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ABSTRACT

Objectives: Particulate matter (PM) at construction sites mostly originates from either construction activities or the atmospheric
environment. This study was conducted to evaluate the exposure level to PM and the contribution ratio of atmosphere sources at
construction sites.

Methods: We reviewed literature and governmental systems related to PM exposure in occupational settings and summarized
them. In the field evaluation, five construction sites and one golf course were selected: two from Gyeonggi-do Province and four
from North Gyeongsang-do Province. For each site, personal samples from outdoor construction workers and area samples from
the outdoor area around the construction site office were collected according to construction work types. PM concentrations
reported from nearby National Ambient Air Monitoring Stations were recorded. Respirable dust concentrations, respirable silica
concentrations, and several metal concentrations including Cd, Cr, Pb, and As were monitored over four months. In the end we
suggested how to manage particulate matter exposure at construction sites.

Results: There was little literature reporting on exposure levels of construction workers to PM. Respirable dust concentrations
measured in Gyeonggi-do Province were higher than those measured in North Gyeongsang-do Province. The geometric means of
respirable dust concentrations in personal samples and area samples were 37.89 pg/m3 and 92.86 pg/m3, respectively. The
respirable dust concentrations were higher than the PM concentrations reported from nearby National Ambient Air Monitoring
Station. The geometric means of respirable silica concentrations of personal samples and area samples were 1.3 ng/m3 and 1.1 p
g/m3, respectively. All metal concentrations were lower than 10% of individual Korean occupational exposure limits.
Conclusions: Assuming that personal samples consisted of ambient PM and dust originating from work activities and area samples
only collected ambient PM, we concluded that the dust exposure of outdoor construction workers originated 40.8% from the
atmosphere and 59.2% from construction activities. PM exposure at construction sites should be controlled by employers, as in the
case of outdoor heat stress. The Korean government needs to consider setting an occupational exposure limit for respirable dust.
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Figure 1. Size convention of dust (or particulate matter) for occupational health (dashed lines) and environmental health(solid lines)
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Table 1. Characteristics of sampling sites and sampled chemicals

Site Construction type Location Sampled chemicals
A Apartment construction Bucheon, Gyeonggi
B Apartment construction Bucheon, Gyeonggi Personal samples: respirable dust,
C Apartment construction Gyeongsan, Gyeongbuk crystalline silica
Regional samples: respirable dust,
D Shopping mall construction Buk District, Daegu crystalline silica, metals (including Pb, Cd,
E Highway construction Gyeongbuk Cr, Cu, Mn, Fe, Ni, As, Be)
F Golf course (control) Near Daegu
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Figure 2. Change of daily respirable dust concentrations in Daegu air pollution measurement network.
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Figure 3. Change of daily respirable dust concentrations in Gyeonggi-do air pollution measurement network.
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A 16 149.5 103.1 129.8* 1.67 54.6 502.0
B 14 165.4 63.1 154.3* 1.48 83.0 268.4
C 12 106.4 48.8 98.8 1.47 61.8 240.6
D 7 73.4 27.5 68.4 1.52 39.2 98.2
E 12 62.6 79.0 36.9 3.18 22 299.0

* There was statistically significant difference compared to other groups.63.1
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ARG W EEHEN AGNE ZP5E

L A3y gavinad duim 2955 240}
Table 33} Z9kC) QAR 24%5E Age} Bost  OE HE 2RAe} v@ske FAHeR golsh
A B Aol 7] o}ﬁ—?u’- 747 pgm’o 2 74 =9k, =% THp<0.05).
A 7o) 40.0 ng/m’, E 40] 301 ng/m’oloick. 2 4300 E SFYRY wBFEE Tale 59
A Hatvln Ay B Aol thE Addddw 2otk A mE SAE AIFGGolA mAd
v]iste] SAA 2 fo5HA FATHp<0.05). wA| A &=(PMag)t= 92.86 ug/m’o] ‘Ziﬂ AGrae =
HA mgo] 7MY We s oidE F Aol AE 7% uAWA SEEPMy)E 37.89 ng/m’E
Table 3. Respirable dust concentrations of regional samples in j1g/m’

Site No. AM SD GM GSD Min. Max

A 8 45.6 22.0 40.0 1.81 12.3 76.6

B 8 96.8 86.3 74.7* 2.07 40.9 270.2

C 6 29.7 13.2 27.0 1.64 12.6 475

D 4 29.4 6.5 28.9 1.24 23.4 373

E 6 30.6 5.7 30.1 1.21 22.6 383

F 6 322 13.2 30.2 1.46 21.0 50.1

* There was statistically significant difference compared to other groups.4

Table 4. Respirable dust concentrations by job category in jg/m’

Job title No. AM SD GM GSD Min. Max
Rebar worker 8 124.1 45.4 116.1 1.50 51.6 202.2
Carpenter 5 210.9 169.9 168.8 2.07 68.9 502.0
Plumber 2 209.6 83.3 201.1%* 1.50 150.7 268.4
Waterproofing contractor 2 141.1 66.9 132.9 1.64 93.8 188.4
Wall finisher 3 163.5 78.5 149.5 1.72 83.0 239.8
Field manager 2 92.0 1.0 92.0 1.01 91.4 92.7
Ground worker 7 108.1 20.0 106.3 1.23 70.3 129.2
Supply manager 12 100.7 51.2 91.6 1.55 42.5 240.6
Concrete molder 12 62.6 79.0 36.9 3.18 22 299.0
Flagman 8 138.9 78.7 116.9 1.95 39.2 257.4

* There was statistically significant difference compared to other groups.
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Table 5. Respirable dust concentrations by dust origin in pg/m’

Dust origin

No. AM SD GM GSD Min. Max T-test
(sample type)
( p::so;l;al) 61 118.9 82.7 92.86* 225 219 502.0
p<0.001
a(tg;’ffr?;r)e 38 477 475 37.89 1.84 123 270.2

* There was statistically significant difference compared to other groups.

Table 6. Metal concentrations by sampling site in pg/m’

Sampling site

Metal Metrics

A B C D E F

Detected no./total no. 8/8 8/8 6/6 4/4 5/6 6/6
AM=£SD 0.046+0.070  0.049+0.230  0.157+0.184  0.254+0.260  0.071+0.088  0.245+0.316
Fb GM(GSD) 0.025 (3.02) 0.041 (2.11) 0.081 (4.17) 0.112 (7.02)  0.038 (3.54)  0.073 (7.38)
Range 0.008-0.217  0.008-0.080  0.008-0.506  0.007-0.620 N.D-0.238 0.008-0.807

Detected no./total no. 8/8 8/8 6/6 4/4 6/6 6/6
AM=£SD 0.008+0.008  0.133+0.230  0.030+0.016  0.018+0.013  0.038+0.076  0.030+0.036
cr GM(GSD) 0.005 (2.56)  0.027 (3.42) 0.026 (1.88) 0.015 (2.02) 0.011 (4.53) 0.015 (4.05)
Range 0.002-0.021 0.002-0.624  0.009-0.050  0.007-0.037 0.002-0.192 0.003-0.096

Detected no./total no. 6/8 8/8 6/6 4/4 6/6 6/6
Cu AM+SD 0.035+£0.027  0.039+£0.024  0.013+0.013  0.005+0.003  0.156+0.367  0.015+0.018
GM(GSD) 0.019 (4.90) 0.027 (3.42) 0.009 (2.71) 0.004 (2.12) 0.011 (10.06) 0.007 (4.00)
Range N.D-0.0073 0.002-0.070  0.004-0.032 0.001-0.009  0.001-0.905 0.002-0.048

Detected no./total no. 8/8 8/8 6/6 4/4 6/6 6/6
Mn AM+SD 0.056+0.033  0.259+£0.270  0.037+0.051  0.016+0.009  0.086+0.170  0.018+0.013
GM(GSD) 0.048 (1.77) 0.167 (2.61)* 0.018 (3.91) 0.015 (1.68) 0.025 (4.58) 0.013 (2.80)
Range 0.019-0.124  0.066-0.735 0.003-0.137  0.009-0.028 0.005-0.433 0.004-0.035

Detected no./total no. 8/8 8/8 6/6 4/4 6/6 6/6
Fe AM£SD 1.788+1.316 5.496+5.016 1.218+1.203 0.512+0.189  2.219+4.776  0.583+0.282
GM(GSD) 1.379 (2.28) 4.058 (2.22)* 0.816 (2.73)  0.481 (1.53) 0.499 (5.52) 0.536 (1.54)
Range 0.311-4.535  1.734-16.233  0.215-3.482 0.265-0.724  0.100-11.964  0.360-1.101

Detected no./total no. 3/8 5/8 2/6 2/4 4/6 3/6
Ni AM=£SD 0.022+0.003  0.033+0.033  0.018+0.008  0.010+0.003  0.043+0.086  0.017+0.002
GM(GSD) 0.022 (1.14)  0.022 (2.58) 0.016 (1.62) 0.010 (1.38) 0.012 (4.88) 0.017 (1.16)
Range N.D-0.026 N.D-0.102 N.D-0.032 N.D-0.015 N.D-0.219 N.D-0.021

Detected no./total no. 8/8 8/8 6/6 4/4 6/6 6/6
AM=£SD 0.005+0.003  0.006+0.005  0.006+0.004  0.004+0.003  0.004+0.002  0.006+0.003
«d GM(GSD) 0.004 (1.89) 0.004 (2.78) 0.005 (2.24) 0.003 (2.01) 0.004 (1.50) 0.005 (2.50)
Range 0.002-0.008 0.001-0.014  0.002-0.012 0.001-0.008 0.002-0.007 0.001-0.009

Detected no./total no. 8/8 8/8 5/6 4/4 6/6 6/6
AM=£SD 0.433+0.554  0.746+1.230  0.515+0.484  0.023+0.010  2.508+5.522  0.301+0.343
n GM(GSD) 0.127 (7.11)  0.136 (9.00) 0.246 (4.97) 0.021 (1.58) 0.195 (14.17) 0.122 (5.48)
Range 0.010-1.595 0.012-3.501 N.D-1.143 0.014-0.033  0.013-13.763  0..016-0.783
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(p=0.214). 2=l ZxZANA SHE A7t 5%
£ 0.0014 mgm’ 2 7R He] C, D, E A =
e vEEY £& 755 HIAT FAXCE &
O3t Aol & Ho|X| A Th(p>0.05).
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N ooX oX

A
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a

2.a5 sk

Aol 2 FFE 55 %= Table 60f
Ehiolch EHE 5 AESHAvT e HEHA
2 A3 g Atk A71e E o - A
AR e AAEAe] AR 5 FEE sEe 2
zfolg HolA orglth. EAUA F B 142 ¥
(Mn) 0.167 pg/m®, H(Fe) 4.058 pg/m’ 0.2 713 =&
FE SES UET, HAEE Haun At
T AR FEUF o2 AAEET vuste]

Aoz FolstA =3 th(p<0.05). ZF(Cr) 0.027 n
g/m’, FLE)(Cu) 0.027 pg/m’, YA(Ni) 0.022 pg/m’e]
LEFEE U8 AR =4 dEEAR SA
Ao g Fo3t 2po| 5 HolA| ek H(Pb)S] -
DA 0.112 ngm’ 22 7H A vebgtal, o

ZQl ZIGONA 0.73 ng/m’] ke F s Bl
gl Tl mAUA FEAR =EpEs
oA A ALEY wBEEet S
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1. MY S A O|MUHA| & =&

o= xFEA UAHY SAYHE FEAS] ]
AHA] ol gt At Fdst7] offe) 4R
A9 EHolA &3] HriEe A fHe Exat
He2 S2rdxtof tisto] 7] frefie] wAIHA]
L3S ST At FWYol fislth dAd ol
of FAlst= FEANAE ¥ =)ol gt vlA|
HA =EB7F= R0 SHAA HEgt Ao

Folgdth ' HoflA 2 At = elol f-H
7h gle FAE AT & 4 glon, 53] 7]
= nAER] FE7F 22 55 2 FotA ot A
A 53] Zuduket dAtet & 4= Sk

=4 &ejatdo] gt -z st
2w e whx] okgith Hall et al.(2013)2 =%
o] gtof ol nl= A& A|e-5AHroofer)5 9] A
& EFY(roof tile) A2+ Fofl =&+ AZ7HE

gsto] At A FEl= EASHATE F 4719 A
A IAE e r & 2
7hol thste] 38709 ARE 3 9 &EAsH
54 B39 w27t M =34 SAkeE 254
12]7}0] s=7F 7 = d AL dAIsHaL 2t
9] 7|8t E 2 1.19 mg/m’, 0.16 mg/m’°] gt} o]

ot
oX,
Shis
N
b}
fo
il
2
il

re N mx fob oo v

TolA Bt o] At 5o Ador s IS
230l = =Eo|dar tf7] ff mA A= A
2] AN Bt Sejzrefol it

Nij et al.(2003)0] FAHE ALAAS Tt =
T Aol A= 347 ArFA Ol TEAE X
I o] eE A7 S5 tisko] 68719 Al
55 7 % E4%0] RStk o] At A o
7] e e wAIHA] o] ofd AR} ApAof| A Y

R B210] 270] WolA gtk 24 B ¥
u]A-F(tuck pointer), ZAZ|E 7}3/Z A H(recess
&3 A Y AHdemolition
workers), U= A-dF(inner wall constructor), 74
4~ (construction site cleaners), 7|E} 7H=& ALY
ZF & 2K (background exposed group)= FE3IHT) 9]

ol

i

miller/concrete  workers),
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T HEvEES Y SAdHde v =
Aek I F 7MY B2 Y T84 216 ==&
€ oo HEVAS, WHALEE woldlen v
= 22 7188 2.2 mg/m’((H 9 0.6-8.0 mg/m’)x}
1.5 mg/m’(H$): 0.6-4.0 mg/m)o|ck TFA A&zt
o & FEE t—“ﬁ—‘i 1&E, ZA2E 7H/2ARIAE &=
ojglon Erl 035 mg/m’(H2: 0.089-1.65 mg/m’)
7 031 mg/m’(Y H 0.028-3.77 mg/m*)o] It} A7)
4 T 2 SAFYL HEnEsel A
FE AAd Aow ymAl= AYelE FE5H] o
2, WHAESS AuollA 23S 7hHsAdol
El=

Sleld AEde ddem 3 =
T o2 A AREHIAT v ARA] o] gt
0

W7} a1glt}. Choi et al.(2000)e A4 ZEAE
o] 2 4 Qi BA, £, A% 7184 5 o
oFet FalArelel thste] St 2ARSHALh Bac

et al(2013)2 FAYE FHIAAES AY =29
walo] A5+ AL, Sung et al.(2015)2 EFAL A
oA 4ol ol Boko] oA F AT =
T AdollA A EE E4 9 2 SRRl il
X Aakgci FEde] Aok

2. H|ZAMQ 22X O|MHA| =&

S 7|ALE Fo R g ZulHA] =& 2AF A
= okt 7*3} Lee(2015)9] Atol| A FetrL ¥
= la zu]xﬂuixl(PMz 5)9+ grled=
49 %E% H| 28}kl =t o5 B d71e
= AR g R iEﬂ =AU 7 %
Eftﬂ %AP@ Aol IS gkol 7l ey
EP & U3t Lee(2015)2] °ﬂ¥°ﬂH
‘i*HH"H HHJ*‘ SR E =2 27}
2 GRS PM25 i%#%% BEHO -ZFo)
4990 pg/m’e 2, FEI7} PM2.5 =243F 4617 1
gm’ B}t E9ron, folgtk 2to]E Bk BC =&
o T2 346 ugm’, FE7F 1.96 pgm’E =2
o] FEZbEL &) Eoken, [o3h Apo]
£ 29k 7] & PM2.59 Hujle] PM2.5 ¢ BC
Ato] o] A& df7] & PM2.59} Biuj¢l9] BCHY
AAeE 0260= UERgen, 7] F PM2.5¢}
gujde] PM2.5 9 EHujYle] PM2.59F BC Abo|<]

_CL
oo
%
_Il)l'

N ox
ol
1o
of
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196 ug/m ), 62 ng/m*(27—240 ug/m )0]0“1} A3 gl
71 ARFO 7|t ARk, Ak FlHo| A5t
o, vj7]e} Ak FHO APl= 1.2-4.2 mo|glon,
ALY ECEEe vi7]tete] A7t 4 m mjgkd
749 FE7F4 m o] wjETh {o5H =2 5
L5 Bt ECE A|Qgt DPMY| 5= F3F &}
o5 Holx| gkttt FAAS OC, TC F%+ HIF
ARpETE E=otom, fo3t AolE HE IR, EC,
BC, PM2.5 S §-9J3h 20| & Ho]7] eFobrkLee
et al., 2015). Park et al.(2014)2 A&7 & +=AA
2 oxzo] st DEE.J gjz]elztel PM2.5, BC,
NO29} :=%& 433tk BC =&4a 74
11.8145.25 pg/m’, 44 6.98+0.67 pgm’2 714
9] eE&go] FYoHA =, PM25 &5
o =AY 64.99+24.67 pg/m’, 4> 63.88+29.95 1
gm'2 FARE =E2sES B
Zagury et al.(2000)-2 THejo| A BIAlHAEE A
2 t7ledEd =EB7E shlem nAHAIE
SAHA = GUAT 7FAAF E2E3) black smoke
indexS =74 5}o] X 118}9 ) Riediker %(2003)% o]
TolA AEERZLEE St FARAAEES YHE
gl ed=4d Ec%% 7 % A mAEA
(PM2.5)= 24 pgm’ $F0|9lon nE Z4gHHo]
Z|#Rt B Wektty RStk Lewne et al.
(2007)— ZAA| oA B B A W EA] 2R}
E Wo R RS SHs e AEEE
Z PM2.59] wE5Fo WALHRL 157418 pg/m’,
BIA)] AR} 17.3£1.3 ng/m’ 9] ==& R Yt} Davis et
al.(2007)S w2 wjEabEk S AAES thAFO E PM2.5
FEE SA% du FIAY PM2S5 sEE 36.5+
2.4 pg/m’, B]ZAAS] PM2.5 HEE 16.2+41.8 pg/m’
2, FA2 PM2S5 FEo| FFS T, SALA
g & AR HFAA Hok PM2.S F&=7) of
28 E=9kom, 893t x}o]E Hrl Sehgal et al
(2015)2 olx daoA =2 QZAAA(toll plaza)

lm
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A Fishe ZEASS FeE uAIEA(PM,s),
Absheba, AbshE 2, ol4bale), agha(EC)/ 7]

752 AAeheh &=
Aol Qe aggAitae A m
ekel FErh AN A
SEAECY71HA(0C) Bl&2 W ). v]A| ]
o] e EHER agitat u&Ee 9 7A
AbZol| A Ak o] ZHzF 0.22 mg/m’e} 0.15 mg/m’
o o= = AR uAHA HFAVIE
(maximum permissible limit)?] 0.06 mg/m’S Z1}a}t
= FEAL, et SHE e ARY F
L=7h o] 7lEE 2HSHTh

3. 0| MBix| 22| Hel

oAl A 2T 7] e vlAHA = A
A Q5 FAe] fallAbe] 7] wiwe] kEve] H
U= AT AHoksh=A] of ol thal] ml= APk
H A (Occupational Safety and Health Administration,
OSHA)3} n]=+ =+ 219 obd B A 1-(National Institute
of Occupational Safety and Health, NIOSH)oJ| 4] A A|
she U2 st

715 AR FAFSHA] Aol A Y = A]
2 FodARE SN ew AYE Ex
slet. 917
[e)

4

Z(occupational heat exposure)S =
olo
.

dirZole 3= 1EAY & 2l 4

ol ZIFHANE B& FHofl AARFA ofeoll A o]
FojX&= oFL]A ¢ (outdoor operations)= EFHHE T}
OFRIAF] Al ZmEE= A2 ARAAZE AR o]
ofyu, ol2fgt Zheloll= ofelsAlL A, Afrt
7hs AFAS], 27A], HAH-S2 Y (emergency
response operations), A2 W Qe E] Au|A §x|Z+
Q1 o] gkEIth. OSHAGAIE= 31 o)Al (https:/www.
osha.gov/SLTC/heatstress/)&} A2 3] 52 =3 A
A FLE (I &4, heat stress)o Hjsto] F8.5)
Al B FAL Qe FH|olA] Hlwolls AYE Aol
st Taje] Mo tisle] ‘How do I find out about
employer responsibilities and worker rights?’ k= A&
Bl th2a 9tk ofo] tjak OSHAL “Zaa of
Ak Aol A AL ok WEL AT}
nglEol] QHasta BAKS AARE AFIE
fa5t5kar glek OSHA HE2 E3F 8350

X

r_>[’, 2

Ju
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4 SAAAY 2R OIMUX| =& AEf AL 55

o wAE AL % BAH| 97
e AN Wel B AHS B
BHs Aol tisto} AR} ol Fi
sk glekrekm gekn glek

OSHA7} A|Al5H= 2 ¥l 7H(Standards) o] <] o] =
Occupational Safety and Health Act(OSHA) Section
S@(DE AFET T AU FAR AASHAL e
o, &2 W&ol Syt AR A A=A
A5 52 PANFARZ | F=Ae A4 o=
o Al AEYA 52 24U 4 e HAT A
2

o thstol
g B

h (e}

Ae 2481 2RXAS AAT Aeke ygo
2 A o] Utk o] 23 ARIATE SIS
AR Rl gt BhaL 2 aA) ek

ojAfe] e mrjw AbE v Solxteld ulx
WA wspo] gt ML A vz vpzt
AR E ATl A Yom, AR EF oy ARs
ot PAYRE LAl AFss o] "o
sk,

4. S2| AU F O|MBIX| 2t2|of CHEt D E

—

ALRAAT o] FHAIHQl Selarel el Aol
‘]
o]

A
o
A2k o) AgAQA(E 2 Adzx) AT S
ti/goll A Aelg eletar  SA| (A E 727 2300,

Atk webs] dd@RT 2ol FHAIA
Q1 Soaroletar x|t 7| 2A o2 SH A

oX o > i ox 30 W 12 ox

N 2,
e
H0)
>
O
B
2 N -
2 AN
-
o

e
o
>
>
o, P
L »
41 =
ox, o}
2
O

() 717373 A= 9 o) &

Aol 71l BAHE TS F o]
A (http://www.kma.go.kr/weather/asiandust/density.jsp)
2 B BELS TR YUk o] AR ool :y
of FHlojAof M= AR BTl 71 oA
Aduists AP IR 37HA= ofefiek Enh
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{0
o

O FHuATVY 2] e)e] 4] oE AlH

@ 7143 EH o)X (www.kma.gokr) @ FH5=9
TsHE o Z o] X(www.qia.go.kr) G=A] &2l

S5 ok o714 Zuglol 131,

A B 031-467-1700)

@
Ao

(3) AR A2 o] &

AN AREAFEL ofojzelol 3ol
A (http://www.airkorea.or.kr/) 2 E3f tf7|&AY =}
55 Tkl vAHA|9F e it 7] o=
0 ARE o) A WAEA FES Fuski 29
A s AUt nAHA] Fo08 9 HE Y A
o welo] URFEI 24T ol ASHE 4
o] HHEHERE 2@ E eiAs dEE &
sl Zo| VHHY. Ed A4EY 59 B4
o Z9lo] AZtEY 2EASE ol adelA @
Aol gzeto] WAINkATL 58 AgeES Al
At WjEsls Aol ojwy] i) ojmo] e B
27} o @Al tigtolch

oA #elstal e 84He de F

& Aol oA PSS Ak 58 HET me
o] Yj-&(o|& £ KOSHA CODE H-82-2015 &%
& BE7o) ASANS G2 A Pk 5
Holgo| A% 55E RE e} ThE 20| Las)
Ak 2Hg o] Weithol SAShT A% Aol AHgH
o] EA|Ho] glonz Wre] meo| WastAL g,

Fo]of 3 A 9] A1 BS54 (Fourier transform infrared

http://www.kiha.kr

spectroscopy, FTIR)S] A7} B4 HE35HA
NIOSH 760294 0.005 mg/sample .2 A A3}
a1, AR R BAS 3 Holk 0.003 mgsample A E 2
Az Pelt BErh b w, Bajo] Ae] 2rbs
S FTHNIOSH, 2003). & =Ho|A <1838 Nij et
al.(2002)¢] =wZoAE HEAE 1.7 ngolzhal A
AlSFAL Q) 2 A HEAE 2 pg/sampleo] 2t
il 7HgstE e, 371 RS Aetstd 371 5 A
2)7h =7t AEA N ke st gk A8 d
oA slElE solAu A== 59 A st
7b B2 A Eol otA, SAIEEL AlEEY
7Ieolger s, JAATI7E 2 AAE = =
HE 4 Sl=tl, FTIREZ A7) 244 A=) d#
2717F 2EEAEH Hd A7) F 2 m)E ot
2 Beolle ATt s gyt 24 B E
CH(Bhaskar et al., 1994). u}ebA], & Ao A AAH
A7t s A A B4 Hagrke] 7t
e HAE & ok gt 2 AtelA SAHAIRE
o] @ TAIRE 25 4A] BH7EA] 9.5A17F Fet 24
aF7] 2ol 713"l Wok, 715 A7t 4
SAZE tha WolFth EE B AFoA A%
A AdolA A=7h ax9l FAYE, 4F
A, A 2 2o kEEe 2ol A9l
H= Amo) 4 Al agsfof gtk
A AFe] MAUA Fee AEH Holrt 4
she, 53] wdol| AT A =F FETt =
o= Aol qdth & A= 3ol AFEAeY
7ol sdFE AFEHU] o] 3" A=l
7F Rk = A kokeh. £J2f}io] 7T &

o

]

ba

[ O

= of3 35S zASgot BEUR AR e
7b Bt 5ote] SAAY & §ote] Hlwshy] o
o 2 YAl B hES Y B
712 =)o) QtHKim et al., 2016).

B ATolA AT SPUNe EFARAL 3
Astr] Qe ekl WRjeolne 7|5 Ws ol
=45 A RAPMLS) St G gel vmsh
Psateinh. nAHAPMLS) S ZHsE 7T
S Agatit sitehe Aol 99 Ao oy
S 2 olgt BARe grl2gRe AE 54
T = ol AAEo dRoA Lot EEE0
FEFSE AA WS Aol gjZolth
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v.2d B

2 Ao AdY SYRAE vEA] =E
A RAFE AASHe] A ER ofe] o] 44 o5
A, AP A7t S55(Fe, Pb, Cr 5)9 5=
£ ZAIAL dxdter FaAea 2 {3l
A5S ZABEATE A4 Selade] ulAHA|
EEPES ZE 7SN SHE AR
iR =gten A7IAAR g4t - ARAY 7
Hl o A= A7]A o] FiFer =t 54
o] it AAY S92 W A FAI =L 7S
A RO 718 37.89 pg/m’y}t 92.86 pg/m’E F
A 1] keE&aEol et Fo3t A% Afol7t
AATE o= LA LRV =EE = vAH
2 ZF 40.8%+= th7]oA FEfetl U A] 59.2%=
Aol A et sidd 4= Aok Aol a4
L3 LE27|ERY A4Ts] wodth

3 ool AEo] SR F2E e 31
ofMe AR nAHA =7 YEHOR &
te He doshd dAdRNA= AdolA R
st 23 o] fA=HE Fol weld "art
Jem T84 2 sEE S5 kErES ¥
7t a7t kil Abr )y A A mEof| Hiet
Aol Ao ek o]l A Woll ¢
A|SHA] 7] wizoll 71&el At E Aol ARg-she
2§ ZRAE Huske gInwe] Ak
sto] dasita ddEe B9 SFESSE AT
sh= Zlo] M vAHA = A WollA 2y
el JAR7E oty ARt ofelFAFoll M A AREA

EER QA% A HEiM WA AAEE Al
52 o7t FolEe ARFrE Belske A 22
dE= AFGF7E =E2 8 sfof Tkl oA

UAREA kg AT NE dEeR &5k
AAEA7IEL BufE i O o] =E7]EY
10% ootz AME AL, W2 ¢ vAHA =d
A Be ARG S 7O R Sfof gk
S7EoA AFEEE 7SS AGR vAldA e
W =S Alshe A2 dElAolA e AL
2 AdE SR A HEe $EY]
HZ AFOIA vAA S A7FdEdel o 2 PM2S
A719] 43 324d0] e 23R =Eof o
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4 SAXAY ZE2XS OIMUX| =& AEf AL 57

T =F7|E AHE HESH: Jlo]
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