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Assessment of Exposure to and Risk of Formaldehyde and Particulate

Matter (PM;, and PM,;) by Time Activity Applying
Real-Time Indoor and Outdoor Monitoring
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*Department of Nano and Biological Engineering, Seokyeong University
**Department of Chemical and Biological Engineering, Seokyeong University
***[nstitute of Risk Assessment, Seokyeong University
**%% Indoor Environment and Noise Research Division, National Institute of Environment Research

ABSTRACT

Objectives: The purpose of this study was to suggest methods to investigate continuous monitoring of
concentration levels and assess the exposure of individuals considering the actual time activity of residents for
formaldehyde and particulate matter (PM,o, PM, ) in the indoor and outdoor air of a house, assess the health
risks of children and adults based on the results of the exposure assessment, and provide basic data on studies
for assessing exposure and health risks in Korea in the future.

Methods: The concentration levels of formaldehyde and particulate matter were measured in a family home in
Gyeonggi-do Province from April 25 to July 31, 2019, using electrochemical sensors (formaldehyde) and light
scattering sensors (PM,,, PM, ;). Risk assessment by the duration of exposure by time activity was performed
by dividing between weekdays and weekends, and indoors and outdoors.

Results: The greatest level of carcinogenic risk from inhaling formaldehyde was indoors during the weekdays
for both children and adults. For children, the risk was at 7.5 per approximately 10,000 people, and for adults,
the risk was at 4.1 per approximately 10,000 people. PM,, and PM, 5 also showed the greatest values indoors
during the weekdays, with children at 1.7 people and 1.4 per approximately 100 people, respectively, and adults
at 8.2 per approximately 1,000 and 1.8 per approximately 100 people, respectively.

Conclusions: The risks of formaldehyde, PM,, and PM,s were shown to be high indoors. Therefore,
consideration of exposure assesment for each indoor pollutant and management of indoor air quality is necessary.

Key words: Formaldehyde, indoor air, particulate matter (PM,,, PM,5), risk assessment, time activity
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71318k AlA(SSGSM-HCHO, SENKO. Co. Ltd.,
Korea), PM;, 2 PM, = 4P (dust sensor, sentry
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Table 1. Specifications of measuring device

AFAE Ao 2 At 24L& 20199 49 25
drE 74 31‘”77}%1 o} 3EL Eol zAlEIgIth 24
tolHE & w9z

2.
= ﬁ?“’ﬂ"ﬁ dHEZRl Fgdsio|=e] sl
ALS $5ted &Y 9 98l =(nhalation Unit

Risk, IURYS ©|-&FTH2 (1)). PMy, PM,59] 7

Appearance
300(W) * 150(D) * 430(H) MM, 9 kg
PM PM,, PM;5
Metrics Gas CO,, CO, NO,, HCHO, TVOCs
Other Temperature, Humidity
. PM 0~100,000 pg/m’
Measuring range
Gas 0~1 ppm
. L PM Light scattering
Operating principle .
Gas 2-Electrochemical gas sensor

flux

Measuring interval
Operating range
Working Power
Power
Communication

Data storage

0.5 L/min, PID FLow Control
1 minute
-30~60°C, 0~99% RH
220 VAC/60 Hz
144 kW/month
LTE Cat Ml
SD CARD

J Environ Health Sci 2019; 45(6): 646-657

http://www.kseh.org/



AU -2 HAZE ZUHRIS 280t BSOS B AN (PMy, PM,52 HFAIZIE E S ?FHE E7F 649

Solls AuQ) ARYY B PEoRE 717
o FHALE B8 VA wE3) ALYPHe Q)
oA FHe B 45 AT, 58 A9
59 5495 A7 ol oFolAIL gout ol
A7 e A7k A7} o) FojAlef Ak &
ARE TS T S Fduste Sk g
A grel BAZ AN B7re] el ofel ol
Wes 2oz Jed Ak olsh 2 e 1
Hate] mAAA) ol o5 A49NeNE Bt

o2 Qs FHA WHE-&(Emergency Room Visit
RateyS o83t 374 W $I8l=(Emergency Room
Visit Risk) 7} W22 (2)) PIAEA] =Z] 9
3 ©$] APEE(Unit Death Rate)yS ©]-&-3F 34 2
W 27| APd 918 = (Disease Death Risk)E A3}
= WA @)s BHstal ol WS T3 WA
HA] eZol] e AFARe] A =S =S

Excess cancer risk=Exposure concentration (ug/m’)
xInhalation unit risk (ug/m?)’ (1)

Emergency room visit risk=Exposure concentration
(ug/m®)xVisit rate (%/ug/m’) )

Disease death risk=Exposure concentration (pig/m?)
xunit death rate (%o/ug/m’) 3)

o714 e Sl FLstol=9] [TURS W

http://www.kseh.org/

== EPA(United States Environmental Protection
Agency?9olA AFsh= 1.3x10° (ug/m’) 'S F&
SIATE PMS] Mo Qg 4 WEE wid
F 570 U Fa V) =AE teE AR
A1 0.9% (10 ug/m’)E °]-8319 o™, PM, &
FA RS FFIAYA BAATANY LA 2
didom 2ARE A3l 1.05% (10 ugm’)ys °1&-
At PMit PM, 50 w4 &9l APGES wid
b AEAE WFoR 2AG Anel 0.4%
(10 ug/m')XPMi))%} 095% (10 pg/m) (PM; )% 285}
et
9] Ao =& Fre] AY
w7} ohyme, B el A7 thel Avis 49
o

2 PRatel, AlelA vREE A R A9oIA
SR EE A7 BRSER T stk BAS 9

gui =
3 FLdlstol= Fdoll 2]t Aofbe] At fsf=st,
PM, 2 PM,; =22 QI3 &of9 &
A W SlelEe 15AI7EA A 2 Aol miE

Ul -QollA MREE2E Ao R ke dY it
£ F= (ugkgday)s &3 oE T2
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Table 2. Fixed assumptions as inputs to risk estimates

Category Age Unit CTE Reference
Bods Children 307 ?g:ig:ﬁ?;ir}; 8{ ]6€nvironment), Korean Exposure Factors Handbook
weight Adults ke 633 MoE (Ministry of Environment), Korean Exposure Factors
Handbook, 2007
Exposure Children 15
Duration Adults 7 84.1  KOSTAT (Statistics Korea), Life Time Table 2019
Average Children 15
Time Adults " 84.1  KOSTAT (Statistics Korea), Life Time Table 2019
S Children 3 12.7 lg(/)[:]é(hlrl‘;?;t’ryz 81; ]63nvironment), Korean Exposure Factors Handbook
rate Adults m/day 143 MoE (Ministry of Environment), Korean Exposure Factors Handbook,

2007

Average Daily Dose (ADD, pg/kg/day)

Table 3. Time spent in indoor, outdoor

_CxIRxEFXED Weekday/ Living time
== T 4 y g
BW < AT “ Weekend Place rate (%) Reference
o714 Cc= Ay 2 A9 Zoslol= 2 ulA| Weekday Indoor 87.56
Mz =5 ), RS 5% 34 EFL = Outdoor 5.16 Yang et al.,
" EW(F g y —f {m 7day), LL’:E Weekeng Indoor 87.45 2009
};] 1= =
=0T =EARH2AMRY), EDE wE7Ike R eeien Outdoor 5.55
PAgE A R ALl PR U, BWE B
AF(kg), ATE Bt =5 YFE 2op §34 o
. Emergency room visit risk
W flel=e] A 153780 Lol Fdd|ste]
=g vARA 9 zeEAe]) 34 weisses  =CIRXEED okgiday)«Visit e (Yhgim)
A% W) A4 elud. (©)
ols} 7o) A © Aele] wREE A7ke] 2]
B 99 W wF BES EE @ A% 96l Disease death risk= I EEXED (ugik/day)
B2 2=8sly] 95 Zoyslo|ze = .
S ]’“‘i Tg_o}z] T H =R '” 0]’ ] ’] EURoi Z_ﬂ'g xunit death rate (%/Mg/m3) (7)
2 Fohu BFER ro] U9 9Y B =E%
o w2 Fddslo]=9] [URE AsIATHA (5)). 2] (5)e} 2 (6), 2 ()& o183t zhztel flsl=
AR T dY Het =F FE e 54 £ A=kt o] A8 =E3S Table 2, 300
HEE B4 O APEE 9A €Y 33 = T YERAT &of 2 duiele] AFd EFEol Ul
=8 S50 AL A W} S G AR @A Aok ofede] e A=A D 9
Atk ol& At Aoz YeRd 2 (2), ZA1S= =809 CTE (Central Tendency Exposure)
2 3y 2 (6), A (D Zel x8 & 5 Stk X}Eé ggsiion, ofe] A ofdo] =& AT
FoBol AAE = 0AFE 154749 A
Excess cancer risk:% (ug/kg/day) I} 3FE CTEY FFL Alktate] ARslth. o]
= 71 Q] A) u_] Al X =
xInhalation unit risk (ug/m’)” 1 B 5) & Ak AR 1D A defele] vs
IR © AR s 5] AFE Faslen,
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Table 4. The concentration of air pollutants in weekday and weekend

Air pollutants Place Weekday/ n Mean SD Min Max P-value
weekend
Weekday 69 35.8 19.1 6.1 91.1
Indoor 0.26
HCHO Weekend 28 31.2 15.5 11.5 67.3
n’ Weekd 69 483 49.7 5.0 232.7
(hg/m) Outdoor cexday 0.79
Weekend 28 453 51.0 53 209.4
Weekday 69 21.3 13.8 5.6 68.2
Indoor 0.37
PM,, Weekend 28 18.8 9.6 6.7 52.9
(ug/m’) Weekday 69 433 20.2 10.0 2.5
Outdoor 0.14
Weekend 28 364 21.6 8.2 974
Weekday 69 15.3 12.2 2.4 58.3
Indoor 0.42
PM, 5 Weekend 28 133 9.0 3.9 46.4
(ug/m’) Weekday 69 30.8 17.1 4.1 83.8
Outdoor 0.32
Weekend 28 26.9 17.2 43 72.7

9 R st AAlEith 71 e] 7

=W SAAA 7P F2ol| wagk Wt 7]

H7h20174 71E)S B A7 Uiy =E
o=z AAsIAE?

R

L. 97 du}

1. 97Xl 54

2019 49 2597H 79 31Y 7HA FLlste]
=, PM,, PM,; F=EEE Table 49} 72t} A4
A F=9] 7T A A oF Ndre] FLdst
ol=9] FEw AUoxe FF3} 2 77t 358+
19.1, 31.2£15.5 pg/m’e. & FFo] ot 1 =4
SAENCH, dee FF, T 47 48.3+49.7,
453+51.0 ygm’= A9 Eg FFo] ¥ =A A4
ATk PM e AW 75, T 22 21.3+13.8,
18.849.6 ug/m*ol oM, A= FF, U 747,
43.3420.2, 36.4+21.6 pg/m’S 2 ZAH AT PM, =
AU F%, FL 242 15.3+12.2, 13.349.0 ug/m® A
9= F=, F 247} 30.8+17.1, 26.9+17.2 uyg/m’=
=7 Aok Fulsto] =9 vR AR PM,, PM,
E o Fool FERT o A SAEHASY S
Ao folgh 2polE HolA] ASkTh(p>0.05).

A Aelg FE3ste] YR FE% Table 500
el Egdstol=e] A FEE 33.8£17.6
ug/m’, A9 FEE 47.0£49.9 ug/m’S 2 UERS

http://www.kseh.org/

Table 5. The concentration of air pollutants in indoor and
outdoor

Air pollutants  Place n Mean SD P-value

HCHO Indoor 125 33.8 17.6
3 0.00
(ugm’)  Outdoor 125 47.0 499
PM,, Indoor 125 203 12.1
3 0.00
(ug/m’)  Outdoor 125 402 209
PM, Indoor 125 144 108
3 0.00
(ug/m’)  Outdoor 125 29.0 17.1
PM,,8] AU FEE 203+12.1 pg/m’, A9 FE=
40.2420.9 pg/m’ 2 JEREOH | PM, 0] AU %
= 14.4£10.8 pgm?, 29 FE=E 29.0+17.1 ug/m’2
Z YEtt EFgdsiel=, PM,, PM,; J5 A<
7 AW ET =4 S4FeH, ol BAKCE f

oJ3k ZFol 5 LERATH(p<0.05).

2. ELU|SI0|= &0 e 742 Yol TWot Ant

duk TP EW) 7R FHE Q)M FY
tslol=¢] FEE TW’E =74 okﬂ dHgo 2
Uehd A#2 HE HdeE
Q1o gk Eu o}OI L
H7}sl Az= Table 691 ‘/]'F/M]Qi‘:}.

Zrofe] Fddslo|l= SFl=
7.5x107, A= 5.9x107%]H, =L A 6.5%107,
A= 6.0x10°= YERHTE A9 fElEs 5%
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Table 6. Comparison of formaldehyde cancer risk in children and adults

Pollutants Age Weekday/Weekend Place Risk Value Total Risk Value

Indoor 7.5x10*
Weekday s

. Outdoor 5.9x107 R

Children " 1.5x10
Indoor 6.5%10
Weekend )
Outdoor 6.0x10”
HCHO "
Indoor 4.1x10"
Weekday s

Outdoor 3.2x107 .

Adults " 8.3x10°
Indoor 3.6x10"
Weekend .
Outdoor 3.3x10°

Table 7. Comparison of emergency room visits risk and acute death risk on PM,,

Pollutants Age Weekday/Weekend Place Risk Value Total Risk Value

Indoor 1.7x102
Weekday 5
. Outdoor 2.0x10”

Children 5 3.5x102
Indoor 1.5x10"
Weekend s
Outdoor 1.8x10"
PM, :
Indoor 8.2x10"
Weekday .

Outdoor 9.8x10° ,

Adults - 1.7x10~
Indoor 7.2x10°
Weekend .
Outdoor 8.9x10"

AYE 4.1x10%, A= 3.2x107%]H, 2
3.6x107 A= 33x107°E vebutth }4
T AellX el flai=rt 7 E=A UEhsk e

o WK R F2 Aol e] 9Jsl=st P
Al vepskth,

3 o
H]‘r ox, —10 rl[‘

Fdestol= F A7t ko] o3t aofe] A%
Jl=e= 1.5x10°C.2 L}E}M JA I:-]]é‘]-

o= & A7t =20 o3 A% l"HE—E

2 R} aole] A% flsler) L

3. PM,, ==0ll OE 4% flaid Tt d=
PM, 0l thgh dutk 7P @), 7F83 T )
oxe] FF, T =Eo 9g Lof & Aele] A
7 {14 ¥ 7F A3k Table 79 YeRASACH
Zoke] PMy, =20l ok d24 I 5
e F5 AU 1.7x1072 AQ] 2.0x107%] F
4 AdlE 1.5x1072 A9l 1.8x10°2 YEsth A
219 PM,, =200 o5 4 AW =27] AFE Sl
e F5 AU 8.2x107, AL 9.8x100|H, F
AYE 7.2x107, A2 8.9x104C.& LEITH PM,,

O

-+

0,
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FA EES 352107010, 4ole] B Wy 2]
EE 17x10720% Ve Zole] 2w

d SHd WEee] 7P =2 S Btk

4. PM,s &0l e HZ lslld H7t Azt
PM, ol thgh duk 7R85 (AW, 7 FHES)
e 5, Fo wFol 93 Ao} & 4gjle] A
7 181’8 %7t A= Table 8o YERASIT
20k2] PM,s eZoll 9% M) w3 W
Yelee F= A 1.4x102 29 1.7x107°2 Y}
on, FI AA e fEies 1.2x107 A9
1.6x10°2 YRSt A2le] PM,; =&l 93t F
A A 271 A flelEe S AW 1.3x1072 A
9] 1.5x10°2 Jehton, 3 AUl 1.1x1072 A
E 14x10°2 JERITE PM,s —l—Eoﬂ ogh Ao}
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Table 8. Comparison of emergency room visits risk and acute death risk on PM, 5

Pollutants Age Weekday/Weekend Place Risk Value Total Risk Value
Indoor 1.4x107
Weekday "
. Outdoor 1.7x10 R
Children - 3.0x10*
Indoor 1.2x107?
Weekend
Outdoor 1.6x10°
PM, 5 -~
Indoor 1.3x10*
Weekday 5
Outdoor 1.5x10 R
Adults 1.7x10%
Indoor 1.1x102
Weekend .
Outdoor 1.4x10°
o] M2 W $FA W fel=e % AuldA of ZE= U= UL EZ Uig S8l HE
7P =& 3E vERler, 4l 54 AW 2] FHBIAA T, B AT Aofe] A wE 34
A el =x Aofe] 34 WE ez} vkt e AElEE Hrlstelon, 4Rle A9 4 2
AR FF AWM 71 23S velgth W 27) AF Bl=E Wrkste] AXECE A PM
PM,s BAIZF &l ofgt Aolo] 2] I & =2 ok A7 98 2 S v SE
A SRl EE 3.0x107°8 UEREe ™, A1 & o] JFgo= 2lgt 7&%3*4 BW7tHtE PM A =
4 A 27 AP SlslEE 17x107°28 YRt £ Z2 Wrkete AR WS ARbeitk= o9
ool &4 WHE fElEst Y w2 3E Ao 7t ik
Fdgrslolze st P =2 2L A
Iv. 0 & 9, FE 49, —r% %141 T AU so= e
E‘r *‘LHOH/HJ FHe| Zgdslols Ht F
o] AT HFEEE IS0 YRR AI7kS = 358, 31 2ug/m3°i FARCE fogt Apo]
HUle thE2Q ARl FAF A, Al 4 = L}EMXI 2EkO 1 (p=0.26), A2JoIM= 483, 453
*‘9& TRl EFsle Azt e Egdsto] ug/m' 2 A ORE {23k 2polE HolA] ekskrh
PMlo, PM, ] 173813 H7HE 33t 2k & (p=0.79). A & A BTN Fgrslo|=e] F
ol gk AP S Xﬂ%ﬁ?‘:ﬂ UL}, ol gk A Tt 75 2 T ol FAA 2polE JEA] &
i Fagtol oy, B AtE A F IHAE T+ 2 A A FE e ZH“XH 5494 75 4
it A+E 3 o}°i\3} AA, sl 74 Al o FI k) Al AF ARE 2 EF F 2elE
A eje] Fgdstol=, PMy, PM, 5 57, w4151 UERA] dof YeRd AR gAY g A9
ARE AreH, EX, AFRFES] Ad)-9] HF AA| 4717 T 2 WSt jlo] F5 FE F
B2E AE FF, FER FEShL, Loke) AdRle Tkl FAH SR [ lolE YERRA] 25 A
2 FESINT SHE 7 LE9ELY shdolHE o2 yEch
73 FL|Etel = FYOE 1% 2IpdkelEl s, A -9 FgHstel=e] TEE A 7] F F
PM,, @ PM,ol tist Zole] Hadd $54 W T7F AW 7] o TR SAXSR folgh
B8, PM,,, PM,Ol TS 243919] 34 AW 27] A} %8 e Ueh)la 9l 202 ZAE2THp=0.00),
T A =E AMEste] Alx e ey e o] A ol FHstel=e] A9 A5 WA 2 HEA
WF7] e &g 42 @7t i XY oA MAEE A AW L9EE=E A

ekw|o] Y E|SL7] wliZol], Ut A & F
A A AFAY gk 17 9E18 B7HE st
+= dol $AFEe] k. 28 Particulate matter
(PM)ll gk 719 9 W7k 9% 5 PM
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zdt|stol =] oot RV R FF
17ke] 919 % QE2] Apol7t gl A
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