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Epidemiological Studies on the Enteropathogenic Bacteria and Viruses
Isolated in Chungcheongbuk-do, 2009

J.T.Kim, B.H.Lee, H.S.Shin, G.M.Yoon, K.S.Shin, S.H.Hong, K.i.Cho

Micro-biology Section

ABSTRACT
This study was carried out to investigate the eptdemiological characteristics for
the enteropathogenic bacteria and viruses that caused diarrhoea. The total 1,127
samples of the diarrhoeal feces were collected in ten hospitals of Chungcheongbuk-do
during the study period from January to December 2009
In result of examination, the total 149 cases(13.2%) were isolated in the
total 1,127 samples, and of them, the 83 cases(7.4%) were the viruses and

the 66 cases(5.9%) were the enteropathogenic bacteria.
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The 83 cases of the isolated viruses were identified such as Noroviruses in
54 cases(65.1%), Rotaviruses in 23 cases(27.7%), Astroviruses in 1 cases (1.2%)
and Adenoviruses in 5 cases(6.0%) as the viral groups. The monthly variation
of the isolated viruses observed with 54.2% from March to April while below
10% in the other months.

The 66 cases of the isolated enteropathogenic bacteria were identified
such as Campylobactor jejuni 36 strains(54.5%), Salmonella spp. 1 strains(1.5%)
and £ colf (ETEC) 29 strains(43.9%).

E collETEC) were examined the susceptibility test using 16 antimicrobials
by disk diffusion method. All of £ collETEC) 29 strains showed the resistance
in AM(37.9%). TE(24.1%), NAQ0.7%), TIC(20.6%). £ colETEC) 29 strains showed
the sensitivity in CTX, FEP, IPM, AN,
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ggolo] HDAS Futg AZE FAAFAEE Lode veg 2y AR
Rotavirus, Enteric adenovirus, Astrovirus, Sapovirus, Noroviruss °l& 5%
upo)&] 2o ¢]%tc} Rotaviruse oj@ete] AAe F2 Udoe= FAAEIS
YoM HARNHME ¥& BALES Ho|AT AREL Brp

v] 2o Al 9-GoldAbe] oF 5-10%4 =7} Rotavirus® st on, & dA
a2 = 45%°, Y=, exreddejors 52%°7, UFHE 49%°7} Rotavirus 7 E 7
#eo] gigirh. RotavirusyE H2 AAbAgte] FHd oz diFHT Sl HUARA
Aagel ol ATAHAES 428 4 Yt AYPEAYe] nusm Yo

Aol o8t AAASe 1 A R FFTRA SHAN FaH B
hatelols Bskn ol AAR AT WAl o3t dapEge] wel WAL
olt}. 1 WA ZE Salmonella spp, Shigella spp, Vibrio parahaemolyticus,
Escherichia coli, Camphylobacter jejuni 5°] 1 9%le] ®th o]&& 7HAHA
o & 995 Saon} B, #1595 thd Addel ofd) Aol T84 e
AT} A2 MR AEAT (8T Fdho AFHo g AgAe,E HA
ZAsT ot AREAZMNE AR EL AMES HAG
A AE Zo g8 ok7j® AT dARBe] Frhstn e O w6l
T o= oA 2 ASAZ/E B33 BHAR ot wdEA 3l o]
ge ojglgo] k. thakd HUA Tl 2g AssA FEEo] dAg
BES ZE Ziow 31, Auoe] 73| U ZiAon Ay S
Uehd mor ol M s w3 o) theksled eI Al&EA A
A oo Bz AT, HIUE £7)o Adss AL RAGHR
of-$- T Q87 ot

el EETY el EA7E 5o g T 24 de AF A<l oA
2o 235 wolate] A% A&E AT I g v1stat 20099 1€-~-124
742 B 871 W) MASAE Ao Mg 55T vlolg s 5FE FAksk,

1%
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TRl HHAE sty A7 U BE G o)E Y] ZEAHs

zAstel e WA AF shet B PAE FPGo A A ABAAR

Az 5y

L 4348

20099 19%E 129714 ZB= 87) W-ol9L MAate] Az} Z2zabel
Aol WS 4T Bastes stelon, @xto) r|2a4as) 34 13U ein}
WASHE FASHEA HYAE 2w 3 AlF 9@ vl a ZHAS AAlstg)

2. 4eH
7h wholEi 2 AAL A
(1) Rotavirus, Enteric adenovirus, Astrovirus, Sapovirus, Norovirus 74 A}
/b 735 A3 ¢
°F 1g 9o ¥ 7FiE<] 9 mLA X2 PBS(phosphate buffered saline)s @&
3~4719] glass beadsE& ¥ 1023 Aekste] 10% stool suspensione THEo]
4T el A 3027 3,000 rpmo2 YA REeEF =R Hsted ELISASH PCR
AP glo g Alastg ot
{4) RNA &=
A ol graA 2tz J-KEE Fulste PBS 4 mLE Yo E e
Moo ghfo]l Halg FAF 5, Vortexinge 3t 3,000 rpmoll A 2087 ¢
HEY TF A2 FHA A& 15 mLE Hsle AAoz Argstg).



(ch Norovirus Real time PCR 74}

AazzA2 223 RNA 289 P9oez sar PCR KitelA
PreMix® 79 @ EZE(EG], G629l £ae] wiol AW F Sampled] &
DEPC-Water 45,L2 w¥i, 7o 5,Lg &tk Negative control o=
DEPC-Water 50 x L& ¥ i1 Gl1, G2 Positive Controlols= DEPC-Water OulE
171 Gl G2 ¥&EZ 104LANE 23 Real time PCR(Exicycler 96, Bioneer)-&
HAste ZHEA AT

(2h) Enzyme linked immunosorbent assay(ELISA)

Rotaviruse} Enteric adenovirus: &H7F H2-8 wello] tid 25 100 4L
2 93 conjugate® 9e F 30T, 60837 wgAACh ¥EAZ wele A
oz 53 AH F 7|FAL Hvletz A2A 1087 w341 T stopping
solution 100 L& WY& ¥, 450 nmollA W=(Behring ELISA Processor II plus
BEHRING, Germany)at$]ch.

. AldAd A AR

(1) Salmonelia spp, Shigella, Vibrio parahaemolyticus, £ colETEQ), Camphylobacter
Jejuni. (5F)
(2) AHel ¥ DNAFZE
A4 2 Beppxlo] AEsR AHAHY T olgsEAAL gl PR AARIET:
(3) Salmonella, Shigella & Ak

w.o) Yol Al A7 s 22 MacConkey agar(Difco, USA)®} Salmonella
Shigella agar(Difco, USA)el 21 =@sti 35T, 1824 A1 7+ vf<ekste] Lactose
nlslA A2k KA agar(Difco. USA)S) AANY 5 Salmonella, Shigella w44
AxT AX|E= AT 22k APL 20E kit(bioMeriux, France)2 #7333tk ©l&
AMsvsta AN Samonella, Shigella 408 A wFE THEAHANA
BoF we P} o SHANTE AN FATE AU 2L
Salmonella 72 2 ¥e g8 o7 DifcorHUSA) AEE A&t Slide o2
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A0 FAANDES AAgon, ARMHFUANDLE AP 50T g4z
Al IAZE Hell B=3hgar, FHA 48 A9 2A% Fo) B5sto Agstt

(4) E collETEC)T A

Fv A = mEC-broth with NovobiocinMerck, Germany), @H =% 2 &
el A= SMAC agar{Merck, Germany)s} Fluorocult £ coi Q157:H7 agar
(Merck, Germany)& AH&3he] 35T ol A 18~24A)7F vl d3ted sorbitol B} 3] A
A3 p-glucuronidase &4 A2He Helste] KIA agarell HApaoF 3pglo),

THR AU R RE Bwe £ coli 026, 0111, 015788 3} -2t
S AABEL o4 FE= APl 20E kit(bioMeriux, France)& o] 838l £ coliit
FTAE g5 oAl FEAA g8 NS S HASH

(5) V. parahaemolyticus & ZA}

S A2 1% NaClS §H#3 Alkaline peptone water(APW), Eojux]=
TCBS agar(Difco, USAYE At-&-3te] sucrose £38] 2 nj&a) #& Hdsie] KIA
agaroll HAaruieF st HE A= AP 20E kit2 FA 8o

(6) Campylobacter jejuni ¥ 734+

Campylobacter blood free selective agar(Oxoid, England)ol] 24 =23ld
microaerophillic 4el(O. 5%, CO; 10%, N. 85%)oll Al 42°C, 48A17F wjjokale] 23
2l Fekbs ddste] PCRE A4

(7) A = Multiplex PCR A

h St

i 1g == W% g4 smLe} tryptic soy broth(TSB)ell vancomycine 40
mg/L& H7Vated 4~-6A13F FF 37C oA woFslsd oy,

(1}) DNA %2

Z¢¢ TSB 1 mL& microcentrifuge tubeoll &4 14.000rpm/3min Y4188 &
AL e ZAE 0.ImLe] HFERTo A3 FghAgint

o] FEAL 10~1587 By BolA F98te] MZE A3 343 £ 14,000rpny
15min A Ee)gted, 1 4ZFHE PCR template® AM&3FHTH
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(th PCR R A71¥8%

Salmonella spp., Shigella spp., Vibrio parahaemolyticusg Z3&37) A3
RapiGEN GENECHASER Gram(—) Multiplex] Apgub ol uiel PCRE HAAS
o). = o] DNA template 5L, Primer mixture 5uL, distilled water 10 L&
283 20 4L reaction mixtureE Techgene (PCR machine)& AM&3tq F =
zzo Z#stgrt 95C oA 5831 denaturation ¥, 95CellAl 303, 63T oA
0%, T2C A 30&%9 cycled 353 AAlstm phA cycle F 72CAA 58
=2Z A7ty PCRE 33t 3 104Le PCRAHES 3% Agarose geldl A719%
& 3 ETBroll «Alsla] Image Analyzer systemellAl MEE &Ittt

(8) E. collETECY A}

A 7ASS AUAT Multiplex PCR AALSH 53 yog S 2
DNAZ ZZ3le] A454th AE28H 5S4 VI 1 & VT I f#3AE 4237
98] E coli Multiplex(Rapigen)& A-83ted PCRE AA&AT. = 19 DNA
template 5xL, Primer mixture 5xL, distilled water 10y LE Z=%3 2019
reaction mixtureE Techgene(PCR machine)& Ab-&sted {42 $%E& s
oo} 95C ol M 587+ denaturation ¥, 95T ol A} 30&. 63°C ol A 303, 72T A
ZAFTH
PCRE Z813F & 10,12 PCRAMES 3% Agarose gelol 71953 ¥ ETBrel
dste] UVE A sk

PCR A7} band7} #¢lEld 279 TSBE SMAC, MacConkey agaroll =sl

3029 cycled 353 AAET whART cycle F 72CAHA SEI

o

A8 Aol colonyE #ebA] Biochemical & Serological test® dA1§ ¥ PCR®
A FAAPE AAEAT

@ FAA e ANY

Z¥zbe| ¢l $HY BeldFo et tjx= &4y (Bauer-Kirby, 1996)°
o]3ted AmpicillindAM), Amikacin(AN), Ampicillin/Sulbactam(SAM), Cephalothin(CF),
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ChioramphenicollC), Ciprofloxacin(CIP), Ceftriaxone{CRO), Cefoxitin(FOX), Gentamycin
(GM), Kanamycin(K). Nalidixic acid(NA), Streptomycin(S), Trimethoprim/
Sulfamethoxasole(SXT). Ticarcilin(TIC), Tetracyclin(TE), Amoxicillin/Clavulamic
AcidAmMC) 5 1659 g4 g 4 43S dAsgn.

&4 A ol 23+ BBLAHCockeysville, USA)A %2 A48V o.v. Escherichia coli
ATCC 2592278 4 BEd T2 ALEste Algd wintc} o ~30] 9712 g9l
stalan, Al 27 3 9h= A nbe The National Committee for Clinical Laboratory

Standards (NCCLS)H ol =&t
m A3 2@ 33

1L BA £

T =W 8 Beeldog R 112770 A Oz ES AMHsY AE
A Al 6605 mhole s 837 5 F 14979 A7 BelF o] 13.2%9)
e Belon, WdAd Fo8 9 98 Bag e Table 1 294 o)

Table 1. Separarion rate of pathogens

e

i

Month 1 lol s a5 6708 9]10]11]12 Towal

samples 47 1711 90 | 61 | T8 [1437142(124| 90 | 77 | 104|100 1127

117 107151 11| 149

o
—
I

Toial ' separtion | 10 7 25 2408

positive{%);21.3 9.9127.8 39.3.10.3/4.2:9.2 89| 7.8 12.9114.4|11.0] 13.2

samples 17 (7190 | 61078 143]1420124 90| 77 1101100 1127
) C 7 " 2 !

Bacterial separtion | 0 4 2 213 3012110/ 7! 85 |6 ' 9 g8

'posiuve(%): 0 }m 22133, 3812185 8‘1'?.8{1().4_5.8‘9.0 5.9

! i T
samples 47 71 90 c 61 1 TH (143(142]1241 090 77 104 IOOJ 1127
- ; ! ) i ‘
Virus separtion 103023 265 5 111 -12 g b2 83

'pUSi[in;‘(%)EZl.:ﬂ 1.2°25.6/36.1 6435107 08 | 0.0, 286 | B.7,20] 74
. M | L I
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Table 2. Monthly separtion rate of respective pathogens

Month L2345 67|80 \_10 111 12 P"f;;;"e'*rotal
N0 of separtion 1o 7 [esfze] 8|l 70|15 |11] 132 | 149
Eateritidic B !
) rT‘)'phiznuriun]
| Salmonelia
‘ SPp. : 1 1
| Hllb total ) 1 ‘ 1
Bacteria. EHEC ‘
E coli  BTLC ST A R I B TR B BT U B I R 2
—.SI_]}) total V- O T S T (N I N T N (N . B O O 2.0 24
Vibrio  parahacriolyiicus
Shigella spp.
Campylohacter  jefuni 211 1|7 yiob a3 3.2 36
N0, of positve s lealez] 5 a0 ololz2] 74 ) 82
) Norovirus T o]t gl Pelslet s | s
_ Rota virus et gl 1|4 1 20 | 23
Virus - -
Adenoviros i 4 ! 0.4 5
Astrovirus 1 - Co1 |
Sapoviris ‘ : . | : |
2e® wadAE Ao 667(5.9%), HholalAv} 83A(7.4%)0) . ©] F v
ol 2% Norovirus 5471(4.8%), Rotavirus 2371(2.0%), Adenovirus 571(0.4%),

Astrovirus 12(0.1%)0] Bal=glom, 3] 5F0 dlelg x4 AAbES HdA
Z Norovirus:= 22| dpolels gdAe] 65.1%2 M % AEES RYTH
Bon =17 & 9jm#dEe zh= ofzole] thlelr EIA® RT-PCRE °l4&,

Rotavirus (60.8%), Astrovirus (6.3%), Adenovirus (3.1%), £¢¢ (16.7%)& B g nh

9, ® ThE ATolA| Astrovirus (45%)7} Adenovirus (Lo%WHT E2 A& &S
2gutn BRIsgor}, B @Foals Noroviruszh #A3 Bol HAEHULD
A& ulold 2~ F Astrovirusvt 172 7h3 wHAl JEH U

ol@s =) @ Fg|oA] Norovirus % Rotaviruse] o3 A& =&

2~

Mz BT AAZTo M AEel o wH (CDC, 1999 A=Y
2ol E 4EE HRste 9o Ha Ant”

,12_



U AdAgel g AdFs UM E 1960d) o) F 2 Age] gol BT
Holx ¢tk B A= Campyiobactor jejuni 363(3.2%), E coli (ETEC)
2971(2.6%), Salmonella spp. 171(0.1%)°] E2l5 .

Shigellazt &1 23k 942 1898 A& Ad olg, Ao o277
AA =AM WA T gomt Y o) FEkogT 7o) HAE] wio)
ARSAME A FasA efn gAY 2 dpdas 1745 2= ¢

U

2. 4% 3 99 A A5 WY BE
AAABRE Yol B bl g dRTpy g
8 ne g,

Table 3. Distribution of samples

b
i

g Bz Table 3, 4 oA

Age , | J10-|20-|30-|40-|50-| |
Hospital S I el I I A TS P R PR T e
A - -2l 7 63617 1213 16| 22 | 124
B 251015 2|2 - 13:18le1l17 |19 2166 | 220
C 2428 8|14 2|12 6| 2537|2938 31|90 344
D 11| 9 12 6,9 4|& 1513 8 |11| 9 |19 135
E I
F 1lalelsl--[1l |- T-T-[-]"
G 501 187 10015 |13 4220|2418 191 6
H Sl o -1 15161012 14 | B4
Towl 66 53|72 4530 28 45/123]128]106 109 108 219 1,

713_



Table 4. Monthly distribution of samples

Age
) 1 2 3 4 5 6 7 8 9 [ 1011
Hospital
A 6 9 7 3 110119 8 |17 | 7 6 | 16
B 1 1225 8 |17 134 |28 ;35|15 | 18 | 25
C 18 [ 351338121130 38[39]|2334]29:24
D 5 2 8 113 ] 4 9 5 1 5 7 |20
E - 1 - - - 4 - - 1 - -
F 1 2 3 - - i 3 3 1 2 -
G 16 | 3 9 15| 1520|287 | 25|19 |15 | 17
H - 1 - 1 2 118 ]32]20| 8 - 2
Total 47 | 71190 | 61 ; 78 | 143|142 124 90 : 77 | 104

3. A4/ AAAS vpolH 2 HAUA

28 Ty 87 9 - oo gRE 112779 AAEA A ES AFHsk 4
&8 23} Norovirus 547(55.1%) Rotavirus 2371 (27.7%) Adenovirus 571(6.0%)
Astrovirus 17 (1.2%) €02 dZ&< Byt 3] 9283 9 Jdg4 5
I_B_J,]-_,] l:ﬂg]_i %]I,]- A]Tuﬂyﬂ)d U'I )‘C])v] ]1—0:113:1 B?-)\g 7].‘—-)\40] br—OnE‘

TEgs s oy HekAE Zriet TA nH TR A4F s A
20 §9 7tsAde] FolxiE T e HAH 7y felrt d8F HAAolth

ol® T HAZ Frhww e sty fejMs wolde] o AU
A&Ho g A st Y9ld FH R B AESAL A7 AAZ fdFUEY
2y Ex33 FwelRs BAsio, E5A¢ AW Y B £ JE

ARz B8y Y $EF 2AH Ao & A AbsE

7} 9 glolg 2

AAA S YA e Rufol# A Bel-gL Table 5, 6, 7oll4 R vl 7rol
2008 S RE 2009 5o BH FEs BelHA 3~49 22 EelEe R
dhd, 2, 5710, 12€0 = Rl go] B e
Rotaviruss: 39, 490} 714 H& Bu&g Hyod, T¢REHE Bl g
371 A=A 7 ~109elt wrAlEbA) gk 3 Barnes™7h Fel A EARG
AZof A= Rotavirus7h 55% 8= Bl E et o124 o] Ao Aiforiet ol
Rotavirus7} mrolal a4 AA 44 2 714 $83 a0dE & F Ui
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Table 5. Result of gene sequences of Norovirus G |

)

(zenetic cluster

{(renogroup | s
! 2008 2009, 08. 30
| GI-7 (D |
_ : o G1-14 (2)
Norovirus G 1 | GI1-9 (D o
' ‘ GI-9
Gl-14 (1) ?
Total detection 3 4
Table 6. Result of gene sequences of Norovirus G i
. ‘ Genetic cluster
Grenogroup - : .
- 20038 2009
| Gao-1 (1
GH-3 4)
i _ GID-1 (3)
GlI-1 (23 .
f GUE-3 (7
. . GT-i1 (13 1 .
Norovirus Gl ] GO-4 (20)
GO-13 D GI-8 (@)
GL-14 (13) C
) unknow (18)
GII-16 (2

_unknow(29)

Total detection a6 54
Table 7. Detection frequency of Norovirus
Month . - ;‘ : i
. ~— 1 2 3 4 5] 6 7 8 9 | 101 11712 | Total
| Year - _ L
2008 7 o 4 111 | 5 6 6 717 | 18 8 1 96
2000 [7]zj0f17 4 -1 1]-]z2]s]2] &
Asrtovirusy= 6ot 14 WAEo] whe 2l Jehgen Adenoviruss

283 34t

=2 H A

webA 5E 9] Hholel 2 882 39, 499 55.4%2 H3 Ao =y %
SEE 1087H7] 16.8%013ke] & Fel&s RolFc),
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Fig. 1 PCR of Norovirus G I (314bp)

Fig. 2 PCR of Norovirus Gl (313bp)

Fig. 3 PCR of Astrovirus (443bp)
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4. FF/ BAEE A AT LA

7h dY HALEE 9l M@ BX

MArEgle) gl 3 11277025 Byl Al YA F 667 (5.9%) o1
Table 20fjAie} o} 7ib o] BUiwl AL Campvivbactor jefuni 3671 (3.2%)0] 1,
Che 08 E colfETEC) 297 (2.6%). Salmonelja spp. 1719) 4oz z %3l
AL

. E coli (ETEC)S} Camphylobacter jejunie] 2<%

Helaie] W Beldat Table 8, 99 2o, PCR Aab= Fig 4, 58 2},
E colf (ETECK= 200810l vigte] 200943 5ell= 50% a8t e} Campylobactor

jejuniz A rlEke] ou) A% FESS B ¢ vk

Table 8. Detection frequency of £ coli (ETEC)

‘ ‘ : : , T : ‘ 3
e Month _ N R R ‘ * N
- o2 s abe T le 910 11 12 Towl

e

Year i ; : ! 5 ! |
, i . SR | ! _
2008 T3 1 2 10 03 08 125 4 453 3 60
2009 - 2 1 2 3 1 2 o3 2 a4 3 6 2
. = j : . i !
Table 9. Detection frequency of Camphviobacter jejunt
T 1 T i T T
"~ Month | | [ _ 1 o o : | : L
- 12 3 4 5 6 7 89 1001112 Total

Year e

|
S B A N B B IS I L

i
L. L ] | B
2000 . - 2 1 - - 110 7 5 4 3 1 36
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Fig. 4 PCR of Camphylobacter jojiu (249bp)

Fig. 5 PCR of £ ¢ol{ETEC) (217hp!

ok A e At

Ampicilin(AM), Amikacin(AN), Ampicillin/Sulbatam(SAM), Cephalothin (CB), Chlora
mphenicolC), Ciprafloxacin(CIP), Cefriaxone(CRO), Cefoxitin (FOX), Gentamycin(GM),
Kanamycin(K), Nalidixic acid(NA), Streptomycin(S), Trimethoprim/Sulfamethoxasole
(SXT). Ticarcillin(TIC), Tetracyclin{TE), Amoxicillin/Clavulamic AcidAMC)E 16%9]
A S AHesta A e A-EE AAG A3 Table 10, 117 o) e
FZo wpet AL Jebd Aol oty Aozt dTh WHEA HEd
290 thale] WAL B okAlE AM, TE, NA, TIC&elglen vid CTX,
FEP, IPM, ANS ofAlo] tidleds 25 WAE yehtx] gt
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Table 10. Inhibition rate for the antimicrobial

agents (%)

Classification Name of agent Abbr, (EEfgé') Inhlbi(t‘;bo)nrate
o Ampicillin AM 11 37.9
Penicillin . o e
Ticarcillin [IC 6 20.6
B3-lactam Ampicillin/Sulbactam SAM 4 13.8
Cephalothin CF 5 17.2
Cefotaxime CTX 0 0
Cephems = -
(parenteral) Cefotelan CTT 1 3.4
Cefepime FEP 0 0
Cefazolin CZ 2 6.9
Carbapenems Imipenem IPM 0 O
Phenicol Chloramphenicol C 1 d.4
Aminoglycosides Gem.ami?in GM 2 6.8
Amikacin AN 0 O
) Nalidixic acid NA 6 20.7
Quinolones - - -
Ciprofloxacin CIP 1 3.4
Tetracycline Tetracvchne TE 7 24.1
Sulfa-Drug Trimethoprim/Sullamethoxazole | SXT 3 10.3
Total 7 16 agents 24 100
Table 11. Inhibition rate for the multi-antimicrobial agents
Nu;ngbe%rt of Detgﬁ&iﬁ? of Antimicrobial agent 1?2;21{2715“
0 5] - 17.2
1 7 AM 24.1
2 3 AM-CF 10.3
3 2 TE-SAM-CF 6.9
4 2 AM-TIC-CF-CZ 6.9
5 3 TE-~NA-CF-CZ-CIP 103
6 2 SXT-NA-CE-CTT-CIP-NA | 6.9
7= 5 AM-TE-CF-CZ-CIP-NA-SXT 17.2
Total 29 - 100
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V.2 £

20099 19EE 129717 235850 87 F-o)del WU AAgAe) JHE
L127742 33k AAS A £ 1497(13.2%)9 A4 A LAE 2
Qom, o] Fox wolg] A 837 (7.4%)°] AL A& 664 (5.9%)o} At

vas MT E 667 Campylobactor jejuni 367 (54.5%), £. coli (ETEC) 2974
(44.0%). Salmonella spp. 171 (1.5%) <o & vebgch €3 282 3, 440 =7
Uelhgoen 1 9E AF vsstAl FESUT
A28 vlold~ % 837% Norovirus 5471 (65.1%), Rotavirus 234 (27.7%).
Adenovirus 570 (6.0%), Astrovirus 17 (L2%) 0.8 et €4 £d&2 3¢
(27.7%), 49 (26.5%), 112 (10.8%)°] =& Rej&& BT, 24, 543 104, 12¢
e e BEES BAT

A e Ade 1679 A AmpicillintAM), Amikacin(AN), Ampicillin/

e

Sulbatam(SAM), Cephalothin(CE), Chloramphenicol(C), Ciprofloxacin(CIP), Cefriaxone{CRO),
CefoxdinROX), Gentarydn(QM, Kanemydn (K), Nlidixic acdNA), StreptarmydrnkS), Trimethoprim/
Sulfamethoxasole(SXT), Ticarcillin(TIC), Tetracyclin(TE), Amoxicillin/ Clavulamic
AGAAMO) 58 Abgstal A1@e A3 E colf (ETEC) 2950 tisted Wid& B3l
obAl= AM (37.9%), TE (24.1%), NA (20.7%), TIC (20.6%)2= veRton] dbd CTX
FEP, IPM, AN% ¢fAlo) tistale 2% Z44de AT

A DAUAY) sl £ colETEC) 29FellA 757 AMeY| ARt g ve
dony A 2~670 Atele] gAA WA BEXE HIRT FEE Rk
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Acrylamide Monitoring of Commercial Food Products

BHYun, KHLee, ]SKim, S.JYang, AY.Lee, Y.J.Yu, T.HShin, HP.Hong
Food & Drug Analysis Section

ABSTRACT

In this research, a total of 121 samples from 12 food groups estimated to
have higher acrylamide values by comparing recent monitoring data were
investigated with LC/MS/MS. This study investigated the status of acrylamide
reduction. In addition, the correlation of acrylamide contents with sugars
(Fructose, Glucose, Maltose, Sucrose), nutrients(Crude Protein, Crude Fat, Carbohydrate)

and water was investigated.
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1. The detected amounts of Acrylamide were ND~903ug/kg in 121 samples;
99 samples = 10ug/kg, 8 samples < 10pg/kg and 14 samples didn't have any
acrylamide. These amounts were lower than KFDA's target of 1000pg/kg which
is set for reducing the acrylamide contained in the distributed foods. The
average amounts was 150ug/ke. The amounts of acrylamide for food groups
were 44~903ug/kg(French Fried), ND~295ug/kg(Roasted Potato), ND~106pg/ke
(Fried Sweet potato), ND~605ug/kg(Potato Snack), 30-883ug/kg(Corn Snack),
88~223ugfke(Puffed Corm), 117-273pg/ke(Onion Snack), 101~140ug/kg(Sweet potato Snack),
ND~264 pg/kg[Biscuit(Cookie & Cracker)], ND~138ug/ke[Biscuit(the Others)], ND~518

ng/kg(Instant Coffee), and ND~30ug/kglNurungji(Scorched Rice)], respectively.

2. The average amounts of acrylamide for food groups were 316ug/kg(French
Fried), 160ug/kg(Potato Snack), 86ug/kglinstant Coffee). These Fig.s were
lower than those of the amounts measured by T/F team for acrylamide reduction
(Oct, 2007. KFDA); 374pug/kg(French Fried), 803pug/kg(Potato Snack) and 411ug/ke
(Instant Coffee).

3. The correlation coefficients between acrylamide and sugars, nutrients and
water were -0.163(Fructose), -0.117(Glucose), -0.083(Maltose), -0.156(Sucrose),
-0.256(Crude Protein), 0.127(Crude Fat), -0.219(Carbohydrate) and 0.234(Water).
The relationships between acrylamide and the other test items(sugars, nutrients,

and water) were established “very low" or “minus®.
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oladolujolme HxAAFTH, B $HAY 4P PAGE
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o= 22z Agdae sy §37A AE AL Gz}2) Aok AR,
aralEn ge AdAd ZF2: A FEHEE den Bd< 23] =] =
Alcohol, Hexane, Fthyl acetate, Glacial acetic acid. Lactic acidel= 48] = A

e gAE AT

Fig. 1. Structure of Acryiamide
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Fig. 4. Proposed pathways for the formation of acrylamide after Strecker
degradation of the amino acids asparagine and methionine in the

presence of dicerbonyl products from the Maillard reaction’®
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WA o5 ES CarbonylslgEe) Aol ¥u-Gat fAe Balo)ats
714 alel o] F o] 2 th Asparagineo] EA1351%] & weli= Methional® H.52]
A A G FaA Acroleinez HBHTH olg A HAH Acroleing Acrylic acid&
A% 5 ofaPolutoleg WHo| shssintm e A,
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2ok 4 A2 Asparagine?] FE & ThE Amino acidit €53 o

Glucose7} %3 EA3te 3E & ¢ A o]z RE g2 2Zo n &)

Table 1. Concentrations of Sugars and Amino acids in a potato cultivar used for chipping

Sugars Concentration(g/100g)
Glucose 0.1
Fructose 0.08

Sucrose 1.07

Amino acids Concentration(mg/100g) Amino acids Concentration{g/100g)

Alanine 4.7 Lysing 4.7
Arginine 16.4 Methionine 4.7
Asparagine 93.9 Phenylalanine 4.7
Aspartic acid 47 Proline 47
Glutamine 28.2 Serine 4.7
Glutamic acid 9.4 Threonine 18.8
Glycine 0 Tryptophan 0
Histidine 7 Tyrosine 7
Isoleucine 7 Valine 9.4
Leucine 4.7
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Fig. 5. Production of acrylamide from N-giycosides. Logarithmic-scale plot of the

formation of acrylamide over time in pyrolysates of glucose with Glutamine

(triangles), Asparagine(squares) or Methionine(circles)””
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Mew, FHATe FHAF-S549¥3Y ClAAthe Confederation
ood and Drink Industries of the European UniomelAE 2]EZAkg] @
BAAZA s +YE A FAY FLo e Horh AAR [P =2
HE 71Este] AFYAGNAN 0188 4 A== ‘The CIAA Acrylamide Toolbox’ =
BREAHL, NEE A7 BHE AHHo2 g UG’
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I. 8 &

1L A8A s
2 zAAT AJEE ARE olzdolrlols o] 4 ALE A HE
AEFZS AT 20003 485 109714 A4 214, FaA 63, 2t
g7 374, 22 217, 4429 81, BER 74, G2y 44, 370
2w 27, 7.3 A 207, 7 HAZF 57, FEA 471, J2dEAT 204
= 2 121AL £A8, o2 127 AFToE BFIY AFAUT RS
HEE W g I SURE, AAEFEH, 1552 FALA FUS

=
A, $AH] Qe ABE 412Cd A YARAA AL, ZAE AL

2. oA YPolupol =] EA HH
olzdolnjolme] B4 A F J|EFANAY B2 AFPHAFANE
QFA A 1A A2007-102) whek LC/MS/MS(Liquid Chromatography-tandem Mass
Spectrometry) 2 MRM(Multiple reaction monitoring)-& Argstgon Algke 25
HPLC $3¢ AMgatgnt A A7 -e OASIS HLE(CIS, 200mg, vol. : 6 mL), Bond
Elut-Accucat(C8, SAX, SCX 200mg, vol. : 3mL)& Ar&-dldch R EELE2 g4
135992002 X8H ofadoprtel=rt Wighgd Kok e £ (Ing/mb)r&
Abgsigon, yRIEEede 01% AniitE 7hel 200ng/ml= A& ETh o3
E B 2= Maxi-spin filter tube(0.45m PVDE)E AF&-shsick™.
ARAA L) AANE 19 633 Zo] FAE UMANE olgae A% & F 1g2
a)5) 2sle) Som. Sel=ad s Fedl ¥ upt 3389 Inleh & anLE IRk F
A £%sted Ag)e] Wol 180-200pmo R 208 F¢ 23 F ATV

it
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Crush and homogenize sample

Weight1 g

Add 1 mbL

internal standard solution
Add ¢ mL water

L 4

Mix for 20 min on shaker

L
Centrifuge tube at 9000 rpm for 30 min

I

Micro Centrifuge at 7000 rpm for 10 min
(0.45 pm PVDF Maxi-Spin filter tube)

I

OASIS HLB 6 mL SPE (C8)

3.5 mL methanol conditioning
3.5 mL water conditioning

1.5 mL sample loading
0.5 mL water loading
1.5 mL water elution

Bond Elut-Accucat SPE cartriige

1.5 mL methanol conditioning
1.5 mL water conditioning

1 mL sample loading

) J

LC-MS/MS analysis

Fig. 6. Scheme for sample extraction®™
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o] 43t 9,000rpme g 30E F9 AR ETh
SmLE AFHA &7]x 7,000pme 2 1083

were 35mLsh ¥
Qo) E7A1 F
WEre 25mLsh B
1.5mLE ¥

35mLE E35pA1%1 OAS
& 05mLE EFHdE|ln
2.5nMLE.
A& 0.5mLE

olF fAREIEe AP EF

A gAaREEte AdS dETH
IS HLB SPE 7}Ez}A|el]l A9 15mLE
E 15mLE #&A1A 2ol BYg I
#8432 7) Bond Elut-Accucat SPE 7HE €] X]of BY

AW o]F dojzl ImLE HHIZZrED

DEDIPALET KR8+ A=A

sfagolulol =g $A3

171 913k LC/MSIMSS] 2712 3 33 o

Table 3. Analytical condition of LC/MS/MS

LC

MS/MS

Column

Column flow rate
Column temperature
Injection volume

Mobile phase composition
Run time

Retention time(RT)
lonization mode

Source temperature
Desolvation temperature
Collision gas pressure
Collision energy

MS/MS experiment

lons monitored

ACQUITY™ Ultra Performance LC(Waters)
Quattro Premier XE(Waters)
ACQUITY UPLC BEH (C18} 1.7um,
0.2 mL/min

35C

2ul

2.1x50mm

Aqueous 0.1% acetic acid. 0.5%methanol in Distilled water
3min

1.2min

Electrospray positive ionization(ES+)

120C

350T

3.84x10™(m bar)

10volts

MRM(Multiple reaction ion monitoring)
Acryamide(72.0—55.3), Internal Standard(75.2—57.2)
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Fig. 7. LC/MS/MS chromatogram for acrylamide standard(s, 10, 50,

Campound name: A

Correlation coefficient r= 0.9992132, "2 = 0.90984724

Calibration curve: 0. 200348 *x + -0 226409

Response type: Internal Std ( Rel t ) Area = (IS8 Conc, 718 Aarea )
Curve type: Linear, Qrigin: Exciude, \J\:emhtmg 18, Axls trans: Mane

4.00

100pgfkg)

Residyal

Response

e

TP

5.4

250

P

2

=5

0.0

Fig. 8. Standard curve for acrylamide standard solution
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Standard solution& Blank, Sug/kg, 50ug/kg, 100ugl/kgel =5 LC/MSMS £4
st AgdS AAdstgnrd 7, 1Y 8), AY = 10ug/kg= &l<], 10pglke

nare] RS Q0ugke® XA

3. AR 2 Fo AU
ZAUA AE 2 gdokAgEe EAvby g Auly ¥ 49 2Th T BAM2
HPLC-ELSD(Evaporative Light Scattering Detector)& ©l-8-8ks Fructose, Glucose,

Maltose, Sucrose?] #&-& ZAMSFHTH

Table 4. Analytical methods for other items

ltem Method : [nstrument
Pryin thod b
Water rying Methot By ADVANTEC, FV-630
heating(105C)
Ash 550 ~ 600T THERMOLYNE, 30400
, FOSS, Soxtec™ 2050 Automatic
Crude Fat Soxhlet Extraction
System
FOSS,
Crude Protei Kieldahl Method Tecator' Digestor,
rude Protein a e -
! / 2400/2460 Kjeltec™ Auto
Sampler System
. _ Waters, 2695
HPLC(High performance liquid i ,
Sugars 2420(ELSD - Evaporative Light
chromatography) ,
Scattering Detector)
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m 2z 9 2z

B ZARATIAY B8 1217) A)ge] o}adolulole deke ND~003ugkg, HASES
150ug/kgol A7, 97014 10ngfkg ©14 82i0) 10uglkgvleh FEFIIOM, 1474 o}
opRolETt HEHA] et AFTE ol dollol= HadHe HAR 5, ASHE
bughke= 71 A VRGO S5520F 20ugke, WA 183ugke THAWAE
160ugrkg, BHEF- 138ughke, TR 120ughkg, T-27AE 1061k, SIAFEAT SHugke,
7] - AWAF Muglkg, LTEIRF Hugke 71E} BIAZE Bugke <02 =7 Uehdm,
FEATE W 2pgfkeR 7P A Vel

Table 5. Concentrations of Acrylamide for various food groups

Product description Ng?£§fe50f Range of cc(;rg?]i}gt)ration(Mean)
French Fried 21 44~903(316)
Roasted Potato 6 ND~295(106)
Fried Sweet potato 3 ND~106(59)
Potato Snack 21 ND-605(160)
Corn Snack 8 30~883(230)
Puffed Corn 7 88~223(138)
Onion Snack 4 117~273(183)
Sweet potato Snack 2 101~140(120)
Biscuit(Cookie & Cracker) 20 ND~264(79)
Biscuit(the Others) 5 ND-~138(28)
Nurungji(Scorched Rice) 4 ND~30(21)
Instant Coffee 20 ND~518(86}

*ND : Not Detected
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L ZARAAF

A AL 2HEE W )AL 21 AZEFEHAA FUASFADT HULSES
165~170C o]tk & 63} o] oz Poluto| == 44~903pg/kg, B 0-1.8% T4
05-4.4%, ZA 14.3-395%, B8lES 144-529% AEHACE B ZAMATM fele
e 12709 AEFE 7P B2 olFHopulol= ke HATH

Table 6. Acrylamide and nutrients of French Fried

e ATBME iy o, G Gy
FF-01 82 0.1 31 35.8 21.8
FF-02 235 0.0 34 39.5 16.5
FF-03 92 (.1 3.8 37.0 144
FF-04 603 0.2 3.1 16.0 50.7
FF-05 903 0.1 3.5 229 334
FF-06 341 0.1 31 14.3 40.2
FF-07 121 0.2 3.0 16.5 36.9
FF-08 121 0.1 4.4 18.3 39.3
FF-09 597 .3 33 15.4 3.7
FF-10 628 04 2.9 17.5 34.8
FF-11 641 04 3.2 30.6 23.8
FE-12 287 0.4 3.0 22.8 281
FF-13 182 04 3.0 19.1 38.4
FF-14 297 1.6 39 19.3 358
FF-15 197 1.0 39 20.6 333
FF-16 524 0.0 4.2 18.3 354
FF-17 97 1.8 37 16.1 38.2
FF-18 93 18 44 20.9 36.3
FF-19 447 1.7 4.1 17.8 38.8
FF-20 44 1.2 4.0 15.0 34.8
FF-21 111 0.6 2.5 14.7 529

*FF : French Fried
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2. FATol R

#ALolRE REER FALNM £3) 2 & e, 2AE FAD 47U
A % dRelq = FEUNE TIRGT & 77 2o| olzaPoljolmt
ND~2%5glkg, BF 0-2.1%, Z@¥ad 2.2-35%, 22 0.8-20.8% Ereslze
8.5-26.1% A==}

Table 7. Acrylamide and nutrients of Roasted Potato

Sample Ac(ru);l?krgde Sugars(%) Prg{éljg?% ) gg&%}s Carbcz%drate
RP-01 ND 0.5 2.3 0.8 125
RP-02 152 0.7 2.5 12.3 156
RP-(3 165 0.0 3.5 11.9 85
RP-04 24 15 2.6 1.6 21.3
RP-05 295 0.0 2.2 20.8 26.1
RP-06 ND 2.1 2.6 6.7 13.6

*RP : Roasted Potato

3. AR E AR

PR AFE AdxdAoldl A st ez FALM mpnp Ay
ol AFFog Wusl= AFoz ¥ 83 o] olIYolulo|mi= ND-106g/ke,
FH 4.1-6.8%, 2EMF 1.5-2.3%, =AW 16.4~21.8%, B53EL 69.9-75.3%
HE = A

Table 8. Acrylamide and nutrients of Fried Sweet potato

sonpe MDURE oy, 0 Cargy
FS-01 106 6.8 1.9 20.3 72.3
F5-02 ND 4.1 L5 16.4 75.3
F5-03 72 4.1 2.3 218 69.9

*FS : Fried Sweet potato
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Axpame T 98k o] opmdolrio) =iz ND-605uglke, BF 0-6.1% T
=

WA 35-6.7%, XA 13.3-41.5%, ©4E2 48.6~75.8% A& A

Table 9. Acrylamide and nutrients of Potato Snack

PS-01 285 4.4 5.9 13.3 75.8
PS-02 ND 0.2 5.5 189 69.6
PS-03 188 2.8 6.7 19.0 71.2
P5-04 131 6.1 5.6 35.7 54.5
PS-05 239 1.7 3.5 20.9 70.6
P5-06 346 35 35 28.7 61.0
PS-07 605 4.0 5.5 154 73.5
PS-08 10 0.7 6.4 32.7 48.6
PS-09 ND L5 4.9 41.5 49.8
PS-10 <10 L6 5.0 27.6 63.2
PS-11 97 2.3 4.9 36.2 24.5
P5-12 125 5.6 4.9 18.7 70.2
PS-13 <10 0.0 6.0 318 56.7
PS-14 <10 14 6.4 30.6 58.4
P5-15 <10 2.3 5.4 19.3 70.2
P5-16 ND 2.8 6.5 19.4 67.5
PS-17 483 2.2 4.9 32.8 57.0
PS-18 126 5.7 4.6 33.6 57.2
PS-19 249 2.3 5.0 331 96.4
PS-20 449 2.2 456 30.6 59.3
PS-21 <10 3.0 5.3 29.6 58.6

*PS : Potato Snack



5. FHAYF
Fosde F 103 o] olaBoluloln: 17-2Mufke, G5 28-81%, T

3.5~5.0%, ZA|% 14.7~35.8%, B8 54.7-74.2% ZE5 ot

Table 10. Acrvlamide and nutrients of Onion Snack

Sample Ac(?g?ig%de Sugars(%) Prgfegig?% ) g&% Carb(zl%drate
0S-01 152 2.8 5.0 35.8 4.7
0S-02 273 6.6 4.6 18.4 71.3
05-03 117 8.1 35 18.0 74.0
05-04 192 7.1 4.8 14.7 74.2

*QS . Onion Snack

6. LvtdF
agupadle F 113 o] ofadolutol=E 101-140pg/kg, BF 11.8~28.2%,
ZT A 31-3.6%, A 32.8~35.4%, €HralE-L 57.7-59.9% HEE ok

Table 11. Acrylamide and nutrients of Sweet potato Snack

Acrylamide Crude Crude Carbohydrate
Sample Gehg) U8 proteins)  Fat%) (%)
55-01 101 28.2 3.1 354 7.7
S55-12 140 11.8 3.6 32.8 99.9

*SS . Sweet potato Snack

7. SFF29FE
129} @o] olmYolujol= 30~883uelkg, BE 1.4~39.7%,
ZA A 43~7.6%, ZAY 0.1-33.4%, €=rdE-2 58.7-91.4% HPEEQok
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Table 12. Acrylamide and nutrients of Corn Snack

sanple ARG iy e G CopyEat
C5-01 139 38 5.0 25.5 67.1
C5-02 85 5.2 54 217 69.8
C5-03 372 17 6.7 17.0 71.8
CS-04 30 2.0 6.2 243 65.9
C5-05 52 1.4 51 27.1 63.6
C5-06 94 6.1 4.3 334 58.7
C5-07 883 1.9 7.6 17.1 72.8
CS5-08 188 39.7 4.3 0.1 914

*CS : Corn Snack

2x ¥ 139 o] ofAdolule|=E 88~223uglkg, FF 3.2-45.3%, =
4 64.3~88.4% AEEH U

rlo

3~8.6%, =AY 3.6~21.3%, ©F3IE

Table 13. Acrylamide and nutrients of Puffed Corn

s ATBIE iy pode, G Comppyn
PC-01 164 26.9 4.5 11.3 81.7
PC-02 92 43.5 54 59 84.7
PC-03 88 45.3 43 36 88.4
PC-04 128 41.1 59 5.4 84.3
PC-05 223 3.2 8.6 45 82.7
PC-06 151 453 4.4 12.6 79.1
PC-07 122 41 3.4 21.3 64.3

*pC : Puffed Corn
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9. MIAAF(FI]- =28 A)
T7)- ZHAS F 14 Zo] ofaYolrlol e ND~264yg/kg, 5 1.2-47.0%,
2T A 6.2-18.2%, ZAW 5.8-33.7%, ©4815 & 585-82.1% AEH o}

Table 14. Acrylamide and nutrients of Biscuit(Cookie & Cracker)

somle ATENE i onde s Gyt
BC-01 187 11.9 7.4 12.8 74.6
BC-02 ND 279 11.7 23.1 60.0
BC-03 188 16.7 7.5 18.2 67.8
BC-04 31 47.0 6.9 24.4 61.9
BC-05 ND 4.2 12.8 10.7 68.7
BC-06 106 4.8 9.9 5.8 82.1
BC-07 41 49 115 11.1 72.6
BC-08 61 13 9.6 9.8 78.4
BC-09 15 32.3 6.2 23.3 67.3
BC-10 108 235 7.6 22.8 64.3
BC-11 55 22.0 16.2 7.7 70.5
BC-12 35 24.9 18.2 12.7 62.7
BC-13 59 21.6 18.0 16.5 60.9
BC-14 264 11.6 8.4 18.7 68.8
BC-15 211 1.2 97 6.6 80.6
BC-16 99 28.1 8.0 19.8 69.8
BC-17 ND 34.1 6.7 30.1 61.2
BC-18 24 1.7 10.6 8.9 77.1
BC-19 44 7.9 6.2 33.7 58.5
BC-20 59 47.3 7.8 25.6 63.2

*BC : Biscuit(Cookie & Cracker)
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10. ¥l 2AFCIED
J1Eb HlAA R AZEE A, Fhe], Crisp breads °l¥, & 158} #o]
o}z Yolulol == ND~138ugl/kg, &5 3.8~21.4%, A 53~18.8%, =AW

7.9~35.8%. €332 2 46.5-69.9% HEHU

Table 15. Acrylamide and nutrents of Biscuit(the Others)

e DR S 00, (s g
BO-01 ND 3.8 18.8 7.2 61.6
BO-02 138 14.3 15.2 225 46.5
BO-03 ND 214 5.3 35.8 56.5
BO-04 ND 14.4 5.5 23.7 61.0
BO-05 <10 3.8 10.6 12.9 69.9

*BO : Biscuit{the Others)

11. ¥4
=22 ¥ 167 o] olzHojrlo| = ND-30uglkg, B7E BT 7 A ol A
A2 A @oty, 2uAL 6.13-7.63%, AT 0.01-151%, gralE e 86.3~

89.5% ZAE=HUcH

Table 16. Acrylamide and nutrients of Nurungji(Scorched Rice)

SR-01 30 0.0 7.5 1.4 875
SR-02 25 0.0 7.6 15 86.3
SR-03 28 0.0 6.2 0.0 89.5
SR-04 ND 0.0 6.1 0.2 87.7

*SR : Nurungji(Scorched Rice)
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VAREAE # 177 o) olmdolvlo]== ND~518ug/ke, ZH 0~3.2%,

ot g 15.0-21.5%, AW 0.6-4.1%, @585 63.2-70.2% 721E5Ac}.

Table 17. Acrylamide and nutrients of Instant coffee

I
1C-01 a0 .08 15.7 2.9 69.1
1C-02 177 0.9 149.6 4.1 65.1
IC-03 198 0.3 18.9 29 65.7
1C-04 44 0.6 19.8 2.3 66.3
IC-05 146 0.6 151 2.5 70.7
1C-06 38 0.5 19.0 38 65.8
IC-07 10 0.2 21.1 3.3 63.5
1C-08 70 1.3 21.7 3.2 63.8
IC-09 <10 0.5 17.2 35 67.9
IC-10 16 0.6 185 2.7 64.8
IC-11 142 0.7 19.9 3.2 64.4
IC-12 518 0.0 20.7 1.3 65.8
IC-13 49 32 198 3.9 63.2
IC-14 ND 1.3 18.5 38 68.4
IC-15 27 0.7 18.0 2.9 65.8
IC-16 10 0.8 15.0 21 69.4
1C-17 13 0.8 19.7 0.6 66.7
IC-18 <10 0.6 18.1 4.0 67.7
1C~-19 133 0.3 16.4 2.1 69.2
1C-20 21 0.0 21.5 14 64.1

*IC : Instant coffee
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BE A|59] ojzolulol= Feke AFojoREbAAA ABFTY AF T olAE
opujol= Azl AL 1000ugkegoldtE AEFHACH AF| R e] ok=d
olnjol= A7+ 27 ALY 9o} vlsh Bopr g ke £AF et
ole olmdolrlol= A7iE &3 TFY &% 5 18t 43 ZUHY, 2AATY
ol dolnlol=. %715} uigh Bl A, AFAL) FEE FA Aol ol o= AEHE

1.4
17 1.109 1.149
1
1.102 0.718
E 08 0.803
2 0.6 0.741 0.541
0.339 i% 0.411
0.4 0.479 0.374
0.2 0.242
O .
06.9% (1X1)  06.12¥(2xh)  07.5"8(3%h)  07.10H (4xh)
o LRIAU o F X F2}0|E —a—FT]

Fig. 9. Result of Acrylamide recuction

o}z Polulol=i= Fglwre] Carbonyl group® of¥]=4te] Amino gruop3e
Maillard reactione] 2 AA7A=Rolth mpr B zajdFel e thd A g of
Zolnjol =l ojok HEZ ABBAZ EASATE K 1894 BeEnie 2ol
oladolulo| =9} TR W4EE ¢ 2ewdL §9 A#RAPE BAT, FAT
r=0.127. SRS r=0.2342 A% A 44D Adgete o Fe B,

ol ZAMIA AAS R Ro] HEFHE AFoT WSl T YEES



Table 18. Inter-Correlation of Acrylamide for food constituents

Items Correlation(r)
Fructose -0.163
Glucose -0.117
Maltose -0.083
Sucrose -0.156

Crude Protein -0.256
Crude Fat 0.127

Carbohydrate -0.219
Water 0.234

V. 2 &

2 Z2AATFAME FHAM FE5HE A% F otz dolulo| ko] )
AFHE 1270 HEE F 121719 A 85 LCOMSMSE o] &dted olzdeluteln
s F4sta, ofaHelulo| s o] A7kal @S ZASIAU. E§ 2 Alg A
Fructose, Glucose, Maltose, Sucrose & 4717 @9} 3t woekd ol zuula

A, BdhE, FEE EAEt AF F olzdYolviol= ekl AU e

fi

e

L 12108 A5 & otadetute]=9) HE&Ze ND~903ug/kgo] QL. 9973004
0uglke ©1d, 871°] 10ug/kgmTr 7EEUOM, 1A ofzdolulolSr} 71%E7)
Bt BE AlRA AFookEi Yo §F5 TS olz Yol AyE)

B35 1000ug/keR T A AEHGQOT, YFEEE 150e/kgo] Dot
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127) AxEzw oz Yolrtol= HE: TS TARUF 44-903ug/keg, TTH A
<10~295ug/kg, TTEOFEI LR <10~106pglkg, IR <10~605ug/kg, ST
WE 30~883ug/ke, HEE 88-223ug/kg, FrtlF 117-273pglkg, LT rRAEF
101~140pg/ke, 7] - A7 <10~264pg/kg. 71EFHR T <10-138ug/kg, T A
<10~30ug/kg, YAEE AT <10-518pg/kg ] A -

9. olmUetutol=e] BF A& AAYHUF) 3lbuelkg, FASEF 160
sefkg, Q12EEFD 86uglkgR, otz Bolvtol= Azsk 3 TIFE S 20074
109 43 mUEge] AR Tduelkeg, 4R 803ug/ke, 717 41lpglke BT
wE A 45U

3, olzYojuol= o} BE B FARET] AP RAA ofZHelrie| =9
Fructose2] AraHA)4= r=-0.163, Glucose:: -0.117, Maltose -0.083, Sucrose -0.156,
zurula 0256, ZA 0127, @538 -0.219, F¥ThE 02342 HEE 59
Ao e JERAY e Aads vERth

o)
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A Study on Airborne Bacteria Contamination in Various Indoor

Environments

D.HKim, J.W.Lee, Y.S.Kim, G.G.Rhu, Y.H.Min, J.S.Shim

Environmental Analysis Section

ABSTRACT
A wide variety of micro-organisms such as fungi, bacteria, and viruses can
be found in the indoor environment. Contamination of indoor air with micro-
organisims can occur under many circumstances. In indoor air, microbial contamination
can be a serious problem because of the variously associated human health
and comfort implications.

Therefore airborne bacteria assessments were conducted to develop the
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management programs for airborne bacteria of indoor air in various environments.
Airborne bacteria was measured by collecting spores, allowing them to grow
on TSA medium, and counting their colonies by the measure “colony forming
unit* per cubic metre(CFU/m®) of air.

Air sampling was conducted in several types of buildings such as a library,
marts, a wedding hall, and preschools. Airborne bacteria is acceptable up to
800CFU/m® according to legal standard of Indoor air quality. But significant
airborne bacteria was observed in the reading room of a library in summer.
For indoor air in marts, more than 800CFU/m® was observed near the display
stands of seafood and short-order cook and the center of the marts in
summer. Indoor air of the lobby at a wedding hall was significantly contaminated
with airborne bacteria in spring and autumn due to full of swings during
these wedding seasons. Indoor air quality of preschools for airborne bacteria
was fluctuating in a day all the seasons because they didn’t have any mechanical
ventilation systems to remove the indoor contaminants and just relied on

natural ventilation by opering the windows.
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2. NE AH 2 24 By

AUE7 T V=S TR AT AAZE BHEFE 7 2T MAS

100(MERK, Germany)& o]-&3s}o] vlgto 2 RE 12~15m2) EojolA 100L/mine)

FHEHoR 1087 MBS MIHstdTh

i 2= y-irradiationdte] EFF Tryptic

Soy Agar &MiAE AMEsldon iz QRS Table 13 2T}

Table 1. Composition of TSA Medium (g/L)

Ingredients Concentrations
Enzymatic digest of casein 15.0
Enzymatic soybean meal 2.0
Sodium chloride 5.0
Agar 15.0

ZAGTHAER o]854d0] 2t AE AL ¥ AH NP HFE D

st AMEE Mgg AFH3HY

Table 2. Sampling Points and Time of a Library

Sampling points

Sampling time -

Lobby

10:00~11:00 AM

Reading room

14:.00~15:00 PM

Lending room

17:00~18:00 PM

language and literature library
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Table 3. Sampling Points and Time of Marts

Sampling points Sampling time

Near the center

Near the counter 10:00~-11:00 AM
14:00~15:00 PM
19:00~20:00 PM

Near the sea food

Near the household goods

Near the short-order cook

Table 4. Sampling Points and Time of a Wedding Hall

Sampling point Sampling time

Lobby Before and after ceremonies

Table 5. Sampling Points and Time of Preschools

Sampling points Sampling time

Lobby 10:00~11:00 AM
14:00~15:00 PM
Nursing room 17:00~18:00 PM

ANg AHADANA Zzh 10000y HAHE7E BHE THAAFe] FHE WA
30~35C o] Hjo7lol A 48417t H¢t wiYEe] A9 + FF+E FH AT
FAES o|g5te FTr)e] ©9 AHF AF(CFU, Colony Forming Units)&
Aa=ad =N
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Table 6. Time of Ceremonies and Number of Guests

Spring Summer Autumn Winter

Time | Persons | Time | Persons | Time | Persons | Time | Persons

11:20 200
12:00 250 11:00 800
13:00 370 12:00 200 12:00 1 200 12:30 250
13:30 400 13:00 600

14:40 | 250
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The Survey on Sports Conditons of Biking & Jogging Route along the

Musimcheon

J1.G.Yoo, B.J.Jeon, C.Y.Kim, O.G.Keon, D.K.Park, T.G.Suk

Air Quality Preservation Section

ABSTRACT

This survey was carried out to research sports conditon of biking &
jogging route built along Musimcheon in Cheongju. The resuits of the survey

are as follows :

1. Acessibility to this route for biking & jogging is excellent because about
55,000 persons among Cheongju citizens can reach in 10 minutes on foot.

2. 'The using number of the facilities was about 4,400 people per day.
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3. The annual average concentration of VOCs were measured at the jogging
route and major road around this facilities, Benzene concentrations on the
jogging route and on this road were 3.8ug/ni and 4.3ug/ni, therefore benzene
concentration on jogging route was less than on the road by 10.6% relatively.
Toluene concentrations on the jogging route and on this road were 18.9ug/u
and 19.9ug/nd, therefore toluene concentration on jogging route was less than
on the road by 3.5% respectively.

4. Noise levels on the jogging route and near road were 62dB(A) and
23dB(A), noise level on the jogging route was less than on the roads by
9dB(A) relatively.

0. About 85% of its users had positive attitudes to this facilities had been

built along the Musimcheon
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% 53 M8 Uy geli Boz sal dion FUz
Qe ol aslish WA, Wty AefolA BE717 Alstsol A3

£ AU vEHR FREHT F2E A Aslel o2k Aol

=
A

34.5km, FFEHA 177.7i2] A 15 ez 64wk A FAR vleo) jke]n
t}

S GEBE AV T RojuAY PHTA AAS s 9|5y

st A7EE FHRE B2 WedoE s 4 glon,
ChAl Table 1of ®AIE b o} gho] 24 AE Easle S

=AA FAE stdon ERAUY &7 AGAS 3 BAolA B o w5

T~

EAA B4E shde] A FOEUR ol &7t A AT £ sle 4Ee
T AL Aol

Table 1. Classification of river{stream) type on where pass the city area

jn

. Type of pass downtown
Type of pass downtown | Type of pass outskirts

' ) center
Cheongju(Musimcheon) Seoul(H )
, gl ?Simmeon Daejeon(Gapcheon) . Hirangang
Daejeon{Daejeonchecn), _ Daejeon(Udeungcheon)
_ . Gwanngju(Hwangreong) _
Gwanngju{Gwanngjucheon} Gwanngju(Yongsangang)

2SR P

) = s &
i _T"
16.3km7} A s]o] glom, £H2w otf 12.3km AF7AAE £ 1.5m 27 &9}
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Z 30m ARA FZ27 HAE Mol st FEF glen, I ofF A%
AAe 2733 ARA ZA7F FERC F 4me| 27 AAH Aok =@
SEALEE FFUL ofd ATV AANEAR 17f4s AAFPHoR A
Aol 24 447t AT & oE Rl $X3T glew, HygAdRs &
A 14704, S 2784 Fol AAH e AR =AHUT

Table 2. Convenient facilities near the Musimcheon

Facilities located Site
Soorts Inline skating (1) Ao ok
0 _
P Gateball (4) AW, YA, RER SR
. Toilet (14) AHn B 5
Facilities o .
drinking water (2) Ay, el AAcEA
Jogging | jogging (width 3m, lengthl2.5km | A% @~ H23
course | bike (width 1.5~4m, lengthl6.3km B a~AF3rEd it

2. RAW A o18A & P HERA

% A ZAZ ol 8R ¢ A

AR 272 o84 8 2437 U5t BAGY), 286GY), 45
(74), 71&E0Y), A-LA (2R TR Ead, 48 9 Fdof dA
stk zARHe 24 Aoz 3 AWE s, A LAge 232
Az olel lkm B2 WA molA, A 224" A4 oty dkm B EER
A Zo A, A 3AHE AZAH ot 6km F Al 2w BToA 100mE &
FH02 o] A7 W2 @ THE Bl o84 £F ATV 349
zA45te S TItgon, ofF TAR 1Y AR ol §ATE AU
N §ArE o7 Hstel @ 7hA 7S SRk e 202 o8
27z EFaE Mg AERAA dehd B £5A0E 2AZ 1A
NEE FeHPo, 242 T2k 22 WA A 163m 9 AAA 27
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om, ZAFTL ol @Abe AW, AFA, dd, FAHAMA ox Pun o2

B B 2w, 242

A 8 2R Zo) oig Addll, AR Bosior & HWYAH = ggEe

3. dZl_dE =A}

7L AE AFH 2 Ay

FAY 2ARAN WIILARE dolry] Hste 2o} 272 29 v
ol WA, 5l 5 HTA A7 BFEVOC)H £S5 2UES Hw 2AEAT

HEA F7183E(VOCs) Al 523 &= SIBATA mimi pump MP-230 model NH-72
(JAPANE o] &3t ¥4 200mLE % 10LS Tenax 7}E&]= o) EREETE AlE
AH AML BAH 27028 4% 25, 352 1Esd A2Y ol 1km
2, A deERIAAER @ B4 stRol Fils 272 A2 o}
I3km 2 F 370 AHA 49, 64, 99, 129 3 43 AAsG e, A7 23
FAl 7144 El & Table 3.3 o)
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Table 3. Weather conditions during sampling for VOCs analysis

Month Weather Temp. Wind R.Humidity
APR fair 156C  L3% 32.8%
JUN | generally cloudy 20.8C 1.27% 60.0%
SEP fair oo | 1% 61.4%
DEC generally dowy 03c | LI% - 656%

g, B

mawee)e Ag Mg AulE Ultra ATD(markers, USAYE AH&3FR1AL,
AREAE Alglent GC-MS 5975(USA)E Abgste] ®Astglos], £33

BTEX = Zzzula, ~geojd, 12 9224, 13 daz2dd 3 1

.

Nzzewas 2AsYD. 24208 Table 4.0 ®AsA

Table 4. Conditions of GC/Mass for analysis of VOCs

- Equipment | Air server, Markes TD, Agilent 6890N GC
- Detector Agilent 5975 MSD
- Standard Supelco 100pg/mL in methanol(Volatile Mix)

Column : DB-5ms, 60m x 0.25mm, 0.25 #m FT
Column flow : 1.0mL/min

. . Oven Temp. :

Analysis conditon | s e i min, 150°Cminy—15C/min—250°0C Grmir)
MS Temp. : Quad. 150°C, lon source 230C

El mode, 40 = 250amu

- Cold trap MARKES U-T3ATX, Concentrate : 0°C, Desorption : 250T




T On Road in Upper of Musimcheon T0On Jogging in Upper of Musimcheon

1 On Jogging in downstream 1 On Road in middie of Musimcheon

Fig. 1. Scene of sampling for VOCs analysis

m. 24 9@ 33

L #4H718FE(VOCs) £44 3
7b. ANk VOCs &%
o xAbolAl= BTEX 2 F22wld, 2elold, 12-tjZF& a2, 13-tz

1

2EAA 8l 1 4-teR 2l 1185e dAsden, 1 F 12-dF2294

]

_89,



13-t12sza 2 14-tE22 03 4EHA FRed unA 52
Table5, 6 I #Zeo] AEFHUT

EAADAA 7] F VOCse] 7H3 F8 wEde AT EZtLTes HE
Aol gaHoz G Y Adolnt?

7] %o VOCs 5= VOCs7t 44 #@slr] vl 2%, nig 9
= sAAY 7o uEes YA AEH FYFH HAY B} A
gt ZA #Ae"H Aotk AA SAHH WA B FRE AWAE
AEz Eseko) goiy ypgEchE &4 9A gArt zelx, ty] &=t
B A e 04T E BQ 12¢0} 7b3 ¥A vebd olfi7h @ ¢ A& Aeith

| RS AASn s AE & 5

o]

w3 VOCs 1138 Z @Az 524
Qb o]#@d VOCs 55 % WAl $58 & A9s) nady $34 03 ~
5.3ug/m® T A EA38 ~ 6.9ug/m® I} wlwEte] e FFEolvh EF WHAA
Hol e AMAoZ 15 ~ 3lg/me verdty ddAd doh®™ gy
olga wubas 2RAY, AR, ABAH AT, AFUNE Fol webA
EA EA7 " % glol Ryt aFHEGT & 4 UZTh Table 5. -~ 6.9
a4 =W 2204 24§ VOCs 458 BAIAT
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Table 5. Monthly results of main VOCs in road site

Unit : pg/nd

date/site B* T* C* E* p-X* S* 0-X*
upper 34 139 0.4 0.7 0.3 0.2 0.2
micdde 5.1 27.6 0.5 14 1.0 0.5 0.5

APR | lower 3.0 13.5 0.3 0.6 0.2 0.3 0.1
range | 3.0-5.1 | 139276 | 0.3~05 | 0.6~14 | 0.2~1.0 | 0.2~0.5 | 0.1-0.5
mean 3.8 18.3 0.4 0.9 0.5 0.4 0.3
upper 4.2 12.1 0.4 0.5 0.2 0.2 0.1
midde 5.9 29.1 0.8 1.8 0.4 0.4 0.5

JUN | lower 3.5 11.6 0.3 0.4 0.2 0.3 0.2
range | 3.5-5.9 | 12.1~29.1 | 0.3~0.8 | 0.4~1.8 | 0.2~0.4 | 0.2~04 | 0.1~0.5

mean 4.5 17.6 0.5 0.9 0.3 0.3 0.3
upper 3.3 16.5 0.1 1.0 0.4 0.5 0.2
mickiie 4.8 23.9 0.4 1.9 1.3 0.6 0.8

SEP | lower 2.5 144 0.2 1.1 0.3 0.5 0.1
range | 2.5~4.8 | 14.4~239 | 0.1-04 | 1.0~1.9 | 0.3~1.3 | 0.5~0.6 | 0.1-0.8

mean 3.5 18.3 0.2 1.3 0.7 0.5 0.4

upper 4.8 22.2 0.5 3.0 0.4 0.6 0.2
midde 6.5 29.6 0.3 5.9 1.9 0.9 1.0
DEC | lower 5.0 24.4 0.5 2.6 0.2 0.5 0.1
range | 4.8~6.5 | 22.2~296 | 0.3~0.5 | 2.6~5.9 | 0.2~1.9 | 0.5~0.9 | 0.1~1.0

mean 5.5 254 - 04 3.8 0.8 0.7 0.5
upper 3.9 16.2 0.4 1.3 0.3 0.4 0.2
middle 5.6 27.5 0.5 2.8 1.2 0.6 0.7
lower 35 16.0 0.3 1.2 0.2 0.4 0.2
range 2.5+6.5 [ 121~296 | 0.1-0.8 | 0.4~5.9 | 0.2~19 | 0.2~0.9 | 0.1-1.0
Total mean 4.3 19.9 0.4 1.7 0.6 0.5 0.3

) B* . Benzene, T* : Toluene, C* : Chlorobenzene,
p~X* : p-xylene, S* :

styrene, o-X* :
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Table 6. Monthly results of main VOCs in jogging route site

Unit : ug/m

B* T* C* E* p-X* S* o-X*

upper 2.8 135 0.3 0.4 0.3 0.2 0.0
midle | 4.4 24.3 0.2 1.2 0.8 0.5 0.3

APR | lower 2.7 13.1 0.1 0.4 0.1 0.4 0.1
rnge | 2.7-4.4 | 131243 | 0.1-0.3 | 0.4-1.2 | 0.1-0.8 | 0.2-0.5 : 0.0-0.3
mean 3.3 17.0 0.2 0.7 0.4 0.4 0.2
Upper 3.2 11.8 0.4 0.3 0.1 0.1 0.1
midde | 5.0 2.5 0.7 1.0 0.3 0.4 0.2

JUN | lower 3.3 114 0.4 0.3 0.1 0.2 0.1
range  3.2-5.0 | 114-265 | 0.4~0.7 | 0.3-1.0 ' 0.1-0.3 | 0.1-0.4 | 0.1-0.2

mean | 3.8 16.5 0.5 0.5 0.2 0.2 0.1
upper 2.9 15.6 0.2 0.9 0.1 0.2 0.2
midle | 4.3 22.8 0.1 1.8 1.0 0.6 0.5

SEP | lower 2.7 14.3 0.1 1.0 0.2 0.4 0.0
range | 2.7-4.3 | 143-228 | 0.1-0.2 | 0.9~18 | 0.2~1.0 | 0.2~0.6 | 0.0-0.5
mean 3.3 17.6 01 | 12 0.4 0.4 0.2
upper 4.8 21.9 0.3 2.9 0.4 0.6 0.2
midde | 5.4 28.1 0.5 5.4 1.3 0.8 0.7

DEC | lower 4.3 23.7 0.3 2.4 0.1 0.4 0.1
range | 4.3-5.4 | 219281 | 0.3-0.5 | 2.4~54 | 0.1-1.3 | 0.4-0.8 | 0.1-0.7
mean 48 24.6 0.4 36 0.6 0.6 0.3
upper 3.5 15.7 0.4 1.1 0.2 0.3 0.1
micdde 48 25.4 0.4 2.4 0.9 0.6 0.4
lower 3.2 15.6 0.3 1.0 0.1 0.3 0.1
range 27-54 ' 11481  0.1-0.7 | 0.3-54 | 0.1~1.3 | 0.1~0.8 | 0.0~0.7
Total mean ‘ 3.8 18.9 0.3 1.5 ] 0.4 0.4 0.2

=) B* : Benzene, T* : Toluene, C* : Chlorobenzene, E* : Ethylbenznene

p-X* : p-xylene, S* : Styrene, 0-X* :
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Fig. 2. Comparison of VOCs cocentrations at jogging route & road site
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Table 7. Comparison of benzene and toluene concentrations at jogging route &

road site
Unit : pg/nd
Benzene Toluene
Site
road jogging ’ rate road jogging rate
upper 3.9 34 | J120% | 161 157 | | 24%
middle 5.6 | 1 14.3% 27.6 254 I 8.0%
lower 3.5 33 | L 57% | 156 15.6 0%

2. &25% AAAT
oIl ZAATAME AR EE H4sl7] Yate] BAM 2z A oy
0.5km A4, 3km(H ) AH, 55km(AeA 2ANED A, km A 5 47)
Aol A A Ztegell Rion NA-28(Made in Japan)& o) 43l Taws 278
AN 4558 54 vlastgh Table 8. ol EA$ niel o] =727t 278
49 HET 3.0dB(A) ~ 15.5dB(A) 283 Reg Uelhdon, =72 48
A 42 515dBA) 3t M ZAA 483dBAE 2000€E 2HET A4S
SAY XA F ARE AFedus ¥ F1 JFg 48dBA), duAe £
A5d d 53dBAYY wisestch a3y o) g HAAbA T
Hlae #&2 S4AHlgs 4349 943 5 EAZAF gl ajo|2

Ve

}-ﬂ
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Table 8. Comparison of noise results in jogging route & road site

Unit : dB(A)

sampling site APR JUN SEP DEC mean efc
road 55 56 %] 53 .5
upper
jogging 52 51 53 20 515 130
road 71 69 72 71 70.8
middle 1
jogging 54 55 57 55 55.3 1155
rad | 69 | 68 | 72 7 | 698
middle 2
jogging 5 55 58 55 56.0 1138
road 52 51 53 52 52.0
lower
jogging 49 49 a7 48 483 437

Dad 27204 £EHE lFAFE AR ol 2AlAE Akl

rAG|ER o8k, ofo]2] Helx B THBA epslrh oluel 2AR ol

£%) %= Table 93} BT ol &4 FE B ALY o 28000 - AFH o

58009 0.2 ZAHol cigdel /4% we Aoz veth T3 M we

Azl @A AW 740 FeE dehdan 349, 64, 74, 99, 12€ 4
}

o, o]& TAZ Fig. 3o @ F ¥¥

]

Z3 o} 2245 Table 9.o HEAISIR L

il

a2 o] gxt4E LBk BHE Tkl we Aule] AHA, 24, 47

=

s3 9lo] eEat= Algle & ¥Ae] AEaa e Aol FHE, o
et tiAe] aFuga ST FAMN 2YPRA ARE BEAZE FAUE
EHTe B o e AT DA S FAY F Utk AL #AE

UERE 4L Fig 40 EASHAT
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Table 9. Number of users of the jogging & biking route in Musimcheon

Unit : persons

Monthly number of user etc.
MAR 3,300
JUN 5,100
JUL 5,800
SEP 5,200
DEC 2,800
7000
6000 _m 7
5000 [
4000
o
3000 1B
2000
° !e 2 34 GA '7= 8“; 1 D‘ 1 1‘- 12
k=

Fig. 3. Prediction of Monthly user of the Jogging & Biking route along
Musimcheon

T 12km point below start jogging route.

T 4km point below start.

Fig. 4. The Picture of Traces Showing fact Players collided Each other
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Fig. 5. User ratio of men to women
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Fig. 9. Opinions about installation of jogging route along the Musimcheon
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Table 9. The number of user who can reach in 10 minute from each
residence to the Musimcheon on foot

A 55,1007
R 12,2731 0.8 9.818%
»3:1% | 71579 0.2 1,431%

2% 71803 0.8 5,744
ALE 5,078 0.7 3,555
2H% 12,287 0.2 2,457
L 8,615 0.5 4,308
HobE 3,570 0.8 2,856
A2 25999 0.8 2,079+

SNNBE 8,236 0.8 6,589

e 62619 0.5 3,131

Fig. 12. The outline map of Cheongju adjacent to the Musimcheon
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Distribution of VOC’s(Volatile Organic Compounds) Concentration
in the Industrial Wastewater

Y.,J.Kim, P.S.Shin, K.H.Shin, K.M.Kim, J.H.Lim

Industrial wastewater Section

ABSTRACT

VOC's (Volatile Organic Compounds) which activate photochemical reaction
and produce photooxidation products such as ozone have an effect on global
warming and cause cancers as toxic product. The discharging characteristics
of VOC's was investigated at the establishment located in the region of
Chungcheonghuk-do. The objective of this investigation is to understand the

discharging characteristics of VOC's in the industrial estates and to provide
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the basic data in order to control the specific poilutants in water effectively.

The largest two industrial estates, which are C and O individually, and
other some small industrial estates were selected to follow up VOC's and
verify the discharging characteristics of VOC's. We analyzed items applied to
an allowable exhaust standard for present regulation standard and other 12
VOC’s such as Dichloromethane which impose legal control in 2011 by taking
the samples of original wastewater and discharge water from water treatment
plants. Detection frequency of VOC's gathered in raw wastewater is as follow:
1,1-Dichloroethylene is the higest as 43 times and Toluene is next as 24
times and Chloroform is the third as 20 times and Xylene is the forth as 19
times. Discharge water shows a similar detection frequency of VOC's as raw
wastewater. Especially, it is shown in C and O wastewater treatment plants that
all of VOC's were detected in raw wastewater but VOC's were not detected

or their concentrations were significantly decreased in discharge water.
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Fig.1. Sampling number by industrial classification in sampling sites

| PC8, 7
Food, 4 o Eletronic
omponents, 5

Plastic, 1
Semiconductor, 5

i.eather fiber, 4
Pottery, 2 tig
Plating, 2 Medicine, 3
Cosmetic, 4

Optical fiber, 3
Other Chemistry, 3

Fig.2. Distribution by industrial classification in sampling sites
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Table 1. Characteristics of VOC's used in this study

(unit : pe/L)

i) &3
239 FE A 33 ﬂ;g*" CAS NO. ]l]i;?
Dichloromethane LA MAA, | e Y
(CH.CL) ¥ wzb | @y | 0 200
et EAA = Ay |
Benzene(CsHe) A AFIAE, | o T1-43-2 100
; A g A
Trichloroethylene - ' ol ()Y
el g3aid : -01-
(CHCL) B = ]%.L_ ; S @ty 6 300
Tetrachloroethylene SADAHA, O, i
(O B Tamma | qyaep | P10
1,1-Dichloroethylene CdEEge | ul(),Y r x
(1,1-CoHCL) Clegmaaz @ 2| Pt
_ BA, =c}o Bl L .
Chloroform (CHCL) B S (Zh 82 67-66-3 800
CarbonTetrachloride LA &2 A, | (L), e
(caL) K SEE gy | S| A
1,2-Dichloroethane | & A (%), 4 | e
(L2-CHCl) P A | g 0002 30
1,1.1-Trichloroethane | . (%)
i D A, A A 2] ' 71-556-6
(1,1,1-CaHCl3) A A : dd)
PE bR, (%)
Toluene (CsHsCHa) D £,  oyony | 108-88-3 |
e
Ethylbenzene (CyHi) D %;]t;_]_a;_“a;i’: g (%) 100-41-4
1330-20-7
Xylene (CsHip) o C(Q5-47-
SR 1P awase Y@ AEHS
p-Xylene) " 106-42-3)

TILEICE): vl SASREEd, 2900 dRAAREIE TE, 3AEHY R 274

BB, 4A) EUSL A

* - EPA cancer group.

=

Group A : IZFeAA Lg% SH, Group B : ¢izbolA webd 92853

Group C : UZHAAl B 754 &
o W EHE7IEEAAY), 20111498 HE

d Group D @ 2lZtedA B4 o s EREA Y8

CAS NO(Chemical Abstracts Service Registry Numbers)® ©]=3}8F3(ACS ; American Chemical
Society)e A R g AR EE @i
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Table 2. Analysis condition of purge & trap - GC

Purge & trap Condition

Oven Temp. & Condition

Instrument & Condition

Trap model :

Tekmar XPT
Purge time : 11 min
Purge flow :

40mL/min
Sparge vessel :  25mL

Desorb temp : 245C
Desorb flow
200mL/min

Desorb time : 2min

40C (2min)—67T /min to

£ 100C (2min}-—»10C /min  to

200°C (2min)

GC model :
Agilent 6890N
Carrier gas : N

Column : Vocal

(60m x 320um x 3.0pm)
Inlet mode : split 5:1
Inlet temp : 200TC
flow : 2.0mL/min
Detector temp : 250T
Detector : FID

- 116 -



