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Abstract This study aimed to improve the method for detecting eight secondary aliphatic amines (SAAs),
so as to measure their concentrations in fresh water and tap water samples. NaOH (8 mL, 10 M) and
benzenesulfonyl chloride (2 mL) were added to a water sample (200 mL), and the mixture was stirred at 80 °C
for 30 min. An additional NaOH solution (10 mL) was added and the stirring was continued for another 30
min. The pH of the cooled mixture was adjusted to 5.5-6.0 by adding HCI (35 %), and the SAAs were extracted
using dichloromethane (50 mL). This extraction was repeated once. The extract was then washed with NaHCO;
(15 mL, 0.05 M) and dried over Na,SO, (4 g). The extract was finally concentrated to 0.1 mL, of which 1
pL was analyzed for SAAs by GC-MS. The linearity of the spike calibration curves was high (> = 0.9969—
0.9996). The detection limits of the method ranged from 0.01 to 020 pg/L, and its repeatability and
reproducibility (expressed as relative standard deviation) were both less than 10 % (6.6-9.4 %). Its accuracy
(measured in percentage error) ranged between 2.4 % and 6.1 %. The established method was applied to the
analysis of five surface water and 82 tap water samples. Dimethylamine was the only SAA detected in all
the water samples, and its average concentration was 0.79 pg/L (range: 0.20-2.54 pg/L). Therefore, this study
improved the analytical method for SAAs in surface water and tap water, and the regional and seasonal

concentration distributions were obtained.
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Determination of secondary aliphatic amines in surface and tap waters as benzenesulfonamide derivatives using GC-MS

A1E(200 mL)°ll 10 M NaOH (8 mL)2} benzenesulfonyl chloride (2 mL)E 7}8kaL 80 °CollA 30% &
oF wHkek & 10 M NaOH (10 mL)E 715t 302 5<F wisiich deoz 23 & AJFel 35%
HCIE #7185t pHE 5.5-6.02 23 3 dichloromethane (50 mL)S 7}5te] X¥7|2 308 59 &
S, o] & L ¢ ¥ o] WHESIGITE 59100 mLyS 0.05 M NaHCO; 78&9(15 mL)2.2 A
o T NaySO,(4 @92 AZ3ITh ool 3|AFL7| 9} AAartaE AMEst 0.1 mL7A] 553 &,
GC-MSZE o]z} A= ofrle] sl 2281t i) #4742 AAHATEAZE 0.9969-0.99960] ATt
WHAESAE 0.01-0.20 pg/Lol, vHEd 3 AjdAS RSDE e o) 25 10 % oJujo]
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E T oA AW o7l 33HE(secondary aliphatic
amines, SAAs) sl Teh e X H0

el
olg} Xt @ FEREME E3] AZHE Ao
2 gaEA AUtk SAAsE IER}, 1 F A=A, 3
F, 9oFE 5o At Bgmut ol A7 2 FE
o W B EAGIY 3 Fo=2 g4 frdE
T gl olw| Al 2 Vel A4 3EEe AER

3 AP A, FafF, A, S, A
A, A9 53 e AFAME EAste 2ot
AFgolA 7 £38] AEEHE SAAsE dime-
thylamine (DMA)S. 2, 71 F =+ 0.79-3.0 ug/Le] ¥
o1t DMA £l methylethylamine (MEA), diethy-
lamine (DEA), dipropylamine (DPA), pyrrolidine (PYR),
morpholine (MOR), piperidine (PIP) ¥ dibutylamine
(DBA)°] & F9A £F AEH = SAAse|th &4
L T, 5719k AT AFHE T8l SAAsel =&
2w 95, 39 5 7ol HAo] yEhd e A
o, A X Foll 8 LDsp= 540-1,000 mgkg 22 SAAs
o §4 A4S mjg e Holoh M 2R Y £
=9] Aol SAAs7E FrEol e AF, A A
I F P aF, 2 AY 2 24T AAE Sl
N-nitrosamines (NAs)©] A ETh L FoM= 94
A9 & %A (chloramines, CL)E A3+ 3}8H
A Aol F=2 APETtr dEA dek 53
N-nitrosodimethylamine (NDMA)3} N-nitrosodiethylamine
(NDEA)Z -~ W& 5xQl 717} 7 4 2 ng/L %
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oA 1079 =3 At Qs Zhe g s uy
oJ4 E4d =, US. EPA= Group 2B(probable human
carcinogen)Z EF33 9316 9]9] 8 F 9 SAASE
A FgEo g Astar o

NAsE 57t FE#E 53 5755 HHIME
A5 SAASERE -4 nglle] FEo A4
Hrpal R EATAE meby A5 Fo Exfste
SAAsE 38 A g o]Fod= FEE Fol ug/Lel
F0 2 ZFsle], & o7} 2L chloramination * 2]
3k X&) A DMAS DEA7F 2+2} 0.4-4.0 pg/L 2
0.1-1.8 pg/L o2 AEHJG! 415 T3l d=
AHE 75, SAAsT AW(EF, W F)olA of
AFA(NO, )T whg-3le] F7H2 07 NAsS A4 e
AUTE? 2 A3 FEES AT 9 E Fo &
¥ NAs ©]9]o]] SAAs®] AJF el e Aol A
1oz MAEE NAsS Z# ] o oF ")
AR olof A HE A= oA7HA] Hgg AF
o, Qi oA & ol 7FA] SAAse] #232e]
ek AF7F A5 Aol

B T SAAs e AL 24171710 wet 2
HPLC®} GC Wi o2 va & Utk Axbe] e
UV-Vis?> =+ fluorescence detector (FLD)*E &
2 ARt AFeATE A pg/l oo R ug-
Eol AXEF 2 FXE T F ugl °l3te] =
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Table 1. Chromatographic retention times and selected mass-to-charge ratios

Secondary aliphatic amine Derivative Retention time (min) m/z
Dimethylamine (DMA) N,N-Dimethylbenzenesulfonamide 18.2 77, 141, 185
Methylethylamine (MEA) N,N-Methylethylbenzenesulfonamide 19.8 77, 141, 184
Diethylamine (DEA) N,N-Diethylbenzenesulfonamide 21.1 77, 141, 198
Dipropylamine (DPA) N,N-Dipropylbenzenesulfonamide 24.5 77, 170, 212
Pyrrolidine (PYR) N,N-Pyrrolidinylbenzenesulfonamide 252 70, 210, 211
Morpholine (MOR) N,N-Morpholinylbenzenesulfonamide 26.1 77, 184, 227
Piperidine (PIP) N,N-Piperidinylbenzenesulfonamide 26.7 717, 84, 224
Dibutylamine (DBA) N,N-Dibutylbenzenesulfonamide 28.0 77, 184, 226

A3} 3L, nitrogen phosphorous detector (NPD)* S

A18-317] = S} T} Benzenesulfonyl chloride (BSC)S

%Eili} Aleko 2 ALE3le] EoA SAAsE sulfonyl

3l Z(Fig. 1), dichloromethane (DCM)Z} 22 7]

2 &35 Wel g AMEE AT o] By
AHE3te] SAAsE BT A A= 0.32-
85 pg/L Mot

mlo o o

Ol AT E B F SAAsE BSCE AMg-3te] f
E=AEEY 2 F&% & GC-MSE E43l= W
He Yo o] WS dF AxSe) W] &
& T SAAs?| FRE skt A&tk

21. A%

Ao AMEE SAAse] EFEER DMA, MEA,
DEA, DPA, PYR, MOR, PIP ¥ DBA®} A xFEZ
(surrogate)Q] N-ethylbutylamine (EBA)-2 Toronto Research
Chemical Co. (Ontario, Canada)ollA] T 3F T}, Acetone,
methanol 2 DCM-2 Honeywell Burdick & Jackson
Inc. (Muskegon, MI, USA)°ll 41, NaOH, NaHCO;, Na,SO,
2 HCI(G5% F29)L Daejeong (Siheung, Gyeonggi,
Korea)®ll 4], ascorbic acid (99.5 %)= Kanto Chemical
Co., Inc. (Chuo-ku, Tokyo, Japan)°ll 4], Z12] 3L benzene-
sulfonyl chloride (BSC)= Sigma-Aldrich (St. Louis, MO,
USA)lA kit

22. £ & | i Rgs

SAAs®] A2 7]E9 J % FAsle] AAlETE?
2 Al 200 mLE 0.2 2
o] #}3}o] Erlenmeyer ’é“j/]‘
AAEZ=EZ) §9(1,015 mg/L) 1

o1719] 8 mLe] 10 M NaOH *fmu mL<] BSC

AlokS H7EE & 2F2oA] 308 FF wHHEkATh. o]
o] 10 mL9 10 M NaOH &S F712 7}l
80 °CollA] 30% F<F wHtsle] N N-dialkylbenzenesul-
fonamide =S THEUTH B AIEE 28 3 35%
HCIE F7}ste] pHE 5.5-6.02 23 5 250 mL2
g 7]o] &A FUTh 4714l 50 mLe] DCMS
A7HE & 302 ¢ G FESRLH, o] A S
s IR HPﬁo}OSlE} FZ (100 mL)2 15 mLY]
0.05 M NaHCO; &0 2 A8slod(10%) Aol &=

5 9F 4 g°] Na,SO, & #H7lete] Azt oz & 3
@7_}%}%71 9 AL7kAE 0.1 mL7H] B2k

, 185% HCl ﬂﬂ%}oq pHE 5.5-6.0%
. 97]9] 25 mLe] DCME 75t 308

ot Xg FE3MH e, o] F4& ¥ o ¥HESt
p =l 71%91 W o] Aol A ALE-SF WH o
gt AZetE o 9] 93 WA vws T

24 A EE GC-MS(Model 7890 GC, 5973C MS;
Agilent, Santa Clara, CA, USA)°l| 1 pL& F¢ 35}

ARtk FUTFY] SEE 290 COIYA 10112 &
o FY3I o, 28 71A= 99.999 % He (1 mL/min)
ol th Eloll ARE-gt AH-2 Agilent DB-SMS (30 m
x 025 mm x 025 ym)°]ATh LB XAL 27| &%
40 °CollA] 140 °C7HA] 10 °C/minC. & 5&AA 38 %
SF FAIAIZL B 210 °C7HA] 3 °C/minl 2 $LA| AT
o]oJA] 10 °C/min&.ZE 290 °C7HA] $LA)7] & 58 =
QF FAIA AT MS+= 70 eVOllA electron impact (EI)Z
ol slel= WHS ARl e, ol B Al 3
o] ex= 7bzt 230 & 150 °ColAT). tIAER 2 o
AFFEA] m/z 3-8 Table 13} 7234t}

dXT=g

23. =M WHo| #S

QA/QCE %z SAAs ¥FE34 4 YA FFE
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ZAEBA)S F7te T HAe] AHS AA 7P71RAS
AAste] HrbslAd o A E(precision)= WA

R
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Secondary aliphatic

amine Benzenesulfonyl chloride

N,N-Dialkylbenzenesulfonamide

Fig. 1. Chemical derivatization of a secondary aliphatic
amine to sulfonamide.

(repeatability)3} A & A3 (reproducibility) 2. 2 3 7}8] ©.
AU 3 A 2 (relative standard deviation, RSD)Z
Uepdlch srEAS g AT T Il 0.6 2
1 pg/Le] BFARE 7H7t 33] W35, A4S
g A7 o2 2ol DMAC] sl 1 pg/L, o
SAAsel tal A= 0.6 pgl 5 EFAISE 43
A skl F7IetATh A 2 (accuracy = ik (theoretical
value) 1 pg/Loll thall =7 Zk(experimental value)©]
guit & X et=AE 49 vHEste] APS 5 P
< T3] HAE 2 X(percent error, (Experimental -

Fig. 2. Tap water sampling sites. Forty one sites were visited for sample collection in summer and winter.
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Theoretical) x 100/Theoretical) 2 YEFA T A4
(linearity)> oA w=o dial] AAF4S 28t
AAAFEE T3t H7EskA . DMAE 0.1, 0.5,
1.0, 2.0 & 3.0 pg/Lell H3l, YA SIFEES 0.2,
0.4, 0.6, 0.8 2 1.0 ug/Lell o3l 747@—3—’32 Z+A O]—

ﬂl

24 gEAe) oe SN = 3 STahe FEE
_7',:

o &, F4 Fx9 S dele v BF
ABEE T At B & s 2EH
z% ZkQl 3143 (98 % A=, n-1)S F3+]

w3 A 2E81A (limit of quantification,
LOQ)*E -°r]94 HZAR 10& F3t] A&

24.  ME9| M3 ¥ 24

T TFY E, S AETY F5E AEE AFHA
th A EF A RE AYE 2H-d 9REL JE F5
333} 31 232lA] 2016 119 2o A H sk W
Holl, FEE AIRE A2 SAAse] 2XE goli
7] 918k, A& 532, 7371 AY 53R 7E 4%, 1A 1
H), A4 A 532, TH A TREHEE 33 AT
13, $HEE 33, A 130), Ak A 8x@lA 13,
AHEE 33, 35 13, depde 330), 34 Ao ox
(335 =E 33, U+ 12, 7= 33, Ak 13, &4
130, AT A 23 5 ZF 4130904 o E(016. 8.

16-2016. 9. 29)3 AL(2017. 1. 6:2017. 2. 9)o] £
sk A oA Zhzk 1314 A H s A tHFig. 2). B AlEE
250 mLe] 24 frE|Ro) 715 MA R e, HF 4
A5 A A 18 AlE vk} 25 mg2] ascorbic acidE
A7ver 3 B4 FA7EA] 4 °C olstellA HaAsATh A
Fst A Ee 2249 E-E Wol w481

25 SA 24

EA A& IBM SPSS 24 (Armonk, NY, USA)S
ARSI, 95% Al F|GEollA] FoldS ASsIAT
SRkl ﬂ%iﬁi ARE T3 & Ad 7F SAAse
FEAlE ot ztol7t A=AE ¢ A8l A -4
q& 4 Eo}‘zitk S 7Y AFAME, A7, B, F
g, A}, A, AT e R gk A9 3 AE a9l
of thallM= 2H2t o

LA AR S A sl

25845 1 W 18.5 % HC, 25 mL dichloromethane (x 2)

[ 35 % HCI, 50 mL dichloromethane (x 2)

2.0e+5 I

1.5e+5

Area

1.0e+5 4

5.0e+4 4

0.0 - = =
DMA MEA DEA DPA PYR MOR PIP DBA

Fig. 3. Comparison of extraction efficiency for eight secondary
aliphatic amine derivatives between the two conditions

(n=
A3l7) Al 18.5 %2 HCl &A1& AHES 4% oF
20 mL7} A28 50 AJ§¢] H37} ¢F 220 mLE &7}
3R, 25 mLe] DCMO.2 58 | o1 §80] ¥
< & Ak wEhA o] AFeA = 18.5% HCl 7%
A thAl 8|4 EkR] ke 35% AlokS IR ARE-SIA
o, & &l DCM®| F-3E 25 mLolA 50 mL
7N A Hla Brbstdnh 2 A3 7|2 4
Hol udle] o] Whyo] 14208 U £ & &
e th(Fig. 3). SAAs Aol gk A=ntE
Fig. 49} 7o) 1]39] B ko] 29 oL
o] BElx $Fant weka o] Ao e
| Hlsl] o gk A Algste] B E
o] foe FoulE S EH

of M [0

Lo Mo
=
o

2

N o

dromN N Koo
to w1z
Olfo

2O U o o o

oL R
%

=\l=
2
ol
o
32
)

5
N
2
% i
g

RSD Ftel 10 % ] (5.9-9.4 %)°]

L, AHX % 1 pg/L =30 el 6.7-7.7 %= %35
sttt Sgw B4 ubhdo) oisk MDL¥ LODE 7t

7} 0.01-0.09 pg/L 0.04-0.29 pg/L ¥ $elATt o]
FYE 24 He MDLE 71E W9 032 0.85 pg/L
of vlsl® <k 1/109] T%égi A g B 5714

2o 7hgsiths 2& BT
°F 1.0 pg/Lel F=o 3l o] 83k Sk 7+
HAE 932 Vb AT ELE 24.6.1% W=

UelY Y3 skdth(Table 3). AN 7 SHFEEE
o 3] EBAS A ZE=EZZE ALE

o)
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Fig. 4. Gas chromatograms of eight secondary amines (DMA, MEA, DEA, DPA, PYR, MOR, PIP, DBA) and a surrogate,
ethylbutylamine (EBA): (a) an ultrapure water blank; (b) a 10 pg/L. standard mixture solution; and (c) a surface water

sample.

Table 2. Method validation results for repeatability, reproducibility, method detection limit, and limit of quantitation

Repeatability (RSD, %) Reproducibility (RSD, %) Method Limit of
alips)ﬁzzzd:n?ine 0.6 pg/L detection limit quantitation
06 ng/l I nell (1 ng/L. DMA) (ng/L) (ng/L)
DMA 6.6 83 7.0 0.05 0.14
MEA 6.8 6.6 7.6 0.03 0.10
DEA 7.3 6.8 7.6 0.09 0.29
DPA 7.9 6.7 7.4 0.02 0.05
PYR 6.6 6.8 7.4 0.05 0.17
MOR 9.4 6.5 6.7 0.07 0.22
PIP 5.9 6.8 7.6 0.01 0.04
DBA 7.5 7.2 7.7 0.04 0.13
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Table 3. Evaluation of method accuracy for eight secondary
aliphatic amines using theoretical and experimental

concentrations
Secondary =~ Theoretical ~ Experimental  Percent
aliphatic concentration  concentration error
amines (ng/L) (ng/L) (%)
DMA 1.00 0.94 6.1
MEA 0.94 0.90 5.0
DEA 0.97 0.92 5.8
DPA 1.01 0.96 5.1
PYR 1.02 0.98 39
MOR 0.99 0.93 5.7
PIP 0.94 0.90 4.4
DBA 1.07 1.09 2.4
ws| DMA
o] y=0.0866 x + 0.0028
% sl #=0.9990
3 e
<
Concentration (ug/L)
0.10 MEA
vl y=01084x+ 00026
% 7 =0.9974
5 ™
< o
Concentration (ug/L)
wi{ DEA
*"1 y = 0.1527x + 0.0057
":g 1 2 =0.999
5 010
2 o
Concentration (ug/L)
.| DPA
010 y = 0.1228x - 0.0012
';% 0| P =0.9981
<

Concentration (ug/L)

Area ratio

Area ratio

Area ratio

Area ratio

Sunyoung Park, Sungjin Jung, Yunjeong Kim, and Hekap Kim

FUFEEHORE Ao, g 2
ARASF0E)7F 0.9969-0.9996 H ¢l S
SIS tHFig. 5).

33. X|E¥$ = o|x} X|4= ojnlm

A= 49 57) AR F SAAsY] FEE B
A&t A3} DMAE 2E A|80|A], DEAE 571 & 170
o] AlFeM HAEENeH, UHA] SAAsE HEEA &
2t DMAY & FH+EEFHRE 085023 pg/l
o1, WHE 0.62-1.15 pg/LelAtt. & 7] Al o)
A 2% DEA?] F=+ 0.59 pg/LolAtt.

ol 7]&9 dAFA SAAs F 7P T3] AEH

PYR

y = 0.0387x + 0.0007
#=0.9976

Concentration (ug/L)

MOR

y = 0.0367x - 0.0002

0038

0030
oz /A =0.9994
0020

0015

0010

Concentration (ug/L)

PIP

y = 0.0533x + 0.0021
01 2 =0.9982

Concentration (ug/L)

DBA

¥ = 0.0839x - 0.0005
01 7 =0.99%

Concentration (ug/L)

Fig. 5. Calibration curves for eight aliphatic aromatic amines. The area ratio for each point was calculated by dividing the
chromatographic area of each analyte standard by that for the surrogate (EBA).
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L
.

o] DMAZHE 2% 97591tk DMA % DEA
o) TR %, 59, m2go] SelA BiH 02
Foll s tha W FFe] Ui WolAUrh o] &
B3| B2t 4ot A4
2 AT A, daA 254 el
34olA SAASTF NAse) 7] AFEAR 283 2

olehz Ag AT 5 ULk

=
=
%

34. X8 T O[xt XLF olnl7
Ao $EE 5 SAAsY T8 F A 9%
I ALl diste £43 43, DMAS 82719 &
AN BolA AZ% "), DEA, DPA, PYR, MOR,
PIP 2 DBAE 13719 A EA AZEHYL MEAE
RE A BAA AE3HA mwko|ATH(Table 4).

DMAS 5= RE A8 s H 0.79:0.35)
pg/Lol A M= 0.20-2.54 pg/Lo)AtK(Table 5). DMA
ol9jo]] AXF Ao HEH FEE DMARY B9k
ow, DEAE= % DPAE 7M7t 27 9] A5 ellA Ho
0.26(x0.35) 2 0.23(£0.07) pg/L, PYR, MOR 2 PIP
2 25 U9 AmAA 22 0.27, 027 2 0.05 pg/L
o]t} WkHol| DBAS T=E 3712 AlZolA Hit
0.15(£0.03) ug/Le]ATh.

RE AR i) A&E DMAY X tial] 74

103
o 2 AEE TR bl 591 YERY T &3
AL Ha FEE 72 0.83(20.38) ng/Lat 0.760.32)
pg/Lo 2 Aol fFALgE 2ok, thF-Ee] A ellA
A5 AL e = Ao|7t AX FUAANH T
4 AFofM = 2 =7 42 0.92(0.19) pg/Let
0.45(x0.10) pg/Lo = 28] o] o] Zpol S vtEbiiTh
AA Azl sl AFE7F et 0.51(0.11) pg/LS
2 7P W 528 23, 3 A9l 0.90(x0.30)
pg/Le 2 71 =gt

AA A5 el A AR S
£ got & A3, FdSdEp) 0
SAZAQA 2ozt gigith. vhae, 7719 =
ate] Al 7he] ztolE AAEAS wele,
Aof A v FeEE(p)ol 0.009Z 5%
ol Al T A Zkoll Zpol7t AUATE 7 ZH o
£ Hla) ALl DMAS F=7F & 31L& g}
Aol Hl3] ALl 27} Yol nAEe EFol
SHEJAARER, 45, wH), SAE FolA &=
ol iAoz violy] wjiE Aoz FgE?

T3 A 7hell 2
31302 F AA

2
oo fIr

N X o oN o N o
Iy o ja
=2 ey

fr An

I, BE A ZHlE= zkol7 s ¢ F AAT
(p>0.05). 2EAD, AFEM e B F%E 051 pg/
o

Table 4. Detection rates (the number of samples detected/the number of total samples) of secondary aliphatic amines in drinking

water
Season DMA MEA DEA DPA PYR MOR PIP DBA
Summer 100 r - 2.44 7.32
umme (41/41) (1/41) (3/41)
Winter 100 4.88 4.88 2.44 2.44
(41/41) (2/41) (2/41) (1/41) (1/41)
"None detected.
Table 5. Seasonal and regional distribution of DMA concentration (pg/L) in drinking water
Sampling site n Summer n Winter n Total
Seoul 5 0.57+0.11 5 0.63+0.19 10 0.60+0.15
Gyeonggi 5 0.81+0.22 5 0.9340.40 10 0.87+0.31
Gangwon 5 0.92+0.19 5 0.45+0.10 10 0.68+0.28
Chungcheong 8 0.94+0.37 8 0.86+0.22 16 0.90+0.30
Jeolla 7 0.86+0.18 7 0.85+0.38 14 0.86+0.29
Gyeongsang 9 0.89+0.66 9 0.79+0.39 18 0.84+0.53
Jeju 2 0.45+0.01 2 0.57+0.15 4 0.51+0.11
0.83+0.38 0.76+0.32 0.79+0.35
Total 4 (0.41-2.5) 41 (0.20-1.5) 82 (0.20-2.5)
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A vow, A% Aole) AR AF7 T grhE 5
A Freldo) did Ao FHHn.

35. O|Xt X|= of2lFe| L oln|
o] AFoAM &S B FEE F DMAY TE+=
Ha 0.79 pg/L, ) 2.5 ug/L7HA A& Ao wat
Al SAAs AHAl= WAool §IAIRE SAAsTE SHRE
ARTFE Aol AFE AN dA Age] &%
AR A A5, ngl FFAA TS Ve
A48 Ao 7 oA} 2 %LHOM %
2o gt A3 Agds gol
A7 g AFAAA FP &
29, %8 T NDMA 3% NDEA®| H+
T 239 % 521 ngl FECE W EPAQ
Sz 4EY dFsie w2 7 2 2 nglLE
A 2FeT Y AoE HIEHYTHE®
THE S HAY AS, EF5 BEs
2o 71Fol A Aol EAse b AFANO, )
H-3-35le] NAsE Adse Ao=Z gy A,2 g&
E Z NAs¥#RF o2} SAAsel| digh &7k das)

ke A& AdE £ it

S off m A ) rr

4. 42 E

o] ATE F3l F=AS 2 GC-MSE A3 &
Z ol AW oWIFE 45t WS MAAEA
t}. o] WA= pHE Z4A317] 98] ALeEl= 2
2be] B3 E Fol= tiild], & 899 F9& 3
A FF 580 TSR & F Ak FAEE,
AE= 9 g AX4e B8l B4 wel A3
HATE =3 gy Ee AR 2 SRR EA)
st oAk AWE ofvl S BA 7ol Figh A=k
AolRoH, AEF 2 FxE T sEe AF3L
B AEA R A 2XS Holth F5 g€
A HHE AEF 2 FEE F oA AWS ofnl
7o T S0 AR 2N, HEE 4 A
of &8E F US Ao 7|dEn). g AF F 9]
2} AHE ol FIE Al wiiEdd AHEH=
nitrosamines®l] tgt Aol = €85 Aol

Zael 2

A TAGe] A9 wol FaAEge
e =gy,

o] A4
™ (2015R1A2A203008216), ©]°ll
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