VLR 24.5 km, H 5% 100.6 kPa
(BRI TR RHE SR ), SRR, 255 HxT
MR RN, KBAE 1~3 mes™ IOROXTE B, Rk
FTAREIRS (FH%, 2005), fmimacm,
oy, ARTHEREYY #; 2R, RS,
AT, MXHEEET 60%, AR TIRG5)
BEAV AR T s RS 3 RS, M E HAFYRE L 5.17
km, HI5JE 100.58 kPa, a5 SAHRHBER A, K
AN (<2 ms™), REATEHRRS, S8055
VIR G H; FREENRA, Wi H V68
WLEER 7 km, HIS)E 100.17 kPa, SR H HHEXT
MRER R, HHIXGEBAR, (HREE RS2,
2SS ARNR R = AR, 50355 T R T iR R
Tk M F B0k i, X UK R B — RE TS BR AR
1, i, ARNFIBRIS p(TSP). p(PM,0)F1 p(PM, 5)
¥ EAR TR o 5 K

AR RS T 50 2SR RIS b 3 Fokr
KAL) TR BT LM a B8 (R 1), B
BRI p(TSPYRIT p(PM ) B T4k
Ak, I p(PMy ) WAK TSN, HERARE ., £
MRS RAT, MRAFIBRSN 3 Pk i A<

B TR B B LT M, SRR,
ARNFIARS 3 Ffir a8 AR 49 o R 5 341050
WS, DS EZERE Y. BREEN A
TG ol OB RE I, X AU 4 1 R o6 s 4 4 FH A
i, R AR AT AR N R T AR s B R
FMAN, AFFERDIE (gPEEsE, 2011 ),
R, oA 53.5%A0HBIT BN 23BH B2 ik Y
2SR AE MBI HL W BRSPS AR S
p(PM5)2Z F AN BT HES p(PMys)Ab FAAK K
S, RO LR B RO E AR B A . — ek
P, RAR Y o m e B K i (OB —E
[E TG D), AR AT 22 e OB e 2 (A 1 R e
K (ERERSE, 2008; BXREESE, 2013 ),
MNELARBORL ) BT 5 EE B Y H PER R (%
2), 4 FRAHEOT , PRINFIARSS PM, (/TSP 5T
PM,s/PMygo J5 2200 BT, /R KA SR T
7 BB 1 22 S AN A SRR By o A R ) 22 S A
=, BORIEMIROAKR S AR FIARS S INRE A2 R4
FIT o o] 30T HeAth 3 R RAB O, (R 55 R 51
Z = PR s 38 KN RN ARG PM, /TSP Fll
PM, s/PM,o YA FHEEIKF, 2R AN EE . B
R T, RN ARSI PM,s/PMyy 53 51 R
(158.33%+13.65% ) Fl ( 56.67%+12.58% ), ViH% 5%
KA T A AR (PMyo) FR4ki T (PMys) Y
B RTHAELT (PMasao) ISR, XS5ZAET
b5 PM, s/PMo [ YME N 56.6% M5 45 SR AHY)
A (T, 2004) Y, T HA RSB T AR
FIARAE PM, s/PM o AT 50%, 3% A] -5 Wi b+
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PUELAER TARAE o 33 2 PR A e X6 A IR A2 1) A 47
TUREBRAE, /NT 2 um BRSSO A
Fe T E K AR E] (Gao et al., 2001), iXFh
Z SRR R R B L B

ANRVRASA T BRI B #5910 22 57
Ko/ IR AR ORI BIE 7 OB 1Y) 22 S 5 RSB0k 4 H
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BRAN, HAhRAIEOL AR 3 Fpisok: i) o s ik H
kAT 9:00 2 J5 ORI o m vk B T TR,
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WBHES; 2 a FRMEs sE R AR TN TS
YWk, ORI B R — B TR K
T, p(PMys) L FHEIBREETE B, 3 FloRiAR Fiki 1)
45 R[] B A Jo o R B 1 3 2 o T R B ROALR
R F R EEIE KA PR ) T vk B H ARk R
Z1, R 8:00—9:00, 3 FhiEURI4Y) IR B 5,
Bl RS RIGE, 2502 WK, 10:00 J5 9
R TR IR, 13:00 LUS ORI i v J —
AT S AR R, 5% 2 &N
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22 MEARAFXRSEZFHET=EMESHATMRINK
SRR

%3 Won, MRNFIRRSN 3 Fikife KAk H
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Fig. 1 Diurnal variations of particulate matters under different weather

conditions in landscape ecological forest in summer
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Table 3 Diurnal average mass concentration comparison of particulate matters inside

and outside of a landscape ecological forest under different weather conditions in autumn pg'm’
Fr A RS MRS

TSP PM,o PM, s TSP PM,, PM, s TSP PM,o PM, 5

REEIOX(3 d) 141445236 79.63+32.31  23.91+12.29  187.71449.88  99.58+33.79  24.85+12.8 0.75% 0.8* 0.96
BEMIRAQ2d)  114.47+158  62.81+11.51 11.45+0.84 95.34+18.73  52.07+2.94 11.87+1.48 12 12 0.96
W Z 52 d)  306.69+63.14 209.58+68.86  96.12+66.89  351.76£92.65 224.03+81.44  90.65+60.1 0.87 0.94 1.06
%53 d) 2169.36£987 2016.33+981.6  400+163.18  2138.4+£976.66 1968.29+979.08  388.81+£93 1.01 1.02 1.03*
PERIR(10d)  777.46£397.4 683.27+386.32 148.69+61.23  787.25+389.14 674.44+379.27  144.6£59.6 0.99 1.01 1.03

Bl bR, *FoR AR R SAE T AR BRI RO 22 52 B3, BEKF- 0=0.05
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FER R REAR, JUHAE 11 A s aIF AR f R
AR>S mes™ ), A0 XU BT 1 28 0
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FEAEA
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WX LR ILEE 3. Mgl Z o KA, AN
Ah 3 FRiAR R T v N A 2R I
IR, PRI p(TSPYFI p(PM o) H Y1E 1
THAN, M p(PMy MR FIMIPER A (55
ZEE O R SR AR ARSI H 25 SR — 30 ), B
WIRKKRA, PR p(TSPYRIT p(PM o)A 835 i Tk
A1, p(PMy ) AN TEZZARTHRIE, MR FIARSE 3 Ffr
AR H AR T AE H (& 2), M 8:00 iz
TERGRMRACKURE T, 2SR AR 00 4 iR i 3
BETR, 11:00—12:00 FFEIRARKT-, 2500
HLBSFRR, 11:00 R 3 ok ok ) o i E 1 o0
MANE T, BEJS p(TSPYFI p(PM o) B0 KN B 2
EFRSN, AR RIS p(PM, ) B & 25
L EEE RO AR A o ARSI A5 A
%E, UDASFEXTA D TP W A G A A
o, WP RIS, AE XK H s AT
A2 5 B R AL 2, XTHLRL T p(TSP)FT p(PM0)
BT TRk (FEtesE, 2004) ., EEKRSA,
RIS p(PMys) i35 5 TARSE, AR FIARSD p(TSP)
Il p(PM0)ZE AR o XU BH PRBE AR X 5F A (9 4K
Mo, FERENE . HXI SR KA T INRAR kR
Y1 (PMys) AOFRUSRRCIEIA &

M 4 JLIE L, PM,s/PMo7E 4 Fi RS AH AL
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T HAB KA, ULIHRKZ 4 Fh RSN/ R
SR BT IR RN B BR TR B R KR
R, HAth 3 FpRASAF T AR /INRAR R i & e
BRI TSR . 5558 RSN RIS PM,o/TSP (1)
AR, 9k (89.33%+7.39% ) Fl (86.99%:+
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Fig. 2 Diurnal variations of particulate matters in sunny-windy days

inside and outside of a landscape ecological forest in autumn

Fr e n, Rk, KRREFEEN L (4

2%, 2007) >, SHESH p(TSPYFI p(PM o)

AN, PM,s & mEFEAG

2.3 ZZFZERRAREEGHT=MESHKATMKIIK

SERR L
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Table 4 Variance analysis results of particulate matters mass concentrations and ratios of finer particles inside and outside of a landscape ecological forest

under different weather conditions in autumn

Fs PN RS
TSP PMyy PM,s  (PM,o/TSP)/% (PM,s/PMyo)/% TSP PMyy PM,s  (PM,o/TSP)/% (PM,.5/PM,)/%
5 BATRUR A A A 55.61£7.16 A 28.9+6.11 A A A A 50.07+5.45 A 24.53£6.06 A
i BRI A A A 54.7+2.5 A 18.41£2.03 A A A A 55.38+7.8 A 2291+4.15A
WgEZ = B B B 67.45+8.56 A 42.93£17.81 A B B B 62.81£6.6 A 38.1+12.98 A
%% C C C 89.33+7.39 B 27.2+12.87 A C C C 86.99+11.5 B 26.72+13.78 A

Bl P EEbri s, FPUARRRSE FRFRR R MR AR R RS 2257 3, KT «=0.05
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Table 5 Diurnal average mass concentration comparison of particulate matters inside and outside of a landscape ecological forest under different weather

conditions in winter pgm?
P R Ay PSP
TSP PM;o PM, s TSP PM; PM, 5 TSP PM; PM, 5
B2 d) 61.53+21.73 28.91+10.34 6.27+3.86 58.84+21.79 28.33+10.9 6.33+3.98 1.05 1.02 0.99
BB d)  414.69£119.03  276.16+£71.55  164.61£32.69  414.32+121.9  277.75+73.13  161.24+32.72 1 0.99 1.02
KBRS d)  273.43+211.24  177.26£144.66  101.27+89.77  270.72+213.21  177.9£146.18  99.28+87.97 1.01 1 1.02
Bl b %

R 6 EFELFARSEMTEZVESWRIRIMINGLE BRI L 6]
HH#ELR
Table 6 Diurnal average ratios of finer particles inside and outside of a

landscape ecological forest under different weather conditions in winter

. HN/% %
PM;¢/TSP  PM,s/PM;y  PM;¢/TSP  PM,s/PM,
HEHMON.  46.94£024  21.64£598  48.01£0.74  22.13+5.9
RS 67.18+5.71  62.24+213  67.74+6.86  60.68+20.81
B R A (bR 2
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REZEFRS, p(TSP). p(PM0)fl p(PM, ) H ¥{E
TH R E B s R S IX AR (TSP 4 300
pgm>, PMo 4 150 pgrm™, PMys A 75 pugm™ ),
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AT L PR 79 1 DR R AR« A 2R BRI Tlb o
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AR 2004 ) °, 2014 4F 1 IS0 5
Bx, 1 A1 H—1H 17 HIFEERS, FimmE
H1H 10 HA1 A 12 HHEBAERATE K=
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By OE T R R Rt R N R AL/ [y =

%6 TR, BRIEFEFR SN ASNIFUR )
T 5 ] ( PM,s/PMyg ) 185 (>60% ), BiRH4C
ZE R BTN A R B AR UR XS 2R ) 1 Bk B R
& BRSO IR S D PM, s/PM o TS AT 22 B0
BEAKE, 5RO T 1 e fE
T, UL G S Al st Xof /IR AR R A AR B

VEFTEE W
24 BFEEARR|EZFBTRUESHAFMAIIKX
SR

FZIRPVRIARSL 3 Pk A 0 1) o e 2 R
GO < <S55 (W3R 7). £ 8 HEMT
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XA LR, S MREEFE KT p(TSP)
ZRANEIE; WIS 50 KA T BRI R
JEAHLE, p(TSP)ZERWZE, T p(PMo)Fl p(PM, s)FE
PR RA TR BEES . D RIENENH, H5
HLTUR M) 6722 TN % 58 RS BA SR sk, i)
W A 07 40 R 20 R % 25 5 R R EL A 8 HE T
ko BENEH, WUHMRKSFHREILE R 15
km, B RKAERENE R 7.3 km, REEH LS
SEXIREULEE N 4.7 km CEERIE T FRHER ),
B KT p(PM o)l p(PMa )T 35 i T I B
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AR K LR - 0T Bk Bl FH 48 5 8 71 55 LA
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Table 7 Diurnal average mass concentration comparison of particulate matters inside and outside of a landscape ecological forest under different weather

conditions in spring pg'm?
Fi NG| Mk AP
TSP PM,o PM, 5 TSP PMio PM, 5 TSP PM PM, 5
5 ETRUX(3 d) 174.32+£36.01  94.87+20.45 16.65+5.26 217.99£23.62  118.02+16.07 17.99+£5.58 0.8%* 0.8%* 0.93
#2(3 d) 331.3+108.14  144.08+57.75  51.54+26.33 400.22+116.6 176.67+70.3 63.97+34.75 0.83* 0.82* 0.81
REFFHQJ) 386.53+44.13  236.91+33.53  112.82+26.35  499.09+26.27  308.79+£19.05  157.31£37.96 0.77* 0.77* 0.72*
HFEEM® D) 286.24+115.67 148.83+69.77  53.78+44.64  353.25+134.17  184.38+83.6 66.73+58.77 0.81* 0.81* 0.81*

B bR, *Fom IR A T AR ANBRIN I R OR P 22 5 03, KT =0.05
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*® 8 BFELARSEMHTEYMESKAFMIR ST B FRERE R/NEBRYER & LGl 75 Z 57

Table 8 Variance analysis results of particulate matters mass concentrations and ratios of finer particles inside and outside of a landscape ecological forest

under different weather conditions in spring

RN

%A

PN

TSP PM;, PMs (PM,o/TSP)/%

(PM,s/PM;)/% TSP PM;y PMy;s

(PM,/TSP)/% (PM, 5/PM,0)/%

T B URL A A A
ik B A A
BRIEE BC B B

54.35+1.32 A
42.86+4.48 B
61.1+2.4 A

17.45£3.33 A A A A
35.36+6.18 B B A A
46.99+6.32 BC BC B B

54.03+1.68 A
44.75+4.69 B
60.83+0.23 A

15.03+£3.17A
35.88+7.3 B
48.23+13.81 BC

Bl bR, IR RRE FRZFORFFBR YA R R R T 2523, BFKF «=0.05
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Fig. 3 Diurnal average value comparison of relative humidity,
temperature and wind speed inside and outside of a landscape

ecological forest
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Table 9 Partial correlation coefficients of particulate matters and

meteorological factors

i AR B iR A

TSP 0.786* 0.181 -0.545

HZ(11 d) PMo 0.907* 0.536 -0.587
PM, 0.892* 0.600 -0.553

TSP 0.851% -0.132 0.140

KZ=(10 d) PM,o 0.838* -0.189 0.200
PM, 5 0.894* -0.200 0.363

TSP 0.720 -0.014 0.369

(8 d) PMyo 0.783* -0.427 -0.091
PM, 0.792* -0.381 -0.214

TSP 0.344 -0.069 -0.152

44E29 d) PM,o 0.488* -0.076 -0.189
PM, 5 0.562* -0.150 -0.274

*FIRTE 0=0.05 /K- b @ 3EAH
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Fig. 4 Correlations between daily mean mass concentrations of

particulate matters and relative humidity, temperature and wind speed

EWREHA LEY
L B R JEE (38 T S ek T B IR )

Wi, AE—REVERIA, ORI

=

=

KEEFEHGH IR o L X Uk e 1 AR A HLA XA
H, A R A T e RS TERRAIR . X iatiz 3l Al
TSGR . 5 F TR B9 SR s 2R
FRRAM SIS A R N %, I F
USRS R AR B, AT s B e v B B4 (bR
RE, 2009 ), M 9 n] LA HIER R (52 A5
HEERRER Y R ERE S EEA D EIE
e N TE =27 &SI IE=S I NTE 5 s D

LA W9 L B R 5 e B Ok, dbe s
Jei) 30 1l DX ) R AT S WA A R B % R S 4 1 56
Z (WhdEdEss, 2011) 77, RIS S A
P HCR 0 EZLH TR T KGR A K, B AR S
XIANRV KRG 8 A JRUa] HH B AI 3 K ) 1oz A
B TR B AT T Ge it o, LA B8 E
JEAR TSR . I S ATLIE L, S4ERT RS
B B o g o i | SN 88 3= s | L
W2 53 KT BATIR X, P4 RS FIAS X At
Rl o A3HTRE R R0k ) o R vk XEC R (T 6)
KI, wdbXUE F, p(TSP). p(PMio)Fll p(PM,.5)3)
AR K TSPl PM, 76 P4 B XU 10 Bt o
WS T AR, T p(PMo.s)PEAS[R] XU L 3F:
WA AR —80w AR eiEs. Bl xR
B B PR Ay, Bk T LI %) 25 38 A L] A P
BT, IEATE) p(TSP)FI p(PMo)it i T HAth K<,
AT BB, M5B RN p(PMys) A i
EHem, M p(PMos)7EPS . PURS . M. ZRESFIAR
JLASRUR) 0 Ai Fee 4], 82 RAE 100~170 pgrm™,
I AT AT LR, JUECH X A T RS XU 5
T RSB TG Y, ATREH FORHEE . JTdbA R A 1L
VU A4 ER 433k 717 7 A= 11875 Y i i AL ) i i 22 0k B0

NwW NE

W SE
— —

%HE

S
B 5 #IMENRLERBPMBERSKEKNEERSE (%)
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and hazy days outside the forest in a whole year (%)
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Fig. 6 The wind-rose diagram of particulate matters mass concentrations

outside the forest in a whole year (ug'm™)
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Mass Concentration Variations of Airborne Particulate Matters Inside and
Outside of A Landscape Ecological Forest under Different Weather Conditions

CHEN Bo', WANG Xiaopingl, LIU Jinglanz, CHEN Junqi3, ZHUJ iangang3, LI Chunyi4
1. College of Forestry, Beijing Forestry University, Beijing 100083, China;
2. The school of Nature Conservation, Beijing Forestry University, Beijing 100083, China;
3. Beijing Forestry Carbon Administration, Beijing 100013, China;
4. Institute of Wetland Research, Chinese Academy of Forestry, Beijing 100091, China.

Abstract: To investigate the role of landscape ecological forests in controlling airborne particulate matters, this paper took a
landscape ecological forest with dominating tree species of Salix matsudan in Daxing District of Beijing as an example to research
the mass concentration variations of airborne particulate matters inside the landscape ecological forest and the mass concentration
comparisons inside and outside the forest in different seasons and different weather conditions. The daily mass concentrations of TSP,
PM,, and PM, 5 as well as meteorological factors (8:00—18:00) were measured using horizontal synchronous monitoring method
inside and outside the forest during one year period (July, 2013 to May, 2014). The results indicated that: (1) Daily mean p(TSP),
p(PMyg) and p(PM,5) inside the forest were lower in sunny days than those under other weather conditions. These concentrations
were (61.53+21.73)~(174.32+36.01) pgm>, (28.91+10.34)~(94.87£20.45) pgm™ and (6.29+3.86)~(23.91£12.29) pgm>,
respectively; cloud, dust, haze and fog aggravated the pollution of particulate matters; increased amplitudes of finer particulate
matters were larger in hazy days, while those of coarser particulate matters were larger in dry windy days. (2) Fog droplets could
reduce p(PM,o) and p(PM,s), but these droplets with haze nuclei could also cause serious air pollution, when 2.5~10 um particles
were the main pollutant of airborne particulate matters. (3) During summer, autumn and spring, p(TSP) and p(PM,,) were
significantly lower inside the forest than those outside the forest in sunny days (wind speed <3 ms™) or dusty days, p(TSP), p(PM,)
and p(PM, 5) were all significantly lower inside the forest in cloudy and slight hazy days, while the comparison results in sunny days
(wind speed > 5 m's™) and foggy days were contrary. During winter, p(TSP), p(PM,o) and p(PM,s) inside the forest had no
significant difference with those outside the forest. And (4) air relative humidity, wind speed and wind direction were the main
meteorological factors affecting particles concentrations in this study. The daily average p(PM,s) had significant linear positive
correlation with relative humidity and nonlinear negative correlation with wind speed; southerly wind had a major role in
exacerbating the air pollution of particulate matters, while northerly flow played important role of effective dilution and diffusion of
these matters in monitoring sites. p(PM, s) was more likely to be affected by meteorological factors than p(TSP) and p(PM,).
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