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Studies on Particle Size Distribution of
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Abstract

Atmospheric particulate matter (A.P.M.) was collected on quartz fiber filters from March 1985
to May 1986 according to particle size using Andersen high-volume air sampler, and 6 heavy metals
(Fe, Mn, Cu, Ni, Zn, Pb) in these particulates were analyzed by atomic absorption spectrophotometry.

The arithmetic mean concentration of A.P.M.was 195.57ug/m>. The arithmetic mean concent-
rations of 6 metals (Fe, Mn, Cu, Ni, Zn and Pb) were 3385.04, 1451.67, 897,94, 159.68, 127.14
and 59.49 ng/m3 respectively. The order of heavy metals contributing to A.P.M. was as follows:
Fe > Zn>Pb > Cu>Mn > Ni.

These heavy metals were devided into 3 groups according to their particle size distribution, The
contents of heavy metals belonging to the 1st group (Fe, Mn) were increased with the particle size.
On the contrary, the content of Pb belonging to the 2nd group (Pb) was increased with the decrease
in the particle size. The heavy metal contents in the 3rd group (Ni, Cu, Zn) were lowest in the particle
size range of 2.0-3.3um compared with particles larger or smaller than this range.

The seasonal variation of heavy metal concentration were as follows: Fe and Mn contents were
highest in spring, but Ni and Pb contents were highest in winter.

Statistical analysis showed that there was a significant correlation between A.PM. and Fe in

coarse particles, meanwhile between A.P.M.and Pb in the case of fine particles.
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Table 1. Concentrations of A.P.M.and hcavy mctals

ug/m* Concent ration ng/m*

Samplirg
Date | A, pM.| Fe Zn Pb Cu | Mn | Ni

850320 | 216.41 [4343.80{1123.33| 314.46{+* — |170.44|58.25
850015 [ 189,62 | 4320 .86 1816 . 11| 289.42|190.23[154.25)86.34
850619 || 146.80 | 1620350 707.21f 593.09|143.78] 80.78|27.91
850717 || 96.74|1724.55/1278 .71 886.63|194.35 30.64|64.31
850918 | 47.54 1943.26|1323.52| 571.97) 29.38| 62.40(50.88
851016 || 233 .05 {6751.55] 1880.50| 758.46270.61}144.12|71.89
851120 | 98.11|1936.02] 983.05| 577.54| 21.15| 52.91|48.29
851221 || 222.56 | 3651.52(1366.50{1136.47[102.85] 109.2688.10
860122 {| 195.81 | 2257 .95] 1149 .23]1749.57| 54.70|163.11{63.40
860310 || 277.24 | 3124.70|2259.53| 622.62{284.81{163.45|37.29
860416 || 426.64 {62066.78[2159.97 | 946.03[111.01|266.60}86.82
860521 || 196.38 | 2679 .44{1052.41]1186.85|353.45|127 .74} 30 .38
Mean | 195.57 [3385.04[1451.67| 897.94}159.68|127.14|59. 19
*C% 1.73 0.74 0.46] 0.08] 0.07] 0.03

Heavy Metal

*C% ¢ Contribution % =——r=""=

X 100

#x — . not determined
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Table 2. Particle size distribution of A.P M. and heavy
metals.
Particle size Hn
1.1 |1.~2[2~3.313.3~7| 7 <
A.P.M.| pg/m® 50.74| 24.65) 16.71} 36.37| 67.11
WT%* 25.94| 12.60! 8.54| 18.61| 34.31
Cum. %™ 0 | 25.94] 38.55| 47.09] 65.69
MMD ! 3.80
Fe ng/m® 470.97{363.01[385.39|679.50 {1513.17
W% 13.91] 10.72| 10.59] 20.07| 44.70
Cum.% 0 | 13.91 24.64] 35.22] 55.30
MMD 5.80
Mn | ng/m? 9.04] 21.80[ 20.53] 27.22] 48.54
WT% 7.11| 17.15/ 16.15| 21.41] 38.18
Cum.% 0 7.11] 24.26] 40.41| o61.82
MMD 4.40
Pb | ng/m® 472141 134.80] 95.85| 72.16| 142.40
WT% 51.47) 14.69| 10.45 7.87| 15.52
Cum.% 0 | 51.47] 66.16] 76.61| 84.48
MMD 1.30
Cu | ng/m® 40.23[ 38.60f 23.48| 18.29] 26.01
WT% 27 .441 26.33| 16.02] 12.48| 17.74
Cum.% 0 | 27.44f 53.77| 69.78| 82.26
MMD 2.71
Zn | ng/m 484.53 350.09[185.18]225.56 | 206.31
WT% 33.38] 24.12[ 12.76] 15.54| 14.21
Cum.% 0 | 33.38] 57.49f 70.25| 85.79
MMD 2.0l
Ni ng /m 24.24] 7.9u] 6.36] 8.50 12.48
WT% 40.75) 13.23 10.69| 14.29| 20.98
Cum.% 0 | 40.73 51.04| 64.73| 79.02
MMD 1.36

. _Amount collected in each stage
' Totat Collected amount
Cummulative %

X 100

*WT %

**Cum% :

REARRZPHE H2E HIW 1986

-volume air sampler 7} KEEE33) RNEFHE
MEY T+ gt VRl HRS & LBES
o] NES S o5l W o2 el gl
sampler 2| & Bfgol|l4 HHE2 A.P.M. F2o (it
BHOSES & BHlA W8 A.PM. o &
o2 v A(WT%)E #me 3, NEE
HE s 33l kEoz 3, NESME T3
Aol =3 & RBAEEE S Hes REA
EE B HBSE LA plotdld ERE T
AL 50 %2 RE%E A= R, F HEHPR
& (Mass median diameter }& 3] X 20
EA 349},

¥ 1|48k o] A.P.M. 9o RESHE M
KT A= SR T Bl 4 2 S 8S JEbY

et o] & thE gl 4 AER HBHAEF
—Miel FARY & —FKE gt FA b
MMD>7} 3.86% ZAXE HAKF Mol F ol RE
Ho] Q&2 o 4 gt}

WT %)
100

B0r
60
40}

20

~1,1 1,1~2.0 2,0~3.3 3.3~7 Tr~um

Fig.1 Particle size distributiom of A.P.M.

WT% —Fe
S0 a-Mn
*—Phb
40+
30
20
10+
1 1 1 1, B
~1,1 1,1~2.0 2.0~8,3 3.3~7 7~pm
Fig.2 Particle size distribution of Fe, Mn
and Pb.

Fe ol Mng 2% 2014 A3 KR Sk
e SRS Ve, T2 BRBARA &



H=l AR Fol o3 Aoz A5y, Mn2
739, bAskte] mmml B TES AR
SENA FHEE A3l TS e A
R Kol A BRSEE Aol Aeh¥ Mne K
By #izh B A4 B TP vhol sty M
KRLT s} AN TR Bl 4 =2 SES
Vel vk @&k Aul, 1984 & Fo] #
&3 Mn o) RIS S A HRiEREd ol
AR TR F2 BEshe BEE o] F3irt
o]+ H#ASL Azl ofe BB NESHR
2 7 Ao Azbslch =F 1986 #FH O
¢ Mno] H& EeM ¥ 3l ATH AR
o)z FHEB o} AARAFA o3 FH E &
Wolela @eishg ot

it Pb+ MMD7}1.30 08 Abeds] zpgto
of BRIl A 22 &8-S JYehlgicl Pb
L 52 HEE RE 3l gasolined] HmEE=
PHoll & gho] MEEEo] MUEE Aol BEMNA
AR F o) o] HAighela Y zhxlc)

Ni,Cu, Zn® MRS i 2 MMD7} K&
1.86,2.71,2.01 24 AN T il T2 =
58k Bl 2amPIstol gl el Zn}
Nio] 3.3~2.0um. Cu-e 3.3~7m <}o]

dlq & 7 w2 S8E url Hel Ry
B AR TRl BRIl A SEel  #Eidle
BolE o =+ Slch
o
«—Zn

ol

30p ™

20}

10}

1 112 i~ 3.3~7 T

Fig.3 Particle size distribution of Ni,Cu,
and Zn.

Lo} gR 25 RS Hie oh-ge
BREZ KA o Ao
a) Azt Kfe]  Foll FE= v A -
...... Fe ,Mn

3 74

b) A7k Kife] L Fol| RES v A

...... Pb
c) 2umpiiEe SEE o2 Bl =] 9
= A e Cu,Ni,Zn,A.P.M.
3.3 FiH) Hh

—#m3 o s BEhT o fiiN A Kol
Zopdl -5 #Wmtcl 24mATY AR T
RIS REXUT Milartx] Rl o
3 MK AP M. oA ARG SRS
Tobe slo] WK o3 BES FHSIL X
BBE el MRS S HEeEn BRI &K
KF7F AP .M. of HB3+= 2L o189 F/
T ratio 24 FEH3Igc)

Fine particle

F/T ratio= - -
Coarse particle +Fine
particle

3.3.1 A.PM.9| Fam B

V2222 Conrse particie (> 2 m)

T Fine particle (< 24m)

8 /m CJrse. BT

1504 0.5

RN NN

NN

Autumn Winler

85 Spring  Swmmer

86 Spring
Fig.4 Seasonal variation of A.P.M.,

coarsc, fine and F/T ratio.

28 4 9} o] Eoll M4 w BES HERA
frek, 53] HAR T vhe Faol Hwldled =
- BES Hgoh ol WA B%o] mEw'”
8o} Zro| ol sEABES] WEHMA A BAE
gF wefutgbo] B KR ol 4~ 5mo]

J, of the Korea Air Pollution Res, Assoc, 1986



ERE7R Bol e A Hlm, bz 2 zet
Kol o8l A HEs A& kz7tz]  BE)S
L= Bpikd &Ez vt R}

b of Boll M $2 #EE JEh A2
rain out o] o|&F BEFHRA P o3ta 4
ZEel, KT HHES rainout o o3 BREe
o] AA+E 44 RE=vhe R A —
Btk

WAL T = A 2ol M = #EE  wERY
odrl ol F2 BES #HHEE LERK
gl AR L Y 7],

3.3.2 ELEBO FME BE)

% HSBo FE75 #ERLY F/T ratio?]
ik 213 59 Fof, FE ARBAERC &R
Aol #5ES = Fe 9Mn-2 o} & Fao| s
ol a2, o Eo Y BEE Bt =3 H
BHol BRI A%d BEACIL Yox]+= Pb
ol Ao BEEd] BRIl #ES = Nig
Agoll 73 ¥ BEZ Bt 53] Pbo A
% AL BAT o E EH BREV - ET
BEE 2 Ao wte E6d PAGe] —=&
T B4 Bo| FETohe HRS #EY T Ak

#8/w| Fe Mn

4 4

Cu F/T

0.5

Q.5

85 spring Summer Autum Winter B6 Springss Spring Summer Autumn Winter 86 Spring 85 Spring Summer Autum Winter 86 Spring

F/T. Ratio . Fine particle

Coarse Particle

Fig.5 Seasonal variation of heavy metals.

3.4 A.P.M.I} H2M2| EME

AP.M.3 & BLBRE) HMA E 333
o] HAKIF2 A Zn,Cu,Mn,Fedl4 5
S Jelglel. 53 Mn3Fe & A.P.M. 3
%% 0.8,0.82 =3 7 HELE AloldlH 0.9
o] & HMKS v ol Asle ¥ £

RRAFAREBHE F2F B3R 196

B Bafo] MUl S &= &
Rela Azb=ich ¥ 4 93] BRI T fiol A &
A.PM.3} Ni,Zn,Pb7} MBS Jeb ook

% BB MBS AN Tad4E Pb
¢} Ni, Zn Apeldl, AR FH 4+ Pbo} Cu
£ B A EEB3 Fe Alolol MKS
Ehul gl ok



Table 3. Correlation coefficients between
A.P.M.and heavy metals
(coarse particle)

APM|Ni |Pb {Zn {Cu {Mn | Fe

APM. 0.10{0.13[*0.58(*0.50 |*0.80 | *0 .82
Ni 0.26{ 0.18| 0.39] 0.38]*0.53
Pb 0.23%0.53] 0.00] 0.11
Zn 0.36[*0.55|*0.58
Cu 0.30] 0.22
Mn *0.90
Fe

Table 4. Correlation coefficients between
A.P.M.and heavy metals
(fine particle)

PMINi | Pb | Zn | Cu |Mm | Fe
APM. *0.2(*0.59*0.76] 0.15[0.35| 0.2
Ni *0.66 |*0.66| 0.16)0.39| 0.37
Pb 0.34] 0.26{0.48| 0.05
Zn 0.12{0.44] 0.06
Cu 0.17/*0.63
Mn 0.2
Fe
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