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Genetic Properties and Antimicrobial Resistance of Campylobacter jejuni Isolates from
Diarrhea Patients in Gyeonggi - do
Eun-Seon Hur, Po-Hyeon Park, Jong-Hwa Kim, Jong-Sung Son, Hee-Jeong Yun, Yea-Eun Lee,
Yun-Sook Choi, Mi-Hye Yoon, Jong-Bok Lee

Team of Microbiology

Abstract : Campylobacter jejuni is an important food-borne pathogene causing gastroenteritis in human. We

isolated 42 strains of Campylobacter jejuni from diarthea patients and 4 food-poisoning outbreaks in 2010,
Gyeonggi-do. In this study, 42 strains were tested for genetic characteristics, the serotype distribution and
antimicrobial resistant rate. The presence of hipO(100%), cdtB(100%) and mutated gyrA4(95.2%) genes was detected
in C. jejuni by polymerase chain reaction (PCR). Detection of mutated gyrd gene correlated with ciprofloxacin
resistance. 40 isolates had mutated gyr4 gene and were actually resistance to ciprofloxacin. Furthermore, comparing
the gyrd DNA sequence data, ciprofloxacin-resistant isolates had a mutation of the DNA sequence from
ACA(threonine) to ATA(isoleucine). But 41 strains(97.6%) of patient isolates were susceptible to erythromycin and
azithromycin. A total of 35.7% among 42 C. jejuni isolates were identified into 4 different serotypes. The serotype
distribution of C. jejuni strains were shown to be HS2(B), HS3(C), HS4(D), HS19(0O). To investigate the genotypes
of C. jejuni isolated in Gyeonggi province, repetitive sequence polymerase chain reaction (rep-PCR) analysis and
Smal-digested pulsed-filed gel electrophoresis (PFGE) profile analysis were performed. From the PFGE analysis of
42 C. jejuni strains, 12 clusters of PFGE profile were obtained. On the other hand, 11 clusters of rep-PCR profile

were obtained from 42 strains of C. jejuni.

Key word : Campylobacter jejuni, mutated gyrA, antimicrobial susceptibility, PFGE, rep-PCR
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9 ‘rrﬂZq E4¥ 843, g4 WAdEsES FAsATE hipo FECl FHAH100%), cdB =4 FAA
(100%)7F &5 3L gyrA =AWl F12H95.2%)7F PCR AP A3 HAZHAT gyd AWl A=

ciprofloxacin W]/ ¥} ‘?“i%ol Ziow, T3 Fabyel o3 AHe Ao gyd EARO] AR AEH 407
F(95.2%)°1 41 A A ciprofloxacin®] 3l WS ®RAch 28 427 F C jeunioll ek gyrd FAAL] 47]
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HS2(B), HS3(C), HS4(D), HS19(O)= ¥t =l A B&§ C jeuni 42759 F+HHS rep-PCRIFY
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Campylobacter jejuni= A}, B% 59

dosle AE/) 4o F28 99

ot AF=ERY C jejuniol
t @Wol WAste= o Hi
C. jgunit= ¥% £ol sty 54 ARLE 7}
= aA"EeAY UAdd
5~10% Ataold F2 FA5e na7|ddo
2 e 42THdM 2 45 9
thermophilic Campylobacter2 At} L3+ F
7l & =Eolu, AZx, 7F4Y, pHE O A o]
AL 500~8007H 9] Al HomE AF
doz F dow, ARJAETE frof, ofdo] H
modgo]l vk AlgolA A El =) C
jejuni= T2 JtERF, A HA S ®wo|l BX
stil, 53 W T VheRY AF Bds
- =tk C jejuniol 2]gh
ASEE oAFH 7P WA B e 2
oo+ I/ @ HAY, 299 Har] A
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Ab, TFE, WA Sol 3-5U7F N&dEY S
Aol A& zve] @m SwE FAA A w7}
dastA] @e oz d#HA AU AA
g2 e 3 A77 A9 flE AAo

&0l 63%%°] AF HuE* o] A
2ure] 3 X8 A2 fluoroquinolone ] 3347k
o] AMgE 1 9Jrh. 22t} fluroquinolone”l] &Y
Al ARgo] Skl whet o] Aol WS Tt
2 Campylobactere+7F Z7Fskar Aoh. Gants}
Poddock”} 21 Ganpylobacter+t=~ 78] fluoroquinolone
Al &AYAI ciprofloxacin®l] 23+ WA 4.1%
S w3 o]FY Al YoM Campylobacter
9] fluoroquinoloneZ] ulAgde] WA F7lste] o]
Aletell o1&k 9153 e A8l EAFlo] A7l
=31 9t} Fluoroquinolone®] 7HHel Z7]oll= o]
o] g o] dids] Feto FA A=
of e AFEEAT. 2y e W] S

7} erythromyein, azithromycin's<] PIAEEO]=AP} il
ARg=IRL ALY Fluoroquinolone ] &8A1= Canpylobacter
59 T133Ad7e] DNA gyrase®} topoquinolone M-S
AAete] FtARe-S WERN=H grd FaRke] S
o] oJ¥=Z fluoroquinoloneA| EAYA|S1 ciprofloxacin
of WS gl =

B3t Campylobacter &= C. jejuni, C.
coli, C. lari, C. fetus's &g T/7F A3
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A=HAL, A Tl st sy AEA
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A AW Al C jejunis typing 3hi= ol
d39, JAFETe S Mok W
PFGE(pulsed-field gel electrophoresis), ribotyping, MLST{muiltilocus
sequence  typing), rep-P(R(repetitive extragenic palindromic
polymerase chain reaction(rep-PCR)S ¢ /%13
S Ak el b

2 ATl s A=W LS g AAt
3ztol A F = outbreakoll A EEH C. jejuni
TFE UdeZ C jeuniol 5°1AA hipO
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2.1. Campylobacter jejuni®] #3 2 &4

2010 A71=A9 HAdekal B,
T4 Hd, ANAE H9, By a)s

g AARSERE HA
10779 47109] A F 5 outbreakoll A -

RTF 5 AA R2uFE AT AFESHA T
C. jejuni®] 2 E %3] modified CCDA preston
(Oxoid, UK) ¥ ¥hul=]o]
Campygen (Oxoid, UK)E %7}t 42T 48
AZE A E 7] wieket o 9 EE B0
Fejo] s ks &5 BEsith EEd

22 campylobacter triplex PCR kit (Kogene,
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Korea), catalase, APl campy (Biomeriux, France)E
Abgell HE SAst 2" #FE 02%
yeast extract, 20% glycerol, 5% FBSE %7}t
BHI (Oxoid, UK)Hj#]ell ®o] 70T deep
freezeroll B ¥t vh7E A g ol AR&aFA T

Table 1. Sequence of Primers used in this study
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PCR T3 o2 AM83tA T} hipO, cdtB, gyrd
Aol et primer 9714 E Table. 13
o, BioNeer (Daegeon, Korea)ol| 2|3l
Atk FHAe] PCR HHE2 F=E3 3
uL, forward®} reverse primer(20 pmole/ uL) Z}Z}
uL, PCR mastermix (Bioneer, Korea)& A}-& 3}
HZF 20 uL7t = A sk hipOt cdtB A}
o] PCR =72 94Col A 583 pre-denaturation 3t
5 94°Coll4] 30%3t denaturation, 57°ColA] 30x37+
annealing, 72°ColA] 1.7}t extension 227122 30 cycle
HHESE oy 72CollA]  5%%F  postextensiondATh
mutated gyr4S} positive grd FHAL] 73-9- 94°Col|
A 387F  pre-denaturationdt - 94TCollA  30x%7F
denaturation, 50°Coll4] 3033} annealing, 72°Coll 4] 20%
Zb extension 7O & 30 cycle W3 tRe- 72T
o] Al 5%T post-extensiondtATE. PCR ¥HE- ¥ A=
2 cyber green GAAI2Fo] ESHE 2% agasose gel’d
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PCR product

Target Sequence (5'to 3")
size (bp)
o 13 Forward 5-ACT TCT TTA TTG CTT GCT GC-3'
P Reverse 5-GCC ACA ACA AGT AAA GAA GC-3'
B . Forward 5-ATC CGC AGC CAC AGA AAG CAA ATG-3'
¢ Reverse 5-GCG GTG GAG TAT AGG TTT GTT GTC-3'
mutated Forward 5-TTT TTA GCA AAG ATT CTG AT-3'
265
ayrd Reverse 5-CAA AGC ATC ATA AAC TGC AA-3'
positive Forward 5-TTT TTA GCA AAG ATT CTG AT-3'
368
ayrd Reverse 5-CAG TAT AAC GCA TCG CAG CG-3'
sequencing Forward 5-TTA TTA TAG GTC GTG CTT TG-3'
primer(gyrA) Reverse 5-TAG AAG GTA AAA CAT CAG GTT-3'




2.3. Genomic DNA %3} mutated gyr4
FAx d71ME B4

C. jeunitts @ H wjx]e =d3 F
42TCoA mz7|HoR 48417 vjUdd ¢
genomic DNAE QiAmp DNA mini kit (Qiagen,
Germany)E& AF&3 FZ3FSt}h.  Ciprofloxacin
Wk HEE grd Y] Bl o s
gelst7] 9@} Table 19 gyrd
primerE Ab&3lo] g7 g BAS

t} (Solgent, Korea).

-

sequencing

SRR

24. FAA A4 AE

FAA R AFe BF Haa g o
2 2AgsA . 5% sheep bloo
(Oxoid, UK)E A&ttt P ujx|ox 4
2T, 4843 F¢h & Wi HS TSB
(Oxo0id, UK)°l F 3}04 MacFarland 0.5%2 93
a wfAel A =EEgith 37T vE
7] el 2 484171 OJ e § A 27
ZAsto] WARFTFE d=ednh B
A3t E. coli ATCC 25922 75 &7 A
15tA T AgE A Y23 & Nalidixic
acid (30 ug), Ciprofloxacin (5 (g), Erythromycin
(15 pug), azithromycin (15 ug), Cephalothin (30

a
o
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noi' mlm mim

1g), Imipenem (10 pg), Chloramphenicol (30 xg),
Tetracycline (30 1g)S AF&3FTh (Oxoid, UK).

25.83% A ¥

C.  jeunidl g Campylobacter
(Denka A}-&- 3} o
passive hemagglutination (PHA)H o2 2 A5}
om AxALY HAFHE witth o
Ao A 42T, 4847t T/E—/F w2 C jejuni®l
heat-stable antigens FE3Fo] dPAS F=H|3}
3 fixed chick red blood cells¥ =313
TCAA 3027 RESAIA BRAMNEE A=
t}. Microplate well(V bottom) plate®l] Z}+Z}+2]
t‘g;‘g lmow %7].7‘5]."7’ z} welloﬂ 7Lxuq]
25 uL=

dHE=

antisera seiken, Japan)E
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30

C. jejuni®] PFGE 4
A

o
-
}o] PulseNet WH o =

cell suspension TE (100 mM Tris pH 7.5 and
100 mM EDTA, pH 8.0)] 2o 20%°] ¥4 %
2 dgA A, g 200 uLS 1.5 mL tube
of Y 1.2% plugé
uLE ol 7FA 4 = vtE plug moldell
Yol #FHY. 2 mL tubed] ES buffer( 05 M
EDIA pH 80; 1% sodiumlauroyl-sarcosing) 2} proteinase K (20
mg/mL) 40 uL”7} 7} lysis solution 1.5 mLel
A 2o plugE: 91 55T e gzl A
A7 &< WA 7t

Plug wash TE buffer (10 mM Tris pH 7.5
and 1 mM EDTA, pH 80 )2 %o &7y
PVC tubeoll 91 55C & 34F(150-175
rpm)oll A 20 <t plugE Al #H s} 9]¢ 3}
S 53] A & AFHo] £ plugE 1 mm
FAZ ZE 40 UL Smal A& A (Roche,
USA)E o]&3te] 37CTolA 242k 308 &<t
WS AT Agta s A plug gels %
719 #X (CHEF DR3, Bio Rad)Z A}-&3|
initial time 6.76 s, final time 38.35 s, A 6
viem, 120C, 18413+ &<k A7) 45t %
719%E°e]  $EEH  cyber gold A A SF
(Invitogen, USA)°ll gelS 2ol 303 9G4S
gk dAe] EUH FRTE o8t 1A

seakem gold agarose 200

< gAS A7l & uve el ). &9l
¥ A2 & Bionumerics T 21 S o] &3}
A8 T}

2.7.  Repetitive
reaction (rep-PCR)

sequence  polymerase chain

T4 WgSE C jejuni® genomic DNAE
MoBio Ultra clean Microbial DNA isolation kit

(MoBio Laboratories, CA)E A}-83}o F&3I



t}. %3 DNA 2 uL, rep-PCR MMI 18 uL,
GenAmp 10x PCR buffer 2.5 ul, primer mix
2.0 uL, ampliTaq DNA Polymerase 0.5 uLE& &
St3l] rep-PCR (Campylobacter kit, bioMerieux)2 2IA]
3k PCR 5352 validation¥! personal thermal cycler
(Biometra, Germany) = 3% %131, PCR ¥k-g =71
< Table. 29 #u. FFHEH PCR A=
micro-fluidic chips®] T3t HA7]F 53 F
Caliper Labchip Agilent 2100 Bioanalyzer(Agilent
technologies, CA)= =23}t Diversilab Web
interface softwareE AF-8-3 C. jejuni®] rep-PCR
profilesS 98% cutoff2 o] 4% ABAS
ghelaksd

Table 2. Rep-PCR condition

Rep-PCR protocol

Initial denaturation 94C 2 min

Repeat cycle: 35 cycles
Denaturation 94C 30 s
Annealing 50C 30 s
Extension 70C 90 s

Final extension 70C 3 min

3. 249 2 nF
3.1. A7V EW Campylobacter jejuni®] ¥2) 733F

2010 A7 =delA ¥ C jeuni®]
T T L2TFE S a9 SFHA AARSA
(EnterNet) & tjo 2 3 ZHAIALA A A 103,
4719 2 F % outbreakE F3 el T
327 F At (Table. 3). mCCDA Al &} uj) %] o] A
Y we= B e I HJgs F5

72+ PCR, catalase¥”d, API campy 2 ¢
=
[s}

& (404%)S H AL 6~9
T2 oFH HTH

Atk (Fig. 1).
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Fig. 1.

stool sample from diarrhea patients by month.

Prevalence of Campylobacter jejuni in

AP EF(CDC) A=E A¥HEW wd
C. jeuni® igl&o] FolAa Ut} AA
2007~2009%1 33 ¥ x| ®.t} 200911 7 20101 o]
g&o]l o = Yey AFs dQIdo® C
jejuniZt A3 o T A L Utk E£F 6~84
Abo] 2E7F w& oFHd &l =S
H, olfE AAAYN Rakx] AL gka) 2 B
B 223 C jeuniol &2 A 5 A5
C. jejuniol €3 A F= T A A AF
FEEW A2, AR, ¥ S35 "7
2ol th it o]tk Ul Al T C. jejuni
e A Tol¥ 5usE BRusga, o
O 2 C jejunivte] HIE0] 50~100%=
T =va g#EFul, @ gAY edd #
o =

7k o] qtel @ peddom W Fad
ol

d

32. AAIEAG M e E FFE hipO, cdiB

24 A2

Campylobacter = C. jejuni, C. coli, C.
fetus's THFSH TH7F EAEt A, Aes W
TOoR FQ3 C jeuni®l A5 hipO T A9
EA A2 B2 Campylobactervt 3} =53}/



Table 3. Outbreak cases of food-borne
gastroenteritis by Campylobacter jejuni.
Outbreak ) No. of
Region Month
cases C. jejuni

EnterNet Gyeonggi - do 10 (23.8%)  4~8

Case 1 Gimpo 12 (28.6%) 11
Case 2 Siheung 6 (14.3%) 7
Case 3 Suwon 2 (4.8%) 8

Case 4 Gwangmyeong 12 (28.6%) 8

THET AA SAEEYH
T OEF A" iR Aol dEF A
o Astsr g2E A} C jejuni= 3
oy, hip0 T5°] w4 HE oAFE F
HEHoR g9, 439t C jejuniv T
Campylobactervt #} = THE | hippurate 7} 3]
ddez  FE3dl Dassanayake o
hippurate 247 %= Jriil B3 ¥} Wangs
o™ ®WIF hip0 FHA HEZ C jeunis
el skt

Fig. 2. Electrophoresis of PCR products for the
hipO (a) and cdtB gene(b). Lane 1 to 10,
Campylobacter jejuni, M, size marker, N, negative
control.

LI C jeguni®l 54 NS A7) 98l
ANEES vASA o7 FFAI]E CDT (cytolethal
distending toxin)2] =4 FHAAFQl cdB2] EA

& PCRZ ety CDT= 198894
Shigella, E. coli, C. jeuniolx] 21502 rlg A,
o] uAEolA CDTE= cdid  (30kDa), CdtB
(29kDa), cdtC (21kDa)2 T =™ 1 & cdtB

AA= C jejuni®t C. coli 7oA HAFR L
u, CDTEA 2 C jejuniol A%+ YeElbdTh o &)
Ak,
A3 A
outbreakol| A 2|t 429 F EFol A C. jejuni
of EolAl hipO FHASY} HA FHAQ

cdtB7} &% A (Fig. 2, Table 5).

EREE

3.3. C. jejuni® fluroquinoloned] A WA
I dA#E grd TR Ed¥e AE
A gyd FAA E71ME B4

C. jejuni®] X BAZ 2:o]= fluroquinolone |
A el ciprofloxacin WAl & Ruiz'®% ol 2] &}
W2l A ANA EEE C jejunid
35 1990%d 47.5%°1 4 19941 88%=
7ol Fbeka, wulel A ¥ P
20055 gkak HACA el dFolA 37%,
Kim 5% <stw 20073 #HAtoll A ¥2l3k ¥
T EF (100%)1 A4 WS BEAdthal Hasksd
ot ol gt C jejuni® ciprofloxacin®l w3 =
S WAHES grd A ¥o] wFo|ga
H A oH). web A ciprofloxacint A 3 ## gl
grd ALY EdAWolE PCRE FRIstA
O A3 423 F F 40T (95.2%)°0 A gyrd
Aol AT HEFEHAT ¥HA - positive
grd TRAAE 27T BEToA FgHoe=z &

o1% 9lt} (Fig. 3, Table 5).

e H

.

Fig. 3. Electrophoresis of PCR products for the
mutated gyrdA gene (a) and wild-type gyrd gene
(b). Lane 1 to 10, Campylobacter jejuni, M, size

marker.



T3 ciprofloxacin®] WAS YeERiE w54 C
Jjejuni®]  QRDR  (quinolone determining
region) 79 ©] ofm| =ik A Ho] Eg QoA o]

sFaow ol Holglthn ®id ¥k PCR

resistance

At AEE grd fraxe] Bddol opg
A= gelatr] fla A7IMESs A8k
21 A3} fluoroquinolone Al YA ciprofloxacin

W A& A= C jguni®l grd QRDR w2
o] 86 o)At S= F97F ACA(E L H)el
A ATA(Cl&F2)= WolH o] las Elskal
Uh(Fig. 4). grd =W o] PCR A9} whxk7hA]
2 A AN EEET 9y A
2155 (case 3) wE|wT 29T wild type C jejuni
o @riMdol Sk, wAl 407H(95.2%) 141
EAWol7F FRIHAK(Fig. 4, Table 5).

33. oA A5 54

Ar4s 7 L/\] A} (EnterNet)2} 2155 outbreak

oA el 232 C jeuniol WHall vt

AAREE Q?JG]' tt. C. jejuni®] A EA|Z 2:0]

ciprofloxacin, erythromycin,

azithromycin@} 14}l imipenem,

chloramphenicol, tetracycline’s- 8F-F2] I AE A}
&ote] 2= o w AAsiith

+ nalidixic acid,

cephalothin,

Table 4. Frequency of drugs resistance in 42
Campylobacter jejuni isolated from patients with

diarrhea

o Conc. No. of resistance
Antimicrobial drugs

(ug/mL)  strains (N=42)

Nalidixic acid 30 40 (95.2%)
Ciprofloxacin 5 40 (95.2%)
Erythromycin 15 1 (2.4%)
azithromycin 15 1 (2.4%)
Cephalothin 30 42 (100%)
Imipenem 10 1 (2.4%)
Chloramphenicol 30 0 (0.0%)
Tetracycline 30 29 (69%)

Fig. 4. Comparison of C. jejuni gyrA QRDR DNA
sequences. Sequence WT is a portion of the gyrd
QRDR of Campylobacter jejuni UAS580(GenBank
no. L04566).

Quinolone”l] &YAIQ] nalidixic acid®} fluoroquinolone 7]
AARI ciprofloxacin®] 739~ A 427F F 407
T(95.2%)7F WS R 3AtH(Table 4). &€ C
Jejuni tF-Eo] ol FAAlC w2 WS
R B R P X b}E}lH Fm A—l/\]_;dﬁ_ 7F
2 A ”Z%(case 3)
fines 29‘:5_01914(Tab1e 5). o] 2 T:F gyrA
A2 PCR A3} EdARo] F

29kl gyrd DNA 47144 Héﬂ?—‘gﬁr
A FAAE 7 dFek A A S A tH(Table 5).

w2tA C jejuni®] gyrd A A7F ACA(E# S
DelA ATACCl&FA)E Edwe] 5
nalidixic acid®} ciprofloxacin 3t
4= & F Ak oe = =
2] nalidixic acidoll WAl C jejuni v52] 73
- ciprofloxacin®] A} WS Ho]7] wjoltt
18)

u



Table 5. Biochemical and genetic characteristics of Campylobacter jejuni from patients with diarrhea

Number  Outbreak mutated GyrA QRDR Susceptibility
) i hipO gene cdtB gene
of isolation cases gyrd gene DNA sequence + Cirpfloxacin
1 EnterNet + + + ATA R R
2 ! + + + ATA R R
3 " + + + ATA R R
4 " + + + ATA R R
5 " + + + ATA R R
6 " + + + ATA R R
7 " + + + ATA R R
8 ! + + + ATA R R
9 ! + + - ACA S S
10 " + + + ATA R R
11 case 1 + + + ATA R R
12 " + + + ATA R R
13 " + + + ATA R R
14 " + + + ATA R R
15 " + + + ATA R R
16 " + + + ATA R R
17 " + + + ATA R R
18 " + + + ATA R R
19 " + + + ATA R R
20 " + + + ATA R R
21 " + + + ATA R R
22 " + + + ATA R R
23 case 2 + + + ATA R R
24 " + + + ATA R R
25 " + + + ATA R R
26 " + + + ATA R R
27 " + + + ATA R R
28 " + + + ATA R R
29 case 3 + + - ACA S S
30 " + + + ATA R R
31 case 4 + + + ATA R R
32 " + + + ATA R R
33 " + + + ATA R R
34 " + + + ATA R R
35 " + + + ATA R R
36 " + + + ATA R R
37 " + + + ATA R R
38 " + + + ATA R R
39 " + + + ATA R R
40 " + + + ATA R R
41 " + + + ATA R R
42 " + + ATA R R
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Table 6. Serotype distribution of Campylobacter

Jjejuni isolates from diarrhea patients

Serotype No. of strains
(Penner’s No) (N=42)
HS2 (B) 3 (7.1%)
HS3 (C) 1 (2.4%)
HS4 (D)
complex(4/13/16/43/50) > (119%)
HS19 (O) 6 (14.3%)
Untypable 27 (64.3%)
Total 42 (100%)
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Fig. 5. UPGMA dendrogram of Smal PFGE patterns from 42 Campylobacter jejuni isolates from

diarrhea patients.
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Fig. 6. Rep-PCR result of 42 Campylobacter jejuni isolates from diarrhea patients.
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Molecular Characterization of the Respiratory Adenoviruses in Gyeonggi-Do

Hyun-Kyung Lee, Myung-Jin Lee, Su-Kyoung Mun, Woon-Ho Kim, Han-Gil Cho,
Mi-Hye Yoon, and Jong-Bok Lee
Team of Virology

Abstract : Adenoviruses (Ads) are an important cause of respiratory tract infections, particularly in
infants, young children, and immuno-compromised patients. In this study, we investigated the
characteristics of adenoviruses isolated from outpatients with acute respiratory illness in Gyeonggi
province during 2009-2011. Adenoviruses were detected in 102 of 1,622 (6.3%) specimens using PCR
or real-time PCR with viral specific primers. 76 isolates were obtained from 102 specimens using the
A549 cells. Serotypic distributions and genetic diversities of isolated adenovirus were analyzed by
sequencing of hexon and fiber genes. The distribution of Ads serotypes was 40 (52.6%) Ad3 strains,
15 (19.7%) Ad2 strains, 10 (13.2%) AdS5 strains, 6 (7.9%) Adl strains, 3 (3.9%) Ad4 strains, and 2
(2.6%) Ad6 strains. The predominant serotype was Ad3. Adl, Ad2, Ad4, AdS, and Ad6 were detected
sporadically throughout the study period. Ad3 was present both during outbreaks and in sporadic cases.

The sequences of hexon and fiber genes of isolated Ads were showed small-scale nucleotide variations.

Key Words : Acute respiratory infection, Adenoviruses, Fiber, Hexon, Serotyping,
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Table 1. Primer list for amplification and sequencing of hexon and fiber genes

Adenovirus Target . Product 1719
Primer Sequence (5'-3") Polarity i Reference
Subgenus gene size (bp)*
ADV-5L  CGGTGGTGITTIAAIGGITTIACITTGTCCAT Hexon +
A-G 458 Seo, 2008
ADV-3R  ATGTGGAAICAGGCIGTIGACAG Hexon
AdBI  TSTACCCYTATGAAGATGAAAGC Fiber + Wanhong e
B 670-772
AdB2  GGATAAGCTGTAGTRCTKGGCAT Fiber al., 2000
. CFwd  GGCATGCTTGCGCTGAAAATGGGCA Fiber + Lops | McCarhy et
CRev  GATGGRKCWGGDGTKGTCCA Fiber al., 2009
. AdEl  TCCCTACGATGCAGACAACG Fiber + o Wanhong et
AdE2  AGTGCCATCTATGCTATCTCC Fiber al., 2000

¢ Predicted amplicon size range based on previously published nucleotide sequences of representative adenovirus

serotypes for each species.
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Table 3. Serotype distribution of adenovirus isolated in Gyeonggi-Do during
2009-2011
No. of isolated adenovirus (%)
Serotype
2009 2010 2011 Total
adenovirus 1 2 (333) 1 (2.0 3 (15.8) 6 (7.9
adenovirus 2 1 (16.7) 9 (17.6) 5 (26.3) 15 (19.7)
adenovirus 3 2 (33.3) 36 (70.6) 2 (10.5) 40 (52.6)
adenovirus 4 1 (16.7) 2 (3.9) 0 (0.0) 3 (3.9)
adenovirus 5 0 (0.0) 2 (3.9 8 (42.1) 10 (13.2)
adenovirus 6 0 (0.0) 1 (2.0) 1 (53) 2 (2.6)

Table 4. Serotype distribution of adenovirus isolated in

Gyeonggi-Do by season,

January 2009 through October 2011

No. of isolated adenovirus (%)

Serotype Spring Summer Autumn Winter

(Mar-May) (Jun-Aug) (Sep-Nov) (Dec-Feb)

adenovirus 1 1 (11.1) 2 (12.5) 1 @27 2 (14.3)

adenovirus 2 5 (55.6) 3 (18.8) 2 (5.4) 5 (35.7)

adenovirus 3 0 (0.0) 8 (50.0) 28 (75.7) 4 (28.6)

adenovirus 4 0 (0.0) 1 (6.3) 2 (54) 0 (0.0)

adenovirus 5 2 (222) 2 (12.5) 4 (10.8) 2 (14.3)

adenovirus 6 1 (11.1) 0 (0.0) 0 (0.0 1 (7.1)
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Fig. 3. Phylogenetic tree based on the partial sequences of the hexon gene. (A) subgenus B, (B)
subgenus C, (C) subgenus E. The tree was constructed from partial nucleotide sequences of the
hexon gene of adenovirus isolated in Gyeonggi-Do. Reference strains of human adenovirus (H)
were selected from GenBank under the accession number indicated in the text. Open squares
(0J), closed circles (@), and open triangles (A) represent the sequences isolated in 2009,
2010, and 2011, respectively. Branch lengths are proportional to the number of nucleotide
substitutes and bootstrap probabilities <50 are shown at each adjacent node. The sequence of

fowl adenovirus A(AC_000014) was defied as an outgroup.
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Fig. 4. Phylogenetic tree based on the partial sequences of the fiber gene. (A) subgenus B, (B)

subgenus C, (C) subgenus E. The tree was constructed from partial nucleotide sequences of the

fiber gene of adenovirus isolated in Gyeonggi-Do. Reference strains of human adenovirus (H)

were selected from GenBank under the accession number indicated in the text. Open squares

(0)), closed circles (@), and open triangles (A) represent the sequences isolated in 2009,

2010, and 2011, respectively. Branch lengths are proportional to the number of nucleotide

substitutes and bootstrap probabilities <50 are shown at each adjacent node. The sequence of

fowl adenovirus A(AC_000014) was defied as an outgroup.
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The Safety of Cosmetics using natural materials

Eun-mi Park, Mi—-Na Um, Beom-Ho Kim, Sang-Hun Cho,
Sin-Hee Park, Hyun-Ye Jo, Mi—-Hye Yoon and Jong-Bok Lee

Pharmaceutical Chemistry Team, Gyeonggi-do Institute of Health and Environment

Abstract : Cosmetics using natural materials which was purchased in retail stores, distributed in Gyeonggi
province(32 samples) and online through internet(24 samples) were analyzed by pesticide residues and target
preservatives for assessing the safety of it. Natural or organic certifications was identified in 22 samples and most
of them were Ecocert. Pesticide residues was detected 3 samples in total samples and each compound and
concentration was permethrin(0.6 mg/kg), tricyclazole(11.7 mg/kg) and malathion(0.05 mg/kg). All of it was
purchased through internet. Target preservatives was detected in 13 samples and three of them were over the
maximum allowed concentration and the rest of them were within the maximum allowed concentration of the
respective preservatives. All compound which were over the maximum allowed concentration is benzoic acid and
compounds which were within the maximum allowed concentration were sorbic acid, benzoic acid and
methylparaben. They were all identified substances in products and the number of detected preservatives in retail
stores were higher than online samples purchased through internet. As a result of this study, The method of
analyzing pesticide residues and limit in cosmetics using natural materials should be set up as soon as possible

and the monitoring about preservatives in cosmetics using natural materials should be conducted on continuously.

Key word : cosmetics using natural materials, natural - organic certification, pesticide residues, preservatives

29 : A= FENFAA BuiEn e HA BEA AME 3AFE 32037 AU &£ BN FHE 24
A& dgez FHsdd BnEA 5 FAEES BAsAT 2ANY F 567 T 220 A HA 2 folE
AS5S FAstda, 3ddA RFe] AEHAT ZA2te] 8} FE  permethrin®] 0.6 mglke,

tricyclazole 11.7 mg/kg, malathion©] 0.05 mg/kgolom, % AEUlS Ea) 743 #AFo|det BEA9 7
T AE9 131 T FFEE 299 A 370U, oW AES 100U WFFEE 27 AE2>
]

1 A # 2 sorbic acid, benzoic acid, methylparaben 5 ©]™

Y5 benzoic acid oW, WL ol felA HEH

methylparaben©] 502 7} Bt BT AlFol ZAIE AEolder, 20 F3 FUS AFHTG
TuEE T FYE AFAA BREAS AE AT U4 olYg ARES H}Eyoi A A EAUA
RS AA=EA ALE FAF A dFHsk A T 71Ee] 24536] npAEolokstal, HAEA A 3t
FE g BEA dE] 3 A E&EAH o7 o] Fo]A o)
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9§70 RS $4E 240 AHY &
PRol A FYT UAL ARE AEIAT

ek BAS 9%k cypermethrin 5 218
Dr.Ehrenstorfer GmbH(Germany), — Sigma
(USAAES AHg3tith BEA EAS 93
sorbic  acid, benzoic  acid,  methylparaben,
ethylparaben,
butylparaben 2 X5 Sigma (USA)A|#S AH-&3}

At

propylparaben, isobutylparaben,

Thg i obrh 4 B 2 A
(Multi class pesticide multiresidue methods-#| 2H: 2]
FolokEetdd, 2009) 02 AdeArt. GCo
749~ TOFMS(Time-of-flight mass spectrometry : Leco,
Usa= 4 F  HEHYH GCECD(Ges
chromatography/micro electron capture detector 6890N,
Agilent, USA)9} GC/NPD(Gas chromatography/nitrogen
phosphorus detector 6890N, Agilent, USA)Z A ZF 5} 3
t}. LCe 7% UPLC-PDA(Ultra Performance Liquid
Chromatography-Photo Diode Array: Alliance 2695,
Waters, USA)9} HPLC-FLD(High Performance

Liquid Chromatography-Fluorescence Detector: Alliance

NaE HETz
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=]
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Table 1. Analysis condition of TOFMS

Parameter Condition
Rtx-5MS(30 m x 0.25 mm, 0.25
Column
(m), flow rate 1.5 ml/min
70°C(1.5 min)—20 C/min—180
Oven temp. C(Imin)—10C/min—265 T(l
min)—5 C/min—3007C (4.5 min)
splitless, purge flow 20.0
Inlets ml/min, heater 250C, 1 w0

inject
Detector temp. 260T

Table 2. Analysis condition of LC/MS/MS

Parameter Condition
HSS C18
Column
(2.1 x 100 mm, 1.7 gm)
Flow rate 0.3 mL/min, 2 g0 inject
Time A(%) B(%)
90 10
Mobil phase 0.25 90 10
8 10 90
9 10 90
10 90 10
12 90 10

*A=0.1% formic acid/water
*B=0.1% formic acid/MeOH

2695, Waters, USA)=E
LC/MS/MS(Liquid Chromatography-mass spectrometry,
Waters, USA)Z A3ttt slo¢& 9 HE%
As A9 dFseF A2 st sk
| AEHA &2 adAF] 05 mgkg ~ 1.0
mgkgs H7ME H, 208 A= Wx F A7
AWl we} 33 whEstel APy 74
21

718 Table 1,29} #t}.

25 e

O

23.2. HEA
Sorbic  acid,  benzoic acid, methylparaben,
ethylparaben, propylparaben, isobutylparaben,

butylparaben Y%= °F 100 mg¥ L3 <
of 747} wgrgo| o] 100 mLY o &2 g g
7t FE9Ys 5 mLy F
o] 100 mLo| ¥ ==
R e
o] 50 mL7} W=

T 23R FEIAY. 5849 AY
45 ym WE Y AE R oA 4
utg}  HPLC-PDA
(High Performance Liquid Chromatography-Photo Diode
Array:  Alliance 2695, Waters, USA)Z &4 3
LC/MS/MS (Liquid Chromatography-mass
spectrometry, SPLC, USA)E AR&-ste] #HEER1 3}
Ak s H HAEFdAE dER BEA A

wol #ste] BEAZE HEEHA FS ZHA
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Table 3. Analytical condition for preservatives by
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Table 5. Type of Accredited certification in samples

Purchase Total Number of samples

Certification type Number of samlpes

type % Not certified Certified
Ecocert(All)" 1
6 Ecocert, Cosmebio 2
Online 24 18 o
(33.3%) Ecocert(in material)” 1
Natural certification 2
Ecocert(All)" 5
Ecocert, Cosmebio 5
16
Offline 32 16 Ecocert, USDA organic 1
(50%6)
Ecocert(in material)® 4

Natural certification 1

1) product has an Ecocert certification

2) material in product has an Ecocert certification

wrol gE Aol ABAHY AFA =
He wrol FA5 szl oo Fur
= ARGt 1FE WA Py o)
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7 2o fdEd 45 247 permethrin®] 0.6
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e Il e
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Table 6. Detected pesticide residues in samples

Number of )
Sample samples Concentration ™. Recovery + Detection limit .
type Compound (mg/kg) RSD(%) (mg/kg) Cosmetic type
Tested Detected
1 Permethrin 0.6 104 + 3.2 0.003 skin
online 24 1 Tricyclazole 1.7 98.4 + 2.7 0.007  powder(material)
1 Malathion 0.05 108 + 1.3 0.004 oil
offline 32 0 - - - - -

1) concentration of pesticide residues in sample

Fegstar v alE A XEtH AlE 54 5o ab Zlolm = QA 37} Aolof st AL
AAAG F&A5 #d A=A =HH S5 deolar, = o HrukR Qe 4 w3 &4
D B2AGA o] s UEhA stERE AES 52 grofoRRtit St A AL F9
FZolAY A%l GdFS uHA @yF Y, e BEAE MESAE 2 95 gy a7
AR HAEE ARE SEA A AFE Y 9 Y He AoE dHA d=d ml=
L7010 FAE H5E HY YRE FEE 2 o) 2318+ 3] (North American contact Dermatitis
A UdF oL oY BE AHEES FE Group)?] 7o W2 REAE JHE FO
A=olA Zldatded & ARAH 37l A A ug dEEr] 2 ASEEEs 4o 29
REeke]l AE ® A o= A% oAF Vb A2 b dubE el Aot sl

stAl ghoh Aol A o] AEE Aujy stgFEel AR = e BREAE 7 debet
oA oy 7HA] FlEded wEE 7 ol o zpol7t dom, EuEte] Ag- of 69F S
Rl 53], Aujsts HAHAA HFErHAS BFERVN = Zzke] BEA S I H)
EoFo] AMEE HAEH AME S FEY AT s ot Y WAL FHHA &
I A5 E AREE7] "ol ghAlFoly dEQl L5 #AEstal Aok A A F o okEbd A 9
A5 oxds] wofol IHRT Ak 2Py 34E T IR BAW spoj=gpa®
AAN7HA A=A AHE sHEEe] dFEeF & o= sgFEel 7HE wWol AMgEHI e A
Aol e owd AFE o]FojA L UA T BEA oF 200 tiek AR I ekt
gt ayrE JJAEA AHE sFEe] 9% LE AAst Aok HAE BEAE AFESHA
7F i AEolehs 5A4S FRkste] A RA AT AEFEES ol &3 sE, I
ol A o] FHisof A WH I 7)Fo] 257 =z, FEA FaAEe]l FFstal o] o]
nh o] ofghrh 5 AFAAS BEA o F A=A 2

a3 Qow Fedry?
33. HEH| ekl e xel s SE Y dAstgE

dutHow wEA shw A - BEE - 9 Table 75 X Q=S & % Al 7t
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Table 7. Specification of detected preservatives in samples by HPLC-PDA

Total

Maximum

Range
llowed 1 Recove LOD LOQ
Purch a b Y
urenase Tested Detected Cosmetic type compound conc. O?C (%) (mg/L) (mg/L)
type (%) (%)
Online 24 1 cream Methyl 0.4 0.1~0.2 99.3 0.230 0.136
paraben
2 skin, serum Sorbic acid 0.6 02~0.3 96.4 0.047 0.188
2 shower gel, skin 0.2~0.3
1 shower gel : 0.3~04
Ben?glc 0.5 982  0.055 0.158
Offline 32 1 shower gel acl 0.5~0.6”
2 cleansing lotion, lotion 0.6~0.7%
2 skin 0.1~0.2
Metl;yl 04 99.3 0.041 0.136
2 skin paraben 02~0.3

1) if the result is within 0.1%, regard it as N.D(not detected) and calculate in duplicate if detected two

compounds in one sample
2) over maximum allowed concentration

AFeIlT o A7 A= Chois '3 Hwang
%_34@4 Ao AR A @ 2=z Woﬂ/ﬂ
“ g= ﬁ/\]ﬂzﬂé gol &k 3}
23 7 sk
vl & 3 = = .%J"Jrfﬂ A2

1}@

benzoic acid 2.1,

qro

™ methylparaben®] 57 %2 7} @kt
+ Z3gk A v AR A

9, vz Ao,

) 3 gt 2

sorbic acid, benzoic acid, methylparaben

ol o

—

o

211—

o
ot

jus)
==

e ol =

]
Ae 7tz

}

s
a
A

off
<
H
o
R
=

¢

Ruaes)
—_
(@]
A
rlo
o,
\V]

[>

ol Y
3L o
lo et 3

32 AL
kv

Aol 174, Ago] 174 o]
methylparaben®] 0.136 mg/LZ U}E}
AAH o2 0.136 mg/L~0.188 mg/Lo] AL
96.4% T 993 % o2 96% o4
o= J5stdrt AlFol

% LC/MS/MSE

rlr [ oy o

fo B orlr ¥ rlo koMb B o o5 O

2 (o

32 ox 2 )
o
- 52

o g4 S
&FLFHEFEEM

o it o

we Fr o of
4
N

N
-

>~

e

oox

offt et
i)
32
N

2

L=

Fig. 13 2% & el
A9t QlF oo e
A3 3k Aolt},
AMZ F 14(45%) A #F
1071 (45.5%) el 4] HE=A] 7}
w2 oro 3471 AT & 27%59%011*1
R ! al 374(88‘7)01]/\1 ®BEA 7}
== At Fol 7hAR HAA<

oFo] A 7|

oA =7] wiEel 71(1'%‘0 Qo a1,

=

= E’_ﬁ‘
=

23

o2 omd Su ol

=

=5

N L T
2

XN

>~
=

oX
M
O
T ol S
oMo
o o o ot o ox
fH E g X o ok

i
Ho



o o O
o ot i

P Ao agER sPFEEA A

W eete ol o] wEAL] AEd A2
P R S e R S I Sl L i
& s ARS ThestEsR @ ¢ Stk
g, fesbEEed i BEA HAE
AEHor skl A kAo I &

27k ol ol Ao} Bk,

4.8 B

Fig. 1. Number of detected preservatives in ANEY SEAA FAujEan g HA
samples by purchase type. 24 A4 AT 32747 AEHU &Y EA
FE uAe dgon BREoEH mEA

5 fABAL BAse] ogd AFY oba

e Badm G sz Add AzAR}

Hu4 ¥ AT SRttt 24N F 56

A % 27904 A4 2 fo0F AFS

StaL, 3ol Fisefe] AEHAY. 747

o] AEY FEE permethrin®] 0.6 mgkg,

tricyclazole 11.7 mg/kg, malathion®] 0.05

mgkgol 1oM, BF QIHUL Ba) TAH A

woldu. BnEAL 45 AE9 131 T wie
s 29I AL 3o, ojul HELS
10401tk wWiFFEE 243 AL BT
Fig. 2. Number of detected preservatives and benzoic acid®l .1, HiEHaE ol dlH AZH
pesticide  residues in  samples by ]2 sorbic acid, benzoic acid, methylparaben
certification. 5 ©°l™ methylparaben®] 57 o2 7} @kt
MEHES 29 A A 247w A,
bHBsHA Fufjeto]l Abgshe e B2 ol EZa4, vz Ao, wiEss ool A
o] Adrh. HAshdFe HAF A 3 Al AZE 1071 7z ApgAe] 27, ~7157} 6
22 &4 Ta AEAA BE S Qs W A gl 14, Ado] 17 o, vE AE
of AAEe FEHL A7) WEA ALIB] o] wAE ARoldlon], gL Ea|
e 27 g5 A" 5 Uk olel uwet ) 3 AZRT FEULS Zd TLI A Eo
FERY AE 2 ABFH AR DA A BEAY] AE AT Bk oy A
A(E A EA F A A2011-609%, 2012.25.4] &) 9 ugow A AYHolox] &e HAd
ol A= 20129 29 S5UFE EE FAFC] o 24 Alg SAEo gle AREer BA b
skl AFE7IRbS EAISHES bl LT I 7ol 253 viEsojorsta, A=A
nAEe] s Faf ol WAEHAY AbE Bl Eo| Ul BHEA #E T3 A LA
BalE s S WHste avAE BEs] 9§ o7 o]Fojx ok}
& gF REAI AHE B agpz



=

Fo

=g

1. S. Y. Kim. and J. A. Cho.: A study based on
natural dyes usage shown with shade makeup. J.
Kor. Oil chemists's Soc. 27, 482-486 (2010)

2. H. R. Park, G. J. Kim, and S. Kim, K. Y. Kim.:
A screening of effective natural cosmetical

materials  for  scalp care. J.

cosmetology 7, 115-122 (2011)

3. M. I. Jang, S. J. Cheon, and H. Y. Kim.: The

Investigative

anti-wrinkle effect of extracts of Castanea crenata
inner shell. J. life. Science 21, 734-738 (2011)

4. W. G. Cho.. Transdermal delivery system of
effective ingredients for cosmeceuticals. J. Soc.
Cosmet. Science 37, 97-119 (2011)

5. M. J. Kim, H. G. Yang, and S. N. Park:
Antioxidative Activities and antiaging effects of
Geum aleppicum Jacq. Ectracts. J. Soc. Cosmet.
Science 37, 191-198(2011)

6. H. H. Jang.: Tendency cosmetics in korea. J. Kor.
Biotech, Bioen, 33, 263-267 (2007)

7. Y. C. Kim.: Synthesis of2-(Nitroimino)imidazoline.
J. Kor. Oil chemists's Soc. 27, 482-486 (2010)

8. I. C. Lee, B. H. Kim, C. H. Kim, Y. J. Kim, J.
H. Hwang, S. H. Lee, and J. Y. Lee, "Cosmetics",
Ist Edition, p36, Jung Moon-Gak, Seoul(2010)

9. Y. J. Kim, G. Y. Kim, "Cosmetics Science", Ist
Edition, p44, Chung-Gu Moonwhasa, Seoul(2003)
10. Y. J. Kim, H. M. Guen, G. J. Kim, G. Y. Kim,

S. H. Kim, S. N. Lee, and E. S. Lee, "Cosmetics
Science", 3th Edition, p42, Chung-Gu Moonwhasa,
Seoul(2009)

11. W. J. Lee.: Pesticide exposure and health. J.

Environ Health Sci. 37, 81-93 (2011).

12. M. L. Kim, G. Y. Je, and K. H. Lee.: Formative
characteristics of megazine advertisement in Eco-
friendly cosmetics. J. costume. culture 19, 150-162
(2011)

13.  Cosmetic Standard, The
technology & standards, pp.24-25 (2010)

14. W. A. Joe, E. Y. Choi, and S. H. Jeong.: Studies

Organic Monthly

on the application for cosmetics natural materials

of Folium Perillae. Kor. J.  Herbology 20,
1-7(2005)

15. H. J. Kim, M. Y. Kang.: The study of natural
dyes cosmetics preference research. J. Kor. Soc.
Cosm 15, 213-220(2009)

16. S. E. Kim, M. S. Chung.: The effect of emotional
experience with Korea's low-price cosmetic brands
on brand relationship. J. costume culture. 19,
565-578(2011)

17. S. J. Choi, S. Y. Kim, and Y. J. Jeong.: Stability
evaluation of the cosmetics containing Lotus Leaf
Extract. Kor. Soci.  Biotech.
83-86(2011)

18. Guideline for organic cosmetics(KFDA, 2010)

19. H. Y. Gu and E. J. Lee.:Secret of cosemtics in

korea, Gureum, 2009

Bioengin. 26,

20. Cosmetic Act, Korea Ministry of Government
Legislation

21. M. R. Jang, H. K. Moon, and T. R. Kim.: The
Survey on Pesticide Residues in Vegetables
Collected in Seoul. Korean J. Pesticide Science
15Q2), 114-124 (2011)

22. Garey, J. and Wolff, M. S.: Estrogenic and

antiprogestagenic activities of  pyrethroid
insecticides. Biochem. Bioph. Res. Co. 251, 855
-859(1998)

23. Y. J. Kim, Y. R. Nam, and Y. E. Kim.:

Improvement of analytical method of tricyclazole
and IBP-combined dust. Korean J. Environ. Agric
13(1), 36-47(1994)

24. 1. Y. Hwang, E. J. Choi, and J. K. Roh.:
Evaluation for safety of Tricyclazole. Korean J.
Environ. Agric 3(2), 1-5(1984)

25. J. Y. Choi, D. B. Yang, and S. G. Lee.:
Organophosphorus ~ Pesticide  distribution  in
seawater from Asan bay, Korea in 2008 32(3),
203-212 (2010)

26. J. S. Rhee, J. M. Jung, and H. S. Yeom.:
Simultaneous analysis of 17 organophosphorous

pesticides in  blood by automated head



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

space-SPME ~ GC/MS.  Yakhak Hoeji  54(6),

429-440 (2010)

H. J. Sung,.: Difference of age-related sensitivity

to organophosphates. J. Toxicol. Pub. Health

17(4), 303-308(2001)

Bavcon, M., P. Trebse and L. Zupancic-Krailj,

Investigations ~ of  the  determination  and

transformations of Diazinon and malathion under

environmental conditions using gas
chromatography coupled with a flame ionisation

detector, Chemosphere, 50(6), 595-601(2003)

G. H. Hong, K. Y. Lee, and C. S. Chung.:

Contemporary organic contamination levels in

digested sewege sludge from treatment plants in

Korea:(3)  Organophosphorus  Insecticides.  J.

Environ. Sci 15(3), 229-236(2006)

H. S. Ahn, and W. H. Nah.: Toxicity and
Endocrine Disruption Effect of parabens. Kor. J.
Env. Biol. 27, 323-333 (2009)

G. B. Park, S. G. Lee, Simultaneous
determination of parabens in cosmetics by LC/MS.
Analytical Sicen & Tech. 23, 54-59 (2010)

S. H. Lee, S. J. Kim, and J. R. Park.:
Oestrogenic Activity of parabens in vitro estrogen
Assays. J. Fd Hyg. Safety 21, 100-106 (2006)
Guideline for analytical method of Preservatives
and sunscreen ingredients in cosmetics(KFDA,
2010)

I. S. Hwang, H. J. Jung,.: Examination of

preservatives in Cosmetics Products. Seoul health

and environmental institute (2010)

KFDA, Monitoring of cosmetic preservatives in
commercial skin creams, The Annual Report of
KFDA, Vol.6, 607(2002)

J. E. Park, S. M. Lee, and I. S. Chang.:
Simultaneous Determination of 8 Preservatives in
Cosmetics by UPLC™. J. Soc, Cosmet, Scien, Kor.
18(1), 16-19 (2011)

_10_



0]

Nol zg T

M
[

HPLC/MS/MSE 0|28t CIME ZZ0|E SAl

088 . 3% . &M . Ads . FFA . MOIY . 0133 . ¥T 3

NEEYE

A study on the analysis of five artificial sweetners in beverages and alcoholic
beverages by HPLC/MS/MS

Seong-Bong Lee, Kum-Chan Yong, Sun-Il Hwang, Young-Su Kim,
You-Jung Jung, Mi -Young Seo, Chang-Hee Lee, Jin-Hee Sung
Food Analysis Team

Abstract : A method for analysis of five artificial sweetners(acesulfame K, sodium saccharin, cyclamate, sucralose,
aspartame) in beverage and alcoholic beverage samples was developed using high performance liquid chromatography/triple
quadrupole mass spectrometry system with electrospray ionization source in postive and negative ion mode. The method
uses a single-step dilution for sample preperation. Seperation was achieved on a C;s column with 0.1% acetic acid and 0.5
mM ammonium acetate in water and methanol as mobile phase with gradient mode. The quantification of target compounds
was performed by external calibration in SRM mode. The correlation coefficient of the calibration curve were better than
0.996 in the range of 0.1-2.0 mg/kg. The instrumental LODs were below 0.02 mg/kg and the average recoveries ranged from
81.1 to 112.6% for 2 kinds of sample types. The method has applied to the determination of the five sweetners in 69
beverage samples and 67 alcoholic beverage samples. Three artificial sweetners-acesulfame K, sucralose, aspartame were

detected from 31 samples. Sodium saccharin and cyalamate were not detected in all samples.

Key Words : HPLC/MS/MS, artificial sweetners, acesulfame K, sucralose, aspartame
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Cis column(Hypersil GOLD, 2.1x100mm, 3 pm), ©]&7<
d =3 vMasSs AMEste] sl 20w 4 AES st

S ach A %HE'— 2 SRM mode® 43} o}oﬂg

AFENE o] 839 0.1~2.0 mgkg TN A A ARALAAFR)E 0.9994~0.9999,
7171 AE=SFAE 0.02 mgkeg ©l3, EAZAAAY IFES AT AT 8L1I~1126%= e A7%E &
015} o retention time 2.5~9.8 -0}t AT FEFT S5F 694, FFH 674 W3 B AI 1364
T 317X ofxuE 187, FARE 2 137, o) AARZF 1070 AEHJSH oM EAFZAELS ol~TF E
E FagEze A @éﬂ‘”v} AEFEE HEEL GF 65%, FF 2%, THSE 2%, JASE
24%, BHEE 7% £o® YEya AEE AN EE TR of~dE 257~158.8 mgke, oMNATZE
262~155.1 mgkg, FALLE2 132~1164 mg/kgo]?i CAEE AT EE ARSI Adstd o FR
o A% F gle ATV R AIRIVGESE %EMEMW Abgo] B &R e AolFerolEx A

FHo : HPLC/MS/MS, 345, ol ARZ4F, FAEE A ofxud
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Table 1. Gradient condition of HPLC system

Time(min) 0 3 5 6 13 15 16

Mobile phase A(%) 90 90 80 80 10 10 90
Mobile phase B(%) 10 10 20 20 90 90 10

A : 0.1% acetic acid, 0.5 mM ammonium acetate in water
B : 0.1% acetic acid, 0.5 mM ammonium acetate in methanol

FH 2 SRR AAdYge HFEF T AFEH
e B0 mEt AR oF 5 g AL B
S 7b8l 50 mLE AE&% ¥ 02 um FEHA 2
HE of#gt 45 AggAor vy eibrts
b e Ao 10870 223 AHYste] gt
teE AA F AAER e AL Ho] F
= HAAE 23 A5 Xt A4S 73
stk

2.4 EAM ZH|

vl g2 LC/MS/MS 412 ShiseidoAH(Tokyo,
Japan)©] SP LC(5100 Autosampler NASCA, 3301
Dual pump MSI, 3014 Oven)9} ThermoScientific
A}(San Jose, CA, USA)9| triple quadrupole Mass
spectrometry TSQ Quantum UltraS A}-&3}$ 0.
AHL Hypersii GOLD Ci5(100x2.1 mm, 3 um),
FAFE 10 uL FHste] wA ek
QY 25 40CTE FAGILH 0.1%
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H EA)H WeEEB)S ol 5o R A
352 250 pL/min, 4] A|7FS 208, ©] 5742
X o) 2712 Table 17 2T}, Selected reac-
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gleto] FE8 A3 APEAS LOMS/MSE 3
3] WbE A AdE vluste] 35Es &
o153ttt #H =3 Al(limit of detection)i= signal/
noise (S/N)H|7}F 3 o]/, 4 =FgAl(limit of quan-
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Table 2. SRM parameters for 5 artificial sweetners

Sweetner Parent ion(m/z) Product ion(m/z) CE(V) Polarity
77.93% 42 ,
ACS-K 161.87 [M-H]- b) negative
81.99 16
105.94 21 .
SAC 181.88 [M-H]- negative
42.04 29
79.95 36 .
CYC 177.96 [M-H]- negative
95.96 26
238.93 20 iy
SCL 418.87 [M+Na]+ positive
221.00 22
ASP 295.00 M-+H]+ 12001 26 iti
' [M+H] 180.06 13 posttive
9 Quantification ion, ® Confirm ion
371 99 53 weE P o}A °
ion — product ion®] transition> o}H|AdBZAE 161.87 _}i] Astel 34 A g
S4Bl E o] &3to] SRM Kol A %‘Eé |
— 7793, 81.99, 2FHIUEE 181.88 — 105.94, 42.04, C9 A% Wue A8 O 2o pEe g
AolFe}Hlo|E 17796 — 79.95, 9596, AR T o :4 Hoe s ol 50 4 ;-}Oﬂq
A == — AR A
418.87 — 238.93, 221.00, ©}2=3}EF 29500 — 120.01, W ;E}Uﬂ e c °C° o o“;;% -
o] Z ol|E = , =
180.062.% product ione 270% MElste] 77} e . ’ 18:" e .
= 1 o S
T ol2s BAHFEAS 91 quantification ion® Hea wRE (reteimon) I =3 eiewe 100%
55 g2 Al83lo] % retention time©] 34O

2y o] HAAZS #1g confirm ion
1 E13}A T Parent ion ¥ product ion®]
bt ZE, AVHAUESR, AolF et o]
A 509 AFAFet FUsen Faw
220k of~uEe]l 49 LC/TOF-MSE ©o]&3%
AT+ AN fragment ion HH S} FUTS

st = QIR MS/MS parameter 72

injection analysis (FIA) WA o= 2 3}ls}¢] ).
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flow
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HAH] =S AMsI o™ spray  voltage
positive mode 4000 V, negative mode 3000 V,
sheath gas pressure 40, auxiliary gas pressure 10,
ion transfer capillary temperature 3307, collision

gas pressure 1.5 mTorr, vaporizer temperatre 250C
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HEE AIZE Qlo]l §EH AT FA WY =49
8 E 93l tris(hydroxymethyl) aminomethane,
triethylamine, dibutylamine ‘<] ion-pair reagent
E AFES AFrAHRDIE 9 o} ionization sour-
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acetateS 3 7}3k
Ao T 27 E

7AW 59] retention timetT 2.5~9.8% 0] %o
Bz AEA(precision)S &R137] 213
2.0 mgkg T=o EFEZEAS 63 =4I

peak area®} retention time©ll T3t percent relative
standard deviations(% RSD) <1 ZA¥} = Table 4
9} 7+o] peak areat= 0.72~3.35%, retention time
2 0.04~0.85%= 2ol Fasttt

Table 3. Precision of standard solution” (n=6)

Area Retention time

1
Sweetner Mean % RSD® Mean % RSD

ACS-K 3331599 244 2.48 0.23
SAC 558574  2.89 3.55 0.12
CcYC 4824451 0.85 5.66 0.10
SCL 1048883  3.35 8.28 0.07
ASP 37963109  0.72 9.81 0.04

YConcentration of standard solution : 2.0 mg/kg
Relative standard deviations

AT E 559 T89S 0.1~2.0 mgkg

TE2 A F LCMS/MSE BA 5t HagAd
S ZA3E AT Table 49 Zo] 7z 7wz ¢
AAAFR)E 0.9994~0.99992 453 A
qe g9 F A}

Table 4. Linearity of 5 artificial sweetners

Sweetner Equation R?
ACS-K  Y=1734.32x + 89757.6 0.9994
SAC Y=310.268x + 1254.67 0.9996
CYC Y=2404.44x - 5427.34 0.9998
SCL Y=486.623x - 502.159 0.9998
ASP Y=20020.2x - 1302470 0.9999

Hl:aiﬂ ST AR Fe Al
HE Hulsto] 2+ %
10.0 mgkgol H =% g A5E dA s &
v AdE s LC/MS/MSE Ll
Mg AdE H & A
Table 5° YERWHATE 72 A se] 34¢&S
ol A BZE 98.6~112.6%, AH7FIUEF 949~
106.3%, Aol ZeH ol E 93.6~101.6%, TAE=
2~ 88.3~99.5%, oF2~TE 81.1~95.6%% W g
S BHYo ofaueol A E} zansl
QZF%O] Za G YES
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Table 5. Recovery of 5 artificial sweetners (n=3)

Recovery(%)"

Sample

Conc.(mg/kg)

SAC CYcC SCL ASP
96.2 £ 4.3

102.7 £ 4.4

ACS-K

type

86.7 + 2.8
929 + 2.1

99.5 + 4.8
97.1 + 2.8
88.3 £ 6.2
975 £ 2.4

98.6 £ 4.9
112.6 = 0.6

2.0

100.5 + 2.6

106.3 + 4.1

10.0

Beverages

81.1 £ 3.1
956 £ 1.9

99.1 = 4.2 949 £+ 7.2 93.6 £ 8.6
1052 = 1.4

2.0

Alcoholic

101.6 £ 0.2

101.2 £ 33

10.0

beverages
9 Means + SD




Table 6. Analytical results of 5 artificial sweetners in Alcoholic beverages and Beverages

Sweetner
No. of No. of Rate (No. of detected sample)
Samples sample detected %) SCL ASP
sample (ACS-K & SCL)  (ACS-K & ASP)
Takju 20 13 65 1 12 (3)
Yakju 12 5 42 - 5 (1)
Sake 2 - - - -
Fruit Wine 25 - - - -
Soju 8 - - - -
Fruit/Vegetable Juice 6 - - - -
Fruit/Vegetable Beverage 21 5 24 5() -
Carbonated Beverage 14 1 7 - 1 (1)
Mixed Beverage 21 7 32 7 (4) -
Red Gingseng Beverage 7 - - - -
Total 136 31 23 13 (5) 18 (5)
Table 7. Concentrations of 5 artificial sweetners in Alcoholic beverages and Beverages
Sweetner
Samples ACS-K SAC CYC SCL ASP
Takju (78.181'83.0)") ND” ND 13.2 (58.89~6'1951.8)
Yakju 37.8 ND ND ND (25_73,9;753_1)
Sake ND ND ND ND ND
Fruit Wine ND ND ND ND ND
Soju ND ND ND ND ND
Fruit/Vegetable Juice ND ND ND ND ND
Fruit/Vegetable Beverage 26.2 ND ND (26. 453'19 11.8) ND
Carbonated Beverage 155.1 ND ND ND 158.8
Mixed Beverage 04.2 ND ND 76.0 ND
(50.2~82.4) (39.8~116.4)
Red Gingseng Beverage ND ND ND ND ND
Total (26.27~2'§55.1) ND ND (13.263'13 16.4) (25.7811'1558.8)

9 Mean(mg/kg), ® Range(mg/kg), © Not detedted

5 o

Z4 N Rk Al =R e B s K A G B
0.9994~0.9999, 3|5 &2 81.1~112.6%% Y&
stk 71714 HETAE olAAT L E, Mol
SohHlo]E| o}~ e 5 ngkg, ATV ESH,
FaTRAE 20 pgkgold o FEEEHS o
&3tol SRM E=oA 9] 7} 1E3r] 59| peak

area®} retention time®] gk % RSDE I
A3} peak areat™ 0.72~3.35%, retention time-
0.04~0.23%= peak area, retention timeol| Uj3gF

A A (precision) = W& 5N

Ha 9=

skl 5E9 <l

HEF,

Hpo] F et ol E,
) Al AEsklen 13619

= =
FHF =

- AlTAlA S E

3
TRF AR 13605 7

TR RS ZE, AT
TARRS, ofayt
A 31

Aol AFgu a7t AEEHY 3% HEE
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Evaluation and Reduction of Microbiological Hazard of Spoon and Spoon Case
Carried by Nursery School Children

Jung-Beom Kim, Yong—Bae Park, Ki—Cheol Kim, Dae—Hwan Kim, Suk—Ho Kang,
Young-Sik Lim, Po-Hyun Park, Mi-Hye Yoon, and Jong—-Bok Lee

Health Research & Planing Team, Health Research Department

Abstract : This study was conducted to investigate the microbiological hazard of spoons and their cases carried by
nursery school children and to evaluate the reduction effects of washing methods and ultraviolet (UV) treatments
against Escherichia coli on the spoon and spoon case. A total of 78 spoons and their cases were sampled to test
about total aerobic bacteria, coliform bacteria, Staphylococcus aureus, Bacillus cereus and Salmonella spp. Total
aerobic bacteria were detected over 2.7 log CFU/100 cm’ in 20 out of 36 spoons (55.6%), 9 out of 20 zipper-type
spoon cases (45.0%) and 13 out of 22 plastic-type spoon cases (59.1%). Coliform bacteria were also detected in
19 out of 36 spoons (52.8%), 14 out of 20 zipper-type spoon cases (70.0%) and 14 out of 22 plastic-type spoon
cases (63.6%). The pathogens tested in this study were not found in all samples except for the zipper-type spoon
cases which were contaminated with Staph. aureus (2 samples) and B. cereus (3 samples). The results indicated
that the sanitary conditions of spoons and their cases should be improved promptly. To evaluate the reduction
effects of washing methods and UV treatments against E. coli, the spoons and their cases were treated at different
cleaning times with and without soap, and different UV exposure times, respectively. E. coli with initial cell
number of 4 log CFU on the spoons and their cases was not detected when they were cleaned at running water
for 30 sec after dish sponging with soap for 30 sec. In UV treatments, E. coli with the same level of washing
method was not detected after UV exposure for 15 minute in the spoons and their cases. From the results, the
washing and UV treatment should be used to control the microbial contamination of spoons and their cases for

more than 1 and 15 minutes, respectively.

Key words : Nursery school, Spoon, Spoon case, Microbiological hazard, Reduction
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Evaluation and Reduction of Microbiological Hazard of Spoon
and Spoon Case Carried by Nursery School Children

Jung-Beom Kim*, Yong-Bae Park, Ki-Cheol Kim, Dae-Hwan Kim, Suk-Ho Kang,
Young-Sik Lim, Po-Hyun Park, Mi-Hye Yoon, and Jong-Bok Lee

Health Research Department, Gyeonggi-do Institute of Health & Environment, Gyeonggi 440-851, Korea

Abstract

This study was conducted to investigate the microbiological hazard of spoons and their cases carried by
nursery school children and to evaluate the reduction effects of washing methods and ultraviolet (UV) treatments
against Escherichia coli on the spoon and spoon case. A total of 78 spoons and their cases were sampled to
test about total aerobic bacteria, coliform bacteria, Staphylococcus aureus, Bacillus cereus and Salmonella spp.
Total aerobic bacteria were detected over 2.7 log CFU/100 cm? in 20 out of 36 spoons (55.6%), 9 out of 20
zipper—type spoon cases (45.0%) and 13 out of 22 plastic-type spoon cases (59.1%). Coliform bacteria were
also detected in 19 out of 36 spoons (52.8%), 14 out of 20 zipper—type spoon cases (70.0%) and 14 out of 22
plastic-type spoon cases (63.6%). The pathogens tested in this study were not found in all samples except for
the zipper—type spoon cases which were contaminated with Staph. aureus (2 samples) and B. cereus (3 samples).
The results indicated that the sanitary conditions of spoons and their cases should be improved promptly. To
evaluate the reduction effects of washing methods and UV treatments against E. coli, the spoons and their
cases were treated at different cleaning times with and without soap, and different UV exposure times,
respectively. E. coli with initial cell number of 4 log CFU on the spoons and their cases was not detected when
they were cleaned at running water for 30 sec after dish sponging with soap for 30 sec. In UV treatments,
E. coli with the same level of washing method was not detected after UV exposure for 15 minute in the spoons
and their cases. From the results, the washing and UV treatment should be used to control the microbial
contamination of spoons and their cases for more than 1 and 15 minutes, respectively.

Key words: nursery school, spoon, spoon case, microbiological hazard, reduction
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dish 2vfo] 22t 1 mL¥ &3 F A"bAF$+= plate
count agar(Difco, Detroit, MI, USA), X<+ potato
dextrose agar(Difco)E FH o2 EF3te] Yzb 5324
Z1 % 35°Cel| A 48417k wlj o3l ). tAd T4+ desoxy-
cholate lactose agar(Difco)& F-38 o2 HF3le] Y7zhA

71 F 35°Cell 4] 24417 v kst 170 32 - 30~30071
o Aes YA S Adste] A4 2 AA & A
gaE Aitsld o, AEEAE 4 = 44 &1
log CFU°| it}

2155 W AE 18 54

10% NaCl<

(<]

Staphylococcus aureus<
A7} 9 mL tryptic soy broth(TSB; Oxoid,

)
=

%] 7} 3} 117
Cambridge, England)ll A1&-€9 1 mLE 7}3}e] 35°CellA]
2417y ZgvleF gk % w18k 7} Baird-Parker agar(Oxoid)
o =xkale] 35°Cell A 24417k vl oF3tsd ol vl kA 3} 724
A} Tl Egel WAg-S el = A =S A sl
tryptic soy agar(TSA; Oxoid)oll Eg3}e] 35°Cel| A 24X %k
wjokstod ). viekE A 2ol tlsle] coagulase test(Staphy-
A Aste] g7k dejubsd API Staph test
°o]-§- A=}t
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A8 S 3l Staph aureuss A 3}sich.
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2471 7Y wokat F EEkek 3hs 2 A AR A sk
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EF5A4 018

Bacillus cereus=
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AlFE tAEL F4 AAbs
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Al 3E
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Table 1. Microbiological evaluation of spoon and spoon case carried by nursery school children

Tvpe Total aerobic bacteria Coliform bacteria Fungi
yp Range” Mean + SD? Range Mean=+SD Range Mean+SD
Spoon (n=36) ND? ~6.54 2.84+1.96 ND~5.57 1.68+1.91 ND ~6.65 2.41+1.96
Spoon case
Zipper (n=20) 1.7~6.98 4.06+1.66 ND~5.52 2.54+1.85 ND~6.57 3.83+1.85
Plastic (n=22) ND~6.93 4.08+£2.12 ND~5.68 2.82+£2.25 ND~6.65 3.83+2.11

DUnit: log CFU/spoon (16 cm?), zipper (250 ¢cm?) or plastic spoon case (330 cm?).

?SD: standard deviation.
YND: not detected (detection limit: <1.0 log CFU).



ol’lolA] ol Fdl A

vhebd BEAA Y X 1] s, - AAHA7) I vl
u fFARE 2dEE el
Harrigan®} McCance(20)= A Z7}g3742] 7|4 Ay
ol Wigh AubAlFS $18) 52 100 cm™F
2.7 log CFU w]"k2 w3k 5, 2.7~3.
o] B3t = 34 log
ZdTste] ofsle
2 AR H 2l

em’ 2 E2~Y 3

% 4 £

=]
i

>

(o
fu
=
&
olr

071(55.6%), *

TAA 22%

)
o
P
2

4

-
-
(o3
X
(<]
band
(
bt
R

218 43S 100 em®® 1.0 log CFU ®

517 ghotol Fx FFoletn wustdrt 54

ox m‘m’

8 A 207 F 271(10.0%) <l A
a1, 37(15.0%)NA B. cereus?}t
FA Ao AFE v AE 2 71 FHoF

B Ao vepge) olg @ Anks A4 AF9} et

#] A

Table 2. Foodborne pathogen evaluation of spoon and spoon
case carried by nursery school children

No. of foodborne pathogens %)V

Type Staphylococcus Bacillus — Salmonella
aureus cereus Spp.
Spoon (n=36) ND” ND ND
Spoon case
Zipper (n=20) 2 (10.0) 3(15.0) ND
Plastic (n=22) ND ND ND

DThe Swab area on the spoon, zipper and plastic spoon case
‘ is 16 cmz, 250 cm? and 330 cm2, respectively.
IND: not detected.
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Table 3. Toxin production of Staphylococcus aureus isolated
from spoon case carried by nursery school children

Staphylococcus aureus
Zipper-8 Zipper-20
2)

1
Toxin"

Enterotoxin A
Enterotoxin B
Enterotoxin C
Enterotoxin D

D - :
Staphylococcus aureus enterotoxin reversed passive latex ag—
glutination (SET-RPLA) was used to detect enterotoxin of
Staphylococcus aureus.

?—: not detected.

Table 4. Toxin production of Bacillus cereus isolated from
spoon case carried by nursery school children

Bacillus cereus

Toxi
oxim Zipper-6 Zipper-13 Zipper-14

HBL" -9 + +

NHE” +7 + -

Y Bacillus cereus enterotoxin reversed passive latex agglutina-
tion (BCET-RPLA) was used to detect heamolysin BL enter—
otoxin of Bacillus cereus.

? Bacillus diarrheal enterotoxin visual immunoassay (BDE-VIA)
kit was used to detect non—-heamolytic enterotoxin of Bacillus
cereus.

* not detected.

Y4 detected.

3)
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Table 5. Antibiotic resistance of Staphylococcus aureus and Bacillus cereus isolated from spoon case carried by nursery school
children

L . Staphylococcus aureus Bacillus cereus
Antimicrobial agent - - - - -
Zipper—8 Zipper-20 Zipper—6 Zipper-13 Zipper-14

Ampicillin (10 pg) R S R R R
Gentamicin (10 ug) s S S

Cefepime (30 pg) S S R R R
Cefotetan (30 pg) S S S S S
Ciprofloxacin (5 ug) S S S S S
Imipenem (10 pug) S S S S S
Trimethoprim /sulfamethoxazole S S S S S

(1.255 1g/23.75 ng)
Chloramphenicol (30 ug) S S S S S
Tetracycline (30 pg) S S S S S
Oxacillin (1 ug) S S R R R
Penicillin (10 U) S S R R R
Rifampin (5 pg) S S R R R
Erythromycin (15 pg) I S S S I
Clindamycin (2 pg) S S I 1 I
Vancomycin (30 pg) S S S S S
P)

DR: resistance. ¥S: susceptibility. 9L intermediate.

3lo], Staph aureus Ziper-83 Ziper-20 w2 AE5AE 1 A= Fig. 1o vetde}. =4 2 43S 30%7F
A A kitE o] & Aslgk A3} SEA~SED 4 £7-2 A 2= FEEE AAYE A4S 74+= 4821019 log CFU
= AHEE X] orokr). eyt Staph aureus®] ASi-+= SEA ol Al 257+0.22 log CFU, A 33 4432 493+0.16 log

J}H [
o
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~SEQ & ¥ 18%°] Ri(D)HE 5 F4Y AFES dL CFU¢ll A 2394020 log CFU, Zet~938 4442 433+
7= 3 AleEsdos & A °ﬂ/q =] 9 A= 0.33 log CFU®I4] 2.40+0.08 log CFUZ 2 log 4~ W#
Zeoll &7 AE A The S AEshe Zl e R ek T 3ot vebta, AR e} 3 3027 B2 e a5 E
B. cereus 52~ 2137 3} HBL(Heamolysin BL) AErE 2 AFYS 4% 4= 1.10+0.17 log CFU, |93 44
B. cereus Ziper-133} Ziper-14 w54 FHAE=glon, 218 1.64+0.19 log CFU, -E—a}ﬁehsg 22 12640.24

NHE(Non-heamolytic enterotoxin) 7‘}%&_‘: B. cereus log CFUZ 3 log 59] A+ o7} vheER), oA w)
Ziper-67} Ziper-13 w5l A A &=} ol=fst A= = o FHAA S Hr}bsle] 3027 1;3'6“_}_- 3027 sE=
Ul A2 A ARl el ) Bocereus T $2ER ANIAS A A, A9 2 Sehagy $A13
ZF7} HBL, NHE % & 7} o|Abe] A& 45 Akt BT tfRpgo] AZE A woprl. ~EQle]anE RE A
B(24)9t dAstE AARA AT 5 AFHA A2 coli OI5THTS A ZEslo] WFZFo)| 5571 3] ahelS
A&l AEd FAAA AN Wl += B cereus 5 A5 o] WA Aol A folo s Helo] 2 log 5] A
P W s FpeR skl AL 2 Gehygithe uauEnE V122 B9 ), 54 U 57
2 A=} Staph aureus A WAl M4 2.8 A

it
o

ﬂ £ vancomycin® 2 20021 "l =ol| A #H X B 3(25)
T A AT AAA e w WA A2 ALE] A 2 R
L glovt A A} Staph aureust ampicillinel] $HA WAL,
erythromycinel] F5%=2] WAS vebliglon, 7]et A
Aol = 25 A2 e o] vancomycinel] tiajA = <k
A3t Aoz wAetEgdr)t B cereus?] % gentamycin,
cefotetan tetracycline, vancomycin®l] 774 veligl o
| penicillin, cefepime, ampicillin 5 B-lactamZ| 32 A ol
WA-S elglct. o)21d A3E B cereus’t B-lacta-
maseE A4k B-lactamA #AA ol WAL vebdThE B

a(26)9F d A8t At Fig. 1. Effect of washing methods on the reduction of
Escherichia coli in spoon and spoon case. All values are ex—

MA digd gl A A|ZHof| 2 o|ME XZst &3t pressed as mean+SD, n=3. Different superscripts on the bars are
N o ol significantly different (p<0.05). RW: running water (30 sec). RW

7Pl A E Al 1 Pl HRE e e +DS: running water with dish sponge (30 sec). RW+DS+ SP:

Z A 9ol w2 v A E A3 5I9E Assie] o, running water (30 sec) after dish sponging with soap (30 sec).



Fig. 2. Inactivation effect of Escherichia coli in spoon and
spoon case by ultraviolet (UV) treatment at 15 W output. The
distance between sample and UV lamp was 22 cm. All values
are expressed as mean+SD, n=3. Different superscripts on the
bars are significantly different (p<0.05).
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Quantitative Analysis of Total Polyphenol Contents and Synergistic Antioxidation
Activities in Traditional Food(Tteok, Alcoholic drink, Tea)

Dae-Hwan Kim, Yong-Bae Park, Young-Suk Doh, Jung-Beom Kim, Suk-Ho Kang, Mi-Hye Yoon,
Jong-Bok Lee

Health Research and Planning Team

Abstract : The objectives of this study were to determine the contents of polyphenolic compounds in 19 tteok, 37
alcoholic drinks, 20 tea and to investigate interaction of antioxidant activities between 12 tteok and 6 tea.
Polyphenolic compounds represent a secondary metabolites widely in nature which have a variety of functions in
human health. Such as, polyphenol can counteract cancer, inflammatory and as well as promote antioxidation. The
highest polyphenol contents of each foods were Modeum kong sulki(287.9+£19.7 mg GAE/100 g), Meorudeseo in
Meoru wine(689.5+53.8 mg GAE/L) and Green tea(452.0+22.1 mg GAE/L). Especially, Meorudseo is higher than
French wine(662.5+32.9 mg GAE/L). The majority of DPPH(1,1-diphenyl-2-picrylhydrazyl) scavenging activities
in tteok and tea combinations promoted synergistic effects, exept for some antagonistic effects. Traditional foods
could be good sources for functional foods due to their strong anti-oxidants. The present results may also assist in

the development of functional traditional food and combination in diet menu based on their antioxidation activity.
Key Words : tradtional food, tteok, alcohlic drink, tea, polyphenol, anti-oxidation, DPPH
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AEAC (mg/L) = 4A / AAaa x Caa x 1,000 x DF Hyl & aga 2o F ZYdAE 3 E(mg

gallic acid equivalents(GAE)/L) Table 1, 2, 3

b TEEE SN WA Fa we B ol UpERRTE Table 1] vpebdl wel %
AAaa: FEES A8 532 ascorbic acidE dsls sere el wale] BAE @4 &
L A A4 Fo E¥E I5-E 86%9

N
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A Az %9 FARE kst HF
= Axted. 9o FRd EdHs
Table 13} o] 4712 ol A 190.7+15.8 ~
287.9419.7 mg GAE/100 g & 7} =9ron]
10 L = &g st AW R 1270464 ~ 150.6+10.4 mg GAE/100 g,

flo o PN

=
FHF 101.5+£7.7 ~ 113.746.8 mg GAE/100 g,

Table 1. The polyphenol contents in the variety of tteok

Classfication of tteok Name Polyphenolics (mg GAE/100 g)"
. Modeum kong sulki 287.9 £19.7
Sulki

Danhobak sulki 190.7 £15.8
Youngyang chal tteok 150.6 +10.4
Gumjungkae injulmi 146.1 +£19.2

Daechudanja 1444 +£9.1

Chal tteok . )

Ddalki danja 137.3 £12.1

Ssukguri danja 127.8 £8.9

Mepat siru tteok 1272 +6.4

Ssuk songpyun 113.7 £6.8
Songpyun Heugmi songpyun 105.4 +£10.2

Hobak songpyun 101.5+7.7

Heugmi garae tteok 98.9+£5.7

Ssuk garae tteok 98.3+6.2

Garae tteok Hobak garae tteok 85.1+£9.3

Jasack goguma garae tteok 773 +8.9

Danggeun garae tteok 763 +7.2

Etc. Yaksik 385+54

D Mean of triplicate determinations +SD expressed as mg gallic acid equivalents per 100 g
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Table 2. The polyphenol contents in the variety of alcoholic drink

Classfication of drinks Name Polyphenolics (mg GAE/L)"
Meorudeseo 689.5 +53.8
Meoru ju Gamaksan Meoru ju 672.8 +62.8
Hongchunsan Meoru ju 4579 £51.8
. Naae Odi ju 550.6 +£49.8
Odi ju
Buan Champpong 264.1 +£13.6
Bohae Bokbunja ju 6659 +£39.8
Gochang Bokbunja ju 661.6 +514
Lotte Bokbunja ju 516.1 +61.3
Yeureumdeul Bokbunja ju 515.7 +£36.9
Bokbunja ju Myungawon Bokbunja ju 5134 +458
Bongsungul Bokbunja ju 4419 +£36.6
Nabyunsan Bokbunja ju 348.0 +£23.7
Seobangsan Bokbunja ju 343.8 +46.8
Sununsan Bokbunja ju 2909 +10.2
Green tea Makgeolli 2572 +189
Omija Makgeolli 2563 +12.8
Heukmi Makgeolli 2438 +239
Heohgae Makgeolli 243.1 +£21.8
Daechu Makgeolli 198.1 +21.7
i Jasaekgoguma Makgeolli 196.2 +17.6
Makgeolli .
Sansamgadeuk Makgeolli 1913 +12.8
Chunnyuncho Makgeolli 162.1 +13.9
Bori Makgeolli 159.6 +12.7
Bokbunja Makgeolli 1540 +12.2
Insam Makgeolli 143.0 +18.1
Champpong Makgeolli 1463 +£15.0
Heugmi ju 479.1 +£39.7
Nomi chungju 4343 +42.8
Sansamgadeuk ju 2352 +21.5
Heeungjin songi ju 168.0 +13.1
Bulhwi 133.2 £10.8
Etc. Hanju insam cognac 106.6 +£21.2
Youngwol duduk ju 72.8 £10.2
Gambhongro ju 66.8 +9.8
Insam ju 9.7 +£5.8
Hanju soju 6.1 +54
Hwayo soju 38 +34
Wine
Wine from France 662.5 +329
(comparison)

Y Mean of triplicate determinations +SD expressed as mg gallic acid equivalents per L
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Table 3. The polyphenol contents in the variety of Tea

Weight of
Name Polyphenolics (mg GAE/L)"
tea bag (g)
Gamlp tea 1.0 87.5 +£3.6
Gumeukong tea 1.5 358 +£0.3
Gyulmyung tea 1.2 50.9 £33
Green tea 1.2 452.0 £22.1
Daenamuip tea 0.7 584 +4.4
Dunggulre tea 1.2 57.8 +£11.2
Rosemary tea 1.5 589 £33
Rooibos tea 1.5 3214 +£9.7
Chamomile tea 0.8 195 £33
Peppermint tea 0.8 1604 +£3.5
mate tea 1.1 4937 +10.8
Memil tea 1.5 57.6 £5.3
Sujunggwa Liquid product 1250 +7.5
Pponglip tea 1.0 79.3 £5.5
Gukhwa tea 0.5 447 +1.3
Black tea 2.5 463.9 +243
Oksususuyum tea 1.5 42.8 £3.5
Gyulpi tea 1.2 559 +£6.0
Danggwi tea 1.2 332 £3.1
Mogwa tea 1.2 172.6 £0.9

Y Mean of triplicate determinations £SD expressed as mg gallic acid equivalents per L
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Table 4. Difference ratio of antioxidation activity of in combination measured by DPPH

(Unit: %)
Gaml Memil Ppongli Mogwa Green
Tteok Tea P pongiip g Sujunggwa

tea tea tea tea tea

Ssuk garae tteok 27.6 10.0 10.3 35.6 32.1 7.6
Youngyang chal tteok 17.2 16.0 4.4 21.4 19.0 -13.8
Jasaekgoguma garae tteok 274 31.2 11.5 27.3 214 -7.9
Hobak garae tteok 10.7 19.2 17.8 29.1 30.7 -29.0
Heugmi garae tteok 26.9 11.0 -1.9 27.3 223 -19.2
Gumjungkae injulmi 11.8 24.1 17.0 334 31.1 9.2
Mepat siru tteok 13.0 243 24.6 30.8 31.5 -9.8
Danhobak sulki 11.6 20.9 18.7 20.8 30.6 -21.6
Modeum kong sulki -17.0 259 8.8 23.9 28.6 -15.4
Hobak songpyun 0.3 13.1 20.3 27.1 334 -54
Ssuk songpyun -17.5 29.1 3.1 323 31.2 4.3
Heugmi songpyun 29.3 23.7 2.4 26.1 41.2 -19.2

Result expressed: Difference in DPPH antioxidant activity = 100 - [Mixture AEAC x 200/(Tteok AEAC + Tea AEAC)]
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Survey on the Essential Major Mineral Contents of Restaurant Foods

Yong-Bae Park, Ki-Cheol Kim, Hong-Rae Jung, Jung-Boem Kim,
Dae-Hwan Kim, Suk-Ho Kang, Mi-Hye Yoon and Jong-Bok Lee

Health Research Planning Team

Abstract : The dietary lifestyle has been influenced by globalization and industrialization in Korea. According to
the korean national health and nutrition examination survey, the consumption of restaurant foods has also
increased. Nevertheless there has been minimal research regarding nutritive components in restaurant foods. In this
study, 780 restaurant food samples were collected from six different local livelihoods in South Korea. The
collected food samples were classified into 16 foods class depending on the recipe. The 4 mineral (Na, K, Ca, P)
contents of restaurant foods were analyzed by Inductively Coupled Plasma-Optical Emission Spectrometers
(ICP-OES) after nitric acid digestion by microwave. Using the SPSS statistical package for statistics and analysis
of variance was performed. Overall mineral contents of restaurant foods were not difference in the region. In
restaurant foods, salted foods (2240.01 + 599.26 mg/100 g) and braised foods (430.46 + 333.01 mg/100 g)
showed relatively high sodium and potassium contents. Highly detected calcium and phosphorus contents were
328.13 + 498.81 mg/100 g and 264.71 + 244.76 mg/100 g respectively in stir-fried foods. Cooked gruels
presented the lowest sodium and phosphorus contents respectively (162.35 + 17.09 mg/100 g and 28.19 + 12.06
mg/100 g). Potassium and calcium were the lowest in the broth (54.16 £ 17.59 mg/100 g) and rice cake (12.66 +
6.05 mg/100 g) respectively. Overall mineral contents of the side dishes were the best. However, when considering
the intake of foods in the main-dishes that is absorbed into the body is more than the amount of side-dish. Thus
the reducing policy of sodium will be needed in main dishes such as noodles, cooked rices and broth.

Key Words : restaurant food, mineral, sodium, potassium, calcium, phosphorus

pElvebs Abstel wE SRASe FUheh AAstE Qla] AAE FAe] whEA Wetal vk =
FEAF Al wEE ZHA oA W& kAR e B S vk sy oAy
ol TasA FAEI el = dtal ok A AT F = BN Ad Nxﬂﬂ
%

Aol st & AT -

o
of

of
o2
o

}

2
N,
o2 Mo
i)
ol
4 Mo
it
—U
—|—'

o
2
Mo

ot ow fAgE 6709 By 2]

AT Al 54 wet %é‘, A, Ao g AiEstste] F 167l AFTOE i
7]xl /H_‘?_ = L].E E’ A= 75’} °] /13 =
17 one-way ANOVA®A S F3tct. A%Fd 7714 &
o7 frofg AolE B HAHA A PAAF] F718 FHFNa, K, Ca, P) A1
o2 Yyt YEFo] 7MY =& AFTe AAFE It 2240.01 £ 599.26 mg/100 g, Z
S 7} 430.46 + 333.01 mg/lOO g, ZEY AL EHSF7F Z2H7F 328.13 £ 498.81 mg/100 g H 264.71 +
244.76 mg/lOO g ® Uelyth YEFo| /b Be AETS EFE W 16235 £ 17.09 mg/100 g, ZF
ZH7F 54.16 + 17.59 mg/100 g, 7L%L W E7} 12,66 + 0 o Z5H7} 28.19 + 12.06 mg/100 g
o2 ko] viokt). Avhe] @ Fr1d >
7HE B2 AFTE defubs Rew ddE
3t Ao® YER

I o 1-5

XOH o2 o Y

A

[e]
— o
n
g\oﬁ
2 o
nzmﬂlnzm
N oo o md o
U@(ﬂliﬂﬂiﬁlmmlomlr

F\F

E%ZOHUN%-{%

Mo & 2 & K 4y 2 of oy =2
ol X ol
Y
>“ lo

—_

9
1)

9ot 4A%e neshd FAHow

o
W, FRE Eotel HEFS wol 44

AN AA AE, T4,

|m
nim

N
i
0%
o




M E
B7) A S(mineral) AZI AEE G50
L5 R oz AN A7) HFH
Fofstar, wiel xjofe] Fgo PRI Al
A= AEEER sE2EY HATE4dE
ojt}.

oA daAATE dE
A ] ATl 4%Hol = A FAINE A A
Woll A kA= ] Repr]el wk=Al AHE
3 BFaof st g FAgEolH, s+ 100
mgold B 8% theF 77| H(major mineral)
a2 olgt® dagk v F7] 4 E(trace mineral)
), Y EF-S(Sodium, Na) AW AF<t
FrAleh Ao Abd b FA]o] st
A5 YRR 279 Uz AHF s
"ok 1Yy daw oo w AHsHA H
S 7kste]l - (edema)©]
outar 3P <ol Frhste] F ol
+H 22 3138 S (hypertension)S A 71t}
). ZHE (Potassium, K)&= Na$} o] A A%
FrA et Aol #ostn Nagt K9
= 1o 7PgA A Blel Alx W o
frAlstel Aol frelstthal HalE ar
4D Zh S (calcium, Ca) M ¢} X|o}S & A

T

q%e wwHe 4Y A =Y

1=

AT F9 Fio

e (EoX orfr o

[
T oo

30 off T l
fr S oot Lo

!

(osteoporosis)} &Gl E Ao F Ui

AFHsat= ggFo= A3 Al AWASL 9
D

ol

Fg& 2T F vk 2 Vitamin D2 &4
S F1 AAAFAEA FAsta B A
FH (rickets) o] W} =ASSS doT|w 7}
AFH Aol 5 52488 UEhA 24
T Cad] AHAE WalsteE AoE Huxa g
oh wepA F1ES R EHAY FSEHA] &
=5 A3 ste sl ddidle] dAe wig
a3,

HA BES A 4L AARAAT Fw

[ fol
_O|L
)

L
>
>,
o
filo
v

o J'[N’
]

w
haes
rr
=)

fr oot Lo
to
Hl
dlo

N
Lo
o,
o
=

N Om
N
ob
2
o
il

[ oft 2, o [

<l
)
S
S
3
T
q,
M
ol
o

fo o rlo M o ok of
2
>,
[ o

U
_OL
1>
o o
Ol X
ﬁ N
>
L=
e
%0,
2
o
d
r)t
Q
qr 2 =
iy
>,

ro et R
o

st SAshol

of oE 0 oX

0% Mo g itk
=
=
L)
X
)
o
)

2o
F

™

fo
1
2
__>1.1_11
1
i
lo,
ot

i)
> oxl
~ = JE

)
Lo
rO
-
Wl
>
|

 Ho b1t
)
ko
QL
—
I
)
> =

>,

"
1o,

=N of
o
o
oo

R 2
(o5
i)
2
et
P
o &

~
=
S
5

Ni
=

2ol = > ff &

o
e
X
o2
S
[
<A A | G TR

2
Hi

BN of
i

e
L
N
>~
-

40 e 2@ ok 4

k)
z

40 o e o
4
N

R T T 3
r
(1
o
o
)

B
fru
2l
Al

i

(o3

il

¥

i)

o

—a

N
2y b
W v to

)
o

R @
N
tﬂl = oXx
R A
et o to
oo =

_>‘~1_4
ol
i
32

CHatAl =2

2 AT AMES AEAsE i
B 2010 12¥€7bA] A=) LA gAol A 4
FARE FAS A el
Thad] 213 13071E ZAste] AA4eddar 2
=% Q79 A9l VEeR AR, 47
BAAE, Mg, dEtE, $HEY 6] Aoz
Uirol & 780702 AR
shite] AE 1 AYe] duAds FrE
Al 123k M2 g2 gAY E
)



3l(homoginization) 2+ S SFATE &4 9]
s gHstr] 98 22 AFHsTt s

o KR
= T
PHE TYstel FARANRR AT

’HE
e re
ot b

fo

NEETREE
Aol AAeE Fig 13 2o] AL o g
B 4 AR BEe ol gsah AR 1 g
2 Azl walE HAS] e Au} A

sl &S 5302 4o wlola R o]
E(ETHO PLUS, Milestone, Bergamo, Italy) 73
2o A Table 19] o2 EaS &) A
wol g4 132 5000 84 ske] AMEEA
R e A e B B [ B A O R e
For HEFol HA @& 4§ A4 Al
o]

B4 sl

Table 1. Instrumental condition for microwave

digestion
Time (min) Power (%) Temp. (C)
5 500 100
10 0 80
20 500 180
30 500 180

FA R ALgH A ke A A (Dongwoo
Fine Chem., Seoul, Korea)¥} 3}4F3}4=4(Wako,
Osaka, Japan)E Al&3tdow =& Z&5A
Z7](Nanopure Diamond, Barnstead, Thoa, USA)

2 3% RS Axste] Agatenh

A A BEFE& RS AccuTraceTM
Reference  Standard(AccuStandard Inc., New

haven, Connecticut, USA)E A}-&3FSith. 1000
ng/mLe] EFEUAS FHeto] 05N Ao = 3

Mty GES, 28, 24, 9o mxeo

Homogenize

l

Weight 1 g of sample with vessel
I

Add 5 mL of HNO; and 3 mL of H,0,

l

Digest with microwave for 1 hr
l

Cool at room temperature
!
Mass up with water

l

Filter with 0.45 membrane filter
!

Analyze with ICP-OES

Fig. 1. The procedure of preparation to

measuring mineral contents for ICP-OES.

A HFE=7F 20 pg/mL, 10 pg/mL, 5 q
g/mL, 2 pg/mL, 1 pgmL7} =% 3t +

Al & (Blank)= 05N Al g dE A2 %3}
APEEER AL Aol AMES BRE ETEAS
Z A Polypropylene*8 ol B et A A EF

shol AHg-5h9d

AlRe EY

ARE

ICP-OES(Optima  5300DV,  Perkin
Elmer, Waltham, USA)ZS A}-&3}o] Table 2]

zh02 N34T 2ES AT JEFE,
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vl alke] A7 10%014 2ol 7t E A A
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Table 2. Analysis condition for ICP-OES

Instrument Perkin Elmer optima 5300DV
RF Power 1400 Watt
Aux. gas 1.5 L/min as Argon
Neb. gas 0.65 L/min as Argon
Na K Ca P

Wavelength

589.59 766.49 317.93 213.61

(nm)
330.23 - 396.84 21491

2 ekl

Table 3. Restaurant foods collected by region and city

SAANzE
2 o] ALg3 RE EAAZE SPSS

2
=
N,
(.
=

package program 17.0 AR-&3}
Ht A AL 95% AFFE
ANOVA Y o= AAsAth Hdgs e
el Aol =(p<0.05)

comparison test® 7% 3}

R
o
S
?
<
o
<

Duncan's  multiple

g & ng

130708 van] AEs AAsd dxs A
s}

4, RO fAF 6710 AR
2AUE, A%, ANE, AL, Ao, 33
E) BRae] Ang FAsRgon 74 A9e

Region City - 1 City - 2 City - 3
Gangwon Chuncheon-si Gangneung-si Wonju-si
Gyeonggi Uijeongbu-si Incheon-si Suwon-si

Gyeongsang Daegu-si Pohang-si, Ulsan-si Busan-si
Seoul Jongno-gu Yeongdeungpo-gu Gangnam-gu
Jeolla Jeonju-si Gwangju-si Mokpo-si

Chungcheong Cheonan-si Chungju-si Daejeon-si
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Table 4. Classification of restaurant foods collected from national wide

Food class Gangwon Gyeonggi  Gyeongsang Seoul Jeolla Chungcheong

Broth(18)" 3 3 3 3 3 3

Main o oked gruels(36) 6 6 6 6 6 6

dishes

(300) Cooked rices(156) 26 26 26 26 26 26
Noodles(90) 15 15 15 15 15 15
Braised foods(12) 2 2 2 2 2 2

Broth and hot soup(78) 13 13 13 13 13 13

Fried foods(42) 7 7 7 7 7 7

Side Kimchies(48) 8 8 8 8 8 8
dishes Roasted foods(6) 1 1 1 1 1 1
G329 Salted foods(24) 4 4 4 4 4 4
Seasonsed vegetables(30) 5 5 5 5 5 5
Stews(30) 5 5 5 5 5 5
Stir-fried foods(54) 9 9 9 9 9 9
Breads(48) 8 8 8 8 8 8
Dumplings(18) 3 3 3 3 3 3
Desserts Rice cakes(66) 11 11 11 11 11 11
(156)  Roasted foods(6) 1 1 1 1 1 1
Steamed foods(12) 2 2 2 2 2 2
Stir-fried foods(6) 1 1 1 1 1 1
Total(780) 130 130 130 130 130 130

) The number of samples.
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AALAANA FAT AFE Ase T vF
F714d AE F Na, K, Ca, P 47}4] A ES
AR oem, 100 ¢ B 91U+ mg Yoz
gHikste]l Table 59 %ol YethlAt HEE
o] Hyt L F4 296.94 £ 90.37 mg/100
g, WA 65555 + 59747 mg/100 g, 7+

Table 5. The mineral contents of restaurant foods

34743 + 86.81 mg/100 go & 7} AW
A A AZol7t A= U THp<0.05). ZE
Bt FFS 2] 9055 + 38.84 mg/100 g,
B2 187.53 + 135.84 mg/100 g, 7H2] 11032 +
63.85 mg/100 gol 3 ZHFe] Hit FFL F
2l 1945 + 1036 mg/100 g 2] 92.84 =+
231.62 mg/100 g, k2] 24.16 + 13.67 mg/100 g

oldtt. o] Hit e 4 4837 + 21.05

ol
=

—

lo

divided by region

(unit : mg/100g)

Dishes Region Sodium(Na) Potassium(K) Calcium(Ca) Phosphorus(P)
Gangwon(50)" 292.09+87.26% 92.78+41.93 18.84+10.33 50.15+22.98
Gyeonggi(50) 296.62+87.93 88.84+38.25 21.08+11.93 48.36+20.42

Mai“ Gyeongsang(50)  300.37+88.67 91.28+38.33 19.93+8.45 48.17420.53

i;sélg)s Seoul(50) 287.95+89.58 91.34+43.22 18.96+10.76 48.22421.80
Jeolla(50) 291.59+87.30 86.88+34.56 17.79+10.39 46.83+19.18
Chungcheong(50)  312.99+98.72 92.16+35.70 20.0849.65 48.50+21.04
Gangwon(54) 661.78+591.21 188.33+137.80 95.01+242.12 108.11+143.88
Gyeonggi(54) 642.32+569.68  179.64+131.76 90.97+227.70 102.90+131.47

?‘ide Gyeongsang(54)  644.33+540.82  187.37+136.43 90.73+230.55 101.71133.02

CE;S;:)S Seoul(54) 680.38+648.32  189.47+142.95 95.30+236.55 110.72+146.78
Jeolla(54) 632.28+589.09  187.80+132.76 95.19+245.39 107.04+134.54
Chungcheong(54)  672.19+637.28  192.58+132.63 89.82+205.06 101.25+120.28
Gangwon(26) 339.32+86.94 112.53+63.30 21.71+£12.76 77.91+39.82
Gyeonggi(26) 351.64+99.91 110.54+66.65 24.46+12.29 77.54+39.58

Desserts  Gyeongsang(26)  357.64+74.88 108.22+64.70 23.85+11.87 76.03+37.02

(156)  Seoul(26) 335.14480.95 112.42+63.42 25.89+15.40 75.79+£37.47
Jeolla(26) 341.56+85.87 104.27+56.23 22.85+12.62 76.52+35.60
Chungcheong(26)  359.31+87.34 113.94+67.69 26.19+15.98 79.04+42.94

Y The number of samples.
Y The values are Mean+SD.
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Table 6. The regional differences of sodium contents in restaurant foods

(unit :

mg/100g)

Rice cake(66)" Dumpling(18) Triangle gimbap(18)
Region
Mean+SD F-value Mean+SD F-value Mean+SD F-value
Gangwon 257.66+28.557) 372.40+21.02%¢ 296.55+25.78°
Gyeonggi 260.48+34.89% 402.15+43.57¢ 326.57+34.48°"
Gyeongsang 293.96+32.11° 339.70+13.43% 403.06+30.38"
1.596 2.139 2.811

Seoul 260.03+40.08 376.52+10.44% 319.53+32.33°
Jeolla 272.09+38.73 317.54+29.39° 283.43+30.79°
Chungcheong ~ 278.31+35.54 385.92:+44.70% 337.64+52.18°"
Total 270.42+37.46 365.71+41.60 327.80+52.07

Y The number of samples.
Y The values are Mean+SD.

% Different character on the shoulder means statistically different group by Duncan’s multiple range test(p<0.05).
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Fig. 3. Box plot of sodium contents in restaurant foods.
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Fig. 7. Comparison of mineral contents ratio based on food classification. (A) a: Noodles, b:
Cooked rices, c: Cooked gruels and d: Broth. (B) e: Stir-fried foods, f: Stews, g:
Seasonsed vegetables, h: Salted foods, i: Roasted foods, j: Kimchies, k: Fried foods, I
Broth and hot soup and m: Braised foods. (C) n: Stir-fried foods, o: Steamed foods, p:

Roasted foods, q: Rice cakes, r: Dumplings and s: Breads.



Table 7. The mineral contents of restaurant foods divided by food class

(unit : mg/100g)

Food class Sodium(Na) Potassium(K) Calcium(Ca) Phosphorus(P)
Main dishes(300)" 296.94+90.37% 90.55+38.84 19.45+10.36 48.37+21.05
Broth(18) 241.36£102.66™)  54.16+17.59" 13.54+4.28" 33.09+5.25"

Cooked gruels(36)
Cooked rices(156)

Noodles(90)

162.35+17.09°
325.13+71.72%¢

313.02+81.14%¢

74.28+50.44"
103.58+37.02"

81.74+28.84"

16.04+15.91"

20.74+9.44"

19.754£9.16"

28.19+12.06'
61.61£18.51"

36.57+12.91"

Side dishes(324)
Braised foods(12)
Broth and hot soup(78)
Fried foods(42)
Kimchies(48)
Roasted foods(6)
Salted foods(24)
Seasonsed vegetables(30)
Stews(30)

Stir-fried foods(54)

655.55+597.47
867.40+214.39"
251.06+117.78%
351.72+107.63
642.94+142.39°
469.76+96.26"
2240.01+599.268
766.18+477.44"
420.84+91.55¢

825.61+537.03°

187.53+135.84
430.46+333.01¢
65.50+34.84"
141.97+64.23"
288.84+104.09°
277.32+11.82°
170.15+38.24™
249.11£91.37°
157.58+34.541m

235.38+119.26™

92.84+231.62

59.06+£36.47"

29.94+30.33"

43.08+37.78"

56.06+30.40"

143.60+21.12°

51.56+40.48"

45.04+30.33"

45.54+19.50"

328.13+498.81°

105.29+135.32
161.38+135.59*
49.77+38.96"
121.76+56.43"
43.55+15.77"
254.22+31.13"
35.69+9.01"
82.23+35.46""

64.88+16.80"

264.71+244.76"

Desserts(156) 347.43+86.81 110.32+63.85 24.16+13.67 77.14+38.83
Breads(48) 415.63+75.82¢ 119.52+27.921% 36.80+10.65" 110.77+18.18"
Dumplings(18) 365.71+41.60™¢  188.26+27.03™ 37.99+4.39° 73.28+9.43"
Rice cakes(66) 270.42+37.46% 74.80+£63.27" 12.66+6.05" 49.20+18.26"
Roasted foods(6) 409.87+52.74 218.09+15.57° 25.25+7.58" 175.43+11.74
Steamed foods(12) 400.05+57.81% 102.59+65.49" 17.4142.45" 68.68+44.58"™
Stir-fried foods(6) 426.54+26.55" 101.30+11.62" 20.33+3.12° 45.58+5.47"

Total 456.00+426.09 134.79+105.30 50.87+153.68 77.77+93 .41

Y The number of samples.
? The values are Mean=SD.

? Different character on the shoulder means statistically different group by Duncan’s multiple range test(p<0.05).
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ZEA - 2FE - 2AYS - HEOF - FEA - O]AH - A4
Hsd - Z2&7 - 0|H3 - 2% - 0|HE - 4EH - 0|FS
TRSMESHAL

A Survey on Pesticide Residues of Imported Fruits Circulated in Gyeonggido

Yun-Sik Cho, Jeong-Bok Kang, Yang-Hee Kim, Jin-A Jeong, Jeong-Weon Huh, So-Hyun Lee,
Young-Sik Lim, Ho-Jeong Bae, Heung-Gyu Kang, Jeong-Hee Lee
Eun-Sook Jung, Byoung-Hoon Lee, Yong-Bok Park and Jong-Bok Lee

Suwon Agricultural Products Inspection Team

Abstract : We tested for pesticide residues in 124 samples of 22 different types of imported fruits circulated in
Gyeonggi-do. Total 218 pesticides were analyzed by multi-residue method using gas chromatography/nitrogen phosphorus
detector-clectron  capture  detector (GCNPD-ECD), time of flight/mass spectrometer (TOF/MS), ultra performance liquid
chromatography/photo diode array (UPLC/PDA), high performance liquid chromatography/fluorescence detector (HPLC/FLD) and
mass spectrometer (LC/MS/MS). The pesticides were detected in 18 fruits samples, ranging 0.003~0.3 mg/kg and no samples
had violative residue. The separation test to 14 sample pesticides detected was conducted to monitor the current status of
pesticide residues according to the partial characteristic. The pesticides were detected in 14 peels ranging 0.03~1.5 mg/kg
and 2 fleshes in less than detection limits. These results indicate that imported fruits are safe when the human takes
normally but even the small amount of pesticides is harmful when the human takes it in a prolonged period. Therefore,

the concentration of them of imported friuts should be constantly monitored for food safety.

Key Words : pesticide residues, imported fruits, peel, flesh, separation test
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Table 1. The list of sample collected and analyzed

Origin Imported fruits
Phillippines(28) Banana(12), Pineapple(12), Mango(4)
US.AG4) Berry(14), Plum(3), Cherry(S.), Grape(5), Orange(.S), Avocado(5), Lemon(7), Lime(1),
Bnana(1), Pineapple(1), Grapefruits(6), Date palm(1)
Chile(13) Grape(8), Cherry(1), Berry(3), Kiwi(l)
Thailand(13) Mango(10), Papaya(l), Pineapple(1), Grape(1)
New Zealand(8) Kiwi(8)
Vietnam(2) Durian(1), Dragonfruit(1)
Peru(2) Mango(2)
Turkey(1) Apricot(1)
Iran(1) Ficus(1)
Costa Rica(1) Pineapple(1)
Taiwan(1) Mango(1)
Total 124

( ) Number of sample

Table 2. Analysis condition of GC/NPD

Parameter Condition

splitless, Inj. Vol. : 1 pL
heater 300C

Column front HP-35
back HP-5

flow rate 1.0 mL/min

Inlets

C/min next hol
initial 130 1
Oven
rampl 8 180 1
temp.
ramp2 4 210 3
ramp3 10 295 5
Detector

heater 320C
temp.

Table 3. Analysis condition of GC/ECD

Parameter Condition

split(4:1, 2:1), Inj. Vol. : 1 pL
Inlets .

heater 270C
Column front HP-1701

back HP-5

flow rate 1.0 mL/min

C/min  next  hold

Oven initial 160 1
temp. rampl 4.7 240 4

ramp2 13 275 19
Detector 3

heater 300C
temp.




nitrogen gas pllA 12} F=5381000 12 w5 AR
Eof GC ¥4 209% acetone &7 hexane & 9 mLE
7¥slo] 88t & hexane 5 mL 2 2096 acetone T
hexane 5 mLE ZAJ3}A17] florisil 7FEZA] At ¥
BENS Kot 22} FEalom, 22 w5 1Eel A6
acetone g hexane 2 mLZ 83 2 12K0.2um nylon
syringe filter) F ¥ GC #2418 AlgE ARESI3 oM, 77|
B 228 Table 2 39 2t} =9 A8 tisA
= TOF/MS(Leco Pegasus, USA)S o|-&3lo] 2Hel&tg]
o BAZAL Table 49F 72t}

LCitAe] 749~ acetonitriled 20 mLE nitrogen gas
sloldl 12k wET A@del 1% nethanol T
dichloromethane 11 nl.Z -83lIgt & dichloromethane 5
mLE ST SPENH, 7FER] el ¥ol 855131
on 9] 8&HE 23 w53 - 100% methanol 2 nl
2 83 2 oJ¥H0.2um nylon syringe filter)3}o] LCHA1E-
AR ARSI 7)71EA] 2238 Table 5 67 2t} 7
=¥ Alsol tisiiE LOMS/MS(Waters, USA)E o83}
o] I} oM, A1 Table 77 2tk

Table 4. Analysis condition of TOF/MS

Table 5. Analysis condition of UPLC/PDA

Parameter Condition
splitless, Inj. Vol. : 1 pL
Inlets purge flow 20.0 mL/min
heater 250C
Column Rtx-5MS
flow rate 1.5 mL/min
C/min  next hold
initial 70 1.5
Oven
rampl 20 180 1.0
temp.
ramp2 10 265 1.0
ramp3 5 300 4.5
Detector 5
heater 260 C
temp.

Parameter Condition
Column HSS Cis (2.1 x 50 mm, 1.7 ym)
Flow rate 0.4mL/min, Inj. Vol. : 3 pL
Time 20%MeOH 100%MeOH
100 0

1 60 40

2 55 45
Mobile 4 >3 45

5 45 55
phase 6 40 60

7 35 35

8 30 70

10 25 75

13 20 80
Detector 254 nm

Table 6. Analysis condition of HPLC/FLD

Parameter Condition

Column Carbamate (3.9 x 150 mm, 5.0 um)
Flow rate 1.0 mL/min, Inj. Vol. : 5 pL
Time A(%) B(%)

Mobile 20 80
3 50 50
phase 12 70 30
13 20 80
A=Water:MeOH:ACN = 2:4:4
B=12%MeOH
Detector XA : 330 nm, EA : 460nm

Table 7. Analysis condition of LC/MS/VMS

Parameter Condition

Column  HSS Cis (2.1 x 100 mm, 1.7 gm)
Flow rate 0.3 mL/min, Inj. Vol. : 2 pL

Time A(%) B(%)

Mobile 20 10
0.25 90 10

phase 8 10 90
9 10 90

10 90 10

12 90 10

A=0.1% formic acid/water
B=0.1% formic acid/MeOH
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Table 8. Recovery and detection limit of pesticides

detected in banana and pineapple

Pesticide Recovery + Detection
Compound  residues RSD limit
(mg/kg) (%) (mg/kg)
Prochloraz 0.02~03 844 + 3.5 0.007
Phenthoate 0.05 103.5 £ 23 0.004
Chlorpyrifos ~ 0.008~0.25 120.0 + 4.1 0.003
B-endosulfan 107.7 £ 15 0.01
Endosulfan- 0.1
86.8 £ 0.6 0.05
sulfate
Tebuconazole 0.1 1054 £ 1.9 0.03
Methomy! 0.1 88.1 + 0.8 0.006
Carbaryl 0.04 92.8 + 0.7 0.007

32. +Y4AUFYE FRFF 2YAH

ofZ 274, Wi 47, ¥% 274, o#EA 24, AE
7, A 14, "8 13894 s A&
AN HEEE Fig. 19 2o

AW AEFHe Avnw by 37,
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Table 9. No. of sample detection on origin

No. of sample

Origin sample(No
g detected ple(No)
Banana(5),
Phillippines 8 Pineapple(2),

Mango(1)

Chile 2 Grape(2)
Grapefruit(1),

Orange(2),

US.A 5 ge(2)
Cherry(1),

Lemon(1)

Thailand 3 Mango(3)
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Table 10. Concentration of residual pesticides from detected samples

Products Pesticides Residual(mg/kg) MRLs(mg/kg)
Chlorpyrifos 0.04~0.25 0.25
Bnana(5)
Prochloraz 0.2~0.3 0.5
Pineapple(2) Prochloraz 0.1 0.5
Grapefriut(1) Cabaryl 0.04 0.5
Orange(2) Chlorpyrifos 0.03~0.2 0.3
Lemon(1) Chlorpyrifos 0.1 0.3
Cherry(1) Tebuconazole 0.1 0.5
Methomyl 0.1
Grape(2) 1.0
Tebuconazole 0.1
Prochloraz 0.02
0.5
Endosulfan 0.1
Mango(4)
Phentoate 0.05 0.2
Chlorpyrifos 0.008~0.03 0.5
() : Number of sample detected
Table 11. Concentration of residual pesticides from peel and flesh
o Residual peel flesh
Products Pesticides
(mg/kg) (mg/kg) (mg/kg)
0.2 0.5 0
Prochloraz 0.2 0.4 0
0.3 1.1 0
Banana 0.04 0.4 0
Chlorpyrifos 0.06 1.5 0
0.25 1.0 0
i 0.1 0.3 0
Pineapple Prochloraz
0.1 0.3 0
Grapefruit Cabaryl 0.04 0.1 0
Phenthoate 0.05 0.1 0
Prochloraz 0.02 0.1 0
Mango
Endosulfan 0.1 0.3 0
Chlorpyrifos 0.008 0.03 0
o Chl ” 0.03 0.05 *
range orpyrifos
£ i 0.2 11 *
Lemon Chlorpyrifos 0.1 0.5 0

* Under detection limit
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Survey on the Pesticide Residues in Commercial red pepper powder

in Gyeonggido

Haegeun-Hong*, Sangwoon-Shin, Kicheol-Kim, Ilhyung-Jeong, Kyunga-Kim,
Sanghun-0Oh, Sujung-Yun, Cheolyeong-Kim, Jinho-Jang, Mihye-Yoon and Jongbok-Lee

Guri Agricultural Products Inspection Center

Abstract : 105 samples of the red pepper powders which were distributed in Gyeonggi-Do in 2010~2011 were
analyzed for 218 pesticides as a part of safety survey. All the samples were dried powder form, of which 70 were
from Korea and 35, imported from foreign countries. Nine of pesticides were detected at 41(39.0%) samples, and
31 samples of them were detected more than 2 pesticides simultaneously. Endosulfan (sum of o-, - and sulfate),
soil insecticide, was the most frequently detected pesticide and the levels were at concentrations of 0.028~0.499
mg.kg' in 18 of 105. Chlorpyrifos was detected at the range of 0.038~0.599 mgkg' in 16 as a secondary
frequently detected pesticide. Dicloran was detected at the range of 0.0716~0.9878mg.kg" in 10 samples. The rest
of pesticides were detected as follows: Cypermethrin(6), Profenofos(3), Fenitrothion(2), Hexaconazole(2), Diazinon(1)
and Procymidone(1), and the levels were at concentrations of 0.3406~4.9527 mg. kg', 0.0751~0.8581 mgkg™,
0.163~0.167 mg.kg", 0.026~0.111 mgkg”, 0.094 mgkg"' and 3.018 mgkg', respectively. In case of Cypermethrin,
3 samples were exceeded the MRLs 1.0 mgkg' and the concentrations were 1.694, 1.745 and 4.953 mgkg”,

respectively.

Key Words : Red Pepper powder, Pesticide, Endosulfan, Cypermethrin

L9 :2010d% 2 2011 =] A7IEA G BEEHIYE LT 1050S oz AR 218350
tste] ot ZAES ST 410604 9%9 ARl HEH 39.0% AEES UEMNeH, 1% 31
Ao A %—% o) Ao] wokg o] &% UTh  Endosulfane] FAEWIL7F 71 =9kow, 187164 0.020~
0.499 mg.kg 9] = YehH ) Chlorpyrifosts FHAZ AEW =7 Egkon, 16714 0.038 mg.kg '~

-
0.598 mg.kg e %— 2 AZ&% Ut Diclorand 107114 0.071~0.987 mgkg'el wxEE A&H,
Cypermethrin 671, Profenofos 371, Fenitrothion 271, Hexaconazole 271, Diazinon 171, Procymidone 1719 & <
S XAt Cypermethrin 371914 MRLs 1.0 mgkgs Z¥3ste] A& ¥ Soh

FAO : REF, B, AEAR, Aol A2
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FEeF  #AES ARgEH. oRA=

Toyoroshikaisha (Japan), 0.2 pm PVDF syringe
filter(13 mm)+= Waters (USA)A| &S AF8-31
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SO Aé] ]
o A=49 Cypermethri AR dels 2=

=
el 4.1.3.5 Ao] 3 w222 (Cypermethrin) 4

242 BA47]7] H

7104 %

GC-ECD  7890A(Agilent, U.S.A), GC-NPD LOD)¢t A=Al

7890A(Agilent,

A0 wet 2YsH

postcolumn reaction moudle,
T3 % systems ARESEiTh VI7IEAM U

10 goll &/ 40 mL& LC(UPLC, Waters U.S.A) systemS A}-8&3}9 L
FhatH ol EAl JH{E ek HAE HPLC -FLD&
Waters €2695 Separations Module, M2475

reagent manager=

Table 1~ Table 4%} 2t}

=¥l 25. HE - AEFEA R e

FADRA AREFAAE

U.S.A) system= A}-83}% 11,

GC/MST Claus 600(PerkinElmer, U.S.A)S A}-&

sheleh.

Table 1. GC-uECD

and GC-NPD analytical condition

A& Fofoll Wt

|(limits of quantification, LOQ)
= ICHO A ANAIEE ofefl AbEwgol] whep
st ut.

1

Instrument Agilent 7890A GC

Detector uElectron capture detector Nitrogen-Phosphorus detector

Column DB-1701 (30 m x 0.25 mm, 0.25 um) DB-35 (30 m x 0.25 mm, 0.25 pm)
DB-5 (30 m x 0.25 mm, 0.25 pm) DB-5 (30 m x 0.25 mm, 0.25 pm)

Oven temp. 160C(1 min) — 4.7 C/min 130C(1 min) — 8C/min

Injection temp.
Detector temp.

Gas flow

— 240°C(4 min) — 13C/min
— 275C(5 min) — 280C (3min)

270C
300C
N, (60 mL/min)

— 180C(1 min) — 4C/min
— 210C(3 min) — 10C/min
— 295C(5 min)

300C

320C

N2 (5.0 mL/min)

H; (3.5 mL/min)

Air (60 mL/min)

Table 2. HPLC-UV

and HPLC-FLD analytical condition

Instrument Acquity Ultra Performance LC Waters 2695 Seperations module
Column BEH CI8 (2.1 x 50 mm, 1.7 um) C18 (4.6 x 75 mm, 3.5 um)
Detector PDA 254 nm (210-490 nm) 2475 multi A Fluorescence detector

Postcolumn reaction
Flow rate

Column oven
Injection volumn
Mobile Phase

0.4 mL/min

40C

2 uL

A = 15% ACN, B = 100% ACN
A:B=285:15

* Excitation A : 330 nm

* Emission A : 466 nm
O-Phthaldialdehyde, NaOH

1.0 mL/min

42T

5 uL

A=Water:MeOH:ACN(2:4:4), B=12% MeOH
A : B =40 :60

uvA  JFE

ok  HAFE=HPLC-UVD:E  SQ

Detector’} ¥3d  AcQuity™ Ultra performance

Table 4. GC-MS analytical condition

Instrument PerkinElmer®Claus 600T

7 2 3 Al (limits of detection,



Table 3. LC-MS/MS analytical condition

Instrument

Acquity Ultra Performance LC

Detector
Capillary voltage
Extractor voltage

Source temp.

Desolvation temp.
Cone gas flow

Desolvation gas flow

TQ Detector
4.0 kV
1.0V

120C

380C

50 L/h (argon gas)

850 L/h (nitrogen gas)

Column Elite-5MS

(30 m x 0.25 mm, 0.25 pm)
Oven temp. 160C(1 min) — 4.7C/min
—240C(4 min) — 13C/min
— 275C(5 min) — 280C(3 min)

Injection temp. 270°C
Carrier gas He(splitless, 1.0 mL/min)
Ionization method Electron impact at 70 eV
Ton source temp. 250C
Scan range 10-700 m/z(0.25 scan/sec)

20109 % 2 2011d %0 AFRHO] A7EAA
=
[e)

s
oA FEFdl ILE7HFE 105718 dlto=

Table 5. Recoveries and LOD/LOQ of pesticides in the red pepper powder

Pesticide Instrument Recovery” (%) LOD? (mg/kg) LOQ® (mg/kg)
a-Endosulfan GC-ECD 90.07+1.01 0.0016 0.0049
B-Endosulfan GC-ECD 95.05+0.78 0.0052 0.0156

Endosulfan sulfate GC-ECD 121.39+1.53 0.0259 0.0784
Chlorpyrifos GC-ECD 105.05+1.58 0.0079 0.0240

Dicloran GC-ECD 100.67+4.68 0.0071 0.0214
Cypermethrin GC-ECD 111.28+1.87 0.0404 0.1223
Fenitrothion GC-NPD 102.48+1.69 0.0076 0.0230
Hexaconazole GC-ECD 85.98+1.92 0.0066 0.0201

Profenofos GC-ECD 112.524+4.55 0.0343 0.1041
Procymidone GC-ECD 90.36+1.88 0.0127 0.0379

Diazinon GC-NPD 82.07+1.95 0.0095 0.00287

Y Means + S.D (n=3), ? Limit of detection * Limit of quantfication

LOD =336 /s
LOQ = 1065/ s
6 = the standard deviation of the response
S = the slope of the calibration curve
e AFed IREek BAY AFsdA
of we} d¥aglon 1 A= Table 59 2}

AlEA o] ThEek woF 218F S A A 41
Aol A 9Fe] wekdEe] AEH 39.0%° A
=85 HEA 2 (Fig. 1), o|F HF5F 7
TA 5 2dete] FAFES 12V FE 30w
FATELS 29%2 YESTH

HE® AEEZE Endosulfan ©] 18710 A
A=Hel HE wE HEES HIAL,
Chlorpyrifos7} 1671, Dicloran 1074,

Cypermethrin 671, Profenofos 371, Fenitrothion¥}

Hexaconazole ©] Z}Z} 27, 12 1 Diazinon¥}
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Procymidone©] 7tz 1@ A
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Fig. 1. Ratio of pesticide residues detected in samples.
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Table 6. Pesticides residues in red pepper powders

No. of sample No. of sample
pesticide Detection range(mg/kg) MRLs(mg/kg)
detected over MRLs

Endosulfan 18(7) - 0.028 - 0.499 0.7
Chlorpyrifos 16(10) - 0.038 - 0.599 1.0

Dicloran 10(4) - 0.072 - 0.988 3.5
Cypermethrin 6(4) 3 0.341 - 4.953 1.0
Profenofos 3(3) - 0.075 - 0.858 14.0
Fenitrothion 2(1) - 0.163 - 0.167 2.1
Hexaconazole 2(2) - 0.026 - 0.111 2.1

Diazinon 1(0) - 0.094 3.0
Procymidone 1(0) - 3.018 15.0

() The number of sample detected more than two pesticides.




}2) 3} 9 += ol (Fig. 2, Fig.

=

el
i
-

or

Ho

71917

JE R
M oj *
X EE WO
= W S
@
= o] n_kE
oy M =
Tk 1Zro il
o N~
® NK
WA
B X -
JV.E .
= 8
E
T T
@ wE o
N ﬂ/l @)}
o
o B2
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Study on Multi-Residual Pesticides in Korean Traditional Herbal Tea Materials

Nan -Young Kim, Young -Sug Kim, Myung -Gil Kim, Hong -Rae Jung, Yun -Sung Kim, Han -Taek Kim, Sun
-Woo Lee, Kyeng -Suk Chae, and Mi-Hye Yoon

Anyang Agricultural Products Inspection Team

Abstract : We analysed 149 samples of Korean traditional herbal tea materials. Samples were purchased various methods (21
samples at major supermarkets, 27 samples at Internet shopping malls, 31 samples at traditional markets and 70 samples at
herbal medicine pharmacies). The 156 pesticides were analyzed by GC/ECD and NPD, detection pesticides were confirmed by
GC-TOF/MS. Sample preparation was performed bv multi-residue analysis method of multiclass pesticides of the Korea Food
Code. The residual pesticides were detected in 22 samples(14.8%), the 5 samples were detected pesticides below MRLs, 2
samples were detected pesticides unnotificated MRLs. The highest detection frequency samples are jujube and lycium. Detected
pesticides in Korean traditional herbal tea materials were chlorpyrifos (5 samples), chlorothalonil (3 samples), Cypermethrin (3
samples), Hexaconazol (3 samples), Cyhalothrin(3 samples). The pesticide types detected in Korean traditional herbal tea
materials were organophosphorus(29.2%), Pyrethroid(16.7%), Organochlorine(12.5%) and Triazole(12.5%).

Key Words : herbal medicine, pesticides, GC-ECD, GC-NPD
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Table 1. Distribution of samples surveyed according to buying place.

Buying place

(Total No. of sample) ype Commodity(Total No. of samples)
Leave Houttuynia(1)
Woods Licorice(2), Cinnamon(1), Oriental Raisin Tree(3)
. Roots Arrowroot(1), Sealwort(1), Milk vetch root(2)

Major Supermaket . . . . . . .

Fruits Jujube(1), Cornus fruit(1), Schizandra Chinensis Fruit(2), Lycium(2),
@h Rubus Coreanus fruit(1), Fruits of Oriental Raisin Tree(1)

Seeds Cassia seed(1)
Others Chrysanthemum(1)
Leave -
Woods Licorice(1), Cinnamon(1),

Inertet Shopping Mall  Roots

Arrowroot(2), Ginger(1), Balloon-flower(2), Cnidium(2), Milk vetch root(1), Peony(2). Korean
angelica root(1), Atractylodes ovata(2), Wilfordi root(1), Multiflorus(1), Foxglove(1)

27) Fruits  Lycium(1), Jujube(2), Rubus coreanus fruit(1), Cornus fruit(1), Schizandra Chinensis Fruit(1)
Seeds Odlay(2),
Others Chrysanthemum(1), Pachyma(l),
Leave -
Woods Licorice(1), Cinnamon(2),
Arrowroot(1), Ginger(1), Balloon-flower(2), Milk vetch root(2), Cnidium(2), Peony(2), Korean
Traditional Market Roots angelica root(1), Japanese Atracty-lodes(2)
(31 Fruits Lycium(1), Jujube(1) Rubus coreanus fruit(2), Cornus frui(3),
Schizandra Chinensis Fruit(2)
Seeds Odlay(1)
Others Chrysanthemum(2), Pachyma(3),
Leave Siberian chrysanthemum(1), Mint(1), Mulberry leaves(1), Artemisia(l)
Woods Licorice(3), Cinnamon(3), Eucommia bark(1)

Arrowroot(3), Ginger(1), balloon-flower(3), Sealwort(2), Cnidium(3),
Roots  Milk vetch root(2), peony(3), Korean angelica root(3), Japanese Atracty-lodes(3), Foxglove(1l),

Herbal Medicine

Snaked beard(1)

Pharmacy Castanea(1l), Lycium(3), Jujube(3), Rubus coreanus fruit(3), Fruits of hawthorn(1), Cornus
(70) Fruits frui(3), Schizandra Chinensis Fruit(3), Poncirus(1), Quince(1),
Gerdenia fruit(1)
Seeds Cassia seed(1), Odlay(3)
oth Chrysanthemum(3), Orange peel(1), Wall germander(1), Pachyma(3),
ers
Houttuynia cordata(2)
AR 2AYE A5 5 A’ FxoA E&de &vE &9 Bl 20%
¢F 100 go] ARE S F 20 ¢ A Acetone - Hexane 2 mLol] o] Ald & A

Wa "ol FRHS 80 mLE Azkstel 247 o= s

A 3 & Acetonitrile 100 mLE ¥ 31 32 7]
(Omni honogenizer, USA)Z 3000 rpmol A 1

Fot &8 9k 10 g¢ NaClo] 919l

2]l Filter papers &34 o4& 2

T H d2eA 3027 AAste &3
Acetonitrile 52 10 mL F3sto] 4
THAA FFAT. 55 N2 Hexane 5 mL
20% Acetone 3+ Hexane 5 mLE
g3} A7l Florisil catridged] T54& ¥
MM GEAIA Al WS T 20%
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Table 2. Analysis condition of GC-ECD, GC-NPC and TOF/MS

Instruments Agilent 7890 Leco Pegasus HT
Detector type ECD NPD TOF/MS

Inlets split(5:1) lul inject splitless, 1 ul inject splitless, 2 ul inject
Injector Temp. 270C, 300C, 250C,

Column DB-1701(30 m x 0.25 mm, 0.25 m) DB-3530 m x 0.25 mm, 0.25 gm) Rtx-SMS(30 m x 0.25 mm, 0.25 um)
DB-530 m x 0.25 mm, 0.25 gm)  DB-5(30 m x 0.25 mm, 0.25 um)
Gas N2(1.0 ml/min) N2(1.0 ml/min) He(1.0 ml/min)
. . 130°C (1min)—8 C/min . .
160 C (Imin)—4.7 C/min— . 5 70 C (3min)—20 C/min
5 . —180 C(1min)—4 C/min . 5
Oven temp. 240C (4min)—13 C/min— —180C (0min)—5 C/min

275C(17min)

—210C(3min)

—300°C(7.5min)
—10C/min—295(5min)

Detector temp. 300C

320C Ion source 220TC
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Table 4

Table 3. Distribution of samples surveyed according to buying place.

Buying place (Total EIZt.ef)?dsample) Commodity(No. of samples detected pesticide)
Mart 5(21) Lycium(2), Jujube(1), Chrysanthemum(1), Milk vetch root(1)
Agricultural Internet 5(27) Chrysanthemum(1), Balloon-flower(1) Lycium(1), Jujube(1), Cnidium(1)
Traditional market 6(31) Lycium(1), Balloon-flower(1) Jujube(l), Cornus fruit(1), Cnidium(2)
Herbal Herbal Medicine 6(70) Balloon-flower(1), Lycium(3), Jujube(2)

Pharmacy
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EF okl tistel = ALE 7] mlaE ook 3
m, old WM E HEFF FF, 7 =
AgA71e] WHalE $A T HHoR H
T Favt A= Ao AAHAG
w37, Aef 2 dge Afol%= EPN
T O ARl dEHEded, 1 F AT
©] Chlorfenapyr(0.6 mg/kg? Z)7to] Ajoko]
F5 o 719l 0.05 mgkgo = A o] HH
HA o] stk AN ante]l AEAE
E2 A 59 Ve AR IREF AR
d Thel=ekdlel  welk 7]EAH &A1 EPN,

Ethoprophos, Hexaconazole,

> ° 87l oldem Hlay we ol HAEH
3 YA ol = Chlorpyrifos7F AFS-% 31 9l AU ARG o 2 gloi} EAEZ AEEA
gzl AR vk glems WAl A Ag A ABAS AEel @AY FaEa
Table 4. Concentration of residual pesticides in Korean Traditional Herbal Tea Materials.
Commodity (tolgzi:ﬁg? of Pesticide No. dgticstirélple Res(lriugz?}(;)evel MRZ?EI(,}:g(/ikg) Recovery(%)

Chrysanthemum 2(7) Tebuconazole F(1) 0.32 0.53 71.5

Triflumuron F(1) 0.26 0.53 96.0

Lycium 7(7) Chlorothalonil F(3) 0.2-4.1 49 121.6

Chlorpyrifos F(3) 0.08-0.1 24 70.6

Cyhalothrin F(1), H(1) 0.002-0.02 2.0 96.9

Cypermethrin F(1), H(1) 0.002-0.4 5.0 70.0

Endosulfan F(1) 0.05 1.0 93.1

EPN F(1) 0.03 1.0 92.7

Profenofos F(1) 0.09 9.7 110.1

Pyridalyl H(2) 0.4-1.1 20 113.1

Triflumuron F(1) 0.2 24 75.2

Jujube 5(7) Chlorpyrifos F(2) 0.05-0.2 1.6 125.5

Cypermethrin H(1) 0.2 6.3 109.2

Diazinon H(1) 0.09 0.3 78.3

Fenazaquin H(1) 0.08 0.3 102.6

Fenitrothion H(1) 0.2 0.3 66.2

Fenpropathrin F(1) 0.1 1.6 118.6

Hexaconazol HQ2) 0.06-0.1 1.6 114.6

Myclobutanil H(1) 0.3 2.0 91.3

Balloon-flower 3(7) 4-4 DDE F(1), H(D) 0.01-0.02 0.03 100.4

Permethrin F(1) 0.1 8.2 104.6

Cnidium 3(7) Chlorfenapyr F(1) 0.6 0.05 73.0

EPN F(1) 0.1 - 71.4

Ethoprophos F(2) 0.53-1.3 - 69.3

Hexaconazole F(1) 1.4 - 96.8

Pendimethalin F(1) 1.0 - 82.0

Tebuconazole F(1) 0.1 - 70.5

Tebufenpyrad F(2) 0.16-0.4 0.05 84.9

Cornus fruit 1(8) Triazophos F(1) 0.34 0.07 54.9

Milk vetch root 1(7) Pirimiphos-Ethyl F(1) 0.01 0.02 71.3

F: Food, H: Herbal



P e

Chlorpyrifos©] ™,

=d Aok =
A4 7ol =eeld
mg/kgolaL, °o] %

312 5} o]

Wl met 7%

Hez Had e

ol =R |

s R
ol Al Triazophos”F 0.3 mg/kg?d
o] 7l& WA X
=
Aol o]t
2 &3 el
7 < 7]—r 0.07 mg/kg?l Z& H 13T

o] Zpel7b ZHY.

¥ g A2 o] = A
Egol& A 12.5%
Fr7IQAleE F Y Aol
&5 HATHFig.1).

Al AEA 7Y

KeX
L
L
L

o112,

AFEk A

F71A =
Cyhalothrin,

Cypermethrin, 7]+ Chlorothalonil, E2]

o} A= Hexaconazole®] Tl 710 A AHAEL

TR ATAZ o]&HH, FIES TIHAT
71 flate] e, Aihe BE FFHA BH

AstA AFEH = T8 S mre] sikEo)
A HEH7] wlEel FA=Ee] 7he ek Aolth
FA =4S AChE(Acetylcholinesterase) JAIRk&-0 &
Chlolinergic receptor2} <8519 Acetylcholine <}-8-2 <14

A7l qEe gk ol A AAEY B
1 Z@ol Ut AgelA sleEgEt o

Table 5. Level of residual pesticides in Korean Traditional Herbal Tea Materials.

Class Pesticides No. of detection Range(mg/kg) LOD(mg/kg) LOQ(mg/kg)
Arylpyrrole Chlorfenapyr F(1) 0.06 0.019 0.058
Benzoylurea Triflumuron H(1) 0.2-0.3 0.057 0.171

Dinitroaniline Pendimethalin F(1) 1.0 0.010 0.003

Chlorothalonil F(3) 0.2-4.1 0.006 0.019

Organochlorine Endosulfan F(1) 0.05 0.003 0.010

4-4 DDE F(1), H(1) 0.01-0.02 0.001 0.003

Chlorpyrifos F(5) 0.01-0.15 0.002 0.007

Diazinon H(1) 0.09 0.002 0.005

EPN F(2) 0.03-0.1 0.003 0.010

Organophosphorus Ethoprophos F(2) 0.5-1.3 0.003 0.009

Fenitrothion H(1) 0.12-0.2 0.010 0.030

Profenofos F(1) 0.09 0.014 0.043

Triazophos F(1) 0.3 0.015 0.046

Phenoxy Pyridalyl H(2) 0.4-1.1 0.007 0.021

Pyrazol Tebufenpyrad F(2) 0.2-0.4 0.028 0.086

Cyhalothrin F(1), H(1) 0.002-0.02 0.002 0.007

. Cypermethrin F(1), H(2) 0.12-0.4 0.013 0.040
Pyrethroid .

Fenpropathrin F(1) 0.2 0.005 0.016

Permethrin F(1) 0.1 0.017 0.052

Pyrimidine Pirimiphos-Ethyl F(1) 0.01 0.003 0.008

Quinazoline Fenazaquin H(1) 0.08 0.005 0.015

Hexaconazol F(1), H?2) 0.06-1.4 0.003 0.009

Triazole Myclobutanil H(1) 0.3 0.029 0.088

Tebuconazole F(2) 0.1-0.3 0.040 0.121

F: Food, H: Herbal
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The Safety Assessment of Residual Organochlorine Pesticides in Edible Oils

Jae-Kwan Kim, Moon-Seog Oh, Ki-Yu Kim, Mi-Hui Son, Hyun-Ju Kim, Kyung-Suk Lim, Woon-Hyung Lee and
Jae-Young Ryu and Go-Eun, Lee

Ansan Agricultural Products Inspection Team

Abstract : The investigation of 93 residual pesticides for 9 types of oils (red pepper seed oil, soybean oil, corn
oil, olive oil, canola oil, grape seed oil, brown rice oil, sunflower oil and flavored oil) obtained from
the markets and department stores in Ansan, Anyang and Suwon cities was carried out to do a safety assessment
for residual organochlorine pesticides in edible oils. The detection rate was 5.6% (4 samples of total 71 oils) and
the detected pesticides were 3 pesticides of chlorpyrifos, cypermethrin and procymidone. The range of
concentrations for the detected residual pesticides was 0.0036 mg/kg~0.5816 mg/kg. The concentrations of
procymidone detected in red pepper seed oil and grape seed oil were 0.07 mg/kg and 0.0036~0.5816
mg/kg respectively, and cypermethrin and chlorpyrifos were detected in olive oil (0.4562 mg/kg) and
grape seed 0il(0.3828 mg/kg) and the recovery rate was 38.0~109.4%. The results of risk assessment of
residual pesticides for the detected 3 samples showed in the safe range of 0.0013 ~0.0074% of EDI(estimated
daily intake)/ADI(acceptable daily intake).

Key words : edible oils, residual pesticides, EDI, ADI
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Table 1. List of vegetable oil samples for experiment

Vegetable oils Area Korea Australia Canada China France TItaly  Spain  Thailand Imported Subtotal
Red pepper seed oil 1 1
Soybean oil 10 10
Corn oil 8 8
Olive oil 5 10 15
Canola oil 2 3 2 8
Grape Seed oil 5 5 3 15
Brown rice oil 1 4 3 8
Sunflower oil 3 1 5
Flavored oil 1 1
Subtotal 2 2 3 5 14 16 3 23 71

o

T

Table 2. Operating conditions of GC/ECD

Column

Injector temp.
Detector temp.
Injection volume

Flow rate

Oven temp. Rate (‘C/min)
Initial
Rampl 4.5
Ramp2 13

DB-5 and DB-1701(30 m x 0.25 mm, 0.25 gm)

270°C
300C
1 pL, split (4:1)

1.0 mL/min

Temp. (C) Hold time (min)
160 1
250 3
275 17

Table 3. Operating conditions of GC/TOF/MS

Column
Injector temp.
Injection volume

Carrier gas

Flow rate

Transfer line temp.

Oven temp. Rate (C/min)
Initial
Rampl 10
Ramp?2 15

MS method (mass spectrometer)
Start mass (u)
End mass (u)
Acquisition delay time
Ion source temp.
Acquisition rate
Detecter voltage

DP method (data processing)

sample scan peak width 1.5

R&x-5SMS(30 m x 0.25 mm, 0.25 m)

250C
1 pL, splitless
He
1.5 mL/min
220C
Temp. (C) Hold time (min)
80 2
260 2
300 5

50
600
5 min
220C
10 (spectra/second)
1850

maxium number of unkwan peaks to find 3000
molecular weight 50~ 600

mass threshold 15
minium similarity 700
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3.1. GC/TOF-MS ZA%
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Table 4. Conditions for calibration

R.T deviation 2 sec.
Match threshold 600
S/N  threshold 3
Curve order 1

AdE AFAde R #%S aldrin 0.9873,
captapol 0.9944, teflubenzuron 0.9891, indoxa
carb 0.9939, fluazinam 0.9939, chlorfenvinphos
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wom I 9 0998 oo yEyth HE
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chlorpyrifost™= # 3. 32.1 % cypermethrin 8.1
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Table 5. Comparison of recovery rate by solvent

.. Recovery+S.D’ Recovery+S.D Recovery+S.D Recovery+£S.D
Pesticide -
(a) (b) () (d)
Chlorpyrifos 55.3%£2.1 87.4+9.0 71.7+£8.8 77.1£5.5
Cypermethrin 36.6+4.7 38.0+6.2 29.945.7 33.0+8.7
Procymidone 81.4+4.6 95.6+9.9 109.4+4.0 97.9+11.5

S.D. : Standard Deviation

(@) : 5%, 15%, 50% hexane with ethylether and aceton :

(b) : acetonitrile
(c) : aceton : dichloromethane
(d) : ethyl ether : dichloromethane
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Table 6. Pesticide lists detected in oil samples

Sample Pesticide

Red pepper seed oil Procymidone

Olive oil Cypermethrin
Grape Seed oil l()jhlorpy'rlfos,

rocymidone
mg/kg o= 7HE =A AAE A E AT
A AEE AR e XEHFel 11547
oAM= AAE 7IEol flo] EYUEHAE HALS
58 HEHE HE sopyYRe /FENH
23 Ao gerdr).

o}
5] -8 % (ADI, Acceptable
daily intake)¥} =73 3 =F(EDI, estimated dai ly
intake)S o] &-3te] 191 19 41338 F(ADE,
average dietary exposure) ¥ FAHAHHA LS &
sto] Aol EZFds Hubstdth A& AH

g2 20099 IRIAZGEE=A AEaE 1Y



Table 6. Number of samples and range of concentration for pesticides detected in oil

Pesticide

No. of sample detected

Range of conc. (mg/kg)

Chlorpyrifos
Cypermethrin
Procymidone

0.3828
0.4562
0.0036 ~ 0.5816

Table 7. Exposure assessment of residual pesticides in oil

ko

Pesticide ADE (mg/person/day)” EDI (mg/person/day)” EDI/ADI (%)
Chlorpyrifos 0.550 4.04E-05 0.0074
Cypermethrin 1.100 4.82E-05 0.0044
Procymidone 5.500 6.95E-05 0.0013

*  Average dietary exposure, ADIx55 kg
**  Estimated daily intake
**% Acceptable daily intake
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The characteristics of hazardous air pollutants in the

Sihwa industrial complex

Cheon—Hwan Oh, Yong—Ki Lee, Soo—Moon Lee, Han—Su Lim, Kwan—Seo Park, Kyung—Ahn Kwon
and Jae—Sung Lee
Ambient Air Research Team

Abstract : This study was conducted to evaluate the characteristics of hazardous air pollutants of 33
VOCs from the odor monitoring facility installed in Korea Polytechnic University in the Sihwa
industrial complex from July 2010 to June 2011. 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 1.0 ppb which showed lower and higher concentration comparing to the

atmospheric environment standards of EU(1.5 ppb(5 pg/m®) and Japan(0.92 ppb) respectively.

The mean concentration of toluene was 8.2 ppb but the detected frequency in more than 50 ppb
was very high comparing with the other air pollutants. Xylene and methylethylketone showed a
similar trend to toluene. The carcinogenic risk caused by the exposure of benzene was 1.06E-05 at
which of 10° in US EPA. The

non-carcinogenic risk for non-carcinogenic pollutants such as toluene, ethulbenzene, styrene, xylene

90th percentile, showed above the strict acceptable risk
and methylethylketone was evaluated as a safe level less than 1. Therefore, the contamination
improvement measure will be required to reduce the carcinogenic risk by the comprehensive risk

management model in the viewpoint of effective and low cost.

Key Words : air quality, VOCs, risk assessment
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Fig. 1. Monitoring stations for this study

Table 1. Target compounds in this study
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Group
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Isobutyl alcohol, isobutyl aldehyde, butyl aldehyde,

isovaleraldehyde, benzene, toluene, butyl acetate,

ethylbenzene, m,p—xylene,

isopropylbenzene,

o

—

el

orthoxylene, n—propylbenzene, orthoethyltoluene,

1,3,5—-trimethylbenzene, styrene,

)

methyl cyclohexane, 2,3,4-trimethylpentane,

3—-methylpentane, n—-octane, n—nonane,

2,2,4—trimethylpentane, 2—-methyl heptane,
n—-undecane and n—dodecane

1,2,3—trimethylbenzene, m-—diethyl benzene,
p—diethyl benzene, hexane, cyclohexane,
2-methylhexane, 3—methylhexane,
2,3—-dimethyl pentane, n—heptane,
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Fig. 2. Schematic diagram of GC in the

monitoring stations

Table 2. Analytical conditions of GC/FID and TD

Instrument Analytical conditions
Column : VF = 1ms
(60 m X 0.25 mm, 1.0 um)
GC/FID Oven Temp : 45 C(15 min), 5 C/min
(Varian, 170°C — 15 C/min 200 C(12 min)
CP-3800) Total 54 min

FID : 250 ‘C(Range = 12, AZ = Yes)
Make up = 29 ml/min, H, = 30 ml/min
Air = 300 ml/min

Unity air server
Cold trap :Hydrophobic
Concentration Temp:=10C

™D DesorbTemp:300°C,
Desorb time: 5min
Samping flow : 25 ml/min X 40 min
Carrier pressure : 20 psi
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%, °%F 05 ~ 15 ppb FELE YEoH,
M A 3= Table 30 AASHA 71 &8 At
Table 3. Results of QA/QC
X X . Minimum
linearity(3 points Precision X
Detection Limit
Compounds (10 ppb
(1~100 ppb) PPD: (7 times)
3 times)
10 ppb and
Standard  0.98 and over 10 % and below
Methyl ethyl below
ketone Result 0.9850 1.98 0.82
N 10 ppb and
Methyl Standard  0.98 and over 10 % oluf below
isobutyl
ketone Result 0.9820 2.27 0.81
10 ppb and
Standard  0.98 and over 10 % and below
below
Toluene
Result 0.9920 1.29 0.69
10 ppb and
Standard  0.98 and over 10 % and below
below
Butyl acetate
Result 0.9880 2.32 0.86
10 ppb and
Standard 0.98 and over 10 % and below
below
mp—Xylene
Result 0.9870 2.38 1.65
1 ppb and
Standard 0.98 and over 10 % and below
below
Styrene
Result 0.9860 2.48 0.94
10 ppb and
Standard 0.98 and over 10 % and below
below
o—Xylene
Result 0.9820 2.25 0.86
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Fig. 3. Detection concentration percentage of

target compounds
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Table 4. Detection frequency of target compounds

by concentration

Concentration Butyl Ethyl
(ppb) Benzene Toluene acetate benzene
00 ~ 05 1420 1819 2896 1514
06 ~ 1.0 2771 609 1914 1444
11 - 20 3266 794 2492 2361
2.1 - 3.0 463 456 535 1356
3.1 T 4.0 76 404 113 562
4.1 - 5.0 14 390 28 262
5.1 - 10.0 9 1397 29 401
10.1 7 20.0 0 1243 9 90
20.1 7 50.0 0 781 3 28
50.1 7 100.0 0 115 0 1
100.1 7 300.0 0 12 0 0
Concentration Methyl »Methy\
(opb) Xylene Styrene ethyl isobutyl
ketone ketone
0.0 = 05 2003 1437 2521 4638
06 ~ 1.0 1353 1204 386 1664
1.1 - 20 1297 2801 759 1229
2.1 - 3.0 634 1566 437 279
3.1 T 4.0 501 533 404 94
41 T~ 5.0 500 239 416 45
5.1 - 10.0 1390 187 1527 61
101 7 20.0 280 42 1015 7
20.1 7 50.0 52 10 488 1
50.1 7 100.0 9 0 63 1
100.1 ~ 300.0 0 0 3 0

Fig. 4. Distribution of detection frequency of

target compounds by concentration
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(Table 6) Hsw=s vastd WAL 4 ppb 5
Fo| A 6 pphbZE, EF AL 40 ppb ~ 70 ppb F
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5 ppb ~ 12 ppbollAl 24 ppb=E olgwAl2 8
ppbel 41 64 ppb, Z~E]& 8 ppb ~ 12 ppb &

ol A 42 pph, HEEAEL
oA 139 pphE EE o

T e ol sl

25 ppb ~ 42 ppb
A5 wrt S

lo

Table 5. Annual average concentration of VOCs

at Shihwa monitoring station

Shihwa Monitoring Station

Compounds
(ppb) (n=8019)
Average Maximum
Benzene 1.03 6.27
Toluene 8.22 258.41
Butyl acetate 0.92 24.81
Ethylbenzene 1.99 64.14
Xylene 2.93 85.06
Styrene 1.74 42.16
Methyl ethyl ketone 6.16 139.01

Table 6. Annual average concentration of VOCs
at Shihwa area(2005)

Shiheung City
Compounds Jungwang2-dong (1=96) Jungwangbon—-dong
(ppb) (n=96)

Average Maximum Average Maximum
Benzene 0.73 4.08 0.63 4.75
Toluene 15.40 72.75 7.68 44.40
Butyl acetate 1.01 517 0.51 5.26
Ethylbenzene 1.79 8.59 0.82 8.06
m,p—Xylene 3.52 23.18 1.52 12.84
Styrene 0.39 13.13 0.67 52.44
Methyl ethyl ketone 4.34 26.70 512 42.90
o—Xylene 0.99 5.94 0.64 21.52
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Table 7. Concentration of VOCs by time

Time Benzene Toluene Butylacetate

ol e

3.2 ppb ~ 7.4 ppbE ‘}ebwkTh,

&

dL 52 ppb ~ 9.1 ppb¥

w-

Sat
1.03
7.85
0.87

Fri
1.02
9.17
0.95

Thu
0.92
8.23
0.88

0.89
6.57
0.83

Wed

Tue
0.93
8.01
0.91

Mon
0.88
7.70
0.81

Sun
0.90
5.23
0.64

[e)

R

Compounds
(ppb)
Benzene
Toluene

Butyl acetate

A=

Fig. 6. Concentration distribution of VOCs by day

Table 8. Concentration of VOCs by day

13|

4.76
4.71
4.95
4.76
4.51
4.38
5.01
4.64
5.02
5.12
6.39
6.43
6.46
5.94
5.43
6.24
6.45
6.79
6.72
7.03
6.70
6.13
5.87
5.02

1.65
1.58
1.56
1.52
1.40
1.39
1.35
1.21
1.21
1.26
1.45
1.58
1.47
1.38
1.61
1.60

.72
1.71
1.85
2.07
2.18
1.96
1.91

1.70

1

2.78
2.75
2.88
2.65
2.41
2.48
2.46
2.09
2.25
2.36
2.75
3.13
2.51
2.39
2.60
2.78
3.18
2.72
2.78
2.77
3.25
2.92
2.79
2.71

77
1.79
1.81

.71
1.59
1.54
1.47
1.34
1.43
1.51
1.72
1.89
1.76
1.64
1.78
2.06
2.54
217
2.16
2.20
2.20
2.03
1.94
1.86

1
1

0.79
0.74
0.75
0.71
0.72
0.72
0.66
0.67
0.67
0.75
0.82
0.89
0.85
0.82
0.94
0.92
0.98
0.99
1.02
1.02
0.98
0.96
0.91
0.87

7.20
7.13
6.54
6.58
6.34
6.48
6.81
5.80
7.24
8.94
9.86
8.01
7.69
7.94
7.66
8.86
7.68
7.84
9.10
8.30
7.73
8.12
7.01

6.11

0.98
1.00
0.99
0.96
0.93
0.92
0.91
0.92
1.00
1.00
1.02
0.98
0.90
0.86
0.88
0.87
0.87
0.87
0.88
0.91
0.94
1.01
0.98
0.96

10
12
13
14
15
16
17
18
19
20
21
22
23
24

B

1
Ho
gyl
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2.18
3.27
1.79
4.99

217
3.33
1.83
5.88

2.01
2.66
1.66
5.86

1.55
2.4
1.56
5.93

1.55
2.29
1.64
7.41

1.66
2.53
1.37
6.23

1.66
2.29
1.30
3.20

k|

Ethylbenzene
Xylene
Styrene
Methyl
ethyl ketone
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Exposure

factors for the

risk

Distribution Type and contents

Lognormal measurement data

20 m3/day EPA

Min= 180, max 365 likeliest 345 EPA

70 year (Korea National Statistical Office)

60 kg (Korea National Statistical Office)

25,550 day (70 x 365day)

Table 10. Carcinogenic grade and health impact Table 11.
Dose and reaction assessment
data
Carcinogenic .
VOCs Main symptom
grade Tumor Exposure Factor
type Path
Lymphocyte cell reduction,
Benzene A and immune Leukemia Inhalation Pollutant Concentration
thrombocytopenia
Central nervous system Daily Respiration Rate
disorder, growth inactivity,
Toluene D - -
growth retardation, and
kidney weight increase Average Exposure
Frequency
Central nerve suppression
Ethylbenzene D K - -
and growth toxicity Exposure Period
Styrene 2B Central ngrvous system Body Weight
IRAC disorde
Average Exposure
Methylethyl B Growth toxicity B B Time
ketone (bone change)
Y. =&97}
=ER7beE Abgrol vke wiAl(F7], =&,
A, Y S)E Sl AdA ol FAdE FelEA
of drtv =EFH=r AAsts GARA ddE
AAe] A wiA T FEE o]&dte] FAHTTH
= 84 A eHEE " oR =F R
e, 713 mEA e 3% 245S 11w st
T ol sRm vl HA ==
Agde B A ==Y 29 E, 4435 F
&, AT, =E3NE, =277 VgeEEE 58 1
Hete] A=ty AT Jdede v
Aol LT FEN =% Fd=FA7H
& EPACIA AA T3S A&t Th
JMANEFAF, FH)% #dd =204, &F
& 5 Y= Hube] AFEH W= Table 119
e 2l o AA=ZE7Fe  LADD(Lifetime
average dasily dose)E& Hw+H 704 AT 60

kgs 483

&}

A3

L X S EHIAIF x A FHE X =ENT X =&

(19/m®)  (0.001mg/ug) (m®/day) (day/year)

(vear)

Fig. 9. Distribution of the body weight

mg/kg/day)

AT x 7|t x BR-EAZE
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Fig. 8. Distribution of the exposure frequency
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Fig. 10. Distribution of carcinogenic risk of

benzene

Table 13. Carcinogenic risk of benzene

Statistics: ool =

Trials 10,000
Mean 8.39E-06
Median 8.22E-06
Standard Deviation 1.71E-06
5% 5.84E-06
50% 8.20E-06
75% 9.42E-06

Percentiles
90% 1.06E-05
95% 1.15E-05
97.5% 1.22E-05
=5d =2 A% #Ad 98] = (Hazard

Quotient)= H 31t 1.95E-06, T 4% 1.80E-06= U
Elst o 95 Percentiles ko] 3.54E-06% Al
o] ‘1" o]sle] otAS o2 LEGE

Fig. 11. Non-carcinogenic risk of toluene
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Fig. 12. Non-carcinogenic risk of ethylbenzene
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Fig. 13. Non—carcinogenic risk of styrene

A AL Hat 401E-05, 4w 3.77E-05 95
Percentiles 6.81E-05% }E}WETH

Fig. 14. Non—carcinogenic risk of xylene
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Calculation of Air Pollutants Emission Factors and Reduction Measures of Pollutants from
the Middle and Small Scale RPF Incinerators

Kyung-Ho Na, Il-Seok Song, Si-Lim Choi, Jae-In Yoo, Ik-Beom Park, Jin-Gil Kim
Gyeonggi-do Institute of Health and Environment / Atmospheric Chemistry Team

Abstract

This study was carried out to develop the air pollutants emission factors and suggest the reduction
measures of pollutants from middle and small scale incinerators using RPF(Refuse Plastic Fuel) which
has emerged as a renewable energy. Uncontrolled and controlled emission factors of PM(Particulate
Matter) from RPF incinerators were 23.6062 kg/ton and 0.1192 kg/ton respectively, which represented a
various deviation depending on the operating conditions of the incinerators. The controlled
concentrations of CO also showed a various deviation by the operating conditions, and the controlled
concentrations of HCI from a incinerator with a dry absorber often exceeded the legal emission
standard. A rotation grate showed below the legal emission standard, and a cascade grate and a fixed
bed showed different results depending on the operating conditions. A exhaust gas satisfied the legal
emission standard when an operator injected RPF less than 50kg per input times through the
incinerator hopper and maintain the residence time of more than 10 minutes on the first grate. Also,
the combination of cyclone - muticyclone - semidry absorber - bag filter for the control facilities
satisfied the legal emission standard. It was more effective in removing HCI in case of scattering some
calcium oxide before injecting RPF in the incinerator.

Key words : RPF incinerator, emission factors, operating conditions, control facilities
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Table 1. RPF incineration facilities selected for this

study.
Incinerati
Co on Grate | Injection Control facility
TP | capackty | typer type (o’ /min)
(ton/d)
Rotation |Continuous |Cyclone — Multi Cyclone
b 2160 grate injection | — DA— Bag filter(420)
] 1440 | Cascade |Continuous|Cyclone — Multi Cydlone
: grate injection | — SDA— Bag filter(550)
. Continuous | Cyclone — Multi Cyclone
§ | 912 |Fixed bed|iection | > DA— Bag filter(300)
. Continuous | Cyclone — Multi Cyclone
Ho 948 IFixed bed | %y vetion | > SDA— Bag filter(300)
. Mulyi Cyclone —
T | 1680 G;;?ge C’;}Bgﬁ;“s Cyclone— SDA— Bag
filter(380)
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‘ Input ‘<—‘ Fabric ‘
. . Emulsificati
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Softener, )
SC(;ZS“C Washing | Boiler | 4 Cydone | -Exhaust  Lime
Acetic L
add Dehydrati| | | RPF | | Multi Dry
on incirerator| | CYdlone cyclone | | absorber
! !
fo LI Wet ) Actived | Ba
Ironing scrubber |~ EXhaust carbon ﬁltegr
|
. Wet
Softener Troning |71 ¢ pper |~ Exhaust Exhaust
|
L Wet _
Ironing scrubber |~ Pxhaust
!
!
Inspection
!
Packing
|
Factory ‘ - Product ‘
Fig. 1. Flowsheet on the dye products and

prevention facilities of D company.

Table 2. Analysis method and analyzer on the air

pollutants.

Analyzer Number of

Components | Analysis method experiments

. | Half auto-dust sampler »
Dust Half automatic (USA, CAE M5 5~10

S0,, O, | Electrochemical .
,CO, NO, sensor/ Continuous gas analyzer more than 10

NO, NDIR (US, Madur Photon II)
Absorption
HA solution+ Ion é%n ]Slhr omato%.po&) 5~10
chromatography onex; I
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Emission factors of PM(kg-PM/ton-RPF) =
Qm’/h) x Cmg/m’) x 10°/W(ton/h)

Emission factors of Gaseous pollutants
(kg-gas/ton-RPF) = Q(m’/h) x C(mg/m’) x
1kg-mol/22.4m> x 10°/W(ton/h)

Uncontrolled emissions(kg/day) =
Uncontrolled EF(kg-RPF/ton) x Activity(ton/d)

Controlled emissions(kg/day)

= Q@’/h) x Cmg/m’)

= Uncontrolled EF(kg-RPF/ton) x Activity(ton/d) X
(1-CE)



EF : Emission factors(kg/ton)

Q : Exhaust gas volume(m’/h)

C : Pollutant concentrations(mg/m”)
Activity : Incineration volume of RPF(ton/d)
CE : Control efficiency
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Table 3. Uncontrolled pollutant concentrations from

RPF incinerators.

J 203 | 3648 | 41.08 | 035 145 4.07

PM O NO NO, SO, HC
COMPAY | g /my| (%) |l /)|l /)| ml /)| aml /)

D 3056 [ 220 | 8018 | 041 09% | 5121

S 1646 | 922 | 4608 | 343 256 | 10724
H 33743 | 756.22 - 000 | 2026 | 176.82
T 14717 | 19266 | 5693 | 0.00 560 | 248.39
Average | 1,107 | 6014 | 5607 | 084 617 | 117.54

SIDEV | 13775 | 32082 | 1738 | 146 808 | 9749

53346 | 31.00 | 174.08 | 131.07 | 82.94

CV(%) | 1244

- : data error

312 YAANAE A QALED wEA S

RPF &7tz o] WA A Ao Ao WA vjE&A 4
g A7) 98 wiEvtaE 2 %ES 4392
o o] o] &3l 4Hg% TuETHF
Table 40l YERH AT

Table 4. Uncontrolled PM emissions and emission

factors from RPF incinerators.

ncontroll

ey | oy | g | PR - tT?Efrfision
(ton/d) | (kg/d) (k?/t?éfl)

D 11,820 | 3056 13.146 86.70 6.5954
J 14742 | 2203 14.826 77.96 52582
S 7698 | 1646 8.152 3040 3.7295
H 7652 | 33743 7.680 619.69 | 80.689%4
T 12,843 | 14717 17.800 45362 | 254840
Average | 10,951 | 1,107.0 12.321 291.03 | 23.6206
STIDEV | 3169 | 1,3775 4356 26578 | 327121
vy | 289 | 1244 | 354 913 | 1385

Table 4 oJst™d =ALHA 57HAFS] A HlEA
YIS 236206 kg/ton = 32.7121 kg/tonS 2 }E}
wom ZAYGER qu "@azb A A
o2 A¥WHEW D, ], S T 3/ wEASFE 4
6.5954, 5.2582, 3.7295 kg/ton%: UERA 9, HeF T
Ae Zh7E 80.68949F 254840 kg/tons UERY F 1

F3b vl 2 Aoz} ATk 2 9AL Hets) 1)
98l Fig. 201 4272 FAE wEASE =AY

th. Fig. 2¢] oJstd tidAd T Rz A4
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Fig. 2. Uncontrolled emission factors of PM by the

incinerator type.
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Table 5. PM emission factors of RPF using at the

local government.

PM Emission Ash Calculated PM
Company | factors of solids | content | emission factors
(kg//tory) (%) (kg/tony)
D 5.0A 4.0 20.10
J 5.0A 49 24.55
S 5.0A 2.6 13.05
H 5.0A 2.8 13.75
T 5.0A 6.0 29.90
Average 5.0A 041 20.27

¥ A : Ash content(%)

Table 59 °oJ&td FAIAE FAAAE s7tFo 9
A e wWEAT #2027 kg/tonoE H AT7A
Feb FARE ge YERiS. ol & d7ads

s7te Aol xzAY mE WEAS Aol
wgatA] B3 Swol Qg 7% Bar gtk

313 WAANA HAGHES 72 LEER WEAT
AN Ao 435t g% 7tad oY
E 29 w&A 4= Table 63 2t}

Table 6. Uncontrolled emission factors of gaseous
pollutants from RPF incinerators.
(unit : kg-gas/ton-RPF)

Company o NO NG, SO, HC

D 00586 | 22931 | 00182 | 0.058 | 1.8352
J 09907 | 11952 | 0.0156 | 0.090 | 0.1483
S 03917 | 20985 | 0.2392° | 0488 | 3.8618

160000 | 7.9652

H 261324 - 0.0000
T 30875 | 09775 | 00000 | 02052 | 61750

Average | 1132 | 16411 | 00085 | 01506 | 4.9593

STDEV 13594 | 06515 | 0.0098 | 0.0909 | 26757

CV(%) 120.1 39.7 116.1 60.3 540
- : No data, * : Outlier

Table 6°l ©]3l¥ RPF &AZFAIA WA Al E Zd doll A



9] 7t 245 HWEA S CO2 A% 11322
+ 13594 kg/tono. 2 UEZEODn NOE 1.6411 +
0.6515 kg/tono.2 UERETH wE NO= 0.0085 =+
0.0095 kg/tono. 2 Atz o2 v ey} SO=
0.1506 + 0.0909 kg/ton°o]lom™ HCIS 49593 +
2.6757 kg/tono 2 UEMRT 72 QA=A )
EATE 9ASE 2 EH*MM;{P 2 #HAE UE
WA= &dth 5 wlEA 45 EMEP/EEA, US EPA
2 FelA =AHZEolY AYAH7]IE, RDF &
I ¥w3 AHE Table 79 E=A3G T Table 790
ostH 7t EA BAANA AT wiEATE =
Yl RDF #3 4358 X5t AS ¢ F AT
g, RPF &Z4AAEe] di7|HAAAE 7tAl &
stal e W71 B AN A A AIS ﬂ]ﬂ“&%zﬁ_
HEAS 392 71EF 18 AE wEAS Ak S
o] g3ty A4tet AFE Table 8o Z=AIst B A
TA3 e} Bl W3R TH Table 80 23t 3 7}=o 1}
b SO, wEAl4+E 238 kg/rono® B AFA
=

B} 1598 E& Ao FAHUN oW NOx HiEA
T 583 kg/tono® E AFAART 358 &
Aow Uetytth ol tiZEAAILNA  AASEAL
Je T WMEATFE FASS 7Eo 2 4% Ao
% RPF&}F A& A0 AR tEdA 7IQlses A
o2 wuotdn. F ATAAE F1E T4ad

o]

:]1
RPF &7 A o] 7h2dEd wE&7tas A8 E 49
U] RDF ®|&A % %
Wk el 2 A

lo rulru

Table 7. Comparison of uncontrolled emission
factors from waste incineration.

(unit : kg-RPF/ton-waste)

Wéstes PM CcO NOx SO, HA

Municipal

| 183 07 18 17 -
In

dusial | o3 | o | 25 | oo -
waste

Municipal

e’ | 126 - - 173 32

RDF? 34.8 0.96 251 1.95 349

M;Ziga‘ 31943 | - | 13200 | o450 | -
L ss00 |- | a0 | asme |-

p"a\fgg )| 28980 | - | 18170 | 4608 | -
Solf
241 2027 - 58 | 238 -

This
study 23.62 113 115 0.15 496
- : No data

Table 8. SO, and NOx Emission factors of RPF

using at the local government.

SO, Sulfur Calculated Emission
emission aortent SO, emission | factors of
Company factors % factors NOx
Gg/on) | *) | (kg/tor) | (kg/ton)
D 1955 0.4 858 583
] 1955 0.06 117 5.83
S 1955 0.04 0.78 5.83
H 19.55 0.00 0.00 583
T 1955 0.07 137 583
Average 19.55 012 238 583

¥ S @ Sulfur content(%)

32, HAAA THE QHEZD wEASF

321 HAANAE FFES Hrje9EL =
7| FAAE ST SAHAFE = &5 &7]F

F oAx g FZFRGA HES AT wESASF

of A8-Ht} o]l & fa WAAA ED*OM

=cE _,_a:]s} z/\]-q])\L oo:lﬂ@,]

o] Table 9o YEFJIUTE Table 99l 4 }
A5 OgAA I gAE fASE EA- S

Tt BERELS g A 2742 2 gy

Zeiol wel & ARE JEh AT

b
b

Hg rR mm »
A N
[P
ORI

2

N ol
w3 o

O
)
>

Table 9. Controlled pollutant concentrations from

RPF incinerators.

PM O NO NOZ SO, HC
COMPY | g /md)| (%) | /) | (/) el /)| el )

D 81 058 | 6167 | 0.16 060 | 2515

73 3470 | 4553 | 0.0 0.73 229

58 1533 | 5913 | 1230 | 317 | 339

57 | 21053 | 17030 | 0.00 | 2148 | 3.28
04 9176 | 6084 | 000 | 11.30 | 238

=T [ v | —




Average| 54 7058 | 7950 | 249 745 | 1341

SIDEV | 30 8555 | 5118 | 548 897 | 15.06

CV(%) | 553 | 12121 | 6438 | 21994 | 12033 | 11235

322 YA EZA S TYAANAE FHE wEAST

SAAEE o]&ste WA WAAE Fo wj=
ATE AA3HR o™ o|E Table 100 YEFH AT
Table 100 oJatH WAANAH T+ HA W EAFT+=
0.1192 + 0.073 kg/tono. 2 YENGTH WAL Sk
o WiEATFE WAAL M WA wEAFAE=
g gAZ 12 AFES e ol HAAA
E 3 AXg ARHAAL N EE)o] 7t A&
&0 Axg weobdT)

Table 10. Controlled emissions and emission factors

of PM from RPF incinerators.

Copary | @ C | Aot of Mssijsmgﬁssion
/) | /) gy | | g

D 11,226 8.1 13.146 2.188 0.1664
] 14,710 73 14.826 2.560 0.1726

S 2,898 58 8.152 0.402 0.0493
H 3,111 57 7.680 0424 0.0552
T 24,281 04 17.800 0.221 0.0124
Average | 11,245 54 12.321 1.469 0.1192
STDEV 8,913 3.010 4.356 1.119 0.073
V(%) | 73 | 3 | 34 | 72 | 66

H <l
i3 J*Qdﬁl—v‘i AARE ge AFEsHAT. & AT
A3 yehd wAAE FHe # 2
EEAY, US EPA”9} Zui'MoA 2wt

aztd wE WAANE FE RAEEAS 03
kg/ton, 0.03 kg/ton¥ 0.02 kg/tons 73]q 2o &
Uebgth =G =Y RDFS 9 wlEA5 0.06
kg/ton oy A wskow T|E 1y AR wjEA

T 018 kg/tonE = tha SEQITH (Table 12)

b
o
(o)

323. 7t EA S BAANA Fgio] vjEAF
;H/\l-/\]/\«l u]—;q/\] —r—‘i}oﬂ/ﬁ ‘?ﬂf*gO]’t
AEA MEAFE ZHAARE ol gte] NEEHH0

W 1 AFE Table 119 YER AT

b Eatr =2

Table 11.
pollutants from RPF incinerators.
(unit : kg/ton-RPF)

Controlled emission factors of gaseous

Company| CO | NO | NO; | NOx | SO, | HA
D 0.0149 | 1.6929 | 0.0069 | 1.6998 | 0.0353 | 0.8397
J 09565 | 1.3448 | 0.0000 | 1.3448 | 0.0460 | 0.0821
S 01931 | 0.7981 | 0.2546 | 1.0528 | 0.0912 | 0.5575
H 23688 | 2.0529 | 0.0000 | 2.0529 | 0.5523 | 0.0480
T 27231 | 1.9344 | 0.0000 | 1.9344 | 0.7663 | 0.0922

Average | 1.2513 | 1.5646 | 0.0523 | 1.6169 | 0.2982 | 0.3239

STDEV | 1.2400 | 0.5068 | 0.1131 | 0.4154 | 0.3388 | 0.3567

CV(%) | P91 324 | 2163 | 257 | 1136 | 1101

Table 11 2|3} RPF AZHAIA HFZ| Al AL Srdo
Aol 7tz edE Y mEASE COoY A
1.2513 + 12400 kg/tono.Z UEFGOon NOxE
1.6169 + 04154 kg/tonS 2 YEFT " SO,=
0.2982 0.3388 kg/ton°]lo™ HCI& 0.3239
0.3567 kg/tono 2 }ERTE

% wl&A S EMEP/EEA, US EPA E ol A
SEAH &0l Y AR 7] E, RDF 53 Hlwds 2
#E Table 120 =AISTE Table 129 &3t CO
°] 7% EMEP/EEA2] ZAHZ|E wiE&AS 07
kg/tond AFF #H71E ¥iEAS 0.07 kg/ton HT}
oF 2uf o] TSkl ol B uidAIAde &7 B
A Qo] A EAEe dFE FAEET NOx
S Al EMEP/EEAS] =AHAZIE #lEA+ 1.8 kg/
ton Bt} oA gpoyt Iy EAFEVE HE &9
A 05232 kg/ton Btk ko =W 7|gf 13
A5 HIFTEIAT 25041 kg/ton HT= FUTH
SO,= EMEP/EEA 2 US EPA9 E=AIH7|E HZA)
T 04 kg/ton % 028 kg/ton Bt} Tha AU f
Abstem =W RDF HZFEZAS 022 kg/ton 3
T fAslYEE ol RDFo| #g#o] 1 EX

+
Irrr o

I+
I+
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Table 12. Comparison

|
dmk &-& #A3le} FHo]

0] =
AR

of

factors from waste incineration.

controlled

& Afrek #HHge] A& Hog FHEG HC9
£ US EPA°] =AH7IE wj&A5 0.11 kg/ton
=4l RDF HZEZAF 0.026 kg/tonR Tt w5
UElyt=t o] RPF &ZHA A A A2 A A"
Ao® FAHH

emission

(unit : kg/ton-RPF)

Company | PM CcO NOx 50, HC
Municipal
03 07 18 04 -
Industrial| 1007 | ogr | oo |-
waste
Municipal
waste | 003 - - 028 | o011
RDF | 0066 | ND | ND | 02 | 002
Municipal
R 0.0205 - 05232 - -
Industrj
dustrial | 1507 - 16909 | 05%47 | -
BC: | 06534 - 32474 | 28472 -
Other
Solid | 01828 - 25041 | 01809 -
fuels
This
study | 01192 | 1253 | 16169 | 02982 | 03239

- : No data

a EMEP Acid gas and particle abatement®)

b EMEP Particle emission abatement”

¢ AP-42 Spray Dryer and Fabric filter”
d AP-42 Spray Dryer and Fabric filter”
e Scale more than 2 ton/h')

f Scale less than 2 ton/h"

g Scale less than 2 ton/h'™

h Scale less than 40 ton-evaporation/h'"

33 BAANAE APgEe H WIS 8rE =

331 ¥AAE HEE

BANE AFHe] ZHARE F
£ A8d yErlEom

A5 Table 139 YERHAT o] o)t

4

o] A HF 981% =

=0

3T

Blo] 750l BEALE FAH=

ol 3
EFaTssE

AYEEe Ao
R

A Eee tehy w3
Ae & 5 AL

. CO, NO° HA$e= WA&ELl 72 50.7%<
58% = Tha A UEto™ NOo A9v AEol
(FHAAY Fe FEE YEY 58 o & FAT
F YU @9, 2 E S0,%

HClY| A5= WA EE] 47 17.

Table 13. Control efficiency of RPF incinerators

from this study. (unit : %)

Company | PM o NO | NO, | SO HA

D 973 735 | 231 604 | 371 | 509
] 9.7 49 0.0 ND 496 | 438
S 9.5 - 0.0 0.0 0.0 68.3
H 9.8 722 - ND 0.0 9.1
T 100 524 0.0 ND 0.0 9.0

Average | 981 50.7 58 302 | 173 721

SIDEV 17 321 115 | 427 | 242 | 258

V(%) 17 632 | 2000 | 1414 | 1393 | 358
- : No data

&6 87)|Ee WAAE 0o SAARE H &
stAl Eth & SAHAAE wEs &Il e IFH
S $9]F 2 Table 149 Z7)8tQth Zol 9sld W=

AHH), HCli= 270AHD, S)=

= 7lEs UEEH. F 23E = W RPF &4
Aol As 274=re ¥4 9 ez wg wE
er1Es =48 7t

Table 14. Controlled emission concentration of this

study and legal emission standards.



Co PM cO NOx SO, HC
TPAY ] (mg/m) | (ml/m3) | (ml/mB3) | (ml/m3) | (ml/md)

D 81 0.58 01.84 0.60 2515
J 73 3470 | 4553 073 229
S 58 1533 | 7143 317 33.95
H 57 21053 | 17030 | 2148 328
T 04 976 | 60.84 11.30 238

Legﬂ
emission | 40(12)

200(12)
standards

100(12) | 50(12) | 20(12)

34 £2Z4AAE A=A 9 dVled A 1F

341 2742 dxA unF
RPFE= #HZ2t2go] 60%°]4 /8 E2=
Al g FE PeE sl BEgdAdLE
Jitstebaol MAlo] S E= FHo| Yt 2AE

© 2

o B

=}
I FAAE F A4 CO%F NOx7t vl &4 8-7]
=g 28T &R FTHRE A FAALA
I 5, 1Y, EEEZE 9 B el ded
EtE AZbel AR 24=2E 1A, ZEEZ
2 5= 4¥A Yt AFuldAEe] RPF &7
2 FHE Table 19 AT B2 A=A 42K
M), ASGASAR2NL), 183 B202Me)7E A
A" ZAoz geHY. &Zt2 FREE CO%
NOx F+ &5 tisl Z443E Fig. 3o =A%
=3

Fig. 3. Controlled concentration of CO and NO by

the type of incinerator.

)\)\O—]q'(Flg 4) ol& ®Bl4
AA4A2E ESGAALTE ¢

91e-& AAshe ot

Fig. 4. Concentration variation of carbon monoxide

by time lapse in the incinerator of H company.

7}
il S
e &a7ZtE vl o7} 3mE &ZtE| 58 3t
Ao 9f50kgd] AES YW T FAHE o831
2 ETUFORE 58 HE40FE 1m A Hojule ¥
s AR Ao oluf Ae FAE E£xHo=
QoA =H F AFAZe] 15&0Jth. & A HF
H &7 CO ¥5+ 153 ml/m’E 7|&& FE3]

_9_



3t} R, Y WA HAN: &7 e
Aozt 2m olH 5% HFAC R 100kge] AAES ¥
I AZPATIEY WR FAE o] 835te] 258 AL
2 3WME 1m, UL 2mE Yo A4S FJEZ
dojmg= A AMgston gAY F
AFAE 5&01dth & Ao HF WiEF CO &
TE 2105 mi/m’E 7|ES 2T

A2 AP ] A, JA 242 399 A
@A oz FHol glom zZtgkel Aolrt 1.5m otk 5
B A0 E 40kg £7ELS R F aZda &
ZHatgol A FAE o] 83t 5E HHSE 1mH H
o] Yol x5 o2 A7} 40cm dhee] the ol &
AAA sta 2MA DM E A 1m¥A Dol
WA ARSI B AR BFYE &A74E 1
& A FAZES 10809 F AFAZLS 3080]
Atk DALY AE #lEF CO B5+E 347 ml/m’® 7]
=& TES UFH3A

g, Y3 A AR TAS] 2742 4T
o] Aoz sHo Qe Zwe] dolrb 1.2m ~
25m fom Zeke] Fole 60cm ©|th 8% AL
2 100kge] 9=E 7Y F &8 192 8% F
of, 282 15% $Fo A7 &S Us TR I
dojle= B2& FHstal 3, 479 ©o]22] 1m 4 &
2oz Yoyl Wale AMEsta AAoh 19 A
FAZE 8Eollo F AFAILEE oF 150 £ol
o TARS] HF Wl&F CO =& 91.8 ml/m’Z 7]
TS UEIRoY AXGEHIE A vEE A=
FAFAT. o] de] ARE E o 1dolA AAE 9
g FES AFALGE 7R Og A JEZ doju
Ay 27to 2 Hoju= Wlo] HALE FESHY
HARes AA FAAIIL Aaels CO9 S
ol B P AL & F AgS

ol AT 2ol ARSI Y RPFOl §Hf-9
Cl# SHELS 247 02% ~ 03%, ND ~ 0.1%°] o=
v ZAoE ZAEJT. o] FEEL RPF 4744
HCl3 SOt #2 A7~ E BN 7= ddEd
oty ZAH RPF &z A EollA &= AHA7F2~ A
ANEZ AXMZZAY A AA G E ALESEL
At HF W&Vt =ARE S HAS %71 5704
% 27§AFel A 25.2ml/m’$} 34.0 ml/m’E HEE] &
712l 20ml/m*E =73 Ao = JERgthFig. 5).

32
2 N

ols A= WHAAZAE Adsta A= Aoz
FAHA=E AAAFZA S HCll tg AALE
of ZItholl WAA] Xat= AL & AAT. wEbA

A

AX ARAAE HTh Tgo] L WA A
|

2 wASAY 741l

Fig. 5. Controlled concentration of HCl and SO, by
the dry absorber/semi-dry absorber.

343 W71 2d/MA Wt nF

B AT wiEAe HEE FbEe FAUd
2 RPF &74A48] drled=d wjEol dg
Azpgetolltt. oA7ledlE F7HA B tig A<
o] Bag Zlow RHIY Ius HAAF 7RI
Ades HHPAANLE o] &3te Aotk ol W&
o] ol 28 2 F Jou M AdAola HE&F
A oIt ® s XEAS HHSEe W
ojltt. ol AEE B mAE] oHE Afd=
FAE & 9le Wl HlE EFAd FHE Qv

A AAZ HAe] aztzol WAL B3 FE
ojltt. B A7 " 2742 F Ixzgel A¢
ARTHELAAA Bt BAES A o7 FUW
2 AR oy 2aFe o AT FAEA S
AN M 7R A IHEE BI 27 EC] A
& olFatn Axdthe HoA fHdAzxd M F
& 219 2722 AobE A

D

PANEY A9E AMFH A§HE RPF 42
HolZFE — BE Mol 2

714 MBE A S 23 A
ot o] FAY wE Yo sotHh W
ARGS ta A4 RS Agste 97 de

_10_



o Z&0] mE3 8|S ST 13 AEE ofd
Ao g Hlt}.

F oA e AxAS HFHIA = W
o dzA HAHSeE FYEFH F44, 183
FAAE A Sl U nErt Festn Ho
A Ao 2= 272 AAEHF HAWANA ALE3te=
Zo]l uEzAg Hog ®mt gyl HAdA 9l
g vholl ot A= Av]o] wel 13 FYA
RPF 40 ~ 100 kg& AR&3lH FUZA L 5~8F°I U
. A7) A ArgEhe 5?47&7—%% Harndzye 7|
o] AHFA|(Gbar)Z "ol wWlE J|EHOE ALE
stal Ak RPF 4 oﬂ g 71EATAEE BE
d4 7 5P RPF &7 AFolA RPFS &3] &
QAZE 600CAA 7HOZE HudPOow ol F
S9S RDFO| 7% 800 ColAd 108 Az & A
CO9 &7l A9 HAEHA %2 Ao=Z HIFEG
t}. ahaeH Yol ¢]&H RDFZS 800 C&F &~71H] 2.0l
Al A&g AR 9fo] AR W M 3 f=
Aol TAYT Aoz BudtP Tk

B dAFolAE &S HAHser o wet
skt HAR A &= 589 100kg A F943td
S 50kgZ Y5E Al 3R R F7E ©Edd]
7 FFolE W3yt QL= slal 3% 194 o
Wd Z2& 95 sAHezw &azbEo]l St
= 3t¥ o IZAH}E Fig 69 =AIBATH

2 Boxb ot

Fig. 6. Controlled concentrations of CO according

to the improvement of operating conditions in the

incinerators of H and T companies.

Fig 69 olabd o] £AAMF o]F CO

71%(200ppm) ©]8tZ Holx AL & 5 YUTH T
Aboll A 880 100kg & FU3 I & 4%l 50kg
o7 ZFo|u 293} 3, 499 AFAIZHS 7+ 18E¥
60% Hog 3 A3} Fig 63 o] COZ 7]Fl3}
2 9E 5 Atk 71E Ak & A7ddE

13 w] RPF FYA 13 Er%l%*% 50kgs T
UEE sta &2ZE 19X &7ZF AFAGL F
2% 1082 FASE Zol HAo HxHe= 3
otF T},

71 AA D= AE7E=] HESE7ES
294g A AR A NS Baste W
He HAESAT. Bgolgt 32 UAAAAAE A
§3tAA EMEe HEH WHE AEsE ZAddH
Z1EQFA A ofstA wjEs] 5o £ FET o
Ao g AFddA RhHAAAA G WYt
23 4S A5t A AL FUE Ay 434
o] WA HCIE &F3tHA a3 daAAERE
By Bugk vl 9lon Wang et al'® =3 A4
2o M3 ofg YA} WA F4AA], 0
ZdEHE AA 6ml/m’o] 5}

338 4 9oz
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22 9 FH FREY AAo =] 2 o= 7]
o7t He HE AAAYNA dUAZ R JE=
RPF A= g M2 A2 7|87 €@ 4
Qe Aoz vdo] Hr}

v. 28

RPF 2204489 th7]ed8d MaAs 44
7o MRS A 24 AFolA Thew

my WE

1. & A7 23 RPF 2729 WYAAL Aoy wjE
Aees dAe B¢ AAETL 23.6206 + 327121
kg/tonZ Az weh A= 37295 kg/tone
BAE= 80.6894 kg/tonE A|AHYEE F HAE UE
Wok 7= =24y WAAAE AR wiEAss
CO, NO, NO, SO, HC o=z Z+z+ 11322
kg/ton, 1.6411 kg/ton, 0.0085 kg/ton, 0.1506
kg/ton, 4.9593 kg/tonS. & UElGom AAHIE HAp
=t A Aom AT

2. BAAA TR wiESAsE 9A9 49 01192
+ 0.0730 kg/ton o= AW Zole AA T
ol BT WA WAAEE WMIAHE AHET TS
2 gotHEn 7haY WMAANAE TR wEATs
CO, NO, NO, SO, HC <«o=2 Z+z+ 1.2513
kg/ton, 15646 kg/ton, 0.0523 kg/ton, 0.2982
kg/ton, 0.3239 kg/ton® & et §H, CO9 ¥
9y FEE &7E Az mE #xrr ZA
ZAstR o HClO $87 s=s A 7F2 A A A
2 Adgofie me} &, A4 A" =3 vk Al
A Ao o) mat AXE YEH AT

3. WAAAL &g U 2AAY FU HEE
AFREE MR o] AL 981 + 1.7 %= W&~ E
7F wlEdE71E2 15 %ol dFshes S
45 YehfRA o 7&*&%@_54 WA EELS SO,
HCI7} Z+zb 173 + 242 %, 721 + 258 %ZS e

I BT

4 TEAEY 27tz G2 F SRdsd AT &
Zes A SAARAeldon UrA F
He Rz 4ol wet ARt Bh2A ek

o wWEs 8T 23 AHEZE AR T A A
RPFE FSUA 3T 50kgEs Z=H38HA =% dtx
272 19oA AFAIEE 108 ooz g Ax

W25 471% olul= AT & Ak

5. tl7]uA A4 ]
Al /q] 3l FE]-_HH o) 151 =
=3

A% HolZE-PE N ZFE A
Aed AT MEH 2L
Aoz dehken ANARTe 4
A PPORE 2ES =9
FE Aol HAS 5 ¥ AASE G}
= woHEn,

F{l‘

Y0 o o N
tlo -
noJg e
o &

6. ol AT A7} = o€} RPF &7t Ao A&
o] 7)1 d MAL EE, AFGA 224 9 FH F
NE AFe st HT AAYAIUAR Q14
RPFO tigh M2 A2 x3Fe] 737} 5

Y4, 7188, w
-‘%‘4, Xl@'?éxﬂv‘?—, A, SR ST
7t ol =] 718 A & (2008~2030)
2. 345 (2010), 1¥AE ANUA S} BAVH HAE,
5, 96

)44

ofy

3. @2 004) AU P RPFY &84 #%
Sl A% F UF A&l A3 AF,
=735}3] 7| ﬂlzwl 3%, 234-242
4. 3}

o

4
aE

N,

ZP&A st (2009), HIEAAH] dredEH
WEA 5 AA
5. 3@ AEd (2010), IS AERL wEF
AP R, 73
6. B E (2005), W71 LFED W& 44 2 A
b A A, 243
7. TREAAY, AERASFATL (2009),

2 RS A wiEAs AT F5EA

8. Guidebook (2006), EMEP/CORINAIR Emission
Inventory Guidebook, version 4 (2006 edition),
published by the European Environmental Agency,

Technical report No. 11/2006, available via
http:/ /report.eea.europa.eu/ EMEPCORINAIR4/en/p
age002.html.

9. US.EPA (1995), AP 42, Vol. 1, Fifth Edition, Chap.

_12_



2 Solid Waste Disposal
10. AA =, dsT, AIA, =
X]—/HE 0‘] 1__/ O] H“‘E’/ Eﬂ:ﬂ_ (1998)/ “_I:“7]%‘%a/
&3l71<, 227~231

2 A, 294

T35, 9zxd, S (2007), thermo-gravimetric
Analyzer% o] &3 RPF €&s] 54, d=H7=3t
32 A|24H A6Z 510~515

13. ol&7f, °lFA, I, #MAdE (2005), H7= L
PFAm AAEAH, FAAHVIETS|A A224,
A1&, 101-112

SHERE (2009), WlAZFAEA O o7t ZhAE A F
713871Es E4% 1¥ds A4 5497 #

71EAdstets] A7d A3zE

15. 23], A=Y (2005), «3FE5Z14 RPF d&
sS4 deolg  ZlesiE, AB0d  KOSCO
SYMPOSIUM =3

16. Wang, K, S., Chiang, K, Y. Tsai, C, C., Sun,
C, J. (1999), "Effect of Chlorides on Emissions of
Hydrogen Chloride Formation in Waste
Incineration," Chemosphere, 38(7), 1571-1582

17. G. Piao, Shigeru Aono, Mtohoro Kindoh, Ryohei
Yamazaki, Shigekatsu Mori (2000), " Combustion
Test of Refuse Derived Fuel in al Fluidized Bed"
Waste management 20, 443

18. ¥r& (2006), H71E ALFAE A4A HC A
AT, HE &3] 2006 FASFEAT

9 AZE
5] =8E3F, 566-569

_13_



=X & o5 HOolE flst HHE FHUS HE

Fed - Z4E - SR - 43T - FFE2 - 017Y - HYS|

R

ok

o

Application of an activated carbon bag to control odor from the carcass mass burial site
Hyeong-Yeol Ryu, Sang-Hin Kim, Soon-Mo Hong, Dong-Ki Kim, Ju-Yong-Jeong Jin-Young Lee and Yang-Hee Choi
Living Environment Team

Abstract : National-wide outbreak of foot and mouth disease(FMD) in 2011 resulted in more than 2,000 of mass
burial sites in Gyeonggi-do. Carcass mass burial can potentially cause a variety of environmental concerns and
odor is the one of them. In this study, we suggested an activated carbon bag as one of the most effective and
economical ways to control odor from the carcass mass burial site. The result showed that the activated carbon
bag was able to consistently remove about 90% of odor, ammonia and sulfur compounds except of
trimethylamines(TMA). Therefore, the activated carbon bag can be used to control odor efficiently and

economically not only in carcass mass burial site but also in similar cases.
Key words : Activated carbon, Ammonia, Mass burial site, Odor
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Fig. 1
activated carbon bag in a gas discharge pipe.

Schematic diagram of an installed
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Fig. 3 Concentration change and removal rate of

ammonia with elapsed time.
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A study on the Evaluation of the Pollution Level on Flooring Materials of
Children's Playgrounds

In-Sook Seo, Pyeong Heo, Joo-Hyung Byun, Jong-Bo Kim, Tae-Hyun Kim, Eun-Ah Kim,
Hyun-Soo Han, Jae-Sung Lee, Jong-Bok Lee and Mi-Young Park”

Soil Analysis Team - Institute for Veterinary Service

Abstract : This study was performed to measure pH, heavy metals, volatile organic compounds(VOCs) and
parasites and to evaluate the pollution level in sands and rubber flooring materials of children's playgrounds. The
samples of sands and rubber flooring materials were collected from 45 and 15 different sampling sites in
Gyeonggi-do respectively.

pH in sands ranged from 6.4 to 7.4. Average concentrations of heavy metals in sands were Cd 0.705 mg/kg,
Hg 0.011 mg/kg, As 2.467 mg/kg, Pb 9.814 mg/kg, Cu 3.633 mg/kg, Ni 9.601 mg/kg and Zn 23.445 mg/kg.
Cr® and parasites in sands were not detected. All the average concentrations were found to be lower than the
standard of soil pollution. VOCs in sands and rubber flooring materials were not detected. Average concentrations
of heavy metals in rubber flooring materials were Zn 16,978.13 mg/kg, Cu 159.90 mg/kg, Pb 90.51 mg/kg, Ni 6.47
mg/kg, As 4.50 mgkg, Cd 1.91 mgkg, Cr*" 0.57 mg/kg, Hg 0.44 mg/kg The average SPS(soil pollution score) was
429 and the SPC(Soil Pollution Class) was Ist grade. Therefore soil quality of most of children's playgrounds
investigated indicated healthy state.

Key Words : heavy metals, parasites, children's playgrounds, SPS(soil pollution score), SPC(Soil Pollution Class)
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Table 1. Soil pollution class(SPC) based on
the soil pollution score(SPS)

Total SPS SPC soil quality
> 300 4 polluted
300 ~ > 200 3 reevaluated
200 ~ 100 2 reevaluated
< 100 1 healthy
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Fig. 2. The variations of pH by the sampling areas.
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Table 2. The concentrations of heavy metal species and VOCs in the soil of playgrounds

(unit : mg/kg)

Classification Cd Hg As Pb Ccr®* Cu Ni Zn Benzene  Toluene ethyl Xylene
benzene

Avg. 0.705 0.011 2.467 9.814 ND 3.633 9.601 23.445 ND ND ND ND
Max. 2.830  0.056 24.350 70513 ND 50.722  89.733  60.400 ND ND ND ND
Min. 0.287  0.001 ND ND ND ND ND 1.437 ND ND ND ND
Standard of environmental 4 4 25 200 5
safety control
Standard of soil pollution 4 4 25 200 5 150 100 300 1 20 50 150
National avg.* 0.964  0.029 4.267 27354 0.131 22418 11958  91.479 0.005 ND ND 0.002

Avg. : average, Max. : maximum, Min. :

minimum, ND : not detected,

* @ Analytical results of actual condition research of soil pollution in 2010 in the children's playgrounds
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Fig. 3. The average concentrations of heavy
metal species in the soil of playgrounds

by the areas.
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Fig. 4. The average concentrations of heavy
metal species in the soil of playgrounds
by the installed places.
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Table 3. The concentrations of heavy metal
species in rubber flooring materials

(unit : mg/kg)

Item Avg. Max. Min.
Cd 1.91 5.30 ND
Hg 0.44 0.72 0.22
Pb 90.51 764.52 ND
cr* 0.57 2.40 ND
Cu 159.90 661.01 ND
As 4.50 10.70 ND
Ni 6.47 48.05 ND
Zn 16,978.13  41,300.00 1,277.00

Benzene ND ND ND
Toluene ND ND ND
ethyl benzene ND ND ND
Xylene ND ND ND

Avg. : average, Max. : maximum, Min. : minimum
ND : not detected
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Fig. 5. The average concentrations of heavy
metal species in rubber flooring
materials by the areas.

Fig. 5= 370 A9 =oly 1F nlgA
Tus WHEEE MU =AIAYG(A)
Y solHoA = 7h=H(Cd) 1.81 mg/kg, T+
<(Hg) 050 mg/kg, HlA(As) 3.75 mg/kg, &



(Pb) 7.80 mg/kg, T2(Cu) 21123 mg/kg,
ol (Zn) 12,761.50 mg/kgellew 671 2 &
(C*)3% YANDS BHEHAJL, FFA
(B) EolHE 71=8(Cd) 313 mg/kg, T2
(Hg) 0.45 mg/kg, HlA2(As) 6.78 mg/kg, &
(Pb) 7644 mg/kg, T-¥(Cu) 127.74 mg/kg,
YZANi) 769 mg/kg, oFA(Zn) 28840.40
mg/kg, 67} ZE(Cr")< 0.88 mg/kg A=
AL, FE=AA()2 7F=E(Cd) 0.78 mg/kg,
FS(Hg) 0.38 mg/kg, HlA(As) 2.98 mg/kg,
9 (Pb) 18727 mg/kg, T (Cu) 140.73
mg/kg, YZANI) 1171 mg/kg, ©°FA(Zn)
9,332.50 mg/kg, 67} ZF(Cr*)L 0.82 mg/kg
HEH A

EAA S FE(Cw F2He)ol =4 A
=9, FFA G HA(As), ZF=H(CA),
o}l (Zn), 67} AE(Cr¥)o] Egka, H&EAY
2 (P UAN)o] =4 AEH AT

Fig. 6. The average concentrations of heavy
metal species in rubber flooring materials
by the installed places.
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Fig. 7. The concentrations of heavy metal
species in rubber flooring materials of

playgrounds.
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Table 6. The number of SPC (soil pollution class)
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Concentrations of organochlorine pesticides for ambient air, water and soil in Gyeonggi-do

Yoon-Ki Min, Yeon-Hoon Jung, Yong-Su Bae, Jong-Won Heo, and Jong-Gil Yi

Environmental Research and Planning Team

Abstract : Although the use and production of the organochlorine pesticides(OCPs) forbidden in Korea
and wide nations in 1970s. OCP were still detected in environmental media(air, water and soil) even
after a period of nearly 30 years. In this study, OCPs residues in ambient air, water and soil sampled
at Gyeonggi-do. For ambient air, chlordane was the predominant chemical(97.776 pg/m®), followed by
the BHC(hexachlorocyclohexane, 40.873 pg/m’). Aldrin and Mirex were not detected. For water
samples, all OCPs was not dectected. For soil, Aldrin, Mirex, BHC, Heptachlor, Chlordane were not
detected. Dieldrin, Endrin and DDT were detected 3.770 ng/g, 0.330 ng/g, and 0.350 ng/g, respectively.

Key word : organochlorine pesticides(OCPs), persistent organic pollutants(POPs), ambient air, soil
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Table 1 Amounts(metric tons) of OCPs used in

Korea'?

Period DDT BHC |Heptachlor| Drins"

Total 940.8 | 1,907.7 556.5 156.6
1946~1960 | 410.4 195.6 - 0.3
1961~1970 | 437.0 622.2 251.7 143.0
1971~1980 93.4 1089.9 304.8 133

1) Drins : includes aldrin, endrin and dieldrin
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Table 2. Ambient air sampling sites

Site Station Name Location
Suwon Shinpoongdong ]I::I 1327;0 lgo , 031 6"
Ansan Wonsidong I];I 17’27;0 127 ’ 1198 ”
Siheung Jeongwangdong I];I 17,272024(1)4 , 4§ 4"
Bucheon Naedong I};I 1327 go 3 j 6 ,1225 ”
Goyang Haengshindong I};I 1327203570 , 322 ”
Yangju Gwangjeok EI 1327204599 , 2§1 ”

Dongducheon Saengyeon ]};I 1327;0 3 32 , 0566 ”

Pocheon Sineupdong I];I 17’277005% 17 428 ”

Guri Donggudong I];I 1327;°3(ZS , 0167 ”

N37°29" 10"

Yangpyeong Yangpyeong E 127° 29" 38"
EFNEE B2 ed9A U BEde A4
&t7] 9l et 47 A, Alske e 4704
A, a8 2sEd 270 AH 5 F 1070 A
de st er ARl Table 39 4

e

Table 3. Soil sampling sites

Site Station Name Location

1 Jugu N 37° 18 ', 46
playground |E 126° 45" 14"
2 Jugu N 37° 19 ’, 38

Banwol playground |E 126° 45" 47
(Ansan) 3 Jugu N 37° 18" 38 ”/
playground |E 126° 46~ 10"
4 Jugu N37°19" 127
playground |E 126° 46~ 27”7
Heimang N 37°20" 15”7

neighborhood park|E 126° 42~ 50
Somang N 37°20° 01”7

Siwha neighborhood park|E 126° 43 © 31
(Siheung) . N 37°20" 067
Gyeonggi TEC E 126° 44" 26"
22ho N37° 197 247

neighborhood park|E 126° 44 "~ 15
Yeseul N 36° 59 ', 28

Poseung E 126° 50 33
(Pyeongtaek) . N 36° 58~ 217
Sindang g 1260750 * 51 ”

1) Gyeonggi TEC : Gyeonggi college Science & Technology

2.1.2 A|lZ2A Y
7N s stolE ol o 4l &2 (HV-1000F
& HV-700F, SIBATA, Japan)Z ©]-&3}o] 107§
Al 7] L AAE S Aol A A AT 2 Al
i 400L/mine] F450 2 72A7HE < A A
Azt om Agdy, E25d e&(Polyuretan
foam, PUF) 3 @A & FE(Activated Carbon
Felt, AC fel)E ©]-&3to] P B 7h27dol
EA = F1E2A sFFE THE
o] Bste] FAAER 5t

TANZE 2+ AHAERE 4LE ANFd =
A

o

F19aA FF T BAUY FES HF
Ao dwd Al rAsa e
FRARF7ILAEE 21% 5 F71daA4 & 8
T Ao grEd 3 FEAE 1
#ate] 207 &S A S tH(Table 4).

Table 4. Groups and congeners of target

compounds in this study

Group Target compounds
BHC a-BHC, B-BHC, y-BHC, §-BHC
Drin Aldrin, Endrin, Dieldrin
Chlordane(trans, cis), Oxychlordane
Chlordane .
Nonachlor(trans, cis)
DDE(op, , DDD(op, , DDT(op,
DDT (op, pp) (op, pp) (op
pp)
Etc. Heptachlor, Mirex
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/hexane 150mL= &3, =3}
100pL= 3Fo] A48 A|5=2 3t A
AN®EE GCMS/MS(TSQ  Quantum  XLS
Thermo)® w4 stalom Agh w4202

Table 5o YFEFUQIT).

AE N Fe

|
i

Fig. 2 Multilayer silicagel column

Table 5. Analytical conditions of GC/MS/MS

for organochlorine pesticides

GC/MS/MS TSQ Quantum XLS(Thermo)

HP-5MS capillary column
60m x 0.25mm x 0.25pm

Injection volumn |1puL(Splitless)

Column

Injector temp.  [230T
Carrier gas Helium 1.0mL/min
Aux temp. 325C

45T (1min)-30C/min-1307T
(3min)-12 C/min-180 C (0min)-7 C
/min-240 C (0min)-12 C/min-325C
(5min)

Ionization mode |EI

SRM(MS/MS) 4 function

Temp. program

Detection
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Fig. 3 Atmospheric concentration of OCPs
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Fig. 4 Atmospheric BHC concentrations of

sampling sites
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Fig. 5 Atmospheric Heptachlor concentrations of

sampling sites
3.1.83 Chlordane
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Fig. 6 Atmospheric chlordane concentration of

sampling sites
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Fig. 7 Atmospheric DDT concentrations of sampling

sites
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Table 6. Comparison of BHC levels in this

study and other countries™®

BHC
Nation Ambient3 air Soil Year Site
(pg/m’) (ng/g)
9.548~ .
Korea 131.292 ND 2011 [this study
10~870 1.4~45 2006 | Taiyuan
China
8.2~421 - 2005 |Guangzhou
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Table 7. Atmospheric Drins concentrations*®

Drin(pg/m’)
Nation Year Site
Aldrin |Dieldrin| Endrin
12.967~| 1.036~ .
Korea ND 48387 | 42.138 2011 |this study
ND~ ND~ the whole
Korea | ND | 54 | 0.120 {299 country
Japan |ND~9.4 |0.68~220| ND~4.6 | 2008 |the Whole
country
China ND~8.7| ND ND 2005~ urban
(Guangzhow) \iy 1541 ND | ND | 2090 | suburban
ND~53 [ND~8.73|ND~4.24 background
HChiIn:a JIND~111|ND-31.1|ND~209 s [residentiat
ND~80.6ND~46.9|ND~42.6 urban
4-6)

Table 8. Drins concentrations of soil sample

Drin(pg/m®)
Nation Year Site
Aldrin |Dieldrin| Endrin
0.662~ | 0.159~ .
Korea ND 11367 | 0937 2011 |this study
Korea |ND-0800] ND | ND |2009 [the whole
country
China I\py 6.62[ND~138|ND~4.32| 2007 |agricultural
(Shanghi) |~ > : : aghc
Mexico | ND |ND~3.1| - |2005|the whole
country

Heptachlor®] 749 DrinF9] 7-$-<9 H|S:3}
A W7l T ARFE7F 20099 FHRA TS
dEd FAY 4R ET =A dERn
(Table 9). 1ejv} i B F=9] 7] &
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FEe FAS L ASS & F At

Chlordane?] Wl7] & IHsr HEHAE
HW 2009 SAY G AAet vsze A9
S Blow die SAHFPRG Hof 8wl A
T 9o AENYR FAE S tHTable 10). &
s Aee B ATFdAE BHEE X
AEI AT 20099 SAY SFARE B oo

ZEal



Table 9. Heptachlor concentrations of ambient

air and soil*®
Heptachlor
Nation | Ambient air Soil Year Site
(pgm) | (nglg)
Korea 1.845~ ND | 2011 |this stud
10.299 y
Korea | ND~1.315 |ND~0.845| 2009 |the whole
country
Japan | 0.51~190 - 2008 |the whole
country
China - 2.03 2007 | Shanghi
China 2.1~852 2005~ | urban
(Guangzhou)| 16~8331 2006 | suburban
Mexico ND~0.59 | 2005 |the whole
country

Table 10. Chlordane concentrations of ambient

air and soil*®

Chlordane
Nation | Ambient air Soil Year Site
(pg/m’) | (ng/g)
Korea ?11(;‘255 ND 2011 |this study
12.124~ | ND~ the whole
Korea | 354602 | 11.832 | 2999 | country
Japan | 5.1~2500 - 2008 |the whole
country
China - ND~10.38| 2007 | Shanghi
Mexico ; ND~0.27 | 2005 |the whole
country
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Dietary intake of dioxin-like chemicals in Korea

Jong-Won Heo, Yeon-Hoon Jung, Yong-Su Bae, Yoon-Gi Min, Jong-gil Lee,
Jae-Sung Lee and Jong-Bok Lee
Environmental Research and Planning Team

Abstract : The study is based on PCDDs/Fs and dl-PCBs monitoring in environmental media
conducted nationally and through the local government. In addition the Korea Food and Drug Agency
carried out work to measure the level of dioxin-like chemicals in various key food items. Here we
collected these data to provide an estimate of the daily intake of dioxin-like chemicals in the Korean
population in the period from 1999 to 2009 and compare these with the Tolerable Daily Intake
(TDI). Based on the available data used for the Monte-Carlo simulation, the average dietary intake of
adult (age>19) is estimated to range between 1.05 and 1.55 pg TEQ/kg/day respectively. The youngest
group that was considered in this study was the 1-2 year old toddlers for which we predict that the
median intake in the 1999-2009 period was approximately 2.87 pg-TEQ/kg/day (95" percentile: 3.46
pg-TEQ/kg/day). This higher intake is due to a combination of relatively higher intake of mik &
dairy products in this age group and a relatively low body mass compared to their intake. This study
was overall consistent with data from other countries (ie intake typically below the TDI and higher
uptake in children compared to adults). On the other hand a high contribution via uptake of
contaminated seafood reflects the special importance of seafood in the Korean diets and issues related

to the contamination of the coastal waters in the region.

Key Words : Dioxin, PCBs, Dietary intake dioxin-like chemicals, Exposure

20 : YA ETE HodA%F & FAA g 4F U dolSA v= HolHE FHstd &4 47
e dA =% AR F4F dqAE =371 T899 A =EF HUt=  Monte—Carlo
Simulation ©]-&ste] 44 =&F AF 2 FZFFarged, HAU9A o4& 1.06~1.65 pg TEQ/kg/day
=E%Fg Boln gt o& WHOOIM #Axd 4 pg TEQkg/day Buh w2 FFoltt. dfote A
2.87pg TEQ/kg/dayE 2 A& H1A =& FE& BoFn oy, o AdAez &2 354
2 FAFY AHAFeE s =2 Aor d9d

®

FAA : o] %4l, PCBs, Aold A%, =53 37}

Dioxin-like chemicals include polychlorinated

1. Introduction dibenzo-p-dioxins and dibenzofurans (PCDD/Fs),
In the last decades South Korea has rapidly chemicals that are mainly emitted from
developed its industrial production and has combustion processes including municipal solid

become one of the leading economies in Asia. waste incinerators, steel mills and/or selected



manufacturing and chemical processes including

kraft mills that wuse elemental chlorine.
Dioxin-like PCBs (dl-PCBs) are components in
PCB mixtures that have been widely used for
example as dielectrical fluid and non-flammable
oil and plasticizers. The wuptake of these
chemicals into humans can occur directly
through intake/accumulation from exposure to
abiotic phases (air, water, soil, dust) but
typically the more important uptake pathway is
via accumulation of these chemicals in the
human food chain and ultimately intake of
contaminated food. This study was initiated to
estimate the exposure of potentially endocrine
discrupting  chemicals  including  dioxin-like
chemicals in the Korean population. The study
is based on systematic monitoring programs that
estimate dioxin-like chemicals in environmental
media  conducted nationally  (Ministry  of
Environment) and through the local governmental
(Gyeonggi province) since 1999. In addition the
Korea Food and Drug Agency (KFDA) carried
out work to measure the levelof dioxin-like
chemicals in various key food items. Here we
collate these data to provide an estimate of the
daily intake of dioxin-like chemicals in the
Korean population in the period from 1999 ~
2009and compare these with the Tolerable Daily

Intake (TDI).

2. Material and methods

Data collection

Data for dioxin-like chemicals in environmental
media and foodstuff were collected from 1999
to about 2009. Dioxin level in air (n=1472), soil

(n=449) and water (n=473) were determined

through the Gyeonggi-do Institute of Health &
Environment” and NIER®. All soil and air
sampling sites were located in urban areas
covering residential, commercial as well as
industrial type locations. Food data was obtained
from the KFDA®Y the National Veterinary

) and Korea’s

Research and Quarantine Service™®
National Fisheries Research & Development
Institute”. The intake assessment we present here
is based on data converted to TEQwmoes using

the WHO 1998 Toxicity Equivalency Factors.

Calculation of dietary intake of dioxin-like
chemicals (ie PCDD/Fs and dl-PCBs)

To calculate the intake of PCDD/Fs and
dl-PCBs, we considered three uptake pathways
namely: air inhalation, soil ingestion and food
intake. From this the intake was calculated
from:

Total Daily Intake (pg TEQ/kg BW/day)

= 2((C L)/ BW) Equation 1

with  Cjthe concentration of dioxin like
chemicals in a given medium i (air [pg/m®], soil
and food [pg/g]), I is the estimated intake of
the respective volume or mass of a given media
i per day (air [m’day], soil and food [g/day])
and BW represents the body weight (kg). For
the inhalation rate I, we used values of 20
m®/day for adults and 5 m*day for children. For
uptake of soil we assumed a daily ingestion rate
Is of 0.1 g/day for adults and 0.2 g/day. For the
body weight we used estimates for 8 age groups

as outlined in Table 1.

Monte-Carlo simulation Method
To reduce the uncertainty of dioxin data and intake, we

used a Monte-Carlo simulation(probabilistic approach).



Table 1 Body weight used in the model for 8 different age groups
Age 129 36" 7-127  13-19 20-29 30-49 50~64 65<
Body weight(kg) 11 17 3235 53.96 58.75 62.02 60.00 60.00

Table 2 Concentration of dioxin-like chemicals (expressed as WHO-TEQog) in environmental media » 2

Fiscal year N Min 25% tile Median 75%ile Max Mean S.D
1999~2009 1472 <L.OD 0.002 0.048 0.146 8.624 0.142 0.351
81.002 2.105 6.582

Air (pg-TEQ/m® )
Soil (pg-TEQ/dry g) 2002~2009 449 <LOD 0.075 0.768  1.813

Water (pg-TEQ/L)

(River/stream, lake) 32950 0.399 3.37

1999~2009 473 <LOD 0.002 0.011 0.086

A Monte Carlo simulation is a computer based
method that can be applied to the analysis of
data obtained

throughstatistical sampling

techniques obtaining a probabilistic
approximation to the solution of a mathematical
equation (USEPA, 1997). Each factor is defined
a distribution function based on real results from
actual measurements. The estimation of dietary
intake in this study was performed using a

random sample size of 10,000.

3. Results and discussion

The results of the monitoring data in

environmental media for the years 1999 to 2009

are summarized in Table 2. In brief, the mean
concentration of dioxin-like chemicals in air
(expressed as TEQwmoes) in the 1999-2009
period was about 0.142 pg/m® with more than
50 % of the measured concentrations less than
0.2 pg/m’.

Histogram of total toxic equivalent (ZTEQ) air
concentration of Korea during 1999~2003 and
2003~2009 are shown in Fig.l and Fig2,
respectively. As Fig.1~2 shows, it is noteworthy
that the concentration of dioxin-like chemicals in
air declined from the earlier to the later period
which is likely due to the government action
resulting for example in the shut down of

various medium and small size incinerators.



In soil, the concentration of dioxin-like
chemicals ranged from below the limit of
detection (LOD) to 81.00 pg TEQ/g with a
mean concentration of about 2.11 pg- TEQ/g.

The estimated intake of dioxin-like chemicals
from food and environmental media is
summarized in Table 3. Based on the available
data used for the Monte-Carlo simulation, the
average dietary intake of adult (age>19) is
estimated to range between 1.05 and 1.55 pg

TEQ/kg/day respectively (5 and 95 % percentiles

respectively as provided in Fig. 4). The dietary
intake

recommended

for

each

approximately 2

proposed by the

monthly intake to a daily intake) and the MOE

age  group

total daily
and 4 pg-TEQ/BW-kg/day
WHO (converted from

in Korea respectively.

A relatively higher intake 1is

younger age groups (ie < 11 years but even

more for

compared to older age groups. The youngest

those

below the age

was

intakes

calculated for

of Syears)

Table 3 Dietary intake of food and environmental media based point intake estimate using mean

values > * % &7
Consump Dioxin concentrations
) Dietary intake Percent
Food group -tion No. (pg- WHO TEQ/g)
. pg-TEQkg/day (%)
(g/day)w) Min Max  Mean
Rice, cereals and product 2098113 <top  0.064 0.005 1.571 222
Potato and starches 39611 <Lop  0.159 0.017 0.662 0.94
Pulses 38.123 <woD  0.026 0.004 0.156 0.22
Vegetable 326.725 <wop  0.010 0.003 0.887 1.25
Fruits 174.6 19 <LoD  0.020 0.003 0.561 0.79
Oil of vegetable origin 7911 <Lop  0.055 0.008 0.066 0.09
Meats and meat product 882627 <op 1.519 0.070 6.196 8.75
Beef 356 <Lop 0.800 0.121 - -
Pork 155 <Lop  1.519 0.059 - -
Chicken 111 <wop  0.082 0.024 - -
Egg 235111 <wop 2,606 0.170 3.990 5.64
Fish and shellfish 558878 <LoD 19.441 0.843  47.039  66.46
Fish 614 <LoD 19.441 1.143 - -
Crustaceans 110 0.001 3.055 0313 - -
Bivalves 139 <top 2414 0.201 - -
Gastropod .15 <Lop  0.392 0.060 - -
Milk and dairy product 105.8273 <top  0.650 0.048 3.550 5.02
Milk 150 <Lop  0.650 0.035 - -
Cheese 123 <woD  0.240 0.050 - -
Oil of Animal origin 0.14 0092  0.158 0.126 0.013 0.02
Air inhalation 20 m¥/day <LOD 2.833 4.00
Soil ingestion 0.1 g/day <LOD 0.211 0.30




group that was considered in this study was the
1-2 year old toddlers for which we predict that
the median intake in the 1999-2009 period was
pg-TEQ/kg/day (95"
This

approximately 2.87

percentile: 3.46 pg-TEQ/kg/day). higher

intake is due to a combination of relatively

higher intake of milk & dairy products in this
age group and a relatively low body mass
compared to their intake.

A comparison with data from other countries
suggests that the daily intake of dioxin-like
chemicals in the Korean population is relatively
high compared to many industrialized countries
such as Australia, USA or Europe. In our study,
fish and shellfish contributed to almost 70 % to
the in adults with decrease in

exposure a

contribution in children (see above). On the
other hand despite soil and air data originating

from urban/industrial sites the contribution tothe

exposure from environmental media was less
than 5% in Korea.
In summary the results from our study are

overall consistent with data from other countries
(ie intake typically below the TDI and higher
uptake in children compared to adults). On the

other hand a high contribution via uptake of

contaminated seafood reflects the special

importance of seafood in the Korean diets and
issues related to the contamination of the coastal

waters in the region.
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A Study on the Characteristics of Water Quality and Eutrophication

in Wangsong Reservoir and Its Inflow Streams

Deok-Hee Cho, Kyong-Hee Lee, Song-Hee Han, Jin-Ho Song, Sang-Jo Kwon,
Bok-Jun Kim, Ki-Jong Lee and Jeong-Bok Lee

Environmental Ecosystems Team

Abstract . Wangsong Reservoir needs a systematic approach that can control water purity and water quality
improvement. This study was carried out to assess the seasonal variation of water quality and the effect of
pollutant being loaded from watershed in a sallow eutrophic reservoir(Wangsong Reservoir) from March to
November, 2011. Wangsong Reservoir, located in Uiwang City, has the capacity of 2 million m' in irrigation water
supply with the drainage of 4.2 k.

Average concentrations of BOD, COD, T-N, T-P, and Chloropyll-a in Wangsong Reservoir were 5.8 mg/L, 9.7
mg/L, 4.299 mg/L, 0.106 mg/L and 73.1 mg/m’, respectively. In the inflow streams and treated sewage of Wangsong
Reservoir, the T-N concentrations of 4.114 - 14.619 mg/L were higher than those in the Reservoir and the other
pollutants were lower.

As a result of investigation, Wangsong Reservoir exceeded the agricultural water standard level due to algal
growth and accumulation from the upper streams and sewage. In order to achieve the targeted water quality in

Wangsong Reservoir, it is required to be decreased in pollutants of internal and inflow streams.

Key Words : Wangsong Reservoir, Eutrophication, water pollution, water improvement
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Fig. 1. Sampling sites map.
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3. ¥FAFA FAEH

GEAFA ] AVNAEEE 200613 316 m
hos/cm®l 4] 2007 195 pmhos/cm® So}A o]
I &Aooz ZrEte] 2011doE 344
hos/cm©] %1 ThH(Fig. 2). COD: 2006139 19.9 mg
/Lol A 2011 9.2 mg/L7FA] Sol Al o1, BOD,
TOC % SSLE COD$F #o] dtolAal Q= F
Alolth, T-N< 20061l 3.380 mg/LolAl 2010
W 5222 mg/L7HAl okt thA YrobA]
2011 4.139 mg/Lolq o Eolx= FAE
Koli glom, T-PE 2006 0.156 mg/Lol Al
2009 0.031 mg/L7MA] Yol thrt thA] o
] 20113l 0.095 mg/Lo] AT},

Fig. 2. Yearly Variation of Pollutant concentration
in Wangsong Reservoir (site : LA-1).

Chloropyll-a:= 2006' 3] 90.2 mg/m' ol A1 2008
W 1974 mg/m7bA] ol Th 20099l 36.0
mg/m' 74l ol vzt vhAl ol 7] Al ZFst
o 20119l 67.7 mg/mE ThA ZolAE F A
o] th.

GEATA AFE FHEHNS FF, TR
72 FE3lo] Table 19 UEFUIQITH

A4 F&, pH, CI, TOC, TNFEE
FollAl sF7HA frAFEFSl oL, BOD, COD,
T-P, Chloropyll-ax= ZHFeA & LHd=E
et doh A9 BODE i, T
ol 27k 8.1, 48, 4.6 mg/Lol
Chloropyll-a®™= 7, <7, 3hFelA 27
100.1, 58.7, 60.6 mg/m=Z AF<° BOD%}
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Table 1. Characteristics of water quality in
Wangsong Reservoir.

EE BOD | COD | SS T-N | T-P | Chl-a
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) |(mg/m")
i | 8.1 11.0 | 27.0 | 4.189 | 0.126 | 100.1
T | 48 9.1 | 189 |4.490|0.094 | 58.7
sk | 4.6 89 | 21.0 | 4217 | 0.097 | 60.6
Hyt | 5.8 9.7 | 223 14299 |0.106 | 73.1
Ha | 1.2 53 3.7 | 1.504 | 0.038| 2.4
ol | 20.1 | 18.6 | 51.7 | 8.042 | 0.527 | 259.7

GEATA Y 4
skl AgA] A
A F 9N AA
5 2AAjek A= Fig. 39 YERH ST

A7 A= WHEE 3Y9d 466 (mhos/cmol A
8Y 216 umhos/cm7}*] A&7 o & ‘rolxthr)
OA] ol 7] AlZbste] 1€l 375 ymhos/cm
oo AHT 351 pmhos/cm®] A T}

BODE 39o] 8.6 mg/LolA 5¥€ 3.9 mg/L7}

to



A grolH Tzt 69 89 mg/L7HAl EobHtirt
Aol el 7o 3.8 mg/L7hA] wrolbHth 9]
6.6 mg/L7tA] molATIZF trolx (1€l 3.7
mg/Lol o A% 5.8 mg/Lo] ).

CODXE BOD®} AFSHAl 39 10.9 mg/Lel
A 59 82 mg/LE ol il 6¥€ 11.2 mg/L
7hA Eolxom, FubE]l 79l 7.6 mg/L7t
A grobxth 9ol 13.7 mg/L7HA Eobx vt
ol 11¢¥€el 82 mg/Loloew AFHd 97
mg/LE 4 AERA7|FOZ GV, 10 ng
/Lol &h)o] AT

Fig. 3. Monthly Variation of Pollutant
concentration in Wangsong Reservoir.

T-N& 390l 6.554 mg/Loll A 7€ 2.800 mg/L
7hA] grobH thrl EmobA 11€ 4211 mg/Lol L
ow AHF 4299 mg/LE i BV 1.5
mg/LZ 2}Hyo] A Th.

T-PpA 3= T-N¥stel vh=4 3¢ 0.108 mg
/LA 79 0.178 mg/L7A] ol thrb vrolA
114ol 0.065 mg/LolA o™ At 0.106 mg/L
2 UYE(V; 0.15 mg/Lo]3h)o] ATt

Foddst #™ Chloropyll-a®sl= 399
1223 mg/m'oll A 5€ 229 mg/m'7FA] Yol th
7F 69 96.8 mg/m' kA Emobx ow, AupHQl
79 439 mg/m kA wrobxlvh. 9€el 120.1
mg/m' 7FA] ol A Thrb kol 1190 41.8 mg/
molloen AWt 73.1 mg/m' = w-$ (VI
70 mg/m’Z I}F)o] At}

AFEAFA Y FHE FEE 9E, 1€ £
AFEE A3 Al (0.170~0.497 mg/L), Cu (0.002~
0.130mg/L), Zn (0.036~0.089 mg/L)°] w %
ZF o, Ni, Ag> AH#eA w|vh Cr, As,

Cd, Se2> HEHA LS}

FEAFA Y] FHAAE W= 11E5H
3~4971A oF 6719 Bt Tl o3 A
2 Qste 3¢ FEo] g Eow ozl
HAHE Ao 49SRYH sdETFITE S
A WFE st Fdo] i Fobxlth F

& o] =

x5l SAE 71w S7h WA A,
a4, wRd 24, A data
Tl delE zdstrR A5A A& o
Al71E ARl glolth whEkA Qle] Ay
= ST e AdekE vt Hu,
45 Az Aol A2AFE AR A
L glo feuetdlAE Aae] A
eIt wobA Aae) Aol dojue i
E A9 flan, e Qo] Al Faol.

FAXFA W& 16014d A FAw
wol wlste] FALFLEIE ARHoR wow
zie SAd QoA Flo] AFasm
got7] wel #A7IFel A FAdwErE
g3k FEAFA ] T-NT-P H&o] 414



EE 2RTAY Agadle] Fololmnm A
Aol Fggsts wAS] fleiME =7
AJA2AN FAe Asfof ot

o e f71ES froolM friH
R B L B e R B R R =
FAY f71ER v glen, WA f
NEe FE ABAEEIES FAHEY X
8 A& S ol Tz A WAl
Z1Eg et A = 13 ARl <] g
fF71Eel 7lolme ae] AFAIzke] Ade=
e

o
At A3 7-8¥ol= 52/ Gonium sp.
327/ Aulacoseira sp.7V -39 2™, 9
| Microcystis sp., Oscillatoria sp.7} $-7 38}
=22 Dictyosphaerium sp.7} ©}$-F
2 dvegd. 10€de FERF
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Fig. 4. Correlation of BOD and Chloropyll-a
in Wangsong Reservoir.
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Table 2. Pollutant concentration in Wangsong
Reservoir and its inflow streams. unit:mg/L

T & BOD | COD | SS T-N T-P

FEAFA | 5.8 9.7 | 223 | 4299 | 0.108

et

H A | 36 59 | 22.1 | 6.811 | 0.165

= A 2.9 43 5.0 5.140 | 0.100

>,

SIAStHHA| 1.9 64 | 154 | 6755 | 0.118

oAt [ 4.4 89 | 457 | 4114 | 0.113

4 g4 A 1.1 47 47 | 5.786 | 0.096

SUgER | 184 | 19.5 | 19.6 | 14.619 | 1.087

SE0F4 09 5.5 1.7 | 9.758 | 0.094
BaiH5a| 3.0 7.2 0.9 | 10.717 | 0.096

58 mgL® 7H4 =%omn, H2 1.4 mg/LolA
AW 6.8 mg/LolAtt. CODE AFAHT} Y
S TEZ FYHAeH, 69 F 83 mgLE
7Hd =kom HA 3.0 mgLolA Hul 104
mg/Le]$lth T-N, T-P= AFA FZ=HT =
kom T-N2 69 Hit 9.036 mg/LE 71 =



S FEE Uewon, HA 4506 mg/LoﬂH
AW 10442 mgLolAtk. T-P= 9¥
0258 mg/lL® 71d & FLEE LPE}Mﬁ
H 4 0.090 mg/Lol Al =] 0.273 mg/Lo] At}
AERNE &Y Tl At s A

377122 BOD, COD, T-P EF I &5w°l
A

_ELF:U

ATk AE3 9] BODE= AHt 2.9 mg/Li xi
FARYG @& wEE FYEa o,

i 59 mgL® b ESke &li 0.6
mg/Loll A # ] 14.1 mg/Lo]lth CODE A

ARt ¥ sE2 FAdEHdeH, 59 Ht
6.6 mg/LZ 7} =9komw FH4 2.6 mg/LolA
éJEH 11.8 mg/Lolth. TN A4 Fk

F=kon 10¥€ it 5.859 mg/L=E 7t
SEE UeWlom, HA 3560 mg/L

0.150 mgL® 7M% & Fxs L}E}MJ#
# 24~ 0.038 mg/Lol A Hd 0209 mg/Le] At}
SIS HL 279 Mol X8t gloH
atH AL A7FoZ BODE Ib 3ol
o1}, COD, T-PE= MsHoldth SISt
°] BODE 93y 1.9 mg/lLE AFA KT} o
= dom, 6¥ HiE 35
mg/L= 7H =okom FHA 0.6 mg/LolA
o 43 mgLol%tt. CODE AFA Kt ghe
TEZ FYFRoeH, 6¥€ H 13.0 mg/LE
74 =kom HA 1.8 mgLolA AW 199
mg/Lol T}t T-N, T-P= A4 sLHt =
ko T-N2 10¥ Hi 9414 mgL= 74
=S FEE Yeglon, H2A 2204 mg/Lol A
Ho} 11.673 mgLelAtt. TP+ 5¢ A
0372 mglLZ 7}M4 =& =& Yedlon
2 0.015 mg/Loll A = 0.594 mg/Lo] ATt
OFPA A S AF Vol flAetaL glo
o & A7 Fo 2 BOD, T-PE= %
H, CODT IVedolfdrh ofiA-S-tf <]
mg/LE AFAHTE vk
T %%’ ] pom, 59 HT 7.1 mg/LE
7P =tew HA 12 mg/LolAd Hu 8.1
CODE AFAHL G Fr=
FAEd o, 59 H 256 mglE 7Y =

o
2 T=

rom HA 3.8 mg/LolA FH 27.5 mg/Lol
ATk T-N, T-P= A A L9 H=s8 % o
T-N< 3¢ It 6.838 mgLZ 7M =2 5%
2 yetlon, HA 1493 mglLelA Hoj
8.344 mg/Lo| St} T-PE= 59 H3f 0250 mg/L
2 7E =e 2 Jedlon HA 0.048
mg/Lol A ] 0.265 mg/Lo] At}

Fig. 5. Effects of inflow streams in Wangsong
Reservoir.

A fred Vel 91xsta glom st
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Study on the Ecological Toxicity of Stream and Industrial Complex Drainage
Using Daphnia magna

Jung-Sik Woo, 1I-Woo Choi, Moon-Jeong Kim, Chae-Kook Lim, Sun-Min Hwang,
Woo-Kyong Nam, Kyu-Seung Sim, Jong-Bok Lee

Water Quality Conservation Team

Abstract : Current environmental policy is mainly interested in overall understanding the impacts of a
variety of chemicals present in watershed and river ecosystem restoration rather than management of
individual substances as in the past. Therefore, in this study, three types of water body were selected,
industrial wastewater drainage, streams receiving industrial wastewater and stream receiving
groundwater containing heavy metals, and water quality characteristics were evaluated using Daphnia
magna acute toxicity and chemical test.

Wastewater drainage in Banueol industrial complex was heavily contaminated with organic matter and
heavy metals by influxes of sewage and industrial wastewater, and showed relatively high
toxicity(0-22.7 TU) with much difference between sites. Gemgog-chun, one of the streams affected by
industrial wastewater, had 0-1.7 TU of toxicity compared to Jangan—chun that showed no toxicity, but
we could not identify the chemicals that caused the toxicity. Sammak-chun, in which little organic and
nutrient matters were detected, indicated toxicity(0.4-1.4 TU) because the inflowing groundwater
contained high concentrations of heavy metals. The findings could be usefully used for the management

of watershed in term of ecological aspect and restoration.

Key Words : ecological toxicity, Daphnia magna
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Table 1. Target sites and characteristics

sites Characteristic

Banueol | Industrial complex drainage monitoring
2 network

Banueol | Industrial complex drainage monitoring
3 network

Industrial complex drainage monitoring

Barzleol network, Public sewage and waste water
treatment plant inflowed from Banueol 2, 3
Stream inflowed from industrial complex
Gumgog . .
drainage monitoring network
Stream inflowed from industrial complex
Jangan

drainage monitoring network

Sammak | Stream, Water of vally

Aaes YAz ewsta 24 9 744

K qom AlZAHF F 364
b oldle] SA4AEE AASE Y. o] sE A
BA % pH, DO, EC, BOD, COD, SS, T-P,

T-N, Cd, Pb, Cr, Cr® As, Hg, Cu, Mn, Zn,
Fe ¥ Fv FTHELI3AHA 7= (FHT,
2011), Al HEETH AT AT (3

i, 2011) = whskt

=1

2.2. EHE Y Y FHESMHAIY
Mgl Al&3 EWEL Daphnia magna®
T HSH NS Y o ZHE EFUSTE S E
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+ o ak
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) Fotdth W&o 9
ol X7/ Pseudokirchneriella subcapi-
tataZ (6~10)x10" cells/mLZ §&A71 A%
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9 2~6 mL/day= FFeoe =z Bz 9
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Table 2. Acute toxicity result of standard

reference(potassium dichromate)

1 2 3 4

ECsy(mg/L)  1.00 1.23 1.04 097

EHE gA45HAEe FHY
o ugkow, =
Trimmed Spearman- Karber ¥ < A}

o EH AT AARNEAN AN
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Table 3. Water quality of Banueol 2

First Second Third Forth
sampling sampling sampling sampling
pH 6.4 6.1 7.0 8.2
DO(mg/L) 5.7 52 3.6 2.0
BOD(mg/L) 9.1 133.2 575 161.1
COD(mg/L) 80.8 108.9 37.1 61.3
SS(mg/L) 30.0 58.0 24.0 72.0
EC(us/cm) 1193 602 735 710
T-N(mg/L) 11.092 9.044 7.459 5.707
T-P(mg/L)  0.611 0.695 0.351 0.465
Cu(mg/L) 1.030 4.330 0.824 1.395
Mn(mg/L) 0.554 0.744 0.468 0.597
Zn(mg/L) 2.107 2.465 2.216 4.081
Cr(mg/L) 0.02 0.08 0.02 0.07
Fe(mg/L) 0.77 1.56 1.53 0.11
F(mg/L) 0.74 0.73 0.68 1.00

v 22132 BOD 575~161.1 mg/L= #H<F

=887+ A9 130 mg/Ls 13 %3 8t
Aty SolAlgow: F7% F Cust Znol 7
0.824~4330 mg/L, 2.107~4081 mg/LZ Z7%

FE T e 5o v =4 AEHAH Cu
|
<
JETI A7AAALFe] o A AF
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23| wEW Cudll e Daphnia magna®
24N 7 94854 ECsat2 0.03 mg/L, 48A1%F
3454 ECsét< 0.021~0.146 mg/Leolth. o=
%ol 54 e AU AEd wek AolE
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Table 4. Acute toxicity result of Banueol 2

First Second Third Forth
sampling sampling  sampling sampling
ECs0(%) 18.3 8.3 12.1 4.4
TU 55 12.0 8.3 22.7




BOD+ 102~1,2940 mg/L, COD 93~232.0
mg/L, T-N 6522~34242 mg/L, T-P 0174~
0.762 mg/L%, 53] BOD¢ A$+ Hugho=
el 2A R o 35w A AR AT ®E
H FE5E Cust Znel 7k 109, 1384 s
0.029~0.596 mg/L, 0.145~0.281 mg/L= et

Table 5. Water quality of Banueol 3

First Second Third Forth

sampling sampling sampling sampling
pH 7.2 7.0 74 79
DO(mg/L) 4.2 6.0 3.0 1.7
BOD(mg/L) 2237 33.4 10.2 1294.0
COD(mg/L) 124.0 80.9 9.3 232.0
SS(mg/L) 58.0 25.0 7.3 20.0
EC(gs/cm) 3300 2336 827 1344
T-N(mg/L) 28.031 34.242 6.522 15.821
T-P(mg/L) 0.588 0.762 0.174 0.447
Cu(mg/L) 0.045 0.596 0.029 0.023
Mn(mg/L) 0.800 0.810 0.519 0.558
Zn(mg/L) 0.281 0.205 0.159 0.145
Cr(mg/L) 0.02 0.02 ND 0.01
Fe(mg/L) 1.81 0.85 0.70 057
F(mg/L) 0.41 0.56 0.38 0.66

b AL shrEE A g WRolth
gt 3 2]

T gl v 2 3x A Hgm A A
o] zt}, BODE 08~31 mg/L, COD 6.7~
106 mg/L, T-N 4.807~6.947 mg/L, T-P 0.13
1~0474 mg/LE stF oA de] 5
W2 kAo m A wEHIL UFS & F
ATt FFEFEE Cu 0~0.021 mgl, Mn 0.04
5~0.123 mg/L, Zn 0.043~0.069 mg/L, Fe 0~
0.13 mg/LZ, w4 2, 344 o] vls] 1.6~81

2= =] 7] = o

w2 Ao ukd 2 32" #AF #9
of Wbl XAl WHF WAL FFL B
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Table 7. Water quality of Banueol 4
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Table 6. Acute toxicity result of Banueol 3

First Second Third Forth
sampling sampling  sampling sampling
ECs0(%) 58.0 35.4 >100 >100
TU 1.7 2.8 0 04

First Second Third Forth

sampling sampling sampling sampling
pH 6.8 6.3 7.0 8.1
DO(mg/L) 7.2 6.7 5.2 4.6
BOD(mg/L) 3.1 0.8 1.2 1.1
COD(mg/L) 10.6 9.3 6.7 8.0
SS(mg/L) 2.3 1.3 0.7 0.3
EC(uS/cm) 768 740 708 585
T-N(mg/L)  4.807 5.355 5.145 6.947
T-P(mg/L)  0.409 0.474 0.131 0.409
Cu(mg/L) 0.008 0.009 0.021 ND
Mn(mg/L) 0.086 0.107 0.123 0.045
Zn(mg/L) 0.069 0.051 0.053 0.043
Cr(mg/L) ND ND 0.02 ND
Fe(mg/L) 0.04 0.06 0.13 ND
F(mg/L) 0.49 0.60 0.48 0.62

W 4x e AESEEE 43 BF 0 TUR
H 2o gk 24X FAEA] e Qo=

A )34,

BN

Table 8. Acute toxicity result of Banueol 4

First Second Third Forth
sampling sampling  sampling sampling
ECs0(%) >100 >100 >100 >100
TU 0 0 0 0




wRAe SAAY dAASAFAY AT
dHow FRAF 572 km, F9H2 922 km?
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Table 10. Water quality of Gumgog chun

First Second Third Forth

sampling sampling sampling sampling
pH 7.2 7.0 74 8.6
DO(mg/L) 11.2 6.4 6.1 5.8
BOD(mg/L) 6.2 11.0 2.0 7.7
COD(mg/L) 11.1 17.2 6.9 11.8
SS(mg/L) 75 12.3 70.5 125
EC(uS/cm) 571 1050 413 849
T-N(mg/L) 5.221 15.575 4.926 4.538
T-P(mg/L) 0.133 0.134 1.272 0.019
Cu(mg/L) 0.009 0.009 0.168 ND
Mn(mg/L) 0.093 0.134 0.166 0.036
Zn(mg/L) 0.031 0.092 0.067 0.088
Cr(mg/L) ND ND 0.09 ND
Fe(mg/L) 0.29 0.25 2.99 0.14
F(mg/L) 0.24 0.15 0.22 0.31

BOD 2.0~11.0 mg/L, COD 69~17.2 mg/L,
T-N 4538~15575 mg/L, T-P 0.019~1.272
mg/L2 f71& B dFdFel sEe vy
Se FEer FA4 HAY T4
0~0.168 mgL, Mn 0.036~0.166 mg/L, Zn 0.03
1~0.092 mg/L, Fe 0.14~299 mg/L= Fe’} th
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Table 11. Acute toxicity result of Gumgog

chun
First Second Third Forth
sampling sampling  sampling sampling
ECs0(%) 574 >100 >100 >100
TU 1.7 0 0.7 0

FaAe AmEAge 1, 3849 7 17, 07
TUZ %40 veda uwx 5 saelA:
Sao] gglth o] AFe] AR 42704k A

AE] Qe WrEel AftsdFel 4

Agolth &A HaE 2900 E/49 AgE
FS 7M1 HEEEAEFAAA AHE F e
2 WEsEd, olgds B A ¥ 5ol
HE WA £ e Aoz Hol 23 A
st HA4L HEF URS T vAY FstE
Aol x3E AUAY, LdEH] 58S

3.5. Ford

AAHe A AT AY AW2d 3t
Moz F2d% 507 km, F9H4 692 km’=Z
el dHer FdHe A2A R AR
NAAHE FebgdolA 05~1 km kol 4
Agh ow Tl Wit sy FEE st
Folth. $etgde FEAAHZ 9% o) &
FEAE AgHNoH, F2 2HEHHE TA
o] stdeAo|tt, JFHA 149704 F 140704}
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Table 12. Water quality of Jangan chun

First Second Third Forth

sampling sampling sampling sampling
pH 7.3 7.3 7.7 74
DO(mg/L) 13.1 9.6 7.0 6.3
BOD(mg/L) 7.0 2.4 2.6 8.0
COD(mg/L) 9.2 6.2 5.9 11.0
SS(mg/L) 25 1.0 75.0 3.3
EC(uS/cm) 446 1023 293 940
T-N(mg/L)  6.338 20.337 7.629 16.713
T-P(mg/L)  0.171 0.441 0.597 2.236
Cu(mg/L) 0.015 ND 0.064 ND
Mn(mg/L) 0.274 0.010 0.213 0.135
Zn(mg/L) 0.065 0.086 0.056 0.059
Cr(mg/L) 0.05 ND 0.04 ND
Fe(mg/L) 0.36 ND 4.76 ND
F(mg/L) 0.21 1.68 0.20 1.43

Zotd o] BODE 24~80 mg/L, COD 59~
11.2 mg/L, T-N 6.338~20.337 mg/L, T-P
0171~2236 mg/LZ §71% @ gl =
T7F vuA vre FsFog ZAHUY. Tus

FE=+ Cu 0~0064 mgL, Mn 0.010~0.274



mg/L, Zn 0.056~0.086 mg/L, Fe 0~4.76 mg/L
2 ZAMEQlom Tabled WEA] eke Cdt
Pb2 HEHA &t

Table 13. Acute toxicity result of Jangan

chun
First Second Third Forth
sampling sampling  sampling sampling
ECs(%) >100 >100 >100 >100
TU 0 0 0 0
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zrol Zn, Mn 2 Alol 9|3 Aot}
o] 3t# e BOD¥ 04~20 mg/L, COD 0.8~
25 mg/L, T-N 0526~3.280 mg/L, T-P 0.00
2~0.011 mg/LE #7118 2 J4AF7t 7%«1 5\
v AT 548 agE HAFu T8
FEE Cu 0~0019 mgL, Mn 1.980~27.825
mg/L, Zn 0998~10.050 mg/L, Fe 0~0.04

mg/L, Cd 0.003~0.035 mg/L, Al 1.03~ 816
mg/LZ Table 149} 2t}

Mne EE A 8A #HeEE42715(0.3 mg
L)< dolala, dsuEsgrlsrnts 134
E A9t BF FAA Y (strict, 2 mg/L)& 9
otk Mg ¥ AfdE HAFuEsEE
7 - A4 (10 mg/L)el oF 28744 AE H A
o= FHAMERETE 93 FA7|E ¥
2y Zn(0.12 mg/L)> 8~844], Al(0.75 mg/L)
e Hu 11HH Cd(0.002 mg/L) 1.5~169 =3}
s HAX]XH THE lttﬂ z}o] 7}

Table 14. Water quality of Sammak chun

First Second Third Forth

sampling sampling sampling sampling

pH 6.6 6.4 6.2 59
DO(mg/L) 14.5 9.1 75 8.2
BOD(mg/L) 04 0.2 2.0 1.0
COD(mg/L) 2.2 0.8 1.7 2.5
SS(mg/L) 2.3 1.0 11.7 8.7
EC(uS/cm) 283 252 1307 1113

T-N(mg/L) 3.280 2445 0.887 0.526
T-P(mg/L) 0.011 0.004 0.002 0.003
Cu(mg/L) 0.019 ND ND 0.008
Mn(mg/L) 1.980 2.995 11.490  27.825

Zn(mg/L) 0.998 1.376 5.305 10.050

Cr(mg/L) ND ND 0.01 0.02
Fe(mg/L) 0.02 0.04 ND 0.03
F(mg/L) 2.35 2.21 0.15 291
Al(mg/L) 1.03 2.62 8.16 7.26

Cd(mg/L) 0.003 0.007 0.035 0.030




Table 15. Water quality criteria in Korea and US EPA

Korea

Permissible Wastewater
Discharge Standards

Drinking Water Standards

US EPA

National Recommended Water Quality Criteria
(Freshwater, acute)

Mn(mg/L) 2(strict) 10 0.3(tap water 0.05) -

Zn(mg/L) 1(strict) 5 0.12

Al(mg/L) - - 0.75

Cd(mg/L) 0.02(strict) 0.1 0.005 0.002
Table 16. Acute toxicity and hardness

results of Sammak chun

First Second  Third Forth

sampling sampling sampling sampling

ECs50(%) >100 >100 >100 70.7
TU 05 0.4 0.4 14
Hardness

(mg CaCOvL) 77.0 110.0 210.0 175.0
A el e EA gk Table 160 YERHATEH
EW S gk g4 5d0] 05, 04, 04 TU <zt
AN ZAst7E 48] 2ke] Aol 1.4 TUR =4
ZAHAT F71E 2 dSFdFIE ALY gled
T Bt YElUE o] 54ES =2 S5
Fro 79lskeE Aew FEHW, £V u=
W Daphnia magna® 3 A& I FFE£9
4L Cu Cd Cry Pb) Ase] £o2 HiuH

mg CaCOyL)olA+=
Daphnia magna® 48~ 7t LCs°] 0.3 mg/L, 73
T(150+10 mg CaCOs/L)olA+= 1.29 mg/L=E 4
Hj o] A} olx = AAow AwEo]d = gt
33| Ake] A= 23 A vl g S Table 163
ol 2 AR EA =4 Atk Mno A%
27t A 2 AE7F 100 mg CaCOsy/Lol Al 250
mg CaCOyL=Z S7Fg ul 48A1F LCse
28 Tmg/Lol A 763 mg/LZ F7Fsttl= Hav)

(<3}
2R

o989 o] AHS
T ARAYA F5EH L =E ARkl Aol
Ao we} ZAo] =rlstE R olo] Tk A
nfgo] Fad Aoz velyt}
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Table 17. Statistical correlation analysis between acute toxicity and physicochemical

properties
DO BOD COD SS EC T-N T-P
P g mg) (mg/l) (mg/l) (ws/am)  (mg/L)  (mg/L)
Banueol 2 r 0.799 -0.819 0.974= -0.062 0.899 -0.555 -0.825 -0.162
Banueol 3 r -0.769 0.910 -0.440 -0.046 0.501 0.745 0.973x 0.943
Gumgog chun r -0.404 0.908 -0.707 -0.441 0.006 -0.686 -0.452 0.127
Sammak chun r -0.787 -0.249 0.042 0.683 0.324 0.410 -0.586 -0.235
Total r 0.148 -0.403 -0.008 0.192 0.630x: -0.131 -0.047 0.265
Cu Mn Zn Cr Fe F Al
(mg/L) (mg/L) (mg/L) (mg/L)  (mg/L)  (mg/L) (mg/L)
Banueol 2 r 0.114 0.291 0.980% 0.720 -0.638 0.915 -
Banueol 3 r 0.839 0.944 0.605 0.893 0.404 0.133 -
Gumgog chun r 0.109 0.125 —0.998s:* 0.083 0.115 0.063 -
Sammak chun r 0.189 0.910 0.858 0.842 0.225 0.596 0.418
Total r 0.661 3 -0.156 0.251 0.617 0.049 0.005 -

* © Correlation is significant at the 0.05 level(2-tailed)

#%  Correlation is significant at the 0.01 level(2-tailed)

4w AUEALS 1, 38R 217, 07

4. ZE TUZ HA4o] Yesi vz F 3zpeA=
=40l gtk osteby B AT A W Hol
A7 s FESAA 34 A" S e BT fle AoR Hob 239 AR
F7F frdE sk 27 A A, AaRAed A fE b el EAL mAe getE Aol EFFE o] 9]
B A5t FdHEE oA 1) AHe EHE AAY, SAEAY Hszds 3 545 Y
FAEAANES T A ol e A2 Bl Zlo & o4lHrh
< At 5. AdHe F718 4 JYAF, Tv5 9
1 93 2488 Cugt Znel 2 0.824~ TRV A ve prow = Hm B
4.330 mg/L, 2.107~4.081 mg/L& =4 HA&=% ol oigk 24A 7 FdE4e HY gl o=
i, EHE 345448 4% 55~227 TUR 2o A7 FdHE TadAFs dFAAAA
mo =x EAho] EAste Ao ® %AF Ht) 12k A ¥ s EAggdes FoEo AA
2. HHFY 341 BOD 10.2~1,294.0 mg/L gu = o] RAA FrIEH 4 =4 F
Z gk 27" Ry {r]Ee] ¢ 358 =4 LE o] Ao RE AHYH= ASE HRITH
GOt =4 0~28 TUR BA YeEd Bz 6. ¥ e BOD 04~1.0 mg/L, T-N 0526~
Hol f7]EHT} FF%o o dFS nH £ 3.280 mg/L, T-P 0.002~0.011 mg/L® H71%
Ades F5T 5 Urh 2 JFIFIE A 9= AGTe EFE YE
3. 8k 4x AL srEuAgow wRs S wov Eu S g F454d0l 05 04, 04
A7 wEFEe e §718 2 dIdIdF TUZ oft Al 431349 4 9ol 14
FE o AEEA 0 TUZ HgRow Aegdn TUZ =4 SA4HAY T35 v A4
A Th BERSE 9% F47IeF vadd Zn(0.12
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Removal of Phosphorus and NOM in Wastewater Effluent Using Ejector - BAF Process
System

Young-Ho Jang, Heung-Bin Im, Chan-Won Hwang, Mi-Jung-Kim, Hyung-Soon Shin,
andDong-Han Kang

Water Chemistry Team

Abstract . While the existing sewage treatment facilities are mainly being operated by biological processes,
winter—-time efficiency improvement and additional phosphorus treatment equipment using chemicals have been
required to follow the effluent criteria of TP(0.2, 0.3 and 0.5 mg/L for the zone of I, II and IH respectively)
and BOD(5.0 mg/L) which will be intensified from 2012 in Republic of korea. We made a investigation into
actual condition of biological treatment process and calculated the optimal chemical input amount by jar test of
supernatant of secondary sedimentation tank to evaluate the process improvement for the intensified criteria.
Ejector - BAF system for removing TP, BOD, NH3-N of sewage effluent was suggested. The concentration of TP
from biological process is 0.3-0.8 mg/L, and the input amount of optimal chemical coagulant was above Al/P
ratio of 3(1.9 mg/L as Al) to meet the criteria of TP for secondary treatment effluent. From the results of
this experiment, the best Al/P ratio for Ejector - BAF system was about Al/P ratio of 1, and LV of BAF
process for intensified criteria of BOD and TP was above 0.502m/hr.

Key Word : Ejector, BAF, DOC, LV, NOM
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Fig. 1 Schematic diagram of Ejector/BAF system
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Table 2. Characteristics of BAF process

Item Capacity
Liner Velocity 1.56-2.25 m/hr
Media upper part 2.0 - 40 mm
size lower part 50 - 10 mm
Media surface 1,250 m*/m’
Specific gravity 0.02-0.06 g/cm®
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Table 3. Phosphorus performance of wastewater

treatment in a long time(12 months)

Items |Area|Min. Max.|Ave.|STD| VF | 95"
A process| 1 0.187|1.169(0.485(0.198 | 1.04 | 0.505
B process| I [0.113|1.324{0.419(0.231|1.25 | 0.523
C process| I ]0.683]1.373]/0.959/0.291|1.03 [ 0.989

e A FAL Adusz A9 5
sho] w)§ Wzrele] Table 4ol WpERLE wlsl
54710 JlE Zizbel sl TPsh BOD A
A8tk Ay e,

mL rlo

ofr

Table 4. TP, BOD, SS performance of wastewater

treatment in a long time (12 months)

T-P BOD
Winter | The rest | Winter | The rest
A process | 0.501 0.453 9.5 44
B process | 0.496 0.311 8.8 49
C process | 0.785 1.008 0.6 0.5

Items

T = A floce=z F
T717H2011.2-6) &<t sk W
el TP kol gk Soluble P 5
Z9o] HE&LS 630-979 % WHR HT 04-08
mg/LE2 ZAFE A tHTable 5). uwabA &3 g
A WUl Ao s oz tsstr] YEiA
= 953 Wzt o WEE= WRFHE(TP,

BOD )& M43t & 4 Sl 71E AedA A
gegel ek HHe eguert s ew 2
LM, HEe] Hg - &Il 33 A
g4 ¥ 2 FFH e o) dxvr daF
Ao gereTh

Table 5. Phosphorus performance of wastewater

treatment

Items T-P of C/P T-P |Soluble P
sludge(%) | ratio | (mg/L) | (mg/L)

A process 1.6 389 | 0.567 0.501
B process 3.1 444 | 0403 0.254
C process 1.5 282 | 0812 0.795

3.2 Jar HAE &Hu}

22 AAA e AFHAF(TP 0.638 mg/L)el
S AA(PAC, Poly Aluminum Chloride)E o]
GHAI(A/PYH], 1-6)2 Zdste] F=Ysta Q1 AA
S5 #AsAHTable 6). dukA o2 PACE
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de Ad TP 5% 02 mg/L olshe +2& &
Asl7] Y3 FAdFEE AVPY] 3(19 mg/L as
Al FFow ZAMES o ol Alkalinity &%

&7 DOC AA&ZEL 7217t 15.0%, 16.9% T2
2 A AT o= wElg To AT A (AL =
6-9 mg/L, Alkalinity 27.8%) ®.t} PAC F<¢#&
1/3-1/4 92 32 9 == FrhEch?).

Table 6. Phosphorus removal rate shift of Al/P

rate change (unit : mg/L)

Items DOC pH [Alkalinity| T-P
Influent | 7.022 7.2 130.0 0.638
Al/P=1 | 6.664 7.2 124.5 0.528
Al/P=2 | 6.272 7.1 119.5 0.396

[ Al/P=3 | 5831 6.9 113.0 0182 |
Al/P=4 | 5497 6.8 107.0 0.104

Al/P=5 | 5275 6.8 99.5 0.062
Al/P=6 | 5258 6.7 92.0 0.023
27 AAA st SRAE FAst] <l Al

(2. SHA FUdFl wE F71=2(DOC),
TP W38 (dC/dA)S Fig. 201 e nle} 2
o] Al/P(2-3) F-ZolA  ®WEEo] 0.114-0.233
dC/dARI 91 = 7HE AA YERSen Al/PH] 39]

FAE g £ES wolFa vk
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Fig. 2. Characteristics of Phosphorus removal
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Water Quality Status of Non-Designated Public Drinking Water Facilities in
Gyeonggi-do

Gyoung—-Su Park, Bo-Youn Kweon, Yeon-Gook Sung, Woong—Soo Kim, Jong—-Moo
Won, Ji-Young Kyung, Gyun-Hee Kim and Tae-Young Kim
Drinking Water Analysis Team

Abstract : This study was carried out to investigate and evaluate the water quality status of 50 non-designated
public drinking water facilities located in Gyeonggi-do, Republic of Korea. The disqualification rates of the total
facilities were 14.0 % for the dry season of March and April, and 48.0% of the rainy season of July and
August, respectively, and thus the disqualification rate of the rainy season was 3.5 times higher than the dry
season. 96.0 % of the disqualified items in the rainy season was a microbiological contamination such as total
coliform bacteria, which was caused by the contaminants from animal excrement, soil and sand by heavy rain in
the rainy season. The turbidity for one facility was 1.15 NTU showing above the legal limit, and the
concentration of aluminium for one facility was 0.40 mg/L which showed 2 times higher than the legal limit
influenced by soil components. Organic matters, VOCs, pesticides and heavy metal were not detected or detected
a trace. A mineral content in the facilities was relatively small compared to a mineral content in food.
Therefore, it was necessary to install the disinfection facility such as UV sterilizer etc. to prevent a
microbiological contamination, and to close the facilities that exceed the legal limits repeatedly and cannot be

utilized by exhausting the water source.

Key words : public drinking water facility, water quality status, microbiological contamination
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Table 3. Average contents of targeted items by Table 4. Average contents of targeted items by

facility in the dry season facility in the rainy season
unit : mg/L unit : mg/L
section| TH [ Pm | Zn [ AL [ Cr [ TS INOWN| Tb [SOs section| TH [ Pm | Zn | Al [ CI [ TS INOSN| Tb [ SOs
(300) | (10) | (3) [(0.2) |250)|(500)| (10) |(INTU)|(200) (300) | (10) | (3) | (0.2) |(250)|(500)| (10) |(INTU)|(200)
A | 5 Jo3oooelodo] 2 [ 21 [ 16 [ 007 | 6 A | 11 [12]0004]020] 1 [ 16 [ 06 | 010 [ 6
Bl | 21 | - Jooos| - | 2 [ 23] 05| 015 | - Bl | 21 [14] - | - | 5 [30]23]o018]3
B2 | 39 | 0.6 |0006[0.03] 7 | 66 | 61 | 034 | 6 B2 | 37 | 17 [0014[005| - |67 | - | 051 | -
B3 | 15 | 03 |0004] - | 2 [ 25| 06 | 012 | 3 B3 | 8 [03] - | - | - |10os] - | 013 -
B4 | 14 |03 Jooo4| - | 2 [ 25 [ 06 | 012 3 B4 | 32 | 04 [0025[007| 4 |44 | 17 [ 092 | 3
B5 | 20 | 06 J0007] - | 3 [32] 23 | 010 8 B5 | 15 | 18 [0005] - | 4 [ 28 | 1.5 | 018 | 3
ct | 11 | - Jooos| - | 4 [ 32| 16 | 007 | 3 ct | 14 | 06 [0008[0.03| 2 |24 | 20 | 007 | 2
c2 |70 | - | - | -] 12]9 |33 01 |s c2 | 87 |03 ]oo18] - | 12 [105] 26 | 007 | 3
c3 | 1 o3 oo07] - | 2 [14] 10| 010 - c3 | 13 |05 [oo12[019] 2 |21 | 30 | 008 | -
Dl | 23 [o6 | - | - | 4 [188] 22 | 007 | 7 Dl | 23 [03 | - | - | 3 | 92| 180077
D2 | 30 [13] - | - [ 3 ]9 |36 00909 D2 | 30 [03 | - | - | 2 [104] 24 | 009 | 9
El | o1 | - Jooo3] - | 5 [116] 56 | 010 | 10 El | 66 | 06 [0.005] - | 4 [ 90 | 55| 017 | 9
E2 | 79 03] - | - | o [104] 80 ] 008 | 9 E2 | 53 | 11 footo] - | 7 [ 8 | 58 [ 023 8
FI | 75 |05 [oasol - [ 10 [ 117 ] 29 | 015 | 24 FI | 115 | 0.8 [0.004[ 004 | 5 [ 134 | 28 | 044 | 25
F2 [ ot o7 | - | - [ 33141 20]014]2 F2 | 123 | 1.3 [0.006]0.08 | 37 [ 163 | 24 | 093 | 29
F3 | 4 03] - | -3 ]27]16]042]s5 F3 | 11 |06 | - [005| 2 [ 24 | 1.7 | 065 | 3
Gt | 2| - | - | -] 4|8 |e63]012]16 Gl | 36 | 06 [o011]004] 4 | 54 | 54 | 027 | 7
G2 | 16 03] - Joo2| 3 |37 09 | 027 | 4 G2 | 16 [ 05 |oot1|oo7| 4 |37 ] 27 | 056 | 6
G3 | 30 [o03] - | - [ 4 |4 09 ] 012 4 G3 | 44 [ 09 |0.006]0.03] 4 | 51 | 16 | 036 | 3
Hl | 8 [ 04 ]0005| - | 3 |40 ] 09 | 012 | - HI | 9 [o04 Jooto] - | 3 |29 ] 09 | 014 | -
H2 | 27 [ - | - | - [ 4 |57 ]34 ]028] 38 H2 | 29 [ 1.3 [0.002]0.03] 3 | 49 [ 3.6 | 049 | 8
H3 | 9 [07 ]ooo4] - [ 2 |31 ] 18 o012 ] 3 H3 | 14 [oo| - | - | 2 |28] 15016 ] -
He | 22 [ - | - | - [ 3 |51 ]30]o012] - He | 21 [ 04| - Joo3| 2 | 45| 39 | 031 | -
m | 24 | - | - Joo2| 1 [37 ] 14 ] o022 4 1 9 | - | - foos| 2 [ 23] 17| 039 | -
2 [ 2 | - | - Joos| 1 [34] 04|03 ] - 2 | 21 Jo9o| - Jo1s| 2 [ 34| 05 [ 095 | -
B | 18| -] -] -]1]2]o06]00 | - B3 | 10 o8] - [003] 2 [ 21| 10| 028 | 2
1| 30 |04 Joo14] - | 14 |50 | 1.8 | 047 | 13 | 21 [o8 | - Jo20] 2 |39 [ 31 | 115 | 3
12 | 29 |06 0021 - | 14 | 45 [ 20 | 046 | 14 12 | 27 [ 04 |0007]012] 2 | 49 | 58 | 053 | 3
33 | 27 |05 J0005| - | 13| 44 | 19 | 031 | 13 3 | 20 [o6| - Joo2| 2 |40 | 15 | 019 | 4
34 | 28 | 1.1 Jooos| - | 14 | 49 [ 20 | 049 | 14 34 | 19 [ 15 Jo003[016] 4 | 43 | 44 | 078 | 7
Kl | 90 [ 09 [o008] - [ 16 | 124 23 | 013 | 20 Ki | 88 | - Jooos| - | 15 | 124 | 21 | 015 [ 19
K2 | 8 [03]0003] - [ 4 |40 ] 23 ]015] 5 K2 | 9 [o04 o003 - | 3 |39 ] 21 | 014 4
Lt |1 | - | -] - |3 [26 ] 04 ]012]3 L | 8 | - | -] -] 2[23]06]014] -
L2 | 18 | - | -] - |3 |4 ]12]037]2 | 17 | - | - | -] 3 [38]13]o02]| -
3|2 | -] -] -13[42]03]oo]e 3 | 18 | - [0002[003] 3 [32] 03 | 042 | -
4 [ 35 | - | - Joo2| 3 [ 51 ] 06| o021 3 14 | 27 o4 | - Joos| 3 [ 47 ] 02038 ]| -
L5 | 18 | - [0003/004| 3 |33 | 08 | 027 | 3 L5 | 12 | 05 [0006[003] 8 | 26 | 1.5 | 029 | 2
L6 | 54 | - | - | - | 4 |6 |22]016] 7 L6 | 47 |04 | - o010 5 | 69 | 48 | 0.62 | 10
L7 [ 33 | - | -] -] 2 [50]29]007] 4 L7 | 31 | - [ -] -] 2[4 ]23]013]3
Mi | 19 o3| - | - | 2 [172] 1.6 | 009 | 2 MI | 19 [ 03] - | - | 2 |8 | 15] 00 | 2
M2 | 17 | 03] - Joo6| 3 [146| 26 | 007 | 5 M2 | 17 [ 03] - [o0o06| 3 | 72| 28 | 007 | 5
M3 [ 20 03| - | - | 2 |148] 20 | 011 | 4 M3 | 20 [03] - [ - | 26| 15] 01| 4
M4 | 14 |03 ] - | - |3 [ 7] 11 ]o2] s M4 | 14 [ 03] - | - | 3[4 | 04]o012] 38
Ms | 55 03] - | - | 7 [16e8] 29010 8 M5 | 55 03] - | - | 7 ]170] 36 ] 010] 8
M6 | 10 | 03] - [003| 2 [386] 07 | 014 | 7 M6 | 10 |04 ] - [003] 2 | 44| 16| 014 ] 7
Nt |28 | 11 foo22] - | 3 [159| 19 [ 002 | 2 Nt | 28 |03 o022 - [ 2 [ 94| 13 ] 002 2
N2 [ 20 Jo7 | - | - |3 37|13 ]o017] s N2 |20 Jos| - | - [ 2 ]64] 060175
N3 |40 o6 | - | - | 4 [233] 21 [ 0055 N3 |40 o3 ] - | - [ 2 ]9 27]005]s5
N4 | 19 [os| - | - |3 [138]20] 010 4 N4 | 19 (03] - | -] 2]74]06]010] 4
N5 | 19 [o0s foors] - [ 4 [ 83 ] 17 ]o012] 7 N5 | 19 [ 05 Joors| - | 2 [ 84 [ 12 [ 012] 7
¢ TH : Total Hardness, * TH : Total Hardness,
Pm : Permanganate consumptoin value, Pm : Permanganate consumptoin value,

TS : Total Solids, Tb : Turbidity TS : Total Solids, Tb : Turbidity
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A Study on Harmful Chemicals to Aquatic Ecosystem in Jinwi Stream Watershed

Eunah Jang, Yoyong Kim, Ingu Kim, Sekwang Kim, Jongsung Kim, Kuysuk Kim, Changkuy Kim

Watershed Research Team

Abstract : This study was carried out to investigate the concentration of harmful chemicals to aquatic ecosystem
in Jinwi basin and to present the priority of chemicals to be managed to protect the aquatic ecosystem in Jinwi
basin by performing the ecological risk assessment. As a result, copper has the highest RQ average and rate of
RQ>1 in Hwangguji stream, Osan stream and Jinwi stream. This means that copper has the highest probability
of ecological risk to the aquatic organisms and ecosystem in Jinwi stream watershed and should be managed
first to protect the aquatic ecosystem in Jinwi stream watershed. Next, aluminium, selenium and zinc have the
highest. By the way, these chemicals have never regulated by law. But based on the results of this study, the
contamination level of these chemicals can adversely affect the aquatic ecosystem and it is necessary to set up
the standards for these chemicals and to manage those chemicals institutionally to protect the aquatic ecosystem

in Jinwi stream watershed.
Keywords : Jinwi stream watershed, Ecological risk assessment, Risk quotient
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F719A FF R 77192 FoF2 SPME
(Solid-Phase Microextraction) ¢l 2|38 Al5 &
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= % GC/MSDe 4= A 2H1999)7

SE£BE A0 TAANIZID ES 044
08.1(7 -8 5 7]- A58 = 1) 7 ES 04400.4
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AAP7IE ES 040010 whet HAEIA R A
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Table 1. SPME, GC/MS operating Conditions

for pesticides analysis

SPME fiber :

Extraction

100 um PDMS

40 min. direct immersion with
agitation using CombiPal autosampler

Desorption Process : 3 min. at 270C

Column : DB-5ms(30 m x 0.25 mm L.D. x 0.25 pm)
Carrier Gas : He, ImL/min constant flow

Oven : 407C(1min)—25C/min—150 C—5C/min—
230C (3min)—18 C/min—310C (3min)

Splitless, 270C

: MSD SIM Mode

Time(min) Selected Ions(m/z)

Injector :

Detector

15.07 179, 137, 152

16.62 100, 272

18.20 173, 66, 263

19.68 353, 355, 351, 373, 375
22.34 79, 82, 81,195, 160, 159
25.18 235, 237, 165

2.4 MEiS{sH LTI}

e $1 8 A 3 7HEcological risk assessment,
ERA)Z A F&A7F Falldzte] =5

& o sk RgHe A 93 B
= 9AFe HAHow AAHV|E Y T3 2
e 8744 AR Aol d BEHL
S1THD), ol e g AHIAAEI el 9l
A5g Agstel Frrsks A9 W7
Wi FUAELEE o AN o
et sEAusadEst yel o 2
AT = AT E A=t 2P A E 96
7 wwe Agstel A9H fod
AeelaigEd7re At FAHA BReE
Ael Ao AEEojobd ed=dS =
Z3lA sk 918 A9 (Risk quotient, RQ)T
Amel 9s aEsEd RQ Fel 1 wwd
Ade sld SdEL o =2 e



RQ = —Z¢ 1y 31 B%AR
PNEC
Fope F 258 RASGEE BE 2AAY
- = == =
VI ECE 88 SO 2REE SR g gaa elsz dEuch ol £AbY
PNECE dSHdTFsrzA 42 P4 o 1129 okxdo] A @ o4, 72
Ewdt Al g wastel SAREE F o LguAe few G mA Asde
IR Al ws AR el M = ge e ougd. A% Table 20 AN
O Tt =2 uks ZH AT = & = 5 N
EwwE SEn ASTeUeEs YHRE  gn o gaed olste At BaE
= ZANs AL = Al A L3 2= o)
71Eo] EATE A5 olE EH:_] =1 0:6 T_ A (N.D.)= EA B U
o 2 AFAAME F7IE =Fel o JEgH BAA e NS HA=s7] o8 A=
o= @77 =Fol o3 4% 9SS H A W AN AIT2 AEsa 333 2 16
ot sAMEETIEE 4, TSR T g4 gges A6 o AREAE A5
webel Axlsha gl vimel SA FAMES g o Aae Table 301 AN SAT. AUEE
7 Z% A Q9 ELod iui o] LAl =X > 7 - — .
1< © °}“_E}' [ C I 8.3~12.5%, T EE 95.9~1012%% FHLAF
T S =F Al S5 AEHA fFa dF AN 7] ]9 AwFE Emel A
- 5 = = ~ = v =
Hushesr HITFAHAY wrgtom AAgE gt om QCAlE RAZAIE ERAAFIA A=
o] .
Table 2. Concentration of pesticides in Jinwi stream watershed
Pesticid Criteria® | LOD® Mean Concentration (ug/L)
csticides
(Mg/L) |(g/L)| HG1 | HG2 | HG3 | OS1 | OS2 | 0S3 | 0S4 | JWI | JW2 | JW3
Diazinon 0.17 0.15 | NDS| ND. | ND. | ND. | ND. | ND. | ND. | ND. | ND. | ND.
Heptachlor 0.52 0.10 | NND. | ND. | ND. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
Malathion 0.1 0.14 | ND. | ND. | ND. | ND. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
Aldrin 3 0.13 N.D. | ND. | ND. | ND. | ND. | ND. | ND. | ND. | N.D. | N.D.
Heptachlor Epoxide| 0.52 0.13 N.D. | NND. | ND. | ND. | ND. | ND. | ND. | ND. | ND. | N.D.
y-Chlordane 0.24 0.15 | ND. | ND. | ND. | ND. | ND. | ND. | ND. | ND. | N.D. | N.D.
Endosulfan 1 0.22 0.11 N.D. | NND. | ND. | ND. | ND. | ND. | ND. | ND. | ND. | N.D.
a-Chlordane 0.24 020 | ND. | ND. | ND. | ND. | ND. | ND. | ND. | ND. | N.D. | N.D.
Dieldrin 0.24 0.21 N.D. | NND. | ND. | ND. | ND. | ND. | ND. | ND. | ND. | N.D.
Endosulfan II 0.22 0.12 N.D. | ND. | ND. | ND. | ND. | ND. | ND. | ND. | N.D. | N.D.
p.p'-DDT 1.1 0.17 | ND. | ND. | ND. | ND. | ND. | ND. | ND. | ND. | N.D. | N.D.

A: The acute water quality criteria for the protection of
aquatic organism of EPA
B: Limit of detection

C: Not dectected



Table 3. QA/QC of pesticides

Heptachlor

Diazinon |Heptachlor| Malathion |  Aldrin |
Epoxide

-Chlordane I

Ei If: Ei If:
Yy ndosulfan a Dicldrin ndosulfan

p-DDT
-Chlordane I PP

LOD(gL) | 0.15 | 015 | 0.14 | 0.15 | 0.15

0.15 0.21 0.20 0.15 0.19 0.17

Precision(%)| 8.6 8.9 8.3 8.6 8.8

9.0 12.5 12.0 8.6 11.0 10.0

Accuracy(%)| 98.0 98.6 101.2 | 96.2 95.9

97.8 98.6 98.6 98.9 98.3 96.7

QC PALs*

0.42-1.26|0.45-1.28/0.53-1.26|0.50-1.35|1.92-4.13
(Mg/L)

0.43-0.92 | 0.51-1.28 | 0.50-1.10 {0.48-1.03| 0.56-1.50 |0.77-1.99

QC result

0.65-1.24/0.93-1.09|0.70-1.21 |0.86-1.15| 2.14-3.83
(Hg/L)

0.56-0.87 | 0.88-1.24 | 0.67-0.99 |0.66-0.97| 0.85-1.39 |0.91-1.46

A: Performance Acceptance Limits

A5l 204 9] (Performance acceptance limits)
Y2 ZAEe B AFdA Aozl B4 AN
AaSlE gl

5:
il

rr
o

i 3}
Fig. 29} vt EAAIN Be ZAA A
Cr', Cd, Hge A&7 A
Al 3.6~3,773ug/L, Ni2 E7E~49ug/L, Cu
~3792;1,g/L Asv &

~15.9u8/L, Age &

3/zg/L FEHYgE A
HAth FFA AL AL As, Sed LU=V}
A A9 vl =A dErwa A4
, Cu, Zno Q=7 F7AHI 219

=41 E5~53ug/L, Zn<
Z~39.9ug/L, Sex= E7

=~218/L, Pb EHE~1

ut

A

-

:
Z

mlm

T

o,

o)

H oo

oot
—u
A

R

3

I
ol
=
>

0 o

i

o M

>
e/

of M1 T
~
~
o3l
e
r

AN 2F Al
Aoz 2AHAY. Al
wokd 795 o

LAEE w48 FUMATI=

k
v
oy
o
ot ¥
2
2o
o
0,
an)
<

¢

I B fo o b ofo MN'
o

it OOk oo 2 re

o

e Ho
N
-

o
URW}

%=+ Table 4, 5, 6
H(Table 4) A7, =
/1 Al, Ni, Cu, Zn©]
100%°] A=Wl Ha SHEE Al
Zn>Cu>Ni>As>Pb>Se>Ag O 2 =7 L}E}kk
ok AlFF Cudl 9%+ AFHGHIAA =k
Zn9 LAEE FHMHG2)ONA 7+ %;711

QL
>
e

Q o
=g
ol oy
e
e

=2
2,
>
ol
=
3
LS
o! {
-
)

of
oL
u
o

=
T,

k1 iy
B

2

2

HU
o
i

0
=

H9lom o]9] As, Pb, Se 59 LU= E AT,
T, O B MR o ARG

2 AFH (Table 5)&
°] 100%°] A=H%E
TR vpR7ER 2 Al>Zn>Cu>Ni>As>Pb>Se>
Ag £O0® =2 0dRE YEWt AlY 2
L& ARFOSHANA =A YERE I Cu, Zn«l
LAETE FTHOS2)AA =
A (Table 6)> A+, 55, 3t
A Al Zno]l 100%2] AEHIE=E
AI>Zn>Cu>Ni>Pb>As>Se>Ag O 2 H2
E uetith Al Zno L¥EE S
AN 7HE =A YEWA Cud 29 %
(W2)ell A 74 =4 ZAFE Sl
A Adel dig EAARe] AL E A
=] %kz‘ﬂ—ﬁ]’ xq:m:

~N
)
:oé

N

N[
ro
)

U
1
P,L
32
£
W
b
&
rlr

Table 7 oﬂ A Al 83
12~74 %, BTEE 952~109.2%

Ald71EA A AL Ae
=g Bl A™UE 25%°|u,
5~125%% BT WESAIA oM, QCAl R
% ERAAMIA A Fdhs A5 A9
Wz BEA5o] B dAtoa dojx

o
PHARL AHT 5 e ARYE

lo oy b1odw oo
Moy loomd g
moﬂMrO

rir

ot I oo FMrooxt ol _Q X

fO R o Jor b



Fig. 2. Concentration of (a)Al, (b)Ni, (c)Cu, (d)Zn, (e)As, ()Se, (g)Ag, (h)Pb in Jinwi stream watershed



Table 4. Concentration of metals in Hwangguji stream

N HGI (n=25) HG2 (n=25) HG3 (n=25)
Metals (ILZ%) Mean |Min.~Max.| Detection | Mean | Min~Max. | Detection | Mean | Min.~Max. | Detection
(WgL)| (ug/L) |frequency(%o)| (Mg/L) | (Mg/L) | frequency(%) | (Mg/L) | (Mg/L) | frequency(%o)

Al 0.44 | 4742 | 9.9~2676 100% 394.8 | 18.6~3363 100% 4724 | 6.9~3773 100%
Cr | 028 | N.D. |N.D~N.D. 0% N.D. | N.D.~N.D. 0% 0.0 | N.D.~N.D. 0%
Ni 020 | 7.9 0.9~13.8 100% 5.8 1.2~15.0 100% 5.1 0.8~12.8 100%
Cu | 0.14 | 145 | 4.6~40.0 100% 9.8 3.3~20.8 100% 9.7 2.6~35.9 100%
Zn 0.35 | 23.5 | 4.5~109.6 100% 389 | 6.6~163.7 100% 23.0 5.9~80.1 100%
As | 0.17 | 22 |N.D.~14.7 88% 33 | N.D.~234 88% 2.2 N.D.~7.8 92%
Se 0.77 | 24 | N.D~7.1 72% 1.7 | N.D.~159 56% 1.3 N.D.~8.9 52%
Ag | 018 | 02 | N.D.~1.1 28% 0.1 N.D.~0.9 24% 0.1 N.D.~1.2 24%
Cd | 032 | N.D. [N.D~N.D. 0% N.D. | N.D.~N.D. 0% 0.0 | N.D.~N.D. 0%
Pb 0.56 | 2.1 |N.D.~124 68% 2.3 N.D.~10.5 72% 2.1 N.D.~11.2 60%
Hg | 0.03 | N.D. | N.D.~N.D. 0% N.D. | N.D.~N.D. 0% 0.0 | N.D.~N.D. 0%

A: Limit of quantification

Table 5. Concentration of metals in Osan stream

OS1 (n=25) 082 (n=25) 0OS3 (n=25) 0S4 (n=25)
LOQ ; ; ; 4
Metals (Mg/L)| Mean | Min~Max. Detection | \gan | Min~Max. | DEECHON | Nean | Min~Max, | DEtECtion | nges | Min Max, | Detection
frequency frequency frequency frequency

()| (D) |y kD] D |00 e weD | D] wen |y

Al 0.44 |260.0| 3.6~1461 | 100% |241.8|10.3~1538| 100% |226.1|13.9~1248| 100% |237.6|19.5~1391| 100%

Cr 0.28 | N.D. IND~N.D.| 0% |N.D. |N.D~ND.| 0% |ND.|ND~ND.| 0% |[ND. ND~ND.| 0%

Ni 0.20 | 2.1 | ND~6.5 | 80% 8.0 | 0.2~185 | 100% | 9.2 | 0.2~49.0 | 100% | 7.5 | 0.2~30.2 | 100%

Cu 0.14 | 62 | 0.9~20.7 | 100% | 18.3 | 2.5~53.0 | 100% | 13.7 | 3.5~30.6 | 100% | 15.3 | 5.4~43.8 | 100%

Zn 0.35 | 18.7 | 1.2~49.4 | 100% | 51.2 [10.2~379.2| 100% | 31.9 | 14.2~62.4 | 100% | 30.3 | 1.5~80.7 | 100%

As 0.17 | 1.2 | ND.~22 | 80% 2.2 |N.D~224| 88% 2.1 |N.D~17.6| 84% 1.4 | ND.~49 | 84%

Se 0.77 | 0.5 | N.D.~5.9 | 20% 2.2 |N.D~10.4 | 64% 1.2 | ND.~8.6 | 44% 1.1 | ND.~9.0 | 48%

Ag 0.18 | 0.1 | N.D.~2.0 | 36% 0.1 | ND~0.7 | 20% 0.1 | N.D.~0.5 16% | N.D. | N.D.~0.3 16%

Cd 0.32 | N.D. IND~N.D.| 0% |ND. |ND~ND.| 0% |ND.|ND~ND.| 0% |[ND. ND~ND.| 0%

Pb 0.56 | 1.0 | ND~4.7 | 52% 2.1 |N.D~163| 56% 1.5 | ND.~9.0 | 56% 2.1 | ND.~9.3 | 56%

Hg 0.03 | N.D. IND~N.D.| 0% N.D. |[ND~N.D.| 0% N.D. [ND~N.D.| 0% N.D [ND~N.D.| 0%




Table 6. Concentration of metals in Jinwi stream

JW1 (n=25) JW2 (n=25) TW3 (n=25)
Metals (ig/g) Mean |Min.~Max.| Detection | Mean | Min.~Max. | Detection | Mean | Min.~Max. | Detection
(uglL) | (Mg/L) frequency(%)| (Wg/L) | (Mg/L) |frequency(%e) (Mg/L)| (Wg/L) |frequency(%)
Al 0.44 | 228.2 | 14.6-1590 100% 281.6 | 39.1~1205 100% 360.0 | 10.0~2367 100%
Cr | 0.28 | N.D. | N.D.-N.D. 0% N.D. | N.D.~N.D. 0% 0.0 | N.D.~N.D. 0%
Ni 020 | 1.7 | N.D.-13.8 72% 5.5 0.2~14.9 100% 53 | ND~15.7 96%
Cu | 0.14 | 9.0 | N.D.-50.9 92% 11.6 2.9~31.6 100% 8.9 2.9~35.1 100%
Zn 0.35 | 143 1.0-43.5 100% 26.9 6.1~61.2 100% 36.1 3.8~209.0 100%
As | 0.17 | 09 N.D.-4.6 64% 1.6 N.D.~3.8 88% 3.5 | N.D.~39.9 92%
Se 0.77 | 0.7 N.D.-7.6 48% 1.2 | N.D.~10.0 48% 1.3 N.D.~7.2 52%
Ag | 0.18 | 0.1 N.D.-0.5 24% 0.1 N.D.~0.9 12% 0.1 N.D.~0.6 20%
Cd | 032 | N.D. | N.D.-N.D. 0% N.D. | N.D.~N.D. 0% 0.0 | N.D.~N.D. 0%
Pb 0.56 1.3 N.D.-8.9 52% 2.5 N.D.~12.4 60% 2.8 N.D.~12.2 68%
Hg | 0.03 | N.D. | N.D.~N.D. 0% N.D. | N.D.~N.D. 0% 0.0 | N.D.~N.D. 0%
Table 7. QA/QC of metals
Al Cr Ni Cu Zn As Se Ag Cd Pb Hg
LOD(pg/L) 0.15 0.10 0.07 0.05 0.12 0.06 0.26 0.06 0.11 0.19 0.01
LOQ(pg/L) 0.44 0.28 0.20 0.14 0.35 0.17 0.77 0.18 0.32 0.56 0.03
Precision(%) | 4.2 2.9 2.0 1.5 34 1.8 7.4 1.8 32 54 1.2
Accuracy(%) | 95.6 100.6 | 103.1 | 106.3 96.2 109.2 95.2 99.2 99.3 95.6 98.6
Q(CugP/f)LS 11.6-14.8|4.74-5.50|3.52-4.19/10.2-12.4|11.5-13.6|2.44-3.02|4.16-5.25 |4.82-5.90|3.66-4.31|3.30-3.94|0.68-1.01
Qﬁ]gr/e]i;ﬂt 12.8-13.8|4.81-5.37|3.68-3.88|10.4-11.7|12.4-12.9|2.51-2.744.22-4.98 |4.86-5.15|3.86-4.12|3.43-3.77|0.76-0.91
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= o
ox, oX
o

©

ol
==

9 o

[\®]
S
3
=]
o
Bl Ho oX wp ML
rO

=

Hie rlo
°
>

<]

S

)

T A e 2l 7t

2 Yelyth AlS Cudl

Criteria®

Metals (ug/L) HG1 HG2 HG3 OS1 082 0S3 0S4 JW1 JW2 JW3
Al 750 0.01~3.5710.02~4.480.01~5.03 | 0~1.95 |0.01~2.05|0.01~1.66 |0.01~1.85|0.02~2.12|0.05~1.61 | 0.01~3.16
(0.63)® (0.53) (0.61) (0.35) (0.32) (0.30) (0.32) (0.30) (0.38) (0.48)

Ni 470 0~0.03 0~0.03 0~0.03 0~0.01 0~0.04 0~0.10 0~0.06 0~0.03 0~0.03 0~0.03
(0.02) (0.01) (0.01) 0) (0.02) (0.02) (0.02) 0) (0.01) (0.01)
C 13 0.36~3.08 [0.25~1.60 | 0.20~2.76 | 0.07~1.59| 0.19~4.07 | 0.19~2.350.19~3.37 | 0~3.92 |0.23~2.43|0.23~2.70
v (1.12) (0.76) (0.73) (0.48) (1.40) (1.06) (1.18) (0.69) (0.89) (0.69)
7 120 0.04~0.91 0.05~1.360.05~0.67 | 0.01~0.41 | 0.09~3.16 | 0.09~0.52 | 0.09~0.67 | 0.01~0.36 | 0.05~0.51 | 0.03~1.74
n (0.20) (0.32) (0.19) (0.16) (0.43) 0.27) (0.25) (0.12) (0.22) (0.30)

A 340 0~0.04 0~0.07 0~0.02 0~0.01 0~1.00 0~0.05 0~0.01 0~0.01 0~0.01 0~0.12

s (0.01) (0.01) (0.01) ) (0.05) (0.01) 0) 0) 0) (0.01)

S 5 0~1.43 0~3.17 0~1.78 0~0.25 0~2.08 0~1.72 0~1.80 0~1.51 0~2.00 0~1.44
¢ (0.49) (0.33) (0.25) (0.03) (0.43) (0.23) (0.23) (0.14) (0.24) (0.25)

A 19 0~0.26 0~0.29 0~0.37 0~0.64 0~0.21 0~0.16 0~0.11 0~0.16 0~0.28 0~0.18
g ’ (0.03) (0.03) (0.04) (0.05) (0.02) (0.02) (0.01) (0.02) (0.03) (0.02)
Pb 65 0~0.19 0~0.16 0~0.17 0~0.07 0~0.25 0~0.14 0~0.14 0~0.14 0~0.19 0~0.19
(0.03) (0.04) (0.03) (0.02) (0.03) (0.02) (0.03) (0.02) (0.04) (0.04)

A: The acute criteria of EPA

The criteria are expressed in terms of the dissolved metal

in the water column.
B: The average of RQ



Fig. 3. Risk quotient of (a)Al, (b)Ni, (¢)Cu, (d)Zn, (e)As, (f)Se, (g)Ag, (h)Pb in Jinwi stream watershed
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Study on Epidemiologic of Virus patients with Acute Gastroenteritis
- Norovirus Genotypes From 2008 to 2011 in Northern Gyeonggi-Do -

Seon-Jae Bang, Ok-Kyung Choi, Sun-Mok Kwon, Kyong-Shin Ryu,
Soo-Jung Nam, Sang-Tae Kim, Gu-Hwan Kim and Jong-Bok Lee

Microbiological Inspection Team in North Branch

Abstract : Norovirus cause the major acute non-bacterial gastroenteritis in the winter.
This study was analyzed the nucleotide sequences of Norovirus strain detected to total
8,096 acute gastroenteritis and genotype of the 762 positive samples during 4 years(from
2008 to 2011). Norovirus was detected the highest 2008 year(17.0%) than other years and
distributed from November to March in 58.8%. It was detected the highest one year 40.3%
and all age distribution.

Norovirus was detected genogroup GII(85.0%) and 4 of GII(56.0%).

The results of this study will contribute to accumulate the currently available epidemiology

data and improve public health and developing vaccines in northern Gyeonggi-Do.
Key Words : Norovirus, Acute Gastroentertitis, Genotype(GI, GII)

R i emvtol st TGRS QUYL T AL F2 WA velelx 4R
olt}h, A7IEFAYL 4320083 ~2011)3F = ,9674o Ao s w==2dlo]e] A~ %A 7627
S Adstol FAAE BEAS APt A HELS 2008 17.0% = 20094 (5.0%), 20103
(8.1%), 20113(6.9%) Bt} =4 HE=FHS

14 o7} 403% = 718 =4

WP% TE= GIv‘fol 85.0% = GIiol Hl—sﬁ hrzﬂl By, GI-43 0] 56.0%% Tt
ARG R dolufolg Aoz AT}

of ATE B 49T AR wRutolds AT MuEAT AR AP #y
o

FHO - wmntolgf s, FAAAAEAL AR (G GID




1.ME

wgufolel 2 ZEpuole] 2 ol wmulo
22, ofz~Egutolael A AALAQIH}o
Hew F2 AE F4 S o3 daHn
JTEIN wmulolela PEFE AAAH O

2 dAs, AdHer 2 Agdd g

r>~l

Ag, TE, AL 589 Fo34S e,
°®, FE 52 4U/E Bk wE 1-29
Az AEI7 Fu FEL duw doju
19 wgulole] A Aolo A Al welZ7t

g0l 30%el s Frtd e Bavl guk?
wr2rlo]l 2= capsidt 99 RNA depen
~dent RNA polymerase(RDRP) Aol wz} 5
hel Genogroup(l ~V)& EHFHH, thirie
oA A GIT, GITd 93 Aoz dHA
Atk FAAEE WolH x| wet Gl 15,
GIIE= 18Fo® BEFHz Jub!9 H =19
AAL A3 GII 48 0] 50%7F A YeEbda 3l
Op 12458 A Zmo] Aol o wmEujo] g
27t AEH T F2 S, 4%, A4ALE o
A= FAsE e FHOR WAH D Yk
= dE {FH S5 SolAl 20029 HH
eEupoly 2o ok AFE AMETE Wo] B
S QUUp RIS gel o] 9= 20043
B owlolels AAAAE THE7] A detel,
200630l ASE CJA = S
2o o A HAEHY EYdso®E HA

H
Qoo R wEuloly AE A&3 A

to

hi)

F%9 9
= a4 Atk

oo 20089FH 2011 7HA] 49 A
NRBAGeNA BAH FHANAT AAS
Yo wmErel 2 AEdtel FA4YS
wAstgrh dwd, 9d, Agd, AR5
542 $Hel AR SPHE YUHFE

27
Woud 5 AE AT

gt

2.1. dAl=&

B odTe 2008 20119 7bA] A7) 5K
A WY - BT F4 FHdew
JAEE e W eSS 38k 2008
217971, 20099 2,17971, 20109 2,098%1,
20119 1640702 % 809671& oz
Abat ATt

2.2. 2H FXNE

e Hdk AikgEA 9N (0.0IM phos
—-phate buffered saline; PBS, pH 7.2, Sigma,
USA)e| 1:99] v &= Yo 5#3F FEslo

10% ZWEFAE WEIL o] AL 4TelA 20

#3F 3,000rpme 2 A4 ste] FFds F
dtelar Agel AbgE wizkx] 70Tl w
seict”

2.3. =2HI0|HAQ| AR

T

rEufo] e =9 RNAIL &5 9 4§
3t¥Y GM-AUTOPREP™  Viral Nucleic Acid
Prep Kit(Greenmate biotech, Korea)E A}-&3}
of AdE& Pt

EHEFA 15000 lysis & binding &
00pus i Este]  AoleE & oA
magnetic beadE 200 ¥ JEste] AojFE
ok AEdS A A F washing solution I,
, & sAHE Zhzbe] &= A Yol&

este] Mg & FFAEs dEstA A
3t} elution solutionS 200t ¥ il 4o]F
Ao A 53 60TAA 1083 HA A 7]

D X =



B 4FNE FA%] APl Asa3
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Table 1. Real time PCR condition

STEP TEMPERATURE Running Time
Line 1: Reverse Transcription 50 30 min
Line 2 Pre-Denaturation 95 15 min
Line 3: Denaturation 94 15 sec
Line 4: Annealing&Extention 55 1 min

SCAN

GI: TexasRed-BHQ, GII: FAM-BHQ

GOTO

Line 3, 45cycle

Table 2. The sequence of primer sets used for the detection of Norovirus

Genogroup Primers Sequences(5 " —3 ") Size(bp)
Gl1-FIM CTGCCCGAATTYGTAAATGATGAT
Norovirus GI G1-F2 ATGATGATGGCGTCTAAGGACGC 314
G1-R1IM CCAACCCARCCATTRTACATYTG
G11-F3 TTGTGAATGAAGATGGCGTCGART
Norovirus GII Gl11-F1IM GGGAGGGCGATCGCAATCT 313
Gl11-R1IM CCRCCIGCATRICCRTTRTACAT

Table 3. RT-PCR condition

RT PCR condition (Onestep)

RT-PCR condition (Nested PCR)

47C 40min/ 94 C15min/ [947C30sec/54C
30sec/72C 45sec] 35cycles/72C 7min

94C 3min/ [94C30sec/56C 30sec/72°C
45sec] 25cycles/72°C 7min




Table 4. Norovirus reference strains used for genotypic analysis

Strain Genbank accession No. Genotype

Norwalk MB87661 GI-1

Southampton 107418 GI-2

Desertshield 04469 GI-3

Chiba AB022679 GI-4

Musgrove AJ277614 GI-5

Sindlesham AJ277615 GI-6

Winchester AJ277609 GI-7

BS5-98DE AF093797 GI-8

SaitamaSzUG1 ABO039774 GI-9

Boxer AF538679 GI-10
SaitamaKu8 AB058547 GI-11
SaitamaKul9a ABO058525 GI-12
SaitamaT3ba AB112132 GI-13
Saitama25 AB097911 GI-14
Hawaii u07611 GII-1
Snow mountain agent 70059 GII-2
Toronto u02030 GII-3
Grimsby AJ04864 GII-4
Hillingdon AJ277607 GII-5
Seacroft AJ277620 GII-6
Leeds AJ277608 GII-7
Wortley AJ277618 GII-8
Alphatron AF195847 GII-9
Amsterdam AF195848 GII-10
VA97207-US AY038599 GII-11
M7-US AY130761 GII-12
Erfurtb46 AF427118 GII-13
Fayeteville-US AY113106 GII-14
SaitamaKUS80a ABO058585 GII-15
SaitamaTh3 AB112260 GII-16
SaitamaT27 AY502009 GII-17




Fig.1. Monthly distribution of Norovirus-associated gastroenteritis in North Gyeonggi-do, Korea,
from 2008 to 2011.

Fig. 2. Age group distribution of studied cases tested for Norovirus detection in North Gyeonggi—do,
Korea, from 2008 to 2011.



Table 5. Annual genotypic distribution of Norovirus in North Gyeonggi-do, Korea, from 2008

to 2011.
2008 2009 2010 2011 Total
Genogroup|Genotype Year
No. (%) No. (%) No. (%) No. (%) No. (%)
GI-1 1 03 5 36 6 10
GI-2 1 20 7 51 8 13
GI-3 120 109 2 03
GI-4 11 37 5 36 16 27
GI-5 310 3 05
GI-6 107 1 02
Gl GI-7 3 27 3 05
G1-9 1 03 2 41 2 14 5 08
GI-10 310 2 41 5 08
GI-11 1 20 1 02
GI-12 2 07 1 20 1 07 407
GI-13 32 106 32 52
GI-14 4 13 4 07
GII-1 1 03 13 94 1 09 15 25
GII-2 1 03 2 41 36 319 39 65
GII-3 52 173 5 102 4 29 12 106 73 120
GII-4 173 575 20 408 91 659 52 460 336 560
GII-6 1 03 2 41 4 29 3 27 10 17
GII GII-7 1 03 2 17 3 05
GII-8 13 43 10 204 4 29 2 17 29 48
GII-9 1 03 1 02
GII-12 1 03 1 20 1 07 3 05
GII-13 1 09 1 02
GII-16 1 20 1 02

Total 301 100 49 100 138 100 113 100 601 100
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A Comparative Study of Nutrient Composition in

well-being liquors (Korean traditional rice wine, grape wine)

Myung-Ki Park, Kwang-Hee Park, Jong-Sup Jeon, Min-Jung Park, Mi-Jung Jang,
Jeong-Hwa Park, Gu-Hwan Kim, and Jong-Bok Lee
Food Analysis Team in North Branch

Abstract : This study was carried out to inform the excellence of rice wine by
comparison of the nutritional ingredients between Korean traditional rice wine and other
liquors such as grape wines. Total 108 samples including representative Korean traditional
well-being liquors(rice wine, clear rice wine, fruit wine) and grape wines were analyzed
about proteins, inorganic nutrients, polyphenol contents, the results are as follows:

1. The contents of protein in turbid rice wine, clear rice wine, grape wine, and fruit wine
were 1.0 mg/100 g, 0.7 mg/100 g, 0.2 mg/100 g, and 0.1 mg/100 g, respectively.

2. The contents of calcium in grape wine, turbid rice wine, clear rice wine, and fruit wine
were 11.02 mg/100 g, 10.10 mg/100 g, 5.31 mg/100 g, and 3.89 mg/100 g, respectively.

3. The contents of iron in grape wine, turbid rice wine, clear rice wine, and fruit wine
were 0.647 mg/100 g, 0.481 mg/100 g, 0.360 mg/100 g, and 0.259 mg/100 g, respectively.

4 The contents of total polyphenol in grape wine, turbid rice wine, fruit wine, and clear
rice wine were 2.268 mg, eq. /L, 550 mg, eq. /L, 523 mg, eq. /L, 422 mg, eq. /L,
respectively.

Key Words : well-being liquors, protein, calcium, iron, polyphenol
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Germany)E& 9|
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Table 1. Analytical condition of the AAS-F

. Correlation
Metal Wavelength Working coefficient
(nm) range(mg/kg) ()
Ca 4427 0~5 0.998
Fe 248.3 0~5 0.999

223 EClH= &2 24

ZodE 3 248 A3 2EEQ] gallic acid
+ Sigma-Aldrich(USA) AES AN T,
Sigma-Aldrich(USA)E
A =) B =

folin—ciocalteut

sodium carbonate®= Wako(Japan)Z,
© Aok EFAIYS AFS-5Y

AR

dolAl E3star AoA 30&E7F A

725 nm IHFNAN FHEE FAHSIAT E
HiEeEe LY gallic acid equivalent(GAE)
mgl® RASHAT HEFH HAITFEE O,
25, 50, 100, 200 mg, eq. /L°] HZEF 3}%t}.
g FAo AT T7E

205(analytik jena AG, Germany)S

Specord
183

o

224 ECHE HHEYE Y

2 caffeic
acid, p—coumaric acid, ferulic acid, sinapic acid
+ Sigma-Aldrich(USA) AEFE AFE3A L,
methanol, diethyl ether, hydrochloric acid&
Merck(Germany) A&ES AR, SHFE
182 MQ o2 AAE &8, 1 99 BE Aok
EFa0ke AL

Al dH
Ad EYdls 3 e
Rodriguez-Delgado %'¥¢] w3

sk 4 BelslE EEE
=

i
—%— T,‘i_}\qoﬂ Eﬂ—]ﬂ 8/\4:‘}‘
AZe] AAg= 7
M hydrochloric acidE& #7}3te] pH 2.0°.2
Z73t9 . pH A3 A& 5 diethyl ether 5
mLE& 7Fete] 2024 23] X" FE53 T {7
SmlS5S Fste] 40 CTalolA HAavpr2 S

ADAZ] & methanol : DW(v/v, 1:11) &9 0

Table 2. Analytical conditions for polyphenol
by HPLC-PDA

Detector Diode Array Detector
Detection .
wavelength 320 nm
Column uBondapak Cig, 3.9 x 300 mm (Waters)
Time 0.05% phosphoric acid MeOH
initial 20 80
Mobile phase 10 20 80
45 40 60
70 20 80
Flow rate 1.0 mL/min
Injection
volumn 10 ul




= gastrt. EE&dd AP RAS 045 1
m membrane filter® ©]3}3}e] Table 23 7
2  zHdA HPLC-DAD(High Performace
Liquid Chromatography-Diode Array Detector,
1200 series, Agilent Technologies, USA)Z &

Hahgeh,

3. dn o ma

3.1 CHefE

gl ge AW fFAshEd Had 9%
erstsE AW, 714, vekvg g 5o o
FAh F ettt 8 wol Aol W, w e
7heh, &5 5% olFa glon, auide) 744
T3 Ao 22 A Axdr g4, AA
o WAL moFE HER FAS At
T3 ARe=m A4 dY, dYa vk
AN 78 FHe dasie}

5 Fol @wd e Table 37 oH
Al gt 7bg Rkl w2 128

mg/100 g o2 YEyon of
g, X=7F 021 mg/100 g, I
g o % uetyt #o] F4
FoA o2 Firel vla =
fre dAE] & 3ol &7
L T A5 2R, 5

T EduE Hol Qo] dAE Ao @A 3

=
of wrol &2 WE FoIE wudoe] vF 4

F 0.86 mg/100
F 0.15 mg/100
o

Table 3. Contents of protein in alcoholic drink
(unit : mg/100 g)

(NOW(I)rfles:?r]rIl)gles) Mean Ranges
Raw rice wine(37) 1.28 0.89~1.39
Grape wine (34) 0.21 0.15~0.32
Fruit wine (15) 0.15 0.09~0.25
Rice wine (22) 0.86 0.73~1.07

32 RU|HUM

M

s JdAE TS dAhEA AL B
&, T, Ah ToE e 713 &
olo] Al WA Z Wol fro] U Aol
o, QA W] F1A F Y B JoR &
A ek Apghel wel A tE27)= spA R A
%9 15~22% A%/t ZdHoz wo ot Z
# 0 99%7F el Xotell Fw Qb z
FHE AGH o YA 1% dela A
X ol HA oA AATEe ZA st
»oAx 1 gtk ZAES Adunsxd, &%
A7) FA, dNg3 FAEY] 4, AT F
#5315 A WA v Fadh g3s it

_i
|
ofy
NS
)
rlo
=)
ot
ol
Jo
L)
9
X0,

o
Table 49} Zo] EF 10.10 mg/100 g, £=F
11.02 mg/100 g, %5 531 mg/100 g, I}AF
3.89 mg/100 g =o & EMR

Table 4. Contents of calcium in alcoholic drink
(unit : mg/100 g)

(No. of samples)  Mean  Ranges

Raw rice wine(37) 10.10 7.58~13.39

Grape wine (34) 11.02 7.20~13.85

Fruit wine (15) 3.89 1.06~5.37

Rice wine (22) 5.31 3.28~7.58

AL AWelA AHARE 2HORE olF, A%
b=t wolstal, ofe ZAae] HEJAz #
3t HES BYEGE Age] gey, #H
EAEAY Hd 58 doqith

FH T B2 vE FAaHel e Table
5¢F #Zo]l EF 0481 mg/100 g, LEF 0.647
mg/100 g, ¢FF 0.360 mg/100 g, ¥ 7 0.259
mg/100 g =2o 2 e

Table 5. Contents of iron filings in alcoholic drink
(unit : mg/100 g)

Wine type
(No. of samples)

Raw rice wine(37) 0.481 0.312 ~ 0.602

Mean Ranges

Grape wine (34) 0.647 0.385 ~ 0.801
Fruit wine (15) 0.259 0.125 ~ 0.407
Rice wine (22) 0.360 0.295 ~ 0.458




Y9 E e AEAdA Fag 23y
ArEA R WS WA S k77 2] 3 o
g FEAE 4ot 72 E ol T U=
phytochemical®|t}. Z3H=F T ZTH 9]
e WA e, dEikd dxHZ2 -
2 FE EAS ol5e FHdol A& Fol
o FrEol AFEY FHE Al FE
now, #e gl ofxE ThEe FEut ol
gt Alzk g9l 3k 5o A FHS 2ARA

oF= 9sts st Ut
F7F T ZYdE g2 Table 63 Zom
g+ 550 mg, eq. /L, EEF 2268 mg, eq.

/L, ¢k 422 mg, eq. /L, 25 523 mg, eq.
Ebukeh. Aol A v vhel 32
W Zlojife]l webA EE s

e, EEF5 1,617~3,436

e AA Aol #=
stetEo] v sl Qo] ol 7]l
A

SO

= 2x9 F33b =

o7} 7] wWiioltH?. gFi 321~886 mg,
eq. /L, 9FFE 211~1,045 mg, eq. /LOE
Bl S FAdEE ARgste] AA, Ax
ol 7I1E A FrAHoE HIlste HA
Aufoll o) Avky Aol7f = AHoE AR
H, FadF=+= 73~1,201 mg, eq. /LZE LERSE
= ol vdd S d5E ARESH] d
el Zow ArmE
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i
it
1o,
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Table 6. Contents of total polyphenol in alc—
oholic drink
(unit : mg, gallic acid eq. / L)

Wine type

(No. of samples) Mean Ranges

Raw rice wine(37) 550 321 ~ 886
Grape wine (34) 2,268 1,617 ~ 3,436
Fruit wine (15) 523 73 ~ 1201
Rice wine (22) 422 211 ~ 1,045

34 B2HE HuNE

Sel A ArtE = ofF, B, S 5 o
WoE =9 MY EYHEAdES B4
o THXAE FolY, XEE FYRE S
EEoAy & Fo EAse EYHEdES
vl 3dle],  caffeic acid, p-coumaric acid,

ferulic acid, sinapic acid & hydrocinnamic
acid 47] Aol tiste] xAbstith

A THEZ T 297108 BAsdew, A
= © Table 73 2Zth AAe] dond
B3 T 555 % ferulic acid’} 1.17 mg/Le°]
AzHReH, Ay A9 HrtH= A2
wpel A gtekE 3RE AlFel A= caffeic
acid¢} ferulic acid”} 0.60 mg/L, 1.41 mg/Lo]

27t AEddn £, 2RAs e FH
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"
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3k A&l A= p-coumaric aicd®} ferulic acid
7b AEHAE B3AE e AFoA =
Z+7+ 0.30 mg/L, 052 mg/L, AtE &3 A
ZolXE 028 mg/L, 045 mg/L7} 22 A=
HA. FRFAAAE HdEo]l HA Fshkow,
ko= 1709 AlFAlA ferulic acid 3.00
mg/L7} AE=HA AT FolAe= HEA
et AFAAAT EedlEo]l HEHIJLH,
caffeic acid® p-coumaric aicd?} 47
0.52~1.46 mg/L, 0.36~0.68 mg/L He = H=
HAoh AN EEHE 4 2= Table 8%

Ao A] F A

), (cancer)ol} A #A

2o g Azke] otel &I}

aE I Yk 1l o] Ee] 77
A

A8 g7k AA ol o W 25

iy
2,
ol
2

K o2
N 32
e 8o ofr

i o Jg o o
S
B
N
il
2
fo
=
i
N
12
N
1o,

el ¥2

=
1=
=

b}

2 n7ke] HEd BENE
ferulic acid’} 7Fg¢ %2 "] &S YERY
Hudk A o] gl ool FAFEol

olng FEHoE HAEHUTIL AlEH

2
x

e



Table 7. Ratio of polyphenol detection in Korean traditional wine

Kinds of sample No. of samples No. of detected polyphenols Ratio of detection
turbid rice-wine 13 4 30.8
distilled Liquor 5 0 0
clear rice-wine 5 1 20

fruit wine 6 3 50

Table 8. Polyphenol detected in Korean traditional wine

Korean name
(main ingredients)

Kinds of sample

polyphenol contents (mg/L)

caffeic acid P COUMANC  forilic acid sinapic acid

acid
dongdongju (rice) turbid rice-wine 0 0 1.17 0
. maggolli turbid rice-wine 0.60 0 141 0
(rice, purple sweet potato)
maggolli S
(rice, Rubus coreanus Miquel) turbid rice-wine 0 0.30 052 0
maggolli (rice, apple) turbid rice-wine 0 0.28 045 0
sogokju (rice) clear rice-wine 0 0 3.00 0
0.52 0.36 0 0
bokbounjaju . .
(Rubus coreanus Miquel) fruit wine L17 0.66 0 0
1.46 0.68 0 0
231 Manach 599 Haio] w=w  ferulic Ve
acid= &AM 71 S5 A EA8tE d=
Aol AolE F3 EHA=EFY 0%E A 2. Zg dEFe I F 11.02 mg/100 g2 7}
A ghriar gkt F =A dvEster g5 1010 mg/100 g, °F
BAge] Ag A A RAAES ow 31 mg/100 g, ¥4 F 3.89 mg/100 g

Aoz ALgsle] A xZIHA=A | et caffeic
acid®} p-coumaric aicd’7} AEH AIFAE H ]

F3 gtk

3. e ¥ 0647 mg/100 go 2 7
=A JElYer g5 0481 mg/100 g,
0.360 mg/100 g, A5 0.259 mg/100 ¢ =&
2 YERST

>~
e
Ac)
_H_"L‘
[
ot
)
rlo
(

EIE=F 2268 mg, eq. /LE
7bd =A JEbgen B3 550 mg, eq. /L,
A3 523 mg, eq. /L, FF 422 mg, eq. /L
o8 UEy
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Effect of EM on aerobic/anaerobic incubation

and deodorization of food waste

Hee-Cheon Moon, Jo-Gyo Oh, Byeong-Lok Kim, Jin-Ho Park, Jong-Pil Jung, and Gu-Whan Kim

North Branch, Air Chemistry team

Abstract : The aim of this study is to evaluate the efficiency of effective microorganism (EM) on growth of
total viable bacteria, lactic acid bacteria, and putrefactive bacteria (Clostridium spp. and coliforms) and
emission rate of malodorous compounds during aerobic/anaerobic incubation of food waste (FW). In addition, the
removal rate of odor compounds by spraying EM to odor gas generated from decay of FW. The growths of
total viable bacteria and putrefactive bacteria at condition of aerobic incubation were dramatically higher than
those at anaerobic incubation. When comparing each growth of putrefactive bacteria at aerobic/anaerobic controls,
they were stimulated and depressed under aerobic/anaerobic EM, respectively. The oder of emission rate of sulfur
compounds from FW was; methyl mercaptan > dimethyl disulfide > hydrogen sulfide > dimethyl
sulfide at all incubations of aerobic/anaerobic controls and EM. The highest emission rate of
methyl mercaptan and ammonia at aerobic incubation was 500-900 and 1,700-3,030 times higher
than those at anaerobic incubation, respectively. The removal rate of ammonia was 98% at the
test of spraying EM liquid to the odor gas of FW but the removal rate for above four kinds of

sulfur compounds was none.

Keyword : food waste, aerobic/anaerobic incubation, putrefaction, odor, sulfur compounds, ammonia

RO : B AFoAE SAE2HVIY SV/F7] Fo B4 EM FJEd o WAEY] 4 w3 o
T2 o3 B4 TAEAS FUIeAT £ EM BFol 93 252wy GHEA] AA gyt o
& Atk @] wikel HlE| &) vl A Fd L Y-l H(Clostridium spp. 2 coliforms) 7Y
Ae7t 53 =A vegen g7 wigFzddE F71aTY $H3E e pH 4oz Fujie A
2 A ddo] BAEAT w8 ZF 27/ 7] BToll B8] EM wldol A Fallitre] A FX 2L oA d4
o] ¢l Falstdrh shAvr or)/8 7] dE2w vagds W EM FYol 9§ T o Apade o
A skt 371/87] Mg 21 BEFAA 4F9 SsEEde] 2AlE A methyl mercaptan >
dimethyl disulfide > hydrogen sulfide > dimethyl sulfide @t} T3k 57] vjko] &7] wjeko] wv] )

methyl mercaptan® 7% °F 500-700%9], = Yole] A%, 1,700-3,0308) A= =& FHo HA&S
EFSIY. EM 5 Ag Ay, dEYol AAEL oF 98% w2 AAEE YEMAA W F3gEH o
g AAEL YEYA gk

FHO . S =27, 271/-A7] g, T, oFH, &seed, gyl




1.ME AA w7 Fl g Aes A 2 H2F 8l
o] WA AFEH = A EgE AR ot

oNEp s AEGAG L AH BE & ool B ATelAE AR Fre eI
22 2 FAd G442 SogriE Ay, ol &3t FAE2Hr|e 7/ 7] FojA
20081 U o] SA B2 ML TA 3 A WAEe] As B o BAEG] g
A2 2879 o 29%S AA s il HF EM¢] 9&s A st =3 45297
oF 15000 Eo] olZ 1 i SAE2YI = ZHYE dAH oJFHEH EM NS A}
80% olde] we SR 9 owwa A Sl o AA Zes nEsd

drsts 59 wUIsgEdSs Fretal gl
2R 9 WA ol WAty ZF 3 2. M2 2 WY
A wEEEL S R4 ddstel =, A
2b 5o HEAE AT Yk 53 & 2.1. FAEMY I Y 72 0|8
Ag2g 7)ol iHE ddIYE FEH 3
S oln At S A2’ A 2HIRL WE oW, 2.1.1. 4| EME 7|

S So] #@71xA stellA E. coli, Sarcina
lactea, Proteus vulgatus, Pseudomonas Ago AlgH SAE2YV|E A2 ER
fuorescens o <23 ®3I =] Hydrogen A H 3 Ao A FAsFY] ITF 25%,
sulfide(H,S), Methyl mercaptan(MM), S5 20% 2 oA F 55%e FAHow HFE
Dimethyl sulfide(DMS), Dimethyl disulfide gt 714 gr 92 723 AR AFHE

<l
(DMDS) =9 &< &sigtada Yol & sto] Zeldk A E2urd SRS 1d 39

o] v &5l Z4F FAAFNLE oy A THH R &4 5 9 71(AM-11, ACE,

7)2 9t} Nissei, Japan)& ©|&3to] &3ttt I3 st
H P F5 e Higa w5l o3| SAE2H7]E 9454 A(1.0 mm mesh size)

A AdERem EF A R mAER 2 A4y FE8 FE3] AAsIe] E AP Al

RS = Rl &  "AE  (Effective g8 ARRstsUT g 2 E22e 7]

microorganism; EM)S? o] 83 o} A A o EA 2 Table 10149} 2ol =7 HAHA o]

FEE Aol B #walol AFHm ot 9 n bk X so] pH 51 oL, RS

EM2 Ziht, @R, JFAHToR o] F oA ¥ 819%, & 1P¥E TF 181%, T 1IE

UL o5 TEol o AAE [ H AF s B FIEATEE 97.1%% e olF

dikst 2HdES odF F FATFE AF oF 93%<%1 16.9%7F P EAQ Aoz e

AAlol GHAl Aow deA drt. o] o}

L oFwq, 4k HAs 2 s vl A

¥ Ak AbgH I glow 53 HE A 212. 7 & OYE &4

wfEx e ofF AA AR E&HIL YT F

A9k Hadek 37 2764 EMel 9 sk ofH EM2 =Wl EAFZRH F-{iste] @ 5%

Table 1. Characteristics of food wasted used in this study

pH MS(%) TS(%) VS/TS(%) SS(%) DS(%)

5.1 81.9 181 97.1 16.9 1.2

MS : Moisture content; TS : Total solid; VS @ Volatile solid; SS : Suspended solid; DS :
Dissolved solid.




Table 2. The properties of effective microorganism

Microbe Medium Culture condition CFU/mL
Total viable bacteria Plate count agar aerobic incubation 71E+08
at 37C for 72h
Lactic acid bacteria Bromo cresol-purple agar anaerobic incubation 3.9E+08
at 37C for 48h
Yeast Yeast peptone dextrose agar aerobic incubation 2.7TE+08
at 37°C for 48h
Clostirdium spp. Tryptose sulfite cycloserine anaerobic incubation ND
agar at 37C for 48h
Coliforms Desoxycholate agar aerobic incubation ND

Photosynthetic bacteria -

at 37C for 24h

EM and Molasses were bought from E Co. in Korea. Subculture was conducted with
5%(v/v) inoculation of stock EM into 5%(v/v) molasses medium at 35°C for 5 days. pH of

activated EM was 4.2.

EM &1 5%% HZEsto 3BEAMNA 54
g stete] Aol AREEew olwf pH
42 k. EM 249 T F8 "AETS
olx 7] 3] Plate count agar(PCA), Bromo
cresol-purple(BCP), Yeast peptone dextrose
(YPD), Tryptose sulfite cycloserine(TSC),
Desoxycholate(DSA) agar WA 2 & 5, 2
Abet, &R, B9 Clostridium spp. 2 4
AT e JMAFE SA A H(Table
2). BFAEA Ae AR dEFzom A
kA Xtk EM 49 F $HToZAE
L4H(39E+08 CFU/mL)# & X (2.7E+08
CFU/mL)S a1 Fafjvty Haddde HAE5A

2okt

e e A

22. SNEMAY I E71/87] 21

SA=2Y 7Y 27/ 7] ol Al&E W
S719 EHH 4 JAAE Fig. 1o HERHSL
Azt Fepaad A" SAE2Y7
100gs FYstar EM 44 10%(w/w)E #H
7hek & "Hsta AFF 7~ #¥7](APK
6200 gas dilution system)E €3] 10mL/min

2 oair @ Ny, 7FA2 F938ke] 57 2 €712
AS Fxar. =3 EM @49 gial di
THTE 4 & Hts dxza AgE A
gt A3 F LA 7bae 40D "=
Mow Ag P or Ax HAFLS 25+
1Ce] g22oA oF 18Y &<t Pt

Fig. 1. Schematic diagram

anaerobic reactor of food waste.

of aerobic/
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T EMS o] &% 4 =287 24 o
Edo AA a&s nAsy] & F71 A9
S AAEAFEUL F 4T F3E(H.S,
MM, DMS, DMDS) % R UYolE et &
F7h=ok A E2E A HAG oFF Ths
Z 10L "H=g W 5.4 zZtzt FU3 T
0.05, 0.10, 0.25, 0.5, 1.0, 20 mL¢] EM &4
S VEFFAIR ZARSRAL 25EA Ol A 1A]7E
HFEAZ 5 o7 FHEAY T 4SS 3
Zbetah e 2 gl F9lE EM &4 o
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A gAe WA HNdte] P mRWOE v
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cooling/Thermal Unity & Air
server: Markes, Ltd., UK)dl A|5& FAHL
/\Lﬂ]i Ay l-: O}o:] FS7hae HOP’S.Q‘E %;;L
A A PFPD(Pulsed  flame
detector) F&7]17F &#¥ GC(Varian CP3800,
USA)Z H}ﬁg]_oj\jr Ay oL_’q gas = = oLEq
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RUSe | =
s,

desorber,

photometric

Fig. 2. pH variation during aerobic/anaerobic
incubation Symbols: [,
aerobic BT; W, aerobic EM; O, anaerobic
BT; @, anaerobic EM.

of food waste.
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Fig. 3. Changes in viable bacteria counts during aerobic/anaerobic incubation of
food waste: (A) aerobic BT, (B) aerobic EM, (C) anaerobic BT, and (D)
anaerobic EM. Symbols: @; total viable bacteria, O; lactic acid bacteria, A;

Clostridium spp., and A; coliforms.
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Fig. 6. Ammonia removal rate by spraying
activated EM liquid. Symbols: [[]; ammonia
by EM
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A study on Ecological Toxicity of Industrial Effluent in Northern Gyeonggi using
Water Flea (Daphnia magna)

Tae-Yeul Kim, Tae-Hwa Kim, Ghang-Hyuck Lee, Jong-Hyun Shin,
Hee-Il Song, Keuk-Taik Kim, Hyun-Jin Lee, Gu-Hwan Kim and Jong-Bok Lee

Water Chemistry Team in North Branch

Abstract : Acute toxicity test using water fler has been recently accepted as a new promising method to
accurately estimate toxicity of ecological environment for industrial effluent. Ministry of environment applied
acute toxicity test to effluent standard for 1~2 grade plants of 35 industies in 2011 and expended to 3~5 grade
in 2012. In this study, we estimate ecological toxicity on seven major industrial effluent in norhen Gyeonggi
and the relationship between ecological toxicity and the concentration of heavy metals. As the results, 23.4% of
seven industrial effluents exceeded the standard limit (Toxicity Unit 2) and the oder of excess ratio in accordance
with seven types of industry was; semiconductor and electronic component > metal processing > alcoholic
beverages > textile dyeing > rubber and plastic manufacturing > leather and fur processing > condiment and
food additives industry. The correlation between ecological toxicity and heavy metals was greatly low; 0.531,
0.114 and 0.077 on Zinc, Copper and Manganese respectively. Meanwhile, we was able to decrease the value of
ecological toxicity in semiconductor effluent from TU 3.4 to TU 1.2 through removing copper and properly
controlling effluent. If two groups agree to cooperate with company officials and public authorities, we will

achieve significant progress in reducing ecological toxicity in nothern Gyeonggi.

Key Words : water flea, ecological toxicity, standard limit
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Table 1. Classification by facilities of applied ecological toxicity in northern Gyeonggi

Class 1 |Class 2 |Class 3|Class 4 |Class 5| total
Textile Dyeing 2 5 4 21 32
Leather and fur processing 1 1 2 4
Semiconductor and electronic component 1 8 9
Rubber and plastic 27 27
Alcohol beverages 1 2 3
Metal processing 5) 5
Condiment and food additives 9 9
Other 2 2 74 78
Total 4 7 8 148 167

Table 2. The number of toxicity test

Number
mumber
Target Industry of
L of test
facilities
1 Textile Dyeing 21 21
9 Leather al?d fur 4 5
processing
3 Semico'nductor and 3 6
electronic component

4 | Rubber and plastic 5 5

5 | Alcohol beverages 3 4

6 Metal processing 3 3

7 Condimen.t. and food 3 3

additives

total 43 47
A T FES ddeRE RS =4
g o83 F4SH AUSAAG ool
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A% ANEY 9Fd 48 o4 dFe
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Table 3. Acute responses (EC50) of test organisms to a standard toxicant by
K>Cr20;(Potassium Dichromate) (mg/L)
KoCry07 ECs
Mean | SD |CV(%)
1 2 3 4 5 6 7 8
24h D.
0.97 0.93 1.0 1.04 1.0 0.97 1.0 1.04 | 0994 | 0.037 3.7
magna
Table 4. Comparison of ecological toxicity results
0=TU 0<TU<1 | 1<TU=2 2<TU Total
Northern Gyeongi 21 7 8 11 47
% 45 15 17 23 100
Ministry of Environment 207 18 26 40 291
% 71 6 9 14 100
H gHAolA Ae AlFdAE wefop gt 3.1. MEiSM AY Ha}
Ao 38 et Ve, A, vE-ws
W, AgsA=d 439 AE UaEs 3 B7VER A TN AF 4370 wiEAIA e wi =
0 Aol Fad ddolgte s FHsHI TE 473 34 54 AP A3 Figls #
el Zasta wekA EA4AY wnig A ¥ o A4 FAE0lE 2018H)S R A7E 7HE
s=o AETH 54 9 AW AFHA o =3, AA 357, $EFSE, 94, 155
AetAl FAHEEA Alste AL HAHAIY 28 Azxyd ¢o2 =vh A7|EFY Ag=s4
A= A MF Tt XESAHANE gk 50.6%7) 1ole olal, 234%7F 28 Z¥3
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o] 24AZ-ECs #k°l 09 ~ 21 mg/L 9l & Fo A= 2016€1€147HA TU 4= <43}
of Eolof ghrh. & A9 Ausd A3 A Hol dom, Ao B 210 wEAA
AFEEAAEA APAI= Table 3.9 2t < TU 2x37F 5xela, TU 4x3+= 410
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Fig. 1. Ecological toxicity of effluent from seven

industries in northern Gyeonggi

Fig. 2. Ecological toxicity of effluent from

textile dyeing industry in northern Gyeonggi

Fig. 3. Ecological toxicity of effluent from
leather and fur processing industry in northern
Gyeonggi

Fig. 4. Ecological toxicity of effluent from

semiconductor and electronic component

industry in northern Gyeonggi

Fig. 5. Ecological toxicity of effluent from

rubber and plastic industry in northern

Gyeonggi

Fig. 6. Ecological toxicity of effluent from
alcohol beverages industry in northern Gyeonggi

Fig. 7. Ecological toxicity of effluent from
metal processing industry in northern Gyeonggi

Fig. 8. Ecological toxicity of effluent from
Condiment and food additives industry in

northern Gyeongi




Table 5 Comparison of ecological toxicity results”

. Ministry of Ministry of
Northern Gyeongi-do ] ]
Environment Environment
24h TU 24 TU 48 TU
Textile Dyeing 2.3 04 1.1
Leather and fur processing 04 16 2.0
Semiconductor and electronic 19 29 45
component

Rubber and plastic 35 0.1 0.1
Alcohol beverages 1.1 0.1 0.1
Metal processing 6.1 0.2 0.6
Condiment and food additives 04 0.0 0.2

Table 6. Statistical correlation analysis between toxicity and chemical properties

Fe Cr Mn Cu 7n Cd* As Pb
Correlation
o -0.081 -0.037 0.077 0.114 0.531 - -0.066 -0.079
coefficient
“Cadmium was not detected in all samples
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A Study on the Formation and Characteristics of Disinfection By-products in an
Indoor Swimming Pool

Jae-Kwang Kim, Jong-Su Kim, Eun-Hee Jung, Pil-Kwon Choi, Hyun-Gu Park, Yun-Jung Lim and
Gu-Hwan Kim
Drinking Water Team in North Branch

Abstract: This study was carried out to investigate the formation characteristics of DBPs(Disinfection by-products)
in swimming pool according to the type of disinfection, such as chlorine, ozone-chlorine and electrolytic
disinfection. HAAs(haloacetic acids), CH(chloral hydrate), HANs(haloacetonitriles), THMs(Trihalomethanes) were
suject to the investigation about DBPs formation. In the Electirc disinfection , HAAs concentration is 121.3+12.6
we/l, and BrO3-, THMs concentration is 311+112pg/l, 25.24+2.25ug/1 respectively. they are higher than
other disinfection methods, due to organic compounds, salt. Especially Bromate concentraion is 45 times,
7 times more than chlorine disinfection, ozone-chlorine disinfection. Most of HAAs are
TCAA(Trichloroacetic acid), DCAA(Dichloroacetic acid) and They account for 85% of the total HAAs in chlorine
disinfection, 87% in ozoen-chlorine disinfection and 68% in electrolytic disinfection. The formation of pattern of
DBPs formation was similar with each other. there was a close correlation between DBPs and Organic matters,
and the greater KMnO4 consumption in swimming pools. the greater the amounts of DBPs production. Therefore
, it is thought that additional studies such as water exchange period, capacity of filtration and the quantity of

back wash, etc are needed for water quality improvement in the swimming pool.

Key Word: DBPs, KMnO4, Bromate, DCAA, TCAA, HAAs
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Table 1. Comparision by disinfection methods of swimming pool

AEuy & o A 2 T T 71e}
A dFdT o 134014
o 500ton 4ton/da 125da °
Y Y AHgrts
S = 420ton 30ton/day 14day Lol Al skl &
7] 25 520ton 10ton/day 52day ol s §le
3. &y 9 s
3. 59% 354 webd B AT e ABRARY Fa A
4AZA KMnO; 44, 2eg weiets)
£ER04E A4 YL vAE F2AA4 ou N7t ue yEwsE Z4she] PR
E2F 5o gdhHsel deE AUEY = & Table 29| YeEFW ST}
sb 54, 254 TR FAL, pH e KMnO, Zwl#e  A7Rs) 25320l
4 HEol2e F& T 98 7HA7F e 36+1.8mg/LE dA4% 15+0.2 mg/Lol H] 3|
I FA f71E9 sE9 SAo] Am:FEA E=gtom Q&+ A% 31+05mg/LIE H
o] Aol glold 7Hg Be 9Be WAL g gl 0Fds  ABoA
Hoz <A Idrt.(8) 0./NTUZ 7} = veERsth

Table 2. Treated water quality co depending on disinfection types (unit: «g/l)

Disinfection type
Item Chlorine Ozone-chlorine Electrolytic disinfection
Mean + SD Mean + SD Mean + SD
THMs 1524 + 3.11 9.76 + 1.72 2524 + 2.25
HAAs 60.75 £ 30.8 79.74 £ 165 121.3 + 126
CH 1871 + 248 16.17 + 2.04 16.44 + 0.86
HANs 729 £ 1.36 510 + 0.98 95 + 1.78
Bro* 11 +£0 73 + 8 351 + 112
KMnOy 1450 £ 200 3110 + 500 3600 + 1800
g = 0.3 + 0.08 0.7 £ 0.2 02 £ 0.1
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Fig.1. DBPs levels distribution in the

Chlorine disinfection

Fig.2. DBPs levels distribution in the

Ozone-chlorine disinfection

Fig.3. DBPs levels distribution in the

Electrolytic disinfection
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Fig.4. Chlorine disinfection in th swimming

pool

Fig.5. Ozone-chlorine disinfection in

the swimming pool

Fig.6. Electrolytic disinfection in

the swimming pool
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Table 5. Effects of temperature on kinetic constant, k on the basis of

experimental condition

Temp. C° k, day” Remarks
5 0.50 No slidge discard
10 0.75 -
15 0.99 -

* Qperation temperature of lab plant installed in the Department of Environmental

Engeeneering, Korea University.
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