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A study on the trend of food-bome disease outbreaks by pathogenic E. coli
at group food service in Gyeonggi-do area

Kyung-A Kim, Kum-Chan Yong, Jin-A Jeong, Jeong-Weon Huh, Eun-Seon Hur,
Sung-Hee Park, Yun-Sook Chei, Mi-Hye Yoon, and Jong-Bok Lee
Team of Microbiology

Abstract : We investigated 19 accidents of food-borne disease outbreaks by pathogenic E. coli at school food
service from 2010 to 2012 in Gyeonggi-do area and summarized the trend of recent food-borne disease outbreaks
by region, month, school and pathotype of E. coli. Food-borne disease outbreaks by pathogenic E. coli were usually
occurred in summer and fall shortly after the summer holidays and high school vacation. It was mainly teported on
thursday, and the first patient occurred on wednesday(37%) and thursday(37%). The exposure of risk was estimated
in the early weeks and kimchi(50%) was estimated as the food of the high risk responsible for occurrence. We
examined 17 antimicrobial susceptibilities of 98 pathogenic E. coli isolates. Antibiotic resistance of pathogenic E.
coli  was most frequently observed to  ampicilline(40%), followed by  nalidixic acid(37%),
trimethoprim/sulfamethoxazole(24%), and tetracycline(19%). 70% of isolates were resistant to more than one drug. The
most prominent = multiple drug resistance pattern was the ampicillin-trimethoprim/sulfamethoxazole(22%) and
ampicillin-nalidixic acid-tetracycline(11%). The genetic relatedness of the E. coli isolates was examined by the use
of PFGE analysis and grouped into eight major groups with 57% pattern similarity. The isolates showed the diverse
patterns of PFGE, and the highest similarity patterns wereobserved with carrying the same virulence factors and
similar antimicrobial susceptibilities. In some case, PFGE patterns and antimicrobial resistance of isolates were very
similar to each other to be determined that the outbreaks was occurred by the same pathotype of E. coli derived
from identical origin and both were very closely related.

Key word : pathogenic E. coli, school food service, antimicrobial susceptibility, PFGE
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Table 2. Annual resistant rates of
antibiotics in pathogenic E. coli isolated from
food bome disease oubreaks at school food
service in Gyeonggi-do

No. of drug
Antibiotics resistant isolates total
2010 2011 2012
AM 23 3 13 39
SAM 1 1 1
CF 0 1 2
Cz 0 0 1 1
NA 0 0 36 36
C 1 0 0 1
SXT 23 1 0 24

7} 3973(40%), quinolones AEe) 14T A
nalidixic acidNA)ell WA FF71 3671(37%),
sulfonamides Al 2] sulfamethoxazole/trimethoprim
SXDell WAl TF7F 2471(24%), tetracycline
ALY tetacycling(TE)l WAL dF7F 192
(19%), B-lactams/B-lactamase inhibitors A< 2]
ampicillin/sulbactam(SAM)ol] WA FF71 32
(3%), cephalosporins A< 1A FAA
cefalotin(CF), cefazolin(CZ)ol| WAl #57F 47z
374(3%), 173(1%), phenicol A€ <] chloramphenicol
©° WAl FF71 110%)elT. 20108
I 2012d AT FE 42 AMIY SXT,
AMT NAd] HAdE HHER A TH(Table 2).

Table 3. Distribution of antimicrobial
resistance patterns of pathogenic E. coli
isolatse by year

. No. of dru
lzizizt;ir;g resistant isolagtes Total
2010 2011 2012

none 10 4 15 29(30%)
1 drug 1 1 28 30(31%)
2 drugs 22 0 1 23(23%)
3 drugs 1 1 12 14(14%)
4 drugs 1 0 1(1%)
5 drugs 0 1(1%)

Total 34 7 57 98(100%)

Cephalosporins A2 2] 24} 88 A cefotetan
(CTT), cefoxitin(FOX)$} cephalosporins Al & <]
34t FAA] cefotaxime(CTX), cabarpenem AlE
2] imipenem(IPM), aminoglycosides”| € 2] amikacin
(AN), gentamicin(GM), quinolones A|F& 24)tH
A A ciprofloxacin(CIP)o & 98F7} 100%
FA #F2 AU,  cephalosporins AR
2] 3M) A ceftriaxone(CRO)$} B-lactams/
B-lactamase inhibitors A2} amoxicillin/clavulanic
acidol = 27} 99%9} 98%2] AFAE B
cephalosporins A|E<} 14|t 3484 cefalotin(CF),
B-lactams/B-lactamase inhibitors A€ 2] ampicillin/
sulbactam(SAM), phenicol A2 %] chloramphenicol
(O 22 29%, 25%, 6%7F FHNAS Ve
yAdel I3 F2 AR HFHAL.

989 EEE HAAdUATe] A WA &
A2 Table 33 2l 695(70%)7F ¥ 71A 9]
el A WAE 7R N, 14 WA
3037(31%), 2A WA 23F(23%), 34 WA 14
F(14%)°1™ 44|, sAlo] wisted zHZ 1574
1% e. dxE oA g dF9 EXE
2ol 7k QA ol ME AFE Al AT
#HEo] vk

HYA g7 Hdgd g2 A ot
A WA BX A Table 49 T £ 12F
9 Al WA Fdo] EMEHIT NA @)
45 AM-SXT W4, AM-NA-TE Aol Z+Z+
23F(23%), 225(22%), 11F(11%)E AA HA
9] 56%% AA AT AM-SXT thAlUlAd &
EPECOl %t &A 313l 45%(22/49)2] EPECe A
Aol vElGon 41%(20/49E 17%F kA
Z&Adol ART. LT(E9AAA)Y ST(EAFY
FARE FAY 7FW ETECY
88%(21/24)= NA°l tiste] o] UNeH,
AM-NA-TE GAIHAELE FE EACE(67%, 10/15)
oA #BFEJT A TV HAFE BalolA
B3 ETECS EAECY AA WAE&ES W
W3R E=dl ETECS] 35 NA@T%)l disl 713
e YAHAEE BEPI TEGR2%), AM-TIC(18%),
SXT(15%)7} F& ©]1.2™, EAECE TE(57%),
AM-TIC(54%), NA(46%), SXT(43%) o=

8 =&
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Table 4. Antimicrobial resistance patterns of pathogenic E. coli isolated from food bome
disease oubreaks at school food service in Gyeonggi-do

No. of isolates with pathotypes

Multi-drug Total =
resistance Pattern (%, n=98) EPEC LT+ST Tff ST EAEC EHEC
none All senstive 29 (30%) 20 4 4 1
1 drug AM 1 (1%) 1
C 1 (1%) 1
NA 23 (23%) 21 2
TE 5 (5%) 2 2 1
2 drugs AM-SXT 22 (22%) 22
NA-TE 1 (1%) 1
3 drugs AM-CF-CZ 1 (1%) 1
AM-NA-TE 11 (11%) 1 10
AM-SAM-CF 1 (1%) 1
AM-SAM-SXT 1 (1%) 1
4 drugs AM-TE-C-SXT 1 (1%) 1
5 drugs AM-SAM-CF-NA-TE 1 (1%) 1
: Total 98 (100%) 49 24 2 8 15 1

EAECS] YA &) EPECY) B3] © 3 oA
WA #F3el tddivtn Busigle g, ¥
AR dFF 5HARS FAA JAdel #
o3 ol FrAake YL AAEE
Ro g Azt
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2 AA o] 70%E AAYE AER AL
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Hx7t gtk o] F FAEY FFH #ASLo
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T #a A g mad nad &
E & . 50804 FEEY HATY tetracycline
I} ampicillin WA 22} 20103 66%, 55%,
2011 51%, 52%% & WAHES FAFe
RAAAA 538 o 27] FAA WAL o]
AQA A AL Y= A .

A 59 FdZAFHI oA A3 oo
F 5 AMEFRE Fastd S 3AAA
AL R oz ZALE g oshd
B-lactamase inhibitors =-3H|7} A penicillin
AE FAA aFe] 61%, iG] 88%E

EES AXFUZ RIuEPEd, o=
SAM?] FitWAel AYP=H= AH} FHEHA
¥ ZoE QAT
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G7t 2Z¥E FoH dF 2 Toolwt
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' A 28 1961de] e ampicillin®
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Table 5. Summary of PFGE banding pattems of pathogenic Escherichia coli isolated from food bome
disease oubreaks at school food service in Gyeonggi-do ’

No.of Group -
Year Date City School isolate .N‘I)'Of . Cla- Pro- S"?‘"
@ isolates ABCDEFGH ster files larity
. . 13 13 A 2 45 973%
2012  6.21 Uiwang high G 2 D 15 16 72.8%
7.0~11 B 8 9  100%
. . 411 8 B 8 9 99.8%
2012 82 ih

823  Siheung  high ®) 46 E 18 19  100%
5 G 23 24  100%
. . 12-18  13,14,16~18 B g8 9 100%
2012 824  Sihewng  middle () 1215 G 2 ot 100%
Seongnam . 19~25 20~25 B 8 9 100%
2012 827 Bundang high ) 19 F 21 22 59.5%
Ansan . 26-30 27-30 B 8 9  100%
2012 828 Danwon high ) 26 B 9 10 100%
Buchoon 31 B 9 10 100%
2012 95 - middle 31@;3 32 H 30 31 100%
33 D 16 17 100%
34,39 B 8 9 100%
Suwon 37384042 E 20 21 100%
2012 96 o high 34(“9‘)"2 35 , D 17 18 903%
36 D 16 17 100%
41 - C 11 12 100%
Suon 43,45,46,50~52 E 20 21 100%
2012 910 ¥ °nn middle 4(31~()5)2 44,4849 C 1 12 100%
gtong 47 E 18 19 100%
uchoon elomen 53 F 22 23 59.5%
2012 117 Won‘:; g 53(5)55 54 A 1 1 743%
tary 55 H 28 29 828%
. . 56-57 56 G 23 24 100%
2012 126 Gimpo high )] 57 A 7 8  697%
. 58~59 58 A 2 2 743%
2011 526 Icheon high @) 50 D 13 14 81.3%
2011 68  Homam  So0em 6081 60,61 A 6 7 100%

tary @
102 omon 62 A 5 6 73.1%
2011 % Siheung 62(354 63 E 19 20 64.8%
tary 64 D 14 15 813%
Ansan . 65~87 : 0,
2010 419 PR onigh 8 65~87 B 10 11 100%
. . 8891 880091 A 3 3 100%
2010 611 Siheung high @ 89 H 26 27 71.0%
Yongin , 92-93 92 H 30 31 100%
2010 827 Suji high ) 93 G 25 26 100%
94 G 26 27 100%
: o 95 G 25 26 750%
2010 910  Siheung - high 9(5)8 96 C . 2 13 625%
97 H 29 30 82.8%
98 H 27 28 71.0%

7T 2ABHATHE, 26W, 20134
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Molecular epidemiology of norovirus-associated gastroenteritis outbreaks in Gyeonggi-do
from 2011 to 2013; Emergence and spread of GIL4-2012 Sydney variants

Po-Hyun Park, Myong-Ki Park, Eun-Mi Park, Han-Gil Cho, Hyeun-Kyong Lee,
Mi-Hye Yoon, and Jong-Bok Lee
Division of Virology

Abstract : To elucidate the public health impact of noroviruses (NoVs) in acute gastroenteritis (AGE)
outbreak in Gyeonggi-do, molecular and epidemiological investigation was performed with 92 AGE
outbreaks reported from 2011 to 2013. NoVs were associated with 24(26.1%) AGE outbreaks. NoV
outbreaks were mainly observed in winter and spring season. Epidemiological data revealed that
13(54.2%) NoV outbreaks were mostly reported from school and institution. NoV genogroup(G) II
strains were associated with 24(100.0%) of NoV outbreaks, and GIL.4 strains were associated with
14(58.3%) NoV outbreak. Notably, GII.4-2012 variant was detected in November, 2012 and observed in
14 outbreaks in 2012~2013. The emergence of GI.4-2012 variant significantly affected the increase of
NoV outbreak activity in Gyeonggi during 2012 to 2013. Therefore, close monitoring system for new
GIL4 variants should be intensified for adequate policy to prevent NoV outbreak.

Key word : Acute gastroenteritis; Norovirus(NoV) ; Outbreak; GIL4 variant
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A% 243, =2ulojeAE 24(26.1%)ANA FAHU(Y. FEgRA AF, due) A EX AL
5 A9 324 #8 NN 1347.1%)A 2 P Bo] BRI =2uloly A GIL4 FAFL
14(583%) A1 A BAFQ LT, GILaMo|F, = 20124121 Ho|F7} 2012 11€0] He Ay
RNom, 2012-2013 719 1479 Fo AFE FAYUTGE AL BFUAsHT GlL4-2012 A=Y
HolFo 87 e Aris U =2utolyx JAFR B9 Zrtet AT BHo e
o, FF A2 E GI4-HolFe EAL A%3] sty e & e ZAAAN} AYHo=
g8 3}
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1. M2
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A Ed 93 F4F <Y (acute gastroenteritis)
2t Gfol AlHe 19%°] &A@
2 A2 2ZRAN A 9
ZH1 I FA4 Bde 99 B4
g, violelx, 71A%F Tl lod, A
2 7y dAdAE A 2 A
S, WEEL vojgiart 9A AR F3
H3n Ao, o) F ulelaiad FA FE
Z8 e ZEelulo]@ X(group A rotavirus),
=2 H}o] 8] X(norovirus)®} AFEB}e] 2] 2(sapovirus)
& X3t AME ZEAlvto] 2] 2(caliciviridae
virus), #ro}d]x=u}o] 2] X(enteric adenovirus), ©}
2 E 2 n}o] 2] A(astrovirus) 5ol 19700 A thol &
AFAT. ‘

At A ZEEE =2ulolg) 29 FAIH
#AF FAL 19008t =Wkl winter
vomiting disease® A& EIH AP, B,
wazuleld 2t FxE #FAF AL 1968
= 230l 2F Norwalk A g9 3 258a
qN BEH HAE F FEeE e I
Aol BASAA Rt olF, AT
E9 =¥o= WRAANHUZ(EM, Immune
electron microscopy)oll 23] @elAe] =7 o]
27 nmgl o] 1972d¢] W ATY. wZulol
Hae AY 4FEo] FAUE Nowak ZHe
& Wt Norwalk virus@hal Z7]¢] HH
RA G, B3 vholgl 9] E/IL o] FoA]7)
Aoe FHTH R FAR 239 7 ulol
B2E3 7] SRSVE FHEHAD. AAMA A
oz x2ulolgixae Hd dFT 5 T F
ARG L volzlx F ARlAY HEE
o] 7} wow, I HFE 2 4 A
Z0% UM LA GO

=2ulo)g A JASTAL diJl mlolE 24
2" F 9 24~48 Al ool HARAHA
vehd, A3E 12~60 AR Hmd F
. AEAE FHez F U4 AFA
ZdE AIREY 75%e 5 4l s 5HIJAT
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59 4o WEF oz vElston, o 9
Ao A <dZAd T E(vomitting)' 7} VEN ©]
2 Q8 o9& ATEESFYU Salmonella spp.,
Shigella spp., Staphylococcus aureus R T+E vt
ozl g AAE & e Ao 4¥A
ST, wzHold st HFo BE A
2% P HEF ws TP BAo] 3o,
A AR 2X HFEL A

Badzn g a3 49
& F2ol /M1 4 W 3 15k
ol, A AREAY dFNAE 4T BF
Zo2 Az dete EaEel
1970 Y o] F, AGARAR Ao}, Y E
E A Z o]§F ELISA Ho| =Enlolg|x
AZd o] £HAAT, ¥ AR Bolxz
Qs AdEA o] oz gol AATE 1990
] o}¥, PCR(polymerase chain reaction)°] 7l
wElo] ALGE A, 2ulo]ae] A¥A A
g Soldd  E7IM<E(primene ol &%
RT-PCRH°] #2 AH¢H3m UtP'?. RT-PCR
He Zefol A& ARAR oI, ELISAC]
g Aoz Avigoz WUPREsL Fob
w2ulolzglarl Yoz 2FHE FYE A<D
TS Ao zAlEEH FAZA dE
AMgEE i) olF, Hu & UHREE
71 $18) PCR AL FHAE] P8 nested
RT-PCRe] ==l F#H) single- round
RT-PCREel H]&] 10~1,0008] ¥ WA=}
EolxE A =HAUTr 28, nested RT-PCR
& A¥AFA WA 33} QY (carry-over
contamination)o] A3t AAIZEe] AFo] 8
FHARE olEF THES EZFIV] HE,
20003t ©]%F real-time RT-PCRe] ==
w2ulolgla §AA Fdd HLHAYDRD
Real-time RT-PCRZ 5©°[#<Q DNA probest
primerE Ao AME-3l7] W&o, Eot A}
I, 5L UdEe Holx=g EHIAtn ¢IA
9] T}!19)

w2 ulo]|H AF lagovirus, vesivirus, sapovirus
=3 A caliciviridae®) &3 € 7.4 kb
HELr7lg RNAE yitez JXa lew

e

$ B K

(]



fHA= A 70l ORF(open reading frame)S
e Aoz gEA A, o] F ORFIL
VPg, protease, polymerase & virus
replication®] ¥83 THAAES ¢33stn
A1, ORR2E HFAlE ¥ (capsid)yS ¢33}
3t glem ORF3E ORF2¢l &3] 49 #
A= gl <HF3E AT B2 9
< FP3te TFRIEHE Al AR &
AA AP, 19903 ©]F, RT-PCRo] 43
o2 w2ulolglx HAEd HEHUARH, &
gl =2ulojgxo] B F3HF tekgol
FAA B8 <A F(phylogenetic realtionship)E
< B3 2z Hz Yot 53] ORF-241A
FHE = BAZ=ZDINE (capsid)F A 213
279 uet IV e {3 A (genogroup; G)
o2 ERIEH, AFAE L O IVEY =2
vlolgl 27} ZE A AAFEE FLsE A
oz g3iA gt 59, H2Z9 Bad o
3 AtFoA FE2 BAE o= GIEH
GIg el w==2Znlol#l AL capsidi-9 9 oA
& ZAE, GI& 1474, GIIE 174 °)%e #

AARgGgoz HFHe ez Haxz
16,18)

helicase,

200030 ol F w==Zulelg) Ao thE ExpY
g4 A7/t AAAEACE JPHAA B
e A3e A9 J17rE SE3l3, AMgeA
A Genogroup(G) II Zrgo] 7} %o] #<lH
I Yo Ao, o F G4 {FAYo] 713
FAE FAZolge Ao, Al 2w}
olg] 2 GIIE GIol w3, &2 &9 AA A
cDNA viral load”7} 1008} o] Aoz Hix
i g e AFES AWEW, AAF
o2 x2nlold] A GIIVl 80% o]Fe] w==Zwl
olglx I HFEA BA}E o Hu
H3n 4o FEgok 2 AL GlIY tg
f A2 (genotype) =, GIL4 FAFo] <& 62%
9 x2hlelEH A Fd AFEd FAY F=
2 g=Ho 2 {3tz dow, FriFez

FAA FAdo] Tt g wWo|F(variant)7t &H 3}
= Aoz BHyEw YJuis Aot 1996
do w2 fHA HExz EBEiud

A

FERH wZulolg 2o o Bx g4 54 | 25

GIL4-95/96US WolFE Aoz, HA7XR
107} ©]2] GIL4 Wo|F7t AAAFeR B
RHAP, GIL4 HolFe 2L MAF
Q x=2ulelala JFAdge Friep EHI
o] de Aoz FFHD Y.
3] AelskAd, GIL4-95/96US WolF+= 2002
o] 2002- Farmington Hills Wo|Fe] &3 o
2 A A, 200439 = 2004-Hunter H
olF7t &d3ld, AAAF o2 FYPSFAAT
#2006 MEB-E WHolF 2006a F 2006b
WolZzz gAY, 200749 & GIL4-2007
Aol F7t HnEJA gk, XA F3P& A
o, 2009 dlE B FAA AMEL 2009-New
Orleans Ho|F7} &Rlxo], Ao KP4,
2006b 2 2007 WolF& WA AN H2
20123 119”9, 2012-Sydney ol F7t A
ARez FHd, =2ulolaix #H o
BA el F7E o7l TP,

FUe ==2ulelalx dFE AHEY,
20008t o], F2 JPELAE FAHoE =
ZEutol{ 2 GII strainEol HFES #3o &
o3tx U3, G4 FAYo] 713 o] AE
e BaEol I, =3I, G4 HolF
2, 2006b 2 2007 WHol|F7l EFSATYE B
REE YA AR o2 HuE o
7Y, MEERE FHeE 3} AFE
o, A Y FZoA w=2uloly A GIL4 WHo)
Fo A AT AFET dAFolgt. AAAA
FUA D AFEEL 7tz & x==u}
OlHA ATE, 299 A8 9% 24
9] case-report E°] AT ol

E dFdAe, sHdez 4FE] M
Bol dAstE A=A 2011 d5E 20133
7HA], =2ulelH 27t Jg A FEd o= F
= #E3te gostua Ak yolrl, =2t
ol fAAE BEXFLE BEHsies A
FAIl, GIL4 ol T FEE AFHE ¥
Mo =H, AAARY G4 HolF9 &3
oz d3 F/ME =Eulel#l 29 outbreak
activity”7} 2 EH =2 d78] Bz ot
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2. S
2.1 EXHAA =& W AR A2

B d3e 2011d 9€RE 2013d 8¥7tA
2d 7t AUV SAF HFE F 5
o] 4] FABJAIF TG 9279 At E F
Aoz #gHt. APAYERY FAA4
AZoAAS 82 AAAISSN 1976-9989)
d oA, 7= W BEAidA oFdE e
A= #E B2 2 FARY EWMAHE
1,646 gz AFsHet. £ HA =
A WH(retal swap)e] AF, B2TE 0.IM
PBS (phosphate buffered saline) 3mLell 3] 3}
3, BEAAAT] stool?l A, £¥ 1g2 PBS
1omLo] 3A3Arh MY FAES 387
vortex3 F HEL A A3t 4C, 3,000 rpm
oA 10&3 AAEF st AFH 1,000 UL

FHo &7 RNA 22 A% AR AL
23901, BALe —70C 2AL YA &
Ak

22 S 2H0|HA REX A&

2ulo]E] A RNA &2 &% A 140 uL
£ QIAamp microspin columns (viral RNA mini
kit: QIAGEN, Valencia, Calif)S ©]&3l32oH,
#2¥ RNAE A8 W7bA] -70CAA 28
3t th. Kojima $(2002)°] Hu 3t =Zulo]

2 AEE ZgolvE HEexde S A
H 498 £33 zulo)ld A FARAPAS S
98] A3t tH(Table 1). Onestep RT-PCRE
28 2X RT-PCR Master mix 12.5 pL, 10 pmole
sense primer 9} antisense primer Z}Z} 2 UL,
DW 6 uL, RNA 2 uyLE& ¥3%3 25 uL ¥H&9
g ATt #A4  2Zg 99
thermcycler (GeneAmp PCR system 2700,
Perkin- Elmer, USA)E ©o]-8-3lo] 48°ColA 40
¥-7t reverse transcriptionS 33}, 94C 3&E
Zr ukg A7l F 94T 30&, 54C 30X, 72°C
4522 35 cycle WHEI F 72TodAN 7E
extension 3} T}.

RT-PCR ©°] T8E A& 2 ULE o] &3t
semi-nested RT-PCR< F33tie™ 10X PCR
reaction buffer, 2.5 mM dNTP, 20 pmol primer,
1U Taq polymerase (Bioneer)& oAl 50 pL
gl Az F AP AR HEE
A& 94TCAA 38 F<F A F 94T 30
%, 56C 30X, 72°C 452 & 25 cycles W&
F 72CAA 783 extention 31T}

23 REX HIIME BN

Semi-nested RT-PCRS $3] 5$3Z¥ PCR 4
B2 9% £9 JAE Fd FAY FH1A
BENE Syt 2t A9, 1%
ol7}22 A (Gibco, Gaithersburg, USA)EZ A
719 E38te] 823 H, DNAEH S FI3 F,

AccuPrep Gel Purification kit(Bioneer, Korea)

Table 1. Oligonucleotides used for the detection of norovirus RNAs in this study.

Norovirus

genogroup Primer Sequence(5'—3") Position Application
GI-FIM CTGCCCGAATTYGTAAATGATGAT 5342 Onestep RT PCR
Onestep RT PCR/
GI GI-RIM CCAACCCARCCATTRTACATYTG 5671 Seminested PCR
GI-F2 ATGATGATGG CGTCTAAGGA CGC 5357 Seminested PCR
GII-F1IM GGGAGGGCGA TCGCAATCT 5058 Onestep RT PCR
’ Onestep RT PCR/
GII GII-RIM CCRCCIGCATRICCRTTRTACAT 5401 Semimested PCR
GII-F3 TTGTGAATGAAGATGGCGTCGART 5088 Seminested PCR

A7|E2AEAAT R, 267, 20134
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Table 2. Norovirus reference strains(Gl/GII)
used for sequence analysis.
- . Genbank Geno-
gf?u.}’ Strain name accession No. type
Norwalk M87661 GI-1
Southampton L07418 GI-2
Desertshield U04469 GI-3
Chiba AB022679 GI-4
Musgrove AJ277614 GI-5
Sindlesham AJ277615 GI-6
Gl Winchester AJ277609 GI-7
BS5-98DE AF093797 GI-8
SaitamaSzUG1 AB039774 GI-9
Boxer AF538679 GI-10
SaitamaKU8 AB058547 GI-11
SaitamaKU19a ABO058525 GI-12
SaitamaT35a AB112132 GI-13
SaitamaT25 AB097911 GI-14
Hawaii Uo07611 - GII-1
Snow mountain agent U70059 = GII-2
Toronto V02030 GII-3
Grimsby AJ04864 GIl-4
Hillingdon AJ277607 GII-5
Seacroft AJ277620 GII-6
Leeds AJ277608 GI1-7
Wortley AJ277618 GII-8
GII Alphatron AF195847 GII-9
Amsterdam AF195848 GII-10
VA97207-US AY038599 GII-11
M7-US AY130761 GII-12
Erfurt546 AF427118 GII-13
Fayeteville-US AY113106 - GII-14
SaitamaKU80a AB058585 GII-15
SaitamaT53 AB112260 GII-16
SaitamaT27 AY502009 GII-17

€ AHgst] AT dEE KR Yo
3 Fuje] A 838 ¢4ELABuffer GBS
F7ksta 50ColA AL &8]A1Zl F, Bioneer
spin column 22 7 4TdA 14,000 rpme
2 187 948 F 38 4F 8 750 uL
S H7F3ta 14,000 pmol A 187 43 &
9L FHotd A MHE SFEAE A
83l 30~50 uyLe] F/FFZ DNAE 343
o o A8 AH&3ATh PCRE B3A F

N, ook o

FERA =zrlolgze] @ B4 9349 54 | 27

Zd x=2upolzlx ¢4 PCR products: ZHzt
o fARGel FolHe Zejolw & Algto]

4% wekEo 2 dideoxynucleotide chain termination
7I8E AHgSte
prism Applied Biosystems, Perkin Elmer, Boston
USA)E A}-8-8}e] sequencing reactions 3}
. dolx AEE  Bigdye removal kit
(Amersham Pharmacia, England)® A3+ =,
automated DNA sequencer (model 377; Applied
Biosystems, Boston, USA)E ©| &3l ¢r|A
g ENE 33

Bigdye sequencing kit (ABI

24 FEAIESH B

Sequencing® FHA H7IAEE  DNAstar
(Madison, USA) T21¥ L o]&3td FA
€9 2% % NS FHSHAL, 7129
BEud 959 x=Zulo]s] AF(Table 2)E ©]
&-3}e] Clustral Method(Thompson et al., 1997)
2 ASFATHEA B4 S B39 AR E
g3ttt &3, G4 HolFx ASFAE
A ML 53 FAsuch

3.0 ¥ @

3.1 =E2Ho|3 A0 of AHE ASH WM
s

=Zhlolg| 2 &Y < AFLA o}xl 7,
50% ©ldeol AL&d F 11¥~3¥ Ate]d ¥
Adctn g2ix Ao®. meld, d=dE 2y
oz BM3le A Bt ALH F4HoE A4
S EMste Aol fEdd AVE £4
S N=Ed Bt} =, ’“°1*“-1FHH7H o
AR Z 29 o3 BEEAE Jdor A
sty YA T, 27 ~5% A}oH AR Je
HEE5Y A+ @.?1}73517} AEe A7t Bob
AZA dE AEE ATsHr] Y3 58 oA
gxte] g RY AHA S EAste A
ZALSATH =2ulolEl 2 #E JAGAFEe
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=2ulol 8] A genogroup I, I, IVE o] Alg
AA ZLHAAT, FHALZE =Z2ulo]ygx
Gl GII & &l TR Yok A 713
<, 2 w=2ulo]# & genogroup I7} =&
Hlo]#] A HAFAEE 247(100%) EFo| oo
st AT 2y, IS FEY 544 Gl
strain®} Zo] AEHE 297 670] AHY
o =2hlelgl A GIY AEE R AA 24
A F 18A°IUtt. =2utolg 2o 23 FAd
AFEL ALH 2Fd 7P ®ol LAEA
T SE7RAE =E2htelgart HEHT Ut
o|F GI# GIe EIHE Etle Gl &
E AEo| o BAdrhFig 1).
a7 71 T 11FY =2ubolya AR
ol A&HUYEd GI 43(GL3, GI4, GLS,
GL9), GII 7%(GIL2, GIL3, GIL4, GILS,
GIL6, GIL14, GIL17)°]31H(Table 4). °]3
GIL4¥ & 14719 FAFENA HEHUL
H I Lo 2E G238 GI-178°] 8714
AZ= A
AR o2, 20122013 7)o E71F wzu}
olElx W AFES dUL, Aol dFF A
g §H¥EY 24 AV A B 4+
ov, o FAA M IFEH Jde /A
GIL4 ¥e] F7IHth A, G4 fA el A

4F5B w2told el U ¥4 93 54 | 29

AAReZ 2 71t Bt dEHo=E {3
2 SEAE FAAN WD ve g o
7, AR Ba’E B B fAF A ¥
# G4 FA¥e AsAEEst WE Wolx,
Bol S 423 o] A ZF(recombination)
< 53 I P (herd immunity)E 3 &
t 2L Ho|RE AAsEH R A
B3? H9g Polrh

§

9, 30 o

33 SE2HIO|HA GI.4 BOIF B4

B AT 712 F, 20122013 Ao w==up
o2l GIl4 FHAHC] FFo] F71% A&
EAE 4 3AUTHTable 4). AAAAHCZE GIL4
FAAE 2] ¥ ol F(variant)e] &3 o] wEnH}o]
Ha Je A FE] Frbe M #-o] QL
O Exige] A7 Wi, £ dFoMe
2012/2013 A7)o| J& A FEA HEdE =
2ulo]lg 2 F G4 P9 FHAA GrIME &
AL A=A AFAA EHIA 7R
GIL4 Wo] FH:F(Table 2)9F 2012/2013 A7)
o 147X #QU" GIL4 strain®}e] FHAS
&4 (phphylgenetic) ¥4 339l 233
° 2, 2012/20138 74 147404 F<lE G4
FHYELS G4 2012-A1 =4 HolF9t #A
Zb Q718 BA A, 98%°ld LAkt
EF, A WolFrt 2T diddAz A

Table 4. Norovirus genotype from food-poisoning outbreak from 2011 to 2013.

Norovirus . Season Total
Genogroup Genotype 2011/2012 2012/2013
GI-3 2 2
Gl GI-4 2 2
GI-8 3 3
GI-9 1
GII-2 4 8
GII-3 1 1
GII-4 14 14
GlI . GII-5 1
GII-6 1
GII-14 4 4
GII-17 5 8
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Fig. 2. Phylogenetic analysis of norovirus GIL4 strains.
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Quantification of allergen in oxidative hair dyes
Sang-Hun Cho, Myung-jin Lee, Beom-Ho Kim, Jong-Sup Jeon, Hye-Jung Kwon,

Ho-Jeong Bae, Mi-Hye Yoon, and Jong-Bok Lee
Pharmaceutical chemistry Team

Abstract:  p-Phenylenediamine (PPD) is a very harmful oxidative hair dye allergen. It was not clear that other
chemicals in oxidative hair dye such as toluene-2,5-diaminesulfate (TDS), m-aminophenol (MAP), 2-methyl-5-
hydroxyethylaminophenol (MHEAP), and N,N’-bis(2-hydroxyethyl)-p-phenylenediaminsulfate (2HEPPD) have the
ability of causing of the allergy, whereas a number of allergy cases from these chemicals have been reported. In
this study the contents of hair dye compounds (PPD, TDS, MAP, MHEAP, and 2HEPPD) were analyzed using by
high performance liquid chromatography. A total of 100 samples (domestic 60 and imported 40) of oxidative hair
dyes had been studied. This study showed that black and dark brown color products contained these compounds
more than in brown color. Contents of PPD and MAP in imported samples showed similar to label contents
comparing to domestic samples. Average contents of TDS was 105.5+20.6% in domestic samples but imported
samples were doubled in label contents. In comparison the numbers of product contained MHEAP and its volume
were higher in imported products than domestic products. This study represents that we need more sophisticated
official determination method because the thin-layer chromatography (TLC) screening method in Korea Quasi-drug
Codex (KQC) is not quantification method for this compounds.

Key word : oxidative hair dyes, allergen, PPD, TDS, MAP, MHEAP, 2HEPPD

29 : 238y FEA N p-phenylenediamine (PPD)T} toluene-2,5-diaminesulfate (TDS), m-aminophenol (MAP),
2-methyl-5-hydroxyethylaminophenol (MHEAP), N,N’-bis(2-hydroxyethyl)-p-phenylenediaminsulfate (2HEPPD) %2
dHE7] FEEAEC] FFH lon od EAEY ARV Fd dg e nurt ok AYAF
Z 1004 GENAF 60727 FYUAF 407)E o2 dRA FEHEE F €27 FLERE 98A
PPD, TDS, MAP, MHEAP, 2HEPPD A EE& HPLCE A #FFHAT FEHEELS Hitd wa 244 AEE
Hoh ZAAGolY EZ4AEe] Mol g AFE ©l Bol TR AT PPDY MAP FES A Fo)
FHAFET ZAF 7MEA AE= o TDS] ZA$-de SUAFEL BTl 105.5+20.6%<1H s =
PAFNME BAZFS 28 7h7te] AEHUAT FYAE B FUHAE] Hs] MHEAP A &S A3 A
Fo| B3, FArtgx gtk KQC e FAld TLC AlgEtess FEAAES Ao Erlgsin=z
2 AYS 53 43y 942A 5 FEAE AFAEE MLES A8 VIxARE ATsnA @t

FHOA : ey 924, €27 ¢854, PPD, TDS, MAP, MHEAP, 2HEPPD
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Azte) 7|EAA &7 F e olETE 9
F7ol Q17 eBd oiFd BHE R
B @U7AA] A&HHoz golAm Yk 53
Lgd EUdAe JAd & F& A2
sow g 44 Edd g Sy 2
FAANGT A FALRA o A F
Zbata givh Aok E A AMFDS)el wh=
2006 EFE 2011d7bR] e Foz 7

He AEFE F FHEERAVN M g%
2011 B &o] 57%E A= .

FAAERAE 959 FHd o= Asds
(oxidative dyes), 278 ¥ E(direct salts), FEEE
(metal salts)®} H A F E(natural dyes)E TEE
o Agder gurgoz F89l 1A% A3
AL 248 EF3HA AR AslE dEA
(oxidative hair dyes)3 Blolth. 1412} &z Al
o8 RAAFEES)C] €8x, 242 2HEA
o o3 Ry & dad Mio @47 §FA
Eapego] 22 GFASFEQA I8 EEC] 7

£3¢ 5939 2d FAREE2)HA £
o7} FFWEo] oyt FEYEFo 23
A fAo] ¢ta gt APEEE 29 WYy
Folgtnx e AstEE v R
2 9REE HHYET ez 2o A¥L
7H A =gEA] E3tn 4RV gAY 7Y
Z3 ZFs7E 7t A6 M E 4
A FAHA MAAHELZ Ho] AHEHE 4
88t I8 E H(lead), ¥ A(bismuth)
E LGilver) 5 FEFE EE5E AL 3
HE AHEES 2ol MAAHELLE ALET
th AFQEEE A8 A dEARELE A
e 2 g FZ3 3 Hhenna)st FFOHA
b7k QA=) Q1 1t A(indigo)7} THHE A o],
FAAAEA F A3y dRAs dEHAEE]
Eavigog & FEHA Fov Uz gy
o] FAJo o]Fojx HL Eodx wA d4
Hi fd3te A4S d 5 de FHe] U4
fFrEoly vFAA AZERFE F 80% ol &S
A8tz Yo

Zo|RAsHAFHE, 263, 2013W

2318 A=A 1AE Q83 (primary dye
intermediate)®} HE 2 ¥ A(dye couplers), =
F A A (dye modifier)2 o] FolW PRHYEE=T
ammonial} monoethanolamine®] FAEQ &7
@] Al (alkalinizing agent)7} &3 TAHAY. 95
S B84 HNavt 4H7 H R
pphenylenediamine (PPD), toluene -2,5-diaminesulfate
(IDS), 2-methyl-5-hydroxy ethylaminophenol (MHEAP),
NIN-bis(2-hydroxyethyl)p-phenylenediaminsulfate (ZHEPFD),
p-toluenediamine (PID) 5 U3t p-diamineF}
o-aminophenol (OAP) S°] gloem 0.05%(EHe AR
A 20%(AFE NR)7HA] gdsH AkEn: 9484
A2 mphenylenediamine (MPD), m-aminophenol
(MAP), resorcinol 5 "|EN(meta) x| &3 F7} BrP?,
241 AR 3~6%2] T8l Axhydrogen peroxide)
7} FARH sl ae ¢ AeEA s B
gt we BAsl AR ERHch I
pae] o] BEsH FolXH R T
2ol Ulo] HEE BE 6% o AL TP,

28y dRAY A & 9dE gdE7)
£ #29¥ 5+ 9= ©PA HGEIS) 9=
Aoz Hridde Helth &dHE7 fEE
A(allergen)©| & °]Fx=ZFZE(immunoglobulin E)
I FAFA ug S 3o LHEVE fEse
EAEZ 48 7HA FH9 SFEZAEC] AT
g9op), A5y ARAGA 7 EHQA ¢d
27 +¢EFL PPDE &3 A itk

PPDE 1836 549 & ZvH(Hofmann)ol
3 AgdE o]F 7] FHMANE EE2A A
o2 df ALHAJT. 22y PPDIF
ARAE AL AAA FHFF, F7F
HRg "ol AP FEA HAF 2=
As9 wEg Fd 5 FFAL] RIEEA
1924 W Fe|A i PIDE WAAE 3h7)
T 9P, PPDE A3 AFAE(sensitizer)©)
o HASANEZD(immune activator)Z2 SEAE S
S 2419 EFSHE EF A 2o AR 4
& fEdle 840 F71He A2 BRaF
A, gFanAde] Hyy EELEAH
29 JlEE, FoloE, 4%, ¥ T F=2
g 2714 FEAFE S22 20099 943

9
i
2l
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oA 2010 1057, 2011d 6¥7HA] 1180 o2
Es F7kstn QY. A FEAAY
8o wE2Y 43y dEA AE T ¢HE7]
#+2 7FsAel e EF=Z PPD, TDS, MAP,
MHEAP, 2HEPPD, p-methyl aminophenol3} propylene
glycol JEEo] BuHIR. FHodME oH
EAE =Tl dE TEAESE W
Fo 2 7 fEid A7t s IgEH gl
th M EALES Yo E AAF patch testE: F
g HEE e LHEVA RG] dJAEF
Z PPD ©]9]¢] TDS$ MAP7} B AH?,
sl dRAS FEYEEE 9%
5 EEAZNZE T 9EASY EFAZY
oz ALY B $EAHCI sET
= 7%, & A BART YL FRA
FAaYT oo Eel B VE %
=

2 glott KQeol #AE QEAle FEAE AY
PHE TLCE o848 FANFoz FEAF
3 Al pelE Brhsd ARolch

ol B AFelAE sty A=A 14 3
$€ $IARE 3 AP AguEs me
2HEPPD 5 559
(high  performance liqui
chromatography) & 0] 83 AFEAWE sjLal
NF %5 £ AT ALY gd=s #
23 ¥%e zAElY JuA TA ¥
3 J2ARE ATHTA FRT

o

ke

1

T

fo

2. 72 3 ay

21 MBI R

2 Agd A8 AERE A7E W ¥
I1E oA T4 d=2A 8143 H/ER
HZATHAN HExFAAAAFLE AA ¢
3 AF 194 5 F 1008& A8E A3
o 2 F FUAFL 604, HAFL 40
oldtt. AR AlgE AFEL d4EdEAH
yel whe} Z2(black), &2 (dark brown), &
Ybrown) A EE EF3IJL, T4 S 7
g2 EFsgen o v 4L o2 &

ook Al xR M Ao

At FUAEFLE FNAE 81, FZ4 19
A, &4 247, 3 e AF 97 <A, FUA
& ZAAG] AN, 24 113, F4 27
, 1 e AF 2oz AMAE AFel M

kot

¢

§2 AL o

22 EEE A MY

£ 299 A8 9EA REYES EF
24d& PPD (ACROS, Belgium), TDS (Woko,
Japan), MAP (Alfa Aesar, England), MHEAP
(TCI, Japan), 2HEPPD (Sigma-Aldrich, USA)E
AHEet 7+ EHE9 3T EE Fig 13%
2o 4REA EFEY Az A ASEAAZ
sodium bisulfite (Sigma- Aldrich, USA)E A}& 3
o™, HPLC ©°]%7 &£ acetonitrile (Merck,
isocratic grade for LC, Germany), ammonium
acetate (Wako, Japan)E Al&£3l9t}h. £ =7}
@2 TDS EFEZE Fo7l fs &d=
dimethyl sulfoxide (DMSQ) (Daejung Chemicals
& Metals, Korea)E A}-&3}c}.

23 HPLC &4

AR ARYE AYHARD ATSL F1
sl guAESe FtE 142 B4 Ay

B H T Centrifuge tubed] AIEE <F 200 mg
FH3ted, #F 03 mLe ASEAAZ 2 gL
sodium bisulfiteS %o] 10 mL7} S =& 3%,
AN R7F 3 centrifuge tubeE vortex mixer2 &
FA 712, 443 5& WA E2(80~90T)e
go] =9 & vortex mixer®2 E3317|E 2~33]
HEEEY. AEE 4HE] f3AA 4
(7000 pm, 30%) F 43T AL HEY 3}
#3le] 045 um PTFE filter2 33 <
dog 3le] HPLCE E4 st arh

HPLCE WatersA}2] Alliance 2695 (separation
module)¥} 2966 (photodiode array detector)E Al
435193, B4 ZHP L Zorbax Bonus-RP (5.0 um,
46 x 250 mm, Agilent, USA), |54 2E 10
mM ammonium acetate$} acetonitrileE gradient
modeE AR5} THTable 1).

o >
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i fo

fijo
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p-phenylenediamine(C¢HsN2, 108.14)
NH,

NH,
toluene-2,5-diaminesulfate(C-H;¢N2H204S, 220.25)
CH,

NH,
- HaSOs

H,N

m-aminophenol(C6H7TNO, 109.16)
OH

NH,

2-methyl-5-hydroxyethylaminophenol(CsH;3NO,, 167.2 1)'

CH,

OH

NHCH,CH,OH

N,N’-bis(2-hydroxyethy!)-p-phenylenediaminsulfate
(C10H16N20, H2S04H;0, 312.34)

HO\/\N/\/OH

NH,H,S0,H,0
Fig. 1. Chemical structures, chemical formula and

molecular weight of main allergen in oxidative
hair dyes.

A\ ERASHATRE, 267, 20134

Table 1. The operating condition of HPL.C

ZorbaxBonus-RP

Column (5.0 pm, 4.6 X 250 mm, Agilent, USA)
Flow rate 1.0 mL/min
Injection volume 10 yL
UV wavelength 235 nm
Post runtime 5 min

Time(min)  A(%)  B(%)
0 100 0
, 2 100 0
Gradient 20 70 30
condition 25 20 80
26 20 80
28 100 0
30 100 0

A: 10 mM ammonium acetate

Mobile phase
P B: acetonitrile

24 HPLC Al&ig] wi2ldlolM

Aggel dalgelde dauuItd F
O }ES Ay o] 7hol =gl
upe} $Psisich AFA A4S A8 FEER
£ z}z} PPD, MAP, MHEAP, 2HEPPDE 1000
mg # 39 methanol 50 mLE %3, TDSE
500 mg< F 3t DMSO 100 mLol €33 =
o EFEYAE TEJY. TDSS A, ethanol
4 Hd 10 mg/mLe]x DMSOA 15 mg/mL
2 g J2sd nsH $AE7} Rl o
2 Ao 2484 A8d AR 10082
21 Z o) ofEHAA o tF AANYFT Fool
AN A AatEe] 3¢ FAsz, ¥
AEL A AF AN AFY JEAER
qHE el HFAHe HYE A A
Z+zto] BEY AL 2 g/l sodium bisulfiteol] 3
A3l HF FE7) 2000 pgmle! ETFEFE
g WEPR A 2 gL sodium bisulfiteE
A8t 670 FE(2.0, 10.0, 20.0, 40.0, 100.0,
2000 pgml)E AFHE FAA3AG. 22
FE EFSE 53 ukE FSlstd ZAASF
(coefficient of determination, R?), y H¥, 37Z
el 71&7), ANEFHAHRSD) 5 FUSA
t}. H&&A(limits of detection ; LOD)S} A FF
) (limits ‘of quantification ; LOQ)E ZH %A A
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Fig. 2. Chromatographic separations of main
allergen (PPD, TDS, MAP, 2HEPPD, and MHEAP)
in oxidative hair dyes(235 nm).

Al g 2 AHE $EQ0 pgml ; 9F A
B3l A% o F&H|(signal to noise rate ;
sm)E o] &3l otz Yoz FIHYG®.

LOD =
LOQ

33 x q+ sn

10 x q + s/n

Ir

5 o) A (specificity) = EAtAdEA] AFH g +=
A FE blank samplei sl EAES o
Aid Edol Ee g = AR
9Aazke] BEEE Q.’?l?ﬂ'oq 4H3 ZHA
& RIEA L AFAE NEAIFAAE

L A

P

£ blank sampled] FY3td IJF &%) FH
stk o) W ZF ¥EF 33H =AH3d o
AFZHEE Frlsdo. B APdAE Ala"
g FEoT FEHRE 53 WHE F Yty
23t & &9 A} (relative standard deviation, RSD)E
A3, E&E(resolution)$} o] ET<(number
of theoretical plate), th3 Al (tailing factor)E &
M=

3.3d% 9 1\

31 HPLC A&l Wa|ciolM

Al ¥ ¥ 9] Hga]q]o]/q gEoz AMA,
ol A, AEA, 7‘4@ AL, A2A, Hey 2
636‘* A3 Table 29}
Zth gL @Zéﬁlvr 0.9998 ooz £
SR EE N 53] wE £ F AdxEd
s 0.2~0.4%A . FFES A MR =
(160, 200, 240 pg/mL)l A EF 93.4 ~105.7%
2 Ystou TDSS 7% 113.8~118.6% 2 thi
A JveEigth 2 599 dF¢ mE=" UPLC
(ultra performance liquid chromatography)E ©]-& &t
a8 B44e 5 AR YyFEL =F
96.9~98.7%=2 2 AFZAIAL {AI ALY,

R

> Jlm

A El ;g] -o-l-/\-l /\]

Table 2. HPLC analytical method validation of hair dye compound

PPD TDS MAP 2HEPPD MHEAP
R square 0.9999 0.9998 0.9999 0.9999 0.9999
RSD% 0.3 0.4 0.2 02 0.2
LOD(yg/mL) 0.44 1.12 0.51 1.32 0.57
LOQ(ug/mL) 133 3.39 153 3.35 171
160 pg/mL 96.69 113.82 94.63 98.35 103.37
recovery(%) 200 pg/mL 98.58 118.55 94.35 96.64 105.77
240 pg/mL 97.10 117.83 93.35 99.58 104.57
resolution(>2.0%) 10.2 5.0 4.0 14.4
plate number(N)(>2000%) 3346 6636 22575 37884 125364
tailing factor(T)(<2.0%) 1.9 1.8 1.4 1.7 1.7

*system suitability testing criteria of U.S. FDA

AR ASA

AFRE, 267, 20134
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TDS®] 3& Aole EFEFES =9 EW=
DMSOE A}&3 o] dlez AZtEUF7}
AT/t BaF FEo|T. By, o8ds, A
AF B Azd AP A2 AA}A
2AA5E vF FDA 7I&0 HA¥HATH?. &
A ZZnEIRL Fig 2.9 2 4 HAEE
£ 235 mmollA] UV spectrumo] 7 599 A7
o ¢ 28 vhFig. 3.).

32 giRAIQ REAME EETEY

FEAY MqFE FA, ZqA AdAAdR
ER3ld Z+ AF FEAE FFS BN
A= Table 3, 49 Zoh AEsx HHE
A 3 AAFd FHAFTEE EASAT
ZUYAFE 607NN HEE FEFGELS PPD 34
A(56.7%), MAP, TDS, MHEAP Ztz} 417
(68.3%), 2671(43.3%), 971(15%)F Y El MAPA
e 71 &) AMgste AoZ UegoeH,
2HEPPD:= EE A FdA HEHA Fioh A
2d AZ2¥E(g/100 g= ZZ PPD 001~341,
MAP 0.01~1.0, TDS 0.01~2.85, MHEAP 0.04~0.83
2 Jeldn Agge] T3k vehxl gk
MHEAP A#-& Adtnes Fdqoiu 5744 AE
R Ao AFEC] Y AL vlwF ¥
Mol WlE FEAE ol By FYAEY
X3 PPD, MAP, TDS, MHEAPE Z+Z} 32
7A(80%), 2971(72.5%), 1071(25%), 1474(35%)F
et PPDA RS 71 Bol AHR3le ALe=
yveigern IFUAEFdH FY3tA 2HEPPD
A" AFE AN FAAF AEE HE
FX(g/100 g)= PPD 0.06~2.14, MAP 0.03~
1.01, TDS 0.2~2.14, MHEAP 0.02~0.732.% 4
By HArbEE fREAEES e FUAES
Hls=3tAY 23 Uk FYUAFANNE S g
Z24 A T FEAE FEAIVT TR #%k
}.
AEe &% PPD, MAP, TDS, MHEAP
459 FEAES ¥ 7 Z H¥(total contents)
v w3 AFE Table 59 2t} E44 A4
FE5E vud B SUAEFY FEAHE

0~2.0 g/100 goll EFHE AFo] B

2 e ofn

—
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Fig. 3. Spectra of PPD, TDS, MAP, 2HEPPD,
and MHEAP in standard solution.
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Table 3. Contents of main allergen (PPD, MAP, TDS, and MHEAP) in domestic oxidative hair dye

PPD MAP TDS MHEAP
color - - -
Iabel clai found label claim t found Iabel cla t found label claim amount found
@iy vumber  TEOT @iy  mmber VO '0Y iy  mumber  “Tho)n" i  mumber  Crop
<10 1 0.82 <0.1 <1.0 1 0.54 <0.1
Black  10-20 3 1.54~1.97  0.1~0.15 1 0.15 1.0~2.0 0.1~0.3
@ 2.0~3.0 2 2.06, 299  0.15-2.0 7 033~1.00  2.0-25 0.3~0.5
>3.0 1 3.41 >2.0 >2.5 1 2.85 >0.5
<1.0 3 0.49~0.72 <0.1 4 0.04~0.09 <1.0 6 0.29~0.88 <0.1 2 0.04, 0.05
Dark 1.0-2.0 8 1.00~1.83  0.1~0.15 2 0.10, 0.11  1.0~2.0 3 136~1.67  0.1~0.3
Brown
(19) 2.0~3.0 1 2.03 0.15~2.0 11 0.15-0.90  2.0-25 2 209, 240  0.3~0.5
>3.0 1 3.20 >2.0 >2.5 >0.5
<10 10 0.01~0.92 <0.1 8 0.01~0.09 <10 9 0.01~0.73 <0.1 5 0.05~0.08
Brown  10-20 3 1.00~1.44  0.1~0.15 4 0.10~0.13  1.0~2.0 2 125,178  0.1~03
@4 2.0~3.0 0.15~2.0 4 020~028  2.0-25 0.3~0.5 1 0.33
>3.0 >2.0 >25 >0.5 1 0.83
<10 <0.1 <1.0 2 0.58, 0.75 <0.1
Others  10°20 1 1.49 0.1~0.15 1.0~2.0 0.1-0.3
) 2.0~3.0 0.15~2.0 2.0-2.5 0.3~0.5
>3.0 >2.0 >25 >0.5
34 4 26 9
Total(60) (56.7%) (43.3%) (15.0%)

(68.3%)

&b | BE BERY [(ERP & SuweIpowiweydd lvEk Risly
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Table 4. Contents of main allergen (PPD,‘ MAP, TDS, and MHEAP) in imported oxidative hair dye

_ PPD MAP DS MHEAP
color label claim b amount found label claim bel amount found iabel claim ber amount found Iabel claim b amount found
@og DU 00 g @wg WX G100 g @0g DM /100 g) @00g  Tmmber (00 g
<1.0 9 0.25~0.91 <0.1 4 0.03~0.08 <1.0 <0.1
Dark 1.0~2.0 2 139, 147  0.1~0.15 1.0~2.0 4 1.77~2.05  0.1~0.3 2 0.11, 0.13
Brown )
(1) 2.0~3.0 0.15-2.0 6 0.16~0.56  2.0~2.5 0.3~0.5
>3.0 >2.0 >2.5 >0.5 1 0.73
<10 17 0.06~0.91 <0.1 12 <1.0 5 0.20~0.99 <0.1 4 0.02~0.08
1.0-2.0 2 121, .79  0.1~0.15 1 0.14 1.0~2.0 0.1~0.3 2 0.19, 0.29
Brown
@ 2.0~3.0 1 2.14 0.15~2.0 6 0.15~1.01  2.0~25 1 2.14 0.3~0.5 1 0.43
>3.0 >2.0 >2.5 >0.5 3 0.56~0.64
<1.0 1 0.06 <0.1 <1.0 <0.1
1.0~2.0 0.1~0.15 1.0~2.0 0.1~0.3 1 0.28
Others
@ 2.0~3.0 0.15-2.0 2.0-25 0.3~0.5
>3.0 >2.0 >2.5 >0.5
32 29 10 14
Total(40) (80.0%) (712.5%) (25.0%) (35.0%)

¥ 2T Bletedh | ¥
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Table 5. Comparison of total main allergen (PPD, MAP, TSD, and MHEAP) contents(%)

with domestic and imported hair dye

domestic sample

imported sample

color label claim (g/100 g)
number % number Y%
<1.0
1.0~2.0 2 25.0
Black 2.0~3.0 3 375
>3.0 3 375
Total 8 100.0
<1.0 3 15.8 5 454
1.0~2.0 9 4.1 2 18.2
Dark Brown 2.0~3.0 5 31.6 2 18.2
>3.0 2 10.5 2 18.2
Total 19 100.0 11 100.0
<1.0 18 75.0 18 66.7
1.0~2.0 6 25.0 6 22.2
Brown 2.0~3.0 7.4
>3.0 37
Total 24 100.0 27 100.0

HAEL 1.0 g/100 g 7% Ho LA AF
o] Buth ZAAYE AF FT FUNAFAME
FrEAES F AEFO] 20 g100 g vt E
Bhd vt $dAFANME 3.0 g/100 g ol
= Atk EI dERA Y Ao
AR FFol Tl AP

¢

.I[fué
Jo o

o o §
30 mt 5L
o4

ZAE AFY FEAE BEXNFe AE
BEAAMA diste] ¥lwd A3 FYPAES
Table 63} 21 FYAEL Table 77 2%
. FHAEH FYAF EF  47FX(PPD,
MAP, TDS, MHEAP) fF&EAEo] HAAM
HEshA AEHAYT. FHAEFL] AS FAF
oﬂ et 90~110%2 £ ¥ ¥-&2 63.7%%

, TUHAEFL 77.6%E FAAFE] FUWAE
HE} Fob BAIZ diste HmA F s
A Aoz Addt. FHAFEY 35 A2
7€) dE AL ofYAw AiAsE LA
T e AAERA Ao ANanEH e
4, FAE, 71718 2= E4 AdE)E EF
AZF3 FHAES SCCS (Scientific Committee

on Consumer Safety)oll Al ]S w3 1 970

# 3

<] 3
A
A

olN
£ o
ol

ARE A&t FFGo] o AiA
AA8A BAdn Ao PPD AR
F9 A% TAF disle] 90% o)
°] 27, 110% ]34 AFe] 47 gl
U FHAEL 324 BF 90~110%2 <A
Al HEHJT. MAP AELS FUAIFNA
90% ©]3kel AFol 196, 110% o]7d<l #Fo]
17(136%) AANTZ FUEL 90% ol3t AL 34
& AT 2770] BF 90~110%2 AAsA
EHUTh 28y TDS &Y Aeele A
o] o] 105.5+20.6% <ol wHe) =JAELS o
F&2 AFANA BAZL] 2u) o] ¥l
2 vyt A Fo14 MHEAP AE-2
ZFoll ek 90% ©ldkl AFe] 44 AN
T AL TF AFL 59.7%A . MHEAP *
wo] EAFl it 110%E 27T A
fAA et FHAEFL BEAF sl 90% ©
AFol 372 FUAEFFR vz ey 7
HE FFE Ze AFL 78.9%H 1, 110% ©
A AFEE 471 A B AF ALEE S
PAFELS FUHAEFA vls] MHEAP HES
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AHE3E A Tol Bokm, AT Hrtg AHEY
S= Bttt ,

2 d74d7 z2A g4 57 #EA
FAZIIEN Auste AL AEL
o2 vehgth 2y @49 KQC %
A TLC FAAFRozE A3PPR
FrEAHRES AFo] E/MSIER ALEFH
3 EFBYE ¥ AHFE Ao Has

9 M
2 2
oo X

[o]

FEHAE 607 FHAF 40

GEAN F=2 AHEHE FEAAEE F U=
7] &2 = ¢e 32 PPD, MAP, TDS, MHEAP,
2HEPPD A ¥E& HPLCE A #F3dlo] Ak3ld o
2Ae] AERE)T JARAA o EHE
7] fEEd FFe vlwslgm, A3y 942
Ao FEAE ABAPYE ALL 94T N2
E2E AT AASAH.

1. 23l gdrAe FEAES ZFUAF PPD
3471(56.7%), MAP 4171(68.3%), TDS 267
(43.3%), MHEAP 97(15.0%)% YElxti,
ARE9 7S PPD 327(80.0%), MAP 297
(72.5%), TDS 107(25.0%), MHEAP 147
(35.0%) 2.2 e} 7H @ol AHE3ta U=
AEL FUAEL MAP, FYAEL PPDE
ggolg gl on, 2HEPPDE A79 AH{d AF
NN AEHA FAch

2. FHAIEY AEE HEFE(g100 g)= PPD

" 001~341, MAP 001~10, TDS 0.01~2.85,
MHEAP 0.04~0832 UYEldn FAAEFS
PPD 0.06~2.14, MAP 0.03~1.01, TDS 0.2~
2.14, MHEAP 0.02~0.732 YEeh} Mz
2 AEE FEHREY L HRIAY
AEo wet SUAIFe 2F UL

Ao} ZzkA AGRF e AFESel 2

AG v v A H)E) FEAFE

ZFol T3 AF FHE PPD, MAP,

ook 2 o

Ao | 2H#FATF UL, 263, 20134

TDS, MHEAP % 4%¢ #FEAE & A&
#(total contents)S Y| XL} AE w ZEFA ]

Z ygsit.

. AEe] A e 90~110% FTH-E

WAEZe H L2 63.7%AL FYAE 77.6%
2 FPAFo] FWAIF B3 =)

. PPD A& TUAIFS 7ZBF FAFA O

3l 90% ©]3Fel AlFe] 27, 110% °]8<
AFol 47 Yoy FUAEL 324 BF
90~110%2% YA3A JesTh

 MAP HEE FUAEA 90% o]l AE

o] 197, 110% o<l AFel 12(136%) 3
Atk FLES 90% ol AF 37A& A}
I 2778 B 90~110%2 YA A vepgth

.TDS AE2 FUAEFEY A$ HT 1055

£20.6%% HAEdE 9 FUAFEL QR E

EAFZF] 2ol 772 #FEFES e

. MHEAP A&& FHAFA B FAAFA

A ARgAFol wta, AF H7HE HE9
TFE =%

. KQC #d A" TLC #EAAgvteze

A3 924 F dHEr] R2ELE XY
3 FEAEY AFo]l EJlE3tEE HPLC
2 o]a3 AFPHoz AFE 835}
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Table 6. Determination of main allergen contents according to label claim in domestic hair dye

PPD MAP TDS MHEAP
range(%)
number contents(%s) average(%) number contents(%) average(%) number contents(%) average(%a) number contents(%) average(%)
<90 2 85.4, 89.6 87.5+2.9 19 48.2~89.9 77.0£15.2 4 73.1~87.9 79.2+7.3 4 59.7~82.5 74.7£10.5
90~110 28 92,5~106.7 98.9+3.6 21 91.1~102.3 96.9+3.2 16 90.7~109.8 100.3+6.2 5 92.4~109.4 98.0+6.7
>110 4 110.8~207.2 146.1£36.5 1 136.0 136.0 6 122.3~156.4 136.7+13.1 0 0 0
Total 34 85.4~207.2 105.0+21.6 41 34.1~136.0 88.4:16.4 26 73.1~156.4 105.5+20.6 9 59.7~109.4 87.7+14.6
Table 7. Determination of main allergen contents according to label claim in imported hair dye
PPD MAP TDS MHEAP
range(%)
number contents(%) average(%) number contents(%s) average(%o) number contents(%) average(%) number contents(%) average(%)
<90 ‘ 0 0 0 3 83.3~89.8 87.0£3.3 0 0 0 3 78.9~89.5 85.9+6.0
90~110 32 94.6~108.5 102.4+4.1 27 90.0~107.3 98.3%5.0 1 98.3 98.3 7 93.5~107.6 98.6:4.5
>110 0 0 0 0 0 0 9 110.9~203.2 173.6237.6 4 112.3~147.1 125+15.7
Total 32 94.6~108.5 102.4+4.1 30 83.3~107.3 97.2£6.0 10 98.3~203.2 166.1242,7 14 78.9~147.1 103.5£17.3
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A Study on the Content of Minerals and Vitamins in Fortified food
Myeong-Gil Kim, Young-Sug Kim, Young-Su Kim, Seong-Bong Lee,

Kyong-Shin Ryu, Mi-Hye Yoon and Jong-Bok Lee
Food Analysis Team, Gyeonggi-do Institute of Health and Environment

Abstract : This study was done to analyze the contents of minerals, vitamins and to investigate the ratio of
measured values to labeled values and to analyze the ratio of calcium to other minerals in 95 specimen with
minerals and vitamins - fortified commercial beverages, noodles, cereals and grain products.

Content of vitamins(vitamin C, vitamin B,, niacin) were determined using by HPLC and calcium, iron and zinc in
samples after microwave digestion was analyzed with an ICP-OES. The measured values of vitamin C were ranged
81.5~1708.8% of the labeled values in 44 samples composed vitamin C - fortified commercial beverages and
cereals. The measured values of vitamin B; and niacin were ranged 110.4~1368.4%, 93.6~694.0% of the labeled
values in vitamins - fortified commercial beverages, cereals and grain products, 34, 33 samples. The measured
values of calcium were ranged 82.2~293.1% of the labeled values in 38 samples composed calcium - fortified
commercial beverages, noodles, cereals and grain products. The measured values of iron and zinc were ranged
83.3~301.0%, 90.1~314.1% of the labeled values in minerals - fortified commercial beverages, noodles, cereals and
grain products, 42, 24 samples.

The Ca : Fe ratios were 90.55(50.55~220.64) in fruit & vegetable juice, 850.41 in fruit & vegetable beverage,
553.49 in blended beverage, 179.07(118.37~238.01) in soy milk, 204.39(41.64~397.52) in noodle, 296.97(121.64
~868.88) in fried noodle, 30.89(15.69~62.05) in cereal and 7.73(0.22~49.92) in grain product. The Ca : P ratios
were 1.44(0.96~1.98) in fruit & vegetable juice, 1.92 in fruit & vegetable beverage, 1.66 in blended beverage,
4.23(2.25~7.72) in soy milk, 1.14(0.28~1.97) in noodle, 1.88(1.17~2.42) in fried noodle, 1.29(0.87~2.92) in cereal
and 0.30(0.06~1.57) in grain product. The Ca : Mg ratios were 1.85(0.87~5.04) in fruit & vegetable juice, 28.72 in
fruit & vegetable beverage, 2.97 in blended beverage, 5.27(2.93~9.36) in soy milk, 3.97(1.34~7.57) in noodle,
6.77(4.63~10.78) in fried noodle, 4.40(2.30~12.55) in cereal and 1.17(0.23~7.48) in grain product.

Key words : beverage, noodles, cereals, vitamin, mineral.
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Table 1. Operation condition of HPLC.

Parameter Vitamin C Vitamin B, Niacin
Column Capcellpak C18 UG 120 Symmetry C18 Capcellpak C18 UG 120
(250 x 4.6 mm, 5 um) (250 x 4.6 mm, 5 um) (250 x 4.6 mm, 5 um, )
Column temperature 30T 40T 25C

MeOH :

Mobile phase 0.05 M KH,PO,

A: 5 mM hexanesulfonate
/ 0.1% acetic acid
B: 35% 5 mM hexanesulfonate

10 mM NaH:POLPH 5.5) /7470 acetic acid / 65% MeOH

25 :75) AB=100:03 min hold) — 3%/min —
A:B=70:30(2 min hold) — 6%/min —
A:B=100:00
Flow rate- 1.0 mL/min 0.8 mL/min 1.0 mL/min
Injection volume 10 uL 10 uL 10 uL
Detector PDA, 254 nm FLD(Ex = 445 nm, Em = 530 nm) PDA, 260 nm
Table 2. Instrumental conditions used in microwave digestion
2. x“E il gﬂ system.
Time(min) Temperature(C) Power(W)
1 5 80 1000
21. M=
W oAl = - X 2 5 50 1000
2013 A F A= ]93"1] 1 #%, 3 15 160 1000
W F4 SEF AAGFHAFL 117, 4““%“3 4 20 190 1000
74, FHF 631, FATSE 3zﬂ, E—@—"—E 7
A, BASER 571, S5l 27), BF 21 Table 3. Instrumental parameters used in ICP-OES.
AES 67, 99 F 157), A]E]%T,- 2374, F RF power 1450 / Watts
= 7]_ =z 1074 , £ 05 A ] EHEH %]oggc}_i} SE Nebulizer Seaspray
- Pump flow rate 1.50 mL / min
(H1ElEL C, RIEHTL By, ololal, s, &, ol ,
1 Aja Plasma flow 150 L / min
A 5HAT Auxiliary flow 02 L/ min
Nebulizer flow 0.65 L / min
2.2. Al & E4{7|7] Fe 238.204
Zn 206.200
Wavelengt, A c 317,933
B AT ASE HEENFY A EE2EY 2 -
Mg 285.213

L-ascorbic acid, nicotinic acid(99.5%), nicotinamide
(99.5%), FMN(flavin 5-monophosphate sodium salt
hydrate), FAD(flavin adenine dinucleotide disodium
salt hydrate)= =5 SIGMAA} A|F& AE-34]
3 riboflavin(99.9%)> Supelcor} A EFE Al-8-3}t
9Tt FF<E Thermo Scientific Bamstead NANO
pure Diamond(Reverse Osmosis, Model D126611/
D11911, Banstead, US.A)E ©]-&3}] 182 MQFF
o2 AAsted ARSIt Sodium  hexanesulfonate,
metaphosphate, monosodium phosphate= SIGMA
(USAAF AFE AHE-31RM 3L methanol> HPLC
grade(Budrick & Jackson, USA)E Al-&3}5or
acetic acid, 1 N sodium hydroxide(Wako, Japan)+=
EFA S AMEE AT B2 9 24 AEY

ZI|ERASAHATYE, 263, 20134

ojglo] A}8% membrane syringe filter(PTFE, 25
mm, 0.45 um)= ADVANTEC(Toyo Roshi Kaisha,
Ltd, Japan)E AF-&3tAth. AIE S HERIF £4
2 High Performance Liquid Chromatography(2695
Allance, 2998 PDA, 2475 FLD, Waters, USA)E
o] &3] Table 17 Z& XA Z B4
2rAF £4 A A2 Bd A4 nitic
acid& WakoAl A
Metals, Wako Pure Chemical Industries, Ltd. Japan)
< AR o BENS AL ZrE(calcium)TH
Z(iron), °}<A(zinc), ¥F 1Y) F(magnesium)S FF
1,000 mg/L(MERCK, Germany) €& 5 N 34t
o FAste A&3IAL EFXE Microwave

#(for Analysis of Poisonous



Digestion System(Ethos 1, Milestone, USA)S ©]
43} 2 ICP-OES(Inductively Coupled Plasma
Optical Emission Spectrometer, Optima - 5300DV,
Perkin Elmer, USA)E AH8-3t] Table 2, 33 22
ZzPoz EAAT. 2 ¢ < BN A&
potassium dihydrogen phosphate,
myolybdate, hydroquinone, sodium sulfite anhydrous
+ Sigma-AldrichkAl AFIRIL ©]& AFTH
ARAIE A EHEUA njgYPor w A&
o 33335 7A(DU-800, Beckman, USA)Z I3
650 nmol A FZ=E SASA

ammonium

23. Al E UM
23.1. A|BE X 2]

() HIEtRI C

g Hsted 50 mL | AB A
Y3 5% WERIAEdo R M3ty 3087
259 £33 °|F 045 um membrane syringe

filter2 o I3t AJFERo 2 P

(2) HIElR! B,

2 g& Azt SHRFE /M
Z 100 mLE 33 & F(70~80TC)NA Z &
3ate] 2087 $23T ©]2 045 um membrane
syringe filter2 o3t APLHo 2 YT

(3) Hojotal

¢k 2 mLE, BF 2 AEdRs wd7E A
£ Bisle gRIFT F oF 2 g& AU &
o} 25 mL WAZFAAFd ¥ 5 mM sodium

FARINE F VE - 772 @3¢ 24497 | 53

hexanesulfonate £ Fo FHL3L o] £
£ 308 259 3 ¥ F FEYS YHE
718 A8t 0T, 3,500 rpmolA 3087
AL F 45AE FH3 045 ym membrane
syringe filter2 &3 5 mL ®wl&&3 5 mL 5.
F2 v €43 A7l HLB FtEF A o
e} 10 mLE FFHAA UERAS € YIHo}
eVt FHEAC FHHEE 2, FHEHXR
€ 5 mL n-HA2E AFT F 80% HES
£ 5 mLE §£&37 298 F 10 mLE
3oy ©] & 0.45 um membrane syringe filter2 <J
IAF ANELYo R AT

4 &5, &, ol

FERE &7 TR AFHAE F EE
°F 1 mLE, 9F 2 AEERE ¢FVE A
sty 2233 £ 9F 05 g& FH3l wlolz
ZgolB-8 vesseldl AUsA Gol FiH62%) 7
ml, 3I545E0%) 1| mLE 7 ¥, Hood
WellA  16A1F X3t oy
Microwave Digestion System< ©]-8-8}¢] Table 29}
Zol B3E F I, 28t ¢ FHRTE

Asd ANz AT F NPEAeR Bt

pie @ ¥

232. EEEY9Q M=

WERFE 2 A8 gol /ME L)
2 = 62A(HEY C 0.1003~100.2570 mg/L,
v g}9l B, 0.0250~2.0260 mg/L, FMN 0.0016~

£ 0.0994 mg/L, FAD 0.0014~0.0886 mg/L, Y€

A+ 1.0079~50.3968 mg/L, UZHAoHT]E 1.0005~
50.0250 mg/L)E N3 Hy FIARESE, F,
o}4)E 0.001~5.000 mg/L7t HEE 5 N @Al
o2 A3

233. EMUY AS

o MM AE

6HAE B3 E=L9L 6

3]

A 9y

I

%3
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sta] AFHNE FAPIALH, ol2REH HFAA
FE T3 FAAPE HEIFIAS AAZAF
(determination coefficient, R*)S A HE W,
H BTl CE 0.997, BIEHY] By 1.000, FMNZ
0.9993, FAD< 0.9999, UIZ €4t YA ®l 4o}

nE AHL 1.000, o}9L 09999, L5 0.9983

2 ¥38 AF}E vehlo] ¥ N@ugol A
FA ¥y dd e #4749 venst 77132
ot UAYA AR deie @
& afe

2 EMd AH

HE}¥l C, ®]E}Yl B,, FMN, FAD, Y= ¥4},
UFgseln=, Zg, 3, ofd EEYE 63
e ZAse vERF 2 7R %
(e C 10.0257 mg/L, ¥IEMY B, 1.0130 mg/L,
FMN 0.0497 mg/L, FAD 0.0433 mg/L, U =Z&4t
20.1587 mg/L, Y2 ®E4olH] = 20.0100 mg/L, Z
%, 3 old 1.000 mg/L)d] Uid HNFFHA
2 T3 A, 02%, 1.8%, 2.0%, 1.0%, 0.2%,
0.1%, 0.7%, 0.6%, 0.5%Z 2.0%°]3l2 Z} A&
o] REEAHAA ZHZhe] FA g EC] FHIH
22X & F A

3 &4 AH

ARG ANBANAN ZAT FZEAAE 47
80%, 150% = 200% TERHE ZAAT F AR
o H7Iste 33 wE A F ZHEARE
gk wasle] 3] 4&(recovery)s T3
I A IFEL 942~1075%2 FEF AT
g JEhdY e &3 3kl oln &3 =
ol 2HETE & F AATH(Table 4).

4) HE-FEsAH ME
HEFRIFH 7712 R/ A 228 A(limits of
detection ; LOD)$} A =3 Al (limits of quantification ;

LOQ)+= ICH(International Conference on Harmonisation)
A A w-ge] EEHUAG A A FHe

I EHASANTAE 267, 20134

A T3 AR 71&7ld 2AE HHAE
ote o] A& AM&3IAT
LOD =33 6/s, LOQ =10 6/ s
§ = the standard deviation of the response
s = the slope of the calibration curve
O 23 HEFe AFEAE 0.0004~02122

mgl, %7137 FFFAE 0.0103~0.0590 mg/L
2 7z AR BN FERT 3o JAAIAE Y
Bpdo 2 A B Aol ZE3 BAFH gl
& B FATKTable 5).

Table 4. Recovery for standards.

Vitamin / Mineral ~ Recovery (%) 95% Confidence

interval .’

Vitamin C 100.0 + 1.3V 99.1~ 100.8
Vitamin B, 106.7 = 1.1 1059 ~ 107.4
FMN 94.2 + 1.1 93.5 ~ 94.9
FAD 97.6 + 3.7 95.1 ~ 100.0
Nicotinic acid 107.5 = 0.9 106.9 ~ 108.1
Nicotinamide 103.1 + 4.1 100.5 ~ 105.8
Fe 100.1 = 2.0 98.8 ~ 101.4
Zn 102.5+ 0.8 102.0 ~ 103.0

Ca 954 + 2.7 93.7 ~ 97.1

“Mean=SD

Table 5. Quantitation Limit for standards.

Vitamin/Mineral  DeeCton, ‘fi‘,‘n*‘;‘t‘(‘;‘;}g)“ o s?
Vitamin C 0.0103 0.0311 98.22 31568.15
Vitamin B, 0.0002 0.0005 317440 6216384840

FMN 0.0001 0.0004 1463.06  39716875.13
FAD 0.0005 0.0014 809.79  5623235.46
Nicotinic acid  0.0265 0.0804 166.14 20655.29
Nicotinamide  0.0700 0.2122 398.80 18790.34
Fe 0.0034 0.0103 32506  316631.32
Zn 0.0034 0.0104 17262 165343.12
Ca 0.0195 0.0590 20135  660758.81

D 5 : Standard deviation of intercept
)'S : Mean of slop

3.2 U oF
3.1, YYLHAE Z H|ER], 2I|A &3
3.1.1. H|EIRIR

JYAs Y F vigk c8 FHE AFE
FAF 2 07, HAER 77, FATLE 32,



Table 6. Numbers and amounts of Vitamins fortified products.

FEFIANE F vER - 212 g 2497 | 65

=

Vitamin C Vitamin B; Niacin
Food group . - -
Fortified Fortified Fortified
products (n) Amount products (n) Amount products (n) Amount
. .. 17.337
Fruit & Vegetable juice 9 (6.18~31.59)
. 19.43Y
Fruit & Vegetable beverage 7 (4.76~44.04)
. 24.88"
Fermented drink 3 (18.18~32.14)
563.107
Beverage base 2 (527.17, 599.02)
: 25.25Y 0.39” 2
Carbonated soft drink 5 (13.56~30.72) 2 (031, 0.47) 1 4.87
35879 n 3.61Y
Blended beverage 7 (6.95~55.49) 1 0.05 2 (2.72, 4.50)
134.147 2,359 19.339
Cereal 23 (70.82~216.97) 23 (1.72~3.16) 23 (13.60~25.81)
. 1.96” 17.67Y
Grain product - 9 (1.47~2.99) 9 (11.78~32.35)
Total 56 35 35

Y ynit: mg/100 mL, 2 unit: mg/100 g, ® unit: mgNE/100 mL, ¥ unit: mgNE/100 g

SEMolx 27, RIS EF 5H, EFLE 74,
AN LEF 23728 F 6ol olo g
HEl C 3R AvEd, A2 17.33(6.18~
31.59) mg/100 ml, ZASFE 19.43(4.76~44.04) mg/100
ml, fAHFSE 24.88(18.18~32.14) mg/100 mL, -S4
o] 563.10(527.17, 599.02) mg/100 g, VA EF
25.25 (13.56~30.72) mg/100 mL, &3-S 35.87(6.95~
5549 mg100 ml, AEEF 134.14(70.82~216.97)
mg/100 g© 2 VERYTE 100 mi(g) F HIEMT C ¥
)3 BHEF)S LR H, FFEHo]L > A
BEF > EFLE > HIESEF > FATSE
> BALE > FAF2 £o7 =A Jehch
13 AFF F veRl cHFS A¥rd, 28
Hlo] A% 8446 mgoZ 1Y 13] oA AFH Al A
Q FFHLHL 2o Ao2 Yehgm A
PHE 491 mgoZ 1Y 23] ol HH Al 4
BHYaFE Y3t B ¥ HISA "ok
Syt 194 ~2941 Al vlER ¢ HE
a7Fe 75 mydeln], FEAHAHFHL 100 mg/d
olZ A& F FL 2000 myPoltH?,

FEFE ¥ T vEW BE AT AF
B ER 24, EFeE 174, AEYERF 234,
FHEE 97de® F 3570191em niEl B,

e

FFe AvEY, SHALER 039031, 047)
mg/100 mL, £S5 0.05 mg/100 rﬁL, A7
2.35(1.72~3.16) mg/100 g, JFF7HFF 1.96(70.8
2~216.97) mg/100 g & YEFRTH 100 mi(g) &
el B, %S vuEH, AR > JF
o ZE w4 Y
etstth 13 AFF 7 HER B, ¥ES AR
A, NIALFE 08 mge 2 19 23 ol A
Al 4Y BoEew 2 AFEAFS 2HstE
Aoz vt Y 194 ~294 AgAdy
o] HENl B, EE R ZFE E4 1.3 mgd, 9
1.0 mg/dols, AZHAFS FTLLFY 120%
FELZ A 1.5 mgd, 93 1.2 mg/dely 4
FHAFLE AAFHYA B2,

BEAE AR F ol g AT AFL ©
ASEF 173, EFLE 278, AEYEF 37, FF
7VEE 97102 F 3570l en yolotdl g
AT EH, BAHER 4.87 mgNE/I100 mL, £33
3.61(2.72, 4.50) mgNE/100 mL, A|21&F 19.33(13.60
~2581) mgNE/100 g, IH7/IEEF 17.67(11.78~
32.35) mgNE/100 g© 2 YEPa 100 mi(g) B Ut
olobdl g WA EH, ALEF > FFHINEFE

> BHASE SR> E8gE o8 =4 veigth 1

7HEE > REEF > EFS

Iz EANEEATHE, 260, 20134
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3] AFF 7T vololil TS AWHEY, AFAF
Table 7. Numbers and amounts of minerals fortified products.
Calcium Iron Zinc
Food group . - -
Fortified Fortified - Fortified
products (n) Amount products (n) Amount products (n) Amount
) 5 11.60 0.29

Fruit & Vegetable juice 6 (7.55~20.59) 4 (0.16-0.42)
Fruit & Vegetable beverage” 1 24.41
Blended beverage” 1 63.5 1 0.81

111.2) 107.14 v 0.88
Soy milk 6 (71.25~136.65) 3 (0.80~0.95)

. 12 183.22

Fried noodle 15 (114.40~221.09)

2) 117.00 1.21
Noodle 6 (39.19~198.79) 3 (1.12~1.31)

2)- 213.59 8.49 6.63
Cereal 6 (46.97~598.20) 23 (3.94-14.38) 23 (3.12~10.76)

: 2 74.77 15.59

Grain product 10 (2.61~478.93) 9 (12.33-20.19)
Total 51 42 24

Y unit: mg/100 mL, ® unit: mg/100 g

E 66 mgoZ 19 23] o) 44 A 4 ﬂ%ﬁ
Az zdsx Qo) FPYLFE nse

o2 vt volotale Ymrita Yzdel
mEZ vre] QA WA ydeletioz 283
B AelA oAb 53] ATP A =
p22N T2 98E Hm2 tolopuel Ay
B FE AUAAEH DT vlHete] Aok dnk
02 60 mg ERERL 1 mg oloplez A
gddm B9 o8 1 mNESt: A3z glow
AFFE 6.6 mgNE/1000 keal 02 ANt ES T8
Uolopilel Mz g Rage glovt s
Folt BEFAE B3 FF 43 A YEE & A
EdPY $eel 194~204 A2 Buiel oo}
A FEdede: @A 12 mgNEY, 9x 11
mgNE/gol3 AFAHAFLE HTL8F 130% T
Fo2 97 16 mgNE/Y, 9# 14 mgNE/Qolch
ARYAFL UmAN AL, 29 937 3
AE Ve:= FHASAZE 3Estd 35
mgNE/day =, L]:iE]o]-u]E‘— 2ZFEXNS mEE
1,000 mgNE/day 2 A =)o Ik,

s

b

A

)

321 RIAR

A\ EEABHATRE, 267, 20134

=

FIHEE AE T ZEE 23 AEFL
F2 64, FALE 14, EFLE 173_, 7
A, FEEF 157, i‘—r 63, NFLF 67,
JFEE 10702 F S170lsleH %har ki
AT RH, erzﬂjZ—z: 11.60(7.55~20.59) mg/100 mL,
HASE 2441 0gl00 ml, EFLE 635 me/100
mL, FHF 107.14(71.25~136.65) mg/100 mL,
BEF 183.22(11440~221.09) mg/l00 g =5
117.0039.19~198.79) mg/100 g, Al2]FF 213.59(46.9
7~59820) mg/100 g IFF7FEE TATI261~47893)
mg/100 g2 2 YERIT) 100 mi(g) B Z& TFS
A EE, AEEF > FBHEF > TF > T/
F7HE3E > EFLE > AASE > A
2 =24 Jvehddh 13 AFF 3 ZE
% A¥EA, AHLEFIT 214 mg, FBHFH
204 mgo.2 7+ F¥L 19 13 A A 4 F2
o s 2SR gov AUk #¥Y HF
< 3 43 A ey ARHALS 2
#3 F gL Aoz BT 194~294 A<
Fie) g HTPe e 620 mg/e, 530 mg/d
o)1 AFHHAFLE 750 mg/Y, 650 my/olH &
S HZL 2,500 mg/Q oI,

® JH B,
N

=

w

K-X
=

>
xgoz

o



o=

FAF2 0290.16~042) mg/100 i,
0.88(0.80~0.95) mg/100 ml, =% 121(L12~1.31)
mg/100 g AlEYF 8.49(3.94~14.38) mg/100 g,
TFHFEE 1559 (1233~20.19) mg/100 g& 2 100
mi(g) T 2 T¥FE HAHYEYE, FHIMEF
ANFEH > FF > F7F > FAF2 €02
A debsth F{H4FEY 13 AZF T 2
Fe 47 mgo 2 1Y 23] ol AF Al 4 &
o ARNANFL 2R o} WFLFL
Z33te A2 vet. $HuvEr 19~294

D O Y

A A% 2 BFULFe 7 YT Y

£4%7 BF A F5ee nHs 7.7 myd
o, AFANATL FFTYLF 130% FEU
10 mg/dol™ FFHHAFL 45 mgdoltH?.
19~2941 A4 oA Bede HTE H FF
& 2 UEAR H EAF ol dA o
B7HEQ A £43%e mHsle HEULFLS
108 mg/dolH, ARAHHAFE FFIL2H 130%
FEU 14 myd, FHHAHAFEL 45 mgLolt?.

IRt AE F otde AT AFL £F
S8 14, NIYF 23722 £ 470N eH
old #I4& AHEd, EFSE 0.81 mgl00 mL,
AlE|YFH 6.63(3.12~10.76) mg/100 g2 YERTH
S} 194~294 A old HT e
F2 217} 8.1 mg/Y, 7.0 mydolH, AFHFFL
Ztzb 10 mg/d, 8 mg/doln AURIFL B
T 35 myd'Peg RE AFLFAN =
& old IHFE B

33. A2 @ Hm
3.3.1. H|E}IDI#®

HER C &%) AE &2/ AEER

FFBANE F v - 7212 g 2497 | 67

44719 FAZ ¥ &L 81.5~1708.8%% e}

3 AZ§EEE FAF297) 81.5~139.6%,

Q&7 (BA) 541.5~1708.8%, FATSE(3A)
101.0~292.2%, &= Ho]l227) 106.2, 131.8%,
S EF(1A) 1024%, EFSEGHA) 1956~
244.0%, A LF(237) 105.3~260.4%°] Ao}
o 9] gFo] vEAH AEY AEFS FA)
S5(@7) 476~44.04 mg100 mL, NS EFE4
) 13.56~29.68 mg/100 mL, EFLSE@4A)
6.95~55.49 mg/100 mLo. = vtebytch

HELRl B, o] BAIEA £2F, NEEH,
FR7MEE 3489 dE FAF vl &L 1104~
13684%2 UE}D AEH¥EE SALEH
17) 167.8%, EFLE(1A) 1368.4%, A ALF

(2337) 160.6~4208% JH/FZEOZ) 1104~194.6%

olct. 1 ¢ FFFo] HFAlE SR F(1A)
9] A&%L 031 mg/100 mLol T}

Ltololal ko]l EAlE SEF, AEHETH,
FHR7VEE 3379 A EAF ¥]&L 93.6~
694.0%2 YEIGI AERIFEE EFSEQD)
4192, 694.0%, ABLF(237) 106.6~298.1%, F
F7HEEEBZ) 93.6~130.1%CI T}t 1 9] Fgo]
o EAl @ AE AEFE S EFY) 487
mgNE/100 mL, FHF7F3-E(173) 11.78 mgNE/100
gol Xt

HEtR C, H]EHY B, yololdl ZIHAE F
gdFe] FAE AFL BF AE 59 ¥AY
& FFNAT AAVITHETAY I%a
S 233% vER ¢ A4 EFL 47
T 2470 54.6%F AAFAY. HFHEEE
AAEE 374, AYLF 174, FAFSE 14,
SRHolA 3h0F 53, FALFEE AF
B71Ho] Je &l H8E F 179 A= B
HER C7F F7kE AEE Jdded oe 4
59 BnaVME FHHLES BEAF H&o

€ FEEY A Yed B 47449 F

ag AL Be

HElYl B, A3 FL 3478 F 237(67.7%)
o] ARV|TAEFHY dIFa: HETEE =
#a9x FPEEE EFSE 149, ANIAEHF
2174, FHTE 14019e9 53 E¥LE

Ao EREASAAT L, 267, 2013



58 | A zrASAATY AFRME AEA 4

= EAFY o 138] o]4 wEw B, er°‘
A AEFE AU B AFZE (e 2ol 4

59 RaVINE EFLE EANF 3151
4 vl & F3d2d 399 HET B,
A7 FAE 29 FAG 579 ZAEH
HAEFE BASEFAA, EANF vE&L &F
294 A4 JElgth AL o2 ALEEH
 AYLERS FHTFAA BAZFE FHIL
FEo|, AEFL ANALEHF A4 YERT A
dEFe= FAFY ) 428 ©]F v Byt

I F7hd AEE ASATH

Uololdl ZAEL 337 F 2273(64.7%)°]
AZNTAETAY %: HETFEE 2733
AL FPEEE EFSES ANHYLFAA =
e EAZ H&e nygch E¥Ls AS, A
SFL FA 9 <ok 489 A 7uﬂ77].;<] =4 U
Bt dolobale] 39 AT g BAF
At AHLFE FRAFEE @A 4HE
H el B, mlRAAIRZ BAZFEL ZE }:rr_xz
o, ENF wlge ANILFA A vg

¥ ol NALFEIF THATERG EAF O
v 3o o] vpelopal H7LrL o] FAA L Y&E
BoF& RAolt}

3.3.2. 2714

%}% FFo] BEAE SEF, AR, AHLEF,
F74EE 380l WiFg FEAF HE2 822~
293.1%; Uehda AESREaE BAF2(57)
84.4~133.3%, FASF217A) 92.7%, EFLE1R)
93.6%, TR (67) 97.5~161.4%, FBHF(157)
96.3~210.6%, F(671) 82.2~165.1%, AIALFH
47) 101.9~293. 1%°l9,ir:} = 9 o] mEA|
2l Zﬂv«] AEeHe AAF2(17) 790 mgwo
ml, A& DHEA) 169 92~176.49 mg/100 g, =
7}%}—%(1074) 2.61~479.93 mg/100 go| AT},

Ao §Fol E"]% SEF, 97, AELEFR,
ZHMFTE 4244 Ui BAF HEL 833~
301.0%% YEM AEFRFEEE JAF247)
101.3~266.0%, F-7(37) 180.5~292.3%, =5(37))
83.3~161.2%, A& 2 F@237) 100.3~301.0%, =

Az HABAAT AL, 267, 20134

F7HEEOT) 90.4~160.8%°1QAct. 23 oA
9] gFo] EAIE REF, BH, ANULHF, IF
7VEE 24730 didk BAIF ¥ &2 90.1~314.1%
2 Vet AESEEEE EF2E307) 90.1%,
AlFdF(237) 104.1~314.1%0]121th

Ze, A, old AEAE T ol BAE A
2 BEF AE F9 EANJNES FEFI4xn
73

15 NEFAY J%x JRFAE 208

29 7%
ste AA7154FE4 f‘év‘i—ﬁzﬂ,ﬂl = g3}
Ueht 2o HAY Frv) o)FoiXT e
Reg wUsYoy FHHEE EAF Hgol
57 ¥ =2F 52 F4E JEA
, SRR T4 TE FHAEE
AR, FEUFRAAN IFRTG e Zgol
AEHARNL 2 FoAe EANFY % 28 A=
%) A7rd A 1-55 AR Tk *131%%9} F 77t
AEE2 ook ZEe FFE BHYx
NILFE EAF oF 30 A= 7‘% < 37}
% AZE YT THEATIY TETIL
ANELEFe v FHHe AfdEH RE
AFANA ol EAH A @o} o] F
of g Bt o]Fojxof & Aoz HTH

g EIdEYg 743 NEr & ZES
&%, BF%, AAYR, IHAITE 5 G

4Fd YD YYen ol Ad A 4
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2
W
rO
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e

i}

ZF 5¢ 54 28e 4AT & dvE AL
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< 27 F 217A(50%)°] AR
THEF BYE: AETAE 2H3I2
PR ANIYEHF 154, 47 34, AAF
A A

| 4
, IREE 17E AR
&S

BHHos 3 #Y FPE HAFUM
1gdRET Hge) Bo] AF
ALRG FAT F& 4A A o ge

B T
L2 du
N
ol F
™
rlo
™

ol AsAE L 247 F 117(45.8%)° A
A5 EFAY %2 JETFEL 239
3 AGLFL BAF o 3w FE HQYo
oldg 7t AEE YA

34. @0 OE 271309 BY
34.1. && @9 HIE

FEAs AEQD ZEd do FEAEH|(molar
ratio)s HTo 2 ARHEA HIFN67)E 920.55
(50.55~220.64), FALE1A)E 85041, ETSE
(1)E 55349, FHFH6A)= 179.07(118.37~238.01),
TG 204.39(41.64~397.52), HEAFUSA)E
296.97(121.64~868.88), Al AFH67)< 30.89(15.69~
62.05), JF7FEE10)L 7.73(0.22~49.92) 21 o}

Zao AHAT 2B o) &4 FFE 1
Acd SHETFY AEE B2A77] A8 Z
FHAE Eo1W o2 A HY Fgut 2
"0 H 4o wejETst E 001 mgol 2
& 3 mge /M8l Zed FHe ExFHu|s)
420¢d W= JERYR gskoy ZE9 4dE o
Eold Zgd Ao EXFu|7t 42080 ¥ H

$el= Fel F47h FeAHE Aos vent 3
J F5eolt 2EF Do Weww opid 2

&
#9 F¥E F 9T W¥%E 227 ok
£ d7dAe AAesd S04 e
Aol Expaulzt 420 o) vhebkom ol '
9 RIGqE FI AAE EfH. 2HE=R

JIARNE 3 vietel - 2719 W 2AaT | 59

ofN

FEEE JELR HF Zed FME de

Table 8. Calcium versus other minerals in calcium-fortified

Molar ratio Weight ratio
Food groups

Ca : F¢¥ Ca:p¥ Ca : Mg¥

Fruit & Veggtable 90.5 144 1.85
juice (o = 6) (50.55-220648)  (0.96~1.98) (0.87-5.04)

Fruit fge‘zggim}’)‘ﬁ 85041 192 2872

ey bevernge 55349 166 29

oy 17907 423 527
Soy milk(e = 6)° 1133793801y  (225-7.72) (2.93-9.36)

P 20439 1.14 397
noodie(n = 6) @6-39752)  (028-197) (1.34-7.57)

Fried noodle 29697 188 677
@ = 159 (2164-86388)  (1.17-242) (4.63~10.78)

o 30.89 129 440
Cereal(n = 6) (15696205  (0.87-2.92) (230-12.55)

Grain prpduct 773 030 117
@ = 10) (02244992 (0.06-1.57) ©23-748)

Y unit: mg/100 mL, 2 unit: mg/100g

 The calcium molar weight(mg/molar weight of the calcium)
versus the other mineral molar weight

9 The calcium weight (mg) versus the other mineral weight(mg).
(mg/molar weight of that mineral)

23 2o ¥ H vlex 1} Z Fr1EE
o] N2 g5l W= =g ot T Aok,

34.2. W& Qlno] HIE

Zud 9o FTHH|(weight ratio)s FTFHLE
AW RA, FAFN67)L 1.44(0.96~1.98), HAS
21ME 1.92, EFLRADE 1.66, FH7(67)
B 4.23225~7.72), =FH6A)E  1.14(0.28~1.97),
FEHEFA5A)E 1.88 (1.17~242), A LFH62)
T 1.29(0.87~2.92), FF7HFF(1073)2 0.30(0.06
~1.57)01dth. $Ever JEAZZFAAN ZET
lo] AFMHHMEL 1 : 10|z 0~471¥ Fo}
F Efdgols 2 1, EAFIGt=E 15 11
A B AFgME FFHATES Adstzn
EE 344 AFHAHAN &S 2H8 e 5
3] FHReAM EA JEETh ZEe A3V
713t Zgulde] F1eANt ZES BEd)
o Zg3 29 FHE7l 1 : 150014 1 : 0.89]
HA Zgujdo] FrtEdE F5&0 ZA

N
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234 gythe RAROE o 2EH
3 Age We Hops) JRolA
S8 weel F5eol €
5¢ B8 oA 43

= 99BHAFt FUA
= 43T "art 9o WA 4R
248 a%ou A4 W 2ET Qe AH
& B ole Zee) 433% Oe A 5
Fasts) BAAA meAselor ¢ ol A
243 éA Az agel Bisted 4Fd 2
3 Qe AF P Ae s 710
4ol Gl ABE PAA Gert A 71
g WA APe de 2H-A-2ERAS
Rotel Aol F4E FaARGE RIE gt

oo
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o
)
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of
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ru[o
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!

343 @& oladEne HE

Zr&3) vl %8| (weight ratio)s BT
oz AurRA, ARFMN6H)E 1.850.87~5.04),
AEBADE 2872, TELEADE 297, FHFE6
A)E 527(2939.36), FH67)E 3.97(1.34~7.57),
FEHAFASAE  6.77(4.63~10.78), ABLFH67)
£ 4.40(2.30~12.55), FF7H8-F(1073)2 1.17(0.23~
748)°13ith. Zrad ntavge FHME Hlas)
¥y, A8 > FREF > FRF > AEER
> FF > EFEE > FAF2 > FHRATF
&oldth 2 59 maME g8 FI} e
FEEY B4 YeEhles A& ¢ F Ik B
AFAME FALE, EREE, FHF T R
FAF, AEIFAA ZEd vt A4
Auge 273 Aoz veuth $Eve o
SAZFNA Zed vlge AFAFN LS

19192 247 stadige] AAME] 41 1
ool H AspgrloA wavlg Freel @
A9t 2a99% gt

ol 43 Zo] ZEF} e FIIF(E, mtavls,

|z 2 ASAATHE, 267, 20134
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8. HIgIRe JI73} A=E AEHIE
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9. F/1AF FFA3 FA=E HEFRIHE
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Investigation on the Consumption of Caffeinated beverages of High School Students in
Gyeonggi-do

Young-Sook Do, Suk-Ho Kang, Han-Teak Kim, and Mi-Hye Yoon
Health Research & Planning Team

Abstract : Survey on the consumption of caffeinated beverages of high school students(n=886) were
performed. 97.0% of students consumed caffeinated beverages and proportions of those were carbonated
drinks (90.0%), cocoa and processed milk (79.0%), coffee (63.0), teas (52.1), energy drinks (16.4%) and
nourishment drinks (15.5%). The total intake frequency per week was 8.2 times. Caffeine intakei through
caffeinated beverages was 41.53 mg/day accounted for by coffee (51.5%), carbonated drinks (19.6%),
processed milk and cocoa (11.5%), teas (11.4%), energy drinks (5.0%) and nourishment drinks (1.1%).
Students who were stressful, eating the snack twice a day, and using computer(or smart -phone) more
than 3hours showed significantly high caffeine intake. High caffeine intake groups experienced heart
palpitations, insomnia and pollakiuria. Students were shown to drink caffeinated beverages for the taste
(57.9%), waking up (18.0%), thirst (13.2%) and etc. (10.9%). They took drinks with the high content
of caffeine to sleep less. They rarely checked the labelling and showed lack of awareness of the

caffeine contents in beverages which called for training.

Key Words : caffeine, beverages, high school students
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Table 1. The general characteristics -of high school students

Gender Type of school Total
Male Female p"  Special purpose  Charaterized  General p N (%)

Gender Male 477 100 0(0) 78 (443) 149 (594) 250 (545) s 477 (538)
Female 0(0)  409(100) —  98(557)  102(40.6)  209(455) ° 409 (46.2)
1 139 (29.1) 173 (423) go0™ 61 (347) 85 (339) 166 (36.2) 312 (352)
Grade 2 167 (35.0) 145 (35.5) 55 (31.3) 83331 174 (379) 312 (352)
'3 171 358) 91 (22.2) 60 (34.1) 83(33.1)  119(259) 0156 262 (29.6)
Underweight 79 (167) 90 (22.8) 34 (194) 4 (119 92 (203) 169 (19.4)
BMI Normal 262 (553) 244 (618) _ .. 108(6L7)  125(5.1) 273 (60.1) ol 506 (582)
Overweight 119 (25.1) 57 (144) 31(17.7) 63 (263) 8(181) 176 (203)
Obesty 14 (3.0) 4 (1.0) 2 (LY) 9 (3.8) 7(L5) 18 QN
' Duslincome Yes W3 (614 262641 0 (4 RS BTES . 55 (62.6)
. No 184 (38.6) 147 (359) 80 (45.5) 90315  172(315) Bl (374
Home 411 (862) 386 (944) 151 85.8) 190 (75.7) 456 (99.3) 797 (90.0)
Residence Doruitory 59(124) 20 (49) 0007 20 (114) 56 (22.3) 3I(D 000 9 (89)
Others 7(15) 3(7) 5(28) 520 0 () 10 (L)
H’ghf::f"l"r 233 (488) 207 (506) 8213 177(05) 215 (468) 40 (49.7)

Mother's education Collgeor s’ ‘ ‘ 000"
career e 188 (394) 174 (425) - 120 (68.2) $8(171) 19 @34) 362 (409)
Don'tknow 56 (11.7) 28 (638) 8 (45) 31 (124) 45 98) 84 (95)
ofweek 123 (258) 84 (205 29 (16.5) 69 (275 109 (23.7) 207 (234
Froquency ofsnack ~ 34fweek 105 220) 106 259) ,.,  36(205) 599 100QLY . 2L (@B
intake 1/day 146 30.6) 134 (32.8) 69 (39.2) 61 (243 150 (327 280 (31.6)
>2/day 103 21.6) 85 (20.8) 42 (239 46 (183) 100 (2L8) 188 (21.2)
No 80 (168) 50 (122) 34 (19.3) 34 (13.5) 62 (13.5) 130 (147)
Stress Normal 275 (577)  B4(572) 0079  93(528)  138(550) 278 (60.6) 0152 509 (574)
Severe 122 (256) 125 (30.6) 49 (218) 79(315) 119 (259) AT (279)
Low 206 (432) 117 (286) 33 (18.9) 9 (375) 196 (42.7) 33 (365)
School grades Average 127 (266) 143 (35.0). 000" 46 (26.1) 7287  152(33.1) 0007 270 (305)
High 144 (302) 149 (36.4) 97 (55.0) 85(339) 111 (242) 293 (33.0)
Bad 129 270) 95 (23.2) 23 (13.1) 66 (263) 135 (294) 24 (253)
Concentration Normal 241 (505  207(506) 0281  66(375)  138(550) 244 (532) 000 448 (50.6)
Good 107 (224) 107 (26.2) 87 (49.4) 47 (18.7) 80 (17.4) 24 (4
<d4hrs 7(15) 16039) 3(17) 8 (3 12 26) 23 (26)
<Shrs 72 (151) 100 (244) 62 (35.2) 4 (17.0) 67 (14.6) 112 (194)
Sleeping hours <6hrs 193 (405) 173 (423) 000" 87(494) 100 (39.8) 179 (39.0) 000" 366 (413)
<7hrs 138 (289) 77 (188) 22 (12.5) 61 (243) 132 (83) 25 (243)
> Thrs 67 (140) 43 (10.5) 2 (1Y) 39 (15.5) 69 (15.0) 110 (124)
0 19 40) 19 (46) 18 (10.2) 2(8) 18 (3.9) 38 (43)
Hours for using <1hr 111233) 110 269) 92 (52.3) 36 (143) 93 (203) 21 (249)
smartphone and <2hrs 13929.1) 103(252) 0288 49 (27.8) 63 (25.1) 130 (283) 000" 242 (213)
computer <3hrs 102214 73 (178) 13 (14) 58230 104 (27 175 (198)
> 3hrs 106 (222) 104 (254) 4(23) 92(367) 114 (248) 20 (23.7)

Dp value by chi-square test, * P< .05, **P< 01, ***P< 001, ” N(%)
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Table 2. Preferences and awareness for caffeinated beverages by gender and types of school

Total

Gender Type of school

Male Female P ipecial purpos Characterized  General P N (%)
Fruit or vegetable juice - 67 (14.0)" 100 (24.4) 50256 HAL) 9712 167 (1838)

Coffee 04 1844 1480 TQ8 1706 38 (43)

Teas ey 1en 317 332 1503) 21 (24)
Cocoa 35(73) 89 25(142) 27(108) 61 (133) 113 (1238)
The most preferred Ton drinks HO@3l)  $3(130) . 31(176 50099 82079 163 (184)
beverage Cabonateddrinks 150 314)  79.(193) 90 31(176) 76(303) 122 266) 296 229 (258
Energy drinks 838  2(5 317 46 1328 20 2.3)

Milk & fermented mik 38 8.0) 30 (7.3) 11(63) 2060 376D 68 (1.7)

Barley or water 1634 2560 7(40) 1664 1809 41 (46)

Bacous 6 (13) 1(2) 1(6) 1(4 5 (1) 7(8)

Others 7(15) 1209 528 416 1022 19 2.1)
Only drinks 196 41.1) 144 (352) 65 (369) 90 (359) 185 (403) 340 (38.4)
Bakeries 105 (220) 111 Q1.0) 51 (200) S8(23.1) 107 (233) 216 (244)
) . Confectionary 83 (174) - 90 (220) 30 (170) 54 215) 89 (194) 173 (19.5)
Mmﬁ'ﬁw’th Fastfoodrestarant 56 (117)  30(73) 016  11(63) 28(112)  47(102) 0097 86 (9.7
Eating out Q3 400 3L 728 5 (L) 15 (17)

Snack bar 50) 922 1(6 604 7(15) 14 (1.6)

Others A @4 26 1585 8032 194l 4 47
Taste 349 (132) 331 (80.9) 149 847) 177 (705) 354 (7)) 680 (76.7)
Price 62(130)  31(78) 12(68 40(159) 4189 93 (10.5)

Volume 76N 1332 423) 1040 26057 40 (45)

Beverage selection Nutrition DA UEGH e IAD 9GE  HED e 6@
criteria Design 3(6) 205 2(L)  1(4) 204 5(6)

Food additives 6(13) 2(5) 423) 14 3(7) 8 (9)

Shelf life 6(13)  7(L7 1(6 802 4(9) 13 (15)

Others 2 (4) 9. (2.2) 1(6) 500 5 (1.1) 11 (12)
Evaluation score of <50 54 (113)  51(125) 1585 420167 48 (105) 105 (119)
whether the caffeinated <75 778 (583) 241 (589) 07719 90 (5L1) 147 (586) 282 (614) 001" 519 (58.6)
beverage >75 145 (304) 117 (286) 71 (403) 62 (247) 129 (28.1) 262 (29.6)
Good 2(4) 2(5) 16 2(3) 1(2) 4(5)

The health effects of  No relationship 15BN 400 g 30D 78 900 (e 19CD
caffeine Harmful M6 (93.5) 388 (949) 166 (94.3) 232 (924) 436 (95.0) 834 (94.1)
Don't know 14Q9 15067 6(34) 1040  13(28) 29 (3.3)
Readingthe el Yes | (9  TA(8D (. BQ) 45079 TT(68 (o 165186
No 386 (80.9) 335 (81.9) 133 (75.6) 206 (82.1) 382 (83.2) 721 (81.4)

DN(%), "P<.05, "P<.01, “'P<.001, p value by chi-square test
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Table 3. Consumer rathios of caffeinated beverages

Cocoa &

Energy

Nourishment Carbonated

milk Teas drinks drinks Coffee drinks Total
Male 367 235 114 85 309 445 467
N=477) (76.9)  (49.3)  (23.9) (17.8) (64.8) (93.3) (97.9)
Gender Female 333 227 31 52 249 352 392
(N=409) 81.9) (55.5) 7.6) az.7) (60.9) (86.1) (95.8)
P 0.103 0.064 000" .036" 0.231 .000™"" 0.075
Special purpose 132 93 20 23 117 150 170
N=176) (75.0) (52.8) (119 (13.1) (66.5) (85.2) (96.6)
Characterized 204 134 44 36 160 231 242
Typeofschool  (N=251) (81.3) (53.4) (17.5) (14.3) 63.7) (92.0) (96.4)
Genral 364 235 81 78 281 416 447
(N=459) (79.3) (51.2) (7.6 17.0) 61.2) (90.6) 97.4)
P 0.286 0.838 0.134 0.399 0.450 0.055 0.735
1 255 175 55 43 179 283 306
(N=312) 81.7 56.1 17.6 13.8 57.4 90.7 98.1
2 253 162 44 45 197 288 303
Grade N=312) 81.1 51.9 14.1 14.4 63.1 92.3 97.1
3 192 125 46 49 182 226 250
(N=262) 73.3 47.7 17.6 18.7 69.5 863 954
P .025" 0.134 0.406 0.219 011" .048" 0.179

N(%), P value by chi-square test, * P <<.05, **P < .01, ***P < ,001
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Table 4. Frequency of caffeinated beverages intake

Item Times/year Times/month i Times/week Times/day Mean
0 1-11 1 2 3 1 2 3 4 S [ 1 2 3 =4 (times/week)
El 1 768 84 23 4 3 2 1 1 0 0 0 0 0 0 0 0.02

867 05 (26 (5 (3 (2 ) () O V) OV O O OV O

E2 8490 18.0 90 20 30 10 20 10 10 00 00 00 00 00 00 0.02
©58) 20 (LO) (2) () (D D D D O O O OV O O

E3 8710 9.0 40 20 00 00 00 00 00 00 00 00 00 00 00 0.00
S 0983) (1) 5 D O O O O W OV O O W O O

E4 847.0 270 60 30 20 00 10 00 00 00 00 00 00 00 00 0.01
956 GO (D 3 D O D O O O O O O O O

ES 7870 550 210 110 40 30 00 30 1.0 00 00 1.0 00 00 00 0.04
888) (62) (24 (12) (5 (3 O 3 D O W ) W W W

E6 8250 320 150 20 60 1.0 10 20 10 00 00 1.0 00 00 00 0.03
@ GO AN () (D (D) D) D) D O @ D O O O

5190 2390 620 170 230 130 70 50 00 00 00 10 00 00 00 0.10
(586) 2700 (7.0) (1.9 (26 (15 & ) O VW OV B W O

Energy drinks 0.22

3920 3570 610 250 280 80 60 50 20 1.0 00 1.0 00 00 00 0.12

(442) 403) 69 (28 (B2 9 (D H 2 (I v D VW W :

Nourishment drinks 0.12

3570 2010 1080 590 530 410 310 180 70 50 20 20 20 00 00 0.40
40.3) (227) (122) (6.7) (6.0) @6 (35 (20 (8) (6 (2 ) (2) VW

Cola 29.0 740 920 136.0 1450 119.0 1110 850 380 100 80 170 13.0 50 40 1.79
(33) (84) (104) (153) (164 (134) (125 (96) 43) (A1) (9 (19 A5 (b6 (5

Carbonated drinks 242

Coffee milk 2170 239.0 1360 800 620 640 340 200 60 60 30 180 10 00 0O 0.59
(245) (27.0) (153) 90 (70 (72 (B® R3) (D (D 3 QRO () VW ©

Chocolate milk 790 1760 1240 990 1170 1070 69.0 53.0 250 11.0 30 190 30 10 00 105
(89) (19.9) (14.0) (11.2) (132) (12.1) (7.8) (6.0) 28 (1.2) (3) @1 3 (H W

Others 1960 287.0 1220 790 720 460 290 280 90 70 30 60 20 00 00 0.53
(22.1) (324) (138) (89 (B (2) (B3) B2 (1Y (8 (3 (D 2 W (O

Cocoa & milk 2.16

660.0 1440 340 120 80 90 60 50 10 20 00 40 10 00 00 0.13
(745) (163) (B8 (149 (9 (10 (M H© D 9 OV 5 D) O OV

Canned green tea 6490 169.0 340 100 90 20 70 30 20 .10 00 00 00 00 00 0.06
(733) (19.1) (B8 (A (10 (2 B IH 2 (D VW W OV O O

Green tea bag 4490 2370 620 250 360 190 200 120 50 50 10 130 1.0 00 10 0.38
507y 267y (7.0) (28 @ D 3) 149 (b6) (6 (D (15 () O

Blackrice & greentea 517.0 2180 480 190 270 150 170 60 50 20 00 90 10 00 20 0.30
(584) (246) (54 (21 B0 QA7 (049 (D & (2 v O (D) W D

Canned black tea 2660 2650 1210 640 660 400 270 120 90 60 20 S50 30 00 00 044
(30.0) (299) (13.7) (7.2) (749 @5 (G0 (049 1 (D (2 B 3 VW

Black tea bag 6350 1620 410 190 140 20 40 70 00 20 00 00 00 00 00 0.08
(717 (183) (46 (D (16 (20 5 B O @ VW W VW Vv

Teas 1.39

Americano 6180 1450 510 210 130 180 70 70 30 20 10 00 00 00 00 0.13
©9.8) (164 (5.8 (24 (15 Q0O (8 (& (3 (2 (H OV VO OV O

Canned coffee 2740 1860 950 89.0 900 540 420 300 140 30 30 50 10 00 00 0.56
(309 (21.0) (10.7) (10.0) (102) (6.1) @7 G4 (16) (I Iy (B ) W W

Coffee beans 6070 1350 480 240 200 240 110 70 20 30 20 30 00 00 00 0.18
©685) (152) (54) 27 (23) CD. (12 (8 (2) (3 (2 3 OV VW

Caramel macchiato  422.0 2400 940 380 420 200 130 90 50 1.0 00 10 1.0 00 00 022
@76) (27.1) (106) 43) @7 (3 (15 Q0 (6 B O H O VW W

g

Baccus

Mountain dew

Green tea leaves

Caffe latte 507.0 1940 750 370 310 200 110 50 50 00 1.0 00 00 00 00 0.16
(57.2) (219 (B85 (42) (335 (3 12 (& (©® OV O W OV OV W

Cappuccino 617.0 1630 560 200 140 8.0 60 20 00 00 00 00 00 00 00 0.07
69.6) (184) (63) (23) (1.6 (9 (D (2 O O O O O O OV

Coffee mix 3450 1730 740 600 73.0 550 470 220 150 50 30 100 40 00 060 0.62
(389) (195 (84) (68) (82) (62) (53) 25 (L7 (6 (3) (L) (5 (O (0

Coffee 1.93

D energy drink item, & N(%)
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WH(Table 6). 7HH¢ dF 289
gaytol A ofFolA L 3lo] Wk
HEo oA BulE Agete
gog Roz g,
=528 "Me Fhe FE HHG12%), 2
A2 (15.6%), SHd(11.3%), I (9.5%), A=A
34 %) HPAEFER, 79, 7|8 €28
o2 2 590.5%) 14 - A ) 3H A Th(Table 7).
7 mAl= ol EAMA(57.1%), FT(30.6%),
71 (11.2%), 71EH1.1%)8] = o193, §Ag s
o} A & S5 vld] AT wA= 4

(o]

25AAY s T &8 A Ad =241 T

£o] EciTable 8). 2o 1ZaBVa 79
FaPE gAew 3 28 HAFH A" AP
NME F=2 7HHdA FEF T EX A=
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iz EES} e &

A7A] AJUASRE
£(39.6%), FT(33.6%)%F
FE5E "M B¥l =

BT 4o vAEA RS

Table 5. The reasons of consuming caffeinated beverages

The taste Stress Thirst Health Sleep Friend Habitually Others
Processed milk 86.5 0.8 64 0.5 14 1.1 28 0.6
Teas 61.9 1.2 24.6 6.1 22 12 25 03
Energy drinks 16,0 0.5 23.1 235 54.6 23 0.5 0.5
Nourishment drinks 374 29 5.6 20.5 315 0.7 0.7 0.5
Coffee 49.5 1.1 39 0.3 343 50 42 1.7
Cocoa 91.5 0.9 34 0.1 1.0 17 1.0 04
Carbonated drinks 624 24 25.5 0.1 0.7 5.1 3.0 0.7
Mean 579 14 13.2 43 18.0 24 2.1 0.7

Table 6. Places to buy caffeinated beverages
Out of .
vi;l:;s; scho.ol S:?:r:] Con:::::nce iziatuf:::t Supermarket  Coffee shop Others
vending
Processed mitk 2.8 1.1 7.8 45.7 04 39.5 0.5 22
Teas 23 33 3.1 36.5 0.7 483 4.7 12
Energy drinks 1.8 1.0 3.0 67.3 0.5 26.1 0.0 0.3
Nourishment drinks 0.3 03 25 427 03 50.8 0.0 33
Coffee 3.6 54 3.9 27.6 0.6 246 3.7 24
Cocoa 25 158 2.8 30.6 03 375 9.3 13
Carbonated drinks 40 1.7 3.8 314 252 329 0.0 1.0
Mean 25 4.1 39 40.3 40 37.1 6.6 1.7
Table 7. Places to consume caffeinated beverages

Home School  Academy Street Fast food restaurant Supermarket Coffeeshop  Others
Processed milk 416 193 98 179 0.1 32 0.6 14
Teas 58.5 9.9 6.3 173 0.5 2.7 3.1 1.7
Energy drinks 452 18 22 212 0.5 18 0.0 13
Nourishment drinks 65.6 48 14.1 108 03 33 03 1.0
Coffee 390 95 122 115 04 12 2.7 2.5
Cocoa 54.0 7.6 104 159 03 2.7 6.8 23
Carbonated drinks 483 1.5 43 14.9 214 1.3 0.0 2.3
Mean 512 9.5 113 156 34 23 49 1.8
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ot A 8.0%7F Ytk IRt olEL
AUAEF ] & AVUAIFEGR.0%), HEIE
A(2.2%), HIEF 2 E(1.6%), FHAF2(0.8%), 7]
EH0.3%) =2 & Ao viild Ae=Z YEh}
quA #8E €71 AL dAXE A
3 Fo7t 2 FHUG

AN SRS WAL & F FHE GobR

A3 Az FAdol ¥ guzn FIRey
Ed3(38.7%), Hli(24.8%), £2H(16.1%), A

A FEAR(14.9%), FE5(12.0%), TE092%), &
DAL @4%)S] T3S AP ReE YER
h(Table 10). 7t#HQ 37 59 HHFIY
APl Uitk ARE A AEE ol 2
I Table 11) EFRJAE A9 [z 714
(56.8%) WAF(64.3%) T3 <3 AU
gwg MARe 5% 185 AdEs sazt
oA ztole Ao FHEAA Y &S o
g4 EEagde] AdAozr A e
H(p<.05, p<.01)
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41.53 mg/dayQ IL(Fig. 1), S&E 7)
T(51.5%), BAEER(19.6%), ZIAoLTEA
(11.5%), TFF(11.4%), AVURSE(5.0%), A3

SE(11%)ZE JEFRTHFg. 2).

Table 8. A person who consumes the caffeinatéd
beverages with student

Others
08
10
08
00
07
10
07
07

Teacher
01
09
00
08
03
04

0
04

Friend
21
53
24
103
388
23
80
306

Alone
632
5938
643
48
479
553
354
511

%)
Processed milk
Teas
Energy drinks
Nourishment drinks
Coffee
Cocoa
Carbonated drinks
Mean

Fardy
38
130
25
141
131
11.0
207
112

Table 9. The time to consume caffeinated beverages

()
Processed mik
Teas
Energy drinks
Nourishment drinks
Coffee
Cocoa )
Carbonated drinks
Mean

Pre-dinner  Pre-bedtime  Others
551 91
599 A6
393 540

456 16
530 36
04 40
613 24

45 313

Pre-breakfast  Pre-funch
35 209
28 120
13 49
36 101
09 109
24 124
02 56
21 110

Table 10. Syptoms experienced after caffeinated
beverages intake '

L N N Once in a whil Often
A DEERPNAE W2, g gmeld N°m N“;,/) S o
0 0 0
r1o = 5 5 L IA=E OTE
FE F7) 9% AT PHE AES 5% Foomen 77 908) 60 (10) 19 (22)
Z, FHEQ HFH S/ RAEAY &S & Palpitations 728 (85.1) 97 (11.3) 31 (3.6)
33} 3oy ARE HALE LS = Insomnia 525 (613) 242 (28.3) 89 (10.4)
& 7)eddel & Ao|th. Waterbrash 717 (839) 107 (12.5) 31 (3.6)
Headache 752 (88.0) 76 (8.9) 27 (3.1)
< Numbness 817 (95.6 24 (2.8 14 (1.6)
36 4HY ress BT 056 A 2Y
Pollakisuria 643 (75.2) 167 (19.5) 45 (53)
A GRS S EE 58 U HAHAFS
Table 11. Caution education for caffeinated beverages intake
Gender(%) Type of school(%)
Male Female Total p Special purpose  Characterized General Total P
Sehool Yes 7. 5463 e 8.0 6.4 5.7 63 s
No 929 946 97 92.0 93.6 943 937
Yes 535 606 568 66.5 514 560 568
Home 0.032* 0.007%*
No 465 394 432 335 48.6 40 432
_ Yes 635 653 643 71.0 64.5 617 643
Mass commmnication 0.586 0.088
No 365 347 357 290 355 383 357

*p<.05. **p<.01. p value by chi-square test
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Table 12. The relationship between the caffeine intake in caffeinated beverages and the general characteristics of high school students
Energy drinks Nourishment drinks Carbonated drinks Ccoa & milk Teas Coffee Total
MY¢sE®? P M(SB) P M (SE) P M (SE) P M (SE) P M (SE) P M (SE) P
Male 3.06 (.52) W 83007 o 965(70) w479 (43) 392 (42) . 283 (181) 44.69 (2.44)
Gender | ) . NS NS
Female 93 (39 W s (10) NS 639 (71) Wy (47) 564 (71) T 1966 (1.78) 37.84 (2.64) NS
Special purpose 1,95 (.96) 36 (11) 481 (48 5.86 (.88) 5.55 (1.05) 21.92 (2.49) 4045 (3.54)
Typeofschool  Characterized 268 (65) NS 40 (.I1) NS 1005 (124¢ 001" 416 (49) NS 404(59) NS 2136 (244) NS 4268 (3.55) NS
General 1.80 (40) 49 (.09) 8.38 (.66 471 (43) 477 (57) 21.16 (1.84) 4131 (2.53)
1 272(72) 40 (.10) 8.20 (.78) 4.04 (40) 449 (.62) 18.49 (1.91) 3835 (2.87)
Grade 2 159(50) NS 36 (07) NS 9.03 (1.03) NS 550 (63) NS  477(7) NS 2201232 NS 4416 3.32) NS§
3 1.90 (43) ST(13) 7.03 (67) 4.80 (.59) 493 (73) 22.95 (240) 42,18 (3.09)
Underweight 1,52 (.59) 46 (14) 6.65 (.83) 544 (70) 436 (1.03) 17.67 (2.36) 36.60 (3.67)
BMI Normfl] 200(46) o A2(07) Ns 079 Ng  S908(49) Ng A8 o 2460182 N B53059) NS
Overweight  2.86 (:86) 51(.15) 745 (99) 3.61 (.56) 5.11 (L.10) 2249 (2.77) 4203 3.713)
Obesty 183 (1.22) 16 (.16) 7.88 (2.08) 3.59 (1.51) 415 L13) 16.62 (5.46) 34.23 (8.56)
. Home 2.10 (36) 46 (.06) 8.07 (53) 479 (33) 4.38 (44) . 2173 (1.38) 42.03 (1.93)
Resid NS NS NS NS , NS$
esidence Domitory 211 (L.1) 31 (.08) 271 (123) 420 (93) sy % 197638 35.02 (4.68) NS
, Yes 2.04 (44) 45 (.08) 8.33 (.68) 4.16 (35) . 42447 2029 (1.58) 39.51 (2.24)
Dual- NS NS$ NS N NS
vakincome No 214 (50) 42 (08) 784 (71) s 8 s S anas 4491 (2.99) NS
Mother's education High school or less  1.98 (0.52) 25(0.05) . 830 (69) 439 (042) 3.32 (0.36) 2073 (181) 39.02 (2.49)
NS . NS NS _ NS NS
career Collegcormore 2,09 (40) S7(11) 2 s, (.76) 5.18 (52) 6.61 (.83) 007 9301 (197 44,78 (2.84)
Low 2.50 (.62) 47 (08) 10.33 (1,04 5.00 (.50) 480 (61) 2274 (2.21) 45.84 (3.19)
School grades Average 184(53) NS 45(12) NS 720 (71 003" 456 (61) NS  495(82) NS  17.93 (1.86) NS 3694 (2.83) NS
High 1.83 (:56) 40 (.10) 661 (74 474 (54) 4.40 (.66) 23.02 (245) 4100 (3.19)
Bad 1.98 (:63) 34 (:08) 8.49 (.85) 5.28 (.63) 459 (.67) 2720 (2.94)" 47.87 (3.76)
Concentration Normal 254(56) NS 47(09) NS 882(7) NS 502 (46) NS 430(55 NS 1938(1700 027" 4053 (249) NS
Good 121 (32) 48 (13) 6.39 (94) 3.75 (.58) 5.73 (95) 1943 2370 36.98 (3.51)
No 94 (31) 39 (an® 822 1.3® 432 (718) 3.28 (.60) 1591 2.64 33,07 363
Stress Normal 213(46) NS 34(05° 031" 699 (46) 013" 458 (41) NS 453(5) NS 1960 (160 008" 3816 (2120 000"
Severe 258 (73) 68 (.15)° 1049 (1.38)° 543 (64) 5.86 (.92) 2789 (2.80)° 5292 (4.4

) mean(mg/day),? standard error, p value by t test or general linear model analysis. “*Different alpabets in the same row show significantly different by tukey's multiple comparison. *p<0.05, **p<0.01, ***p<0.001, NS : no significant

difference.
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Table 12. Continued

Energy drinks Nourishment drinks  Carbonated drinks Ccoa & milk Teas Coffee Total
MY (SEP PY M (SB) p M (SE) P M (SE) p M(SE) P M (SE) P M (SE) P
<2/week 2.07 (77) .23 (08)° 6.89 (.86)" 4.07 (.66)° 3.52 (.66) 21.43 (3.41) 3822 (437)°
Frequency of snack 3-4/week 2.79 (78) 5 Ty . 637 (60 w322 (34" . 469 (74 NS 19.37 (2.20) NS 37.16 (2.95) -
intake 1/day 99 (19 NS7 24 (g6 7.05 (84 000 529 (5o 003 438 (58) 20.20 (1.89) 38.15 2,780 001
>2/day 2.90 (.96) 65 .15y 13.16 (1.59y° | 6.55 (.85) 6.56 (1.25) 25.28 (2.84) 55.10 (4.39)°
<4hrs 5.64 (3.85) 1.34 (.88) 7.61 (1.65) 4.00 (1.35) 5.17 (2.40) 37.25 (12.81 61.01 (15.44)
< Shrs 3.15 (1.12) .56 (.17) 7.13 (1.02) 6.28 (.84) 6.39 (1.30) 25.09 (2.85) 48.60 {4.55)
Sleeping hours < 6hrs 1.75 (46) NS 41 (08) Ng 748 (63) NS 456 (51) Ng 482 (51D nNs 2073 (1.88) Ns 3976 (2.59) NS
<7Thrs 1.86 (.51) 30 (.06) 8.95 (1.28) 4.85 (.59) 3.61 (.74) 19.17 (2.52) 38.74 (3.57)
> 7hrs 1.18 (40) 41 (14 10.50 (1.72) 3.18 (.61) 3.82 (.95) 18.64 (3.88) 37.74 (4.94)
< 1hr 1.53 (.57) 28 (.06) 5.15 (47 4.43 (.64) 3.91 (.66) 18.56 (2.02) 33.86 (2.96)°
Hours for using <2hrs 2.23 (.69) .59 (13) 6.90 (62)° e 6.00 (7T 5.61 (.95) 19.49 (2.13) 40.82 (3.32)* .
smartphone and NS .000 NS NS NS 042
computer <3hrs 1.78 (51 39 (12) 8.83 (1.10)° 3.87 (.54) 474 (.88) 21.44 (3.17) 41.04 (3,96)*°
> 3hrs 2.90 (.90) 42 (11) 12.83 (1.65)° 459 (.52) 3.76 (.51) 24.68 (3.05) 49.18 (4.31y

" mean(mg/day),? standard error, ¥p value by t test or general linear model analysis. *Different alpabets in the same row show significantly different by tukey's multiple comparison. *p<0.05,
**p<0,01, ***p<0.001, NS : no significant difference.
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Table 13. The refationship between the caffeine intake and the symptoms after caffeinated beverages intake -
Energy drinks Nourishment drinks Carbonated drinks Ccoa & milk Teas Coffee Total
MY (SE)? pY M (SE) P M (SE) P M(SE) P M(@E) P M (SE) P M (SE) P
No 1.72 (,29)" 40 (_05)" 8.13 (.52) 4.89 (.34) 4.76 (42) 21.12 (1.38) 41.01 (1.90)
Excitement  Occasionally 594 258 000" 77 (35 015 962 (3.00) NS? 433(94) NS 550(1.96) NS 3022(474) NS 5639 (7.53) NS
Often 7.89 (6.07)° 1.36 (1.06)° 8.67 (243) 6.06 (3.11) 527 2.74) 29.88 (10.05) 59.14 (17.78)
No 1.96 (.35) 39 (.05) 7.95 (.51) 470 (.34) 4.60 (45) 20.09 (1.32)° 39.68 (1.84)°
Palpitations Occasionally 2.46 (.63) NS .79 (25) NS 10.82 (2.46) NS 540 (1.01) NS 498 (98) NS 33.02 (5.58y° 004" 5747 (7.64)”" 002"
Often 5.71 (4.68) .87 (.66) 6.76 (1.82) 7.40 (2.46) 8.65 (2.96) 31.02 (6.23y® 60.41 (11.36)
No 1.78 (44) 38 (onb 7.98 (.60) 445 (37) 4.70 (.54) 1830 (1.52)° 37.59 (2.18)°
Insomnia Occasionally 273 (.73) NS 42 09 023" 866 (1.05) NS 585(74) NS  541(78) NS 278 (276¢ .002° 5089 (3.8  .004"
Often 2.79 (.74) 92 (33)° 8.55 (2.02) 4.75 (1.01) 3.62 (.98) 27.51 (4.66)y" 48.15 (6.01)"
No 1.88 (32) 42 (.06) 8.61 {.59) 4.92 (.36) 4.63 (46) 20.52 (1,30)h 40.99 (1.89)
Water brash ~ Oceasionally 4.19 (1.68) NS 69 (21) NS 628(1.02) NS 509(93) NS  656(1.14 NS 3143 (556¢ .024° 54.23 (7.26) NS
Often 1.38 (1.06) 28 (.16) 6.22 (1.36) 3.22 (.76) 2.63 (.80) 22.90 (6.41)" 36.64 (7.88)
No 192 (32y° 43 (.06) 8.38 (.57) 4.68 (.34) 4.68 (44) 21.32 (1.39) 4141 (1.95)
Headache Occasionally 5.06 (2.31)° 025" .69 (:23) NS 730(1.22) NS 6.11 (1.27) NS 596 (1.37) NS 29.18 (5.13) NS 54.30 (7.12) NS
Often A3 (43)° 29 (.18) 6.84 (1.63) - 6.89 (2.52) 4.84 (1.75) 19.84 (5.74) 39.12 (8.71)
Numbness in No 2.08 (.36) 41 (.06) . 8.08 (.50) . 4.89°(.34) 4.84 (43) 21.77 (1.34) 4208 (1.87)
hands and fect Occasionally 234 (97 NS 98 (52)  .001 741 (197 039" 399(1.05) NS 325(8) NS 2637(960) NS 4433 (11.88) NS
Often 5.93 (3.19) 2.02 (1.15) 18.50 (12.23) 5.49 (3.32) 4.63 (2.93) ©26.28 (10.09) 62.84 (20.23)
No 1.38 (30 34 (05 8.15 (.62) 4.80 (.37) 4.47 (46) 20.24 (138)° 39.38 (1.95)°
Pollakiuria Occasionally 3.53 (.86)*’ 000" J5 (198 .004** 867 (1.12) NS 525(78) NS 6.03 (1.12) NS 2919 (3.96) ,022' 53.42 (5.36)" 009"
Often 8.10 (3.79y° .88 (41 7.85 (1.37) 4.66 (1.21) 4.83 (1.09) 19.97 4.16)® 4629 (7.11)°

Y mean(mg/day), ? standard error, *p value by t test or general linear model analysis. **Different alpabets in the same row show significantly different by tukey's multiple comparison. *p<0.05, **p<0.01,
+441,<0,001, NS : no significant difference.
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A Comparative Study for Taste Perceptions of Young People and Eldedy People in Some
Areas of GyeongGi-Do

Han-Taek Kim, Young-Sook Do, Suk-Ho Kang, Nan-Young Kim, Mi-Hye Yoon
Health Research Planing Team

Abstract: The purpose of this study was to assess and evaluate salty and sweet taste preference of
young and elderly people in some areas of GyeongGi-Do.

Recognition Perception and preference thresholds of salty and sweet taste, BMI(Body Mass Index),
regular exercise habits, daily activity time, high blood pressure, diabetes, eating times and in general
about the relationship between variables were examined in 96 people young, 333 old people.

Self-rated health status were a ratio of 94.8% of young people and 87.9% of the elderly are
recognized as a good. Body Mass Index(Normal range: 18.5 < BMI <23) were a ratio of 65.6% of
young group and 44.4% of elderly group. The frequency of eating out was lower in the elderly group
than young group and the number of regular exercise was better in the elderly group than the young

group(p<0.001).
Key words: salty, sweet, threshold, preference
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Table 1. General characteristics of the subjects

20~30 age Over 60
group age group p-valuel)
(n=96) (n=333)
Age(years)  28.9+57°  72.1+4.8
Education(years)
Below 6 0(0%) 179(56.5%) 0.000
Above 7 96(100%) 138(43.5%)
Self-rated health status
Good 91(94.8%) 283(87.9) 0.000
Bad 5(5.2) 39(12.1%)
Physical activity(per day)
<3hr 32(33.3%) 121(37.5%) 0.461
>3hr 64(66.7%)  202(62.5%)
Regular exercise
Below L 72075.0%)  73(22.5%) 000
zﬁg‘;‘/":’,‘;ek 24(25.0%)  251(77.5%)
BodyMassIndex(BMI:kg/mz)
Nomal range  63(65.6%) 148(44.4%)
ponder efg‘ht 33344%)  185G5.6%) OO0
Blood pressure
Yes 0(0%) 15749.2%)
No 96(100%) 162(50.8%)
Diabetes
Yes 0(0%) 60(18.8%) 0.000
No 96(100%)  260(81.2%)
Family
Yes 88(91.7%) 214(66.3%) 0.000
No 8(8.3%) 251(33.7%)
Eat out(times/week)
Yes 96(100.0%) 96(31.0%) 0.000
No 0(0.0%) 214(69.0%)
Cooking
Yes 45(469%)  307065%)
No 55(53.1%) 11 (3.5%)

1) p-value of the t-test or x2-test: p<0.001
2) Mean + SD
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Table 2. Concentration of recognition thresholds and pleasant of 2 taste qualities(NaCl, sucrose)

20~30 age group Over 60 age group p—valuel)
(n=96) (n=333)
NaCl 0.308+0.323” 0.575+0.493
Prefernce - 0.000*
Sucrose 1.100+0.362 1.521+0.870
NaCl 0.104+0.063 0.318+0.288
Threshold 0.000*
Sucrose 0.395x0.146 0.706+0.484

1) p-value of the t-test, p<0.001
2) Mean + SD
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Table 3. Correlation matrix between taste thresholds, preference and risk factors for health

Education Phy.5|.cal Regu!ar BMI Eat out Blood Diabetes
act|V|ty' exercise pressure
NaCl Prefernce -0.649* 0.206* -0.250* -0.102 0.279 - -
a :
20~30 age Threshold -0.460** 0.372%* -0.178 -0.166 0.175* - -
group Prefernce -0.125 -0.054 -0.241* -0.066 0.176 - -
Sucrose
Threshold -0.009 0.115 -0.361* -0.385%* 0.303** - -
q Prefernce -0.098 0.004 -0.011 -0.031 -0.012 -0.124* -0.06
Na
Over 60 age Threshold -0.123* 0.006 -0.053 0.060 0.146* -0.016 0.043
group Prefernce -0.086 0.000 -0.045 0.020 0.035 0.049 0.016
Sucrose
Threshold -0.037 0.044 -0.027 0.000 0.137* -0.007 0.031

Pearson's correlation coefficient : *, ** ; significantly different at p<0.05, p<0.01
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Genetic Characterization of toxin gene in Bacillus cereus group

Suk-Ho Kang, Young-Sook Do, Han-Taek Kim and Mi-Hye Yoon
Health Research Planning Team

Abstract : Bacillus cereus group of bacteria is very similar morphological characteristics and biochemical
characteristics. So Bacillus cereus and Bacillus thuringiensis are separate(f by &-endotoxin(delta-endotoxin).
Compare the temperature of the growth curve, Bacillus cereus and Bacillus thuringiensis showed a similar
S-shaped curve. However, Bacillus subtilis bacteria is slower than the previous two growth curves. Doubling
time of Bacillus cereus and Bacillus thuringiensis is 42 minutes and 44 minutes at 30°C, 34minutes and
34.5minutes at 35°C, respectively. In contrast Bacillus subtilis is 49.5minutes at 30°C and 41minutes at 35C,
respectively. The genome size and composition of the chromosomal DNA GC ratio was found to be
comparatively similar in Bacillus cereus group. Gene and protein homology analysis showed that the Bacillus
cereus group closer relationship than the other species in Bacillus genus. In some cases, Bacillus
thuringiensis is more similar than Bacillus cereus in protein homolog. Vector system(pHY300PLK::cryAal)
which enables the production of delta toxin was constructed in Bacillus cereus. However, Bacillus cereus was
unable to insert the gene by electroporaion. In this study, Bacillus cereus group was found to be very close
relationship. Bacillus cereus group should be reclassified as a single species or subspecies.

Key Wonds : Bacillus cereus, Bacillus thuringiensis, 6-endotoxin(delta-endotoxin), Electroporation

R : Bacillus cereus 1E2 TES FHd ESAI I EAdo] AL FAFSHZ] wEeo] dwkz gl
AawyHozn FEIY] o, 22 FAAA dEIE5AL] YA L du|F o2 <189 Bacillus cereusst
Bacillus thuringiensis2= TE31 Sith. X wE AFZTAHAE vwsll B A, Bacillus cereusSt
Bacillus thuringiensisc A8 S F4& YELW oY Bacillus subtilise &9 ¥ TR =9 AZIA
& yeldnl wZkA 7] 2ol E WIRE W Bacillus cereus$t Bacillus thuringiensis7} 30°Co A Z+zh 428
F 448-E, 35T A 3487 34588 e Ao 8IS Bacillus subtiliss Z}Z} 49.5%3 41%-& e
Y. Bacillus cereus 1F 2 TE2 FAAY =279 DNAL d7|(base) FAAES GC H|&o] BLF A
L2 YEtgd, fFaxtet gRde] A5 vaelA 22 Bacillus 9 ThE FERU FA#FAV H
NA7+e Aoz vebdth 288 22 Bacillus cereus MAZLS] Xolntt Wl FAVE Bacillus thuringiensis
T sie AR YERGTY. Bacillus cereus$t Bacillus thuringiensis® T¥8= H2F34x F 2542
ZAAE Bacillus cereus®| Bl HWE}SAE A=A F37] A8 pHY300PLK::crpAal vector® TH5
Aot 28V Bacillus cereusd] FARBS = Wo]l AAZE A ol FARKFAAE HYAIAE &
SRt B ATE T3 Bacillus cereus 1FS] TES T3 T EA4ET © e AEH /FA48A
Ae & = D WSk A Bacillus cereus 1EFL TE0 AR & o2 UHA UE FE ds)
A=ddE & darvt vk ddEn.

FRO : wAHA A Ss, vaHE AAR AN &, DEbE2, 7)Y

ol EHS8gurlE, 263, 20134
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1. A E

Bacillus  cereus 1E<S  Bacillus cereus,
Bacillus thuringiensis, Bacillus mycoides, Bacillus
pseudomycoides, Bacillus weihenstephanensis 1
231 Bacillus anthracisE ET33tE o=z
Ae FHE EAH A8 Aol AY
FAElY B9 agoE EFTUY. olA¥Y
fraret 5 oE lE A2 AdFd FAHo|
o9 A& AT I BHS U] A
A7 AL JPHz Yo

o] 1F &% dF M dEFHA HE&
Bacillus cereus® F 2 EF(soil)ol]l A2 3tE
I% %A (gram positive)e] E 7] I (aerobic)©]
g ol & WA EA(spore)E A=
pFo @ FRA W Z(Peritrichous flagellum)S
7P o] FH4E JEATh JIGHE
(vegetative cell)= F A 05x1.5 um¢l HF
2 Zhd(bacillus)e] FEIE YEhz Yo
Bacillus cereus®] EAE Bl golAY 4%5¥
o2 Ao JF T FAH dxHdd A
g AS AExY ¢ Ee =29 AAH7
Az H Ao YFRLEE 28 ~ 35CE F
<ol £33, F47Hed pHE 4994 93
o2 "HuA ¥ ¥HAE /MR vk LA
EAAE dol ke WAEASY A 135C
A 4A1HE ZHEE A2 F AE 54 E
7t ok EAS 2hdA S42E QA
7|2 &EdH, TFEE 5i(cereulide)ot AALH
% Z(enterotoxin) S A8 Aol EA oIt
Bacillus cereus 18N A Bacillus cereus U5
o2 §9H3 T Bacillus anthracis©|th, W=
off A wAjg AEHHE A SdAe &
AFolete ooz RS AFTERY
A (zoonosis) S 7FA 3 o HE E(grass)ol
Qe WABEAE AHHASY LI wHEdd
%22 5 E(herbivores)| A ®o] T3t Q17
qAE XBAHA 54 Yetio AEH S
#dstd #e, FEsE dolt. AETH &
A stz EFL NAZE Bacillus cereus
9t HAbSt: A E(flagellum)Zt §lo] &5 A

drzEAsAATE, 267, 20134

(motility)e] $1l= A7 &84 (hemolysis)S ¢
271A FEdE Hol & AolFolgd,
Bacillus cereus 1& N X Bacillus cereusSt 7}
T FAEE BAE 7ML ' T2 Bacillus
thuringiensis©| ©F". Bacillus anthracise %4
I £8Ae] Zol7t el Bacillus cereusSt T
ol 7158 Bacillus thuringiensis®) 73 %
o]# 3t =elx §lol, Bacillus thuringiensisl A
T HARE 4F4 AEFZ (6
-endotoxin)E HU|ZFoE FRlste W ol
A1 ZZ A (Korea food standards Codex)Vel] 23
Hoz IAIHo vt dE5ie FHAE
Zd 34 A S (polymerase chain reaction,
PCR)°l. &3] FZslo] FUdte WEE A7
3ta oy HEtsae] YEIL 53F F(class)
o o}ZF(subclass)T 300717} dol E FH 9
5428 FE39 FAsr] o8 FA 3
1019,

olA & Bacillus cereus ZLF <

H Bxoz Q13 Fdo] oEg AAo
a8y ZHZbe] g &% TE

EiE oFuY 9@ zolg BT wEt
A B AFdME BEXRATY JEE AL
8t]  Bacillus cereusS}y Bacillus thuringiensis
EAste S2FHAAY FAELE AT7IY

T Fo Aol FEAL Lolum ok

29

2. A2 3 dhy
21 A2 F % plasmid

B AFE F£P37] 980 Bacillus cereus 1
gl ¥F 2%% conolE A7 A%
Bacillus EETTF 15& 3P ITIATH
(Korea collection for type cultures, KCTC) A3
A4 A H (Biological resource center, BRC)ZH
B Egol AH&3dY. BEwE FFE
Bacillus cereus KCTC 3624(ATCC 14579),
Bacillus thuringiensis KCTC 1509(ATCC 35646),
Bacillus subtilis KCTC 2023(ATCC 6633)2.%
FHAAZ YZ(Gampule)E Edwol, FHEY



D} (Thermo Scientific, 1300series A2 cabinets,
USA) A BHEFHFTE AHE3std @53
Nutrient Agard] X|(Difco, USA)9|A 30T 2
EXHLoR 24X Wit dd IHE L
2 ¥ Ad wgsted 2y AHESATH
TRz FE3 o|F& e A& E plasmid
vector= pGEM-T Easy Vector(Promega, USA)
9} pHY300PLK(TaKaRa, JPN)& Al&315it).
g24<& 98 MNLE E coli DH5a(TaKaRa,
JPN) 5 & A&t A3 AHEE FF
9} plasmid vector®] 572 Table 13} Z T},

2.2 Chromosomal DNA £2|

Bacillus  thuringiensis ATCC 35646 59
chromosomal DNA #-2l= Murray & Thompson
o Ve Wyt ALgstglth TSATH
A (Difco, USA)°l
AER F 30CAAN 2447 IE F A
Z<S 3 mL TSBY A ) X (Difco, USA)| THA
AEFs] 30CNA 161\]7} Hjokat ATl Wik
drde T 2£9e AT A 50 mL
TSBAAW]=| o] 3 mL EF FFst 2477
g, wigel Y AFwWA=

Bacillus thuringiensis o<

o

Table 1. Bacterial strains and plasmids

Bacillus cereus 129 EA4A5AA §HEA 43 | 9

50mL RAEZL7](Hanil  Science  Inc,
HM-150IV, KOR)Z &7 6000 rpm, 4TColA
1083 n&£3) A5 #A%S J&340 &
o}z Al TE buffer(Bioneer, KOR) 9.5 mL
7} 10% SDS(Sigma, USA) 0.5 mL 3
proteinase K(Sigma, USA) 50 mL< ¥2 ¥ 3
0Col A 247k REE A ZTH ¥ ¥ 5 M NaCl

1.8 mL¥ CTAB/Nacl 1.5 mL& 23 65ColA
3087 ¥E-8- A 71 z %9

chloroform/iso-amylalcohol (v/v  24:1, Sigma,
USA)E H7tst Z=A2=HA 42 00
pmel A 10837 AR FEAE B
3T FE A 0.64N &9
isopropanol(Sigma, USA)& 42 ©& -20Tel
A 2087 X 3 AAE2] (14,000 rpm, 108,
4C)3le] chromosomal DNAE HAAZ F
70% ethanol(Sigma, USA)E A2 3le] F7])F el
A AzEFIY. FHEL TE bufferd] 4
260 nm FF =X FEE FAsAT

2.3 Bacillus cereus AF2| FH XA} H[1

Bacillus cereus 159 o

2a7) 98 W= ZPAEREAE (National

Strain Relevant characteristics Source or reference

B. cereus ATCC 14579 Gram+, rod-shaped, pXO1', pX0O2’ KCTC 3624

B. thuringiensis ATCC 35646 Gram+, rod-shaped, pXO1,, pX02 KCTC 1509

B. subtilis ATCC 6633 Gram+, rod-shaped KCTC 2023
Gram-, supE44, AlacU169 ($80lacAMIS), 15)

E. coli DH5a TaKaRa
hsdR17, recAl, endAl, gyrA96, thi-1, reldl

Plasmid Relevant characteristics Source or reference
3.015Kb, lac operon, phage fl ori, amp’, 16)

T-vector Promega
T7 promoter, SP6 promoter

pHY300PLK 4.87Kb, ori-177, ori-pAMal, Amp’, T¢' TaKaRa!?

pHY300PLK::cryAal 5.84Kb, ori-177, ori-pAMal, Amp', Tc’ This study

Y RABAATRE, 26H, 20134
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center for biotechnology information, NCBI)
ARS8 (Gene bank, USA) A #BEE FF9
44 9714 Hd(genome sequence) HEE 3Fr
o} B-w3gt. Bacillus cereus LE 2 FAHA
F7IMEL APA R E4 =T (Bioinfomatics
tool)¢! Gene plot TE 1Y} Tax plot T2
PE AME3 fHA AUiAEe FAAEH
gde 7153 454 (homolog)e W L3S
t}. PCRol H 2§ primerE RHE7] $38] NCBI
AtolEo| A A F3E multiple alignment =
9} Clustal W ZFE& A83td  Bacillus
thuringiensis®] 352U TF F2HAA(cry
gene) G71XEE vlug F HUiMEE =T
A28tk E. coli DHSaol| subcloning® =4
FrARIe @rIMEL TR AP L At
7} #1380 nucleotide - nucleotide BLAST(blastn)
e B3 47144 dvele ol v,
gt

24 MM W HITHA|ZE Bl

T3 544 wg& AFFd(growth curve)l
zlelg dolrry] & BETF  Bacillus
cereus ATCC 145799} Bacillus thuringiensis
ATCC 35646, Bacillus subtilis ATCC 6633& 2t
Z} 600 nmol A F&UE(0.D., optical dencity)
7} 0.1°] EHX=Z 100 mL TSBe @%5’]’&1

Table 2. Composition of PCR solution

Composition of PCR Volume(ul)

10X reaction buffer 2
(10 mM Tris-HCL pH3, 50 mM KCL)

25 mM MgCl, 1.2
1.25 mM dNTP mix 3.2
RNase 0.1
DMSO : 0.4
Tagq polymerase 0.1
Forward primer(100 mM) 1
Reverse primer(100 mM) 1
Deionized water 9
Template DNA(25 ng/pL) 2
Total 20

Ao |=HZEZATAE, 267, 20134

200rpme] £E2 EEWA wiFsAS. = 30
Aoz JFHLEE EHIY JEAUD
e Ert 19 7GRS W 1 mLe] A&
gt TSATHMA ] T 10° 107,
10° 107¢) =& FN3te] =@ F wgst
At AT F7F 50~2007) Abolrst HiE )
Ag AYste] FHe ANMSE FAshe
#F CFU/mLE ZAARsRL Hi7HA] ZH(doubling
time) dE Z71FF NO)S} tEF9 T4 N
& A3 N@O=NOy2 v Aste 4
a9 A8 LAE AGste 3uAY 3
tEsle] F 939 HARE UIHOE AR
st

M o Me

25 HEIRA: 5% % RN 22

DS & F A ZH(cryAal gene)E FE317] §

- 3l primer®} chromosomal DNAE Table 28} Z

o] ¥3 PCR?% X (Eppendorf, Master cycler
Gradient S, GER)E ©| €3} Table 39 27
o2 BEAHT. FEZAEL 974 bpo] AV E
7} 4AAE  Agarose gel(Lonza, SeaKem®
LE Agarose, USA)®| LoadingSTAR(Dynebio,
KOR)$} PCR FE4IESY EFAE FY3tn
0.5% TAE buffer(Bioneer, KOR)* 4] 30&3F 3
195 L ZPEFFE UV transilluminator(Seolin
Biotech, KOR)E &3 #<sAth. FAT 3
ZAEL subcloning vector?! pGEM-T Easy
Vector(Promega, USA)el % o] E. coli DH5a
(TaKaRa, JPN)Z 3 7 (transformation) 3}

Table 3. PCR condition

Step Temp.(C) Time cycle
Pre-denaturation 95 10 min 1
Denaturation 95 30 sec
Annealing 57 30 sec 30
Extension 72 1 min
Post-extension 72 5 min 1




th. ¥do] =Y¥E E coli DHSa TFE
X-gal(TaKaRa, JPN) 70 pg/mL3} IPTG(TaKaRa,
JPN) 80 pM, ampicilin 2 mg/mLo] &-H¥ LB
agard| X o] =3le] 37TColA 18213 i3}
Aok 4 s Hddd § LBYA XA
(ampicilin 2 mg/mL)ol HF3t JAGMF F
QiaPrep Spin Miniprep Kit(Qiagen, USA)E A}
£3}4 plasmid DNAE ®3st9 1, Adax
EcoR1% Hindl2 3% A719% ¥, 4852
AR FE2Y FFE FUAH

Bacillus cereus®~}  Bacillus thuringiensis®]
del =28 FEE}7] 98] shuttle vector$]
pHY300PLKol multi cloning site#&-2 EcoRI
I HindlIZ2 Ztz} 37CAA 2417 =R=3,
subcloning vector?] AW LE}EALFAHAAE Z
< YT AR AFEL XEste dE
24 FAATE ZEF F DNA ligase £
(TaKaRa, JPN)Z 16Tol|A 6A1zr A F
E. coli DH5a ©HA] A AE Ak X-gal 70
pg/mL3 PTG 80 pM, ampicilin 2 mg/mLo]
1€ LB agarii A A A& 4L LB
o A| 8] X| (ampicilin 2 mg/mL)o] AHF, L3}
o] QiaPrep Spin Miniprep KitE A}-&3}¢]
pHY300PLK::cryAalS&  E:E3 F, Agash
EcoR13} HindlE 22 dAEHE2FAAE &
ATt

26 SATEE QS HIHIH AH

2 dAFdA  FFH3F  pHY300PLK:cryAal
shuttle vector® Bacillus cereus®| 37 A g3}7]
8 A7) F(electroporation)'¥& =351 o}
WA E. coli DH5a°lA pHY300PLK::cryAalE
QiaPrep Spin Miniprep Kit2 #2359 Y &R
@&}, Bacillus cereus ATCC 145797& LY
A v A (30 g trypton(Difco, USA), 15 g yeast
extract(Difco, USA), 15 g NaCl(Sigma, USA))°]|
BEs 30TAHAA AR 2 mLe ¥
Asted 32 mLe] LAAEA ] AdEsn I
Z%% 0.5 M sorbitol(Sigma, USA)°] HEE
A7VE F 30CoA A gFsse. &€ 7

Bacillus cereus 158 E2FAA A5 47 | 93

=
=

e

+1 660 nmol A FEFE Aste] 0.8590 4
0957F € #, MigFe FA}Z FAE2(6000
pm, 10 min)dte] TAE Aot TAE £
A(0.5 M sorbitol, 0.5 M mannitol(Sigma, USA),
10% glycerol(Difco, USA)E M HYAEF
(6000 rpm, 10 min)3le] FAE & F3F & 4
¥ e & HE 0.8 mLe fAAE HES)
o 1.5 mL FE Z}Z 60 pL¥ EFF) £
FE 15 mL FEE g5 ZolFa FHE
pHY300PLK::cryAalE® 1 pL(50 ng/mL)3 7}t
o AL g AVAFY) FLO01 cm)eE &
71tk A 71 A F7](Gene pulser, BIO-RAD, USA)
of Ful& W 2 kV, 25 pF, 200 Q, A4
T 45~502 HAT FH HU|FAE 7P 1
mLe] &9 BLAAM), 0.5M sorbitol, 0.38M
mannitol)& ¥ i 30TlA 3AZF wigsd +=
30 pg/mLe] tetracycline(Sigma, USA)7} St
LA R o] =2ste] 30ColA s gt

3. @0 9 IFE
3.1 Bacillus cerens 29| MZEZEM H|1

Bacillus cereus 15 AEF 5L &olr
2 FYE 24 RN AAIHE &
At Fig. 191 e Fig. 19 (A)$+ (B)
ol YEMIS Bacillus cereus ATCC 14579 &2
Bacillus  thuringiensis ATCC 35646, Bacillus
subtilis  ATCC 66332
bacteria)o] YElE AYFHA SA AFFHAS
BHth 3%9 #FF EF 30TEY 35CeA
o W=2A 4Fste FH4E JEiz AR
o tl$ZF4 7](log-growth phase)= 30CHT}
308 MA ARES ¢ F dAdo A)E BH
Bacillus cereusS} Bacillus thuringiensis7} 7 2]
AL HEoz wgEHe AL B+ AL
o Bacillus cereus 1&©°| ©°bd  Bacillus
subtilis| N E 2F =8A AgE 2Ee U

BT W H e SRR A Ha

%2 7 (mesophilic

dr|zEAsAAT L, 2637, 20134
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sol7t Uehkth BB fARE @Al
Bl A8 93] Fig. 29+ Z°] Gene plot ¥4
& a5t (A): Bacillus cereus ATCC
145798 A E Blug RO E 5255709 @A
o] % A3ty AXeoz eyt B)E
Bacillus ATCC 14579¢}  Bacillus

thuringiensisE Y| Wg A2 RE guidod

cereus

HEHE UEAE Sgou Be ¥ol
AtE Aoz dnn OE @S 2o
¥e 4%54e umhit ©t Az oe

Bacillus cereus® ¥|I¥ HOZ B)S (D)
d5-¢ FAVSHAl vElstth. ©] 2 A Bacillus
cereus LF &3 TEL AR FFA|
TS FAAS 9izd FEAH EHE 3
& 5 A} 2 Bacillus %(Genus)e) tHE
% (Species)?! subtilis ¢}
halodurans= (E)} (G)AE F5/do] dA3HA
o= AS £ F U¥H O Zo] gram
FATFQ  Staphylococcus aureus’= AL

Aol gAl vEbta, @Sk Zo) gram &4

Bacillus Bacillus

oz BAAE B GAF Fol =9
$40] RolNE Aol YutHolm 7
JAE (9 A$ Be AFAL e

[o]
A&

rlo
of
o

2 &9 & Foz EFE ARY X
ABAZ 7L A2 Yegd. a9
Table 52 A &H Bacillus cereus
&3 FEL 1% 3] FAMdE R
s % Bacilluse 45.3%%}
41.8%E 4YEWed, 78 o4& F& 30% "l
o] A &S BT

Fig. 39 (A)™ Bacillus cereus ZLENA &

Zo7 EFRYE Bacillus cereus$}

£3)%)

Bacillus
thuringiensis, Bacillus anthracisE ¥ 1g A o]
I (B)T Bacillus cereus TLEANAN Z2 F9
Bacillus cereus ATCC 14579%} Bacillus cereus
ATCC 10876, Bacillus cereus ATCC 10987<
Tax ploto. 2 2 3te] H 23 Aot} (A)dA
E F U5 A AY #F& 4635709 @uEo]
MR FEAE JERT B)E 4639719 =

Q1 Escherichia Colic A¥ TS o} Wyo] 5L JEHUT. Pz £
E F gt o8 B3 B 9| 22 &9 & GAl FA JMtE EEE JERY B)Y
Table 5. Pairwise genome comparison of protein homologs (symmetrical best hits)
Query organism Another organism pairing  ratio
Group Gram ] o
Name protein name protein  Protein (%)
+ B. cereus ATCC 14579 5255 B. cereus ATCC 10987 5843 4282 81.5
B. cereus .
+ B. cereus ATCC 14579 5255 B. thuringiensis serovarsp. 5196 4336 82.5
group
+ B. cereus ATCC 14579 5255 B. anthracis str. 'Ames' 5617 4271 81.3
+ B. cereus ATCC 14579 5255 B. subtilis subsp. 168 4105 2383 453
non + B. cereus ATCC 14579 5255 B. halodurans C-125 4066 2197 41.8
B. cereus
group + B. cereus ATCC 14579 5255 S. aureus subsp. MRSA252 2656 1532 29.2
- B. cereus ATCC 14579 5255 E. coli K-12 4243 1357 25.8

Aoz 2sHATHE, 267, 20134









EoR e gy 729 dEHELE 4
o2 AR Fdte WHE FTIAH T
Aot dEFELFHUAE PCR W2
t I7%E st Jdovt thgsk Hole
AZAE AR EF A o] gl
aAol ¢l '
5 Y3 Bacillus
Hug o, 254 e AFF4L
Al sz FeE JEFHA T Bacillus cereus<t
Bacillus  thuringiensis= WF24719] Aj7]1¢
A F7 o] T4 FHE YEdE Al
B8l Bacillus subtilis= 2 =8A AHAZst=
Aoz VeI FA o] 2mME F7H3t=
AL SAT w7IAZ GA T HwR A
Bacillus cereus®} Bacillus thuringiensis= 30T
o) A 422, 42¢ Jed WA Bacillus
subtilise 49.5%& YEHAR 35T ¥ &
o] 348} 345802 © FAEIR A &,
Bacillus subtilisc 41222 Bacillus cereus 1
Fo £ dERT I Ao]E = A%
< Rt ol ©E Bacillus&e TR}
Bacillus cereus T1F°) &% dEo &2 A
Z, FELTEE V12 AA o dlssithe
BEoz £ 4 v
A SHdY 4Fde BAF}E Gene
plot®} Tax plot 4%  Bacillus cereus 71
Fol &% I_E.J‘]' & Bacillus%de ©#F O
A3 ag IHEH SHTFS TEE £ Y=
solg 2 & Ugith AA AAAY 279
DNAE 748t 94719 GC%, frdAe $9
G2 ol =7} Bacillus cereus 1¥ TFE
Abole] ZL Foz E F & WHE FAMA
A velsttl 22 9 Bacillus cereus EF
F9o} v BTE Bacillus cereus} Bacillus
thuringiensis?) A o] B2 9¥d A5AHE& U
BUZE 3t A SAET olyE
AHez= 4A FE37] 8L W7 77t
¢ fauAd JE A HARAG.
Bacillus cereus 15S TE3= 5AFA &
2F-AXF Bacillus thuringiensis®| J& DE
548 Jd93tn des54&E PR &=

=l
st
1<
&

JHIrNHm
ru>:l°2L'l:loﬂ
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AI 0l REHE FASMES TURSY MEIEAL

UNE, 224, B4, AYs, 0148, AME, MUY, =AM, Ol0|Z, AAY, 0/YS
FRASMBHMA

A Survey on pesticide residues of imported agricultural products circulated in Gyeonggi-do
Sang-Tae Kim, Moon-Seog Oh, Su-Kyoung Mun, Yang-Hee Kim, So-Hun Lee, Sang-woon Shin,

Mi-Young Seo, Young-Sun Che, Mi-Kyoung Lee, Cheol-Yeong Kim and Jong-Bok Lee
Suwon Agricultural Products Inspection Team

Abstract : This study was conducted to monitor the current status of pesticide residues in 121 samples of 33
different items of imported agricultural products circulated in Gyeonggi-do, 2013. A total of 218 pesticides was
analyzed by multi class pesticide multiresidue methods. Eight pesticides were detected in 12 agricultural product
samples(9.9%). The kinds of pesticide detected in samples were methidathion, boscalid, azoxystrobin, endosulfan,
carbaryl, chlorpyrifos, pyrimethanil and fludioxonil. Sample recoveries ranged from 80.4 to 113.8% with relative
standard deviations, ranged 0.8~6.8%. Limit of detection ranged from 0.001 to 0.05 mg/kg. Of fruits, 6 samples
including grapes had pesticide residues ranged 0.03~1.5 mg/kg and no detection was observed in vegetable
samples. Of 12 origin, U.S.A., Chile and Philippines samples had pesticide residues, however, no samples had

violative residues.
Key wonds : pesticide residues, imported agricultural products, multi class pesticide multiresidue methods

2% : & dFE F7ENA $HE £YENEY BREF 408 2AW Ao, 20134
A4 FAF 12129 A chste] 218F 9 AFRFGFAE AN FEFG TR 24
o BN® AW F 122099 FABIN §F) TR AEHYeH AEA

s

boscalid, azoxystrobin, endosulfan, carbaryl, chlorpyrifos, pyrimethanil, fludioxonilo]1t}. 3 +€ 9 HEIAE
X% Ay 352 804~1138%, FHNEFZHAE 0.8~68%°l2eH, HETAE 0.001~0.05 mgkgdl A
22 vyt FFFEF FAZEY, TR F 655 HRLFNA 0.03~15 mgkgol AEFHNLH AxF
XE FoFo] AEHA @ik 2AF FUF7F F uZ, e 2 LB FLFINT FFFY

o] AEHALY FREIFIHEIEE 2t AEE UM

methidathion,

o M
flo

P

oln

FHO : 2FE, FUFLE, GEFF PR 24

= 2 427 7182 ik E@ FTA

1. B = g

W T FAxHe] FUdd W FAESY F

AARE R ANHA A@EFe) Fgoz 9§ FEI HAE Frste 20124 E FHEFAA
aufde] s Aol o el ¥ F FEAST A BAE /Fo2 AT 54
fA WA HAFS] R FoA Hadel 4 FAE FYAHE AxFt 14, FARE
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179 Fr7kste T FES FUste FAelH
2SN A GFE £ FAEY HH7
7F A=z Jdok(1,2). 2Ey ol # ¥ S A
Fol M £ FAE F LR A4 2
A A dFHL JEd 53 F44
Fol e BAZ F AFFLA @ s
e 2o Aoz zAld v YPG4). HI
BEd AR 3td ojn] FFE FIA A

g8 273 Ffol A
E5HE 5 AFSAT #4HE A - ALYt #
W ool 2MAEe +Y ¥4
zZ

| g #FAE FAHRIIA HATAE,5).
gL F2 Au Foll HAAF HEH A
2 AZXE Y5t A LHT Jlon £8 F ¥
B FAA}E 97 et AR, 54 F
Tyt dE, FFold 9% B 9 wolwt
A 59 BEHozx ALHEY 53, £Y 5
AEe A7 A € FAEH FF] 275
22 olzd ¥x9 F& F F(postharvest
pesticide)2 34 H3,6). AEF AL
Ar=xRle]l Ao AZAES glo] AA ZFelA

W 2 ¢ AF ois vl 9738 7]
AR FHE3tn vk 53 A
A FAEFE Fdsta FHEZ0]
71F ol AE&dd #94 ¢ #Hust X
Positive list A=E AA|83 o™ F&
] B& vFe A AARAAANY FF
ALg-o] A=) d& B olvE ¢ FAL
oA L&A Fe FEH] HEB B L
9 2 #5& FRAEE Zero Tolerance AE
& Al¥dte 5 AP FAE fEte =9
3 ok wE &4 FAEY FgE A
e AL HHoE L 3o 7/ F F
ke AHEF "FA £ FAEY FH ¥
B4 F dHoly e FEH L A F
of o3 FTAJFHFL AAH2E FAAE F
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T8 5 Fgoz  vFoAE  chlorpyrifos,

primiphos-methyl®) A% % captan, TBZ,
OPP, benomyl & ATA S HFAe|7t 885
T Yoy AL F8 F Fogo) O B
F5 3 &71F0] HEY ARolH AFd F
2932 Qg $£9 ¥A2d g# 3RS I
A7t D3 o] o)A R £ YTHY).
el 2 dTFE 20139 1€9%EH 1087HR
10447 A= e #58 £9 A& F
AN F2 2uAEe HIEs ¥ FrlY
FAES QAoz EFHY BEFIUYR
ENWe olgste] B 218Fo] UF FFA
He zAsgen, &% 59 F4E Ay
g8 R 58 F ool @ IREF 47
F 474¢ A% VlaARE A $93
At

2 TR W W
21. AR

20133 1945 € 10871X A7 W HEFF
A g YaANA FEHE FYBAE
F oFa 5 2F9A U9 3B3FF o
3 12179 ABEE FASNY EAE AA3A
th ABE $£A FA AAY sgoeH 449
o]£ 38 FYUYFAEL Table 13} 2},

22. A2 X EESY

AFFF 24 & 913 AA A= acetonitrile
(Honeywell Burdick&Jacson, U.S.A)), dichloromethane
(Honeywell Burdick&Jacson, U.S.A),
(Wako, Japan), methanol(Wako, Japan), hexane
(Wako, Japan), NaCl(Junsei, Japan), NaSO4
(Junsei, Japan) 59 AJoF& ARE3IHem 1 99
ANFEL BE ZRFG 244 2 RIS A
stk =3 AAFAANAME GC BHe A
Mega BE-FL(6 mL, 1 g, Agilent, US.A), LC ¥4
£ 913 Mega BE-NHy(6 mL, 1 g, Agilent, US.A)
£ AH&-3tTh

acetone
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Table 1. The list of the imported agricultural products in the study

Origin(No.) Groups(No.) Products(No.)
Fruits(3) Avocado(1), Kiwi(2)
New Zealand(6) Vegetables(3) Sweet pumpkin(3)
Taiwan(1) Fruits(1) Apple mango(1)
Mexico(3) Vegetables(3) Cabbage(3)
Nuts and Seeds(1) Walnut(1)
Fruits(26) Lemon(4), Orange(4), Grapefruit(3), Avocado(2),
U.S.A.(39) Pomegranate(1), Blueberry(3), Grape(5), Cherry(4)
Broccoli(4), Cauliflower(l), Melon(1), Celery(1),
Vegetables(12) Radicchio(3), Lettuce(leaf)(2)
Vietnam(1) Fruits(1) Dragonfruit(1)
Uzbekistan(1) Vegetables(1) Melon(1)
Iran(1) Fruits(1) Fig(dried)(1)
: Judas’ear(dried)(3), Oak mushroom(3),
China(20) Mushrooms(7) Oak mushroom(dried)(1)
Vegetables(13) Broccoli(2), Cabbage(1l), Carrot(3), Bracken(dried)(3),
g _ Galic(stem)(2), Lettuce(head)(2)
Chile(14) Nuts anfi Seeds(1) ' Walnut(l). ‘
Fruits(13) Lemon(3), Orange(2), Kiwi(3), Grape(5)
. Fruits(6) Mango(3), Mangosteen(2), Apple mango(1)
Thailand(7) Vegetables(1) Asparagus(1)
Fruits(1) Grape(1)
Peru(3) Vegetables(2) Asparagus(2)
o Fruits(24) Mango(2), Banana(18), Pineapple(3), Papaya(l)
Philippines(25) Vegetables(1) Asparagus(1)
Total 121
2FEet B ALEE EE49L £ 2188 & sbete] A3 $37} 100 mLt HA FRe
0] o.M Dr. Ehrenstorfer(Germany) #|¥3 Wako ™ acetonitrile® 100 mL % 20 mLE 3 3l4

23. A2 HF 2

Nge AAAE HEFFAY FEFIUAE
Aol ohe AYEATE). 2 AA
= ol 19y &

23

4

S FTHe U wE &
A F m?%’—?_-éﬁﬂ(Robot coupe, US.A)E
Mete] 2 F 9F 50 goll acetonitrile 100 mL
""‘—‘Mhl(om USA)E 3
34} ol &
o] o] &oj| sodium chloride 15
AgsA g F
J3lA ). E2E acetonitrile 32

Fujste] Mgt

F-5Z7)

-2 sodium sulfate

40C F&AA %37|(Caliper, U.S.A)E o]&
8lo] nitrogen gas dtollAM 1x FF3IATh GC
4 939 3% 5% A 34 2% diethylene
glycol/acetone 0.2mLE 3 7}3} 5t}

T2 AREL GCEAY Uidd E% 20%
acetone 3 hexane 4 mL, LCE4] tiA¢l 3
2 1% methanol ¥ dichloromethane 4 mLZ
339 GCe -9 hexaned} 20% acetone
S+ hexane o2 #A 3} Al florisil catridge
Actd] go] &S AFA 22 F T}
20% acetone -+ hexane 5 mLZ WE &3]
F FEAA Y AEH Bl TF o

1A W Kok 71‘1“1‘:-‘1'- £ 20% acetone - hexane 2 mL

3t F 05|-\—]-(02 (m, PTFE syringe filter)

anhydrous®l] XA €58 F E=2| acetonitrile st -E—’Ev% ANBZAHEIRT. LCe B¢
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dichloromethane .2 #43} Azl NH: catridge
ol 1% methanol &-F dichloromethane 2. & £ 3
st frEdten ¥ F 100% methanol 2

mLE §83le] 48 A82 AHE3A

24. 717] % BoqxA
F719 47 FF@B0F) £ GC/ECD
(Agilent, 7890A, U.S.A), F71¢14 F2H(76%)

Ao GC/NPD (Agilent, 7890A, U.S.A)),
UVA % 2%(50F) £4 9= UPLC/PDA(Waters,
US.A), FhatdlolEAl FK(12%F) A+
HPLC/FLD(Waters, U.S.A.)S Al&3tgom 4
29 oF AE = TOF/MS(Leco, Singapore)
o} LC/MSMS(Waters, U.S.A)E A&t 7
717159 B4 272 Table 29} Table 39 &}
BFci=%

Table 2. Analytical condition of GC/ECD, GC/NPD and TOF/MS

Detector

type ECD NPD TOF/MS
Inlets Temp. 270°C Temp. 300°C Temp. 250C
front HP-1701 ’ front HP-35 :
(30 m x 0.25 mm, 0.25 gzm) (30 m x 0.25 mm, 0.25 um) Rtx-5MS
Column back HP-5 back HP-5 (30 m x 0.25 mm, 0.25 um)
(30 m x 025 mm, 0.25 ;m) (30 m x 0.25 mm, 0.25 um)
flow. rate 1.0 ml/min flow rate 1.0 ml/min flow rate 1.5 ml/min
‘C/min  next hold C/min next hold ‘C/min  next hold
initial 160 1 initial 130 1 initial 70 1.5
8;’;; rampl 47 240 4  rampl 8 180 1 _ rampl 20 180 1
ramp2 13 275 19  ramp2 4 210 3 ramp2 10 265 1
ramp3 10 295 5 - ramp3 5 300 4.5
Detector 320C 320°C, air 60 ml/min 260°C
temp. N, 60 ml/min N, 5.0 ml/min, H, 3~3.5 ml/min
Table 3. Analytical condition of UPLC/PDA, HPLC/FLD and LC/MS/MS
e UPLC/PDA HPLC/FLD LC/MS/MS
Column HSS C18 Carbamate HSS C18 )
(2.1 x 50 mm, 1.7 um) (3.9 x 150 mm, 5.0 um) 2.1 x 100 mm, 1.7 um)
Flow rate 0.4 ml/min 1.0 ml/min 0.3 ml/min
Time A(%) B(%) Time A(%) B(%) Time A(%) B(%)
100 0 20 80 90 10
1 60 40 3 50 50 0.25 90 10
2 55 45 12 70 30 7 10 90
4 55 45 13 20 80 .9 10 90
. 5 45 55 - ’ 11 10 90
gf;;‘;;‘e 6 40 60 12 90 10
7 35 65 13 90 10
8 30 70 A= Water:MeOH:ACN= 2:4:4
B= 12% MeOH
10 25 5 A= 0.2% formic acid/water
13 25 75 B= 0.2% formic acid/MeOH
A= 20% MeOH
B= 100% MeOH
Detector 254 nm : XA : 330 nm EA : 466 nm

A= RHBYATHE, 267, 20134
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25. 8|8 Y HESHH

i] 0
g5 B
mgkg TTOE
Wio R 33 wkE F4
At

A& % A(Limit of detection, LOD)= 570 =
59 gFedg BAse de NEE vEo

E ICH(International Conference on Harmonization

AL Fisdol AdEHA & A
EEFE 98 02 mgkg

Aeste A ZEAH
18t &

N
o

AN ol &

d
!

Lot

of Technical Requirements for Registration of
Pharmaceuticals for Human Use)ol| A A& A
Sl wat 73 ATHO). '

LOD = 3.3 &/S

& : The standard deviation of the response
S : The slope of the calibration curve

‘..}',[_‘
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3. 33 ¥ g

3.1. 38 U H&sHA

AEY AFE st FYsAE 12139 &
FEF AN AEE 1059 7S B
2 HAEdA ¥ e H4¥E FIsdeH
I A3 Table 49F 2¢h 02 mgkg 2 2.0
mghkg F TE FFELE AT 4 FFE9
AAZHQA FFE&L 804~113.8%, FNEFEHA}
0.8~6.8%E UYEIUA L™ ICHAA A AT
AeAe vgez FHF AEIAE 0.001~
0.05 mgkgdl Ao Uiyt F&EINEH 1
Al w2H Ao AEIAE 0.05 mgkg
o]3tE WFHIHA FAY JHRFHLIIE 12
~1107tA] A& =EE FASIL o I+
2 70~120%, FHHEEHIE 10% ol F
° uFAsti BHa Uck10). "Eks B &
AYPE AF £ [P AR dvd

o

Table 4. Recovery and LOD(Limit of detection) of pesticides detected in imported agricultural products

Pesticides Fortification level(mg/kg) Recovery=RSD(%) LOD(mg/kg)
Methidathion " o 0.006
Chlorpyritos 20 1007414 0001
o-Endosulfan 25 19065. 1?’:1238 0.002
B-Endosulfan (2)3 190 77 4‘;31 88 0.001

Endosulfan-sulfate g?) 190 8535:21 '56 0.003
Fludioxonil gg Z;gi(l)g 0.01
boscalid gg z;gigg 0.05
Azoxystrobin (2)3 g;giig 0.05
Pyrimetiail 20 24221 001
Cabuny 20 1552 0004
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32. TRISAMEY BRES% A M

FYFAE 1217 BE ZF5F HAE F9
¢ A¥= Table 59 2ok B4 Az AA Al
B F 1279 ARAA FFo] AEFH 9.9%
o A&E¢ JYehen ERuUz: BUYF
7671(63%), AMA:F 367(30%), HINF 77(6%)
9 AFRF 278Q%) 5 JLF 127804 BF

Fol AEH A4 ol&® HIF F
16%2] AEES 4oy FAFE A A
2% FAAE Tl HEHA &JH. ol
A ¥AHA e 79 ALE FAdFAG
T2 5 2ol AFAAELE AX F FYUEL
2 A FdHez Yol TFRT 7Medel
2ohal Bug 4 520068 At dXstE
A3E et 3 FAdF 17EF F 4

Table 5. Number of pesticides detected in imported agricultural products

- No. of samples

Groups(N 0.) Commodity

Origin(No.)

" No. of samples

detected(%)
Lemon U.S.A.(4), Chile(3) 7 3(42.9%)
Grape Peru(1), U.S.A.(6), Chile(6) 13 3(23.1%)
Banana ' Philippines(18) 18 2(11.1%)
Blueberry - US.AQ3) -3 2(66.7%)
Mango Thailand(3),- Philippines(2) 5 1(20%)
Cherry U.S.A.(4) 4 - 1(25%)
Orange U.S.A.(4), Chile(2) 6 2
Grapefruit US.A.(3) 3 -
Fruits(76) Mangosteen Thailand(2) 2 -
Avocado New Zealand(1), U.S.A.(2) 3 -
Apple mango Taiwan(1), Thailand(1) 2 -
Dragon fruit Vietnam(1) 1 -
Kiwi Chile(3), New Zealand(2) 5 -
Pineapple " Philippines(3) 3 -
Papaya . Philippines(1) 1 -
Pomegranate' U.S.A(1) 1 -
Fig(dried) Iran(1) 1 -
Brocceoli U.S.A.(4), China(2) 6 -
Cabbage " China(1), Mexico(3) 4 -
Cauliflower US.A.(D) 1 -
Carrot , China(3) 3 -
Sweet pumpkin New Zealand(3) 3 -
Melon Uzbekistan(1), U.S.A.(1) 2 -
Vegetables(36) Braclfen(dried) C@a(3) 3 -
Galic(stem) China(2) 2 -
Celery US.A.(D) 1 -
Asparagus - Tha%ﬁﬂ;?i’nf(e{)u(z)’ 4 -
Radicchio US.A.(3) 3 -
Lettuce(leaf) U.S.A.(2) 2 -
Lettuce(head) China(2) 2 -
Judas’ear(dried) China(3) 3 -
Mushrooms(7) O?VI(vi trl?u(irhig:i(;m China(4) 4 )
Nuts and Seeds(2) Walnut(2) U.S.A.(1), Chile(1) 2 -
Total - 33 o 12 121 12(9.9%)

“none detected
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vy E 183 F 274(11.1%), EFHE = 3
ZF 27(66.7%), FLE 57 F 172(20%) 1
Ag 47 F 174025%)°) AEHANLH olE
T Vg §5H1 de 9 F4
T 5T HAE R} 5L FEERE 7] By
=EER #AE 2AfdE ,11,12
2023 FHEFAAE —’F%d%ﬁlﬂ] tﬂrf—.
53 A3 dFHL 2 dEF w7
Addie] FYgFe] FFH FAoE e
AFsofel g #AYst AFE AE ¢+ A
o MHH Al FF AAE AT "t ¢
FE 71€49F Aol

dH, FYFAE g Y AAE I}
42 BRHRYE £ R2AZIA S99 42
o st EX4& FHSFHAIFig 1) 1 A
a3 A FYdd FAEC] 3912 MG BR
on AZFAFE 7TA18%)E 71 B2 AL
2 veEwd. g9t $A4EL 254 F 34
o] ARAN FFFFe] AEHALH AL
FAEL 1471 F 240 AEH 4 12%%}
14%9] HAEEE 299 28y FI3& dHFE
g 2 99 IUtECdA 98 FAEdAE
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N |

sob AezA | 100

AFedel AEHA F%h 4 T
+ A AAZ §& 2070 R BYE A
U ARscrel AEHA dded ol T
A FR2 pdE anREe] AA A=
of FUAAANA dA MEHA Fe A

YEgeln AMMLRT Az L A2
KX
=2

Ir o

M 2 [0 o

HA F& AR EFALE] © Hol £UF
Q7] WEoith B dAFdNE 7Y FE EF
ANrfFe HAFE dodez AdFd v

Fool IAHRT JteAHol ¥ FFEC 44
AHEES7] WEo2 AZETH2,13).

33. SYMEY RS HA 2

THAAEEE AL 2 E AHERAE YA
E 12794 methidathion, boscalid, chlorpyrifos,
azoxystrobin, endosulfan; carbaryl, fludioxonil,
pyrimethanil 5 & 8F 2 Fo] HEHU2H
3 ZAFE Table 63 2Tl Methidathion2 & &
17404 0.6 mgkg AEHALT boscalide &
Zug 284 0.1~02 mgkg, ETE 37A
03~1.0 mgkg 5 F 5ALE 713 B2 AS
H Aol Azoxystrobin2 X% 179]A 0.2 mgkg,
endosulfane YA 0.35 mgkg, carbaryl
A7 1714 0.04 mgkg, chlorpyrifost vl

US A
Philppines
China
Chile
Thailand
New zealand
Peru
Mexico
Tran
Uzbelkistan
Vietmam

1
1
1
1

Taiwan

39

ONe. ofsamples detected
B No. ofsanples

0 10 20

Fig. 1. Number of samples detected on origin.

30 10
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27914 0.03~0.19 mg/kg, pyrimethanile ET
17914 0.3 mgkg 183 fludioxonild #H& 2
ZAolA 13~1.5 mgkgel 474 HAE&HJoH
25 JIFTFIHEINE oJHE Yt 59
Ex9 A% u=F4t 173904 boscalid®} pyrimethanil
a8z A#Aar 1794 boscalid®} azoxystrobin
5 F 7HA Foo] FAlH HEHJE boscalid
= ZAF Bol AMEHE F8 A FoolH
azoxystrobin® pyrimethanile= £ Az Al &
o] AlEHE 78 F T HAEU HALRE Ho}
T8 AF2z g3 dA 2 FE FAE A3
= %QF"] AFEEAAY SFEE SUEA
717) f8] o948 X FAHRES EFY
AT o2 AZET(14,15). ¥ IUHER
AEd F9S AHRA 71 Bol AEd v=
A A& X  boscalid, carbaryl, pyrimethanil =
fludioxonil 5°] ThFdtA HEFHUen A=kt
A &M= methidathion, boscalid 2 azoxystrobin, 2
A A 2AXE  endosulfand}  chlorpyrifos7}
AZFUY. E3] HEE TFAHEE F boscalid,
carbaryl ¥ endosulfane & A F oo o] &
He AEoE 4EA Jded AFTg HE
" A F719 AR BEFAA EAste A=
E o o] St WS ddd kA A
¢l FAE A 5 BEHOE AMAA F 5
& WIRMEA AL & Ao® FHHET
(4,16). 3# boscalide= HYT 9
A ATP FAAAE Azt B
Al7lE Z8& st otdEto|=A] 4FAE I
Folgdo] At EE ALFHo|E} @

719 #A7tEH 59 BHE <gan li%}
F JE AEA F%olth17,18). Carbaryl2 7}
vl ol EA AFAE el JAFTETE AlTe
dZo|U Fo HaFo IV e BHES
A4 Fgoln B3| HFdAE sFHA E 4
At BFRoz w4 oA dE AEEHE
et FFAZ dHA UTH(18,19). Endosulfan
< fUl9aA AEAZ Fulg BubRew A}
go] FrtEo] glom ZEe AH AHEEA
%1 Eg Hxste LFEA Folth EF
WEH A FlEFIE JIFAo] A3l AA A

A ER2HEHATHE, 26-'"-1 20134

mEZ=do}
HeHA=H ol

A% 28 mg, 73'?4-91‘ 49 1063 mgl2 & A
o ALE 2 BE Fo HFA F4E L3
% oF o] th(16,18,20).

1 #]ol chlorpyrifos, methidathion, azoxystrobin,
fludioxonil ¥ pyrimethanil®] AZ=HA=d +&
F sgoz AgHE UEAHA HEEE 2
% chlompyrifos® Z+E #d 2 ALEF T 3
SHAE 98 FHYHA AHEHE /7IUA
AZAZ ALE7 1 siF A A
olojq o7 ydeA Bo| ALEHI JYeH
a2 J3 FRFF A& UEE 52 ALE
B35 3 Qth(2,11,21). Methidathione  #7)
QA AZFAZ ZES JAAE T #HAF
AR Jder 9o HEAR FI EoVtE
AFEH7 Aok EF HdFFE dHE 4
523 WALl AT A kg® 52 mgE
g8l aEA Fo|th18,22). Azoxystrobin,
fludioxonil ¥ pyrimethanil2 o AFE Bo| A}
AT SFEAEZ &2 imazalil FE
A HZ Eo] A&l FHtn jloH
GFE FuFsy] AT EFAANZE JiLH
3 AE AEAY FFoIth23). € ATAFACNA
T imazalil 52 AESHA g1 FJUFoz 9
HAo] v azoxystrobin 5 A FRFSS
58 % 5oz ARHL
2 f8Aol W& FHES A&l st 3
the 9 5011)] A}t A8 Azoxystrobin
Fapgold A, FALASAA], TAFAY AR
£ 5 durave gadnE FAd Y E
2EZUSHA HATAelrh. T Al &
AEANA FE2F F=AZ FE E FFH
AdAF A54 FFolth Fludioxonil2 FA 4
BAZAY] A% & dolg AASE Aoty
EA AEAZ F=HA g FHE T35
A% 4 £5HE FAE 2% $AE 9
3 AHEEE ASA SeFolth. 18| pyrimethanil
< opdE=HHv|dA AFAR A HISEF

HY 59 e WAl ASAY Folti1g).
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Table 6. Residues of pesticides detected in imported agricultural products

Pesticides(No.) Commodity(No.) Origin(No.) Pesticide residues(mg/kg) MRLs(mg/kg)
Methidathion(1) Lemon(1) Chile(1) 0.6 ' 2.0
. Blueberry(2) U.S.A.(2) 0.1, 0.2 5.0
Boscalid(5) Grape(3) U.S.A.(2), Chile(1) 03, 0.4, 1.0 5.0
Azoxystrobin(1) Grape(1) Chile(1) 02 3.0
Endosulfan(1) Mango(1) Philippines(1) 0.35 0.5
Carbaryl(1) Cherry(1) US.A.(D) 0.04 1.0
Chlorpyrifos(2) Banana(2) Philippines(2) 0.03, 0.19 0.25
Pyrimethanil(1) Grape(1) US.A.(D) 0.3 5.0
Fludioxonil(2) Lemon(2) U.S.A.(2) 1.3, 1.5 5.0

. UE anes
A71=EdA FEHE FYFIE 12179 o T35 ERHEFTAH2013), 20129 % F

sty I HFEet AEE ZAEAY. AFFLA
AL A AEE TS UL AEY AF
< 8% slg 2 HEdAE Agsided
o A3 BFEL 804~113.8%, HNFEAX}
= 0.8~6.8%, AEFTAE 0.001~0.05 mgkgE H
Ak v=E v EF 120FAdA YLD 33F
B FAs IFSAAANE S8 A 12
A09%)NA ZFF%o] AEHUT EFER
BAF167A(63%), ALF 367A(30%), WAF 7
%) 21 ARF 278Q%)e AASIL
FLFAAM T 1273(16%)°] HE = ATt Methidathion
< A4t #E 17494 0.6 mgkg, boscalids
o) EF492) 2344 0.1 mgkeg? 0.2 mgkg,
X% 2794 03 mgkg® 04 mgkg, FHAL T=
17444 1.0 mgkgol HE= AT Azoxystrobin
AHi £ 17464 0.2 mgkg, endosulfan
A4 H3 138494 035 mgkgel BE
HA L™, cabaryl2 " T4 A 174 0.04
mg/kg, chlorpyrifos= 2] A4F vl 2719 A
Z+7y 0.03 mg/kg, 0.19 mg/kg, pyrimethanil ¥
T4 XX 17394 0.3 mgkg, 28] 3 fludioxonil
< "4 HE 278494 ZZF 1.3 mgkg, 1.5
mg/kgol AE&HAoY AFFFFHEIIEE 2
Pt FAELS QUG 2HY v HFY o
dXgte A7 AH Al A3 ASE b
Hg F genz £Y5AE AFFSFA o
# A&d 2UHYH #est wasioh
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—
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Characteristics of Residual Distribution of Pesticides in the Portions of Lettuce

~ Sun-Mok Kwon, Ok-Kyung Choi, Ki-Cheol Kim, Jung-Beom Kim, Heung-Gyu Kang, Yun-Sik Cho,
Jin-Ok Ha, Jin-Ho Jang, Byoung-Hun Lee, Sung-Nam Lee, Sun-Young Lee, Jong-bok Lee
Guri Agricultural Products Inspection Team

Abstract : This study was conducted to see the changes of the residual amount in the portions of
lettuce after spraying with boscalid and lufenuron and to examine their distribution of residual amount
in the end and the upper portion of lettuce during cultivation period. In the case of boscalid, the
initial concentrations of the end and the upper portion of lettuce were 18.26 mg/kg and 84.97 mg/kg,
respectively, after chemical application and the residual amounts were rapidly decreased to 0.31 mg/kg
and 0.37 mg/kg, respectively, at 14 days. In the case of lufenuron, the initial concentrations of the end
and the upper portion of lettuce were 091 mg/kg and 521 mg/kg, respectively, after chemical
application and the residual amounts were rapidly decreased to 0.06 mgkg and 0.09 mg/kg,
respectively, at 14 days. The variations of the residual concentrations for boscalid and lufenuron after
chemical application showed that the residual amounts of the end portion of the lettuce were less than
its upper portion in boscalid and lufenuron. In addition, 10 kinds of pesticide including boscalid and
lufenuron in 16 cases showed that the residual amounts of the end portion of lettuce were less than
the upper portion of it as well. These results induced that water content of the upper portion of lettuce
contains less than that of the end portion and also the upper portion of lettuce has a lot of wrinkles
which expand the surface area per unit weight.

Key words : Pesticide residue, Lettuce, the portions of lettuce, Boscalid, Lufenuron

8¢ : E AFE AL F AF ERED AREY 3 FFEIE Lotnr] 3
boscalid®} lufenurons AE3 F dA AHvlty IAFHF W3l @E E¥X 54L& FASACH
Boscalids A% ¥ %7 RFBL A2 ZREWN UREA 1826 mghkg 84.97 mgkgol UL,
A AX X 1499E 031 mgkg, 0.37 mgkgl E Vet Lufenurone ¥ ¥ %27 ZFFS
Ao EREIY JREEAA 091 mgkg 521 mgkgoli, oAl A4X F 13¥E 0.06 mgkg,
0.09 mgkgoZ YEIRT 7] JFFEFE A 4F F 123 AX IFFHFS A4S 2H,
boscalid®} lufenuron 25 452 EFEol SFERT A X33 o9 2 BEIFYE &
o13l7] 9138 201339 FFFgo] AEH AF F 1648 FAE A, boscalid®} lufenurone X
3 105 FAAEANMNE 3o BHE SFRERD AFEEX FEE ¥ A2 Yy
t}h ol A3 SIREo] BREM | £EFF] Hu FEo] Bel FF o FAHHo| Yo
Foke] o] gold Ao REo] ERERT IFEE vE/ £ Ao wvdn)

A




114 | 7538844 AEE 4t

1. M2

AL2F 2¥EF € AEE ZAH2007)0 9
3 QaF L4 M5 olfE ‘FF JE A
#H W E'(355%), ‘A7 FolA’(28.4%)°1 N,
Az3E AL ZYFHE BA2R7F(535%)7F
43 A e A 2F 3F ¢
g FHAA Bolt} HFAA FHAE A
HE AF FEA He dWwE oled g 9
w2 2] e e AdEE F3] 4353
Aajrolth AWMRIES] A& 7T #
AF(2010)0] wWEH dHIJEL SHF 43
s, o, 43, A3 & A HdAs=d
Ol HE g QEAI A A3}, Al
gl 33 &7 SHAEES AANZ AWS
st Adol e olf7t M A Y
B g o2 e %& 3

o WAE AASE olfE A ZAEJL
SFHF A2E A HFHH
A gl ol7] WEolge £oF FAL
AT, AFe EFL 49 2EFH IV, B
A E(Resette) Aot 274, £7]9 el 52
2 FEIY dutrnoz AdydEF, 74

o> 2

2 o
_91_-
N

Morr 2

=4 e HMola 9 RHL FEHS

dFo] XA, $elute AFE APFA
Avh, FFW, 59, AAH7t F& o|Fx
e Aol BAUE AL AEHA ALFE
2719 A4 He % £ TasA g 5
3 A& AA 4 Ax F ObF gl ARE
& venpz 9o

FAHE AW A ST Soke gRE Azt

Aol weh giy] Foze] ik Ao 9
s A4, A B WARd 9% 2 2 7
AW A S B8 A AA FAY,
Ad, 487, 71E 5 294 713 L FIHAE
Zo] AAHE Aoz FyA Yo, ww, &
Arfe s AEFRE 27 29 - 4T 5
o A& AXNA @%n A= ALt o
z7 - 71 59 BRBE AN ARY B
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AEe Az AL 98 27

ok fulé mu ok -

4e AAL 7teAel U FHY AHEdl
Z 9 798 71edeF & Fart 9o,
Syl AnjRte] AERAAG U ANE
ZAFS A3H2004)0) ©stH, W FLo3tE
$do] 76.0%, A= AE FRIITE SOl
218%2 AL BE ZujRHEo] AF AA
sl Fo3A A A2 UePi, &
H)zte] 73.8%E FAHEC ZFH Tl diF
o WizsA wesE Rez i) =g
AE Fo Fkd J|EX o3 dAFHE A
ZARrHAAE b He oz AZsn Yoz
ZAFAYY. ol e IH Bt
7oz A3 HAF AuItER A@AEAF
AR A
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o 2 IF EEXE ZAEARL, A5
Apepgte] AbFA boscalidet A3E A lufenuron
Axst] A A|Hulnr Ao Fod T
F Wzt wE £X EAE doliuA
sttt

2. N2 9 WY

2.1. ZE THHH % SoF &tX

& F(Lactuca sativa, & HEFW)E 20134 4
4 22958 20133 69 547X FEFA 7t
5 fXE =X n7tE de2EFE A
et PRt T AT F 6 m*2E 3}
o FAXZER 29E eXdin AHLHEE
LA szl Y5t 24 AHEF 2 1 me €FA
g wixlstE e AAAEE 20 x 20 em T
Ze FUT AW F AEF 7L AF|Y
A gAY ATEA RagIs YAdsshA
(boscalid, 47%, FF &%)} HFA FAFE



Table 1. Application conditions of the pesticides

Pesticide Formulation A.Ia)(%) Dilution rate Application amount
used Boscalid wG” 47 1,504 times 8 L/12 m?
Lufenuron EC? 5 1,000 times 7 L/12 m?

“FAI Active Ingredient, "WG, Water dispersible granule, 9EC, Emulsifiable Concentrate

$ Al (lufenuron, 5%, FLAZA)E AHE34
I, £ 149A 13 dBHoE 77 Ay
FA AP g FFo] dE <FHARET
Fol AAH YA &L lufenurone H{F<]
dAAE/IEE HEHATNY. ANPFSFe 45
o] iz Fofo] AFe ¥ T F
g3 A%e 47 H3 W4 EFVE FE
3 ZEEort=E TYSA AEsAn, AA
AL-¥ oFEe Table 13 2t}

22. AR XH

NdE 4F T A7 vt E A At
3417 ol U(0Y), 1, 2, 3, 4, 5, 7, 8 10, 12, 13,
1496 z+ Je7E2 42N ASPEs 7
AT A H5E FIAYZ AF3Y T FAE
3359tk AHAF AFE PE. bagol el A
AR ENkEE R, AFE FEHE AARR
Qe dolw BANA AT HeZ 3 mA
ERE)% 2R AT UnH FREFR)
oz Yo Fere ¥ By &0 ol
ABslm AlE 4 A7 -20C ¥s5 1
BaAsad. =3, 20133 FEFASEOASG

o2 &3d AF F TRFS HEd HF

23. Alef ¥ |7

¥ XFEL Dr. Ehrenstorfer (Germany),
Wako (Japan) AEF< AM&s4dd. & ¢4 A
A& -g-ﬂﬂi acetonitrile®  dichloromethane-2
Burdick & Jacson$} JT & Bakers (USA)E A&
3} 2L, methanol, n-hexane¥} acetone2 T &
oF A & Wako (Japan)A| E< AME-3IA .

#2444 SPE JIEHAE GC EAE&2o=
florisil (1000 mg/6 mL, Agilent Technologies, USA),
LC EA]£°2 NH; (1000 mg/6 mL, Waters, USA)
< AHE3E

Al89] E4= Robot Coupe Blixer 5V (MS, USA)
Z A2l 2™, Omni Macro ES homogenizer
(Omni international, USA)E o] &3t ZFRH%
& #3499 Z¢EF7IE N-1000 (EYELA,
Japan), ¥%7)% TurboVap® LV (Caliper Life
Sciences, USA)Z Al&38}3A o

BEAw-A29 ozt
147 g F 71718489, G B4 oy
¥ 2o hatd GC-uECD (Agilent 7890, USA)
2 AFEA3I, GC-TOFMS (Leco Pegasus
HT, USA)E °]&3ld FAEAsHT LC &
A 942 ¥9%S HPLC-PDA (Waters UPLC,
USA)E o]&3td ABEASI, LC-MS/MS
(Waters, USA)E ©|-&3td A EA AT
A€ dHeoly F AW 3 K4 HAF & 4
3 EA A= SPSS (Statistics 18.0 Professional
Pack)2 Al83le S HEEAA(ttes)S A
gon AIZAAE dolwr] s} Pearson’s
correlation £4]& ©]&3}5 ).

25 BMEo| S

Aol A A(MQL: Method Quantitation
Limiye £47171¢] AZFdA (SN=1008 3
3 Z171F9E, AFANY, ENHAAE, 3
Aue 5& nEEte HAA &Y T A
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Table 2. Recoveries, LOQ and regression coefficient of calibration curve for the analytical methods

of pesticide residues

Fortification level — Recovery+CV?®

Pesticide Portion of lettuce (mg/kg) %) MQL R?
the end portion gg zggﬁlg
Azoxystrobin o . 02 _ 82 07.9 0.02 0.9997
© upper portt 2.0 80.7+0.9
. 7+4.,
the end portion g 3 zg ; ;1‘ 2
Boscalid 0'2 9 4' 5 :1:2. 5 0.03 0.9999
the upper portion 2'0 88. 6:|:0. s
0.2 84.3+£9.6
the end portion
. 2.0 89.1+2.2
Cyazofamid . 02 77 82108 0.04 0.9994
- the upper portion 20 85.042.8
. 78,
the end portion g (2) ;Z ; ig 77
Dimethomorph O: ’ . 6: 1z 4: 6 0.03 0.9995
the upper portion 2.0 81.7+4.2
0.2 94.2+3.8
the end portion
. .616.
Diniconazole (2) (2) 18080 4176 10 0.03 0.9998
the upper portion 2.0 103.2413.4
the end portion 0.2 86.5:8.2
2.0 85.9+6.2
Ethaboxam ' 0.2 80.7:46.0 0.05 0.9981
the upper portion 2.0 94.8+13.7
. 734,
the end portion g (2) gz Z i: :
Flutolanil 0'2 ~ 9 5' 4:&8. 1 0.05 0.9987
the upper portion 20 97.346.9
A A4+4,
the end portion (2) (2) g gi: g
Imidacloprid 0'2 73'7 N 4'2 0.05. 0.9998
the upper portion 2.0 93.6+4.5
. .8%2,
the end portion (2) (2) Zg g :I:g ;
Lufenuron ’ D 0.03 0.9999
the T portion 0.2 93.5+1.5
Upper. po 2.0 90.1+7.0
the end portion 2(2) gigigg
Procymidone e o orion 0.2 75.344.6 0.02 0.9994
UPper p 2.0 104.122.9
®Coefficient of variation = (Standard deviation/average) x 100
AL AEF Fges HFe BREL 3 Zo] AF9 R ET —3&—’?—;.‘1‘—01]/\1‘ 27y 2474
y=16.862¢ "**(R?=0.9364), QAF-EL y=167.74¢"** 7 1.889 2 eyt
(R*=0.8955)2 YE}Th °] Ao 3 itEd Lufenuron®} 7-¢ 4% A A3 5 &7
boscalid®] Awl 5 BEEH ¥37H7]= Table 3 JBRBN 7] FEEEE 091 mgke 521
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Table 4. Comparison of various pesticide residual amounts and water contents in the portions of lettuce

Variety L Residual amount ) Water content

(leaf color) Case Pesiticide (me/ke) Times' %)

1 Boscalid 3.502% f:?gg: 433 | gzgz:;
2 Ethaboxam 0.352 8?3; 344 Zzgg
3 Procymidone 0.537 gg;g 1.94 zgég
, Dimethomorph 0.949 (1);2; 315 92.16
Procymidone 0.097 g(l)zg 219 93.73

Jeokchukm: Dimethomorph 13321 3.101 401 ,
yeon 5 0.773 93.48
(red) Procymidone 0.077 gggg 1.09 94.87
6 Dimethomorph 1.374 32(7); 6.71 gi;:
, Dimethomorph 5.366 gggg 11.26 92.81
Flutolanil 3471 3‘81;‘11 10.60 94.79
8 Procymidone 0.051 8:3;: 2.91 2421:22
9 Diniconazole 5.429 323; 4.15 gizg
10 Azoxystrobin - 0957 (1)223 2.36 gizg
11 Azoxysﬁobin 1.721 (2)33 3.67 gzgg
Jeo(l::z;ma 12 » Ethaboxam 0.437 (1);3 412 32:;
s Dimethomorph 1.466 ig?; 3.24 92.50
Ethaboxam 1.327 3;23 3.54 93.90
" Dimethomorph 2.280 ?ig? 2.17° 91.95
Procymidone 0.050 gg:g 1.38 92.62
Cheongchima s Boscalid 0.799 g:g | 1.32 92.27
(green) Cyazofamid 1329 é::ii 3.20 93.72
§ Imidacloprid 0.579 | g;ii 2.64 03,49
Procymidone 0.158 3(1)32 2.00 94.64

®Times = Concentration of the upper portion/concentration of the end portion, ~Whole lettuce,
“The upper portion of lettuce, “The end portion of lettuce
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2. A4¢ (2010),

. Pearson R=0881; <001,
R=04606 [n=28)

4.00

200 -

0.00 - T +
0000 1000 2000 3.000 4000 5000 6000
Concentration of whale lettuce (mg/kg)

Fig. 3. Correlation between the concentration of
whole lettuce and the times of the
concentration difference between the
upper portion and the end portion.
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Dispersive-Solid Phase Extraction(D-SPE) M A{2| WHE O|EEE X U FH =2}2!
9o Ed|HE= EEXIAl U SAIBEMY AT

ZAEY, W, M, 2, 25, YuE, =SHH, AN, 0|3

s AtEH A

Simultaneous Analysis and Contents of Polyphenols in Red Wines and Grapes
utilized Dispersive-Solid Phase Extraction(D-SPE)

Yun-Sung Kim, Yong-Bae Park, Sun-I! Hwang, Hong-Rae Jung, Woon-Ho Kim, Sin-Hee Park,
Wook-Hyun Cho, Kyeng-Suk Chae, Jin-Hee Lee
Anyang Agricultural Products Inspection Center

Abstract : This study was conducted to develop the simultaneous analysis method of 17 polyphenols in grapes and red
wines utilizing Dispersive-Solid Phase Extraction(D-SPE) as a pretreatment method. The optimum conditions of D-SPE
was studied to get a higher extraction efficiency of polyphenols in grapes and red wines, and the quantitative analysis
and separation for low molecular weight of polyphenols performed by UPLC / MS / MS with Cadenza CL-C18(2 x
100mm, 3¢m), The target samples of 15 grapes and 30 red wines were purchased in Gyeonggi-do. The reagents used
Trisodium citrate dihydrate, Disodium hydrogencitrate sesquihydrate, Sodium chloride, anhydrous magnesium sulfate
purification process was used, C18, Anhydrous magnesium sulfate, Primary Secondary Amine (PSA) in the extraction
process. 50% acetonitle/ethyl acetate containing 1% acetic acid showed the excellent extraction efficiency as the solvent.
Trisodium citrate dihydrate, disodium hydrogencitrate sesquihydrate, sodium chloride and anhydrous magnesium sulfate
were the excellent extraction reagent. Anhydrous magnesium sulfate, Primary Secondary Amine (PSA) and C18 showed
the good extraction efficiency as the purification reagent. The developed analysis method showed the good recovery rate,
LOD and LOQ were 0.0136 ~ 0.4711 mgkg and 0.0412 ~ 1.4276 mg/kg respectively. The correlation coefficient of the
calibration curves showed the linearity of 0.9921 to 0.9999 for the five standard solutions of 0.03 ~ 10 mg/kg. The
average contents of grapes from Gyeonggi-do region were epicatechin 0.4039 mg/kg, trans-ferulic acid 0.1196 mg/kg,
rutin 5.0653 mg/kg and resveratrol 0.2661 mg/kg respectively. The existing analysis method for polyphenols took about
2 hours of extraction time per sample by the multisteps of extraction, concentration and purification process etc. But the
extraction method of D-SPE with extraction and purification process could increase the efficiency of analysis by
obtaining 20 ~ 30 minutes of extraction time per sample.

Key words : D-SPE(Dispersive-Solid Phase Extraction), Polyphenol, LOD, LOQ, linearity.

29% : 2% ¥ Feoie Eus S ZAIRLA}L D-SPE(Dispersive-Solid Phase Extraction) $&7]€& Abgstd 173
o] ZHE A g FAZNES MLEEt T= 2 HEgld Bogle ZuHEe F2E58L Eol7l dd
D-SPEY] HHsz7A& TR, AEAF Fevse e € FFEAL Cadenza CL-Cu(2 x 100mm, 3my7t F2E
UPLCMSMSE Argatdon, A7izdA f5ud HE ¥ 157, A=99 303 FYste ALt d7ds, 33
Ak Sl 1% Acetic acid E3F 50% Acetonitle/ethyl acetateS, FFA|<FS Trisodium citrate dihydrate, Disodium
hydrogencitrate sesquihydrate, Sodium chloride, Anhydrous magnesium sulfateE A}8-8}1.om, AA|AleF2 Anhydrous magnesium
sulfate, Primary secondary amine(PSA), Cis® AHEAl E&o] 7HE Fgtth 2% $a4e Fuspy) ko g5ee 24}
3 A3 FFstA Jelstom, LODE 0.0136 ~ 0.4711 mgkg, LOQE 0.0412 ~ 14276 mgkgS & VERGTH ZATT M| Aa
Ase AHN 57 £29 58 TFLH(0.03 ~ 10 mgkg)dlA 0.9921~09999¢] FAAHE UYeith F7E T=E BF
Epicatechin 0.4039 mg/kg, trans-Ferulic acid 0.1196 mg/kg, Rutin 5.0653 mg/kg, Resveratrol 0.2661 mg/kg?l 32 vehisich
7189 v S 5, 55, AA9 dAE AR HT A& 139 ¥ 24T A=t 22 FAT, D-SPE FEHUH
& AHEt] FEAAL AAsSD 3%, AAFHo 2R A 20 ~ 308 AT} 280 BX g4l FUHU

FH0{ : D-SPE, £ ¥ %=, LOD, LOQ, F XA

Ar|zEAngdoTaE, 267, 20134
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1. MB
AP EA )T AEA AV AAE BHE
stz grEo] WE Edoltt. o] EAELS
Atge] gl oW fAY EHAEM EES

HE T 5o W8S
Mo aHE RAFH EYHE, JI2HRo=
EIAE
A EAERE 2 g

DA (CHe)Sl T4 1717} 3lo]=FA17](OH)
2 Xgg AL dAmold dm, sel=sArE
274 %“7“7% E4< polyphenolo]g} gttt
Z¥=e Ul Phenol ringS 23 e FHE
i”?lﬂl‘ﬂ]/ﬂ«l Aol dEA on Fer:
ol=g} HEFHR =R thw § YT,

qEe) 2% OAREY BodEe AEe
de UehiE As JRez, FM T3 2
e AT oeRE AEL BEIC.
Zewze AN} TEALIA, AHet
Oz &4 98¢ 39° 42w &3 A, 4
oA o4y, Fgad, dxdlo|we o3
H&ad o 9ge #n,

AEZ U ZHE FgES A, 5, F, dA
2 ARl sldgt. oy gurEg
A Fe 959 FdE FFEY FF A
FEE AFHo|t} ol HelA WA &
g% EA4& 7Hd ogd AEFY Axe WE
Ze3t. waA, EddEe] AR RAE
g AEo FA nXE JFg] Al
olrnzzt ZdE AE ¢ AFs g
Hduie] A AFFm AP 2 zA-
A %=Z(SLE)?, 548 o83 &, 4 #
22 3A4 ZZ@6PE)Y, wA AR F&
(SPME)' To| e de FEW(LiquidLiquid
extraction)?] tHAIZ1E€=Z AIFrlET U
ohele]l MESA AR EEH=Ed EA
2 H2HZIEEY NEZE AFEAYHLE
21¢ dAZZeEaFEHPLOE 5
A% EFF vAFESMEPS)HLoE EAN=
o] GoneEol 93] BuH A,

A2 AEH3 dE FEF, FF, BAAAY

Z7 A7 &

it

of
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= 3oz £ A 7A9 U}o‘“?_'

2 A oad

Axgge] dojMe] A gL FolIA F
Z, AAFAH oz YAz D-SPE A& ol
dy 2383 gt #3d g Are JFsE
A ell. QUECHERS(quick, easy, cheap, effective, rugged, safe)
o) 93t Z2&7|%0] Anastassiades 5ol 2J3] HiE]
ATHY. AX ) HAPL AcetonitrileZ FEFF, NaCl
o] ¥3d MgSOE FH/EFSIY AT e=R
D-SPEE AAsHe WHoz, 4Fe] IFe4EH
18 =go] AFIAEAY T ojzEopd AEH
31 ey Afad te FFY EEYssd o9
D-SPES’—]- A3 QuEChERS 718 AF%GP i
A7 = e Aotk
E A7 e D-SPE AAE o]{3tdq =
o #G=gle EYHE &0 T WEE
AgstnA o) EF FELue A ALS
HeE 9E2AgY FEFELY 9L vE F
e Fo8 ANESE AR HFHsEn
P 4= :
watx] B @ Fo]AE QuEChERS <
D-SPE A A 2]¥y-& UPLC/MSMSel %83
o] A&-AEI AU HE FHsn
B Mg 2 AL EolH, A B4

2 249 7I54e 2asg

2. M2 9 WY
21. BEEE
ZavEe RN ARRdE  BEES
Epigallocatechin, Catechin, Epicatechin, Caffeic acid,
Vanillic acid, Syringic acid, p-Coumaric acid,
trans-Ferulic acid, Rutin, Epicatechin  gallate,

Syringaldehyde, Myricetin, Melatonin, Resveratrol,
Quercetin, frans-Cinnamic acid, Kaempferol, Sigma—
Aldrich (St.Louis, MO, USA)E A&t}
EEEAL 200 pgml7t H=E MeOHZ A|Z31
2 mL FEo o] WAk -20Te] BR#AGTH
o] FFE&NLS 345l UPLCMS/MS calibration-8-}
o2 Algslgon, v 2 el 3ee A
AR
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22, AlSF W FHA2

Al X Edel] AR A]9F2 Disodiurmhydrogen
Gitate  sesquihydrate, ‘Trisodium  citrate  diltydrate,
Anhydrous magnesium sulfate, Sodium acetate, Sodium
chloride, Primary secondary amine(PSA), Anhydrous
magnesium sulfate, Cis (Agilent Technologies, USA), ©]
=3

ZZ 8vl= Aectonitrile(Fisher scientific, Korea), Fihyl
acetate(JT - Beker, USA), Methancl(Wako, Japan), Acetic
aicd(Wako, Japan)E AM-&-3tvt. &9 A HA=
0.22 (m(Waters, Mexico), GI{F X = 58061
Pyrex (Bellefonte, PA, USA), Z&EFIAA &
Milli-Q ultrapure water purification system$ A}
&3t

F2 9 AA ALE dAEHE 958
WEYAE2]7] Combi-514R(Hanil Science Industrial,
Korea), & AH&3lgom, Ha%F37)E TuboVab
LV(Caliper LS, USA), & AH&-3lith

23. B247|7|

£47]71& TQD Tenderm Quadrupole MS$}
ACQUITY UPLC System(PDA)(Waters, USA)7}
AHEERR, BHL Cadenza CL-Cis2 x 100
mm, 3 m), AE FYFL 10 uLE FY3IS
A3t 2o 28 25+ 40CE A3
dem  0.1% Acetic acid7t EHEE %
MeCN(A)9} 1% Acetic acid’7} E¥E  100%
MeCN(B)E ©lTHLZE ALE3IA 1 /32 400
ul/min, ¥A4AIZEE 9, o|FAY] TETHIE
& Table. 13} 2t} Selected reaction monitoring
< 9130 Electrospray ionization(ES]) W20 2 o]&
statdvh. 7 A8 AFEAL $% Product
ion @ Collision energy(CE)x EFEHL A
A7 A Fsted Ao ol
# #qA FFLAE FYsEAM UPLCMS/MS
parameters] Z7A-& A 3sA ).

Table 1. Gradient condition of HPLC system

Time(min) 0 10 | 50 | 70 | 80 | 90

Mobile Phase A(%) 60 40 0.0 0.0 100 100

Mobile Phase B(%) 40 60 100 100 0.0 0.0

A) 0.1% Acetic acid in 5% MeCN
B) 1% Acetic acid in 100% MeCN

24. X &

Aol A8 TE 2 F=949L A7EW
Ny FE5ogdA 20133 92 ~10€9 Zzt
157, 304& FHiste] AL, RE AR
o tate 33 WE APsAT

25 E2HE F& QuEChERS I3
251 FRISNY 2SAY

FE2EELS FI7] A3 &Hle ANZ YEe &4
& 7}A  FEthyl acetate(EtAc), Acetonitrile(MeCN),
MeCN:EtAc  (50:50,v/v), 1% Acetic acid ¥3
MeCN:EtAc (50:50,vv) S AHE3I 3L, k&AL 271
A2 812 Sodiumacetate 1.5 g, Anhydrous magnesium
sulfate 6 g& AMS3}3l, S2= Trisodium citrate
dihydrate 1 g, Disodium hydrogencitrate sesquihydrate
0.5 g Sodium chloride 1 g# Anhydrous magnesium
sulfate 4 g& ARSEIATE AATAAHL  Anhydrous
magnesium  sulfate 900 mg, Primary Secondary
Amine(PSA) 150 mg, Ciz 150 mg2 AM&3}4Th

252 ##1 A

Tdstd 2= 3547 =920 A8 ¢ 10
€ 50 mL PTFE 9AEFE ol HFs}
3 -20TCe B#A F 1% Acetic AcidE F I
MeCN:EtAc(50:50,v/v) 10 mLE H718k]  Vortex
mixerZ §¢} AlEI} ERF F Ho|EE F3}
A EE°]F t}& Trisodium citrate dihydrate 1 g,
Disodium hydrogencitrate sesquihydrate 0.5 g, Sodium
chloride 1 g, Anhydrous magnesium sulfate 4 g& 3
7tstel ¢ 1837 EE0] A8 Aol & 4
d & I=E 39 A4 EE(5000rpm)HF S 3

A7 InEBHdAT AL, 263, 20134
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Table 2. UPLC/MS/MS conditions for 17 Polyphenols

Polyphenols MwW Parent ion(in/z) Product ion - Cv Polarity
. . 125 30 )
Eplgallocatechm 306 305 167 . 30 Negative
. 123 20 ..
Catechin 290 291 139 20 Positive
Epicatechin 290 291 123 20 Positive
. . 135 14 ..
Caffeic acid 180 181 163 15 Positive
iirs . 108 20 ..
Vanillic acid 167 168 52 20 Positive
.. . 125 25 ..
Syringic acid 198 199 140 25 Positive
p-Coumaric acid 164 163 119 30 Negative
. . 145 25 ..
trans-Ferulic acid 194 195 177 25 Positive
Rutin 610 611 303 20 Positive
Epicatechin gallate 442 443 123 20 Positive
. 95 25 ..
Syringaldehyde 182 183 123 25 Positive
.. 137 25 .
Myricetin 318 317 151 25 Negative
Melatonin 232 233 174 20 Positive
Resveratrol 228 229 107 35 Positive
Quercetin 302 303 153 35 Negative
trans-Cinnamic acid 148 149 103 15 Positive
Kaempferol 286 285 93 30 Negative

Table 4. LOD and LOQ of the 17 polyphenols

A B | & 2k5h
(mg/kg) (mg/kg)
F(Grape)t H=920(Red wine)o 9] Slg AL Epigallocatechin 0.0145 0.0440
¥EE ZE g0 Fe ARYE 292 AMgd Catechin ' 04711 1.4276
om, Y=l B Yol He Amg gy - Spicatechin gl6l . 04783
& % EEeAe Wlae 7 EEEAe 51 2 Caffte1f: ac1.d 0.1363 0.4130
T T Ak = = o © )’ & Vanillic acid 0.0416 0.1260
5 mgkgo] HEE 3Tl $Y IFLAS HARIA & Syringic acid 0.0510 . 0.1560
& AEE BA AxFsle] UPLOMSMSE 33) wHE p-Coumaricf aciq 0.2231 0.6760
pasld Belsle BYe AGE ge Syeigcy o) rowfeulosd A48 9462
713 AE3A B3l Table 49 JeRSz, & Epicatechin gallate 0.0136 0.0412
HE 1759 FT89e DAZCE 38l HEIA Syringaldehyde 0.0170 0.0520
t} FAZ2FALOD)E 00136 ~ 04711 mgkg, BZIA Myricetin 0.2995 0.9075
5 Melatonin 0.0196 0.0595

= 00412 ~ 14276 ok B8y
_(];O?bl o v H}Q}mi ﬁ ]i’;;bﬂ . urec:vegl)l Resveratrol 00331 0.1002
< Table 4 < Epigallocatec Quercetin 0.2564 0.7770
80.5 ~ 90.4%, Catechin 82.3 ~ 95.2%, Epicatechin 85.6 ~ trans-Cinnamic acid 0.0854 0.2588
98.5%, Caffeic acid 823 ~ 97.6%, Vanillic acid 84.5 ~ Kaempferol 0.0483 0.1462
97.8%, Syringic acid 87.4 ~ 98.6%, p-Coumaric acid 89.2 ~ » LOD:Limit of detection

95.8%, frans-Ferulic acid 95.9 ~ 98.3% " LOQ: Limit of quanificaion

Aol HASAATHE, 267, 20134
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Table 5. Recovery of 17 polyphenols (n=3) -

Grape Red wine
Polyphenols mg/kg

ovP Cone ( ) Recovery(%9) RSD(%)  Recovery(%) RSD(%)

: 1.0 80.5 2.7 86.2 2.6

Epigallocatechin 2.0 80.2 13 84.2 1.6

5.0 90.4 2.2 88.7 2.2

1.0 82.3 3.2 88.1 2.7

Catechin 2.0 85.7 2.3 91.4 2.3

5.0 95.2 3.5 96.1 2.1

1.0 85.6 33 88.8 2.8

Epicatechin 2.0 95.2 2.1 80.3 34

5.0 98.5 1.2 95.8 1.8

1.0 82.3 2.5 82.4 2.7

Caffeic acid 2.0 92.5 3.2 84.5 2.6

5.0 97.6 2.6 88.2 2.3

1.0 84.5 2.5 89.3 2.1

Vanillic acid 2.0 90.2 2.3 91.6 0.4

5.0 97.8 2.2 93.8 1.2

1.0 87.4 33 83.5 3.5

Syringic acid 2.0 96.2 0.7 89.5 23

5.0 98.6 1.8 93.6 0.7

1.0 89.2 2.4 81.8 1.5

p-Coumaric acid 2.0 90.6 2.8 80.1 1.6

: 5.0 95.8 1.3 85.4 3.5

. 1.0 95.9 2.5 88.2 2.8

trans-Ferulic acid 2.0 96.6 1.2 87.2 1.2

) 5.0 98.3 0.9 95.6 1.4

1.0 85.3 2.3 80.7 1.6

Rutin -2.0 95.3 2.6 85.9 2.5

5.0 98.2 2.5 90.4 2.0

1.0 87.7 33 80.9 1.6

Epicatechin gallate 2.0 90.3 2.8 82.0 23

5.0 92.5 1.7 98.5 1.3

1.0 84.5 2.8 85.3 1.9

Syringaldehyde 2.0 . 87.4 3.3 86.9 1.8

5.0 95.3 43 91.4 2.0

1.0 90.4 2.7 94.2 2.5

Myricetin 2.0 93.2 2.1 95.1 1.5

5.0 99.2 2.9 97.2 0.7

1.0 89.2 2.8 91.0 2.5

Melatonin 2.0 92.5 1.5 92.6 1.5

5.0 97.3 2.9 98.7 2.1

1.0 85.9 2.3 81.3 2.8

Resveratrol 2.0 92.5 1.9 86.8 2.5

5.0 96.8 2.3 94.3 0.9

1.0 87.2 2.5 87.9 2.6

Quercetin 2.0 94.5 2.0 92.2 1.9

5.0 97.3 2.3 98.6 2.3

1.0 82.5 2.8 85.9 2.3

trans-Cinnamic - acid 2.0 85.3 12 . 87.6 . 1.9

‘ 5.0 97.5 1.9 92.6 2.1

1.0 87.5 2.0 95.2 2.1

Kaempferol 2.0 90.5 2.9 98.1 2.3

5.0 98.7 1.5 102.4 1.5

A\ EE2NBHATRE, 267, 20134



Dispersive-Solid Phase Extraction(D-SPE) Axe] W& o}gst ¥= 2 =9l of Zauls s 2 A4 a7 | 131

Rutin 853 ~ 982%,  Epicatechin gallate 87.7 ~
92.5%, Syringadehyde 84.5 ~ 95.3%, Miyricetin 90.4 ~
99.2%, Melatonin 89.2 ~ 97.3%, Resveratrol 85.9 ~
96.8%, Quercetin 87.2 ~ 97.3%, trans-Cinnamic acid
82.5 ~ 97.5%, Kaempferol 87.5 ~ 98.7% ©121 %,

Y =9}21-& Epigallocatechin 86.2 ~ 88.7%, Catechin
88.1 ~ 96.1%, Epicatechin 88.8 ~ 95.8%. Caffeic acid
82.4 ~ 88.2%, Vanillic acid 89.3 ~ 93.8%, Syringic
acid 83.5 ~ 93.6%, p-Coumaric acid 81.8 ~ 85.4%,
trans-Ferulic acid 882 ~ 95.6%, Rutin 80.7 ~ 90.4%,
Epicatechin gallate 80.9 ~ 98.5%, Syringaldehyde 85.3
~ 91.4%, Myricetin 942 ~ 97.2%, Melatonin 91.0 ~
98.7%, Resveratrol 81.3~94.3%, Quercetin 87.9 ~ 98.6,
trans-Cinnamic acid 85.9 ~ 92.6%, Kaempferol 952 ~
1024%2] IS Bk

AOAC official methods of AnalysisolA A)Aj& A
7] F(performance  criterial)& 75 ~ 120%(1 ug/g’s
mez B AY 17% EguEe :zl—r%p— ojg wt
ZA7)E 88 e 9 Aoz Agan®.

35 EalH= &

9l T= (B7]IE 57, BAY 8
, AFA 221583 4t FEgl 307
% gdez EdE 1759 3L AE
AD}E Table 6,79 YEMRATE. TR B¢
Epigallocatechin, Catechin, Caffeic acid, Vanillic acid,
Syringic acid, p-Cournaric acid, Syringaldehyde, Myricetin,
Melatonin, Quercetin, #rans-Cinnamic acid, Kaernpferol-&
AZ%FA o]stE ERIA] Not Detedted(N.D.)
RS
°|% 7A7|= ¥X¥& M7 Epicatechin 0.4039 mg/kg,
trans-Ferulic acid 0.1196 mg/kg, Rutin 5.0653 mg/kg,
Resveratrol 02661 mghkg®] #F& Jehdnh A71AY
®] Ex¥F 04393 mgkg, trans-Ferulic acid 0.1105
mg/kg, Rutin 9.1932 mg/kg, Epicatechin gallate 0.0086
mgkg, Resveratrol 0.2681 mgkg®] &S YERARA
1, 9J=4te] 9= Epicatechin, Rui:in, Epicatechin

}\]‘3‘ 55
]_

gaﬂateﬂ AHJAND) o182 UERLIL, trans-Fenilic
d TS FUAte] BERT 2L 0.0412 mgkgo.

2 1—}5}‘;&5/_, Resveratrol-S 0.4305 mgkgo & FUj4k

Hoh 2 §%S Jehidth

A=e Ad=EE AF NS FAE F
Astel EEvlE Ho ¥F ZAPEF Epicatechin
gallate, Melatonin, frans-Cinnamic acids-2 % 3
ojste] AFAE EPie] Not Detedted(N.D)A 23}
%31, Epigallocatechin> F=7} AJ4HE 02368 mg/kg
o5 =A Jeigem, AxVl AMES 00772
mgkge2 WA YEpRth  Catechin® D37}
122738 mghkgoZ ¥, F37} 42413 mgkglZ
wA UERskth. Epicatechin® EZ7} 9.1406 mgkg®.
2 =/, BI7} 4132 mghkgo 2 WA yehsich
Caffeic acide EZ7} 32335 mghkgo 2 EA, A=V}
L1319 mgkgo 2 WA et Vanilic acide B
=7} 0.1855 mghkgSE =4, AS7}F 0336 mgkge
2 gA Jehdth Syringic acids E=7F 05311
mgkgl 2 EA, CZ7} 01531 mgkgo & WA
Elstt). p-Coumaric acide AZ7} 3.882 mgkgl &
EA, CF7F 1.0602 mgkgeE A uYehyi
trans-Ferulic acid™ EZ7} 046R2mgkgC 2 =), A
=7} 0.1258 mghkg 2 YA YERTH

ing EZ7} 12334 mgkegl 2 =A, C=7}

0.2338 mghkgo® A YEFsT) Syringaldehydes
AZ7) 00511 mgkgl 2 =7, C, E, F 37k= ND.
2 YePdtl Myricetin® AZ7} 29793 mgkgl &
EA, C37F 07145 mgkge 2 A uesich
Resveratrol 2 EZ7} 0.9146 mgkgo 2 EA), CZ7}
0.3243 mgkgo & A VeI Quercetin® A7}
BAE 37771 mghkgl 2 EA UERdon, FE7le
ND.Z YEtT) frans-Cinnamic acid®} Melatonin&
670 EF ND.2 YEelth Kaempferole A=}
0.3957 mgkgo 2 A YeElew, F=7 AEe
ND.Z2 uehgth =8 37Pd Egvs T3 A
=7} Vanillic acid, p-Coumaric acid, Syringaldehyde,
Myricetin, Quercetin, Kaempferol, D=7} Catechin, E
=7} Epicatechin, Caffeic acid, Syringic acid,
trans-Ferulic  acid, Rutin, Resveratrol, F=7}
Epigallocatechin®] 7Hg &3kt
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Table 6. Analytical results of 5 Polyphenols in Grapes

Domestic .
Foreign
Polyphenols Gyeonggi-do Other regions (@=2)
(n=5) (n=8)
Mean(mg/kg) 10.4039 0.4393
Epicatechin "N.D.
Range(mg/kg) ND. ~ 0.6735 N.D. ~ 0.9105
Mean(mg/kg) 0.1196 0.1105 0.0412
trans-Ferulic
acid
Range(mg/kg)  0.0987 ~ 0.1344 N.D. ~ 0.1936 N.D. ~ 0.0824
Mean(mg/kg) 5.0653 7.1932
" Rutin N.D.
Range(mg/kg) 134553 ~ 125134  N.D. ~ 15.0172
Mean(mg/kg) 0.0086
Epicatechin gallate N.D. N.D.
Range(mg/kg) N.D ~ 0.0430
Mean(mg/kg) 0.2661 0.2681 0.4305
Resveratrol
Range(mg/kg) N.D. ~ 0.9062 N.D. ~ 0.6923 N.D. ~ 0.8611

Ao\ cEARAATE, 267, 20134
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Table 7. Analytical results of 17 Polyphenols in Red wines

Polyphenols A(n=5) B(n=5) C(n=5) D(n=5) E@m=5) F(n=5)
Mean(mg/kg) 0.0772 0.1075 0.1009 0.1536 0.1649 0.2368
Epigallocatechin Range(mg/kg) 0.056 ~ ND. ~ 0.0523 ~ 0.1081 ~ 0.1223 ~ 0.1521 ~
g 8 0.1001 0.1823 0.1601 0.3162 0.2838 0.3341
Mean(mg/kg) 5.9538 6.1866 7.5306 12.2738 10.7569 42413
Catechin Range(mg/ke) 4.7089 ~ 0.3386 ~ 5.0398 ~ 8.6656 ~ 4.9673 ~ 2.5348 ~
gelmg/ke 2.1044 2.9382 9.8656 14.6904 16.046 5.9986
Mean(mg/kg) 5.8929 4.132 4.4299 7.367 9.1406 7.7901
Epicatechin Range(mg/kg) 4.5973 ~ ND. ~ 3.0454 ~ 4.6009 ~ 73592 ~ 4.4383 ~
g g 7.5354 6.7744 5.6907 9.4724 10.5771 12.3667
Mean(mg’kg)  1.1319 1.4863 2.5139 2.7276 3.2335 3.203
Caffeic acid Range(mg/kg) 0.8098 ~ 1.0099 ~ 1.3828 ~ 1.7971 ~ 2.3216 ~ 1.4904 ~
8 g 1.6387 1.7281 3.6328 4.188 42415 5.109
Mean(mg/kg) 0.336 0.1855 02262 0.284 0.2641 0.2633
Vanillic acid Range(mg/kg) 0.2033 ~ N.D. ~ ND. ~ 0.247 ~ 0.2203 ~ 0.1599 ~
gelme/ke 0.4138 0.4064 0.3797 0.3093 0.3358 0.3323
Mean(mg/kg) 0.4553 0.4921 0.1531 0.4269 0.5311 0.4906
Syringic acid Range(mg/kg) 0.3495 ~ ND. ~ ND. ~ ND. ~ 0.3376 ~ ND. ~
8 g 0.6032 0.7951 0.5169 0.8084 0.7483 0.6847
Mean(mg/kg) 3.882 2.1245 1.0602 1.1173 1.2066 1.3647
p-Coumaric acid Range(mg/kg) 1.3781 ~ 1.0678 ~ 0.7282 ~ N.D ~ 0.7623 ~ 1.1332 ~
8 g 6.932 4.8443 1.4661 2.1328 2.0979 1.5642
Mean(mg/kg) 0.1258 0.2808 0.1857 0.3845 0.4692 0.357
trans-Ferulic acid Range(me/kg) 0.0713 ~ 0.0545 ~ 0.03 ~ 0.1449 ~ - 0.0627 ~ 0.2674 ~
8 g 0.1697 0.5163 0.5044 0.694 0.789 0.4703
Mean(mg/kg) 0.7177 0.2426 0.2338 0.6626 1.2334 0.4848
Rutin Range(mg/kg) N.D. ~ ND. ~ N.D. ~ N.D. ~ ND. ~ N.D. ~
8 g 1.2683 1.2129 1.1691 1.8877 1.8815 1.2236
. Mean(mg/kg)
Epicatechin gallate ——————— N.D. N.D. N.D. N.D. N.D. N.D.
Range(mg/kg)
Mean(mg/kg) 0.0511 0.0152 0.028
Syringaldehyde R N.D. ~ ND. ~ N.D. ND. ~ N.D. N.D.
ange(mg/ke) 0.0845 0.0759 0.1401
Mean(mg/kg) 2.9793 1.7542 0.7145 1.0671 1.7041 0.8546
Myricetin Range(mg/kg) 2.6031 ~ ND ~ ND ~ N.D ~ 1.4077 ~ ND ~
g 2 3.666 3.8244 12937 1.7073 1.9989 1.6145
Mean(m
Melatonin  —enmeke) ND. N.D. N.D. N.D. N.D.
Range(mg/kg)
Mean(mg/kg) 0.4372 0.3648 0.3243 0.5817 0.9146 0.3852
Resveratrol Range(mg/kg) 0.2981 ~ ND. ~ 0.1239 ~ 03115 ~ ND. ~ 0.106 ~
€ g 0.524 0.807 0.7242 1.0434 3.0367 0.6636
Mean(mg/kg) 3.7771 2.2593 1.4437 0.2262 0.5459
Quercetin Range(mg/kg) 2.028 ~ ND. ~ 0.7881 ~ ND ~ ND ~ N.D.
g g 4.9583 3.9564 2.5964 1.1311 0.9424
_Ci i Mean(mg/kg)
trans-Cinnamic  _T7 B8 Np ND. ND. N.D. N.D. N.D.
acid Range(mg/kg)
Mean(mg/kg) 0.3957 0.1409 0.22 0.0696 0.1738
Kaempferol Range(mg/kg) N.D. ~ N.D. ~ 0.1042 ~ 0.0288 ~ ND. ~ N.D.
8 g 0.6402 0.268 0.4342 0.1442 0.3709
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Ar: BEA 5

4. 4 E

JE XX 154 2 H=
2. 2 Dispersive-Solid Phase
Extraction(D-SPE) &% 71&3 EIHE F5
EES PN HEE MLst o835ty
1759 Egds §F& ZAIAC

SN fE5EHI
s 308 e

1. ZgdE 1789 EF8A L A8 UPLC/MS/
MSE EXMsle] AFHAE A E equatione
FASRY 09921 ~ 099990 A1, 71718 ZH&E
SA(LOD)E 0.0136 ~ 0.4711 mgkg, A ZFFHA
(LOQ)E 0.0412 ~ 1.4276 mg/kg®l A}

2. &89S 1% Acetic acid F3 MeCN:BAc (50:

S0vvyE AHSRE AT} lalrzﬂh FZo] ok, 7l
E W 14 AXNYA F2 ARl o 24RE ZEA
Tt DSPE HE o831 20 ~ 0% 22 AE o
& AF F Ao

ERIE S
E7 "elx

e} UPLC/MS/MS
U BH ¥ 5

3. HPLCE Z#d¥s

o] A2 t27] WEd
timeo] ol dale @
2 17%9 EYdEd
AATH

M
A
>

M
&

ot
o

o
pré

4, A7]1= XX+ H Epicatechin 0.4039mg/kg,
trans-Ferulic acid 0.1196mg/kg, Rutin 5.0653mg/kg,
Resveratrol 0.2661mg/kge] & YeElA

5. ZYWAFL XX & Epicatechin, trans-Ferulic
acid, Rutin, Epicatechin gallate®] ¥#o] &=%o
W 2|ZA X E = Resveratrol®] &3Fo] Ao
HoZ EA Jerwrh

6. A=stae FdE ¥F 2A4AR, AT
d=9212  Vanillic
Syringaldehyde, Myricetin, Quercetin, Kaempferol
o] &=Fol 71 =A dElged, DY
=9Ql2 Catechin F#Fo] 7H¢ E%o. Ex7t
Hl=okel e

acid, p-Coumaric acid,

Epicatechin, Caffeic acid, Syringic
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acid, trans-Ferulic acid, Rutin, Resveratrol ¥} 3]
7V =skn, F=7) gl=e9)Rlol A= Bpigallocatechin 313
o] 7FF A JERIT
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SttE Fold OjHis ¥ S35 e 5o

g - 238 -4 - Hes - A8 F - s
=53 - A - 2 EEH - 723 - 2ol
SHitsMEA AL

Characteristics of Mineral and Heavy-metal Contents
on the Parts of Agricultural Products

Dae-Hwan Kim, Jung-Buk Kang, Jae-Kwan Kim, II-Hyung Jeong, Hyun-Ju Kim, Kyung-Suk Lim,
Su-Jung Yun, Won-Gun Choi, Jong-Chul Choi, Eunjung Ku, Ara Moh
Ansan Agricultural Products Inspection Center

Abstract : The concentration of sodium(Na), potasium(K), magnesium(Mg), iron(Fe), Calcium(Ca); Copper(Cu),
zinc(Zn), manganese(Mn), selenium(Se), vanadium(V), cobalt(Co), lead(Pb) and cadmium(Cd) on the parts of 18
species agricultural products widely consumed in Korea were analysed by using inductively coupled plasma-mass
spectrometry(ICP-MS). After washing to remove contaminants, the samples were digested with concentrated nitric
acid and hydrogen peroxide in a microwave system. The result of mineral levels in agricultural products is
relatively high by other foods, though the heavy-metal levels tended to be lower than safety guidelines. Also, We
found that difference of mineral and heavy-metal density between parts of agricultural products. The mineral and
heavy-metal levels were noticeably higher peel than pulp in The fruit and bulb agricultural products. and higher
leaf than stem or petiole in green vegetables. Therefore, many agricultural products are available and represent
valuable minerals sources. It would help to take in all parts of agricultural products for high intake of mineral
levels.

This report will be available at baseline data for agricultural products intake encouragement policy to promote a
public health.

Key Words : Agricultural Products, Mineral, Heavy-metal, ICP-MS, Microwave
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100mg o] Atoj B.—TLE]t macro(quantity)
mineral®} = ©]|dZ 2 F £ micro(trace)
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g, 2%, tadlsE, YEF 5 o glaon,
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2.1. A|lB
B A AL Al2E 20139 49 A

09717 HtssaE EdAges wed
FAEE FYhe] ASHAT. ABE F 18
Foz @iy P& 9 HAR AR 10

3, Aol 218 WE A% - AAAF 03
& f84 59
Age AW B 3% oltd A T
ste] ALgst o 134
7oARE A9 %

l-H
f"{

22. MHA 2
2¥e A8 FAEL HEFTH BUE F
FEAF R w}a‘r 2e Al

238 FAEL AR
(OMNI Corp, USA)E
-20 TY WE53d BHAsge Bid AR
179 e AFgsiden, d2o4 3AE
A&t

2.3. MICROWAVE &35

4339 XNEE 05 ~ 1 g& F ARF
A 2 (Dong-Woo Fine Chem, Korea) 7 miz} 3}
Ab3}l4= 4 (Dong-Woo Fine Chem, Korea) 1ml&
Gl AFFAd AAselds

Table 1. The condition of ICP-MS .

2 384 9% 54 | 139

FAE F9E e

Microwave(Milestone, Italy) 71715 o] &3l £
st A}, Microwaveol Al£-3F vessel(Milestone,
= 10 %vi) ol AFe] Bake] 247
5 ]'%3}“1:} "‘5}]7]' Y ANge
T2 Ao,
) -l—°ﬂ u:}":q' w/w

24. ICP-MSE 0|28 &4

24.1. EEE

ICP-MS E4& #3% BETF (PerklnElmer
USA)L 182MQ &9 33 FFH4E ol &3}

of AEUWY PgR FIFE FEo 2
STAIZ HAMste] ALgaTh BEAC] AL&3
Q2 YESNa), ZEK), Z#(Ca), #wt2v
+Mg), E(Fe), T&(Cuw), FZ(Mn), o4
(Zn), A E(Se), ¥MIE(V), TLE(Co) 11F
o g G(Pb), JIEH(CA) 2F9 FTF5
o)tk AFAL BA A "t} Azxsgon,
SAARE AN BEE T VIR & o4&
o] g3ttt

2.4.1. ICP-MS B4 =2

Eal®g AEE Nexion 300D(PerkinElmer,
USA)E 4 9] ICP-MS({Inductivly  Coupled
Plasma-Mass Spectroscopy)& ©]-§3le] £
sttt A 23L& Table 134 2t}

243. 249 HYM HA

Parameter \ Elements Se(78), Cd(111), Pb(208)

V(51), Co(59), Cu(63),

RF Power (Watts) 1600
Nebulizer gas flow (L/min) 0.96
Plasma gas flow (L/min) 18
Auxiliary gas flow (L/min) 1.2
Dwell time (ms) 60
Mode Standard
Detector Dual
Cell gas A(NH:) 0

RP q 0.25
Number of replicates 3

Zn(66), Fe(56), Mn(55) Na(23), Mg(24) Ca(42), K(41)
1600 1600 1600
0.96 0.96 0.96
18 18 18
1.2 1.2 12
60 50 80
DRC Standard DRC
Dual Analog Analog
0.3, 0.6(Fe, Mn) 0 1
0.45 0.7 08
3 3 3
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Aae siA Wl BAA=E

IDL(Instrument Detection Limit)gl A &3A
(Limit Of Detection), AZ%A(Limit of
Quantitation), BEC(Background  Equivalent

Concentration)& 4+&3ke} FAzsldch

LOD = 3.3 * STDev / Slope

LOQ = 10 * STDev / Slope

BEC Intensity / Slope
T3 HAEL Z4zZhe] Fo wEt FE E HjFol
27 wEd EEFH 7 AR P 22 2
% % 9o wasds eAuAe AN
Internal Standard Introduction Kit(PerkinElmer,
USA)S AMgd} 8 #2417]7] 2204 3
o] 9J& Internal Standard 2A371%5& ©]-&3%
o yREEEdsE A4 fdEdTE @
94 gem, B Ad A ¥E

It

Table 2. The contents of minerals on the parts

iridium(PerkinElmer, USA)& 20 ug/kéﬂ x5
2 AZx3 AT '

3. 33 9 3&

3.1. S4HELQ ¥2ol8 O|HIE &E

AR B8 vl §FE A4 A
= Table 29] Yetderd, @9+ kg9 mge
2 FAEET E29EE UFE 38F ABAA
7+ L Mg S ATEY YESS
A% A - AFAME nTHY ZHAA
358.789+60.304 mg/kg, FAFAAE e
oA 1598.300+181.619 mg/kg, vraHlE
AL BA - AFAAE GIue] FuoA
701.448+125.807 mg/kg, FAFAA= =9
QoA 1443526275933 mg/kg, TFY AB¥

of agricultural foods

Sample Conceatrstion, MaumSO (g /kg) R
Name Party Na 3 K g o E Fe )_fl S v g

N Py 4269082 176110828 HIAMG2I0067  LBIIAISE  0A2eBONT  OS3IA0NT 2670383 17206 DOR006Y OG0 - QOEsdOR2 ]

Peet 416441271 185106210412 HANG6IW  IIM:1IE DK0:ANE  OO0e0ud B0 1IMu0B 20048 Gd02=0001 R05e 00¢ ]

_— ey 195741641 4575318188 DHANINS BORMAR LM 20060 AN 1310020 <0t G000 L0100008 5

Peut 1041593 188680813223 SISABA05E  LBBNGER SIS0 17He038) @M1 5155:0806 <0001 GIS5a0088  GOS8x008 s

SneetPotzte Py 265832168102 2387952 35562 BOBRACGH  NB0WLIITAE  L6W04D L2ABBIBE  S5M/l0 2899050 <00L 000000 QI87.0007 3
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Table 3. The contents of heavy-metals on the parts of agricultural - foods

Samplie Contentration, Mean<8D (g / kg)
3
Name Parts o
T .
Aubergine Pulp 0.0130.007 0.010£0.008 5
. Peet 0.013£0.012 0.008:£0.004 6
Potato Pulp 0.008:0.002 0.009£0.002 s
Peel 0,03620.004. 009520023 5
cPotats Pulp 0.00320.001 0.0230,000 3
Swee Peet 000500031 0.073£0.018 3
Penper Peel 0.00610.002 0.0190.004 9
P Seed 0.01420,008 0.01620.003 9
» 00
Seweet Pumpkin wp 0.00320.001 0.005:0.001 3
Peet 0.00320.003 0.013:0,005 3
mint Pulp 0.001+0.001 D.018:0.015 4
Zuec Feel 0,001 £0.001 0.010£0.002 4
Butd 0.010£0.082 0.01220.008 )
Youmg Radish Lesf 0.004:0.003 0.05120.012 3
© Stem 0.0112£0.015 0.520£0.003 3
Pulp 0.0012£0.001 0.00820.002 6
Cucumber
Peel 0.003£0.002 0.01520.006 6
Crard Leaf 0.01810.010 0.053:0.025 4
Petiole 0.010:£0.004 0.03620.020 4
Head 0.00220.002 0.01820.012 3
Spring Ouion Root 0.0130.003 0.26920.099 3
Leaf 0.00220.001 0.023£0.007 3
Leaf 0.026+0.008 002120018 3
Spinsch
Stem 0.020+0.012 0.01620.008 3
Leaf X X
Crows Daisy . 0.02620.012 0.065£0.027 6
Stem 0.01420.006 0.01320.004 ]
Aatlow Leaf 0.014£0.008 0.03920.018 3
) Petiole 0.007£0.004 0.01220.005 3
Leat Y Y
Bok Choy a 0.011£0.008 0.033+0.013 4
Stem 0.00420.002 0.011£0.007 4
Leat 0.01610.008 0.045+0,020 3
Chicory
Stem 0.01020.003 0.02010.002 3
Pars! Leaf 0.01420.003 0.094£0.044 3
K Stem 0.01420.004 0.024£0,005 3
Grage Puolp 0.001£0.001 0.01820.015 3
Feel 0.00220.000 0.029£0.014 E]
A Pulp 0.001+0.000 0.007£0.002 3
Apple Peet " 0.002:0.001 0.040£0.012 3
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The Characteristics of Hazardous Air Pollutants
in the Ansan Smart Hub

Ki-Jong Lee, Han-Su Lim, Woong-Soe Kim, Soon-Mo Hong, In-Sook Seo, Na-Yeon Yu,
Hyun-Wook You, and Jae-Sung Lee
Ambient Air Research Team

Abstract : This study was conducted to evaluate the hourly, weekly and monthly characteristics of hazardous
air pollutants of 33 VOCs compounds from the odor monitoring facility installed in the Ansan Smart Hub
from October 2012 to September 2013. The health risk assessment was also studied for the exposure of the
hazardous air pollutants. The mean concentration of benzene during the investigation period was 0.93ppb which
showed 0.57ppb lower than the Korea atmospheric environment standard(Sﬂg/m3/yr), WHO recommendation
standard and EU standard(1.5ppb, 5ug/m’/yr).

The mean concentration of toluene was 19.03ppb but the detected frequency of toluene and methylethylketone
with 50ppb and above was relatively higher than the other pollutants. Xylene, ethylbenzene, styrene and
butylacetate showed a similar trend to toluene. The cancer risk caused by the exposure of benzene was
847E-06 at 90 percentile, which showed above the strict acceptable risk of 10° from US EPA. The
non-cancer risk for non-carcinogenic pollutants such as toluene, ethylbenzene, styrene, xylene and
methylethylketone was evaluated as a safe level less than “1”. Therefore, the contamination improvement
measure for VOCs will be required to reduce the cancer risk by the comprehensive risk management model in
the viewpoint of effectiveness and low cost.

Key Words : VOCs, risk assessment
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$ VOCs 5 33/ 2¢ oz Azbd, add 94 dE4S A8, 4ad7]edEd £
22 Q% A 2nfEFHBEA G A AZANAEE TESATE benzened A FAM T #
F=E 093ppbE 71877 Gue/m’/d), WHO B17]1% R EUZIE 15ppbGue/m’/d)Rth 057ppb
A= A YElg toluened ZA$ H¥EFEE 1903ppb AEolt} S0ppbold}d A& ML)
methylethylketone®} #74 o & EZHEc H|lw¥ @Wo|l e}t om, xylene, ethylbenzene, styrene,
‘butylacetate= A9} W$# AFS Y AUtk AHDA Q9 benzenekxFE Q1% LY EE
90 percentiled| ] 847E-06% 4t& = o] US EPAdA AAlstE 944% &8l 1.0E-06 &5 =9
3 Aoz yelyton n|EAdAEAQ toluene, ethylbenzene, styrene, xylene, methylethylketone?] 1|
AN T BT “170]13te] AG FELE HIUMEHAY. o)y F ANEE FaAF]7] 939 Au)E,
1EEY XA = BHEH S 13 LEE MAANYE APl & oz AddE
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FHO - TR FE(VOCs), AN8H7}
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3. da 9 &

QhAbZ A 4 9] 2012. 10 ~ 2013, 9¥€71A &3
3 X Table 49 Zo] toluene®] 19.03ppbE
7} = A, benzeneo] 0.93ppbE 7} WA 1}tE}
th PGl A 20119 HEFES A
o A FEE Y 3}A benzene 1.08ppb F
ZoA 0.93ppbZE, toluenes 19.78ppbFTollA
19.03ppb2 <7+ Yol F v} butylacetate™ 2.78ppb
BAe2 W37l A gl e} styrened 1.40ppbe
A 1.28opb, methylethylketonee  19.39ppbell A
1547ppbE 25+ butylacetate® A& RE ¥
22 PJREEE ZAasun

offt 3L

Table 4. VOCs concentrations during the

investigation period

Average Concentration{ppb)

Compounds (n=8.019)
Benzene 0.93
Toluene 19.03

Butylacetate 2.78

Ethylbenzene 2.61

Xylene 2.85
Styrene 1.28
Methylethylketone 15.47

3.1 QR @SE X fchd HI}
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e LdAHEZQ benzened HETIAFEZAQ
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xylene, _rnethylethylketoner% Ao = st 2012
10. 1 ~ 2013. 9. 30¥47kA] At 2vlESHEY ¢}
A=A EAHAR F §761/F HWFATEEE
fittingAl1A Y& EIXFE o83l TE=EEE
A& Ao '

Ao RHEAATHE, 267, 20134

g8 H/PEHE A SAARE o]&dtd ¢
A g=E FANE FHoE AP EA(hazard
identification), *=%37Hexposure Assessment), &%~
u-¢-37HDose-response  assessment), $E Z2A
(Risk characterization)®] 42AZ FHErt Y= 3

Jpie D) e AR W SEEd ¢
S= Wopgel Yok '

S EE23 44 € o]-8&5+ Monte Carlo's
simulationd] A YHHS= HS 3o HYY dHg
b 2 g9 oW AR W gg 7HE ks
e HY3te FEEIXE ztevl SEEF 24
< 9dFGrt BAANEAA A FHA fEY &
A7k A Ao EAe ZRAFES e
t} B3] FE25 EYdAME A4 e 9
o] & AAEC] AA EAE F Uk

B dFdMe FEEF ez HrPpddA 4
vk o3 o] Crystal Ball Software® ©]-83t
10,0008 #rE3le JAA=E FEEE, f3z HA
2 FYRES T =g HUIsAH

7F 188 &<l

B dFd F8 WAEZAQ] VOCs, 7tRdsgt
Eo 3 2G5 FH AF Gl tiste] Table 5
o YE A

Table 5. Cancer grade and main symptom for
the targeting VOCs

Dose—Response

Cancer ,,_. Data
VOCs Main Symptom —_
Grade yme Turmor ~ Exposure
Type Pathway
Decrease of
Benzene A lymphocyte cell and Leukemia Inhalation
platelet cell
-~Disorder of central
nervous system, _
Toluene D —Growth retardation - -
—increase of kidney
weight
—Inhibition of central
Ethylbenzene D _Nervous system - -

~Developmental
toxicity

Effect of central
nervous system

—Developmental
- toxicity - -
— Skeleton change

Styrene II%EC

Methylethyl
ketone
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A Study on Emission Factors and Reduction of Greenhouse Gases from Waste Incinerators

Ik-Beom Park, Pyung Huh, Si-Rim Chei, Min-Kyung Baek,
Jong-Won Heo, Jong-Gil Yi, Jae-Seong Lee, Jong-Bok Lee
Atmospheric Chemistry Team

Abstract : This study was carried out to develop and evaluate the emission factors of greenhouse
gases(GHGs) and to obtain the reduction techniques of GHGs from the waste incinerators located in the
Gyeonggi-do area. The actual measurement concentrations of CO,, N,O, etc. emitted from seven waste
incinerators were measured by the continuous measurement equipment (Madur Electronics, Photon II)
with NDIR(non-dispersive infrared). The exhaust gas from the waste incinerators had a concentration of
CO, in the range of 6.4 to 8.3%(mean 7.7%, coefficient of variation 8.9%) and a concentration of N,O
in the range of 1.3 to 39.5 ppm(mean 24.0 ppm, coefficient of variation 68.8%). The average emission
factors of CO; and N,O for the targeting incineration facilities by the actual measurement concentrations
were 0.6749 to 0.8082(mean 0.7359) tCO./tWaste and 327.51 gN,O/tWaste respectively. Under the
Korea system of management by objectives for GHGs, the emission factors of CO, by Tier 1 and Tier
4, showed that the emission factor of Tier 1(0.8124~ 0.9262, mean 0.8613 tCO,/tWaste) was higher
than that of Tier 4(0.6749~0.8082, mean 0.7359 tCO,/tWaste). From the behavioral characteristics
analysis of temperature, NO, N2O, COz, O: and CO according to time elapse in the SG plant, the
feedback control system with TMS(Tele Metering System) which measures NOx and N,O
simultaneously need to be established.

Key Words : greenhouse gases(GHGs) reduction, CO, emission factors, N>O emission factors, waste
incinerators, Tier 1, 4

e 1 E AFE AR AAFT JdE HNE 24A-EgA EEHe 24712 (GHGs)Y
EASLE MY € Frstn, 472 AEueke =580 fste $£8HAT 749 AR ¥
718 2ZAANAHAZRY wWEHE CO9t N:09 AASEE HEAFHANDIR)Y 93 d&243
H(Madur Electronics, Photon )& A}&3l9 ZA AT CO; IS FEE 64~83%(HT 7.7%,
HE AT 89%)oluer A2Z4ALdEE HX7F FgA T NO &3 EE 1.3~395 ppm(FHTF 24.0
ppm, HEAT 688%) 22, AZAEEE U/ F€ FUTF AU 7 AL ZGA L o
F AZ 93 CO; E N.O wiE&AlsE 247 0.6749~0.8082(H & 0.7359) tCO»/tWastes} 327,51
gN:O/tWaste 2.2 AR FHAT. 24712 - UAER TR A AASF(Tier 1, Tier 49 29 &
A3 CO; MEAF Z7]= Tier 1(0.8124~0.9262, T 0.8613 tCOy/tWaste)©] Tier 4(0.6749~
0.8082, B 0.7359 tCOx/tWaste Bt} & Ao g veytt. SG plant®] #H7|E 2z 2dA 427
AlZke] & E=W39E NO, N2O, COz, Oz, CO sEW3 e AEAFN AA HIE A2ZAHAA
235U TMSAI Y-S 247t2dE F 8359 NOxst NOE AAtez d42Asxn, =34
HelE & d42F7NF 59 ZHd AFsE A5 =l A o)A 2= (feedback control system)
9 =37 FHo] "edivn dgdr

FHO : 2472 AZ(GHGs), CO; WiEAF, NO wi&AF, A7 Ea4A4, AA5F 1, 4
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(SFe), #E 384 (PFCs), 44 &3 &2 (HFCs)
% 2417} ~(greenhouse gases, GHGs)9 A&
g aEdy A5F AAH 2 247 AR
AF2ds 4x], 24712 FEAY, 247M&
colvA BE#AIAAN? € 247k wEAAY
AP 53 BAEA wW¢ Fo o

S yEheE 20094 ‘20200 247t~ HlE
AL (BAU) W8] 30% #F'olgle =724
7t F71REERE ARG en, old w=
W 20204 7HA 9] vl & A G (BAU)SH Bl ALshe
APRE 182%, . AIBCTA) 267%, T
343%, AE 269%, FFAY 52%, HINE
12.3%, 3F71e} 25%E #5339 Z7F AAFH
o2 30%E #EE Aol EF 2011dd
2L s BNREERE ST A8 7
N RE BN AEYgEEE A= SERE
AAste] gt gEe WA Yo,

A U #H71E9 F TAFL wjd FJA
Hom Frtste FA gdon, HIEXSY
#FA3NY  AEHEY Aes AEEE
60.5%, 2Zt& 21.6%, P& 17.9%°1H, ALY
FofEAAAHE HEe AEL&E 72.3%,
27Zbg 58%, WMHEE 169% EA HIEAHE
o M AaZu|go] FXFH R FIdtE F
Az g% 24712 w&F A o] 2ztEok
o] ool A Rojp> Y,

B A7 WNES &4 9 F2 24HE

2471220 CO:¢ N0 vi&Als A3 24
FtA Azl #F RAoezZA A=W A3}
= 7709 HIE AGAEE ddeE 247
2 yA] ERBIAY 247t AT
(Tier 1, Tier 4& wv|x - Hr}da, 2487}~

AAELE BEE7] Sistd FFAJH

AT EAHEHATHE, 267, 20134

2. 24712 HiEAlT MF Y

Savae] 247A - dUAEZREAE
AL FSAHZ7|ERA] 422 2AT A=
ZA, dTE dAG AEEY 247t #F
2 iz HFERE HASI ol E #HEI}E
Azolw, yete 247t ZAEE A%
A HA Aoty & 2HEE Wol WFE
3t AURE OF AHEe dTE QA =
AR A 247t BEFH AR A
Z RAF £ o8 AAZFoZE #Y Y
7te Al=zolct &47tE - A ExHIA
A #EFA AIFHE A 2 AEF
AR 712P& Table 17 zow, L4724
Yz 2xdadd gadvi#e 20118%9] 490
M, 20123 =& 58471, 2013 560024 <
=9 4A 2 AgF AAR|E] A3 w
2 gAFes g #E AT TS Re=
cq] }b]' % q_Q,lO)'

Ja o

Table 1. Designation criteria of enterprise and
workplace under the Korea system of
management by objectives for GHGs

Greenhouse Energy
] Emissions Consumptions
Target | (kilotonnes CO2-eq) (terajoules)
Period
Enterprise | Workplace | Enterprise | Workplace
Criteria Criteria Criteria Criteria
Until above above above above
2011.12.31 125 25 500 100
From above above above -above
2012.1.1 87.5 20 350 90
From above above above above
2014.1.1 © 50 15 - 200 80

- HIE AN E 1Y 2 AAHIE
o d&E Q) 247tE=FolA CO, CHy %
N:O7F F2 &3y, &745He #H7E +3
< AEHIE, AMAF EALATHEE, AHY
w7 g, NAHINE Folvh ot uho]
s HIE(EHE, BA 5)9 L7t Z 9l

& CO; viEe AESH HEFolnz d2FH



H71E LAY 247t WiEAF

(carbon neutrality) & #ZANA COEEHF A A
ALsie, HNdaz AT HI|E(EFH2H,
A A, dH )Y 2o 2 Q1T COxnt vl
EFo] Tt olT o|{FE HIE 2ToE
A%k CO; MiEL EZFA(mass balance)oll

g Hr189 SNEAFFE VEE AFH
o, 2 #el non-CO; (CHy N;0)9 ZH$-ole
24S E5lo m&Ze A3,

st Ata - UR ZE DA
AE COz ¥ N09 HiEAS Ay #
3to] AR L F(Tier)EE Tier 1IPCC 7]E x|
Z A4, Tier 2(Z7tns-wZ&A$), Tier 3(AF
dAre] AAMNLE mHeEAST) E Tier 4
(&5 wEASF, CEMS)ES AAst

AT AASH(Tieryold #& FERZ,
A%, vsle, BEE, WMEF 2 LAle
&% 59 AFUHe B4 Uehl: &
g 2o

Table 2, 3 ¥ 4= 24712 - 9vA] BEEH
A ANA Tier 1& A& A$9 7183
(default value)S el Rolw ofuf Ar3lA
< (oxidation = factor)® 10& H&3dd =
Table 2 2 32 Tier 1€ H&3te Ao &
Zt BAgAIE 2 AARAVES] 244 CO;
o] 71E %S Je 3 1o, Table 4& Tier
12 HL3ts 94 AVEY #33¥ N.09
7123 Yl m dgP.

Table 2. COz default value for Tier 1 in the
incineration of MSW

Waste Component dm | CF | .FCF

Paper/carboard 0.9 |0.46| 0.01
Textiles 08 1051 0.2
Food waste 04 (038 O
Wood 0.85| 0.5 0
Garden/yard & park waste | 0.4 |0.49| O
Nappies 04107 0.1
Rubber & leather 0.84 |0.67| 0.1
Plastics 1 (0.75 1
Metal 1 - -
Glass 1 -1 -
Other, inert waste 0.9 [0.03 1

a7 | 159
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Table 3. CO; default value for Tier 1 in the
incineration of industrial waste

Waste Component dm | CF | FCF

Food, beverage & tobacco 0.4 [0.15] O

Textiles ‘ 0.8 104 0.16
Wood & wood products 0.85(0.43f O

Pulp & paper 0.9 1041} 0.01
I;etp:‘l(;lsettilg products, solvents 1 losl 08
Rubber 0.84({0.56| 0.17
Construction & demolition 1 10.24| 0.2
Others 0.9 10.04] 0.03
Sewage sludge 0.1 |0.45] O

Wastewater sludge 0.35{045f O

Clinical sludge 065,04 | 0.25
Liquid waste - 108 1.0

Table 4. N;O default value for Tier 1 by the
type of waste

Type of Waste N20 emission
factar (@NQEWaste)
MSW(municipal solid waste) 39.8
Industrial waste(except sludge) 113.19
Industrial waste(sludge) 408.41
Construction waste 109.57
Designated waste(except sludge) 83.52
Designated waste(sludge) 408.41

£ A7 Tier 14 A& CO; 2 N;O o
EAse 87 A0 g5t dAs e,

olwj Table 2 ¥ 39 71&g<& H&3t3h
44
EF = CF x FCF x OF x 7= o

EF : emission factor of greenhouse gas(tCOy»/tWaste)
CF : total carbon content in the dry matter(tC/tWaste)
FCF : fossil carbon content in the total carbon(%)

OF : oxidation factor

1—4‘21 . conversion factor from C to CO;

FrizEHsdATaE, 263, 2013
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T3 AZd 93 CO: 2 NO HiEAFE
Tier 48 Z&3l 37 2(2)d] 9stq 4A
stAtt o] A st2uE&FH HUE LG
2 Zt 2L A AFT ARE o] &AL
H A& g% BEE & Fd g B
U2 BAHEZ oE AFTHZ I F
FFH oz H7E lton F LA 2471~

Foz A )
EF = Q x C x lkg - mol/22.4m° x 10%W  (2)

EF : emission factor of greenhouse gas(kg/hr)
Q : greenhouse gas emissions(m’/hr)

C : concentration of greenhouse gas(ppm)

W : incineration amount of waste(kg/hr)

3. 02 3 Wy
31 AP CHMAINS ME U BRY

B d7e Z7=EJ 44X H7E &7A
2712 34, drjegdANA, 2
& AAXN 28 (de-NOx system), &ZHE
F & 183 TALE AT 274U
E-2 SH plant7t A3 Let71E8S 473,
SG plante AAANES 2733, UHA] &7
AL RAEHIIES 27389t Table 59€
AT YAAAAY 2Z4E 4, 2ZE4F A4
3E AAN2RE T A LdEANE F
< Yt 4708 AZ4AEe 2R 59
AojdgA AAztez BUHY He F5XF
Z QA ~E(Tele Metering System, TMS)l] <]
3 WE7laF, dredER wWETE, 5% 2
T F° FRHEER, ol Fa(rE TEIA
ot =3 AFAE ALY O FF 2 £
A 20129 3€%E 20133 10€9) HEA 3
Atk =3 AXASE AAE HAstq SH
plants A94 Zd8A(SCR)E AME3tH, 7]
EAlde A v EZa @Y (SNCR)S AHE-3HaL
At

Aol Z#AHTeE, 263, 20134

Table 5. Characteristics of the targeting incineration

facilities
]rxjneration‘lncinerator Incineration
Facility T Capacity |Air Pollution Control Unit
ype (ton/day)
YC plant | Stoker 40  [SNCR + SDA + DSI + BF
GM plant| Stoker 150 ISNCR + SDA + DSI + BF
AP plant | Stoker 200 [SNCR + SDA + DSI + BF
YS plant Fl“;g;zed 35  |SNCR + SDA + DSI + BF
SH plant | ROWY 100 | SDA + DA + BF + SCR
Kiln
Rotary " SNCR + CT + BF +
SG plant | "y 100 WS/AC + CF
Thermal .
GI plant | \ooiro 150 [SNCR + SDA + DSI + BF

SCR : Selective Catalytic Reduction
SNCR : Selective Non-Catalytic Reduction
SDA : Semi~Dry Absorber, DA @ Dry Absorber
DSI : Duct Sorbent Injection, BF : Bag Filter
CT : Cooling Tower, CF: Cyclo Filtering

WS : Wet Scrubber, AC : Activated Carbon

Note :

B A7 tidaZA4EL Table 59 vehd
ule} o] AEF HrA(stoker type), F53H2
(fluidized bed type), ZE}e]Z &34 (rotary kiln
type), EE3H-8§ 14 (thermal melting type)E
Hgdan o 2EA 94 (stoker type) 27}
NEAELE 2EH(stoker), & olF 3FA
(moving grate)$]ol F Y3tz Iyt H o]FA]7]
HA 2ZATE B RN, od dAixE FV
t 2E7 54 $£8d. 242 9 d
29 242 27| 3 Fo wstd n
g 2EAY olF &% % dx FFHY 717,
g8 F& B8 T  FFILH
(fluidized bed type)e = 59 YA Fo=
FANZ dARe FFeA FVE SYIIHH
2 5o 4R Fo] FFHA HeH, o] /rF
Ao HANEE AF FTFHEA dxA9NE 3
Aeojtt, &, AixAUY 1A YA T a4
uiete] oFd 3] BAESE 539 e B
ojged ;A YA FL& nlX HE dA9 2
o] |5 AHl, & f53(fluidization) @A)
ojur}y, 223 {54 FAHE di22 YR
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2Z4PAES AFHoz FFEE, oln dE=
DAYJAEL Hr71EH FdsA EFEEA A
&3 gdxge] dojvtm, o)w dE3NE 71dIA
Ed giREo] {5 (fluidized bed zone)oll A
AAsA HY, ndiAEey BEgA dAxE
=2 R = (free board zone)olA A A43d}
g2 =3 ZEelEZEW A (rotary kiln type)S
FYHc 4zt AR 485 EE GUsiA
ANz, FFAA FEE HNES FEE
olFAlFIAA  M¥-(front side) L FF(rear
side) A 718 $UFd AX, 942 2L F
da A7lE BHolth. TEa EEHEET
(thermal melting type)S AZUAFEA FHA
Fo] 33z NINE HUE T24 &8
3 FAlY £§ES AUt Az &3,
728l 8§l shte] AZFR A o] FojA|
= AZE 32(shaft type)e H 83t it

X o

32 HF0A @71 W SEYY

7158 3l F(UNFCCC)e] B&AA =
E9 &AM (Kyoto protocol)'Vs} Zuie] o787
BAY 2 AgAZAq4Z7EYAME 247}
29 #3te CO,; CHs N0, HFCs, PFCs, SFs
2 A3tz Ut IPCC 7Fol =ah<1(1990) o)l A &
CO;, CHy, NyO9 733X 4(GWP)E 24zt
1, 22, 271022 AAsE ol IPCC 7ol =gl
(199%6)l & 1, 21, 310, IPCC 7}e]=24¢1(2001)
M= 1, 23, 296, IPCC 7ho] =&+21(2006) A =
o] Ztz}t 1, 25, 2082 AN dE F IPCCE A
2¢& Jlol=elinlt GWPE HI0lE dta 3l
tHY U E A F(GWP)E Sd7tAdEE AT
il Jldate AEE Ve o= COE
NNFoE SHIAEE A¢2E TEF Rolth

H71E 2Z4A M E CO9 N0, CH 7} &
2 WEHed, B 794 CO8 N:0d ¥
3t #H71E AZAIAEA BH oz & ol
A& CHE A3t EF SFs, HFCs, PFCs
t 2498 A971E Fol 3R &S A=
AR FRFAdECANAE AYsan 53,
NOE IPCC 7ol =8R1(20060)& 7|EL 2 AT

28 5397 CO.9 3108e] 2o, the 2
AHERY gt dr] FelA Bd 2 £
(120~1506) & 7HEz B71d Weln As
A e N AFAAA =2 F A9M
B ALY AxARst gkl NOg A4t
NOE 4%de o.&7 whgsta AHHA 2
w7t Agdct olsh go] N,OE AEA el
A NOst NO:¢| 7|dEZEA N0 FE F7
E Q€3 da2 A7EY, N09] vE7 3

MR 2 H R P

Ae 22 FAY AeAlE 43D eEFE

' o 10% A2 Aoz dAFHE FERA
CFCs 23 &% tEo 2% T F93 4
Ql EAol7E S,

B AT E CO8 NOol9ol &274=2 &3
Ae 5& TeEr] Y3k Oz, NO, NO,, COE
F7IE2 F335 A dAEZY L AAA
AAAE Fdd A8 =29 FHFITAAN A
At em, SOx¢ COsx=e WsE #F3
Aty 83 Ao FANSHY 4T
ZFoA FAl SOx¢t CO3=E 33
BEstxe] EFAHLE B EAFHYHAHONDIR,
non-dispersive infrared)o] <]§ AEEAAN)
(Madur Electronics, model : Photon )& A&
3t 15~4A 7MY A&ESH S HAISReH, 7+
FEE 22 FUZ ARSI Table 69 &
AFEEE FAYY, SAYSY 2 £35S YE
Wtk 25z wEsdE wErtas 130T=2
789" probe ¥ hoseE: T3t AXEFX
(Madur Electronics, model : PGD-100)elA #
A% FEE AAT F 7t2EA7)(gas analyzer)

o EAshac,

Table 6. Specifications for the gas analyzer

Item Sensor Range Resolution
O, Electrochemical 0~25% 0.01%
CcO NDIR 0~2,000 ppm 1 ppm
CO; NDIR "0~100% 0.01%
NO NDIR 0~5,000 ppm 1 ppm
NO; NDIR 0~1,000 ppm 1 ppm
N=0 NDIR 0~1,000 ppm 1 ppm

AolzBAEEAT e, 268, 20134
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4. 23} ¥ 1§
41 H@7tA S 53N

2 d79 dAd 24xEe B EHAA
A oA FAY SRS 247t FEE
Table 7] YetlAct Table 7¢] 247t~ &
AAIAE EFEANALAFEE 1B AR EE
AdaTEE 242 BAY 79 dredd
AANE FHA ZF7IEYLE QAT A9FA
&7t FEINE HAIY] 3 drje
AFAANG7IEANA WEAIES wE FA
ArExolty B AFAMAE HIE 2Z4AA
o N FFENALFESY 12%E AMEstE, 4
A ARFEE o83 I XolE FUIHIE
BA3A

Table 7. Measurement concentration of N2O
and CO; from the waste incinerators

Incineration (07} N0 CO;
Facility (%) (ppm) (%)
YC plant 10.8 17 6.4
GM plant 10.2 26.8 81
AP plant 10.7 23.5 8
YS plant | 139 39.1 77
SH plant 133 395 8.1
SG plant 126 36.2 71
GI plant 9.1 1.3 8.3

Mean 115 240 7.7

Stancard 18 165 07

coetticlent| 154 | essk% | 89%

Table 725-E, H71& 2ZA|HA &=
E OEEE 91~139%(HT 115%)E e
At AZAHOA WEHE O HREE d

aubeE dov)7] A dRdE2 Fdse F

A\ T EHEAATHE, 267, 20134

HN oy 2 o BN
o
ol
A
fjo
M

544 e A L3t YS plante} EE}E]
23+ SH plant ¥ SG plant
0557 & AL2 YeREd, ol &
A B4 9% Aoz wuddd.
HANE 2ZAAGA wEHE CO0 W&
FEE 6.4~83%FT 7.7%, A5 AT 89%)

24 d$ dAHA Z2AHAZLS JEAAT
N,OE 1.3~39.5 ppm(ZH# 240 ppm, ,_0741
T+ 688%)CE HIE 2ZAMY F=HEA
7} B4 JeElwth £33 COx $9% 2744
A M= HFsEe HAFEY o7t A
2 2ZAANEZY FE HAE FH2 9E, NO
T4 24N YA E ¥Esir A
—W@% 5 ARAE CO0 H8l AT:E
g £ Ak F, CO; WiEFET
HEg3te AAHA EASHAA
2Z4HE HE AT FAdHE 3% o
RAsA ZHE A E Esr) g7 & e Wl
A AAA ¥vnF AP & ARE @
F uth AT NO WiEs=s HAHA
AR ZI} ekt BEFE AZAAE
FEAAZ AAM AEFHA ZYEHAE 53 A
A =& WESAFE AHAE vt gz
B Table 8& H7E 2ZFA MM 2
A7tx o9 Hj&7t2 CO, NO, NO2¢ =i

>ofe }v) rr

(R
rg
B>
my -

& e

0

¢

EN2SEE U A2 2ZA T 2ZGAA
o] AnkAEQ A AEHE ZolEr] H3 A
ZA&Ach COsEE H/EY F9%F B4
Wil 5oz 23 B4 dAiAd FUHEHA
HA g, YN £9F¢ FUE S2FANE S
Aggeistol A gdAdds FHo] YwiFHo=
53R COFEE FAUY AZFAI-EAA

06~87 ppm(B T 4.4 ppm)EA &3 &7
¢l 50 ppm©|3H(AZHEF 2 ton/hro]d) EE 200
ppm ©|3HA2Z44% 2 ton/hrrlTH R T of$ e
TEZR #EFHAT
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Table 8. Measurement concentration of
non-GHGs from the waste incinerators
Incineration 1010) NO - NO:
Facility {ppm) (ppm) (ppm)
YC plant 06 486 52
GM plant 54 30.7 0.3
AP plant 0.9 39.7 04
YS plant 87 435 19
SH plant 72 372 6.1
SG plant 6.5 379 1.7
GI plant 15 51.9 1.7
Mean 44 414 25

Table 8414 NOx(NO ¥ NO»t #HNE F
A2 Ee] daE W AYEE A8 NOx(fuel
NOx)$t d4E&3F7] 5 A9 4Atart 129
A wgse] YHEgE @3 NOx (thermal
NOx)Z TFAHo led, HEEY 27444
4] NOxE SNCR (Selective Non-Catalytic
Reduction) =& SCR(Selective Catalytic
Reduction)ell €3] Np¢} H0Z ZF o] wj&
gt H7E AZAAAdAME NOET 414
ppm)7} NO(HH 25 ppm)ET R & %
=2 HE&dH3 9o, NOx(NO % NOye =
2723 W 439 ppm 2E2A HEFHLIEQ
70 ppmol3H(AZHE%F 2 ton/hr o) EE 100
ppm ©l3HAZE# 2 ton/hr HTHET @& &
=2 MEHAT NO9 NO:Z9 4t3t= SCR
2 SNCR A9 NOx® N.29 A &&S
F7EA 7171 f18M Fa gt 988 9. NOx
7 NOY ¢ B} NO¥ w N:22 A7z &
o] £3 NOx F%F NO:9 v &o] FolAHF
£ NOx7F No2 ®o] HEHE o] &uA
A, A NOoxgE AZA77 YstdE
NOE NO2.2 AFAIE WxE "asign
gadrt,

42 MEUHE CO. HiEA Y HE

H7E AEZRAFE ol &3 ALE(Tier VI
&7t AESH(Tier )& ol &3t A
H71E AZAHESY CO; wiEA+E Table 9
o el YC plant € SG plantE CO;»
E SAINAA, #H7E ALEAN #FE do)
B7} $ESEX %ol Tier 1 2 Tier 49] 9%
CO; WiEAFE A sA U

H7E HAEZAAE o]&F AL (Tier D
&7t AZSH(Tier Dol 93t AAF HNE
&7ZFAIA 9 CO, BiEATE Z7} 0.8124~0.9262
(7 0813) = 0.6749~0.8082(HT  0.7359)
tCO; /tWaste2 2 YERG o™ WEAFE 56%
72% ©o1Qt}. & Tier 191 H]slo Tier 49 wj&
Alegto]l HT 146% (HAax 25~ 20.1%) 2
A Jehtth o598 gEHNE 2zt
CO; MEATE 427497 &E 1 tond 0.86~2.2
(B 141) tone 2 AAR L, 57 4
H71E 2Z4AEe CO; HEASFE 116
tCO¥/tWasteZ A ASA=d, ¥ dA7FA3e)
o4 xpolzb EA3tE AL HIE A4 &
AAZE 2ZAANEATFE o o]z Q3
22 A&HY A Z
CO; HiEATe AZAEY TFE 2 &
FAE HolHueola FFo] desdity #g
Hr '

Table 9. Comparison of. emission factors of

CO: from the waste incineration facilities by
calculation and actual measurement

- Tier 4
Incineration (CaI’I;l‘iraéon) mea(salf;g;lent)
Facility | Emission Factor | Emission Factor
tCO»/tWaste) | . (tCOo/tWaste)
GM plant 0.8124 0.6950
AP plant 0.8985 0.7609
YS plant 0.9262 0.7404
SH plant 0.8288 0.8082
GI plant 0.8408 0.6749
Mean 0.8613 0.7359
Standard 0.0486 0.0531
Cricet | s | 1o

Az EABAATUR, 26F, 20134
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ac. wtA, CO, MEAT AR AaHA -
AEA - A=A R BHAA A wWE
F AN HELA COAEAFTEAA 2= (CEMS)
o o3 HEZH(Tier )¢ FHLAES dutstst
71 98 E FA A2 CEMS guideline ’ézéc’]
e sty AdEo).
4, WiEIt29 FEAZ 93 NO HjE&A
F A (Tier 4 A3, N,OE HT 32751
gN-O/tWasteol = HEA ¢ 739%22 #H7|&E
AZFA A ARV A =4 JdEEd F
N:O Wi&AlFE H71E 2ZAEAEE HA7}
A2 A&LFHA 2UHP S 5T AHE 52
WEAsE AAYE et Jdokx gadn
5 #HZIE AZAACGA 08 COsEE AY
dAsA FAHRT, NO € N0O9 sx=wst
t Ws & Zo2 WsiH, Ov=rt F7%
o wat NO FE+= #2333 NOFEE 7
Atk & NOE NO:COs=wWisgisel M=
AutEE ZA%E Jehdided, N09 84S
AAAZIH NOx AAol F73te ZAdol=
2 2Z4AA XA AFE el Tast
o, @A HrE 2AAHNAN FFY TMS
AN2gg 247tz E A L3t NOx¢ N:O
g AAtoE A&, A HelHE
AL37NF T 2Hd 11]:‘3'—‘3‘—‘— ¥ =l A of
Al =€l (feedback control system)9] =9 %
TFo] deditty wodrh
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Investigation on indoor air quality of -daycare centers in Gyeonggi-do

Tae-Hyun Kim, IlI-Woo Choi, Dong-Gi Kim, Soo-Moon Lee, Hyeon-Ja Kim, Jin-Young Lee,
Yun-Ho Choi and Jae-Sung Lee

Life Environment Team

Abstract : Daycare celiter is a chiéf indoor environment for pre-school children who would be affected
by harmful indoor air quality. Therefore, it is very important to properly manage the indoor
environment of the daycare center. In this study, indoor air quality was investigated for 50 daycare
centers in Gyeonggi-do from May to November 2013. The targets are seven indoor air pollutants,
PMio, COz, CO, HCHO(formaldehyde), iTBC(total bacteria count), TVOCs and Rn(radon). The results
demonstrated that PM;o, CO2, CO, HCHO and Rn did not exceed the legal standard and guideline.
However, TBC exceeded the standard (800 CFU/m’) in 9 daycare centers and TVOCs exceeded the
guideline (400 wg/m’) in 4 of them. In result, outdoor air quality is lower concentration than indoor
air quality. Thus, outdoor air quality is not serious. Outdoor air quality was shown to be better than
that of indoor implying that frequent ventilation would be helpful to improve the indoor air quality.
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Table 2. Concentration of target compounds in indoor and outdoor facilities

", pollutants PMio CO; co HCHO TBC TVOCs Rn Temp. Humi.
(ug/rr) (ppm) (ppm) (ug/m") (CFU/m’) (ug/m’) (Bdm) (C) (%)
ind. | out. | ind. | out. | ind| ow| ind. | out ind. ot. ind. out. ind. | ind | ow | ind. | ot
1 47.4 30.7 668 396 0.7 | 0.6 16.1 2.5 465.5 32.6 181.7 93.6 10.1 24.1| 28.5| 47 47
2 30.1 13.6 569 432 071 06| 324 4.6 386.0 32.0 289.4 184.5 10.2 25.6| 25.7| 40 39
3 53.0 51.6 686 442 0.8} 08| 36.0 4.2 1048.5 15.9 180.9 87.1 13.9 21.7) 19.4| 58 61
4 403 [ 279 | 538 [ 363 [ 07 05 125 [ 47 | 10268 | 1481 | 161.2 | 789 | 463 [ 23.5| 25.0( 40 | 41
5 58.1 52.2 861 445 1.0} 08 23.6 8.3 785.1 141.9 192.7 75.2 14.8 23.3| 23.2| 44 40
[} 73.1 57.1 644 405 1.0} 0.7 15.0 9.4 750.0 325 273.3 83.5 10.2 2581 28.5]| 53 33
7 57.4 54.2 487 420 0.8 0.6 15.9 10.2 154.5 28.4 185.6 69.6 8.81 259 28.5| 48 33
8 66.9 38.6 750 440 071 08 11.2 4.4 751.0 95.2 102.0 60.0 2.68 21.81 20.1] 71 74
9 68.7 61.9 482 368 081} 05 13.1 1.7 235.5 4.0 215.3 94.1 9.14 22.8] 21.3] 58 65
10 69.1 76.2 777 432 0.8 1] 0.8 28.1 5.4 1084.3 60.2 161.4 77.7 7.59 23.6| 24.1} 36 26
11 53.6 26.8 599 396 09| 071 27.3 2.1 1181.0 120.5 237.9 155.6 24.7 24.0{ 24.1| 62 62
12 56.1 49.2 665 404 091 0.6 245 4.9 943.0 260.7 160.6 96.2 12.4 25.1| 25.3} 53 52
13 36.6 46.5 551 359 09| 0.7 421 7.9 793.7 186.5 278.4 180.9 9.95 26.81 26.9| 52 49
14 79.3 '58.7 | 604 450 0.8 ] 0.7 29.0 15.6 724.6 214.2 217.2 134.2 13.4 26.5] 26.0] 57 62
15 7451 39.2 665 405 1.2 | 0.8 | 705 10.2 ] 1120.6 121.9 266.9 81.4 5.66 26.2) 27.4| 67 86
16 36.4 49.2 685 379 1.2 ] 0.7 | 23.1 6.1 646.3 64.3 119.4 65.7 12.4 25.6| 259} 81 90
17 69.9. | 17.0 |-493 414 1.2 ] 0.7 9.5 4.1 413.5 110.0 108.3 84.3 6.13 26.8| 264 79 78
18 62.7 54.1 524 373 1.4 0.7 18.1 7.6 523.0 140.1 150.8 74.1 9.54 26.8| 27.2| 69 74
19 50.2 29.6 483 414 2.1{ 09| 40.1 5.3 1515.56 110.1 213.0 104.1 4.14 26.2| 27.3| 68 80
20 46.5 50.9 875 431 1.2 | 0.6 | 22.4 7.6 786.0 99.2 198.4 100.2 12.9 25.4| 34.0| 53 52
21 29.0 42.1 451 420 091 05 26.7 4.8 271.7 60.1 197.5 97.0 4.22 27.5) 286 78 76
22 26.4 25.9 470 387 0.8 05| 21.5 12.9 673.2 77.9 392.5 196.4 10.1 29.21 29.71 67 68
23 59.4 26.7 524 414 09| 04| 335 7.5 258.8 138.5 193.2 109.9 17.3 29.11 29.2| 74 79
24 48.7- | 31.0 869 412 2.4 | 0.8 66.3 7.1 1411.7 90.6 557.4 93.1 24.8 27.81 30.3| 59 81
25 44.2 35.2 | 773 423 2306 [ 749 9.0 767.9 54.2 499.3 146.2 24.4 27.8| 29.2( 51 63
26 67.0 44.2 695 396 1.2 | 0.6 | 34.1 6.1 735.2 140.6 225.2 105.4 6.13 30.0| 31.1} 66 65
27 35.8 28.5 735 389 1.2 | 0.7 | 345 10.8 556.3 193.1 235.7 108.5 5.36 29.2| 31.6| 62 69
28 52.3 50.9 892 382 0.9 | 0.5 | 52.2 4.3 639.8 31.8 256.8 96.2 13.0 28.6| 31.6| 65 69
29 34.2 42.1 585 374 0.2 | 0.2 17.1 9.5 637.1 141.1 236.8 97.2 15.2 27.3| 28.3| 48 39
30 39.4 29.7 535 370 0.4 | 0.2 ] 20.0 3.9 637.5 35.1 214.4 85.0 8.37 26.1} 28.3| 40 38
31 35.5 31.1 585 385 0.8 0.5 9.0 2.7 699.6 92.7 229.2 124.7 13.4 26.5) 26.4| 41 41
32 47.1 17.8 585 390 0.8 0.6 31.3 1.6 643.3 62.9 222.8 113.8 21.9 26.11 26.0] 48 45
33 35.5 20.0 511 389 09| 05 25.4 6.1 724.4 115.8 134.7 97.4 16.4 24.6| 25.0} 54 55
34 37.5 51.9 620 401 0.6 ] 0.5 36.2 9.7 534.9 80.6 166.5 103.1 10.3 2564 27.1| 63 55
35 42.3 11.7 450 375 0.2 0.2 18.0 8.8 317.1 85.0 154.9 102.0 19.7 219} 25.0] 70 92
36 48.7 32.4 515 380 1.2 | 1.1 6.7 3.2 617.5 64.1 193.6 147.8 14.7 25.0| 24.7| 49 48
37 29.6 | 17.0 470 414 0.3 | 0.2 5.0 2.3 533.8 48.8 271.7 130.3 104 189} 19.6| 58 59
38 25.8 9.1 555 385 05| 0.3 14.8 0.2 972.4 128.8 229.6 123.9 10.9 19.0| 13.8f 55 44
39 43.6 34.6 565 390 0.4 1 0.3 7.6 2.4 790.2 44.4 276.8 132.7 13.4 21.1| 2041 45 40
40 47.6 26.0 655 410 3.2 | 07 10.4 1.5 586.6 67.2 270.4 92.8 23.0 189} 16.8| 55 54
41 29.0 20.4 511 401 0.4 | 0.3 10.9 1.7 770.6 88.8 992.7 249.5 6.01 19.4}1 19.4| 50 55
42 48.3 1 19.2 642 412 0.2} 0.2 6.5 1.7 759.4 129.9 246.0 105.5 5.73 195} 18.5} 47 46
43 50.3 41.3 783 396 0.2 02 11.0 3.7 702.7 36.8 188.2 190.7 16.3 22.1| 19.8| 51 49
44 29.5 30.8 590 384 0.2 | 0.2 3.8 1.6 467.3 68.2 270.0 105.9 5.73 18.8| 14.3}f 35 32
45 26.0 18.6 825 415 0.2} 0.1 2.7 6.4 451.8 69.1 189.5 96.9 16.7 19.1| 12.8| 37 25
46 31.8 20.4 641 397 0.2 0.2 7.5 3.6 493.2 76.5 185.9 70.6 7.23 186 12.2| 39 29
47 58.9 57.1 651 406 0.2 ] 0.1 45.3 5.7 427.6 79.8 597.2 158.5 11.3 19.3| 10.2}| 45 48
48 - 59.4 16.1 841 420 0.2 | 0.1 11.0 1.2 761.2 51.4 189.7 133.1 9.5 195 14.0| 48 46
49 39.8 17.2 620 395 0.4 | 03 11.9 2.2 540.1 60.4 313.7 155.5 26.3 20.4| 13.3]| 40 24
50 64.6 23.6 628 390 0.4 | 0.2 8.4 1.2 701.0 76.9 181.4 126.9 6.46 20.8 8.7 | 41 32
Average 479 | 352 | 6276 | 4014 | 09| 05| 235 | 5.4 | 6883 | 90.2 | 2482 | 1135 | 11.9 | 24.1| 23.6| 54.3[ 54.2
Max. 79.3 76.2 892 450 3.2 11 74.9 15.6 | 1515.5 260.7 992.7 249.5 26.3 30.0] 34.0 81 92
Min, 25.8 9.1. 450 359 0.2] 01 2.7 0.2 154.5 4.0 102.0 60.0 2.68 18.6 8.7 35 24
Stdev. 14.5 15.6 1227 22.0 0.6 ] 02 16.8 3.4 279.0 52.8 145.4 38.7 5.7 3.3 6.2 | 1201 179
Standardm 100 1000 10 100 800 400 148

* Gyeonggi—Do Standard :

o TEABHATAE,

C02(900), CO(9
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Fig. 2. The distribution of PM,;¢ in indoor and

outdoor facilities.

3.2.3. Ol&HErA(COR)

Fig. 32 C0:9 FE=E¥XE Yehdsith Ay
oA FE 7k T Fo s YAHT, &
Z14Ee) AR AZE AFLP=E = o8 ¥
== AJelA 450 ppm ~ 892 ppm, FHIF
672.6 ppmlZ S HUL A= 359 ppm
~ 450 ppm, BT 401.4 ppmE JEMATH

Z A vebstth
Temperature & Hurmidity _
. s 100
A A, L i
A al a AS AA . - 90
~P0 s LA A a s A AT 4 L
o i A at k) "“‘
Tao{as . & g A3
2 A P A - 60 >
) £
£ 30 , & g 50 ®
sl & ST " E
F7y ) 5 A, 50 32
2 LT » =
261 & W- 30
10 - Cé‘:)o o 2
- 10
o o
#indoorTemp. - DuidoorTemp,  alndoorRH 2 Outdoor RH
Fig. 1. The distribution of temperature and

relative indoor and

humidity in

outdoor facilities.

CO.{ppm)
1000
200 - . PR -
800 - . o
700 - ¢ “’
et , e e »
600 - s ® » -
- 08 L4
i - - b - - - Lad
500 - e a oy b ..‘ d
[ungeialy] Egg
] - n _
400 4o EPUD SN H e et
o % indoor T Cutdoor
Fig. 3. The distribution of CO; in indoor and

outdoor facilities.

Aoz EsHATAE, 267, 20134



172 | 83" A9 s

AR AL A Gfrote] ANEF Fol g3
C0z8] %7} 1400 ppm ~ 1850 ppmZ7}A|
AEdtgoy 7] 2 dfotd olF TR
2N BE FEE U ESAAE EFA
A E71d #4712 1000 ppmF AIE
FA171%< 900 ppme X H3HA Pkt

3.2.4. glirstElA(CO)

Fig. 4 €09 FHE=®EZE JYehlt. 55
Al FE, ?4_71’: T A Jd¥or AF
Fel 2 3F7 0L dosE coY &

= AYelA 0.2 ppm ~ 3.2 ppm, BT 0.9
ppmlE FAQHPT Ae+E 0.1 ppm ~ 1.1
ppm, B 0.5 ppmE YELAUT diF E&
Al BFoA AUF7d §A7]1€<! 10 ppm

% AT §A71% 9 ppmE 2 FHEA G
}.
, colapm)
4
. »
3
L™

17 oy Q“OB
gﬂﬂ?ﬁﬁMn%g G e o

# indoor 3 Outdoor

o

Fig. 4. The distribution of CO in indoor and

outdoor facilities.
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Fig. 5. The distribution of HCHO in indoor and
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Fig. 6. The distribution of TBC in indoor and

outdoor facilities.
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2. PMio,

ROE EFAHZH
COz, CO, HCHO ¥ Rn9

HAFEE 1.2 pg/m ~ 3.6 wg/mE HAEE
Table 3. Concentration of volatile organic
compounds in indoor facilities
Pollutant Average Max. Min, Stdev.
olluf ev.
(pg/m') (ug/m')  (ug/m’)
Benzene 1.5 33.6 N.D 4.7
Toluene 22.4 111.0 2.0 19.7
Ethylbenzene 3.6 16.8 N.D 3.7
m,p—Xylene 1.5 8.0 N.D 2.9
Styrene 2.2 14.9 N.D 3.2
o—Xylene 1.2 6.9 N.D 2.3

507 BFAIE EFoA AUF7 A FA7E
4 Fu7EE 23R It

3. TBCY SAZAT 9718 BREA|EAA A
F71d #A71&<) 800 CFU/m'E 33ttt
23 AAEY A$ &7, AUsEERdE, Hia
2 AEAE F9 @YUt a3

4. TVOCsE 4719 EFAHAA AUY373
A17159 400 pg/mES 2FH3gacr =37 A
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Status and characteristics of soil contamination in Gyeonggi province
according to different land-use patterns

Jong-Bo Kim, Yang-Hee Choi, Hyoung-Yul Ryu, Song-Hoon Kim, Jong-hyun Shin,
Cheon-Hwan Oh, Eun-Ah Kim, Hyun-Soo Han, Jae-Sung Lee
Soil Analysis Team

Abstract : We investigated the status and characteristics of soil contamination in Geonggi province, which was
based on different land-use patterns with data of regional soil contamination survey for 3 years. In case of degree
of soil pollution on a classification of area, the highest concentration of heavy metal and BTEX was shown at rail
service and soil remediation and reused area, respectively. The content of TPH was similar to national average
concentration. In case of degree of soil pollution on category of land, the concentration of heavy metal was‘ high
at railroad site, road, and factory site and the highest content of BTEX and TPH was measured at petrol station
site and forest land, respectively. It means that main cause of oil contamination may be by decrepit underground

oil storage cavern and auto graveyard.

Key Words : regional soil contamination survey, heavy metal, oils
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Table 1. Scheme of soil quality monitoring networks in Korea”

Soil Monitoring Schemes

National Soil Monitoring Networks Regional Soil Contamination Survey

Objectives
Points 1500
Monitoring points Fixed points
Managing organization

Number of monitoring susstances 17

Ministry of Environment

Evaluation of soil quality variation For discovery of contaminated sites

2400
Variable for possible contamination areas
Local government

Possible contamination substances

2. Py

2.1 HPCHA

B d3daeE 2 3dzh@eo10d ~ 20129)

A7 RABAAT L, 267, 20134

A7 314 A - 2] ANEY EXeGAH
24 A3E Aoz Ao o 2 117 =
AAG3 12709 EXA B B EFEE
o 9% a7saot AHgE ARE W 2
A - 2EE 10049 2ANEE AP &
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2.2 AlEuy

AFE EFL FAFAC] A @ EF0
2 He FhdA AN F UESAZ £
ity BEXUFERC wE FholeTEE
2714 2mme EEA(0MA), & AE
F BN EZL £33 0.15mm(1007)
) aglz B4 £F31FA  0.075mm(2009]
AE AZLT ANEE A FFF 3 AL
i T o3 ddsA EFst B4 & A
22 AHE3th £ AA, EF4, dgAA,
AP ABTEX)Z EHZFZZJAEA(TCE), H

Table 2. Analysis items and instrument

2 A7z EYe@e dgn 54 | 177

EHRZZ2JHAPCE) £44& A5e HEY
FE&o] HA &7l AH}n HRFAZHEF
A(TPH) £4& A 8e 477 82 feidd
Fol BE3te AM&3IA T .
EAMo) A48 7712 F8 FF5H9 A%
ICP-OES, $<(Hg)e Atomic Absorption
Spectrophotometer, & (BTEX, TPH)¢} £
#(TCE, PCE) % 7&t EA(#714, #H&)&
Gas Chromatography, AI1HCN)Z} E&(F)e
Spectrophotometer2 Table 29 Zt}. 38 &
AZA7 QEE AEIA ol A2EN on|
£ 7IAA B3 ¥ FEEL RAL i
A Agdstgm At E%de] st 9
EdedeErIEE 238 ARe g
23l

Item

Instrument

Cu, P4, Cd, As, Zn, Ni

ICP-OES(Vista-Pro, Varian)

Heavy Metal Hg AA(AAnalyst 800, FIAS 400, Perkin Elmer)
ot UV/Vis Spectrophotometer(DU730, Beckman Coulter)
' BTEX GC/MS/MS(Quantum—XLS, Thermo Fisher Scientific)
ols TPH GC/FID(6890A, Agilent)

Organic Solvent TCE, PCE

GC/MS/MS(Quantum-XLS, Thermo Fisher Scientific)

Pesticide Organophosphorus Compound  GC/NPD(6890A, Agilent)
Phenol GC/FID(6890A, Agilent)
Others
F, CN UV/Vis Spectrophotometer(DU730, Beckman Coulter)
3. da % 3 A oldd 11 ZAA G g A8E o

3.1 ERXYE EY29o RE

EFogAREAgAE 2AAGe A
A %3RG5 167 Aoz e
2RI glon B AFANE 34
A AE F KB IEE AAE FEF 10

435t .

Table 32 3d7te] A} & EFAGE 4 ¥
Bo] zAHE AARFE FAG & A= 4%
He ESedEdd wEt AA 35S 288
o AAstda Arsrt HLe FUIASHRE,
Z2 S 2ol E| =0 H E(PCB), Wl=(a)¥ AL
A &) sk o
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Table 3. Number of analysing items at sampling sites on classification of survey area

Classification of survey area\ltem

Heavy
Metal BTEX TPH

TCE

PCE Phenol F CN

Factory & industrial area(FI)

Waste water inflow area(WW)

Raw ore & scrap iron used area(OI)
Land development area(LD) ‘

Waste treatment area(WT)

Traffic facilities area(TF)

Railway service(RS)

' Soil remediation and reused area(SD)
Accident area(AA)

Industrial complex around residential area(IR)
Children playground area(CP)

315 227 313 227 315 315, 315

14 14 14 14 14 14 14
29 25 29 25 5 29 5
30 26 30 26 8 8 8
17 8 117 70 23 30 30
158 100 158 83 20 20 20
10 10 10 10 5 5 5
12 12 12 12 12 12 12

71 58 71 58 23 13 13
10 5 10 5 2 2 2
56 5 0 5 5 5 5

Total

822 569 764 535 432 453 429

A
Z+ g2y B
£ Fig. 1°ﬂ YERASLH.
stAjoju} Egd] AAdH oz EA)
& AzAA == ${AAY 2o
o $4=71E s u}okst sﬂau
Ay BEd o3 %‘—*&%01 z2 09

3}21 7) uﬂ-roﬂ D* v =
%9 A AATES] HALE
£ wostaxt st

254 F A48 uiAF=s MR 58 3l
2 4#A Zne B dFdA FTFEr 100.65
mg/kg2 $Elvet B¢ Add wAsE®
5427Tmg/kgdt & AolE RAth ol HAA
E9o HFEE" 6dmg/kgRtE £ FTEE
ojPol o NdXE EXMLAGTE AT
e xdgo] CHAERS] HEE HAFI
Aty £33 Zne Fe-Mg3E, 44N, E&E
59 fAFE Wo] EAEY REA
< AYF \‘41%'—‘%’—01 Azl 3 g%
I E o 934 8 59 B - AR 7

L ox o
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F 5L FEE BYo2H fo4el sit} AL
AQERAA HF Bol AEHE FE Fo
31el Cue TS E 27.78mg/kgE I E
¥ WAFE(15.26mg/ke)t FAA BEFE
(20mg/kg)t FAME FELE YEHRBIL HX
FEE Be Y FAHFHYAH(4958mg/ke)
ez AgAse F53H< #Est 2749k
Pb3 Ni2 Z+Z} 24.89mg/kg, 22.14mg/kg=
AMNA 5=(Pb 25 mg/kg, Ni 22mg/kg)st 2
gt FU EY wiZAFEPb 1843 mg/kg, Ni
1768mg/kg) B the =7 %o Ase A+
480mg/kg® =W EY w73 % =(6.83mg/ks)
o AAA FBFFEE(T.Tmg/kg) Bt F& FX
2 B4 Asd 9% LGAEE AHIA &2
Aoz velyct ¥d Cde 1.35mgkegZ A
AA BFs=E (053mg/keg)d 28, S EF
¥ 73 % =(0.29mg/kg) 2] 4l 2 d5Eo] EA
velstth A9 AEA Znd 2@ #A%
Qe Aoz & Cde AFA Eloloje 3
50 Ea¥ex BAVH/E stz YurH
oz FA AEFF =8FH, ¢E, d3ud
o AA, ¥F, AHA AzAd #&° He
Aoz dHA o] B dATFA vHuH iF
EE R AR -RY 5 TAXEGL Cd ¥
Edd 298 ANYe] B A= HZdrh
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Fig. 1. Heavy metal concentration of each survey area.

AU\ EZEHTHE, 267, 20134



180 | E¥RAY AR 4

% Hge BF5E7} 013mgkgZ A7EH
BEFE(0.09me/ke) "t FASIR T Croe 3
#EE 0.12mg/kg= YWt 3% $zPoz o
B Bh9 29 gt Ao BT ¥W A

A FEE AFAAN HF 2 SAL =AY
o]l F8 FF5Y 1 FEE Hole AL

2 JeEhd Ao ol o Ay ATHEAE
23 ool 2 Ao Z RHAXNT FEAHA
Az AR HA2HF7|A, AFFYu7)R], IF
FANA, BEQAL, A2 22 2 0 9%
A Agez AAA gtk 4L P9 93
W Ax AuF, gds] WBF T2 o4
AERFZR U HNE A Ges 47
59 S50 AEFNULY o] F Cd(1437mg/ke)
7} Pb(750.89mg/kg)e] EFL L HNES %
Az Ad I ESNME Zn(1,1265mg/kg)
28712 e 2F8E FEE H He=
AT EE o Z3FVe ARG F
F4£(Cd, Pb, Cw)e] E U o] 4t 54
AEs ALdgA] AR 28] o] w4 HE
HA3 ol AFutAS} dYe viFdo] F8
Aol stgen ArA e I
52 EYA asxe] F34 29(Cu BHimg/ke,
Cd 110mg/ke, Pb 1817mg/kg, Zn 25246mg/kg)
& 13T °)¢t T2 AHE RY A=A
A RG] EY 294 7FsAL tis won J
2 9z gAF 5 AEBEARA (99 AEz &
@3] o] FAX| L o] o] XHfA e EF PR
A A &H o2 o]FojFol B Aoz HATh

=X
.

o]

Benzene

Classification of area

° 0.2 0.2
concentration{mg/kg)

BT REABEHATHE, 267, 20134

Classification ‘of area

olge] FZFAAMLINAMY 2dE AHE 93
3] FAStT B st F Ao T AzZEr

312 7%

- EYSRREAYAAN @ e 7 @™

L¥9E2& BTEX$ TPHE BTEXE 32#
U 59 F8 HJEolx TPHE AEH, 5+,
A, 9ACH, £8F, 9F% 9 249 94%E
aoss slge g9 & Fa wWEAde
FHa, AFAAUY FFHRAIE, TAAAEY F
FAZAAE 5 olgr TF AAS

A7]=W TPHS HFFEE 47.25mg/kgs A
23 F(20113-60.98 meg/keg)*# AR oY
BTEXE w4 0.04mg/keg, 54 0.96mg/kg,
JdEwAa 092mg/keg, ZAA 058mg/kgE A
Ha#(AA 0.0lmg/kg, EF A 015mg/kg, €
WA 0.14mg/kg, 24 0.37mg/kg) Wy Bl
A FA JElR ole EAESLIHHYA
A9 982%E A MFFAFAIAL F
NEY AZ 21%(4807/M2)97 AAsm
ATHE Ald B EEE 292 RAAY =3
A2 ESE X3t & AJEYS AHEH

g9 F=7F A vEREd °] A9L 24

B Asyt ggd B Asdd EFEL
HEZ S22 AHgad APz 5% 2
HES] A7l A3 o|FARA I A&
& B33 glo Astd E%] A FAL
AA3] o]FojAof & ReZ AZtEr.

Toluene

2 P
Concentration{mg/kg)



EXolg Heo] wE Br= E%e g A%y 54 | 181

i~ Ethylbenzene . Xylene

Classification of area
} o5
._r_‘ ; i i B . N N -
Classification of area
} ok

Y 2
Concentration{mg/kg}

-]

2 a
Concentration{mg/kg)

Classification of area

o so 100 130
Concentration{mg/kg)

Fig. 2. Oils concentration of each survey area.
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Fig. 3. Fluorine concentration and pH of each survey area.
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Table 4. Number of analysing items at sampling sites on land category

TCE

Land category\ltem  poY BTEX TPH pop Phenol F  CN
Factory site 268 179 268 179 236 229 227
Petrol station site Tl 77 77 7 50 33 31
Miscellaneous land 161 121 161 121 46 49 45
Site 101 58 101 64 42 33 23
Field 36 34 36 29 15 10 7
Paddy field 25 22 25 21 10 6 3
Forest land 36 29 30 25 12 13 10
Park 44 4 3 4 2 2 2
Physical site 11 8 10 7 4 5 2
Railroad site 11 10 11 10 5 - -
Parking lot 13 11 13 7 3 - -
Road 11 8 11 8 3 2 3
Total 794 561 746 552 428 371 353
321 535 7] WEolth ZF F5& FEAAN 7 =7}
ESedEd A &Y BF 7€l He A= =2 A9 2919 A&
Exje] g AFREAS TES Ao} A=) TE 7] IFEEE B AYL2 =29 FFEAZ Y
Fof] BEg=A A18EE EXE BR] &2 AoE YEr o EE2EE EER Hé% EX B ol
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5 ol ot BHoE 8 A YFH A AY =& dHE %%—7':‘—01 ol &HE EXZE F
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Distribution Characteristics of Bio-Aerosol and Carbon Dioxide in Forest Atmosphere

II-Seok Song, Yong-Su Bae, Yong-Ki Lee, Yoon-Ki Min, and Byeong-Hwan Jeong
Environmental Research and Planning Team

Abstract : This study was performed to assess based on field investigation the distribution
characteristics of airborne bacteria, airborne fungi, Staphylococcus and carbon dioxide in an area of
the Mt. Gwanggyo, Suwon. 20 sites, 4 forest sites and 16 trails sites, were selected for evaluation of
seasonal level of airborne bacteria, airborne fungi, Staphylococcus and carbon dioxide. An on-site
survey was executed between February 2013 and October 2013. Airborne bacteria concentration of
forest and trails ranged from 4 CFU/m’ to 3,254 CFU/m’ and from 4 CFU/m’ to 2,506 CFU/m’
respectively. Airborne fungi concentration ranged from 0 CFU/m’ to 2,420 CFU/m’ in forest area and
from 0 CFU/m’ to 1,734 CFU/m’ in trails. Staphylococcus was not detected in the survey all sites.
Carbon dioxide concentration ranged from 264 ppm to 477 ppm in forest area and from 272 ppm to
491 ppm in trails. There was no significant correlation relationship between airborme bacteria,
airborne fungi and various factors such as temperature, relative humidity, height, number of hiker,

carbon dioxide, phytoncide and PMjo.

Key word : Airborne bacteria, Airborne fungi, Mt. Gwanggyo, Greenhouse gas, Forest atmosphere

R9% : Az WF BAo] FINAA EA A2 A& olf3E FUB| VHFFHOE 2
ke 4B FAN 24T FEA 207] ARS ¥YAY 4} AHF FA2 167) AR
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2 Uy Ak F9 RHALE, BT, TEATE, AL o)itEEie EX 5
o #a) 2013 2¥RE 1087A] ZABIQTE RAMAT BRHAFL AP Y 4-3,254 CFUM’,
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Table 1. The sampling site in the Mt. Gwanggyo.
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Trails Course L(eknrﬁgh Site name H(e:n%ht Symbol
Course 1 _Jijidae~. . 1175 Munamgolgallim—gil 215 M, M
Banditbulhwajangsil Cheonnyeonnyaksuteo 266 L
Course 2 Munamegol~ 045 MunamjeZ2yaksuteo 229 J
Baengnyeonsujeongsang ' Baengnyeonsujeongsang 320 K
Soryuji—Jongnubong 238 1
Hagwanggyosoryuji~ jungganjijeom
Course 3 Jongnubong 3.156 Jongnubong 290 o
Course 4 Sanggwanggyo~ L6 Sabangdaem 181 P
Tokkijae- ’ Tokkijae 467 G
. Sanggwanggyo~
Course 5 Norumokjeongsang 1.06 Norungmok 540 F
Course 6 Sanggwanggyo~ 1.39 Eoksaebat 529 E, B’
Course 7 T fﬁ;sﬁﬁgfgfeﬁgg;ng 1.87 Tongsindaehelgijang 390 D
Jibanghaengjeongyeonsu 262 B B
Course 8 Gwanggyohelgijang~ 6.04 wongallim—gil ;
Cheongnyeonam Gwanggyohelgijang 340 c
Hangarihwajangsil~
Course 9 Hancheoryaksuteo 1.05 Hancheoryaksuteo 185 A
Course 10 |  Banditbulhwajangsil~ 182 Jeosujidekeu 100 N, N
Gwanggyoswimteo ) Gwanggyoswimteo 118 (0]
FnAite] F WAL 846 haolw |7 @ £ X EAT(staphylococcus aureus)OE 0]
A o 2008 B oo FRAL A ZE o X BEFE dosl: A Fa
54, 8% A= Aujx £E9 HlﬁH oy g FFo)7] wEolP
A57t A3 & 3ot £F2 g

AUFIE 37.1%, AFE T 14.6%, ».\l%h—}%
13.6%, 245 9.6%, oF7HAIVGF 9.5%, Wi}
55% ¢2o2 B Qrd.

ZAIGES BHAHE, 243, TEATT,
I8 2A47FAQ o4kl AE Yoz )
Fot. ERHAFL AL =& A HY, ¥)g
Z1#AYE T Z.=}° dHRA BEVA AW

AdHer e RAog 4HA Jyd. =
3 EEATHLE TEATEH S 1Y
Fd TEY FHIH, o] F Fele 257FH
401F°] 3o ol IF T 435S ¥dol H

T AL 9352 E49% coagulaseE: AAHSE

22 AERF 3 BY

37] B9 RFHAT R ERATE, /32
T AR IS BAPIFTE AHRYE FL3
| AE A3 7]¢) MAS 100 Eco Air SamplerE
Agsgen, & 50 LY §3¢ AR
24 9AE AW 1215 m AL FY A
Hell A 33 W8 A3t 1 FHFE FAHX
2 AT Al AH Hl 70% alcoholZ
T URE 25 AT F wRE FFA3)
doh. Alg ZZL EFEHEDY$(60~90 mm)
AR & A1gste] At FF7F 3 7
& Eglolth wiAE ERHATL TSA(Tryptic
Soy Agar), 37L& PDA (Potato Dextrose
Agar), ¥E7FL BPA (Baird Parker Agar)
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Passive air sampler® O|2%t [§7] & PCBs YT XA}

BE7|, 34, Sy, HES, 0187
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Atmospheric polychlorinated biphenyls monitoring using passive air samplers

Min Yoon-ki, Jeong Byeong-hwan, Song Il-seok, Bae Yong-su, Lee Yong-ki

Environmental research and planning team

Abstract : From the end of the 1970s, most countries banned the manufacture and use of the
polychlrinated biphenyls (PCBs). Neverthless, PCBs are still now observed in ambient air, sediment,
water and soil. This paper described the atmospheric PCBs monitoring using passive air samplers at
ten sites in Gyeonggi Province. Ten monitoring site represent residential, industrial, urban-rural
mixed, and rural types of regions in Gyeonggi Province. The concentrations of dI-PCBs and indicator
PCBs were higher at industrial sites than those at residential, urban-rural mixed, and rural sites.
dI-PCBs concentratioins of urban-rural mixed areas were similar to the levels of the industrial areas.
Five congeners, PCB 77, PCB 81, PCB 126, PCB 169, and PCB 180, ratios of XPCBs
concentrations at industrial and urban-rural mixed area were two times higher than those at the

residential and rural area.
KeyWords : PCBs, passive sampler

g9 : ZZ = olEl= HHE(PCBs)S 19708t TRE iR Ut Az D ALE
FXE #gEdoltt. 28y 30de] At AFE Hd3] #FHAFTA FAFIT o] FAAHL
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¢ 7] & PCBs S E%E ZALS 2012.09-2013.08€ 7] 197 AA AT ZALEAF, FLA
H (g4, A]%, By 7] £ PCBs SUE7 71F =& Aoz ZAHAY =R EFHA (%
F, 553, £31)9 A% dioxin-like PCBse LG E7F 3dANGH v £ F£Foz2 Yeygr).
PCB 77, 81, 126, 169, 1809] ¥ ¥H|E= F X I =5 EFX oA FA 2 mRHol| B}
2} o] EA YEY A Gzt viEY o FE3 FAALES FAE £ U

FA ¢ FFRMCIEE A L(PCBs), HAIE AEH

|z EAEHEAT RS, 26H, 20134
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1. M3

ZZ2lolg]l= H]#H'2  (Polychlorinated
biphnyls, PCBs)# tho] &4l ZRAdo] 4w,
FAY olFol 7Hs3ste AAAAA o] o
g BAAMA (W], 2 2 EP) F ARFE
g A g AFIE FESA o] Fo
i e sTEFeltt. 1 F PCBsE A A
deo2 @ol ALEFHA oY 19703 FHHEH
Abgol FX" FFEEdoltt. FudAE AHE
FA4 84 3049de] AgFAE, A7A 7],
4 9 BEY Fd SATTGT ¢HA A5t 2,

PCBst % 209%9] o|AAAZ &A%t 1
F 43 BolSAH fAE 54E& dEdT
3 4#HA vk HAAERZAZIF (World Health
Organization, WHO)IA& to]&413 FAFSH
QAL Rol: 12%¢ PCBsE Adstan?.
1229} PCBst 471¢] non-ortho PCBs (IUPAC
No. 77, 81, 126, 169)% 8702 mono-ortho PCBs
(IUPAC No. 105, 114, 118, 123, 156, 157, 167,
189)°]t}. o] & 12%¢] PCBsE tho|24lz FY
3HA 2,3,7,8-TCDD (Tetra
dibenzo-p-dioxin)2] FA& 71Fo2 EA4F7E
AAFE ML o], EAFIEAFER B
AlB71E gt vl @F H(US EPA)IA = &
7 FA EAsE PCBs F 7L T8 29
gdz Aoy, 732 PCBs (IUPAC No.
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Removal characteristics of heavy metal on sewage water
by activated sludge process

Chang-Gyu Kim, Yo-Yong Kim, Bok-Jun Kim, Deok-Hee Cho, Song-Hee Han, Woo-Kyung Nam,
Jin-Ho Song, Jung-Mi Han, Hye-Ran Jeon and Jo-Gyo Oh
Watershed Research Team

Abstract : To understand the toxic effect of heavy metal on the activated sludge, this study identified the
oxygen uptake rate(OUR) inhibited by copper(Cu), aluminium(Al) and zinc(Zn) shock loadings with different
concentration. All investigated heavy metal adversely affected respiration of activated sludge and OUR activities
of the activated sludge exhibited high sensitivity to the "highest metal concentration. Nitrifying organisms were
more susceptible to heavy metal inhibition than the organisms responsible for the oxidation of carbonaceous
material. From acute toxic results, Cu is the most toxic metal, followed by Al and Zn. Inhibition
concentration(ICyo) was 5, 10 and 25 mg/L for Cu, Al and Zn, respectively. In addition, synergistic effect was
found in the mixed heavy metal containing Cu, Al and Z

n. Removal of total organic carbon(TOC) was not significantly affected by mixed heavy metal in the batch test.
But the oxidation of ammonium nitrogen(NH;-N) was inhibited by mixed heavy metal. It was determined that
tolerable concentration was 1.3, 2.5 and 6.3 mg/L for Cu, Al and Zn, respectively. As a results, the removal
efficiency of TOC in tolerable concentration was more than 92% by batch test and heavy metal was removed
about 97%.

Keywords : heavy metal, activated sludge, respiration inhibition, nitrifying organisms
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Table 1. Composition of the concentrated synthetic

wastewater
constituents concentration
carbon
20
source glu(.:ose ------ gL
ammonia ammonium chloride 3 gL
source
, ferric chloride 0.025 %
nutrients
and calcium chloride 275 %
buffer magnesium sulfate 225 %
solution phosphate buffer pH 7.2

Table 2. Metal toxicants used for respiratory
inhibition testing

. concentration
metal chemical form
(gL)
copper CuSO; + 5SH,O L3
pp (Wako, 99.5%) ’
aluminium AICL - 6H;0 1, 3
(Wako, 97.0%) ’
. ZnS04 - TH,O
zinc 1, 3

(Wako, 99.5 %)
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Table 3. Removal characteristics of TOC and heavy metal by activated sludge

Dosage Initial Concentration TOC Cu Al Zn
(%) (TOC, Cu, Al Zn) (mg/L) (mg/L) (mg/L) (mg/L)
100 125.2, 5.0, 10.0, 25.0 10.7 (91.4) 0.087 (98.3) 0.210 (97.9) 0.970 (96.1)
..... 50 ) 125.2, 2.5, 5.0, 12,5 9.5 (92.4) ‘ 0.041 (98.4) 0.040 (99.2) 0.214 (98.3)
----------- 2 5 1252, 1.3, 2.5, 6.3 9.3 (92.6) 0.027 (97.9) 0.026 (99.0) 0.102 (98.4)
12.5 1252, 0.6, 1.3, 3.1 9.7 (92.3) 0.021 (96.7) 0.021 (98.3) 0.051 (98.4)
.......... 625 125.2, 0.3, 0.6, 1.6 9.4 (92.5) 0.015 (95.3) 0.029 (95.5) 0.043 (97.3)
() : removal efficiency (%)
Fig. 794 8% E¥Fx9 25% o3t 2 L}E}L} qREEe FIFEL <
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Pollutants in Industrial Wastewater and Ecotoxicity Assessment
Kyu-seung Shim, Tae-hwa Kim, Kyung-ho Na, Ji-young Kyung, Mun-jeong Kim,

Kyun-hee Kim, Chae-gook Lim, Sang-jo Kwon and Sun-min Hwang
Water Quality Conservation Team

Abstract : Industrial development in korea results in a rapid increase in the number of chemicals, some of which
may be responsible for toxicity to aquatic ecosystem. so, chemical analysis alone is not enough to assess
ecological effects of toxic chemicals in wastewater.

Therefore, the evaluation of Daphnia magna’s ecotoxicity targeﬁng 88 workplaces with Classes I to IV in
Southern Gyeonggi area was carried out in this study, and the causes of ecotoxicity were determined through the
detailed investigation of causing substances targeting effluent water from the workplaces where exceeded the
ecotoxicity standard. As a result, 6 workplaces including 1 workplace with Class IV and 5 workplaces with
Class V exceeded the effluent quality standard.

As the substances which created ecotoxicity in failed workplaces, antibiotics in medical substance and medicine
production facilities, residual chlorine in seasoning and food additive production facilities, heavy metals (Zn) in
semiconductor and other electronic component production facilities, heavy metals (Cu) in metal processed good
production facilities, ammonia nitrogen in the wastewater generation facilities in waste processing industry and

residual chlorine in hospital facilities became the causes of Daphnia magna’s ecotoxicity.

Keywords : ecotoxicity assessment, Daphnia magna

29 1 U APTLE As) ASMEEHE FAHLEAY FRE FF3 FUET Yo} ol #A
Ho 2 g 9 SAMES BHsed @A Aok oo # dFME B FRAY 1~5
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A BRTE YR Al 2AS JHEY dAe getatdnh 2 2 67127 W& 87
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21 EW ¥E

A7 G¥AY 1~5% A5 U A
ol g 3L table 19 JEMAAT.

A7 G8AYG 107 A-T 3BA 4F A
HEA A3 A 26504008, 58 A
Zo] 218MAE YRES A stm 9t

Table 1. AHIEA HHAAE A%
47 A= -7 92

TR A Tagaaned|zaag
A 265 125 117 23
15 14 11 2 1
2% 7 2 2 3
3F 9 7 2 -
4% 17 11 4 2
5% 218 94 107 17

o]F 2013 3¥%H 11¥€71A A7 A=A

AL AANBEY 887 AYFS A¥ULLE

sgon JEY FARFE table 201 YER)
1=

Table 2. 45 AHEE HAALER

FE| A |12 | 2% | 3% | 4% | 5%
A | 81| 9 3| 6 10 | 60

NgEs Y33 st £4 b7 3
ZRA4 T oldhHdtger ARAH F 364
7 ool ERAF S ANsATE EA4AHH
A 9AEE L HostnA HEF fEFH L7
% 82 BOD, COD, SS, T-N, T-P, N-H,
ABS, F, Cu, Cd, Pb, Cr, Cr'®, Hg, As, Mn,
Fe, Zn, Se, Ba, Ni, E 2224 €4, HEZ
gz2ddd, 22238, A4, AdsHs,
gegzzde, 11-tgyZE==d494d, d3u)d,
olagzJEY BERIYE 12-UFE 2 €,
HAE, AL FHELEFZANE7IE # £
Astgen, 1 9 &%, pH, DO, AV|AERE
= #4=A7] YSI 556-MPS, A%, g2}
Adae ZFIAE olSA 7] HI-93735(H]
A¥), HI-93733(8] %), HI-95701(H] 43)&
o] &3l B3t
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Ao AL-£8 EWHEL Daphnia magna®
FHAA AP ZRY EELUT AFAE
o € AEEA F7PEHe FELITAHA
A71E A498 EHEE o] 8% F45H ANE
Wl me} FRsA

Algd == 440100 %), 50, 25, 125, 6.25 %
2 ZEvjsdeon, 4889 50 mlol EHE 5
vt d FdsAt ol HXFe EHE A
F&dE AHEEAT dY AFFN EHSE
(Daphnia magna)®l WEz1LE 2EE(20
2 Cyolz 23 g Eolnrl HXE =
53 2z} 16417, 8IS BRen 3
€ 1,000 Luxel3tE 3lRh Hol:= F9
Chiorella Sp.(5><108)_—§: 1L 71¥ 2~6 ml/day,
BEHo|Q YCTE 1L 71& 04~1.2 mL/day
Z FFIAT. SHAAELE AF 2F o9
A AN Hod 247 olule EWE S
Adste] Abgslen, Ad Foae He ¥
F& 3kA &Iy

¥ E EAAEY A=HYQAQOE
& 71E FAHAEAQ] FZEAEE (Potassium
Dichromate, KoCr:07)& AM&3te] w4 dsF
X (Effect Concentration of 509, ECs0)2] ECso
°] 0.9~21 mg/L ¥ EFF =X A 3
¥ E AdE st F2E8NZE
£3 54 HAlE £ 53 FPFHoH,
table 3¢ A#HE YEFH AT

E4Z2%= BAA ZE2I3%< Trimmed
Spearman-Karber method& A}&3e] W43
FFZ(ECo)E A& 54 kel 100 %
ZA9A 50 %038 AAHES UEME FS
o diside FAHANEHAA AAEE 002 x
FFIAAEY AP E o] &3t AdE3AL
o, 54 FHALZ A= TU(Toxic Unit) =
100/ECs02- 2 YERA AT

o oo
e oo p

Table 3. FAEAZEFS] EE=H

Ay 5 | 1 2 3 4 5
ECso
(mg/L) 104 { 097 | 1.00 | 1.13 | 1.00
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AZAE 17, 44ZAE Az 17, &30
F o4d-o4E € dAAFE ARAA 14 otk

88 AF T BAFEL 671 AFGF olleH
5% AlgAol 5704, 4% ArgAo] 1714 table
4o JepR o™ FAHF AlgAF disiAE
4 HESt ALRALE AASR G

Table 4. 45 Aeis5AH AA2

T ¥ A 1€l | N2
A 33 32 6
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4% 10 9 1
5% 60 55 5
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2A4 17, 298 2 U7
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E7EAE A
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F=A 2 el ARRE AFRAA 173, 958
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Table 5. BE)=A 243 A19A d3

L AEAIERAA) 4 Y T2 | 27(TU) | 71F(TU)
63)3¢7}%zﬂ% AZAA 4% 7} 4.4 2
12)z298 9 AFHANE ARAA 5% 7} 16°]7 2 -
6NNtEA 9 7l AARE A=AA 5% t} 16014 2
INYEE EF E gIF ARAAL 5% 7} 1691 2
B)H 7 EAE e HFLAAA 5% u 3.7 2
74)H DA 5% = 9.1 2

887 Aol AelEA Hr7hE A TU=01 At
AFe 5OAE, O0<TUIY AMg3L 13704
1<TU<2 1 AbGA-e 10704, TU>2¢] Atg e
67022 VERT

32 HEY HeHE SN U MEISH I}

321 SHIIEBHE H=AIA

Y AIGAe AEEde)an, Waid)e A
Z3e 4F AAGAoE EF (o}, ¢FuE, 2
)N R A L2E A A2 (HS0, KOH)FH
dA #Hr)l ) =He gL F 1762
my/g olm o]|Z Ah-dBE s 124 mY/Y, =
E2¥5E 21 m¥Y, AgHSE 301 mY/Y o
2 3E 2 AgtEsE 12 AY F AhdZEy
Fob EFH HF A Foh

HFSo g A AR AHEL AAL
AZE table 661 JEPAAT 12 4 A A
HEA e 44 TUZ 23EHYoY ol9d o
W AR EL wEFHE7]E oI v Cu
E 0463 mg/L2 JElgten, BuEe ECk(et
F93gFx) Ztol Cu & 005 mg/LE A
o] M5 ANEZDE FEHUT

Cu 7l ¥ =2 B&5HE T4 e ¢
Hoz E-AA AlZl & E AIAAEFH 04741
A EE st 494 Ag E FHUE A
AEE o] 22 Al Cud FE7F 0130
mg/LE ZAHAIL, vE AHFA gko] 25 TU
2 2357 oy IA RolAe EHE B
At

A= 71EE T

=317 93 FF% AGA
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g 2dste] A¥Ee] THE ARY ¢ U=S
A

Al AR,

24 3= 3 27
=4 (TU 4.4 2.5
Temp. (C) 19.6 21.7
pH 6.9 6.9
DO (mg/L) 7.0 4.6
Conductivity (¢s/cm) 3312 2427
Salinity (%) : 0.17 0.12
NHs-N (mg/L) 6.0 3.5
Hardness (mg/L) 160 145
COD (mg/L) 20.6 17.0
SS (mg/L) 3.6 2.5
T-N (mg/L) 19.184 13.324
T-P (mg/L) 0.462 0.636
F (mg/L) 1.0 0.46
Cu (mg/L) 0.463 0.130
Cr (mg/L) 0.02 ND
Mn (mg/L) 0.025 0.043
Fe (mg/L) 0.25 0.291
Zn (mg/L) 0.303 0.338
Ba (ing/L) 0.016 0.033
Phenols (mg/L) 0.016 0.010
Cyanides (mg/L) 0.020

0.026

322 0|8 ¥ AEHIIE HEAMM

A% A 1A 2 EREA ZVEE A
Z3e 5% AR E S WEFL 6 m/Y,
Q& FE 67 mY/Yolth

2238y xalet AESE e st fig.
17 Zo] ¥HFAIE 3t WHRTE viEsy,
BOD, COD, SSt E#XY9 3L Hgsim,
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N-H, T-N, T-P= 79 Hgeo W

=K
Rl E 9N FAYER AASY BARS

e} e dRd 2AN NS B2 | 219

Table 7. Zrlg 2 AFH7= AZANE 45

R R

€ table 79 YERASAT. B gE 12 | 23 3%}
AEEA (TU) - 16< | 48 0.7

v - 7. “Temp. (C) 19.7 -] 235 | 225

— — —> — pH . . . 7.7 7.9 7.5
B 89 DO (mg/L) 11.3 10.1 8.6
EugE=E RE=Y= Conductivity (us/cm) 166 114 117

~ Salinity (%) ND ND ND

7 l Residual chlorine (mg/L) 19.4 0.81 0.1

— . NH,-N (mg/L) 2.1 1.0 1.8

e -— — gggness (mg/L) .42 67 12
eeruen - (mg/L) 0.9 0.5 1.0

=k COD (mg/L) 1.8 0.9 1.9

< SS (mg/L) 0.4 0.4 0.5
=S T-N (mg/L) 1.284 | 1.234 | 2.088
T-P (mg/L) 0.147 | 0.058 | 0.219
Cu (mg/L) 0.009 | ND | 0.008
2UsEE Fe (mg/L) 0.100 | 0.036 | 0.152
Zn (mg/L) . 0.146 | 0.195 | 0.217

Fig. 1 =g 2 AEFI/E AZALEY #Hs Chloroform (ug/L) | 72.771 | ND ND
Y FAE Phenols (mg/L) 0.015 | 0.016 | 0.012

}F AIFES FH A3 §FE AMSsta
geon, daAde 25 m¥Y, ATNE L &7
AR 10 m¥/Y, 34 2 AEg5 10 mY/Y
o] AHg=) 3 gleh,

13 B4 A3 YSA ghol 16 TU o2
E 292 FFE4L F=7F 194 me/LE o}
Bht dasso] YUy Zde) dlelstn #
w5 gk,

FhAEFS Zulg € HAEHNE ARAE F
A T ARHAAY AEEH AHE F T AR
< fd  AEFHAN FE ALY
trihalomethane(THM) 3} Zro] Izt 2 FAVElA
o #A¥E & 5 v 23 FAEQ] AFIALV)
ARaT?

2% da Ay 9 nEAEd AHs
5, Q&M T oty oy AXulgol
HIR I, FA1#E] HEE Bo] A8 dtE B9
o 7ol AR, EFe] €3, ZUHFY
o] 1% d4FY 258 Bo] AHgstn Y= A

Aolt}.”

HF AL FFE ol HF wiEAA
& NZ2 AX3e FZNA €9 viseE 94
FAE HAsHA st AEEA dFE vA
Aoz #wado 7leXd F 23 BAA 94
FAFE 29U 29 HFFe IFAEL: FE}
081 mg/LE #AHge HEHEHL 48 TUZ
&3 ENEL 2339

A EA & E7FE W= YA e
BRT AFEE FEE 02 mg/Lol3tE #X
3 F JEE da FYFE 2Fs9n, 94
AEx Fdo 4NN TVE  F = 29
229 7HAE 2R

°|%F 3x EAZdx IFFEL =7 0.1 mg/L
2 Zagden AHEA FE wWEHLEINES
WEEE 07 TUZ ZAME ST

T35 dadE 9 AYHaE, & 475 o

A 2% A8 4R 2FRES AT

2

323 Bt R| U JIE HFAREE M =AM
AF AlEAL ARNRE, 94, 2F 2 4%

HIE Az 53F AHEALE He weFe 1
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mY/YR &TFE Aggeltt.

ng FHE2 YD AFE AHI}E A
F7 F8 2des YAy FAVEL HLE
o @R U A £ FEH YHEA

7A} A7E table 89] LFERASIT

Table 8. ¥t=A 2 7e} AREE AFAH

}ee 2AAY

=4 35 12 | 23 | 33
AHEA (TU) 16< | 1.8 0
Temp. (C) 25.2 26.2 17.2
pH 6.0 8.1 7.4
DO (mg/L) 5.9 5.0 5.0
Conductivity (#s/cm) 730 1766 | 1396
Salinity (%) 0.04 0.09 0.07
Residual chlorine (mg/L) 0.02 ND ND
NH4-N (mg/L) 45 0.9 0.3
Hardness (mg/L) 155 170 160
COD (mg/L) 19.8 55.7 43.7
SS (mg/L) 14.4 5.2 8.0
T-N (mg/L) 45.739 | 0.376 | 0.590
T-P (mg/L) 1722 | 0.013 | ND
F (mg/L) 62.0 1.47 0.2
Mn (mg/L) 0.080 | 0.010 | 0.076
Fe (mg/L) 0.080 ND | 0.039
Zn (mg/L) 90.3 1.048 | 0.245
Ba (mg/L) 0.019 | 0.093 | 0.025

B3 Znol 903 mg/LE AHEA 237
AelEAE AAEHon CAEANETEY Zn
o] 3o} U o}l Az B/t HA F2
ATt : :

BHE9 ECo(tF98sE, 24 hr) #2 Zn
05 mg/L2 &3HA 3o? $FPAL st BF
F9] Zn® FEE 1 mg/Lol3tE #AES 3
Ak .

A4 gl BAl ekol whex Mg fig 2
o} Zo] JFZEE HAFA AFE Bt F
13] ¥kgz22 B A= F= stk 33
BAAT Zne 0245 mg/LE ARHNT 5

A FE HWEFHLIEL =3 0 TUR XA

HA

|z RN, 267, 20134
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Fig. 2 ¥t=A] 2 7|8AAR-F AZALY A<
ATAE

324 9 BRE BE W QER=AA

A AAGAL QgFE, 58 FE L A
AANE Az 5F AHFLE G wEFge
50 m¥/¥ ot}

48 ogES EF, AXF &71E AHEE
¥ 305 m¥/Y, vter FAFE 195 mY/do] AL
3 gem sty Aze 4ERH s
ste] WRFE WEFT Yo

BRgol e Q9 £IFEI YA

AEE4ge] 16 TU o]F2z2 wEs87ES
Hagd ot 54 dUQED] € T wiE

o P lo

Table 9. 9188 B2 R AFFAZAAE BFF
p b
R B 13} 2%}

A=A (TU) 16< 16<
Temp. (T) 12.7 16.8
pH 7.6 8.3
DO (mg/L) 12.2 9.8
Conductivity (u#s/cm) 261 750
Salinity (%) 0 0.04
Residual chlorine (mg/L) 0.11 0.04
NH:-N (mg/L) 3.7 113
Hardness (mg/L) 57 79
COD (mg/L) 15.6 . 194
SS (mg/L) 24.5 384
T-N (mg/L) 4.652 12.243
T-P (mg/L) 0.297 0.290
N-H(%F) (mg/L) 0.6 0.5
N-H(&) (mg/L) 1.5 1.3
F (mg/L) 0.54 ND
Cu (mg/L) ] 0.013 0.015
Mn (mg/L) : 0.019 0.023
Fe (mg/L) 0.508 0.341
Zn (mg/L) 0.485 0.289
Chloroform (ug/L) 5.444 ND
Phenols (mg/L) 0.026 0.025




o, He WSS 87E FE ol9d] 9=5=
AR HEE oE, FYATe] AHFAEAN %S
nRHE Aol ALRHA ¥F oJobFE, FAA
of hE HeE4Y B/ deditin d9d
th B8 84 T JgEAY wE2 dstd Wl
e A7 E2e ¥ =30 2AY F 3
, A wde] vEtd ¢ Jon, FA4A
‘—H’ﬂi‘«l £¥8E $EHo 4F tHx el
o dig Ad 48 Brhh JYyHz e,
oefEde EFx=E ol AHAAAY F

2 A3A g e 27489 A7 Bas)
)

J

s

e AHEHe AQer)st ol
g HHos PRHA %3 AFFTAY
228 Adse] AehES s 1A

ke
-/‘k_
=z =
HEY EAE HEd=ESE 30

o

325 HI7IEXNZ e H,y4AA

AT AdFL AZIEARE dHeesiRDE
e ke 5% A2 A5 2L 30 mY/
d ol

Table 10. H71E2AHS H2AAA BRS E42%

Y 35 12} 23}
A =4 (TU) 3.7 0
Temp. (TC) 11.8 6.9
pH 7.5 7.8
DO (mg/L) 13.0 16.4
Conductivity (us/cm) 6818 712
Salinity (%) 0.37 0.03
Residual chlorine (mg/L.) 0.04 ND
NHs-N (mg/L) 155 14.6
Hardness (mg/L) 185 125
COD (mg/L) 35.9 46.7
SS (mg/L) 58.7 47.8
T-N (mg/L) 1312.9 15.843
T-P (mg/L) 0.311 0.325
F (mg/L) 2.0 0.33
Cu (mg/L) 0.081 0.033
Mn (mg/L) 1.075 0.173
Fe (mg/L) 2.143 1.317
Zn (mg/L) 0.519 0.112
Phenols (mg/L) 0.040 - 0.021
Cyanides (mg/L) 0.019 0.010

Agule] e gL 249 Qs B | 221

AsedAE AAY AY(ER, ADE oA
& 2U89E AYE st PR PR
WE 9% $ALEH YHSH FAETHE table
1091 pehigich

14 B427 TFE T-Ne| YAHA fe
2 A5Ae7t W 2= NH-N7 A9
4 23 Q902 BUYUS. YNY I¥E
A #2U4 UE AY F & oAsel RYHem
A7 AYste] ArA £&e ¥ A4 A
YES s |

27 423 NH-Ne| 320 mg/LE A% o
siem AHSY AT 0 TUZ AEHEIIE o
W2 AFHAS FF 2FE A5 F94 =Y
e A5ReT da ASRL BAT GE
% A,

Jfﬂ

3.2.6 HRAAIM
AF AdAe FFPPPoE 5F ALY Aol
W4 0lETe 26 mY/YRE AFEo|T)

Table 11. HAAA TFFF+ EA2AH

=4 35 12} 27
AHEA (TU) 9.1 0
Temp. (C) 19.2 19.3
pH 8.1 7.9
DO (mg/L) 9.0 9.0
Conductivity (#s/cm) 1151 1089
Salinity (%) 0.05 0.05
Residual chlorine (mg/L) 0.64 0.01
NH4-N (mg/L) 18.0 12,2
Hardness (mg/L) 85 80
BOD (mg/L) 2.0 4.3
COD (mg/L) 24.0 18.5
SS (mg/L) 36.5 38.0
T-N (mg/L) 20.816 16.471
T-P (mg/L) 0.159 0.162
ABS (mg/L) 2.68 4.43
F (mg/L) 0.037 ND
Mn (mg/L) 0.449 0.052
Fe (mg/L) 0.179 0.133
Zn (mg/L) 0.079 0.027
Ba (mg/L) ' 0.396 0.017
Cyanides (mg/L) 0.019 ND
ZHFAE (H/mL) 0 0

A7 =2HSAAT UL, 268, 20134
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Advanced Wastewater Treatment with Microalgae-bacteria Consortium at
' Different Light Wavelengths

Dong-Han Kang, Hee-Chen Moon, Young-Ho Jang, Jong-Su Kim, Mi-Jung Kim,
Jo-Gyo Oh, Jung-Bok Lee
Water Chemistry Team

Abstract : We investigated the possibility of application of algal-bacterial consortium for conventional
activated sludge process and property of wastewater treatment performance using photobioreactors,
irradiated with various colored LEDs such as blue, red, green and white. As the results, the occupancy
of algal biomass in algal-bacterial consortium at each bioreactor was showed by the order of red >
white > blue > green under DO 7.0 mg/L of constant aeration. All photobioreactors showed higher
removal rates of total nitrogen and phosphorus than those of control bioreactor as 13.4% - 26.8% and
18.4% - 35.8% respectively. Especially, the highest removal rate of nutrients and occupancy of algal
biomass was showed at red color. Blue light, shows the highest settleability. Alkalinity of all
photobioreators was higher than that of control about 10.2% - 17.8% as CaCO3. It may be due to
recovery of alkalinity by photosynthesis of algae . This result means that wastewater treatment process
with microalgal-bacterialiconsortium can be a cost-effective process for post-processing with chemical

coagulation and enhance the buffer ability of effluent for aquatic ecosystem.

Key Word : Miéroalgae'Bacteria Consortium, LED, PBR(Photobioreactor), Activated Sludge Process

Y : E dFidAE BAEHA FHY EZrzqA 2F - wH <} consortiume) ¥ FF3E sl
A 54& st DO 7.0 mg/L o|4elAl &7 - el ¢} consortiume red, white, blue
4 green £MZ 2F HFF&ol EXh s A5 We 2AElY A 2HE A A
FFEF AAL] ZE 4 Ao dis] FFHENeH HFEE T-N AAELS L& RAME 6
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nAZzF e AT d99 F2, o3,

F% EZA Yol EAY AS -, 55 F
o g5 EE T 59 FAAA w2 A F4
e Bz, Hze T2 @7 EAE ¥
4 1 H(Donaghay, 1997).
FEFFYAA FAE 2HY Ao F4L&
F 549 9% 459 A4 A¥, F#4H
o FF 59 FH LR 43 59
g (Anderson, 2002). 247} )
29 ME AF 293, FY, T2 AT ¥
Hod #&F F7F 522 FTFY =2F °
4 4 EAe AZAR U olgk= v
2 ZFE olEF vl A4, o]itst
B 1, A gEF AL AR E HEZR9
g8 5 FE o)EE AT A7 WS &
@3t A Z P31 T (Schenk, 2008).
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metA steg wARF A4S A% JFEE
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g1 FEF o oises nFR} &&
A& FFY EFHE VU F I (Park,
2011)
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AFE AAFezE g FdstA JAPHD
t}(Park, 2011; Rawat, 2011). 28y A Z7}]
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Ageo mE YAZE A3, AWVEE T 4
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29 ¥ E-5&F F& F& HAdHE FHA
2 Fo}lltHChen, 2011). ©l8 T EAE A2
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53], nA=Fo weole] AU TG
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A ¢ 47 AAE A WE=A asit o

CwEHeE ogHm Yt BHEYA FHL &

718 F49% PAE L HAis wte ot w
g AZe 98 74" EUE FoEH FHS
S8y AFAZFHRDANNNE hFY 5
A 5 Atk J1AH Zrle £2F - dEH o}
consortium Hho]2mixe] 3 F4F AHATH
F3AdE FEE Aoz AR HI(Park, 201D).
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A% F §EEAL BN, s o
¢ T-N, T-P, MLSS, MLVSSE o33}
@ EAsh @AM A&A SAsF
st #29¢ DO, £, AVAEE, pHE YSI
550 & FAVIE ol&st wWd A5 A
}. BODs, SS, T-N, NO;-N, NO«-N, NHs-N,
T-P, POs~P, Chl-a #&2 A2 IITHEAH
71 & (@77, 2012)°0 wEt AAskit. 42
EE ANGez fEdeAAE AHEER 0.02N
HSO:.2 AHAste FL@I=EE FA}IAUT
Table 2°] &4 =1& EAIFAH.

Table 2. Operating Conditions

Items Value
Water temp. 25C £ 10T
HRT 46 d
SRT , 20.7 d
Lightening time 24 hr/d
Speed of skimmer 2 rpm
Mixing speed 200 rpm
Frequency of sampling 1 time/d
3.4d3 9 g

31 7els M4 U SHE Y @5

Y A Ede AEA g aA45tn e
H ER4oE SE ARt 3k Table 39
AT 717k B FYss 44s JEhideH
SSE AT YB3 AFH EA5EY W
Aoz vepgth
Table 3. Characteristics of Influent Wastewater

AT 2ABAATHE, 267, 20134

Contents | Average | Min. | Max. | SD
BODs 223.1 150.2 | 3316 | 67.7
SS 121.2 952 | 14528 | 16.7
TN 41996 | 37.063 | 48.421 | 3.443

NOo-N 0.065 0.008 | 0.274 | 0.091

NO;-N 0.151 0.008 | 0.3% | 0.111

TP 4519 3.758 | 5705 | 0.722

Alk. 1989 | 152.0 | 2440 | 137
2% - ubel2lo} consortium ¥8719] SRT 418
A8 wd 600 me] wlolmiAE AT Azl
H71&8.2eH DO, pH, 72, A7HAEEE FHHA
t}. DO REE wg7ldA 23} FEo| 7R 73
~ 78 mgLE §ATOEA 1EE £F Ak 2H
oA =& . utgl2lo} consortiume] AJENE FEAISN
s Briskack 7 wkerle] |9 25 5
4T~ 263C ¥l FgF oz P vy,
pHE Wo) AL ¥HE719} tiE W7ol Es
Aol2 BT F, We FAR wh7)e] pHE 72
~ 74 MY A =Yoo vz ukgr]e pHE
6924 AiFoz Igth ol BT AN
olEtEAE AL OH ol&g Hi&shs 2H
o] By B4 7|Ashk Ao Avdh

Table 4. Measured Data from On Site
Consortium Reactor.

Contents Control| Blue | Red |Green| White
Temp. |Ave.| 263 | 25.7 | 249 | 255 | 249
(c) |std| 06 | 03| 05| 07 | 09
Conductivity| Ave. | 514.1 |477.6 |476.4|501.3 | 489.0
(us/cm) | std | 133 | 163 | 204 | 148 | 137
o |Ave| 69 [73[73172[73

P Std| 02 | 02 | 01 | 00 | 01
DO |Ave| 73 |78 | 78 | 77 | 78
(meg/L) |Std| 03 | 02 | 02 | 02 | 02

o

A7NAEEE UE AR ZE w87]¢AM o
Z y3rlel vl HE 25% ~ 73% A u
Eitor ol mAzFIT YA HA s W &
& o2& AHAY HEY ReE FAHIR
Table 491 & &FNA AT 5 FTT EF
AxE YehAA N
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Table 8 Consurrption Ratio of Alkalinity
(unit : %)

Control Blue Red Green | White

86.9 75.5 69.1 76.7 70.1
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'Coh'elation between Odorous Compounds and Blue-green Algae
in Drinking Water Sources in Gyeonggi-do

Boyoun Kweon, Kyonghee Lee, Yeonkook Sung, Philkweon Chai, Jongsung Kimy Taeyoung Kima and Bunah Jang

Drinking water analysis team

Abstract : Correlaﬁon 'betWee‘n odorous compounds and blue-green algae was investigated for six
drinking water sources in Han river and Paldang dam from February to November 2013. It was
speculated that algae alert was not issued since a great deal of precipitation and dam discharge
significantly suppressed the occurrence of blue-green algae. Geosmin and 2-MIB were detected at all
the six sites less than 20 ppt, but other odorous substances were not traced. Correlations between
chlorophyll a and eight other quality factors showed BOD> EC> TN> COD order. Only 2-MIB was
detected in both of pure cultures of Oscillatoria and Microcystis. In addition, 2-MIB concentration was
supposed to change according to the growth steps of each algal species.

Key words : chlorophyll a, blue-green algae, odorous compounds, geosmin and 2-MIB
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Table 1. Sarmpling sites of drinking water source

Site Water Source

sal Paldang 1

sa 2 South-Han River

sa 3 Paldang 3

sa 4 Paldang 2

sa 5 Paldang 2(3%The wet season: Pajong Pond)
sa 6 North-Han River
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2-MB concertration, initial odl murber = 4000

= e

o WAEAN F2F AuwA 47 | 241

e
F A" 2§ 7] AEF7E 16,000/mLgl
AgolE, F 78x10571A M EFI}F B
22839 224~3146.4mg/m’2 W3}y
t}. 2-MIBE 0.12~288 ng/LE AZHNoH
A AA A¥e Ao 28 AEFY 22
d-ad F=E7F M8 & 9 Hoygs ey
A R MgAE FIHEA dn 2F A
g BEANIFonZ A WA 2FEY DEt
22 BF2AE FASNH7] A ZA79
APE71E HEEEEA ANERSY FEE dsid
Aoz AdET. FujEr) AE7t Heg o]
£ v 2-MIBE 288 ng/LE H1FES Yelith
271 AEF7 E& O§Y Asde AEd
2-MIB Fx¢ AEFY E22H-a7te] ¥
A 5L 49 AHRAAFig. 6, 8)F e it
z71 MEFIL 49 A= HE 295 2§
k= sla% a2 @A fAY 3|8 o
A
T

o

_?_
29 AAAAE 2= Aoz Yelydoh(Fig. 7, 9).
o] 2} g éﬂri—rﬂ 2-MIB¢} 2+ Ax$Fu

Z22d-g9 3E2HE EAF FAS E
AT g A D 2F ZAdAS AH3
BAE ZE Roz BAYHH

15

# +

12 y= 2.7827x+09111
R¥=0.5873

M8

Hg. 7. Relationship between chlaropiyll-a and 2-VIB
concentration, initial cell mumber = 4,000

3.2.2 Oscillatoria ¥l %

Oscillatoria limnetica & %7) AX4 220,000}
570,000 cel/ml ¥ ZFo=2 U¥yo AAL
AT A AR 2FY x7) AEXFV}

A 2EAATHE, 267, 20134
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200,000/mLY W 359 A} F 56x107HA Al
7 Frlsl e 2293 9 HEH
3te] 208~1202 mg/m’2 W83l o).

35

Sle * ¥=-00245 + 21231

® 203163

5 §
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Fig. 8 Rdationship between oell murmber and 2-MB

concentration, initial cell number = 16,000
‘33

IR g ¥=-0514%+ 20551
25 o #=0247

Fig 9 Rdationship between dilargdhyll-a and 2-MB
concentration, initial cell mumber = 16,000

s

26 * ¥ = 00578x 4 3.4763

W =00298

i3

=M

16

5 /
: .

+

PRE PN Py
OO0E+D0 1O0E401 20E401 3.0E401  40FE401 50EH01  6.0E:01
celfmt
Fg 10 Rdationship batween odl nunber ad 2-M
ooncentration, initial odl muarber = 220,000
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Fg 1l Reationship between cdl mumber and 2-MB
oconvertration, initial odll murber = SR00

YAl EAQ 2-MIBE 0.3~20.2 ng/L 92
AEH9en, A¥se F229-3 F57} H2H
2 o Adge Jdehdch

= HA 2§ 27 AES7E 570,000/mLg)
ASodE, AW 55x107HR] AESF7E Eoiwt
g2z 2d-a¥x 390~11958mg/m’2 ¥ 3}3A
t}. 2-MIBE 07~190 ng/LE HEHoH
gke] Ao FlARZ NESY E22H-a9)
50 Mg & 9 FUge deikch
el 7] AEe BAIgle] 2-MIBY F5&
FAEA AEEH A

27 AXF7E *e aFY Bfdde HEd
2-MIB ¥x¢ AESFE AY A@BA glor
F22F-a7td] ¥2 Fo A@BA(Fig. 10, 12)
g Z+e= Wb, 27) A7) 254 o) He F
Hr g9 Asle § o ABBAN e A
oz JebgthFig 11, 13). olgld AF}ZRE,
2-MIBY] 5%+ AEgu E228-a TEERH
EQE BAE V= AR Oscillatorias
Microcystis 9 735-¢+ 28] Wgs Yehlir] B
the 2EM0A FFAE o AW I, wek
d 18Y o)FRE AT T EF celld] Zo
Azt 5 g dgE AT 5 AW Al
Hggd 2 279 A3 APdE BEsE F4
A9 HE BAE 2 Aoz HlG
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= ng/Lol A 139 ng/LE Zadg oLt ALsA
» rrosesome. T 602 7k EANE ¢ T 367 ng/LE F7t
§" e staTh(dole A), UV =4} 5 anzgez

o =79 €84 BIY 2B £F4E AN
oA Aol A9 Y Aoz YA
AZe }37} dolgeAEs B2 4 9]
Aol BAEL 5= Ase] @ AAUZE

34

i

Bg 12 Reationship between chlarophyll-a and 2-MIB T o8 Y.
conoertration, initial oell number = 220,000 oA UVt A2 B &9 d&E F+
= . Aoz %A gom 53 L34 R
o Nebwwtdalors £ 919 BYEAE I
" v-tasis 28ms 37 9ds go #F|HeE oF&H UV
i | sEded Bolqd NLUE ol foE BHE
. * 712e 23 g7 9EQ] Reg Bty
Z- . . *’ +
o . 2. 4 & e 8 10 12 14 4. a .E
Fig 13 Relatinship between dhoropiyll-a ad 2-MB 11d $27] %129 shEvlel Bug o
concentration, initial cell rurrber = 570,000 299 459 o8 FERINE G2F B4R
29 Aexw A2 YA Nde] FFsPom,
323 UV A2 QA% olfmEd FEHUS  zq 3 orle oz IFAYINE 2FT
#8 FZEFQ Microcystis 9 Oscillatoria & Aol s Ha Qe Aoz B dFdME
WRSEA UEd ARG ws L A7 ws AFY FAARS FE2F L Q4B 4B
289 H% WA By Roz B g A WAHE B F5d 2 B2 A
'|.

3
F 447 % AEsle gMERY wge o HCIHE AT S

4¥E Fr Ae= SRS 3

FE 3 Ueh} MEs 335 1 13959 237 2 2% 449 Jgxde
At AN 2D FRE WRARA HA M uo ean sgpw wRe uzE Bae
FAE FUIHoR AHSE UV ZASAT. g5 oz 2mdEAr}t B8R g

o W =< 87 of A

FE2F7 EF AR E o

] A3 FHSgA AEE 2. 71339 Aexv ¥Ed the Chl-a &

HogZ EANHY. HE3I9 FREFAEFY FBASFES 2T 0222, 0.226
A DAY FEFE Microcystis aeruginosa BE7r 0122, 038022 Ad=e B 0547,
2 AEAT o 00x10 ST 0550 #&7% 0529, 04572t} wrskek,

Hlokd T G2E BT UV 2AF Azhe) uwhat
2-MIB &= 3% ZAAE Holx &gk,

o

e

3. AT 67 AR BF 45 45 2 A
A e2u# 2-MIBEEE 20ppt WIHe g HE
BEEY A5 087 d3E HolX FRIL goon s)g dA2Ae ASHR <9
408 UV 24 & 9 2-MIBFXEE 428
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4. €229 a9 FHEAQA 87 dEHY AH
#4 ¥4 A3z, BOD>EC>TN>CODELE =
kot

5. Microcystis 8] 271552E €83t wjgd
AS o AXTE 4z 28x107, 7.8x10°%74A
Z7veg 3 ol 2-MIB =& 09~1397
ng/L , 012~283 ng/L & ¥ 2§ zH ¥
=28 Bivh 2Hudde AEjrt #ge]
HE 9, 2-MIBE £ FE=& Jgido

6. Oscillatoria limnetica & 271558 g3 -

st wlg3 F$ A AXEFE AL H%sHA
56x10" # 56x107 7R ZEF7MskE 3, o)W
2-MIB %%+ Z}7} 0.3~20.2 ng/L , 0.7~19.0
ng/LE Microcystis 8¢ ©+& 23%E Bt

7. MEZFL AAZEHZ AFE =FA UV
ZAL AZbe] WE WAEF FEE AGAH
A A ZFAMT A% Reg YER
ol AFE WY A o Asaql,
ZF7F AFH AHEE wESE FAAAMY
AYH gr F BFe 72 9J¥gg w=
NoZ worEh

A7l PoF F2F 23S ELAFA F=E)
S HZFEY A=, FUHHE AAA
A gd2F AAFE dNED 2 FEo
BBBA AT 2 G2 FI A4 AgA
e g FE HY AL 7] A8 4T
Tol Wod Ao Alzgdr.
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Selective inhibition and removal of harmful cyanobacteria with hydrogen peroxide

Ju-Yong Jeong, Sun-Min Hwang, Jae-In Yoo, Chan-Won Hwang, Jung-Sik Woo
Environmental Ecosystems Team

Abstract : Occurrence of harmful algal bloom is growing due to environmental changes caused by
global warming in Korea, but there is no effective and economical way to control it. In this study,
hydrogen peroxide was tested in laboratory to control cyanobacteria as a not only effective and
economical but also eco-friendly agent. Hydrogen peroxide effectively inhibited proliferations of
Microcystis and Oscillatoria, two commonly occurring cyanobacteria in Korea, at about 2.0 mg/L
which did not significantly suppress the growth of Chilorella. Moreover, it was confirmed that 2.0
mg/L. of hydrogen peroxide effectively inhibited and removed the Microcystis from lake waters
which contained cyanobacteria cell counts from hundreds of thousands to several millions. That is,
cell counts reduced to 85~100% compared to control by growth inhibition and cell death.

However, it is shown that hydrogen peroxide effective and economical way to control cyanobacteria
in low concentration that does not the aquatic ecosystem, more works for the ecological safety and
homogeneous mixing of hydrogen peroxide are needed to apply to natural water body.

Key Words : cyanobacteria, harmful algal bloom, hydrogen peroxide

R9F : AT 243 A AW} E v} FA F G2F dF o] Frtsln
Aot da B FE2FE AAZ] AT AFAFoln FAH $HL e AF ol o
A E ATFNME FIll EEF AloE 93 andelm AAHolw QEjHozxE ¢kAF Ao
AZA FAsFALE AEstd A¥AY 2dA4 2 F 84S HrbE 2t $EuE $A 6
A B3] SA3= Microcystis®t Oscillatoria®l 3] F2] A 28L& AAGE A, 5275
Chlorella®] F29 & 93] Y& 2.0 mg/ll ©l3t FENA aAFoz F J2{F F9 F4&
AAsH . T3 Microcystis7} HFE 2T T4 F ABEE hates 1 AHA 27 GF
F AEF7F FAG~ET/mL Aol 2.0 mglold adHoz L3l Aol FUFHAG.
& T4 0] AAFHZ AMEee HET S 85~100% 7HA] ZHAHIAH.

At it QA dFE vXA e L FRANE G2 F AA aFAFHo|n AA
A B2 FAHJAT A FA HE37] A A dAAHTG A EFA
71 W Jdx e d Aol

o

FHO : AchenHel, f3 27 o B4, FAHEL,
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1. MB

1%t Aggel v A AAHez &
dai7t dejutm glen oz A¥ AP Az
d BAEA 7t FE FANMNY =F
WoAelth $EudNE AgAd 3@
AP neoz s a8 AFA 5 AA
oo XEBRE %M Rl FEF O
TS ml@d X gn =x0 JAE F
28 A5 A P

oA 49 Aol % aFHHA o
Z g8 QAT HFAY, FA W IA
Z REHY £2 5 WFo #9d Age o
o8& Yotk FEF/F dY BAHH ¢
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oA FEE EHA/ W$ Hu = o
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3 EHE wug Ao2 ALt EF &
& GxFET ofvgl RE ZFE AAFY
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g tdAo] dFH FERF AE Ha H
43)8] A3}R](stabilization pond)9} Z Aol AME
Ha .

weta] ol AFdAE HAFHFLE o
e S-Euet FANA RI™ASA T F
ZF AE 8 Aoz AdHda EAH
A TEE st FY A FA HEE A
g 7zxAs grstux o

2. i 9 9y

2.1, J{MEHI|

P FEA7t 3l F2F ol9ddd AHA
Jd "XE 9 s g EHE
(Daphnia magna) 24h 4 EC50 M H 543
2 2 A (Chlorella vulgaris)® F4 AA 4
e AASAY. EHE AUHEHAL 3L
AANFFAH7IF wE EC50& AR AT
Z2z4d8 2 JdAE WEY 200 mLel I
Ab3}4 4 35% (Junsei, Japan)E 3 A3l 0.0,
0.5, 1.0, 2.0, 40 mg/LE 31 LE 25:1°C,
FE 2000 lux, 2417 FF7], APdxAAA
WgaEA 19 BFez ANBEE AFsd
38t @ v| A (Carl Germany) 3
Sedwick-rafter chamber® o]£ 3l A X+ E
AFsstn AF Moz F22Ha8 209
FAANE7I & W SAH}AT.

zeiss,

22. HER 34 oA ¥ HHA

FE2F F4 A9A A¥E A Microcystis
sp.%} Oscillatoria limneticaZ® 33| FrlHz2F
SPoFRY EYUUY. EFLL FEFE
H=eo wjx](IMS}t CB medium)E o] §3to] &
29y ZAS9 22 Yoz F4 g4 A
& AAATH

T3 Microcystis7} olml o] LA AZAF
A AFd AEE ddez Fx2F AA
AR AAEAT. o] AF AZAFA A=
g JYE AESAY AEE 3% A7
s} B AFA ANEE 712 WAZE S 47
o] BG-11(Sigma, USA) HZ 5 s =
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E4|E & Bacillus cereus QAE] §17

WEIE - BT - 254 - NS - YA - 0|HE - A7
SEXR 0 ABZHAE

Isolation of Bacillus cereus from Food for Infant and Young Children
Park Min-jung, Hong Hae-geun, Son Jong-seong, Kwon Yeon-ok,

Lim Young-sik, Lee Hyun-ho and Kim Gu-hwan
Microbiological Inspection Team in North Branch

Abstract : Bacillus cereus is food poisoning bacteria frequently occured in starch food. Most of the
delivery foods for infant are classified as ready-to-cook food. But unlike food for infant and young
children, there are no standards and specifications of Bacillus cereus in ready-to-cook food. The
purpose of this study is to examine the presence of Bacillus cereus, aerobic bacteria and coliforms
in the food for infant and young children sold through internet. B. cereus was detected in 9
samples (8.3%), total aerobic bacteria was detected over 10 CFU/g in 4 samples and coliforms
were not detected in any samples. This will provide basic data for standards and specifications of

Bacillus cereus in ready-to-cook food.

Key Words : Bacillus cereus, Bacillus thuringiensis, Food for infant and young children,
Ready-to-cook food

RCf : Bacillus cereus & AEAEFA W3] A= HAFEFOE FHodEFdes &

H7)F0] oy wido]| {4 UEE SHZYFOLRE BRI J|FEo] v AHoT £

AT E 20139 FRoIE Aoz § AFE F 53] Aeuer Fosts o/ oA
ok

_%
O PBacillus cereus$} A%, dFT T LAMHE ZARASY F 1084 F < 8.3%%
9ZANA  Bacillus cereus?7t PEHILH AdFe 47X FSHZIHAFY 71EY
CFU/ge 23t dAF T BTN AZHA &t} o] AT+E T3 I-fote dA
o2 & FBHF F WiEolfd T SHRYYFLE EFE HFY B cereus #HE 7IE"

Ao 7xA48E ATHn IR

)

F=M O : Bacillus cereus, Bacillus thuringiensis, @fot2 %, SXz8 A&

J

B\ EHEHATHE, 267, 20134
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1L.ME

Ag4Fo] FAED o] 7Fst Zr)st
= F Ag Tz ¥ & é‘. 3% &9
stz 9 A AHAHE + —44?4
ready-to-eat-food®] W&z & ] 7} Z7}sta
Yo EF Gfob AHolA olfae FF
el Holy] offE A4S A ==E ol
g oz ugdFE olf2 AP
F BFsn 3, AFFEE FX FoiF
Atk ol E JAEL EFrlol= 7
3 FFfrotE A AT GAA
AS3 »113}. oY OgYgd HAEE AL
I BEA F& HUEA @ot Az B2 e
HHAA HAEd =28 3¢ A #d-»
dE 4 glo] AT AR} dFHg?,
Bacillus cereuse EF 2 okd, F7/,
T AF 48dA &3 EFHE 2gFET
22 dEEY 4F 7HEAE AZdAdAE BES
tsd A AT, B cereuse AHY
ANA ALY D FEFY F JHA] {8 AHF
EL 9oP® HAY 4FEL B cereus
7t A% ARste e AddHE
enterotoxinell &3] WASH? PPl ¥
g A5 AFolu AiiE, X FY -‘—4
AZAA F2 TYEY. 28 7EH HF
9 HJAEA2E 2 FANA B. cereus?} °§°&/ﬂ]£
B2 G AY dopste el BdE =
A2 4 d2g, 3 T& H71AYG =93
AEA AFd gdsiA 2R,

Wi o]f4l3 ojde] WAFY gFELS 4

FhEe]l FHzYYFLE Ho jlen HT
718 G-fotd ez utHojrte FAeln. 7]
B} G -Folelle B. cereus®] 71E°l 1 g 7
100 °ol3t2 #AFHIL Joy FHEHYFA=
B. cereus®] 71&°] g€ AAot £ AT
Ae dE YA @mEE gl faes T4
o2 AMAZ, NFFE, B cereus®) £d4
HE ZAMSH o™ B. cereus®] MAMTE Ha&
A 2 FERY S4F3" EXE B3t
Rt

FNH-E#O

A7z BHEPATHE, 267, 20134

2. AlEUY

21. X2

E dFd AlgE AAE AR A Hul s
I e wgolf4 Z Ffolg v 1087 &
Thsle Algstant. AERIAEE FEIH
718} 94 -frobd 274, A EFHAE 97, FH
7VFE 27419
2.2, Hig

221, AAQ HA=

HEFR%) wet HA 26 g& FEFHo=
sl HoJdiagdEFd 225 mlLE  7HeiS
stomacher(Bag Mixer 400, interscience,

France)2 #2433 & AlgLfoz stgch

222. LHEEE ¥ bhET §F

At MEee AEE€d 1 mLeh 108 @A 3
A 1 mlAE 2 FEHA 20 FHHoE
# 3t Plate count agar(Difco, France)E &3
2 BFsta HAY MAE & EFst $24
HAE FHAA g dAE G4
35~37°C°ﬂ’*1 24~43A| 7k Wikt 1] 3

0~30071¢ J&Hs AYe FAE =t g
A3t

gL 1~01 mlE 271
Brilliant Green Lactose Bile Broth(Oxoid,
England)ell 7}38te] 35~37Cell A 48+3A|7F vl &t
F 7t 2R AqFEE RIS

of i ML PN o :L
o¥ m¥ off & -101'

4 @ gfo

5 8

rulm

: 2
ffIJ
i
flo

2.2.3. Bacillus cereus® =3

A EE&de dAE 548 02 mm 544 &
3l F HFEAo] 1 mle] HA I F 30TA
2412/ 7F Bl ge F JF FH lecithinase® A
Aete 93 go] gle EE3H JAHFE AN
o o] AFHA HgE& AHYsld Tryptic soy



agar(Oxoid, England)d] =23l API 50CHB$
API 20E test kit(bioMerieux, France)3 ©] &% A
st AdE s BHPYG EY S24A4E
#1357 98l Bacillus cereus 6-toxin detection
kit (Kogenebiotech, Korea)E AF83}o) PCR3}$ &
™ B. cereus$t B. thuringiensis® TE317] 914
Bacillus cereus detection(Be/Bt distinguish) PCR
kit(Jinsungunitech, Korea)Z AH&-3te] PCR3IE 3
05% basic fuchsin® o]&3l9 dAr|Fozm 32l
=

3. @0 ¥ g

30 et 9 CHEEE

o] f-4) 10879 Al HAAF} Tol HEH
A @& ARH Hd 11x10° CFU/AA A&
HAd. 71 o frobal ol Al 1271 (44% )0 A
A 25x10° CFU/g, 24z A EA = 467
(58%)011/\1 Ao 1.1x10° CFU/ge.2 iAo

i**zal*“‘dﬂ/ﬂ AFE7t Bol AEHA
tH(Table 1). £3] SMzYHE F 47044 =
oS 7122 10° CFU/ge 2339t =7

AFE 20 AE AEFI AEEA FRe
W, gFTFEL 187 BFolA HEIA @3
.

Table 1. Detection rate of total aerobic bacteria
and B. cereus in infant food

3 SEAE F Bacillus cereus LG A+ | 255

Table 2. Detection rate of B. cereus in infant
food

Food for
. Ready—to—
Food type infant and
. cook food
young children
No. of detected
samples 0/27 9/79
/total samples
Detecti
etection rate 0 1
(96)

ol ddlHez
7,&22 Bl

ECIERECEE
Rl A ot A

oz pusy, FA™9 24

33 B. cereus SARER EX

zqzd4FoErE 28 3 97 W@

B. cereus®] EA2HAA H’ﬁ%d}‘“ Fig. 19

veEl st Cytotoxin KlcytK)= cytotoxin
protein At B cereusZHE EIFHJow,

S. aureus® a-hemolysin® C perfringenss
B-toxin®] FZ9} FAME Aoz delA Sith

cvtK S42FAA 3 PCR %

aE A% 65

Food for
. Ready—to—
Food type infant and
. cook food
) young children
No. of detected ’
samples 12/27 46/79
/total samples
Detecti te
etection ra 44 58
(%)
3.2 B. cereus 22| ¥ S3H

1087 2] HA

Z & 9744 M B. cereus’} 10

~36x10° CFU/g B 92 H& = AHTable 2).

(66.6%) % A 585bp—4 ZEUE=E AT 5 9l
ATk Nonhemolytic enterotoxin % nheA
gene®] PCR A dZ3 83F(889%)°l A 475bp
o] FEWEE Q’"‘% F AN AFETS &

Hal ol & stEA ofy A YA
e entFME 85(83.9%) A Zz+ ¢ 360~

400bpe] WM=E AT & AT B. cereus
b Adste AASA 5 7 dEFHd 54
# AR beceT gened PCR A} 7F(77.8%)
ol 303bpel FZFW=rE vEhen ol
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4. W B

E A7 d8RdA dri=Ee wigelf
29 YAXAALE H7IEtA, B cereusd =
Az X E oty FHzYHEFLE
£ olH49 B cereus 71F AAEL 9
€ AFstnA A 7E 9-H#
ob4] 274, Az F 794, FHIETE 24
5 % 1087 Wi A¥AFdE e Z
1. o]f+2] 10879 Alas HAIEH 7 9
fotd el e 127(44%)A A 25x10°
CFU/g, 4z A FdXM & 461 (58%) A &
g 1.1x10° CFU/ge.2 Az ez Z4zg 4
FoAA ATEFrt Bol HE=HA.
2. 10879 AA F % 94X B. cereus7}
10 ~36x10° CFU/g ¥$12 H&dAAeH =
F FAzEAFolAu.
3. B. cereus® EAFAAR F cytK gened
65(66.6%), nheA gene 2 entFME 83
(88.9%), bceT genes 75(77.8%), hblC gene
< 3F@333%)NA HAEHAewW FESLY
cer gened 25-(22.2%) A% FE W=7t YE
pie=2

4. B39 TFE B cereus® B. thuringiensis
2 FE317] 93 AEYOA BE B cereus®E U+

Bttt
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HOIE - wTs - WM - QA - YT . WES . AT - 0|YE
SEXE ABEENE

A Study on Nulﬁlion Composition in Children’s Preference Foods

Mi-Jung Jang, Kwang-Hee Park, Seon-Jae Bang, Sang-Hun Oh,
Jin-Joo Baek, Jeong-Hwa Park, Gu-Hwan Kim and Jong-Bok Lee
Food Analysis Team in North Branch

Abstract : By recent changes of lifestyle and eating habits, children's preference foods
consumption gets higher and the related markets were activated. This study focuses on analyzing
the content of sugars, vitamin C, calcium in total 140 samples such as snacks, drinks in markets in
order to ensure nutrition ingredients labels of children's preference foods. Seeing that the amount of
sugar analysed from this study is almost same amount of sugar written in ingredients labels, the
sugar in processed foods contains monosaccharide and disaccharide. In addition, the amount of
sugar in 5 samples of 75 snack samples is over the written amount of sugar. It shows that precise
analysis is needed to prevent children’s excessive calorie intake.

The analysis of 27 samples which is vitamin C contents is written shows that the vitamin C
contents of 10 samples exceed 150 % of the labeled amounts. Besides, 3 fruit-juice-containing
beverage of 21 samples that doesn't have a mention of vitamin C contain showed the detection of
vitamin C, and 1 sample among them shows 15 ~ 25 % of the recommended daily intake. The
measured values of calcium from all the products were between 83.2 % and 122.5 % of ingredients
labels and it fits for standard.

Key Words : children’s preference foods, nutrition information, sugars, vitamin C, calcium

2% HZ A 3 AFHe WEE ode] 7EAFY M7l Eovm a4 ube #
4 ANFE BHFEHE FA Atk B dF< ojdo] VA Ee JYHAEEA A" Fd&
st AT FEHIL Je FAR, FEF 5 F 140749 AAE dHdez 3, HE C,
Zrge] FgES BASAY. 3 24 2 AT FAE 3 FFH ENE 3 ko] dxF
= A2 B o, 7ME4Fd &FE L HEE 9B FY IR HFE olFoA JYvte A&
g 4 Uk = A 7578 F 579 AFoNAM EAH Fo FFo] A FHL 23
3te ZF}E B odolEe HEHF AHF S % HEF dF BEXo] aFHY

HERR C & ZAE AF 2749 g3 £A43 27, 1049 #AFo] EA FF9 150 %S 2
FHeiich £33, HET C F EAZ 9E 210 &8 AFE F 3749 #AF IdH AEAA wEgw
Crl AEHeH, 2 F 1 AoAMe &Fol 315 AZHY 15 ~ 25 % o s2st= vegw C
9] ool HEHIAY. ZEY AAl FHFL A RE AFo] HA T3 832 ~ 125 % & V)
& Ao 2 YErsT
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HOALBIZ oW 4% Y R Hgae
Walte] wel ofdolEe AZFol A W

FAE Boln glew, A F7H&d HF A

F F7h&el © EOXWA ungel FA3
Z7tstn o, Ao ) FFAY F AF
go B RIE AHRE, F/18 AZFA
Fo Hl3 APFL 238 FAHAD, 7, Y
4, A% 2L 2% 9%¥2E B9 HHde
Aol Qe Ao yEintn. o L FAE
A&he] M7, @do] 7t Fr) BFE
& AAE Q% 4 HFH F7 BeA 9%
Aoz RAY?, B, o5 FYgol &
g J|BH Ao RFsEE H4 AFL
Aeg o AF) JYHE, dRHERGE A
A, 2, AFHQ gt S o8 g o}
T APl g

weba g Eel oldolEe gulE 74 A
9e e AT FHE dFgRd W
HEF AREFSo] FFHoH, old Pt
A2 ZAHczE FYHQ 9% FAY A=
32 =7l AddA =gsn Yok v
e A 2uAAA AF OF JYPEE
AFs7) Y5t T AW JABAE 7
gtz glowdS FA I gl IR
SR2E EF, B@F3E, FF, AW F F 94
o] Aol Tk

AR} FE F BFFH, A2 FHF
o] 4Ed &Aste AAZH 7T AF F9
ANZE FF ol 7L AN B3 H
2 B9, F5E0 253 4% e oy
Ag FF3A Hew, o8 A HIY BS
FoRrol Aex ZIAez AEH
23 %o AFHm, AFLEIL x2HeA
SE A FeE AFEHI] gEd uwue
g & U 53, HBAE A=A A
AZe] gote Wy 9 drigez BE A
Folu HFe Wol AgdtEd o]EL o]y
2350 e AElol7] HEY o]& Es i)
A% AR 227 AL lof Al 4A F
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¥3 9% 2@ IFA54E FEAIE 98
A oY) o2 olf2, WHOINE ¢
AR e 98 AFd Frlee BIFH
o oY %e F A% 10% MInoR A
getn, HARE B2 F 90% oL ¥
PR £7 AgHez e R AN
2 AAsta YUtk 53, ojdele] AS I
FatsolN A FF 19 % A 71F0] 1
450 g o2 AHA YAT, HZ ojAe| 5L
43 By S e g4z As 19 100
g & 233E BFH A Ao o} o)
o 4 Al W HRmel BElyt Yas
]:]_6.11.16).

B53E, gnd Ay 2o dFd 4%a
o #A vietuzy Brld ge nFIRFAES
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F 2@ JFAI|EX] o wMLe BT
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B AFE 9359 2013d 1€952H 11€7A
ANER AYvlE £ 2580 X EFHI
A #ulsEe #AF 1073, $8F 334 § %
1407 ¢] o#eo] 7IZAEFEE FASH EAUA
o= s

22 ME Uy

221 HEIO| J1&AE HAFA HE BN
AFEAGE F dIFBAFIF(IF,

FE, 3§, o@9d, A3 o e 99

Z1&Ex) oin) g3, viaFdeds dFEA, F

FHEEA FE HlA - EAEA

222 Algf W EEEEH

35 BAS 93 EEFEL  fructose,
glucose, sucrose, maltose, lactose (Sigma,

USA)E AH&3ted, Higdl Cs Zag &
237 1% EEFSEE 747 L(+)-ascorbic
acid standard, calcium standard solution
(Wako, Japan)< AH&stgith FEAE 9%
|54 €vl2& HPLC 539 acetonitrile (J.
T. Baker, USA)S AH&3tSith

olde] 7IZAE F AYHE du=A | 261

HEll C 4 EFE&9L L(+)-ascorbic
acid 10 mg & #AE3% Do} 5 %
metaphosphoric acid &% = FHF H
100 mL 2 33, o]& TAl 3A3le 10, 20,
50, 100 mg/L 9 FEE HAFAE A3

N Zidgd4e AHgsd 1, 2,

Edste TASE AR F 1 g I9H AR
3 5

9 A% 3 ~5mlL 4 A%: FHREE 100
mL 7H3 AL 9GE ANEY LIHE Yl
sonicator (Branson Ultrasonic Coporation,

USA)E ¢F 1083 A&Eg F 045 m HWEE
JYHE AFsted APdE&Yoz ALE3H T
@, AR A wE xggFe] & AF
50% Ethanolg /4 W3l AL&3le F
ii=g

23 APgAe HPLCE ©]-&3te] Table 1.

=
e 2A22 BN5HT

¢

e e
S ok o

:ﬁ'.«
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Table 1. Analytical condition for amalysis of free sugars
YOUNGLIN ACME 9000

Prevail carbohydrate ES
(4.6 x250 mm, 5 ym)

Instrument

Column

Column temperature 40T

Detector ELSD

Mobile phase ACN : DW (75 : 25)
Flow rate 0.8 mL/min

Injection volumn 10 ul

BI|ZEZHHATHE, 26H, 2013H
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2.2.5 HIEIR! C B4

et C 4 A5 AXEe ARV HE
FA AgHE el Ay Edg 7
A3AZ AEE AF F7E HEY C &
Foll ot 3] 3l 5 % metaphosphoric
acid €922 100 mL o] H==
3 &8|A1Z ohg 3,000 rpm o2 AR
Ao AEdE Btz ZF¥H ¥Y9E 19y
ste] A% F Table 2. I 22 Z7A0E ¥
A3k ot

AL S

226 &TEH E4M

A5t #EEE ANRE AF BVE &
a Tl w2 HFE Hokod AFTA Lk
AR 9 ’—%%‘H“Pmoﬂ wel =iy gey
ks ThE 500 T 2=elA 3 FAIRA
o gdagdes 7&04%—% o FE&AA
FHATAN g EZ FASIE o]EA L
A ANFEYE AARFFFEHE o8 F

AAS-F(Atomic Absorption Spectrophotometer
with flame, analytik jena AG, novA A400,
Germany) & AF&3le] 4427 nm ¢ HFo =z
2Ystan

.88 % A
3.1 13 A28 2 g2 EAl 24

2 AToM FAF o™l 7% ‘% Z 140
HR7} AE Zé_ R

Table 2. Analytical condition for amalysis of vitamin C

Instrument Agilent 1200 HPLC/DAD
coum |1 ntre

Detector UV, 254nm

Mobile phase 0.05 M KH;PO;4 : ACN = 60 : 40
Flow rate 1 mL/min

Injection volumn|10 ul

971 & 9 wiElwl C, Zed 2 v FF
U2 FHFE EAT AFL 400 AFE F
4709, ZALE 14070 AFE BF JUHEA
ol 7IEFGHE 18 AFHeZ HAINL B
a4%F 4 9442 FFE BASD JAh

A4 2y dEBAE 13 AU H
(FrEAFY AABAIE g AFTE BEF
13 HHZ Reference  Amount
Customarily Consumed , RACC)e] A& E A
F2 13 AFZF g LIRS EAGE
2 fFAsn o old we AX(FE 30 g,
MEE 70 g, HASER, EFSEE 200 mL
2 AAZsa Yot

a8y, 13 ATEFS AZGA RAAF
o] AA 13 BFS Z2AE F o 22 FF
9 AEFHE AFD Aol ZAFA H
28RS GAAAE Bl A" oy Lol &
F AT

B AFdA #ze B, %Y JEd 1
3] A FFo] AMEFE Aol7t ZA YERY, HA
TH2 20 g older HUFHFL 70 g oA
o} 30 g "R AFo]l AA A AlFE g
253 %, 30 g ol 40 g wj9ro) 467 %, 50 g
o4& 13 AFHoE HAF AFEL 67 %

Table 3. The amount of 1 serving size in processed foods

50~100

Food item Mean <10 10~20 20~30 30—40 40~50 100~200 200< Total
Snack 357 - 1 18 35 16 5 - - 75
Bread (@ 64.8 - - - - 4 6 - - 10
Candy 10.6 10 8 4 - - - - - 22
Beverage (mL) 1782 - - - - 1 - 6 26 33
Total - 10 9 22 35 21 11 6 26 140

A TEHEHATRE, 263, 20134



™ol 71ZHE F JPYE Azt | 263
Table 4. Energy and three major nufrients contents in 1 serving size of processed food
. Energy  Carbohydrate Sugar Protein Fat Total
Food
ood group Food items (kcal) (2) () (2) (2) (n)
Mean 185 26.7 7.5 34 4.6
Snack Min 95 11 1 1 0 75
Confectioneries| Max 315 52 24 7.5 11
Mean 42 8.6 5.1 0.8 3.7
Candy Min 20 4 0 0 0.4 22
Max 160 19 13 3 10
Mean 170 39.6 14.3 23 4.8
Bread Min 140 30 7 1 2.1 10
Max 285 46 21 5 10
Fruit and Mean 134 28.3 25.7 0.1 0
ruit an .
vegetable drink 1\1\;2 igg 4212 ;‘5* ‘1’ g 15
Drinks Mean 67 14.3 16.8 0 0
Mixed drinks Min | 40 10 10 0 0 18
Max 80 20 20 0 0
of s|Fste 571 AFLIAT 18 AFTF I 32 € Y| Y EM ¥ AA #E Hm
I £ 95 ~ 315 Keal 2 AX7F Wi 2
A YEY Ha, Huzr oyt 3ME z st 93 Fd  EED(glucose), FHZ(fructose),
= A% »go ZHEQ ~(galactose) & olFFHA  HWopF

£ AR &3 A, AHEY A¢
HEEe AFEC] 13 AFFE 2 ~ 50 A
o FEE 10 g AEZ AAST Qo] 2
22 G AEFETH EF Folst Hrh

FAL5Y EFL8 59 TEFY 18 A
THS UEE 1¥e & aPstE 200
mL °o]deZ HdAstzm Ytk zEy ZL
SZolgtx 13 AFTFFT EFo] HA 40 keal
A Ho 180 kcal 74X theFdtA dERY &
HZHE9] AR o] aFHnh oW RAl

(maltose), 2 (lactose), A% (sucrose) F 3

o}

t}o

o]

3ot Ags] &
LAE A3 5F9 F=
olg ulgoz AF Yo ¥
3o FHE

DR

w3 A=, o
A7F A9 4R AFHE 2

| g4 Gl AS BRF
#golete g Juste awF oJdols

Jeiw 7%

= O
‘E‘aa

35 of

T FHE EAde 2FE
245 AH(Fig. D.
AE o
Adste] AF E7IH de
T2 AFNAM F

ol Al

olFHF L&

HAsge

o, ol &

2317171 g Ay 2H7F Ho] v A

A9 AAMES g 138 AFHF T EFIY Ao] =7 4o AL 9ud)
2 EXE Table 4. 9} 2t} EAE 14089 AF F TF BEANTZF =
Table 5. The composition of free sugars in processed foods
Average content of free sugars (g/100g)
Type of food
Fructose Glucose Sucrose Maltose Lactose
Snack 1.52 = 0.35 1.17 + 0.68 21.51 + 3.33 - -
Bread 2.88 + 1.02 2.04 = 0.94 7.82 £ 220 143 £ 0.20 1.76 + 0.44
Candy - 15.08 + 4.33 4820 + 12.88 - - (
Fruit and vegetable drink 433 + 0.77 3.63 £ 1.37 5.63 + 1.14 - -
Mixed drinks 2.20 = 0.57 1.99 + 1.63 324 + 1.28 082 + 0.41 -
*mean + S.D
AR AATHE, 267, 20134
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Fig. 1. HPLC chromatograms
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) S AR FF FA o A7}
a o2 moth
qF F 7 el 24 v
2 e A3, BHFANE GIF, o2
25 @edgod, HAF AA 75
79l 587 %ol AFse 4o AW AE
e 23e 5gd B8 A% ¥Fe AAF
7} A 100 g 7 215 g, ¥F7}F 100 g F 638
g, ADF7F 100 g F 352 golen, o|H
Aol W, Az, A Azl 2ol FHEY
Apolol Al 71A8te Ao AZdEAT,

£2 0 2 9
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19,

faca
to (0 2 o mn

r_‘m EQL —21 mlo

Ju o
- ﬁ,

5& o

33 OlYHYLE BEY BN U UA B I

F2AF 4] AEL AE 23780 BF FAHF
] 80 %E ZFHsFLor o F 104 %
AZ g 150 %2 233t 298 29
A 20108 AARA FFeA FFHFHAVIE A
e A<l HER C HAFE 19 7IEA
100 mg/day, A3 HAF 2,000 mg/day = A
At ot ojgoele ALE 3T AFHFLS
Aelx wigshd ARAAFTL dAHo et
1,000 ~ 1,600 mg/day B=2 dAstzm IeH®,
£, ololEo] A v SR A%
HElY C &% ARE EASL JAE &A
9 BEFE T8tz e AFEC] o ol
3 87/ AF vgwl C L BN AH,
370 AFAA vEW C7F AEHJAn
3 A ATANAE 1,260 mg/L o 2IEE 5
£ By ole vgw C AdFAdF =< 2,000
mg/day e #F & vlAe FEoXA, 14
o a3 o] ool IFF AL HY

2L ofy

15 ~ 25 % o g oldolsre AN

FEANLEoE AFHHAF}AY F4 L HE H
Yl 254 AFH SHHAE 754l )
& AzxAY F AHH2E A7k HER

Table 6. The comparison of labeled value and analyzed value of vit C, Ca in micronutrient-fortified food

Type of food (n)

Compound  Analyzed value(mg/g)

Labeled value(mg/g) Percent value”(%)

Confectioneries (15) 020 ~ 7.84 024 ~ 590 829 ~ 1329

Fruit and vegetable : - - -
beverage (5) vit C 0.20 3.81 0.08 1.00 166.7 381.0

Mixing beverage (7) 0.14 ~ 12.20 0.10 ~ 5.00 1423 ~ 268.2

Confectioneries (18) 0.06 ~ 3.29 0.07 ~ 3.00 923 ~ 109.7

Fruit and vegetable Ca 0.07 ~ 099 0.08 ~ 0.88 87.5 ~ 122.5
beverage (6) :

Mixing beverage (6) 0.05 ~ 0.56 0.06 ~ 048 832 ~ 1167

D (Analyzed value/Labeled value)x100
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Investigation on indoor air quality for multiuse facilities in northem Gyeonggi-province
Yeon-Hoon Jung, Se-Kyang Kim, Jong-Pil Jung, Kyu-Seok Kim, Jae-Kwang Kim,

Gu-Hwan Kim and Jong-Bok Lee
Air Chemistry Team in North Branch

Abstract : We investigated the concentration property of indoor air quality for multiuse facilities such as 60
nursery facilities, 13 medical institutions and 7 etc facilities(e.g. waiting areas, cultural centers, shopping arcades
and postnatal care centers). In this study, CO, and TBC exceeded the standard, but other items were
appropriate. PM10 was 11% higher than other facilities in nursery facilities, though it didn’t exceed the
Gyeonggi-provincial ordinance. CO; and TBC exceeded Gyeonggi-provincial regulation in 2 and 12 areas
respectively in nursery facilities, especially excess rate of TBC was 24%. Also we found that the decrease rate
of 5 measurement items were 14.5%~28.6% in comparison with the results of before-after study of influence on
ventilation and disinfection. As a result, through analyzing the basic cause of contamination factor for multiuse
facilities, the removal of harmful factor by ventilation and disinfection should be preceded for appropriate
environment. Especially, because the excess rate of non-object nursery facilities was high, the new ventilation
standard and guideline for indoor air quality improvement should be suggested by modifying various laws and

regulations including non-object nursery facilities.
Key Words : multiuse facilities, indoor air quality, PM10, CO,, TBC
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Table 1. National and Gyeonggi-provincial
ordinance maintenance criteria of indoor air
quality for multiuse facilities

298482 | MO | @ | HID g:u, ®
gm) | @ | (wgm . [@m

thF el &A1 d

: = 130 100 10
<Asrlr> 7h | el o] & o] &
steet 21 }:(1)2(}) w | 9
Saed 71 as ot oF

<ty 2 7> %} 1}50} %o}
AuxEemagRd | 7| s ok
ity 2| 10 1(1):(}) jfg} B 9
=47 wgn tew A o9 o
R AR R EE | &

PEERPEN = 1000 | 100 10
agrigseEnsad | Al | o8 | o o3
2EFYrdAB AP X
smwadgagad | 2| T | S0 10 a9
wQEpEd, 4Fzdd | = 800

= | 200 ol st 25

Al ez | o] o8
AdF Az B yg0 | els | s 2

21 as o8

2, FCHA S B
2.1. PCOHA Al 2 531 23

2 A= 201349 3€9%H 11€7X A7 5%
219%‘ o & HFo)EAE FT ESAAM 607,
«15 71% 1374, 71etA A (5, &35, A7t
25z ) 70 Al digte 2ASIA T
@.?tﬂ%"é% o) A 2 (PM10), ©lAtstera
(COp), Y2F3eA(CO), &<l 3ol =(HCHO),
FFHAZ(TBO)E didez AUEr 59
LEEA EEEXE ZASIET

22, AEHAH X BHwY

AEAFH R E4EES FFF] “AlE7
AIZANERY” 4 F ABERE o] &3k



A A AT

BEAE 2 YgsAELE gFoEAAd AUTF
714 #+A7l1E #5d PMI10, CO; HCHO,
CO, TBCE ZAletsien, ddd ¥ 7T
L FR{ATLE AY3A

Riasy ANaAH 92 #2444 PM102
Microvol-1100 Low ‘Flow-rate Air
Sampler(ECOTECH, Austria)& ©]§3te #
ZF & 3~4 L/minZ 6AIt T A3 AF
TEE AEYen, CO ¥ CO¥
Graywolf  Sensing  Solutions  Trumbull
(IQ-610xtra,USA)E ©] &3t 58 TZHo=2 1
A ZES 2AME AASAY. HCHO: MY
Z71E£37](SIBATA MP-X100H, Japan)& ©|
£3td F AgWEd 24-DNPH # =X 3+
e 9 F#FE 1 L/minZ 30837 29
T2 oHNEYEEE 7HAI FEY F
HPLC( Agilent 1100 Series, USA)E ©]&3}

Age

of EAsgoen, TBCE 2E4WL &%
Biocontaminate sampling pump(Merch

MAS-100 Air Sampler, Germany)E ©] &3}
28 50, 100, 250 mL/minE 3¥ TSA #jX|
(tryptic soy agarn)& F&Fsle I Fdgen
ok ¥ Mee Adstd AFH oz HrEtA
th 53] ESAAC dsidEe SUAALE 23
MRSt 87 2 250 X JFE A -

F APx 9 vz Bosga.
3.2 % D&
3.1 ESAlA dUBIE s=E8Y

Table 2.2 HSA|HoAe AWF7] LEE
Ao F=ZAH%E etz Aok

3437 PMI10 227 pg/m'~139.6 wug/m’, CO
0 ppm~49 ppm, CO2 89.1 ppm~1111.5 ppm,
HCHO 20~816 pg/m’, TBC 2526 CFU/m’
~2282.6 CFU/m el #th. CO:¢ TBCE A9
de $EL A7E/E GFol A4 59
AWEF7A BAPAA ANSE 712 23
3=} gkt

ANEE OgFol &A1 AuF7A =4 4T | 269

311 S8 ERAd dUSTINE 1A &H
da

Table 3.& 2x9 7] 2 &5 FY o &
AT B59 v=274 Yehdia Qi
Z4Z43 PMI10 339ug/m’ ~1255ug/m', CO
0.4ppm ~ 2.6ppm, COz 395.0ppm ~ 1125.0ppm,
HCHO 142pg/m' ~645us/mv, FHHFATS
326CFU/m’ ~1368CFU/m’ oIt} o714 A
F7 Aol Aol Fel 142 o AT
£ BE W 4de I FrE Ew
SR G AT A 5 Aol FANEL
273t 50% o 23}&E& YerlTh ol A
Aol A 2 fxe Fa o] AAA

oA 9%e Pzt & + Uk Co, = 27
AGAM 71Ee] 2FHHANH, 2HLL 20%
Row ol AUF7IFEE YEiEe AR 1
ARz &, B7)FE e P B glof 4

WEr1de F23% #EgEo|th CO; 9 E.IEHEL
AP AAY ZTFY dazgd 4F Ao
BE ARE AstdE #/13H 2 FEY @
AZAe A7 Dasm n}ng w5

UGN A2 Fe dol F Ao 51
A4 geol= Adel 7t5g Ao AzaT

Table 3. Concentration of target compounds

in other facilities.

#A71% 100 10 1000 100 800
A7 E7NE 100 9 900 100 800
3 B O
#= | PMI0O | CO co. | memo | ¥ kﬂ“;r
A4 (g/m) | (ppm) (ppm) | (ue/m’) (U
A 54.2 2.4 456 64.5 655
B 88.4 0.9 524 45.8 1245
C 69.6 0.7 788 21.8 922
D 54.9 2.5 1012 33.8 522
E 70.1 1.9 652 459 674
F 38.1 1.7 395 61.2 856
G 75.9 2.6 488 44.0 1069
H 1255 0.4 1125 26.8 1368
I 452 0.8 754 158 526
J . 339 0.8 822 14.2 326
Max 1255 2.6 1125 64.5 1368
Min 339 04 456 14.2 326
Mean 65.6 1.5 702 374 816.3
Stdev 10% 0% 30% 0% 50%

s EAEAdATRE, 267, 20134



270 | wsE" A

Table 2. Concentration of target compounds in

aF st

daycare facilities.

FAANE 100 10 1000 100 800 &7)7)% 100 10 | 1000 | 100 800
ANEANZ | 100 9 900 100 800 A71=71% | 100 9 900 | 100 800
3B PM10 CO CO; HCHO TBC & PM10 CO CO; HCHO TBC
2 (gg/m') | (ppm) | (ppm) (ug/m') | (CFU/m’) | AR (ug/m’) | (ppm) | (ppm) | (ug/m’) | (CFU/m’)
1 81.6 0 11115 | 238 462.4 26 581 | 491 | 491 | 184 | 6658
2 62.4 0 6985 | 10.8 338.7 27 583 | 709 | 709 | 209 | 108483
3 66.6 05 | 561 47 475.8 28 878 | 636 | 636 | 124 | 9454
4 465 18 | 10125 | 161 1187.8 29 719 | 572 | 572 | 47 7516
5 37.1 07 | 773 97 518 30 652 | 558 | 558 |5L8 | 3364
6 41 07 | 7625 | 123 719.6 31 386 | 891 |891 |403 |79
7 332 06 | 450 115 266.4 32 242 | 760 | 760 | 349 | 11334
3 93.3 12 | 5055 |95 14716 33 455 | 669 | 660 | 405 | 1368
9 29.8 13 | 509 213 575.1 34 712 | 731 | 731 | 447 | 11838
10 86.9 1L | 765 94 7493 35 374 | 636 |68 |626 | 7834
11 814 14 | 5825 | 181 710 36 652 | 501 | 501 | 437 | 6797
12 72.4 15 | 5925 | 111 618 37 838 | 502 | 502 | 106 | 7677
13 84.2 15 | 481 10.7 629.4 38 806 | 542 | 542 | 126 | 8777
14 94.1 32 | 658 195 719 39 606 | 574 | 574 | 433 | 7628
15 81.6 06 | 626 164 692.4 40 227 | 573 | 573 | 315 | 4363
16 91.4 05 | 526 8.1 11826 41 566 | 485 | 485 | 162 | 7545
17 78.4 06 | 626 169 1290.8 42 824 | 553 | 553 | 49 679.2
18 92.1 05 |5255 | 404 2282.6 43 666 | 428 | 428 | 128 | 5493
19 68 08 | 469 29.4 697 44 727 1534 |534 |13 3785
20 738 |15 | 773 816 14125 45 74 427 | 427 |2 252.6
21 1396 |15 | 773 239 14913 46 561 | 531 |531 |54 749.4
22 83.1 06 | 626 25.8 741 47 313 | 513 | 513 | 145 | 4354
23 76.9 08 | 487 27 6334 48 239 | 410 | 410 |8 472.4
24 443 12 | 543 74.3 617.9 49 472 |50 |50 |35 756.6
25 66.9 09 | 569 453 579.4 50 344 | 534 |534 |115 | 3192
’ Max 1396 | 49 11115 | 816 | 22826
Min 27 10 89.1 . | 20 252.6
Mean 647 |11 591.3 | 239 | 7790
: : Stdev 237 |09 1558 | 184 | 383.1
3.12. S HEKA|MO AUHBIIE 2X
£3 23
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Table 4. Concentration of target compounds
in other facilities.

CeANE 100 10 1000 100 800
A7=7E 100 9 900 100 800
5 pMi0 | co co, | HCHO %A;:_;T
e (pg/m') (ppm) (ppm) (pg/m’) ( (Fl;m’)
A 38.4 2.1 454 446 424
B 58.4 0.7 395 345 655
C 61.2 1.2 588 15.8 524
D 33.7 2.8 395 215 398
E 60.2 05 747 33.1 474
F 425 0.5 524 46.8 752
G 64.5 1.8 226 34.0 665
H 55.5 0.6 945 26.7 854
1 36.9 0.4 658 22.8 625
] 22.5 2R2% 568 27.9 458
Max 64.5 2.8 945 46.8 854
Min 225 ek 226 15.8 398
Mean 47.4 1.1 600 314 582.9
Stdev 0% 0% 10% 0% 1096
decrease
rate 21.7% | 26.7% | 145% | 16.0% | 28.6% -
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Table 5= S R7]|#qAM HAWF7] LHE
d¢ ¥EZAFE Jehdiz ich

&R 43 PMI10 27.0 pg/m ~88.7 ug/m’, CO 0
ppm~2.0 ppm, CO; 392.0 ppm~v797.0 ppm,
HCHO 05 pg/m'~40.2 upg/m', TBC 1937
CFU/m’ ~742.9 CFU/mr'¢] i o}

EE 5N ESAEAAN 2o HEFET}
2A vEgen, AR E tFolEAA
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Table 5. Concentration of target compounds

in medical.
FR71# 100 10 1000 100 800
BrEsE 100 9 900 100 800
& PM10 CO CO2 HCHO TBC
A3 (#g/m) | (ppm) | (ppm) (ug/m’) | (CFU/m’)

1 27 0.3 704 37.2 223.6

2 35.7 0 797 15.7 582.2

3 835 0.4 571 0.5 197.7

4 88.7 1.1 456 5.4 224.9

5 76 1.5 549 40.2 710.1

6 51 2 487 29.1 536.2

7 77.8 0.6 490 13.3 571.1

8 68.2 1.5 655 14 673.6

9 55.7 2 625 38 742.9

10 40.8 0.2 392 16.2 275.3

11 55.6 0.9 629 33.1 492.3

12 31.3 0.4 512 145 435.4

13 36.7 0.5 637 14.6 193.7

Max 88.7 2.0 797.0 40.2 7429

Min 27.0 0 392.0 0.5 193.7

Mean 56.0 0.9 577.2 209 450.7

Stdev 21.1 0.7 .1114 13.0 2065

33. 7|EINd s=5M

Table 6. <& 7]ElA] Ao 9] AYF7] QL FE
A9 FxZd3E ez 9o
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Table 6. Concentration of target compounds
in other facilities.

#2471 100 10 1000 100
= 100 9 900 100
5 PM10 CO CO: HCHO
k! (ug/m') (ppm) (ppm) (pg/m')
1 87 0 382 10.7.
2 36.3 0.1 662 23
3 80.2 14 583 247
4 18.9 1.1 658 23
5 63.1 04 491 55
6 73.7 1.3 678 61.6
7 35.6 1.6 642 95.7
Max 87.0 1.4 662.0 95.7
Min 189 0.0 332.0 55
Mean | 635 1.1 555.2 34.9
Stdev | 26.3 1.2 119.2 32.3

23723 PMI10 189 ug/m' ~87.0 ug/m’, CO 0
ppm~1.4 ppm, CO; 382.0 ppm~662.0 ppm,
HCHO 55 pg/m'~95.7 pg/m' ©] gt}
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Detection characteristics of hazardous substances in industrial wastewater

Jong-Moo Won, In-Goo Kim, Kang-Hyuck Lee, Jin-Gil Kim, Hyung-Soon Shin,
Yun-Jung Lim, Goo-Hwan Kim and Jung-Bok Lee

Water Environmental Team in North Branch

Abstract : This research was investigated on detection characteristics of hazardous substances from inside and
outside industrial complex located in northern gyeonggi-do. Detection rates, detection frequency and treatment
efficiencies of raw wastewater and. effluent were analysed, the result were as follow; (1) Detection rates of raw
wastewater from plants in industrial complex were 80.5%, those from raw wastewater and effluent outside
industrial complex were respectively 78.5% and 42.9%. Concentration ranges showed mostly within standards, but
Some substances such as CN, TCE, and PCE exceded the effluent sﬁandards, and were respectively measured
1.962 mg/l. (std : 1), 0.3289 mg/L (std : 0.3) and 0.1854 mg/L (std : 0.1). (2) Looking into Detection
frequency, Cu, CN, phenol, chloroform, and acrylonitrile were frequently detected in both raw wastewater and
effluent. Cu was measured the highest detected substance and had a detection frequency of 51.5% in raw
wastewater and 48% in effluent. (3) Treatment efficiency of wastewater treatment plants in A, B and C industrial
complex showed satisfactory efficiency ( 85% ), but those from D and E industrial complex had low removal
rate. In substance such as CN, Concentration was rather increased in the effluent. Therefore, it is necessary to

install advanced treatment facilities and relocate dye works to industrial complex with a grace period.
Key Word : Hazardous substances, Wastewater treatment plants, Dye industrial complex, Raw wastewater, Effluent
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<€ E23T HEE FEHEHE dFE SH7E ol o]AT CN 1.962 mgL (std 1), TCE 0.3289 mg/L (std
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Table 1. Target substances and sampling method
. No. of Sarmple Sarmple
Division "y Subsncs ol method
" Cu, Pb, As, Se
Heawy 7 He Gl Gig B Raw
Glass : Single
Tons 2 CN, Phenol bottle sampling
PCE, TCE,
Benzene, Ccld
1.1-DCE, Effluent
12-DCE : Mixing
. Glass after A
VOCs 11 Vinylchloride botile
Chloroform, half hourly
Bromoform doub}e
Acrylonitrile sanpling

Dichloromethane
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Table 4. Detection frequency and concentration range by substances

Type of

Detection Concentration

No.of No.of '
water Substances sanples detection rates (%) range Standards
Cu 66 34 515 0.01~1.09 3
CN ” 8 12.1 0.01~1.96 ‘ 1
Phenol ” 2 333 0.02~2.18 5
PCE ” 15 2.7 0.005~0.20 0.1
Raw :
‘waste TCE ” 12 18.1 0.005~0.30 03
water
Chloroform ” 21 31.8 0.005~0.33 0.8
Dichloromethane ” 6 9.0 0.005~0.06 02
Hg ” 1 15 ND~1.0297 0.005
~ Acrylonitrile ” 3 45 ND~0.0136 -
Using . _
Chloroform 13 1 7.7 0.008~0.009 -
Cu 28 12 128 0.01~0.50 -
o't ” 1 35 ND~0.13 -
Phenot ” 3 10.7 0.01~0.06 -
Effluent CN ” 1 35 ND~0.034 -
Chloroform ” 4 14.3 0.005~0.19 -
Acrylonitrile ’ 2 143 0.007~0.01 -
Dichloromethane ” 1 35 ND~0.12 . -
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Analysis and risk assessment of formaldehyde in water from water purification plants in
northem Gyeonggi

Kim Tae-Yeul, Im Heung-Bin, Kim Byeong-Lok, Park Gyoung-Su, Park Hyun-Ku,
Lee Hyun-Jin and Kim Gu-Hwan
Drinking Water Analysis Team in North Branch

Abstract : Formaldehyde is mainly known as indoor air pollutants, but it also contains in drinking water.
It is a by-product of ozonization or chlorination process in water purification plant. The formaldehyde
standard of Korea drinking water quality criteria will be to add from 2014. The formaldehyde standard
is below 0.5 mg/L. And the change of lifestyle leads increasing consumption of bottled mineral water.
According to Korean regulation, bottled mineral water can not be treated with chemical disinfectants
like chlorine, so UV and ozone disinfection is applied. Therefore we investigated level of formaldehyde
in purified water and raw water of water purification plants in northern Gyeonggi. Also formaldehyde
concentration were analyzed in 17 kinds of bottled mineral water. According to the monitoring, 319 of
purified water samples was detected above 0.02mg/L(written limit value of ‘Korea drinking water quality
standard). The maximum concentration is 0.13mg/L. in these samples. Raw water were detected 14%
above written limit value, 0.02mg/L is the most highest in these samples. The max concentration of
HCHO is 0.04mg/L in seventeen kind of natural mineral water but most is not detected. In this study,
all water samples were satisfied with the Korea drinking water standard. So we can conclude that
target samples are appropriate for drinking in terms of formaldehyde.

Key Words : Formaldehyde, water purification plants, purified water, raw water, bottled mineral water

29 : TEFLHZ=E FE AUNFT7] LEEZE dzioy, #8FAE TEH Ao AFFAA o F
ojif A4 A Ale] BAdEY, 20149FE AEHE EELUSI =Y HE B F£AVIELS 05mg/Lelth &
o, Age stz gl avle S/ ey, fEvE HeEdEde daase ¥ F gla
2ot ALd MEe shedtth old AViE BEREAG A AL At A5 R BIIERAA ¥4
Hol Ad-FTHE 17F e LU= 2XE AT AFAAA HHE B B+ 8
A 0.02mg/Lold HEE AL 31%°l3, Fd 013 mg/L7HA] ZAHERH. e AEUE 4U%E AdF
= 002mg/L2 ZAEIIT HEAS9 73 = dFE EHE A% HUAEEE 004mg/LE wv g £
FolAth olE FAVET V€ Hid IdTEHLE BlASIAE AL, o RAEA A5, A9, He
e TELHSE FEFEL T B2 AdiA0] gle Ao @AdH

FHON : 2ELHE, A5F, AT, 47, HEAE

Ao\ ERAEAATHE, 263, 2013



284 | HE=EAAE 2HE 4

Ae5E Foo 49 geAR, a8 a

HAGoNA wlEE 2o BHLE

A2 NEA TEHFE ATFEY 378 ¥
e AFASL Mok @ A, A 59 &
45 a8z ud Hojok & 1A & JEAF
Ed AR ARHAHLZ R LIEL=R
s gt ol fEo FEAE FUI%
HeE 59 o9WA =¥% 7|&olx Jth

o] AN MEZE BFLEEH] AYEF

2 27 AY, JE BHLEEZDS U 7 o
AL, Adstsd 71e € BEAS5Ho &
Ao, Asd Wge ANE W B &
AdeE LYEAE o, BYYILE FrED
ek d7ld, #ALGEAY B4 B, B,
B w7129 wiAd wat #E] € Aoid
9 LM A AT, BAEHY
Ao wg VEHoZ FALEYERDL RE
mj A B oA, AolE ok g}
A}Eu AL SAEL 53 4AH 74 W
o, Feld
171"— B8 EUA dd 23L& geozmg FY
gt TELHIHSE F2 AYFY 29483
2 #EH9A $t3, HeEBdAe 1 T #
ANgEoz 2UEFT Hojskd Ao 20149
2e ALF FEEY A FF
o gt oz FEIUI=E F7 F9 d9
golu o2 f7)8o] Aol w35t 23lE
o] WASALY, WA o thAlEe] BA
Yol AdRozE EA8A I 284
Zo A LHINEFE LFL HarE A,
Gz £&50 gl FYEA A2EAG W
¢3td AddEgn gdA4 g
w}aw 20143 A$Ae) BFFoz FAL
e F Fo TELEF =9 Fo EXEA
Y Hzﬂw e AANFE AL WE AgF
A Aol ol AIER A F8 AL
o) $EEBo TSI =S FABRAA A
A-BuEn Qe F2 HeAEe] TEUHSF

A7\ ERABZATE, 26H, 20134

2g 2 A2 F gen,

ez #d -

Ee ¥E $EZ5HS detstud o ol
S8 94 4%E B P5F 2 He
Qe Ay B Adsel, A=l

HAlstm mA F Qe P & FFAH ¢

23517 o

2. ITCHA W b

21, POHA U EAM U

2 47 A718RAY 24 AFF 1627
A7 BRN AA-duE e 2L ¥Y o
EAE 17F9 TELUI=E 2ASAT =

o A71ER & FFFE Table 13} 2

: o QB JIS N¥WY = ¥RY
HEs wd ERgEd¥os BAIAT. Fig.
13 go] TEUUS =S g oy %é%}
A ol EolAETG wtSdle FAHHE
H sgEe FFEE SRS Hsﬂ*ér’éﬂt
7& Apzste) wmste] nA BrHEATh

2CHsCOCH:COCHs + CH:COONH« + HCHO —
Acetylacetone  Ammonium acetate

+ 3H0 + CHCOOH
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Fig. 4. Concentrations of Formaldehyde in

bottled waters.
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