=/ [t Sl MOjLE

L

ZUHSHA &

Kll

EAY7]2

1
11—

Sh

o)

A

=)
=

3} Al o] A

=
=

LIl

2020d0f AdE wi7|ete] A whet gid, Al S5, A5

Al SHEeR EREHIeH, 59

1} O
™=

SF
|

=
K<)

O

od

olslzt @Amoto] %4

oA
or
ﬂmo

o

o

B
o}

110
10

<+

o

1

110

O olef METh ATl ATuR AnUE E

Rl
)

Kk

A9 A1 el 28

{9 ti7|&7gee] Al

o

7S

=
K<)

O E Ao} A7Al A2
m( Jltigzat

O A7AT} 7t A




WADIR

I\')

O 7 RUHY ¥ AZ71d A40F AlruHCNIARY 2024-10)

O 4 A

2024 44 59 (&) 10:00~12:00

Ale], A&

A4l

.mo

o

B
on
3
ol

Mo
N

o
0

xr
_XD

V| M

— — X ot I et
m._u ol__..._ m.m Q_..._ |_;.A.O ml__..._ ™~ ol ~
N O Y 0
H |oofb|oolt|w RO i) | RO | RO g
T8 e g | ot | | o
= Q @ ol 4
D zn_.a zg 30 m_%t QT RE T
D Bw | Ok = oo
Mo = | Mo 20 @ | o
~O ~O % & ~ %J
ar o
Tla | I |E
8 ) uw 4
ol X < -
o | om | our _M_mz
- _I_I m T @N_
™ Bl o R o
< 30 o o | S = =
oo | = | ™ | = I N N T )
_ Nk o |I_| _“__._.= D_z 8d = _m._ﬂ
| x o |z |
= <E = or by i
=} > < T w
< R i 0
X0 mw > | O
~N 1o} =
= I
3r N uUu ~
< i T
4 _23
_z_.o
AE-NENE RN
~ - ~ ~ ~ m = Lo
IA o o (@] o o LN (@]
o“_ N ™ LN N ™M LN o
o o o — — — o
Ul I I
S S I = = S




(2 1]

(23H)

|
™
A
sl
| ER | R | RN R m) o | WL R R R0 RO B ROl N R | M
1%%%@mﬂw_u‘%ﬁoﬂoﬂ%ﬂ%%wﬂﬂ%ﬂﬂ%
S|~ | E | Be | Re | of || ) | R IR o | R ok | RS | BF || o] | R ||
AL
il
Q
—_
—IA
FE ) el e [ R | RO RO | o R R R R R | R
Q) iy
FIDIE E e P4 |mm T ma T T TR TR R
s R O A A A A e s
_nmﬁ mﬁ I B e i o7 i B i R i Lk mro|mr | XT| "M | XM R R AT
- ﬂ
T i i
— [Ho
4r ,m_mmw Jmomb W~ T
Ko T
i o T
an il !
Ko T
~lalols|n|e|mlwlal2|a|ao|n|e|e|s (22|88




. Q 3dzry
s klUH?_I' 7'?—%"%%;_{ x$; LH _I?r:l.-"jl.l—.'-l' E?—m_rar *‘"DILI- ChungMam Institute

eeeeeeeeeeeeeeeeeeeeeeeee

| 2ot oo o1 2 SHAReIol 57 AR

2024.4.5




<]

oFl

8l

e

a0

Kt

(g
e
N
Y T
5
O

T4 Hot At

S+ 2bX| 27H

3.




-



3

Zol}
sof
’ri
£

rie

| SYHTA(ChungNam Institute)

S22 SHE AL

o M
v 00| St X|FUTS et AN - 22
o =IO

[ aiiorses [ 9]
v DA N
v EBIE0] o 27
v’ O£r2fA| X[ =y
v SBRE| o Yt

o 4
v 54128, 183z 1
v QIF 16001 E—r WO R EX| T
v = 39 | XA AT 121 ME, 29 E7)

Q [kix 282 1)

RSN AR
M
&

388t
< S'gd S OO 7| S AL

ChungNam Institute Seohaean Research Institute

4/48



of 3
Mt : o
Bl i
oz i
: 5
Kloz %Huas
7ot
A\ 4 % B R
o o @
W oW o

HetE AN
st
=Hs ZUEHY

=3
o

e 7
bl
o?f

st
=}
T4 YA

~ ~ 8l

Rlo B &
gl oF 3!
=D 1ol
~ T o
8lol~
4
205K
X % o
10 X o
<I3rom
PiE
o o SR
RORORO [
Klo Ko toi!
6 3 of Mﬂ=

oo o (
Kis

)

HES
2|
BRSO 42
2|

2t

=]

37
_OIEI
2

[e]

A

3} A
A
DLHE
x) &

o 0fLiX|- 2 A7}
3

—_
T

0

° |
® /=
o of
o J|2H3}
= AH
-/ 1

=Y (2015

5/48



| 74 A

L] =y g, ldl— -d 3%, —_ -d g/ PH g, I'H Sg, =

=
S

O
O

=g 43

3g

=
=1

=0F 39, 718 2, Or=t7|

S
-

Hrels 39, 71

6

il
!
)
!

ra

Kl

50
%0

o1 79| 2

| (A

A
(i

<0

of

wM_

ol
Rl

-

ol

$0
Kio

=07l

7 S O
|27[HS, O

(2 AL

F

10
80
4

HEA & (A

SEIZ2[ KA

of

81

O] &7 (|fAh
Ol &% (HAh

8l
KO
wt

10

of

8l
KO
Hmt

10

of

ol B (A

25
o

TETES
7128 S, ti7| HiolE =4

of

8

100

7|58 23

L=l
=

CHZ| &, OF

of

(A

| (9AD

Ol (

0K
X0
=

A

22| A

of

0|23

orl
20
1

FAF)

-
o
=

X~
o

6/48






| SYEHT &3 Ol - X|F-&EH oA : BMS X|Choj| {ix|et =2 € & Sl LEUE X|F

O X2 o : S22 0MHXE Q17| S40| HEOZ 0|SotAL SMS0| 28 I U FE
O 83 6 JEEHUTA(ST, 28, Bot, M), it 4R=sHEHX|, AHEA S Ha2 HHEEAL AR

HAMS X|CH
72| ols Wi7|LE=E
SIY A

M= MESEEITAL] ) /A
M= 30 YzatettA| 2]
g E Sl QYU E(XIA+22FE)

SIStEY R57| ALl S AI&H SstAll
7 |2E=E HHE55(KORUS-AQ)
FHUS9 2o JE0f tist =4 St

X{0| SIS LAl S0} 7|22 JHAS Ql3t T | 22| CA4 Of2i0] Al

8/48



S

ChungMNam Institute

O 97 S5 : s2{UdA FHI|Y 7|$8F D O71E & ZAH/ 2017~2023E (5H7ZHYf 502 #)

O g+ LE - 2TA FHEXG 7|2, t7|3& 24, HEj2tE Z AL DofH|IE 4+

@ O2SSH el UUA THZH SHEEA| NS 2l 7 [eeE el nfely ASAR 1%
192 7|81 FEEA} 7 |HI0R2AT HAE 24
24: U2 oA TsHHIR £
39: HEAJHIA 7[u2io} 2|0k (o] 22|t fd
4: 7|51 Fsichol Ljoj 7|0l T}

v5AE SR | 7|0{= 24 S SoHI|olH| 8= 0 HEf2HE FekEA

MIE52) HEL8, M52
CH7| A 22N Are|24im| 38| 21w 7 AHENSHAT DL|Ef 2

22| 7] 2 OsiH|E S=USals RSS2 el
2SM7} 23| i EREEIN A= L ZLIE
B2 A H|SA| A =2
_ =21 = =}
L 3ROy 72 il CBRUHAIEE | - R LS 4L 24
! 1= = S oo
. 2| o skmjot B M HF 235k 78 . o= S OAL HM
o712 OOIII-_I(7|015_|L--I.‘ o AA|ZHH|AFHZ Hﬂi%n&!?l‘ e 0y EIRR. RS 325 &4
+ 71387 DB AlA” 44 o mopaz A wer | | ASATIEHEIS 4 - S0P MefDLIE(Y
- RH2HY 2 seix sz gy | 0 HEASMBH ogtor | - gopa 3 25 92
— = (= k== =
. 0]7|1= LIE{2l o B}24HEZ] A A = . 7|3 x|0k= OL|E{2l
171, CO2 2L HHS 7t Cy A T A st H A | 2Hofl whHE |F83 ¥ oS 2LIEY

© | HHHA 220k A|A|
BEA

ChungNam Institute

{XNU

‘-EM@%@EEEM&
J FY il

’ 7t AlLe|2 24

Wi CiCorm kfq r=zzme
DAEJEON UNIVERSITY W Korean Foundation for Quality

O (MZMFH H2) 2017~2023A('HX & 5XHAE, Xf=H DU 7|2t

2
O B7HY o) SHEHETAL % O FHXYSE FHeE SHHE MY

0)71% 24HHE

TYEYY 2

dEHUVIE BE HS

ti7|e¥=d 718 =8

HMHEHDB A|AH 1S

XY AHEA HA =5

9/48



g 39a74

ChungMNam Institute

| it STXIS 7|23 gk AL

o

O AT S5 : tiat ARSFerHX|of et AL 22| F2 M1/ 2017~2019'E (2E2H 7.5 3)
O A+ WE : 4FestHX] A2XF 7|2 ZUEE, o™t t7IE &2 H3 e

| RIXER]| Rped 22 - 221 0| A4

18.03.21-23 X H2ZAL F0 ojHE U AKX = =A 1CHT CHERHZRAL olget (28
18.09.03 1% F2tm a3 QRTWARY B0 g AR A

18.12.13 FoIzrErs (1) ML A B APAY IR CiAgARRR XIS o AN @)
19.01.17 el 20 sR Xl U BHelH 21)
19.02-04 25 MEEA 9l ol o elxE =At cHatEAtR A S A ey M
19.04.25 2% ZZHR 1 F|(2) AT EIYAte =0 Stz SR = X F=2l(82)
19.06.18 B e S7tE s RAAFY BT CHArS AL 2 Sl el
19.07.10 2% =8| EXU S8 ey
19.09.03 omza B o ATHI =D UMM Eof  CHUAMRHBIER  ClaBERels (10)
19.00.04 oI mae oI KRBT UE oA AR 2 W e
19.09.19 Fo3ns3) QTAI BD Y oAU+H SoArsl =2 CH&k (A R < el
19.10.01 o) ATAI B W oAU+H cis12/or2 s 2 EHatd 4TI Sl

HAIZHSEEH|E 283 VOCs 34 2L EZ CHARARACEX] CH7|E! 7HA =& Cl=H

—_ =
g 1. 7|8 SHi x| ‘ 11,212 A AHHEA IR 2
8 2. EWmE|AY XM, 12, AMAUEX] FHX| Y STHE X
HH= Al
HE R AAl ‘ ‘ 13. FRIXIY 71R M ME 2
3. SFSIALT M THS
0= 7Hgt - Hi E 5
e 4, MATIX] ZHX|
ime of day (hr) 2 = x =
Rt A MH ZHHME 5 zogszs 3y 9. AFRITIR| HYEAIA
i e — TELLE N SH| M x|
T —— CR—TTT 6. HIEAIL SX2| S8 ZA 10, MQITHX| 2RI
e = = e =
. - 7. QEHIIIEE AAIZH DPF Sist 2 LEz 23
= —— - = =
h: T = ’m‘mf‘: SLIEHE AAY 315
—————— S 8. LIFE HEAN tyleasd
oy Ty == xNZAIE ol L

10/48



S

ChungMNam Institute

SHHE 07 |2ETR NHE 22

[ -

A S5 7| A2 A Ot XYE SREHS 7|I2A Y ST FYS 2ot HE AAAE +8 /20208
O+ WE: SYHES U712 o 24 2 Ol2H0S, SHEYSE At 44T P8 2 IHH MFAIYA = HA|

1. A=Y B9 2 Wg

Jh A=Y Ed
O 71EMET 2006 CAPSS M2 F

¥ U Pves S 7|08
T :I 2] 30%
[ | a2l 30~50%

O AYIIE D204 -2024¢ (54)
0 24 h7REY : BHERE 299 6 A 22 T

F8HE Uiz A

o | 1 e
MNESY
Ay | EN
HIAL TN, AT,
SURE | mug RYF YT
wan, 354, HEA,

OFAFAL, AJAHA], = AtA]
BHHE | ABAL BTN, ¥0IZ,
MU, HUZ, Y,
o2, Bl

TEARE | TTA, BAN, QA

(08 12 593 IEETE GERS

O BHYLA AWAY AU Ry A D2 AN U A2
02924 2l

o1 e o o R e B2 B ke, ) e o
e 2B 3 ) BN A weRNR AR
SeSl FXRUT B3 94 B M P, KO- O:
$ - By 28 | TSP, BV, P, 105, SO, VOG5, O
- RUHRY | P, P, DR, S0 VOCS
TP SR AL AL A BEE ez, 0. HTEYY

N} VocsS] ke A B wealeld 44

3. FEEE 1B ANBA 14 EY HYWSE 2 AN

0 AIEAE 20l LS HY 2 SE &Y wEEs 7 mw  mn  wm W aw
TedEE s mmo  &we  mon &
e WEHESE s mems  wiws  waw  maw
FAEE 4555 5067 538 5652
TeaEs _mor  mer  mw  wem aew
o BEHESE  ews iy wra  ma  iem
i SuAsy 2258 2580 2748 2871 3142
ERHET 170.828 171360 172584 173285 172.840
Nox HEHesY 12908 116400 108327 458 95988
#M 16 /i, PV 34 /i, NO: 0014 ppm. 0 006 ppm | S o e Em  am o
TedEs  mrz  me0  mes  een  sse
Sox. HEHEST se4as 51.258. 26379 @37 37195
e E o A | TINEE e mve  wme  asw o
EYHET 78152 EE 0236 20343 eldas
o] & [egd T ﬁ%‘“’! i oo HEHBSS @a  mme  mm  mms  mew
113 HESEUEL AeT 3 AKT au sz 8743 10097 10289 10408 10553
vasns o] 223U BRI BELG Y
- E 02) mwwu FRAE D HBY 2B 29 - Aol 9 A -
| 211 i s =aen 10. B0hE DBUWES 3 AAAAT
| pet ESERT ool £ 53 we TEELE R
— 288 7= EL] B HEE  WEAs  eEesd
7 TET e T Tedss  zem 2 dee  wam  iwmen
Phin. HEHSSE imse0 1882 3687 45362 134703
o enem TR mer 2 e E
=R un |2 FEHEE  om  ew  mm  min  eow
o BEHESE  wmwe  wwm  ww e vase
28 B naeen e TR ves = = s
2 £z05 EE TENEE  sew  ieus @ ET
L o Nox HEHESY s 69250 59781 21621 391685
z| LR = TEAwE  wmom  wmao  me 2w wom
B TEEE ek 7 )
RO KA e s HEEESE mer % e s mme
x|04 of B SR el e
fmeise s
=> = o THedasT am w w  me e
TR wee e e wow

11/48



| Ml =2 7|12 7id Z2HE

2ol}
sof
’ri
4

[

037 =5 . 57 SL25H fRYUEs LESEL FHHOZ UE L= 7|20 et F9H /i OpE / 2021
O3+ LHE : B U712 JHHSE o8, 15k O\MUX| HUA FHYH ALY 15, =2 FTAY 71

rir

83 7|23
Hi=E M

FoI 2 I 7|70 M 2
HEMM”Emﬂda

- A O] sl
10tz A Tf7 b a2l

7129 g2 & 2E 75

MBHoH 7Rt =Xt
BIAAJ AR =

=27 t)ek Seteia

— 7|2 SRR AN AR 75
- HS2 NS AP DB
- Ol el AN ARl =

Hofple =2 ]
A7 o=

L7 IS e el Al 52

Aot 28 2 7| =h 2 2t 2l =
1,90

12/48



718

ChungMNam Institute

| EAFE 7 [EAE 8

O 917 25 : 2050 F/IHASE M3, BASY7IEY H11Z, H12% oA HHIDAR
O 97 LIS : X2 SA7IA HIEBHET} HY, EHASE ABS oI5 2ATIA ZS2CH 48 S

I'

T Step 1 Step2 Step 3 Step4 Step 5 Step 6
BAZEE
A 7\ st 5 g-xat
pJESEES] X K| A
JIEAE 2N
et W=

| 2045 ELASE 2EY A2UA| EASE ST0| T2 £7HHR UEZ MY

J}

500,000 =
: N 7|2 H &
té—l g ]:” i! 400,000 \l _ 222 %1
_ HI2AE
ZR0f [ ooem0 , 122
, —=X=)
HoH 200000 66,921.9 81,712.6 100,/270.1 . )
100,000 —\ P PP e - o o S
1RO — ' T ALLLLLL S
- ¢ TR TS 7l A Zj0f T
AEA -100,000 CHam 24
Al &8t -200,000

EASH gAY

Ty |woem

X9 S40il 5l HEsH
s Of| L K| B¢ =5 (2] ) we 2HA(ZH) e HHEHE) e HZIB(HE) — () EtASE Hag Ioist
e 1B (IHH) e 0 7] &(2HE) ——=tiEY —=-ALjE|lR1 e AlLta| 22

13/48



2. MO [SBIAITA ST AL

| 712217 ST =8

097 25 : K| 7|$E214 51, BASYT|EH HA0E oA HHYOIRARY
O 17 LHS © XI%) 7|S 5 SIET MY, oMY U 223 7}, 7|S907| MSUHH MSREY 28 5

INE
B Step 1 Step 2 Step3 Step4 Step 5 Step 6
B
B HRXHSAIE X% Bl
Xt M5 54
e HEs A A unmt /NS0

B2 LHE

| 712317 HSALY FT0f| W2 Fofd 7 = Bt HOB EALY O3S 20| M2 & AESE A K| Y
N Hod BeAs .
=l 2,
2E|8] " | & |92 s =E P o . o
N -l E = = ey oy ety
HEH = 1]1]1] 255 [ 036 | 036 | 036 034 | 001 | 0.00 ;g ;'g o
S 111 | ues | o036 | 036 | 036 026 | 0.09 | 0.00 o A ovd
= XH}H 4|3 |3 |85 | 032|032 |03 033 | 000 | 0.00 Wk 02 02
_ 6|4 4| =5 | 03003003 030 | 000 | 000 > oz 2
Clotd 7|5 |s| z2s | 028 | 028 | 028 020 | 0.00 | 0.01 s UMD MED Qama A58 aHD
% 8|6 |6 | =M% | 026 | 026 | 026 029 | 0o | 003
g __'l '—l Ol 9 | 7|7 |18 | 025 | 025 | 025 025 | 0.00 | 0.00
}\H Ej—” 109 8 pESs 024 0.24 0.24 024 | 0.00 0.00 0.00 | 0.00 (ﬂ§> P (ga!:‘) ppe (/gD ey
= 0|98 285|024 | 024 | 026 026 | 000 | 001 | 001 | oo b 10 10
= 5 (118 E*a‘a 030 | 017 | 024 | 20% | 031 | 001 | 002 | 015 | 008 a8 e o
38 11| 54% | 034 | 024 | 022 | 35% | 032 [ 003 [ 001 | 011 | 013 04 2 04 A
E ;ILH g 12012 12| S8 016 0.16 0.16 0.15 0.01 0.00 0.00 0.00 00 ..?.(.).# 0.0,
13|13 |13 ] Aok | 012 | 012 | 02 011 | 001 [ 000 | 0.00 | 000
14|14 (14| =8 | 009 | 0os | 00e | 1% | 011 [ 000 | 001 | 00z | 003 =g fuga A= g4 Asn 2412
15|15 |15 | ®%® | 008 | 004 | 0.06 | 25% | 010 | 0.00 | 0.01 | 0.05 | 003
17|16 | 16| S® | 000 | 000 | 000 004 | 0.00 | 003 | 0.04 | 005
16|17 |17 | =@ | 004 | -008 | -008 | 300% | 0.06 | 0.00 | 0.01 | 0.14 | 0.4 1 4/ 48




S

ChungMNam Institute

- i~
I

H Ols+ &= / 2021~ X

O+ =Y &
424 35 MOlL Y SHEE B

O UE:

a
=
re
Ral
e
o
=
3>
&
0l
mjo
Ho
o
Pal
18
re
_u

~

K
Ol
W g
Jm -4

Soumal of Korean Sodety for Atmospheric Environment
Vol. 38 Na.5, October 2022, pp.587-701

h 10557 2/KDSAE 2022, 38.5.667

IS5 15987132, e-4550 23835396

.
MU XS =AM QI E2H VOCs2| A|ZZH 2R §F
Characteristics of Spatial and Temporal Distribution of VOCs

around Painting Facilities and Roadside Located near
Cheonan Downtown Area

of7fsl, ZABY, ek SUEY LYY, OTHEY, 2SHY, ASH:
AT H AR TRAATE, NPT BAA AT,

TALI AT E pREA AT,

A e ATE oA G)E 2E 474,

At 5] e ol e

B W Foar T
S 022 5 T
g 7000 o 27
Recatved 78 lub 707
Ravised 20 August 2077
Actepted 17 Saptember 2022
Ing author
T +BT-0R0-630-393

Gahye Lea, Jeongho Kim'', Sechan Park, Min young Song®, Kwanchul Kim®', £l - {081 el ke

Dasom Lee”, Woosuk Choi", Jong Bum Kim#®

Seohaean Research Instifute, ClungNarn Institute, Homgseong, Republic of Korea
YR&D Centrr, Korea Enviromment Science Insditution, Wonji, Republic of Kares
ADivision of Clirule & Enviranmental Research, Seoul Institute of Technology, Seoul, Republic of Korea

A Advimeed I'M Monitoring Laborstory, Advanced Institute of Comverpence Technology, Suwon, Republic of Koren
HDepartment of Data Science, Sejong University, Seoul, Republic of Kores

Abstract  The Republic of Korea has established an air quality monitoring station (AQMS) to manage air quality. Fecentiy,
interest in volatile organic compounds (VOCs) emitted from various industrial processes and automobiles has increased
waoridwide, and it can adversely affect human health. Accordingly, in this study, we measured VOCs at areas adjacent to
painting facilities and roadsides in an urban area using a mobile laboratory installed proten transfer reaction time of flight
mass spectrometry (PTR-ToF-MS) for a total of 14 times (M1 to M14) for 3 days. The result showed that the concentration of
WOLs was higher on weekdays than on weekends and that acetone and methanal were the main components of VOCs at
both times. The concentration of benzene was 0.4 ppb, which is below the domestic environmental standard {annus! average
of 1.5 ppb). in addition, the concentration of VOCs was higher in the sections of nearby road than near the painting facilities,
indicating that air quality in urban areas may be impacted more strongly by pollutants from vehicles than by pollutants
emitted from workpiaces such as painting facilities. Lastly, the study found a stagnant section showing significantly high
concentrations of VOCs, for which urgent measures are required toimprove air quality.
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Abstract  Faju National Publishing Complex emitted many Volatile Organic Compounds (VOCs). As a precursor of ozone
and secondary organic asrosol, VOCs effected on dlimate changs, air quality degradation, and hurman health. In this study, we
used a real-time manitoring device of proton transfer reaction-fime of flight-mass spectrometer (PTR-ToF-Ms) on board a
mabile laboratory to measure the concentration on the Paju National Publishing Complex from September 8 to September
11, 202F. Mobite found that d t species of ¥OCs in the Paju National Publishing Complex are
investigated with toluene {2251+ 2.14%), methanal (19.04+ 0.96%), and acetone (16.39+0,61%). Temporal and spatial
distributions of VOCs on Sep. 9 (M6), Sep. 10 (M8}, and Sep. 11 [M15 cases showed mostly high concentrations. Mareover,

analysis a high ion area near the printing industry. Based on the characteristics of VOCs

itisc mall-sc; y control could lead to regional air quality improvement.

Key words Volatile organic compeunds (VOCs), Printing industry, PTR-ToF-MS, Reai-time monitoring, Mobile labaratory

Key words: VOCs, Mobile laboratory, Painting facilities, FTR-ToF-M3, Roadside
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1. APM&C Lab

Professor

Prof. Yong-Hyun Kim

Affiliation & Contact Information

Department of Environmental Engineering, Jeonbuk National
University, 567 Baekje-daero, Deokjin-gu, Jeonju-si, Jeollabuk-do
54896, Republic of Korea
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E-mail: ykim84@jbnu.ac.kr Tel. +82-63-270-2446
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M.S., Environmental Science, Sejong University (2013.02)
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1. APM&C Lab

Professor

Dept. of Civil and Environmental Engineering
Major: Air Quality Management and Control

Engineering Techniques Target Air Pollutants
- Analytical techniques - Odor substances emitted from
using TD-GC-MS » livestock & Industrial complex
- Quantitative prediction - VOCs in ambient air

method
- MOFs as air pollutant
removal materials

Inhalation toxicology
research center at KIT

- Particulate matter
»| - Volatile household
chemicals

Application

Dept. of Environmental
Engineering at Sangji Univ.

Development - MOF research for 5)
removal of VOCs




1. APM&C Lab

Lab members: Doctoral students

Young-ji An poctoral student (2023.03 - )

- M.S_, Toxicology Evaluation, Konyang University (2020.02)
- B.S., Bio-nanochemistry, Wonkwang University (2017.02)

- Master Thesis: Study on the quantitative characteristics of hazardous

compounds by solvent types in gas chromatography-mass spectrometry (GC-
MS) system

- Research aera: Research to verify the harmfulness of tobacco products
(conventional cigarettes, electronic cigarettes, and heated tobacco products)

- E-mail: anozi1649@jbnu.ac.kr

Se-Eun Jang poctoral student (2024.03 - )

- M.S., Environment & Energy, Jeonbuk National University (2024.02)
- B.S., Environmental Engineering, Jeonbuk National University (2022.02)

- Master Thesis: Quantitative Assessment on Carbon Sequestration effect of
Biochar based on Carbon Balance

- E-mail: jjjangseun1234@naver.com
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1. APM&C Lab

Lab members: Master students

Hajoo RyuU master student (2022.09 - )

- B.S., Chemical Engineering, Hanyang University (ERICA) (2018.02)

- Research area: Quantitative Analysis of Volatile Organic Compounds in the
Atmosphere Using Passive Samplers

- E-mail: ryuha220@jbnu.ac.kr

v Min-Seok Choi master student (2023.03 -)

F b - B.S., Environmental Engineering, Jeonbuk National University (2023.02)

- Research area: Study on the Mechanism of PMzs Formation Centered on
Inorganic Salts

\ - E-mail: cms@jbnu.ac kr
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1. APM&C Lab

Lab members: Master students

Seung-Gwan Oh master student (2023.03 -)

- B.S., Earth and Environmental Sciences, Jeonbuk National University
(2023.02)

- Research area: Characterization of Emission Properties of Liquid Aerosols from
Electronic Cigarettes

| - E-mail: dhtmdrhks7@jbnu.ac kr

Jin-Seop Kim Master student (2023.03 - )

- B.S., Environmental Engineering, Jeonbuk National University (2023.02)

- Research area: Development and verification of artificial particulate matter (APM)

] - E-mail: noreason341@jbnu.ac.kr
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1. APM&C Lab

Lab members: Master students

Ye-Bin Chol master student (2023.08 -)

- B.S., Animal Science, Gyeongsang National University (2021.08)

- Research area: Assessment of Types and Concentrations of Hazardous Air
Pollutants (HAPs) from Livestock Manure Biochar

- E-mail: clzls01111@gmail.com

Lab members: Undergraduates

Min-Jun JoO undergraduate (2024.01 -)

- B.S., Engineering Department of Environmental Engineering, Jeonbuk National
University (2020.03 -)

- Research area: Dream Tree

- E-mail: dowon135@gmail.com
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1. APM&C Lab

Lab members: Alumni

Sang-Hyub Lee Aiumni (2018.03 - 2020.08)

- M.S., Pre-Clinical Laboratory Science, Konyang University (2020.08)
- B.S., Center for Animal Resources Development, Wonkwang University (2007.02)

- Master Thesis: Study on the quantitative analysis of volatile organic compounds
between cigarette smoke condensate (CSC) and extract (CSE) samples

- Current position: Assistant Manager, Chemical Safety Department, Korea
Environment Corporation

- Phone: +82-32-590-4967
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2. Recent research

Overview
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2. Recent research

Overview: 6-PPD
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Overview: Biochar Produced from Livestock Manure
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2. Recent research: Cigarette

(1) Development and assessment of a novel standardized method for preparation of
whole cigarette smoke condensate (WCSC) for toxicity testing of cigarette smoke

= Global Tobacco Market Size Trends

- The global tobacco product market is projected to grow at an average annual rate of
2.72%, increasing from $733.69 billion in 2020 to $875.02 billion by 2025.

- In 2021, the market share by country for tobacco products is forecasted as follows: China
($238 billion), the United States ($102.1 billion), Germany ($32.8 billion), India ($24.9

billion), and the United Kingdom ($24.2 billion).

Unit: 100 million USD

2.12% 8,750.22
CAGR 8,572.73
8,369.06
8,129.98
7,860.44
7,336.99 I
2020 2021 2022 2023 2024 2025

<Current Status and Projections for
the Global Tobacco Product Market>

14

Top 5(2021) in million USD (US$
1. China

2. United States

<Regional Market Share of
Tobacco Products>



2. Recent research: Cigarette

(1) Development and assessment of a novel standardized method for preparation of
whole cigarette smoke condensate (WCSC) for toxicity testing of cigarette smoke

= Safety (Toxicity) Assessment Using Tobacco Smoke

Cigarette smoke emission Inhalation toxicity tests Toxicological Impact
TR/ = Direct Assessment
\ /&
k 1\ m]‘ Exposure + Mortality Rate and General
Mg - Symptom Observation

C!igarette
smoke Cigarette smoke
distributor generator

+ Weight and Feed Intake
Measurement
« Hematological Examination
» Macroscopic Findings and
Condensating Organ Weight Measurement
« Tissue Fixation and

Exposure
Particulat?] and i Histopathological Examination
gaseous phases

<Smoke Exposure > (1) Requires high-cost equipment
setup (2) Extended evaluation period - Efficient
evaluation of tobacco products is challenging

Cmbridge filter pad

% W
A

co

<Intratracheal Instillation> <|n vitro test>

Ty

Whole ¢ %%taet esmoke

<WCSC Exposure> (1) Ease of exposure concentration control (2) Convenient storage and
transportation (3) Shortened evaluation period - Efficient execution of tobacco product toxicity

assessment!
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2. Recent research: Cigarette

(1) Development and assessment of a novel standardized method for preparation of
whole cigarette smoke condensate (WCSC) for toxicity testing of cigarette smoke

= Various Methods of WCSC preparation

ulate pha Gas phase Whola smoke Human smoker

For . O - e
':,‘:.;\‘? 5 , Seahorse
an = —§ =mm| = =i =7
v - N @ N
' N
o F m - L
Cuello-Nunez et al. (2018) Weidmann (2015) Khattri et al. (2022)

Possibility of Divergent Toxicity Evaluation Results for the Same
Tobacco Product!

In this study, a standardized WCSC preparation method was
developed and verified for the evaluation of cigarette toxicity.
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2. Recent research: Cigarette

(1) Development and assessment of a novel standardized method for preparation of
whole cigarette smoke condensate (WCSC) for toxicity testing of cigarette smoke

Methanol extraction of the TPM Methanol removal from the

Sampling of TPM and gaseous compounds in cigarette smoke collected on the Cambridge filter TPM extract using N, WCSC: Mixing of CSC and CSE samples
evaporation
<TPM collection using Cambridge filter> Cambridge filter 5mL Mixing of the TPM residue (with DMSO)
30 cigarettes per Cambridge filter loading the TPM  Methanol and DPBS containing gaseous compounds

: e e e R e A e DMSO 0.5 mL
Smoking machine N, ! Q
44 mm :

Cambridge filter V :
<Cigarette smoke generation> Impinger
HCI regimen: 2 s puff duration; .
55 mL puff volume; 30 s puff interval; Conical \
100% filter blocking (8 puffs) 50 mL tube
Bubbler DPBS{1X) One Cambridge filter / B _
5 mL Methanol 2 L min~" for 3 hour Mixing for 1 min CSE 50 mL
<Gaseous compound at 500 rpm 4
absorption using DPBS> Mixing for 1 hour at 500 rpm i
|
] Relative recovery of OCs in the
Maximum allowable TPM mass per the Maximum TPM mass that can be effectively Relative recovery of SVOCs by WCSC compared to the TPM residue
one Cambridge filter is 537 mg extracted using 5 mL of methanol is 1.085 mg N, evaporation is 97.3£0.96% and the DPBS is 94.7+0.52%

..'.“ - ; -

B Lo
BTN
-




2. Recent research: Cigarette

(2) Development and validation of a method for preparing heated tobacco product
aerosol condensate (HTPAC) for large-scale toxicity data acquisition

Cambridge filter
sampling (for Methanol I\(.ftlﬁ:lgigzl Len;:nge;l
particulate phase) ~ extraction 2

— . :

~ / Misi M
DPBS absorption xing \
(for gaseous phase) =~ ~ T 7777 > % \ f
i ~—

Heated tobacco “ HTP aerosol
product (HTP) aerosol HO/Y condensate (HTPAC)

320-630 g stick™ Propylene glycol ~ 553-628 pg stick™"

S0 i

990-1,350 pg stick " || p EH; 761-1,159 pg stick™" =
Nicotine E—-
OH =
= 1,667-3,840 ug stick ' HO\)\/OH 2,161-2,576 ug stick '~ = _
Vegetable glycerin =
o —
(Ll =
2.33-21.9 g stick ™’ H " ™H 19.8-26.8 ug stick ™’ =
Formaldehyde =
144-265 pg stick™" W p 1
b9 H—c—c\’ 49.9-93.2 pg stick”
b oH
Acetaldehyde
- 1,000, 000)
2 1 HTPACH 5 o = .
£ ao HTPAC2 = [||1& | _|§ 48 I,
2 |—HTPAC3 £ B S_ 3= |82% £5
£, & g ® 25 L2 T |a oo T
: = 3, 2 cc TEZ o2 glg £
5 gl 2|.[l22 8 8| =g &5
20 _ o =| 21Z8||2% | = E(E 5 T 2
: S C 3 < Sllee o s Oloo v @
&2 5 ol § 2| <|f5 <
15 £@ = = S >4
mc;’_ T 5 '-',- T o
1.0 ™ w o~
AJJALL,__LJM I LN S
054 oo . wbjﬂ —
" ) A e w
10 20 30 40 50  min
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2. Recent research: Cigarette

(3) Assessment of toxicological validity using tobacco emission condensates: A
comparative analysis of emissions and condensates from 3R4F reference
cigarettes and heated tobacco products

o Pemepagaeps {\ |>

.....
Smoke & Aerosol U (N O RiL;1N

Generaiurofsmoke Ganllbndge = = E E
and = = = = il
aerosol | Gaseous = =

phase | =
I Partlculate phase DPBS Before  After After  Before m

1. Generation & Sampling for tobacco 2. Extraction of particles 3. Nitrogen 4. Acquisition of tobacco
emissions by methanol evaporation emission condensates

bl

4
=
S

Particle residue

Tobacco Cigarette Heated tobacco
products _smoke  product  :
Quantitative Analysis of Organic Compounds in Tobacco Samples
e wnw N
788 3R4F
i (WCSC)
2512H0h0on 2163 b°°o 3
2 .0
‘rT\ . [ 0] «60 ,’\%&Q’
x 3813 nes Sy o
© | Vegetable glycerin c S 4® ° o 3R4F
"'3 (HTPAC) ¢ 6°°é\°° (Smoke)
5 b
~ 612 I
=] [ YPPe62 « l HTPs
o i N . 2 Aerosol)
o oy 192 N aTes 320 L )
= L . 280
— Nicotine - 8.35
c 727 598 Lo B 202 127
S Acetakiehyde a4 )L 682 246
-t g s ,4 E N
o 103 N R W L )J\/OH 80.0
=] Triacetin o 398 | 4
S riace 279 : __ 7.3 )R/ 203 ;
T Acetone 428 o 143
] Propylene glycol 6.91 Hyd t
g PY gly Diagetyl 1.00 lydroxyacetone
O 2-Butanone

Toxicity Assessment of Organic Compounds in Tobacco Samples

<List of Key Abbreviations>

HTP: Heated tobacco product

HTPAC: Heated tobacco product aerosol
condensate

WCSC: Whole cigarette smoke condensate

3R4F: Kentucky reference cigarette

ONicotine DAcetaldehyde
oOVegetable glycerin mDiacetyl
50 - OPropylene Glycol OTriacetin
- Hazard Index (HI)
45 4 —
45.2 —
441
40 A —
39.7
35 4
—
=]
z 33.8
+= 30 -
=
& S
=} —
8
° 25 4
el
N
-]
* W
20 + =
15 4
10
2
&
5 4 o
<
oN
-8~
0 Wi
3R4F 3R4F HTPs HTPs
(condensate) (smoke) (condensate) (aerosol)

Sample code
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2. Recent
(1)

research: Cigarette
(2)

Microchemical Journal 191 (2023) 108914

Contents lists available at ScienceDirect
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Microchemical Journal

journal homepage: www.elsevier.com/locate/microc

ELSEVIER

Ecotoxicology and Environmental Safety 267 (2023) 115621

Contents lists available at ScienceDirect
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ELSEVIER

(5]

Development and assessment of a novel standardized method for
preparation of whole cigarette smoke condensate (WCSC) for toxicity
testing of cigarette smoke

Yong-Hyun Kim *"“", Min-Seok Kim “

* Department of Environment & Energy, Jeonbuk National University, 567 Baekje-daero, Deokjin, Jeonju, Jeollabukdo 54896, Republic of Korea

® School of Civil, Environmental, Resources and Energy Engineering, Jeonbuk National University, 567 Baekje-daero, Deokjin, Jeonju, Jeollabukdo, 54896, Republic of
Korea

© Soil Environment Research Center, Jeonbuk National University, 567 Baekje-daero, Deokjin, Jeonju, Jeollabukdo 54896, Republic of Korea

4 Inhalation Toxicology Research Group, Korea Institute of Toxicology (KIT), Jeongeup, Jeonbuk 56212, Republic of Korea

)

Development and validation of a method for preparing heated tobacco
product aerosol condensate (HTPAC) for large-scale toxicity
data acquisition

Yong-Hyun Kim *"“ "', Sung-Hwan Kim *'

", Department of Environment & Energy, Jeonbuk National University, 567 Baekje-daero, Deokjinu, Jeojti, Jeollabuk-do 54896, Republic of Korea
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© Soil Environment Research Center, Jeonbuk National University, 567 Baekje-daero, Deokjin-gu, Jeonju-si, Jeollabuk-do 54896, Republic of Korea
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ARTICLE INFO ABSTRACT

ARTICLE INFO ABSTRACT

Keywords: Cigarette smoke condensates provide toxic effects data for cigarette products, but the lack of a standardized
Cigarette smoke preparation method yields inconsistent results. This study developed a standardized whole cigarette smoke
Whole cigarette smoke condensate (WCSC) (WCSC) ion method, ing both particulate and gaseous phases. The goal of this
Total particulate matter (TPM)

study was to obtain a WCSC of quality by cigarette smoke . The

of the method was verified by evaluating the concentrations of total particulate matter (TPM) and organic
compounds (OCs: nicotine, triacetin, glycerin, acetaldehyde, and acetone) in the samples at each step of pre-
paring the WCSC from cigarette smoke: (1) generating cigarette smoke using the HCI method, (2) collecting
particulate and gaseous phases in cigarette smoke using the Cambridge filter (using modified ISO method) and
Dulbecco’s phosphate buffered saline (DPBS; the maximum allowable TPM mass per the one Cambridge filter is
537 mg), (3) extracting TPM collected on the C: idge filter using (the il TPM mass that can
be effectively extracted using 5 mL of methanol is 1085 mg), (4) removing methanol from the TPM extract using
the N evaporation method (the relative recovery of OCs by N3 evaporation is 97.3 + 0.96 %), and (5) mixing the
TPM residue and DPBS-absorbing gaseous phase of cigarette smoke (relative recovery of OCs in the WCSC
compared to the TPM residue and the DPBS is 94.7 + 0.52 % with fairly good reproducibility and RSD values
below 5 %).

Nicotine

Edited by Dr G Liu A method of preparing heated tobacco product aerosol (HTPAC) was ped to expedite HTP
toxicity evaluation, and the effectiveness was assessed. To prepare HTPAC, HTP aerosol was generated and
Keywords: collected using a Cambridge filter (particulate phase) and Dulbecco's phosphate buffered saline (DPBS; gaseous
Heated tobacco product (HTP) phase). The aerosol collected on the Cambridge filter was extracted using methanol, which was thereafter
:’;;‘_:f:c‘)"b“m product aerosol condensate removed by nitrogen purging. The HTP aerosol residue was mixed with DPBS loaded with the collected HTP
Volatile organic compound (VOC) vapor, ultimately yielding HTPAC. Nicotine and fonnaldeh]yde, key harmful compounds in HTP aerosol, were
Sembvolatile organic compound (SVOC) detected in HTPAC (901 - 224 and 22.2 = 3.90 g stick”™, respectively, comparable to those in HTP aerosol
Carbonyl compound (990-1350 (nicotine) and 2.33-21.9 pg stick™ ( )). Propy glycol and vege glycerin, which
influence the amount of HTP aerosol, were detected at similar levels in HTPAC and HTP aerosol (propylene
glycol = 616 + 57.1 (HTPAC) and 320-630 pg stick™ (aerosol) and vegetable glycerin = 2418 + 224 (HTPAC)
and 1667-4000 pg stick™ (aerosol)). Known of HTP aerosol etone, acetic acid, triacetin,
and 2-furanmethanol) were also detected in HTPAC. Consequently, HTPAC offers an effective method for
concentrating harmful compounds found in HTP aerosols. This, in turn, facilitates comprehensive toxicity as-
sessments, paving the way for guidelines ensuring the safe utilization of HTP.

1. Introduction

The negative effects of cigarette smoke on human health have been
widely documented in numerous studies [1-6]. However, the produc-
tion and sale of cigarettes continue. Recently, various types of cigarette
products, such as electronic and flavored cigarettes, have been intro-
duced to cater to different smoking preferences [7-11]. However,
toxicity data for these new products are limited. As the production and
sale of these products continue to grow, it has become increasingly
challenging to obtain safety data for regulatory and management pur-
poses. To address this issue, it is crucial to collaborate with professional
research institutes and conduct toxicity tests on these products to obtain
the required safety data quickly and efficiently.

Cigarette toxicity testing is performed to assess the toxic effects of
cigarette smoke on human health. Testing can be performed in various
ways, including in vivo (animal) biology assays and in vitro (cell cul-
ture) assays [12-15]. The specific methods used depend on the research
purpose and the endpoint of interest (e.g., cardiovascular disease and
lung cancer) [16-18]. In vivo studies may involve exposing experi-
mental animals to cigarette smoke, either through direct inhalation or
through the administration of whole cigarette smoke condensates
(WCSCs), to assess the toxic effects of cigarette smoke on organs such as
the lung, heart, and blood vessels [19-22]. In the case of in vitro studies,
WCSCs, which are the concentrated and homogenized liquid form of
cigarette smoke, is mainly used. The effects of WCSCs on oxidative
stress, inflammation, cell viability, and other biological parameters are

* Corresponding authors at: Department of Environment & Energy, Jeonbuk National University, 567 Baekje-daero, Deokjin, Jeonju, Jeollabukdo 54896, Republic

of Korea.
E-mail address: ykim84@jbnu.ac.kr (Y.-H. Kim).
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1. Introduction

Heated tobacco products (HTPs), emerging as alternatives to con-
ventional cigarettes, have seen continuous development. Diverse HTPs
(devices and sticks) have been released due to the high demand and the
technological advancements achieved by manufacturers (Akiyama and
Sherwood, 2021; Bialous and Glantz, 2018; Jankowski et al., 2019). The
launch of these latest HTPs is promoting the influx of new users. The
global market value of HTP in 2021 was an impressive $416 billion, and
is projected to grow to approximately $800 billion by 2027 (Research
And Markets, 2022). The majority of the HTP market share is dominated
by Philip Morris International (USA) with IQOS, KT&G (Republic of
Korea) with Lil, and British American Tobacco (UK) with Glo (Miller

* C ing author at: D of

Republic of Korea.
E-mail address: ykim84@jbnu.ac.kr (Y.-H. Kim).

! These authors contributed equally to this work.

https://doi.org/10.1016/j.ecoenv.2023.115621

et al., 2 Seo et al., 2023). 1QOS, Lil, and Glo consistently improve
user convenience and refine designs by developing HTP devices, thereby
increasing the accessibility for smokers. Additionally, they have
continued to develop new HTP stick products with a variety of scents to
cater to the diverse preferences of smokers. Recently, Ploom Tech from
Japan Tobacco Industry (JTI) and PAX Era products by PAX Labs in the
US have also gained popularity (Kostygina et al., 2022; Tattan-Birch
et al., 2022). As consumers are exposed to an array of HTP devices
and sticks from different manufacturers, it is crucial to closely manage
and assess the health and safety implications of HTP usage to ensure user
safety.

HTP manufacturers assert that HTPs are substantially less harmful
than traditional cigarettes. Some studies have found that HTP aerosols

& Energy, Jeonbuk National University, 567 Baekje-daero, Deokjin-gu, Jeonju-si, Jeollabuk-do 54896,
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Handling Editor: Xavier Querol The tobacco emission condensate, henceforth referred to as “tobacco condensate,” plays a critical role in
assessing the toxicity of tobacco products. This condensate, derived from tobacco emissions, provides an opti-

Keywords: : mized liquid for storage and ion control. Thus, the validation of its constituents is vital for

Tobacco emission condensate toxicity assessments. This study used tobacco condensates from 3R4F cigarettes and three heated tobacco

Hazard index (HD product (HTP) variants to quantify and contrast organic compounds (OCs) therein. The hazard index (HI) for

Whole cigarette smoke condensate (WCSC) 2 ; : i g
tobacco and was to ascertain the assessment validity. The total particulate

Heated tobacco product aerosol condensate X ; s e .

(HTPAC) matter (TPM) for 3R4F regls(ered at 17,667 pg cig™", with its total OC (TOC) at 3777 pg cig™ . HTPs’ TPM and

Organic compound (OC) TOC were 9342 + 1918 pg cig™" and 5258 + 593 pg stick™", respectively. 3R4F’s heightened TPM likely arises
from tar, while HTPs' OC concentrations are influenced by vegetable glycerin (2236-2688 yg stick™ ') and
propylene glycol (589-610 g stick™"). During the ion process, a ion of OCs in 3R4F
smoke underwent significant concentration decreases, in contrast to HTPs, where fewer than half of the exam-
ined OCs exhibited notable concentration declines. The HI for tobacco emissions exhibited a marginally higher
value to tobacco with variations ranging from 7.92% (HTPs) to 18.6% (3R4F), denoting a
minimal differential. These observations emphasize the importance of accurate OC recovery techniques to
maintain the validity and reliability of toxicity assessments based on tobacco condensates. This study not only
deepens the comprehension of chemical behaviors in tobacco products but also establishes a novel benchmark for
their toxicity ion, with profound implications for public health strategies and consumer protection.

1. Introduction 2022; O'Connor et al., 2022). This burgeoning sector, valued at $15

billion in 2020, has witnessed a proliferation in product diversity, with
Cigarette smoke comprises over 7000 organic compounds, of which the global tally of brand models surging from 184 in 2020 to 269 in

more than 250, including benzene, are recognized as harmful (Chai 2022-a growth of over 45 % over two years (Ali et al., 2023; Berg et al.,
et al., 2020; Dusautoir et al., 2021; Lim et al., 2023). This complex 2022; Bigwanto et al., 2022; Xiao et al., 2022). Given this relentless
composition has been linked to the onset of multiple diseases, lhereby ion and i ion, it is imperative to develop prompt and pre-
adversely affecting human health (Jia et al., 2021; Lugg et al., cise assessment methodologies to assess the potential harm caused by
Tatsuta et al., 2019). To counteract these negative lmphcanons, the these emerging products.
advent and dissemination of safer tobacco alternatives, such as various A thorough hazard evaluation is mandated before the commercial
electronic nicotine delivery systems (ENDS) encompassing electrically introduction of a new tobacco product (Cao et al., 2021; Lempert and
heated tobacco products, e-vapor devices, and hybrid variants, have Glantz, 2021). This often entails exposing animals or cell cultures to
been propelled (Benowitz et al., 2021; Caruso et al., 2021; Herbst et al., cigarette smoke and ly observing the i

* C ing author at: De of i & Energy, Jeonbuk National University, 567 Baekje-d: , Deokjin-gu, Jeonju-si, Jeollabuk-do 54896,

Republic of Korea.
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In this study, we aimed to develop and evaluate an inhalation exposure system involving vapor generation for a
nonignition smoking cessation aid, a nicotine-free inhalator, with the objective of assessing its respiratory safety
by obtaining inhalation safety data. The vapor was generated by blowing air into the raw material of the
inhalator, and the vapor concentration was controlled by adjusting the inhalation exposure conditions: the
amount of raw material (5, 50, and 100 g), flow rate (0.1, 1, and 2 L min 1), and temperature (25, 40, and 80 C).
We evaluated the effectiveness of the inhalation exposure system by ining the of
the main component in the vapor of the nicotine-free inhalator, L-menthol, the concentration of which varied
based on i ion exposure iti This of L-menthol proportis i with
increasing amounts of raw material (slope = 0.4625 mg m™ g~' and R? = 0.9763). The concentration of L-
menthol in the vapor increased as the ion flow rate and i ata relatively i level
for the 6 h necessary for inhalation toxicity assessment (-79.38 mg m™ L™! min and R? = 0.9262). The L-menthol
concentration in the vapor increased by approximately five times when the generation temperature was
increased from 25 °C to 80 °C. However, the change in the L-menthol concentration in the vapor after 6 h was
substantial, ranging from 20% to 50%. In other words, the ion of vapor is

sensitive, so producing a constant concentration level would be challenging. By adjusting the amount of raw
material and generation flow rate of this nicotine-free inhalator, we obtained a vapor sample for the respiratory
safety assessment of nonignition smoking cessation aids.

1. Introduction harmful such as formaldet and ldehyde, are pre-
sent at higher concentrations in e-cigarette and HTP aerosols than in
Conventional cigarette smoke is detrimental to human health. conventional cigarette smoke [8-10]. Furthermore, according to the
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Nicotine, the primary component of cigarette smoke, is not only addictive but also indirectly contributes to lung diseases by
increasing heart rate and blood pressure upon inhalation. Therefore, managing nicotine content in cigarette smoke necessitates
accurate quantitative analysis. Nicotine from cigarette smoke is collected using a Cambridge filter, subjected to solvent
extraction, and analyzed using instrumental techniques. However, since nicotine is susceptible to light-induced oxidation,
losses may occur during pretreatment, reducing result reliability. This study assesses nicotine loss under various lighting
conditions and storage durations. Nicotine collected in Cambridge filters is exposed to dark, visible radiation, and UV
radiation (254nm) for different time intervals (0-48h), and the nicotine content is analyzed and compared. In dark
conditions, a 1.6% decline in nicotine concentration occurs after 48 h. With visible radiation, a 9% reduction is observed, while
under UV exposure, the concentration decreases by 16.9%. The UV radiation-associated decrease in nicotine concentration is
~0.335% h™', exhibiting strong linearity (R?=0.9465). Consequently, significant nicotine loss in Cambridge filter-collected
samples is influenced by storage duration and lighting conditions. This study’s findings can enhance the accuracy of nicotine
quantification in cigarette smoke, thereby improving the understanding of nicotine’s harmful effects in cigarette smoke.

Despite this, the global cigarette industry remains lucrative, with a
market volume of USD 800 billion in 2021 [1]. Conventional cigarette
smoke contains up to 7000 chemicals, including over 60 known car-
cinogens, at varying concentrations [2-4]. This has motivated many
smokers to quit, but quitting can be difficult, leading some to turn to
new, dly less harmful al ives, such as electronic cigarettes
(e-cigarettes) and heated tobacco products (HTPs) [2-4]. Unlike con-
ventional cigarettes, e-cigarettes and HTPs produce smoke (aerosol) by

results of in vitro toxicity, e-cigarettes and HTPs can have toxic effects
[11-14]. Given these findings, using e-cigarettes or HTPs as substitutes
for conventional cigarettes to benefit smokers’ health is not recom-
mended; instead, smokers should aim to quit using nonignition smoking
cessation aids.
The aim of smoking cessauon aids is to reduce the urge to smoke and
iate the of withd 1. These aids can be classified into
two categories: those that contain nicotine (drugs) and those that do not

heating the refill solution or stick, generating fewer harmful p
such as tar, than traditional cigarette smoke [5-8]. However, some
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(herbal dications). The latter, also known as inhibitors of smoking
desire, are considered safer and more effective for smoking cessation
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1. Introduction

Cigarette smoke contains more than 5000 chemicals, includ-
ing dozens of harmful substances that can adversely affect
human health [1, 2]. The World Health Organization esti-
mates that more than 100,000 people die annually from car-
diovascular disease, chronic obstructive pulmonary disease,
and lung cancer due to smoking [3]. To minimize the dam-
age caused by smoking, cigarette sales must be highly regu-
lated and managed; this requires data on the chemicals in
cigarette smoke and their toxicity.

Nicotine, the major component of cigarette smoke, is
toxic and addictive; hence, it is used as an indicator for the

harmfulness of cigarette smoke. When the human body is
exposed to nicotine, it excites or paralyzes the central and
peripheral nervous systems. In addition, nicotine constricts
intestinal blood vessels, thus leading to an increase in blood
pressure [4-6]. Nicotine, which is important for evaluating
the toxicity of cigarette smoke, can be easily oxidized when
exposed to light or air [7-12]. Typically, nicotine photolysis
yields a variety of compounds such as alkaloids, ketones,
acetic acid, nicotinic acid, and cotinine, primarily through
carbon-to-carbon bond cleavage. In addition, the extent of
photodegradation and the type and concentration of bypro-
ducts generated can vary with the degree of oxygen exposure
and radiation dosage [7-12]. Therefore, in the pretreatment
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Measuring the quantity of harmful volatile organic compounds inhaled through masks

Table 1
Basic information associated with the tested masks.

Sample
code

l al Droplet

Al A2 A3
2 A2 blocking Polypropylene,
Polyurethane

mHiAS nylon
3 A3 (KFAD) y 20 cm x 8cm 18 cm x 9 cm
4 Bl Surgical ~ Polypropylene,
5 B2 mask Polyurethane
6 B3 (KF94) nylon
7

Cl Cotton

Order Mask type ~ Main material Photos

mask
g - (100% Cotton
cotton) l6cm x 11 cm Wecmx11cm
Cotton and
9 D1 Cotton Risiiie
mask
(Cotton+  95% cotton, 5%
10 D2
others) polyurethane
Polyester,
11 El Functional  Graphene, and El E2
mask Somatid
(Functional Aerosilver
12 - fabric + fabric
13 E3 uv Cooling fabric 12 cmrx 13em l6.cm x 13 cm 15cm x 14 cm @ 18 em x 13 <.m
rotection
14 E4 p ) Copper cotton
fabric
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0]

TVOC = 2,242 ~ 4,808 uyg m3
2 6-Dimethylnonane i m 2-Butanone

0
108 pg m-3 o7 > 0 130 ~ 160 pg m—3 443 pyg m-2
Ethyl acetate )k P AN
Mask’s purpose: Blocking external substances 337 ~ 1,065 pg m- *[')MF'T n-Hexane
109 ~ 668 pg m—3
208 pg m3
\/\]/\/\ 2,3,3-Trimethylpentane
\ 4-Methyloctane 224 pg m-3
125 pg m—3 Toluene

-3
104 ~ 123 ygm )’K yZ

KF94

HO\]/\O/ N
1-Methoxy- e |
2-propanol 273 ~1,114 pg m=3

632 pg m—3
* - ® 1
- Mask-wearing’s hidden concern:
*
-

COVID 19 ¢ Exposure to harmful VOCs

L ]
Particulate Matters

Droplets
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ARTICLE INFO ABSTRACT

Edited by Professor Bing Yan An increase in the ion of matter and the spread of the COVID-19 virus have
increased our time spent wearing masks. If harmful chemicals are released from these masks, there
Keywords: may be harmful effects on human health. In this study, the concentration of volatile organic compounds (VOCs)
Mask emitted from some commonly used masks was assessed qualitatively and quantitatively under diverse conditions
5::} s ot componnd (including different mask material types, time between opening the product and wearing, and mask tempera-
3 e ture). In KF94 masks, 1-methoxy-2-propanol (221 + 356 ug m™), N,N-dimethylacetamide (601 = 450 ug m™), n-
hexane (268 =+ 349 g m™), and 2-butanone (160 + 244 ug m™>) were detected at concentrations 22.9-147 times
higher than those found in masks made from other materials, such as cotton and other functional fabrics. In
addition, in KF94 masks, the total VOC (TVOC) released amounted to 3730 + 1331 ug m™>, about 14 times more
than that released by the cotton masks (267.5 + 51.6 pg m). In some KF94 masks, TVOC concentration reached
over 4000 ug m™, posing a risk to human health (based on indoor air quality guidelines established by the
German Environment Agency). Notably, 30 min after KF94 masks were removed from their packaging, TVOC
concentrations decreased by about 80% from their initial levels to 724 + 5.86 ug m™; furthermore, 6 h after
removal, TVOC concentrations were found to be less than 200 pg m™. When the temperature of the KF94 masks
was raised to 40 °C, TVOC concentrations increased by 119-299%. Since the types and concentrations of VOCs
that will be inhaled by mask wearers vary depending on the mask use conditions, it is necessary to comply with

safe mask wearing conditions.

1. Introduction KF80, and KFAD) (Jung et al., 2014; Ryu et al., 2022). The formation of

the charge that affects the blocking of particles and viruses varies

Masks are classified as health, surgical, droplet-blocking, dust- depending on the mask material (Ghatak et al., 1; Zhang et al.,
proofing, and cold-proofing depending on their purpose (Karuppasamy ~ 2022). Multi-use masks are made of diverse materials (i.e., synthetic
and Obuchowski, 2021; Palmieri et al., 2021; Rengasamy et al., 2017). resin, poly foam, etc.) d ing on their purpose, and recently

Most masks are used to prevent humans from inhaling air pollutants, the use of multi-functional face masks with additional functions such as

though some special purpose masks such as warm masks exist for other UV protection is increasing (Blevens et al., 2021; Hu et al., 2021; Pollard
reasons (McDonald et al., 2020; Pacitto et al., 2019; Zorko et al., 2020). et al., 2021).

Masks for blocking pollutants can be further classified into disposable As the quality of life improves, the demand for masks has increased
and multi-use (Karuppasamy and Obuchowski, 2021; O'Kelly et al., to protect humans from air pollutants such as fine dust (Lee et al );
2021; Rengasamy et al, 2009). Disposable masks are primarily Zhang and Mu, 2018). Researchers have reported that the inhalation of

composed of polypropylene, polyethylene, and melt-blown filters, and
differ based on blocking efficiency and targeted particle size (i.e., KF94,

* C ing author at: De of
of Korea.
E-mail address: ykim84@jbnu.ac.kr (Y.-H. Kim).

https://doi.org/10.1016/j.ecoenv.2023.114915

fine dust causes various harms including respiratory diseases. As a
response to ultrafine dust that can cause cerebrovascular diseases

and Energy, Jeonbuk National University, 567 Baekje-daero, Deokjin, Jeonju, Jeollabukdo 54896, Republic
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Korean mask study reignites debate

Medical Forum - September 7, 2023

MEDICAL FORUM WEEKLY 5 MINS READ

The need to wear a mask emerged as one of the most controversial and politicised
aspects of the pandemic and new research from South Korea has rekindled debate,
as the new COVID variant spreads, about the safety of wearing the universally
recommended N95.
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Fig. 1. Geographical location of the air quality monitoring stations in Yeosu, Jeollanam-do, Republic of Korea.
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A Study on Air Pollutants Emitted from Yeosu National Industrial
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Abstract  In this study, the effects of air pollutants (emissions) emitted from the Yeosu National Industrial Complex (YNIC)
on Yeosu's air quality (concentration) were evaluated through a statistical analysis (linear regression lysis). The air poll
emission (from YNIC) and concentration (in Yeosu) data for the last 10 years (2011~2020) were used. In case of the air
pollutant emissions, a total of 127 species of air pollutants have been emitted from 137 business sites in the YNIC. For the air
quality data in Yeosu, common (6 species) and hazardous (9 volatile organic compounds (VOCs) and 7 polycyclic aromatic
hydrocarbons (PAHs)) air pollutant concentrations measured at five monitoring stations (Seogang-dong, Wollae-dong,
Munsu-dong, Yeocheon-dong, and Deokchung-dong) were used. The concentrations of SO,, NO,, PM,q, and PM, 5 in the air in
Yeosu recorded significant positive correlations with benzene, xylene, formaldehyde, and hydrogen bromide, which were the
air pollutants emitted from the YNIC (R?=0.702 +0.129 and p-value =0.009 + 0.009). The concentrations of the VOCs in the air
of Yeosu showed relatively high positive correlations and good statistical significances with the five air pollutant emissions
from the YNIC (air pollutants emitted from the YNIC (affected VOCs) = tributylamine (benzene), hydrogen sulfide (benzene),
ethylbenzene (1,3-butadiene), vinyl chloride (carbontetrachloride), and sulfur (styrene)) (R?=0.783+0.052 and p-value=
0.004+0.003). In the case of PAHs, the YNIC emissions of formaldet copper, and hydrogen fluoride had high effects on
the concentrations of the all target 7 PAHs (R?=0.763+0.140 and p-value =0.014+0.012). As such, it was confirmed through
a statistical analysis that the increase in emissions of specific air pollutants emitted from the YNIC increased the concentra-
tions of the air pollutants in the air around Yeosu. These results of this study can be expected to be used as the basic data to
efficiently manage the types and emissions of air pollutants from the YNIC. Furthermore, it can be used as basic policy data
for improving air quality in the cities where National Industrial Complexes are located.

Key words: Yeosu National Industrial Complex (YNIC), Common air pollutants, Volatile organic compounds (VOCs), Polycyclic
aromatic hydrocarbons (PAHs)
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