Journal of Environmental Science International
29(6); 673~682; June 2020

TECHNICAL NOTE

FAFYEAT AFHD

y &

pISSN: 1225-4517 eISSN: 2287-3503
https://doi.org/10.5322/JES1.2020.29.6.673

#]ul4 87132 (VOCs)o] gt AZ<iald sz}

Ol - UM . o|HEY - HEA® . FHOP
DA Zestan SlaldEr b P M Tet LAy g, S
el

o[XoMA”

A AL AT AE, DA ek ST

Risk Assessment of Aldehydes and Volatile Organic Compounds
in the National Library of Korea Archive

Hye—Won Lee
Cheol Min Lee"*

HUI Been Lim? , Kwi—Bok Lee®

, So Yeon Park?, Jeong In Jeon?,

Dl nstitute of Risk Assessment, SeoKyeong University, Seoul 02713, Korea

2Department of Nano and Biological Engineering, SeoKyeong University, Seoul 02713, Korea
9Research Center of the Records Preservation, National Library of Korea, Seoul 06579, Korea
“Department of Chemical & Biological Engineering, SeoKyeong University, Seoul 02713, Korea

Abstract

This study investigates the concentration distribution of aldehydes and volatile organic compounds (VOCs) in the archive of

the National Library in Korea and evaluates the health risks to workers from hazardous chemicals. Acetaldehyde had the highest
concentration among the nine species of aldehydes present in the archive and the concentration of toluene was the highest among
the six species of VOCs. Most of the detected substances showed that their indoor concentrations were higher than the outdoor
ones, suggesting the possibility of indoor sources of aldehydes and VOCs. The evaluation of health risks for workers based on
these measurement results showed that not all substances were hazardous to the human body. However, considering the
possibility of the presence of indoor sources and the potential limits of our study owing its short period, it is necessary to conduct
long-term studies on the concentration distribution of indoor pollutants in the archive environment.
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2 A9 7|skskE(Volatile Organic Compounds;
VOCs)9 F£8 Fg9ez dHA JtiEmsley &
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5] =(Benzaldehyde), i-2| 24|51 =(3-Methylbut
anal), HEPd(Pentanal), 3APd(Hexanal), 2,5-t]HEl
H=UH|5|=(2,5-Dimethylbenzaldehyde) 52]
3|=5 113} Al (Hexane), Tho|E=2 2r|el(Dichlor
omethane), S22 3ZZ(Chloroform), 1,2-T|SZ2 29
EK(1,2-Dichloroethane), HlAl(Benzene), EB|EZ 20
EK(1,1,1-Trichloroethane), EF<M(Toluene), HEZZ
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sl FRAFFUA LT Lifetime Average Daily
Dose; LADD)¥} B85 Average Daily Dose;
ADD) 4HE315ick
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Table 1. Toxicological information of aldehydes and VOCs
Pollutant Classification Exposure IUR@ CPF 1 RiC 3 DNE]; RiD
route (ug/m’) (mg/kg-day) (mg/m’) (mg/m’) (mgkg-day)
Benzene carcinogenic Inhalation 5% 10° 1.75 x 107 - - -
Formaldehyde carcinogenic Inhalation 1.3x10° 4.55 x 10 - - -
Acetaldehyde carcinogenic Inhalation ~ 2.29 x 107 8.015 x 107 - - -
Propionaldehyde noncarcinogenic  Inhalation - - 0.008 - 229 x 107
Methyl-ethyl-ketone noncarcinogenic  Inhalation - - 5 - 1.428
Hexanal noncarcinogenic  Inhalation - - - 29 0.828
Toluene noncarcinogenic  Inhalation - - 5 - 1.428
Hexane noncarcinogenic  Inhalation - - 0.7 - 0.2
Table 2. Exposure factors used in this study
Unit Value
Body Weight (BW) kg 70
Inhalation Rate (IR) m’/day 20
Exposure Duration (ED) year 10/20/30/40
Exposure Frequency (EF) day/year 230
Exposure Time (ET) hr/hr 124
Life Time (LT) day 30,295
Average Time (AT) day 3,650/7,300/10,950/14,600

(Reference Dose; RMD)ZE Uiro] YHA|4x(Hazard Z3)5l9ic) o] % WkEAlo] Tt %

Index; HI) S ARE3}9ITh TPl =S L§3}7l flste] Dofesi== A5 3
SHER RSl AR OR Wakslel WY
ECR = CPFx LADD A3) ol thigt LIRRITE AMEs] fleiA SU=33darx|et
ADD ol A A0 2 WEsiC Table 1)
HI= 35 )
’ 2.2.3. =& m™IHExposure assessment)
2.21. Folld &Rl (Hazard Identification) AZA 1 Ex}e] olgE| e W VOCso|| tiat 2

ARSI A w el fhy sl T
ol o 0] falka ehlsl, ek S v
ol 2xlg LSk nj g}ﬁﬂﬁq(Us EPA)_J
IRIS (Integrated Risk Information System)2} -G
$HEU)2] ECHA (European Chemicals Agency)E ©]
Bolo] i =2 TR, S 3R0arx|(Reference
concentration; RfC), F-88F =< (Derived No-Effect

4. 2= ZAZ(Risk characterization)
level; DNEL) 59] 35 St FAE Q= A=
evi ) 52 =0l et F %o }o Y7t w2 gyl A2E 7Eke 2 o)w
& SHelsict S
=

i), WekEe] A9 ZTIRISRIES, v
MR A9 SIRASE 27 Ak Rt

2R APY5}7] 918)] Table 29} 2] w2A14-E AAs}
ME} AF, 358, 7189 A9 A4Q Bt 722
70 kg, 20 m*/day, 83M12 AMESBIITHME, 2007).
FAIE] 79 = SUAIR 1 de] 2309, 3ol 1AIZF

TS A e® TPsiglon, IS 104, 204,
30, 40 0= Lol e F7HE a8ttt

2.2.2. 8252 mIKDose-response assessment)
F3ld 2Rl SN FE5E SRS 7Re R
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Table 3. The concentrations of aldehydes and VOCs in the valuable archive

Mean + S.D. (;zg/m3)

Pollutant

Indoor Outdoor /O ratio
Formaldehyde 26.87+1.79 16.23 +15.43 1.66
Acetaldehyde 15723 +6.43 11.33+11.49 13.87
Propionaldehyde 6.03+1.03 2.15+0.35 2.81
Crotonaldehyde 2.53+£1.54 4.00 0.63
Butylaldehyde 5.10+0.96 2.50£0.14 2.04
Benzaldehyde 2.25+0.49 2.25+0.07 1.00
3-Methylbutanal 1.10 2.40 0.46
Pentanal 2.90 +0.61 1.40 2.07
Hexanal 3.00+ 1.05 3.60 0.83
Methyl-ethyl-ketone 12.27+1.21 - -
Hexane 16.27£1.91 9.60 +2.12 1.69
Isobutylalcohol 4.00 - -
Benzene 6.43+0.23 4.20+0.71 1.53
Toluene 66.43 +10.69 7.87+3.36 8.44
Ethylbenzene - 3.40 -

S 1.0 x 1078 7102 Meisls) 7K 4wt

st AEAE dAOR 18 7lE0R ol 2ot
Sl 91l 7Hs o] Qs A0 TSR, 1 o]
A AL olele] AR BN 2 8 etel

of T} g2 0.1 710 sttt
3. Ayt

3.1. HSADT ALl - 2 LHFIER & VOCs s&E 82X

ZM

Table 3& Add|5]= 11 4 7|} VOCs 212 = 4
2% x50 Ay 9] =% 9 [/O ratio= Aj3te] &
2 UERA Aotk =A A9 37] 5 de 542
EFUH|SIE, oEYH|S|E, R u 25|, A2

Eddls, Fadrs]|s, HMixdds|s, -2
1=, #ehd, g 5o ddjsl= 953t skl WA,
FQll, oflgHilAl, o]ARENE, wHdEAE 59
VOCs 60]|Jrk.

AEA L Y dHsl=ft e RS Alri oA
EU8| =] Pt e} 157.23 +6.43 ygm’2 71
B2 s Hylow, ZEUTs|=r) it 26.87 +

ol [

it

1.79 ug/m’ 2 o EUTE] =0 o]o] = HAR 2o 5
T2 A = £49) 1/0 ratio= Z}ZF 13.87,
1.66 0% 1Ht} ol AU e gelo] 24 7Fsde] 8l
= Ao= yepton], 53] opEU|SI=S] ¢ A
o] Fert Aol oF 14ujof Doh= A o= epsith
US| EE TE3715E Helol et HE o TE
713120 yg/m’)o] = FUFH e FEAT, 7)&} H]
e W Bt Tt 710 10% =91 2o = U
Eptt. ZRuleddds|s, FEdds]s, depge] A
W et s 717F6.03 + 1.03 yg/m’, 5.10 £ 0.96 ug
/m’, 2.90+0.61 yg/m*olm, /O ratio= Z}z} 2.81,
2.04, 2,072 150} o} A 2 HYo] 2AE 754
o] Sli= Ao® UEPAR 5= Al =4 g2 e
T ARSI ool ik, AREdTs|s, W=
olsls, iU =dTs|=e] e v HEESeH,
1/0 ratio”} Z+2} 0.83, 0.63, 1.00, 0.46 0= 1 X} Zlo}
A A lo] EAsHA] ok Ao AR SITh
78 VOCs ZFolAl= %%01 o AW Het s=7t
66.43 £ 10.69 ygm’E 7} =2 Aoz ARk
SIS Ry o= 7] vﬂ%} el o= o o] o

= PP frlelkaR 2 deiA Jlom, ofof wet
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Table 4. The results of risk assessment of aldehydes and VOCs

Pollutant FCR HI
10yr 20yr 30yr 40yr

Benzene 1.02E-7 2.04E-7 3.07E-7 4.09E-7

Formaldehyde 1.10E-6 2.20E-6 3.31E-6 4.10E-6

Acetaldehyde 1.14E-6 2.28E-7 3.42E-6 4.56E-6
Propionaldehyde <0.1
Methyl-ethyl-ketone <0.1
Hexanal <0.1
Toluene <0.1
Hexane <0.1

f

F4l0] F=rt 7P = vehd A2 et Ak
AR} E2909] I/O ratio= 8.44% FQ WY
Aol 24 71s7do] s AR ARSI Skt
I} HAS] HAFA AL W Bt s 282 16.27 £ 1.91
ug/m’, 6.43 £ 0.23 yg/m’ 2 EFllof] H]a] nj>- Lo %=
T2 BQAPE VO ratio 9A] 2121 1.69, 1.53 02 = &
2 BE 15 Zapsto] Adjo]] L dHo] 2 7ol
QUetar ke E3L wEogAEY] - AW Bt
w7l 1227 £ 1.21 ggm’ 2 vk AEEglon), Ale]
o= HEEA| got AY o] EAfslk= ZloR
OJplEr: olaFEUE 9 olEHlAS A E= A9
oA ehF o2 HEE oM 11 Fert uie- WA =
AR AT
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AeAaL AU ] LHjs|=F 9 VOCs 55 #32 £
A+ A3 HEE Rl e d=dEel tiste] AEsAaL 25
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s = APsto] LERHSITK Table 4). oM d=4
Tl ZEUHS| =0} o EYUH|E]| S, 1afar HIHle]
735 ZIPURIB=(ECR)YE ARSIl o, vlde=
2]l olizlgy), Zauldds|s, HdoBAlE, At
o, E5¢, ik 2] ojilsleke] 79 A R|4(HI)

-
ll

o

20
e
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331 x 10°%, 4.41 x 10°2 712921 1.0 x10°E 2375}7
Qo A4 AL Y T A] ZEUHBIE eFol| w2
RBl7t AT W2 A 0= It o EUT|E =
o] 7S <o et 212} 1.14 x 10, 2.28 x 107,
3.42 x 10%, 4.56 x 10°82 ZE2AM|5|=9} upiriA 2
HerRlsl7t gl 202 vEliith

HURREA9] 79 A4 W ol e e eEol
T2 RARGE AkEsIGlon, 11 Ay} oills), 2
T 2UYs|s, wdogdAlE, AP, 74, I nF
71291 0.1 mREO.2 AE|o] QIAo] flal7} 3 Ao
2 aeErh
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AR 53] A2 B4 % opyEatts| sl B2
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£ 9 7)) 20 gEelon Agsl] 2|7 2ok
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A& A 02 Tt T3l A Ao A A 2
AA HSAE ARESEo] Aol AME= 77184
P AoR 2AEI. TRl Al Ele) S
7F ] A VRt A2 AEAaLe] S AAE] 2
@ A S o, SAREH(RA TA] 308~ 2

7 8A] 300l F717} ol FoiRlel whet xjeke] 2o
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