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I. 서    론

대기.중.초미세먼지(particulate.matter.with.an.aerodynamic.
diameter.of.≤2.5.μm,.PM2.5)는.눈에.보이지.않을.만큼.작아.

호흡기.및.심혈관.질환에.영향을.주는.등.건강에.치명적이며,.

2013년에.세계보건기구(World.Health.Organization,.WHO).
산하의.국제암연구소(International.Agency. for.Research.on.
Cancer,.IARC)가.1급.발암물질로.지정하였다.1).WHO.가이드

라인을.초과하는.PM2.5.농도에.장기간.노출되면.심폐.및.폐암.

사망률이.증가할.수.있기.때문에.고농도.PM2.5.노출은.건강에.
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ABSTRACTABSTRACT

Background: The health effects of particulate matter (PM2.5) bonded with various harmful chemicals differ 
based on their composition, so investigating and managing their concentrations and composition is vital 
for long-term management. As industrial complexes emit considerable quantities of pollutants, higher PM2.5 
concentrations and chemical component effects are expected than in other places.

Objectives: We investigated the concentration distribution ratios of PM2.5 chemical components to provide 
basic data to inform future major emissions control and PM2.5 reduction measures in industrial complexes.

Methods: We monitored five sites near the Ansan and Siheung industrial complexes from August 2020 to July 
2021. Samples were collected and analyzed twice per week in spring/winter and once per week in summer/
autumn according to the National Institute of Environmental Research in the Ministry of Environments’ 
Air Pollution Monitoring Network Installation and Operation Guidelines. We investigated and compared 
composition ratios of 29 ions, carbon, and elemental components in PM2.5.

Results: The analysis of PM2.5 components at the five sites revealed that ion components accounted for the 
greatest total mass at approximately 50% while carbon components and elemental components contributed 
23~28% and 8~10%, respectively. Among the ionic components, NO3

– occupies the greatest proportion. OC 
occupies the greatest proportion of the carbon components and sulphur occupies the greatest proportion of 
elemental components.

Conclusions: This study investigated the concentration distribution ratios of PM2.5 chemical components in 
industrial complexes. We believe these results provide basic chemical component concentration ratio data for 
establishing future air management policies and plans for the Ansan and Siheung industrial complexes.
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Highlights: 
ㆍ.The concentration of the ion com-

ponents were the highest among other 
components of PM2.5.

ㆍ.Among the carbon components of 
the sampling sites, OC accounted for 
most.

ㆍ.The sampling sites had a high con-
tribution from mobile pollutants such 
as automobile exhaust in common.
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위협이.된다.2)

PM2.5의.구성.화학성분들은.Al,.K,.Ca,.Si,.Pb.등과.같은.금

속성분,.SO4
2–,.NO3

–,.NH4
+.등과.같은.이온.성분,.그리고.유기

탄소(organic.carbon,.OC)와.무기탄소(elemental.carbon,.EC)와.

같은.탄소.성분으로.구성되며,3).해염,.토양먼지.등과.같은.자연

적.배출원과.교통,.연료.연소,.산업활동과.건설.공사.등과.같은.

인위적.배출원이.있다.4).예를.들어.알루미늄(Al)과.철(Fe)은.지

각.기원.원소로.토양.먼지와,5).니켈(Ni)과.바나듐(V)은.석유.화

학.공장과,6).아연(Zn)과.구리(Cu)는.폐기물.소각과.관련이.있으

며7).납(Pb)은.자동차.배출의.지시자로.이용된다.8).

산업단지.지역의.경우.다른.일반지역에.비해.다량의.오염물

질이.배출되어.PM2.5.중.화학성분의.농도가.높을.것으로.예상

된다..안산ㆍ시흥지역은.반월산업단지,.시화산업단지와.같은.대

규모.대기오염물질.배출시설이.위치하고.있어.PM2.5에.대한.노

출.위험이.다른.지역보다.클.것으로.예상되지만,.휘발성유기화

합물(Volatile.Organic.Compounds,.VOC),.악취.등과.같은.가

스상.오염물질에.관한.연구가.주를.이루고.있어9-11).PM2.5.화학

성분에.대한.연구는.미비한.실정이다..PM2.5는.질량대비.비표

면적이.큰.특성을.가지고.있어.입자.표면에.각종.유해오염물질

의.흡착이.용이하고,12).인체에.대한.영향은.PM2.5의.질량농도

가.아닌.구성성분에.의한.영향이.더.큰.것으로.알려져.있다.13).

PM2.5의.위해성을.줄이고,.효과적.저감대책을.세우려면.배출

원의.영향을.크게.받을.것으로.예상되는.지역에서의.PM2.5의.

주요.화학성분과.농도를.파악하는.것이.중요하며,14).이에.따른.

PM2.5의.화학성분과.배출원을.이해하고.건강.영향을.평가하고.

통제.조치를.개발하는.것이.필요하다.13)

이에.본.연구는.안산ㆍ시흥지역에.위치한.국가산업단지.인근.

PM2.5의.화학적.성분.특성을.확인하고자.하였다..이를.위하여.

2020년.8월부터.2021년.7월까지의.안산ㆍ시흥지역.산업단지.

인근.5개.지점의.PM2.5를.채취하였으며,.이온,.탄소,.원소.성분

의.29개.항목을.분석하여.제시함으로써.향후.산업단지.지역의.

PM2.5.주요.배출원.추정.및.배출원.관리,.PM2.5.저감.대책.수립.

등에.기초적.자료를.제공하고자.하였다..

Ⅱ. 재료 및 방법

1. 측정지점
안산시와.시흥시에.위치하는.국가산업단지로는.반월산업단

지와.시화산업단지,.시화메카트로닉스(Multi.Techno.Valley,.
MTV)가.있다..본.연구에서는.안산ㆍ시흥.지역의.산업단지.특성

에.따른.PM2.5.화학성분에.미치는.영향을.분석하기.위하여.5개

의.대기측정소를.Fig..1과.같이.선정하였다..B1.(37°19'14.1"N,.
126°43'53.7"E),.B4. (37°21'27.3"N,.126°43'35.3"E),.B5.
(37°18'48.7"N,.126°43'40.9"E)지점은.시화산업단지와.시

화MTV가.인근에.위치하고.있으며.B2.(37°20'00.4"N,.126°

47'28.3"E),.B3.(37°19'08.4"N,.126°47'28.2"E).지점은.반월

산업단지가.인근에.위치하고.있으며,.각.지점의.건물.옥상에서.

시료를.채취하였다.

측정을.시작한.2020년.8월.기준.시화산업단지에는.11,303

개사,.시화.MTV에는.1,018개사,.반월산업단지에는.7,306사가.

입주해.있으며.가동률은.순서대로.96.0%,.94.0%,.96.8%로.

조사되었으며.주요.업종은.시화산업단지의.경우.기계(59.9%),.

전기전자(15.1%)이며.시화.MTV의.경우.전기전자(38.2%),.

기계(35.7%),.반월산업단지의.경우.기계(37.3%),.전기전자

(35.3%)로.전체.입주시설의.약.70%를.기계,.전기전자.업종이.

차지하고.있는.것으로.조사되었다.15)

2. 시료채취
PM2.5.측정.시.미국.EPA.FRM.PM2.5.측정.방법에.적합하게.

설계된.중량농도.방식의.측정.장비(Low.volume.air.sampler,.
PMS-204,.APM.Co.,.Korea)를.사용하여.시료를.채취하였다..

이때.유량은.16.7.L/min으로.24시간.또는.48시간.동안.5개.

측정지점에서.동시.측정을.수행하였다..측정장비의.설치와.시

료의.채취.및.운반은.환경부ㆍ국립환경과학원.「대기오염측정망.

설치ㆍ운영지침」에.따라.수행하였다.16).이온.성분.및.미량원소

성분,.탄소.성분을.분석하기.위해.두.대의.시료채취기를.사용

하였으며.이들.장비에는.각각.국립환경과학원이.지정한.테프론.

필터(PTFE.2.0.μm,.47.mm),.석영.필터(47.mm)를.장착하였

다..테프론.필터는.채취.전ㆍ후의.여지는.분석.전까지.멸균된.페

트리디쉬에.넣고.파라핀.필름.등으로.밀봉한.후.냉장.보관하였

으며.석영.필터는.가열처리.후.사용하였다..채취된.여지를.이송

할.때에는.PM2.5를.구성하고.있는.성분들이.휘발.및.반응.등으

로.손실되지.않도록.아이스박스에.냉매를.채워.저온으로.유지

시킨.상태에서.이송하였으며.이송.중.흔들림이나.충격.등으로.

Fig. 1. The sampling sites in the Ansan and Siheung industrial 
complexes area (B1, B5: Sihwa & Sihwa MTV; B2, B3: Banwol; B4: 
Sihwa)
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여지에.채취된.PM2.5.입자의.손실을.막기.위하여.정전기를.방지

할.수.있는.재질로.되어있고,.흔들림.등을.방지할.수.있는.완충

이송장치를.사용하였다.

시료채취.기간은.2020년.8월부터.2021년.7월까지.약.1년.

동안.시료를.채취하였으며.1주에.1회.또는.2회.수행되었다..그

러나.태풍이나.폭우와.같은.기상조건.또는.PM2.5.고농도의.경

우.채취.중.펌프에.가해지는.압력으로.인한.장비의.고장으로.

일부.시료의.손실이.발생한.경우.채취.시료.수.및.시료.분석에

서.제외하였다..각.지점에서의.시료채취.기간.및.채취된.시료의.

수를.정리하여.Table.1에.나타내었다.

3. 시료분석

3.1. 질량농도

각.필터는.시료.채취.전ㆍ후로.24시간.항온ㆍ항습.과정을.거

쳐.무게를.측정하였으며,.PM2.5의.질량농도의.보정을.위하여.

실험실.바탕여지(Lab.Blank,.LAB)와.현장.공여지(Field.Blank,.
FB)를.이용하였다..PM2.5.한.묶음의.여지마다.새로운.LAB를.사

용하였으며,.시료채취.기간.동안.실험실.내.보관함에.보관하였

다가.시료채취.후.정도관리를.점검할.목적으로.다시.무게를.칭

량하였다..FB.또한.여지.묶음의.무게를.재는.과정마다.새로운.

FB를.사용하였으며.시료채취.장소로.옮겨진.후.채취과정은.거

치지.않고.회수되어.정도관리를.위한.목적으로.다시.무게를.칭

량하였다..PM2.5.질량농도는.아래의.식에.따라.계산되었다.

  

     

where,..Wi:.Weight.of.filter.paper.before.sampling.PM2.5.(μg).
Wf:.Weight.of.filter.paper.after.sampling.PM2.5.(μg).
WFBi:.Weight.of.FB.before.sampling.(μg).
WFBf:.Weight.of.FB.after.sampling.(μg).
Va:.Volume.of.aspirated.air.(m3)

3.2. 이온 성분 분석

PM2.5.중.이온.성분.분석.대상.항목은.양이온.5종(Na+,.

NH4
+,.K+,.Mg2+,.Ca2+),.음이온.3종(SO4

2–,.NO3
–,.Cl–)이다..분

석.시료의.추출.효율을.향상시키기.위하여.필터의.채취면은.비

커.바닥면을.바닥에.향하게.한.후.시약용.등급.이상의.에탄올.

200.μL를.필터에.가하여.침적시켰다..여기에.비저항.18.MΩ.
이상의.초순수.20.mL를.넣은.후.교반기에.장착시켜.120.rpm
으로.120분.동안.교반하여.추출하였다..교반이.끝난.추출액

은.공극(pore.size).0.1.μm인.직경.110.mm의.필터.또는.주사

기필터로.여과하여.이온크로마토그래피(Ion.Chromatography,.
IC)를.사용하여.분석을.수행하였다..이온.성분.분석을.위해.표

준용액을.제조하여.각.표준물질에.대한.검정곡선(calibration.
curve)를.작성하였으며,.결정계수(r2)는.모두.0.999.이상으로.

나타났다..PM2.5.중.이온.성분의.농도는.다음.식에.따라.계산하

였다.

C=((X1–X2)×S)÷F

where,...C:.Concentration.of.ionic.components.in.the.air.(μg/m3).

X1:..Concentration.of.ionic.components.of.the.sampled.
filter.(μg/mL)

. X2:..Concentration.of.ionic.components.of.LAB.(μg/mL)

. S:.Volume.of.extracted.liquid.(mL)

. F:.Total.volume.of.sampled.(m3).

3.3. 탄소 성분 분석

PM2.5.중.탄소.성분.분석을.위해.탄소분석기(Model-5.Semi-
Continuous.OC/EC.Field.Analyzer)와.탄소분석기.샘플.시료.

자동.주입기(LAB.OCEC.Auto-Loader)를.사용하여.수행하였

다..채취된.필터는.650°C.이상에서.2시간.이상.구워.유기성분

과.같은.불순물을.제거하였으며,.1.5.cm2.크기로.잘라.분석용.

시료로.사용하였다..이때.시료.자동주입.장치.이용에.따른.시

료.오염을.예방하기.위하여.10개.이상을.연속으로.분석하지.않

고.낮은.온도를.유지하도록.하였으며,.습도가.높은.날은.피하여.

분석을.수행하였다..PM2.5.중.탄소.성분의.농도는.다음.식에.따

라.계산하였다.

C=((X1–X2)×S)÷F
where,..C:.Concentration.of.carbon.components.in.the.air.(μg/m3).

X1:..Concentration.of.carbon.components.of.punched.
filter.(μg/cm2)

. X2:..Concentration.of.carbon.components.of.punched.
blank.filter.(μg/cm2).

. S:.Area.of.sampled.filter.(cm2)

. F:.Total.volume.of.sampled.(m3)

Table 1. Sampling periods and the number of samples in each 
sampling sites

Industrial complex Site Sampling periods PTFE 
(N)

Quartz 
(N)

Sihwa & Sihwa MTV B1 2020.08.12~2021.07.27 101 102
Banwol B2 2020.08.03~2021.07.27 106 116
Banwol B3 2020.08.14~2021.07.27 105 103
Sihwa B4 2020.08.14~2021.07.27 107 112
Sihwa & Sihwa MTV B5 2020.08.03~2021.07.27 108 106
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3.4. 미량원소성분 분석

PM2.5.중.중금속.등.미량원소는.환경부ㆍ국립환경과학원

의.「대기오염측정망.설치ㆍ운영지침」에.따라.ED-XRF.(Energy.
Dispersive.X-ray.Fluorescence.Analyzer).방법을.적용하여.미량

원소.19종(Al,.Ti,.V,.Mn,.Fe,.Ni,.Co,.Zn,.As,.Sr,.Mo,.Cd,.Ba,.
Pb,.P,.S,.Cr,.Si,.Cu)을.분석하였다.16).3차원.광학계.구조를.갖

는.ED-XRF는.각.원소에서.방출되는.고유한.형광.X-선의.파장.

및.세기를.측정하여.정량ㆍ정성.분석하는.장비로.대기.중에.극

미량으로.함유된.유해성분.측정이.가능한.장비이다..미량원소

성분.분석을.위해.표준용액을.제조하여.각.표준물질에.대한.검

정곡선(calibration.curve)을.작성하였으며,.결정계수(r2)는.모두.

0.999.이상으로.나타났다..PM2.5.중.미량원소성분의.농도는.0°

C,.760.mmHg로.환산한.공기.1.m3.중.성분.질량으로.다음.식

에.따라.계산하였다.

 

   × 

where,.C:..Concentration.of.heavy.metals.in.airborne.particles.
(μg/m3)

. Cs:.Concentration.of.heavy.metals.in.the.sample.(ng/cm2)

. Cbk:..Concentration.of.heavy.metals.in.the.blank.filter.
(ng/cm2)

. Au:.Total.area.of.filter.used.for.sampling.(cm2)

. Vs:.Total.volume.of.aspirated.air.(m3)

Ⅲ. 결    과

1. PM2.5 농도 특성
Table.2와.Fig..2는.안산ㆍ시흥.지역.산업단지.내.측정지점별.

조사된.PM2.5의.질량농도분포와.화학성분별.구성비를.나타낸.

것이다..연구기간.동안의.안산ㆍ시흥지역의.PM2.5.질량.농도를.

살펴보면.평균.농도는.27.8±16.5.μg/m3.(GM,.23.6.(1.8).μg/
m3)이며.측정.지점별.PM2.5.농도는.B1.지점이.32.0±17.9.μg/
m3.(GM,.27.6.(1.8).μg/m3),.B2.지점이.25.3±15.9.μg/m3.(GM,.

21.2.(1.8).μg/m3),.B3.지점이.29.1±16.8.μg/m3.(GM,.24.9.

(1.8).μg/m3),.B4.지점이.25.6±16.0.μg/m3.(GM,.21.5.(1.8).

μg/m3),.B5.지점이.27.4±15.4.μg/m3.(GM,.23.8.(1.7).μg/m3)

로.B1.지점이.다섯.지점.중.가장.높은.농도를.보여주었다.

다섯.지점.모두.이온.성분이.전체.질량의.약.50%로.대부분

을.차지하였으며,.다음으로는.탄소.성분,.아직.연구되지.않아.

알.수.없는.성분(Unknown),.미량원소.성분의.순으로.조사되었

다.

2. 이온 성분 분포 특성
PM2.5.중.가장.많은.비율을.차지하는.것으로.조사된.이온.성

분들중.총.이온.성분의.농도에.대한.각.이온.성분들이.차지하

는.조성비를.Fig..3에.나타내었다.

B1.지점에서.각.이온.성분의.평균.농도와.총.이온.성분의.농

도에.대한.각.이온.성분의.조성비는.NO3
–. (6.6±7.0.μg/m3,.

38.9%)>NH4
+.(4.1±3.3.μg/m3,.24.1%)>SO4

2–.(3.4±2.4.μg/
m3,.20.2%)>Cl–.(2.0±1.7.μg/m3,.11.8%)>Na+.(0.3±0.3.μg/
m3,.1.7%)>K+. (0.3±0.1.μg/m3,.1.5%)>Ca2+. (0.2±0.1.μg/
m3,.1.0%)>Mg2+.(0.1±0.1.μg/m3,.0.9%)순으로.2차.에어로졸

Table 2. Concentrations and standard deviations(S.D) of PM2.5 in each sampling sites

PM2.5

Concentration (μg/m3)

B1* B2† B3† B4‡ B5*

Annual Mean±SD 32.0±17.9 25.3±15.9 29.1±16.8 25.6±16.0 27.4±15.4
Min 5.5 3.9 4.4 3.7 7.0
Max 107.4 102.5 110.1 97.9 98.5

*Sihwa & Sihwa MTV.
†Banwol.
‡Sihwa.

Fig. 2. The chemical compositions of PM2.5 in each sampling sites; 
(a) B1 (Sihwa & Sihwa MTV), (b) B2(Banwol), (c) B3(Banwol), (d) B4 
(Sihwa), (e) B5(Sihwa & Sihwa MTV)
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(secondary.aerosol)에.해당하는.이온.성분들이.80%.이상을.차

지하였다..

B2.지점의.경우는.NO3
–. (5.9±7.0.μg/m3,.42.8%)>SO4

2–.

(3.6±2.7.μg/m3,.26.2%)>NH4
+.(3.0±2.9.μg/m3,.21.8%)>Cl–.

(0.5±0.5.μg/m3,.3.4%)>Na+.(0.3±0.6.μg/m3,.2.1%)>K+.(0.2

±0.1.μg/m3,.1.7%)>Ca2+.(0.1±0.1.μg/m3,.1.0%)=Mg2+.(0.1±

0.1.μg/m3,.1.0%).순으로.B1.지점과.마찬가지로.2차.에어로졸.

성분들이.대부분을.차지했으며.Cl–가.차지하는.비율은.B1.지
점보다.작았다.

B3.지점의.PM2.5.중.총.이온.성분에.대한.각.이온.성분의.조

성비는.NO3
–. (7.4±7.1.μg/m3,.44.1%)>NH4

+. (3.8±3.0.μg/
m3,.23.0%)>SO4

2–.(3.5±2.5.μg/m3,.21.1%)>Cl–.(1.2±1.0.μg/
m3,.6.9%)>Na+.(0.3±0.4.μg/m3,.1.7%)>K+.(0.2±0.1.μg/m3,.

1.4%)>Ca2+.(0.2±0.1.μg/m3,.1.0%)>Mg2+.(0.1±0.1.μg/m3,.

0.9%).순으로.다른.지점과.마찬가지로.2차.에어로졸의.주요.세.

성분(NO3
–,.NH4

+,.SO4
2–)이.총.이온.성분의.80%.이상을.차지

하는.것으로.조사되었다.

B4.지점.역시.NO3
–.이온이.6.3±7.1.μg/m3,.43.4%로.가

장.높은.비율을.보였으며,.이어서.또.다른.2차.에어로졸.물질

인.SO4
2–. (3.7±2.6.μg/m3,.25.0%)>NH4

+. (3.3±3.0.μg/m3,.

22.3%)>Cl–. (0.5±0.6.μg/m3,.3.8%)>Na+. (0.3±0.4.μg/m3,.

1.9%)>K+. (0.2±0.1.μg/m3,.1.6%)>Mg2+. (0.2±0.1.μg/m3,.

1.1%)>Ca2+.(0.2±0.1.μg/m3,.1.0%).순으로.조사되었다.

마지막으로.PM2.5.중.이온.성분이.차지하는.비율이.앞의.네.

지점보다.다소.작은.것으로.조사되었던.B5.지점의.총.이온.성

분에.대한.각.이온.성분들의.조성비는.NO3
–.(5.1±5.5.μg/m3,.

38.8%)>SO4
2–.(3.6±2.5.μg/m3,.27.5%)>NH4

+.(3.0±2.3.μg/
m3,.22.5%)>Cl–.(0.7±0.7.μg/m3,.5.2%)>Na+.(0.3±0.3.μg/
m3,.2.0%)>K+.(0.2±0.2.μg/m3,.1.9%)>Mg2+.(0.2±0.1.μg/m3,.

1.2%)>Ca2+.(0.1±0.1.μg/m3,.1.0%)로.다른.지점들과.크게.차

이가.없는.것으로.조사되었다.

3. 탄소 성분 분포 특성
Fig..4는.측정.지점별.탄소.성분의.평균.농도.비율과.각.지점

의.OC/EC.ratio를.보여준다..

각.탄소.성분의.평균.농도와.총.탄소.성분.농도에.대한.각.

탄소.성분의.조성비는.B1.지점에서.OC. (7.5±3.2.μg/m3,.

92.6%)>EC.(0.6±0.3.μg/m3,.7.4%),.B2.지점에서.OC.(5.6±
2.6.μg/m3,.88.4%)>EC.(0.7±0.4.μg/m3,.11.6%),.B3.지점에서.

OC.(6.0±2.7.μg/m3,.91.3%)>EC.(0.6±0.2.μg/m3,.8.7%),.B4.
지점에서.OC.(5.4±2.6.μg/m3,.89.8%)>EC.(0.6±0.3.μg/m3,.

10.2%),.B5.지점에서.OC.(6.9±2.9.μg/m3,.93.0%)>EC.(0.5
±0.2.μg/m3,.7.0%)로.조사되었다..OC/EC.ratio의.경우.B1.지
점에서.12.8±3.2,.B2.지점에서.8.1±2.7,.B3.지점에서.10.6±

2.8,.B4.지점에서.9.2±2.6,.B5.지점에서.14.1±3.3로.조사되

Fig. 3. The composition ratios of ionic species in PM2.5 in each 
sampling sites (B1, B5: Sihwa & Sihwa MTV; B2, B3: Banwol; B4: 
Sihwa)

Fig. 4. The composition ratios of carbons in PM2.5 and OC/EC ratio 
in each sampling sites (B1, B5: Sihwa & Sihwa MTV; B2, B3: Banwol; 
B4: Sihwa)

Fig. 5. The composition ratios of elemental components in PM2.5 in 
each sampling sites (B1, B5: Sihwa & Sihwa MTV; B2, B3: Banwol; 
B4: Sihwa)



71
안산ㆍ시흥 산업단지 지역 PM2.5 중 이온, 탄소, 원소성분의 특성 연구

https://e-jehs.org

어.안산ㆍ시흥지역.내.탄소.성분은.OC.성분이.대부분을.차지하

고.있는.것으로.조사되었다..

4. 미량원소성분 분포 특성
이온.성분.및.탄소.성분에.대한.분석과.마찬가지로.총.미량

원소성분에.대한.각.원소성분의.조성비를.Fig..5에.나타내었다.

B1.지점에서.각.미량원소성분의.평균.농도와.총.미량원소

성분의.농도에.대한.각.미량원소성분의.조성비는.S. (0.8±
0.5.μg/m3,.27.8%)>Si.(0.6±0.6.μg/m3,.21.6%)>Fe.(0.5±0.3.μg/
m3,.16.6%)>Al. (0.3±0.5.μg/m3,.12.1%)>Zn. (0.3±0.2.μg/
m3,.12.0%)>Cu.(0.1±0.1.μg/m3,.3.0%)>Pb.(0.1±0.1.μg/m3,.

2.1%)>Mn.(0.1±0.03.μg/m3,.2.0%)>Ti.(0.02±0.01.μg/m3,.

0.7%)>P.(0.02±0.01.μg/m3,.0.6%)>Ba.(0.01±0.01.μg/m3,.

0.4%)>Cr.(0.01±0.01.μg/m3,.0.4%)>As.(0.01±0.01.μg/m3,.

0.2%)>Ni.(0.005±0.003.μg/m3,.0.2%)>Cd.(0.003±0.01.μg/
m3,.0.1%)>Co.(0.003±0.001.μg/m3,.0.1%)>V.(0.002±0.001.

μg/m3,.0.1%)>Sr.(0.001±0.001.μg/m3,.0.1%)＝Mo.(0.001±
0.001.μg/m3,.0.1%)로.조사되었다.

B2.지점은.S.(0.9±0.5.μg/m3,.39.5%)>Si.(0.5±0.7.μg/m3,.

21.7%)>Al. (0.4±0.6.μg/m3,.18.1%)>Fe. . (0.2±0.2.μg/m3,.

11.4%)>Zn.(0.1±0.1.μg/m3,.3.8%)>Cu.(0.03±0.03.μg/m3,.

1.2%)>Pb.(0.02±0.02.μg/m3,.1.1%)>Ba.(0.02±0.01.μg/m3,.

0.9%)>Mn.(0.02±0.01.μg/m3,.0.8%)>Ti.(0.01±0.01.μg/m3,.0.6%)>P.
(0.01±0.01.μg/m3,. 0.6%)>As. (0.005±0.006.μg/m3,.

0.2%)>Cr.(0.004±0.002.μg/m3,.0.2%)>Cd.(0.002±0.003.

μg/m3,.0.1%)＝Ni. (0.002±0.001.μg/m3,.0.1%)>V. (0.002
±0.001.μg/m3,.0.1%)>Co. (0.001±0.001.μg/m3,.0.1%)＝

Sr.(0.001±0.001.μg/m3,.0.1%)＝Mo.(0.001±0.001.μg/m3,.

0.1%)로.조사되었다.

B3.지점은.S.(0.8±0.5.μg/m3,.36.4%)>Si.(0.5±0.6.μg/m3,.

23.4%)>Al. (0.4±0.5.μg/m3,.15.4%)>Fe. (0.3±0.2.μg/m3,.

12.5%)>Zn.(0.1±0.1.μg/m3,.4.8%)>Cu.(0.05±0.07.μg/m3,.

2.2%)>Pb.(0.03±0.02.μg/m3,.1.3%)>Mn.(0.02±0.01.μg/m3,.

1.0%)>P. (0.02±0.01.μg/m3,.0.7%)>Ti. (0.01±0.01.μg/m3,.

0.6%)>Ba.(0.01±0.01.μg/m3,.0.5%)>Cr.(0.01±0.005.μg/m3,.

0.3%)>As. (0.005±0.006.μg/m3,.0.2%)>Ni. (0.004±0.003.

μg/m3,.0.2%)>Cd.(0.002±0.003.μg/m3,.0.1%)>Co.(0.002
±0.001.μg/m3,.0.1%)>Sr.(0.002±0.001.μg/m3,.0.1%)＝Mo.
(0.002±0.001.μg/m3,.0.1%)＝V.(0.001±0.001.μg/m3,.0.1%).

순으로.조사되었다.

B4.지점의.경우.S.(0.9±0.6.μg/m3,.41.8%)>Si.(0.5±0.6.μg/m3,.

21.0%)>Al. (0.3±0.5.μg/m3,.15.9%)>Fe. (0.2±0.1.μg/m3,.

10.9%)>Zn.(0.1±0.1.μg/m3,.4.2%)>Pb.(0.03±0.02.μg/m3,.

1.3%)>Cu.(0.03±0.03.μg/m3,.1.3%)>Mn.(0.02±0.01.μg/m3,.

0.9%)>Ba.(0.02±0.01.μg/m3,.0.7%)>Ti.(0.01±0.01.μg/m3,.

0.6%)>P.(0.01±0.01.μg/m3,.0.6%)>As.(0.01±0.01.μg/m3,.

0.2%)>Cr. (0.004±0.002.μg/m3,.0.2%)>Ni. (0.002±0.002.

μg/m3,.0.1%)>Cd. (0.002±0.002.μg/m3,.0.1%)>V. (0.002
±0.001.μg/m3,.0.1%)＝Mo. (0.001±0.001.μg/m3,.0.1%)＝

Sr. (0.001±0.001.μg/m3,.0.1%)>Co. (0.001±0.001.μg/m3,.

0.1%)로.앞의.지점들과.유사한.결과를.보였다.

B5.지점은.미량원소.비율의.크기가.S. (0.9±0.6.μg/m3,.

31.7%)>Fe. (0.7±0.4.μg/m3,.23.5%)>Si. (0.5±0.6.μg/m3,.

17.3%)>Al. (0.4±0.5.μg/m3,.14.0%)>Zn. (0.1±0.1.μg/m3,.

4.4%)>Mn. (0.1±0.1.μg/m3,.3.2%)>Pb. (0.03±0.04.μg/m3,.

1.1%)>Cu.(0.03±0.03.μg/m3,.1.1%)>Cr.(0.03±0.03.μg/m3,.

0.9%)>Ti. (0.02±0.01.μg/m3,.0.7%)>Ni. (0.02±0.02.μg/
m3,.0.6%)>P.(0.02±0.01.μg/m3,.0.6%)>Ba.(0.01±0.01.μg/
m3,.0.4%)>As.(0.01±0.01.μg/m3,.0.2%)>Cd.(0.004±0.01.

μg/m3,.0.1%)>Co.(0.004±0.002.μg/m3,.0.1%)>Mo.(0.003
±0.005.μg/m3,.0.1%)>V. (0.002±0.001.μg/m3,.0.1%)>Sr.
(0.001±0.001.μg/m3,.0.1%)순으로.조사되었다.

Ⅳ. 고    찰

미세먼지로.인한.건강영향에.대한.국민들과.언론의.관심

이.고조되고.있어,.미세먼지.발생.저감.정책과.더불어.노출.감

소를.위한.방안,.공중보건학적.문제.개선.등과.같이.국민.건

강의.증진을.위한.미세먼지.체계적.관리정책.수립의.필요성

이.증대되고.있다..특히.국내.고농도.대기오염사례의.공통된.

특징은.PM2.5의.농도.증가로,.서울시.대기환경.정보를.통한.

2014~2018년의.PM2.5/PM10.농도비는.증가하는.경향을.나타

내고.있다.17).PM2.5의.경우.인체에.대한.위해가.PM10보다.큰.것

으로.알려져.있어18).PM2.5.노출과.구성.화학성분에.대한.관리

가.시급한.실정이다..PM2.5의.경우.다양한.유해화학물질(중금

속,.이온,.탄소)와.결합하여.그.조성에.따라.건강영향에.차이

가.있기.때문에.장기적.관리.차원에서.단순히.농도뿐만.아니라.

구성성분에.대한.지속적인.모니터링을.통해.국내.PM2.5.성분에.

대한.데이터베이스가.구축되어야.할.것으로.판단된다..특히.다

량의.오염물질이.배출되는.산업단지.지역의.경우.다른.일반.지

역에.비해.PM2.5.중.화학성분의.농도가.높을.것으로.판단된다..

이에.본.연구는.안산ㆍ시흥지역에.위치한.국가산업단지.인근.

PM2.5의.화학적.성분.특성을.확인하고.산업시설.특성별.PM2.5.

성분.조사에.대한.기초자료.제공을.위한.선행적.연구의.일환으

로.안산ㆍ시흥지역의.PM2.5.중.이온,.탄소,.원소성분의.29개.항

목의.농도.분포.특성을.조사하였으며,.각.성분에.대한.농도비율.

현황을.제시함으로써.향후.산업단지.지역의.주요.배출원의.제

어방안과.PM2.5.저감대책을.수립하는데.있어.기초적.자료를.제

공하고자.수행되었다.

연구기간.동안의.안산ㆍ시흥지역의.평균.PM2.5.질량농도는.
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27.8±16.5..μg/m3로.국내.연평균.기준농도(15..μg/m3)는.초과

하였으나.일평균.기준농도(35.μg/m3).미만.수준인.것으로.조사

되었다..본.연구의.결과를.도심지역에서의.PM2.5.농도와.비교해

보면.2014~2015년.서울시.PM2.5.평균.농도는.42.6±23.3.μg/
m3로.나타났으며,19).2013~2014년.전남광역시.PM2.5.평균.농도

는.36.4±23.0.μg/m3로.조사되었으며,20).도심지역임에도.불구

하고.본.연구에서.관찰된.농도보다.높았다..총.이온.성분에.대

한.개별.이온.성분의.구성.비율을.지점마다.평가하여.다섯.지

점의.결과와.타.산업단지에서.측정된.이온.분포와.비교하였다..

본.연구의.다섯.지점.모두.2차.에어로졸.성분인.NO3
–,.SO4

2–,.

NH4
+가.80%.이상인.것으로.조사되었으며,.이는.산업단지.내

에서.SO2,.NOx,.NH3의.직접적인.배출이.PM2.5의.2차.에어로

졸.성분.생성에.많이.기여하고.있기.때문인.것으로.판단된다.21).

그리고.다섯.지점.모두에서.NO3
–/SO4

2–의.질량농도비가.1보다.

높게.조사된.반면.Park.et.al..(2019)22)의.울산시.석유화학공단.

인근에서.측정된.NO3
–/SO4

2–의.질량농도비는.1보다.작게.나타

났다..NO3
–와.SO4

2–의.발생원은.상당히.다르기.때문에.일반적

으로.이동오염원과.고정오염원을.구분하는.지표로.질량농도비

(NO3
–/SO4

2–)가.사용된다.23).질소산화물은.주로.자동차.연료인.

경유와.가솔린에.많이.함유되어.있고,.황은.주로.화석연료.중.

중유에.함유되어.있어.NO3
–/SO4

2–.질량농도비가.1보다.큰.경우.

이동오염원의.기여가,.1보다.작은.경우.고정오염원의.기여가.우

세한.것으로.판단할.수.있다.24).즉,.안산ㆍ시흥지역.산업단지.내.

PM2.5의.이온.성분에.대한.기여는.이동오염원의.기여가,.울산시.

석유화학공단.인근.PM2.5의.이온.성분에.대한.기여는.고정오염

원의.기여가.더.큰.것으로.판단되며,.이에.따른.건강예방.대책

이.필요할.것으로.사료된다..B1.지점에서의.Cl–는.총.이온.성분

의.11.7%로.다섯.지점.중.가장.높은.비율로.조사되었다..Cl–의.

자연적.발생원은.Na+와.함께.해염으로.알려져.있으며,25).인위적.

발생원으로는.바이오매스.연소.또는.폐기물.소각으로.알려져.

있다.26).시료를.채취한.다섯.지점.모두.바다와.인접해.있어.해염

의.영향이.적지.않을.것으로.판단되지만,.B1.지점의.Cl–.비율이.

가장.높게.나타난.것은.인위적.발생원의.영향을.받은.것으로.

사료된다.

OC는.일반적으로.자연적.발생원에서.직접.배출되거나.VOCs.
및.PAHs.같은.화합물.및.1차.생성에어로졸이.O3.등과.같은.

산화제와의.광ㆍ화학적.반응을.통해.2차.유기탄소(Secondary.
Organic.Carbon,.SOC)로.변환되며.발생한다.27).반면에.대부분

의.EC는.화석.연료와.바이오매스.연소를.통해.연소발생원에서.

직접.배출되는.1차.오염물질이다.28).이러한.특성에.의해.OC/
EC.ratio가.2.5.이상일.때.SOC의.기여가.큰.것으로.알려져있

다.29).Park.et.al..(2007)30)은.여름.및.겨울철.광주지역의.PM2.5.

중.탄소.성분.농도의.화학적.특성을.조사하였으며.그.결과.광

주지역의.일평균.OC/EC.ratio는.여름철에.1.5~4.2.(평균.2.4),.

겨울철에.1.7~6.0.(평균.3.2)로.본.연구.결과보다.낮게.조사되

었다..Jung.et.al..(2009)31)은.춘천과.서울의.PM2.5.중.탄소.성

분을.분석하여.비교하였으며.전체.연구기간(2005~2007).동

안의.춘천과.서울지역의.OC/EC.ratio는.각각.3.0,.3.9로.두.지

역은.공통적으로.SOC의.기여가.높게.나타났다..본.연구에서.

OC/EC.ratio는.작게는.8.1부터.최대.14.1까지.관찰되어.PM2.5.

중.탄소.성분의.경우.1차.발생원보다.2차.발생원의.기여가.더.

큰.것으로.판단된다..

PM2.5.중.미량원소성분이.차지하는.비율은.높지.않지만,.이

들.중.Cr,.Cd,.Pb,.As.등과.같은.중금속.물질들은.적은.양으로

도.인체에.유해한.영향을.일으킬.수.있어32).PM2.5.중.농도의.분

포를.파악하여야.한다..성분들의.비율을.파악함으로써.특정.지

역에서의.발생원을.유추해.볼.수.있어.총.미량원소성분에.대한.

개별.원소성분의.구성.비율을.지점마다.평가하여.결과를.비교

하였다..B1.지점의.경우.연료의.연소가.주요.발생원인.S와.지각

기원.성분으로.알려진.Si,.Fe,.Al이.대부분의.비율을.차지하였

으며,.Zn이.총.미량원소성분에.기여하는.정도가.다른.지점들에.

비해.월등히.높은.것으로.조사되어.폐기물.소각과.같은.인위

적.발생원의.영향을.받을.가능성이.있는.것으로.판단된다..B2.
지점의.경우.B1.지점과.마찬가지로.연료.연소로.인한.S와.지각

기원.성분으로.알려진.Si,.Al,.Fe가.50%.이상으로.많은.부분

을.차지하는.것으로.조사되었다..이는.국내.화학물질.배출ㆍ이

동량.정보(Pollutant.release.and.transfer.register,.PRTR)에.따른.

2019년.기준.시화산업단지.및.시화MTV.(B1,.B4,.B5)의.배출

량.조사.결과.Zn.(3,259.kg/년)>Al.(2,813.kg/년)>Ni.(752.kg/
년)>Cu.(718.kg/년)>Cr.(334.kg/년)>Co.(327.kg/년)>Ba.(249.
kg/년)>Pb.(93.kg/년)와.반월산업단지(B2,.B3)의.배출량.조

사.결과.Al.(21,410.kg/년)>Cu.(5,498.kg/년)>Ni.(2,817.kg/
년)>Zn.(2,347.kg/년)>Pb.(554.kg/년)>Cr.(491.kg/년)와.일치

한다..B5.지점의.경우.Fe의.비율이.다른.지점에.비해.월등히.높

게.나타났다..Fe는.토양과.같은.자연적.발생원에.의해.발생할.

수.있지만,33).본.연구의.측정지점이.산업단지.인근임을.고려할.

때.철강산업과.같은.인위적.발생원에서.기인한.것으로.사료된

다.34)

본.연구는.산업단지.인근.다섯.지점을.선정하여.PM2.5.시료

채취를.통한.농도.분포.분석.및.화학성분.비율.현황을.평가한.

연구로.몇.가지.제한점이.있다..첫째,.미세먼지는.기상.조건에.

따라.대기.중에서.수송,.축적,.제거되며.특히.지리적으로.편서

풍대에.위치한.우리나라는.중국의.대기오염물질이.서풍을.타

고.날아와.미세먼지.고농도.현상을.일으키나.본.연구에서는.고

려하지.못하였다..둘째,.미량원소성분들이.다양한.입경으로.분

포되어.있어.PM2.5만.분석할.경우.중금속.성분의.농도가.과소

평가.될.수.있다..그러나.본.연구는.측정지점.5개소를.동시ㆍ연

속.측정하였으며.PM2.5.채취.주기를.황사.또는.스모그와.같

이.미세먼지가.고농도인.기간에는.각.지점별.주.2회.측정하여.

총.539개의.시료를.분석하였기.때문에.산업단지.인근.지역의.
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PM2.5.화학성분.농도.비율을.알.수.있는.근거가.되는.기초.자료

로.활용될.수.있을.것으로.기대된다..

Ⅴ. 결    론

본.연구는.안산ㆍ시흥지역에.위치한.국가산업단지.인근.PM2.5

의.화학적.성분.특성을.확인하기.위하여.안산ㆍ시흥지역.산업단

지.인근.다섯.지점을.선정하여.1년.동안.PM2.5를.채취하고.이온.

성분.8종,.탄소.성분.2종,.미량원소성분.19종을.분석하였다.

PM2.5의.평균.농도는.27.8.μg/m3로.국내.연평균.기준.농도

(15.μg/m3)는.초과하였으나.일평균.기준농도(35.μg/m3)는.초

과하지.않았다..그러나.다섯.지점.모두.고농도.발생.기간에는.

100.μg/m3를.웃도는.농도가.관측되었으며.이는.안산ㆍ시흥지

역의.지리적.특성상.겨울철.고농도.미세먼지의.영향을.크게.받

아.이와.같은.결과를.보였을.것으로.판단된다..

PM2.5.중.화학성분은.다섯.지점.모두에서.이온.성분이.전체.

질량의.약.50%를.차지하고.있는.것으로.조사되었으며,.NO3
–,.

NH4
+,.SO4

2–가.총.이온.성분.중.약.80%를.차지하고.있는.것으

로.조사되었다..또한,.이동오염원과.고정오염원을.구분하는.지

표인.질량농도비(NO3
–/SO4

2–)가.1보다.높게.조사되었다..즉,.안

산ㆍ시흥지역의.PM2.5.화학성분.중.이온.성분은.자동차.배기가

스와.같은.이동오염원의.영향이.큰.것으로.판단된다.

안산ㆍ시흥지역.내.탄소.성분은.다섯.지점.모두에서.OC.성분

이.약.90%를.차지하고.있는.것으로.나타났다..이에.따른.OC/
EC.ratio는.작게는.8.1부터.최대.14.1로.조사되었으며,.타.지

역의.선행연구와.비교하여.높은.수준으로.조사되었다..즉,.안

산ㆍ시흥지역에서.발생하는.PM2.5.중.탄소.성분은.광ㆍ화학반응

을.통한.SOC의.영향이.큰.것으로.판단된다..

미량원소성분의.경우.다섯.지점.모두.공통적으로.S,.Si,.Al,.
Fe.농도가.가장.높게.조사되었다..총.미량원소성분에.기여하는.

원소성분의.비율이.B1.지점의.경우.Zn,.B2.지점의.경우.Al이.

월등히.높게.조사되었다..이는.2019년.기준.국내.화학물질.배

출ㆍ이동량.정보와.일치하였다..B5.지점의.경우.Fe의.비율이.다

른.지점에.비해.월등히.높게.나타났으며.이는.본.연구의.측정지

점이.산업단지임을.고려할.때.철강산업과.같은.인위적.발생원

에서.기인한.것으로.사료된다..

본.연구는.안산ㆍ시흥지역의.국가산업단지의.특성에.따른.

PM2.5.중.이온,.탄소,.원소성분의.성분농도를.분석한.연구로,.

안산ㆍ시흥지역의.배출원.분포에.따른.오염수준과.유해성분에.

대한.자료를.확보한.것에.의의가.있다..이를.바탕으로.안산ㆍ시

흥.지역의.산업단지.내.작업자.및.인근.주민의.건강보호를.위한.

산업단지.주요.배출원의.제어방안과.PM2.5.저감대책.수립이.필

요할.것으로.판단되며,.다양한.배경농도.지역의.배출원에.대한.

연구자료를.축적하고.PM2.5.농도의.총량뿐만.아니라,.성분.중심

의.연구가.필요할.것으로.보인다.
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