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Detection of Water-bome Norovirus in Gyeonggi-Do, Korea

Han-Gil Cho, Kum-Chan Yong, Po-Hyun Park, Yang-Hee Kim, Kyung-A Kim,
So-Hyun Lee, Woon=Ho Kim, Young-Sik Lim, Ho—Jeong Bae, Jong—Bok Lee and
Jong-Chan Kim

Microbiology Team

Abstract : Noroviruses have been emerged as a leading cause of outbreak of acute viral gastroenteritis. In this
study, water-borne noroviruses in Gyeonggi-Do were investigated by various tools. A total of 50 various water
samples(including source-water, tap-water, stream-water, ground- waster) were processed and 12(24%) samples
turned out to be norovirus positive by semi-nested reverse transcription(RT)-PCR and sequencing analysis. Seven
different genotypes(Gl-4, -5, -9, -10, and GII-3, -4, -7) were identified and the major genotype was GllI-4. We
also adopted real-time RT-PCR assays and developed 3'-minor groove binder(MGB)-DNA probe, and then validated
with 21 genotypes of norovirus clinical samples. 10(20%) water samples were detected by real-time RT-PCR. The
specificity and sensitivity of the assay was calculated as 87% and 42% based on the sequencing data. Because of
inability to grow norovirus in cell culture, we tried total cell-culturable virus assay(TCVA) and the assays showed
that 8(66%) of 12 detected in semi-nested RT-PCR and 9(90%) of 10 detected in real-time RT-PCR were
identified as positive ones. These results indirectly revealed high possibility that detected noroviruses were
infectious. Finally, water-borne noroviruses circulating in Gyeonggi-Do have been identified from various water
samples and by newly selected real-time RT-PCR and TCVA. Molecular epidemiological information and the
state-of-the-art tools associated with norovirus detection will be provided for investigators who are interested in
development of diagnostic scheme and strategy of prevention of norovirus.

Key Words : Water-borne norovirus, Real-time RT-PCR, Total cell-culturable virus assay

Q9 : E ATE A3 2007AHE 2008A7A] A=A AgE 5049 thtdt A HAE gt
wEupo)y s HEARE AU Semi-nested  reverse transcription(RT)-PCR¥}  sequencing, 123l
TA-cloningS E3% sequencing A¥Z F 127(24%) 98 49 ZHAlolA x2ZulolHAE AEINh
Genogroup(G) 1-4, -5, -9, -108 3} Genogroup(G) 11-3, -4, -78 52| 77kA4 A o] = AFdols HAEE =
Ao 7 RHol eyl Ago] wmutolg A FQo wWiAYE Bl 5 SIgith Real-time RT-PCRES 4 &
sto] T HAIES AR Ad, 101 20%) oA wEuteld A GAE FsTh mEutole A
sequencing A= v O Z AALE real-time RT-PCRE WL 42%, Eo0|E: 87% Fou, o= wghjo)
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Immune electron microscopy)oll 2]3f <1914 9]
2170l 27 nmel Feo] wali, Hd AFE
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-2 nrlo]g] 2= International Committee  on
Taxonomy of Viruses(ICTV)oll4  ‘Norovirus’ =
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kbel (+)9]7bh RNAZ al4to = 74 gle
sAG= A e SuMAs mosis He
(open reading frame, ORF)Z /¥ o] Qlthal
e A 9)\‘:]'9). w3 wZulo]y aE GadtE
npol e 23 7o o A wWolrh KMl
o] 9o o3 WolZ AR $AHH &d
Tt

#-A] (phylogenetic  relationship)ol] &3
wol Bus e A =kl A (capsid) -] ot
RNA-dependent RNA polymerase (RDRP)2] 7 %]
40 g gdd FHAFgeR ERE
ol At E I II IV w=Zufo]g 27}
A EAE s Adow dEA 9
o wmEhlelg sk AAE B9 IS
SAZ, GIZE 147, cld = 170y fF3A
Foz BRHE Aoz nu® 1 p?
AA7HA wmg2utole] e X
HA A A, vtold = Fdd=S ST
ELISA (Enzyme-Linked Immunosorbent Assay)®¥, =
FEufole] 2 F7IMEE ]
reverse transcription(RT)-PCRH o] A}&& 1 )
o}, o] F RT-PCRWYe] 7H gl wzule]
gz gk e ! dAFEAHoem o &yl
AtHY RT-PCRYS wlmd st Wzt
7b sof wpolg| 2 QdRlow FAY= 9
HAeAS dstxow xAlehe
g3 AAW?Y, RTPCR 28We Fahslr] ¢
A= 30 FR7E dE =2hbolgs §4F
(genotype)= sAlel =T F A= ‘universal
primer’E A Ztefob sk ol go] Al Q)
Atk HEgH RT-PCR HIFTAES FHA47]
)54 (sequencing)?} 2 HAHS
Aoz gelgopyt Furp?, npojg
& A Foly EoA xmZupolyAE HETH

FlelH = W E7E = RT-PCRES F=3dho] of
Z

Eo 5l

<l
o

o2

3}7] W&o nested RT-PCR¢] W EE o=
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Att”. 2y AFA odd AEdS o
o &2 wFEufolg el HEE real-time RT-PCR
Ao AP AT wA o g
9] real-time RT-PCR A& W] o]& %= probe
U} primerE % nested RT-PCR® ¥} Zo] =24}
o]2] 9] ¥ (genome)ZFoll 7HE FAAA 7 A
deo] Wol7k A& ORF1¥} ORF2 Alole] 17
29 (junction)ell A B ZFQ1 w3 ek e d®
Aot e AN mEutolelaE g
s8] fleiM e B w2 uolglAE HE
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FAJA FANA AT 5 Ae
o a¥A i’

AA7A E=Zupold] 2= A EZu|go] 7Hs gk
AT (cell-line)7F e A AR eFol Aol
olH%S #Aa ¢, RT-PCRo|Y real-time
RT-PCR, ELISAS} & EAAESHH 7|Wo
2 gely w=nlolg 2~ oA A AAR
Aage] A gEHE =] oA}
2o? g8y Z2) 9 o] 2 (polio virus)S
H Zgk FaA npeld 2~ A= F A Eu] A
ulol&~ A& H(total cell culturable virus
assay, TCVA)S ©| &3] BGM cell linedlA] A

W F 3}(cytopathic effect, CPE) o] -2 %3
grolo] bttt ol A HATE B
o] edo] AMEA] AFF AT 5 9,
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e wmEutelelx HES 918, TA-clonings
&3t sequencing?} real-time RT-PCRe} 2 2
AMS AlEstdrh Axjde] Brhsd =2
vholg 20 54& aigste], FAFEuGA vl

olg] AN FWM(TCVA)S Fa8tglal, w=Znfo]
H2 AEZA et v aEAs] 2okl
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2 AFelAE 20079 ~20081 . F bl A
% T 354, BF101% B sk
37, A Ass B #AE A5k 2
t&st ek npolel =9 weje w5

A2 v= 4 E9 “Information Collection
Rule (ICR) method (USEPA 1996)’¢] 3% W
Tote] FRH AT ghEFs] Aestd, dard
g 200~300 liter, A3t 500~600 liter, &=
A4 1500~1800 liter® <FHst=Z sHdH 1
MDS  Z ¥ (10-inch-pore- size, CUNO Inc.
Meriden, CTA)ol E3 A A HlolAE FZ A
Itk H2E wloly ~E 1.5% beef extract”}
st5-% pH 9.5 0.05M glycine buffers ©]-8 3l
gttt et §9S 1M HClS ©]-8319]
pH 34~36% BtE ¥ 30 &< ASFH A7
a1, 2500xgol Al 15%3F A4l sttt doixl
A E (pellets)2 0.15M sodium phosphate (pH
5) 20~30 ml& o]-&3ate] AFF A2 F 10
b WA gk}, 9,000xgell Al 1023 94 ¢
ot &, S AS Asth 1 M NaOHS ©]-§-3}¢f
pH 7022 2331 w5945 0.2 um-pore-size
o] e (Pall Gelman Laboratory, Ann Arbor,
Mich)E& F3AZIth S A Ao A o] nfo]e]
RNA %< QlAamp microspin columns (viral
RNA mini kit: QIAGEN, Valencia, Calif)S ©]
&atRoem, FE5¥ RNAE A8 wi7bA
70Tl A H#stst

B )
offl
o
>
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22. EXHEA & 2 AA A2

oA AEE wmEupoly s A A
A= 200658 2008 =7kA] aE A4
A ZFAIARA (EnterNet Korea)t 7%= U

s A Fmo] gk odstxAls: Ft
of dojHrh. ¥ 1 g& “itd 01M PBS
(phosphate buffered saline) 10 mlol] Yo 3%&7t
vortex3d & 47T, 3,000rpmoll A 30&E7F YA
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2] (Eppendorf, Hamburg, Germany)a}o] AbZ ol
500 pls HAdl M2 FrRA A4 2Eg H

mEutolel s HEo AREE w7hA] 70Tl
A BT

2.3. mE2HI0|2{AQ| RT - PCR

2.3.1. One-step RT-PCR

Kojima 5(2002)0] Hi13h w-Zulolg{x
HEE primers ©]-&sto] =Eufoly 2~ 3
A &S S8 A& tH(Table 1, Fig. 1).

One-step RT-PCRE #]3] 2X RT-PCR
Master mix 12.5 ul, 10pmole sense primer}t
antisense primer Z+zF 2 ul, DW 6 ul, RNA 2
ns T 25 pl WEHE ARSI A
2 &S 98] thermcycler (GeneAmp PCR
system 9700, Applied Biosystems, USA)E ©|%
sFo] 48Tl Al 403t reverse transcription(RT)
= F33ta, 94T 3% FoF vHSA7l H 94T
30%, 54T 30%, 72C 45x%% 35 cyclesE Hb
B3t § 72T A 7+3F extension 3}t

2.3.2. Semi-nested RT-PCR

RT-PCR ©o] FTx% 4HE 2 pE o] &3td
semi-nested RT-PCRS 33 em 10X
PCR reaction buffer, 2.5mM dNTP, 20pmol
primer, 1U Taq polymerase (Bioneer)S % oAl
50 pl WHgo AT F Ao AESFIATH
WS HMTAA 38 &k HEEAIRl &
94°C 30%, 56C 30%, 72TC 45%= 25 cycles
2 dkE3 5 72Tl A 7E7F extention 3
t}. PCR AH=& 1% LE agarose gel (Glbco,
USA)dl  d7]99&8 ¥, etidium  bromide
(Bioneer, Korea)oll &M 3alo] UVE A BZ3}
o 5olAQl A7]9] bandE &3]

2.4. =2HI0|2{AQ| Real-time RT-PCR

Kageyama(2003)} Jothikumar(2005) S ©] X
a3 ==2ulo]y~ &4 Real-Time RT-PCR
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& probes}t primer & %g3le], HFAFE £
ek A AA S} SAHA NN wEupol X
A El A& (Table 1, Fig. 1).
Real-Time PCR< $]3ll, Real-Time PCR System
7500 (Applied Biosystems, Forster City, CA)<
o] g&3td i, FAAAE  9g monoplex
one-step == H}o]2l2 GI/GII real-time RT-PCR
2 AgPath-ID™ One-Step RT-PCR Reagent
(Ambion, Austin, TX)S ©o]&3le] S35}
25 nle HlolE 2~ RNAE 125 pl ¢ 2xRT-
PCRbuffer, 1 uple] 25x RT-PCR enzyme mix,
1.67 pl 2] detection enhancer, primer(0.5 uM)<}
probe (0.3 uM)E o] A 25 pl oA ¥HE
A Zth. Real-time RT-PCR 72 A& 45°C
o ] 158 7F reverse transcription & 433}

, 95T 1525 vkgAIZl 5 95T 15%, 5
6C 1% 22 45cyclesE HHE-3FSI ). Real-time
RT-PCRS &3 «ojxl #AmE 7500 SDS
software (Applied Biosystems)Z ©]& 3}
Cr ko= wWsilon A4 A5 v xd
A HAAELS  monoplex two-step  real-time
assayS Al=glth WA superscript® VILO™
cDNA Synthsis Kit(Invitrogen, Carlsbad, CA)E
ol-g3te] 20 plel cDNAZ Azttt Hio
2]~ RNA 5 ulE 10xSuperscript enzyme
mix(Invitrogen) 2 ul, 10 mM dNTP mix 1 ul,
25 mM MgCl; 4 ul, Zglxx 02 pM<
Norovirus GIZ} GIl reverse primer (JIVIR/
JV2)(Table 1)& Hol EFAE Az
reverse transcription < 42°ColA 60 &,
85°Coll Al 5 3t Fastd o, 747l PCR
&35 ¢cDNA 2 pl, 2x Platinum Tag Quantitative
PCR Supermix-UDG (Invitrogen)12.5 ul, 0.3 uM<]
w2nrlolgy A Gloly Gl probe, 0.5 uM9] =
Zufol# 2~ Glely Gl forward /reverse primer
(Table 1) X33t3th. Real-Time PCRZ
95°C°ﬂ A 5E3E dbg ¥ 95°C 156%, 56°C 1
S 453] wHESlal, Ctgk 400]3tE Fd o=

&ttt

o
J o
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Table 1. Oligonucleotides used for semi-nested RT-PCR and real-time RT-PCR for norovirus

Geno
Oligonucleotide Sequences (5’-3") Polarity Location Application
-group
GI-F1IM CTG CCC GAA TTY GTA AAT GATGAT + 5342
Semi-nested
GI-R1IM CCA ACC CAR CCA TTR TAC ATY TG - 5671 RT-PCR
GI-F2 ATG ATGATG GCG TCT AAG GAC GC + 5357
Gl JVIF GCC ATG TTC CGI TGG ATG + 5282
JIVIR TCC TTA GAC GCC ATCATC AT - 5377 Real-time
JIVPT VIC-TGTGGACAGGAGATC GCA ATC TC-TAMRA + 5319 RT-PCR
JIVPM VIC-TGT GGA CAG GAG ATC G-MGB-NFQ + 5319
GlI-F1IM GGGAGGGCGATCGCAATCT + 5058
Semi-nested
GlI-R1IM CCRCCTGCATRICCRTTRTACAT - 5401 RT-PCR
GII-F3 TTGTGAATGAAGATGGCGTCGART + 5088
Gll  33v2Fa CAA GAG TCA ATG TTT AGG TGG ATG AG + 5003
COG2Ra TCG ACG CCA TCT TCA TTC ACA - 5100 Real-Time
RING2TPT FAM-TGG GAG GGC GAT CGC AAT CT-TAMRA + 5048 RT-PCR
RING2TPM FAM-GAG GGC GAT CGC AAT-MGB-NFQ + 5051

Nucleotide locations based on the Norwalk (Gl)(accession no. M87661) and Lordsdale (Gll)(accession no. X86557) sequences.

+, forward primer: -, reverse primer.

TAMRA, tetramethylrhodamine quencher dye.

MGB-NFQ, minor groove binding protein - nonfluorescent quencher

2.5. CloningZ} X X7\ M (sequencing) &4

A9 e Fro da 3w F9e A
£ 8& =8 (Buffer GB)S FH7tata 50T

oA AL &3]A7l H, Bioneer spin column
o5 27 4TCoA 14,000 rpme.= 187 ¢

Ae 0 AHE 4S8N 750 ule Hrteta
14,000 rpmel A 13 A 5 A9 E
Astel el AHE 4FEAE AAG L
30~50 plo]l FH+Z DNAZ 358t A

A
A%+ PCR product® Z+z}e]
Aol Zepelm s

dideoxynucleotide chain termination 7] & A&

>~
=
o
[0}
s
O
I
z
)
o
ll

3}+= Bigdye sequencing kit (ABI prism Applied
Biosystems, Perkin Elmer, Boston USA)=
sequencing reactions oFith ozl =&
Bigdye removal kit (Amersham Pharmacia,

England)= “gA|gt %, automated DNA sequencer
(model 377; Applied Biosystems, Boston, USA)
£ ol&std @7IAYE #A4ES FdsAT $
AHAAZS o]&3% cloning -sequencingS  TA
cloning vector PCRII (Invitrogen)2} One-Shot
TOP10 E. coli cells (Invitrogen)S ©]-&3}o] <=
e, FHA 7 o9 colony & PCR¥I
sequencing &= €F2l&tSith. sequencing® 7]
A E-2  MegAlign, version  5.03(DNAstar,
Madison, Wis) % Treeview T Z 132 F3f,
F7IALde] AA 9 HuEAE S5k,
7]Eol Had e=e] wmubole] A5 (Table
2)E o] &3} Clustral MethodZ A5 # % &4

BAEE dgskt

2.6. SHIQEA HIO|2{AAE H(Total cell-
culturable virus assay, TCVA)
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Fig. 1. Diagram of genomic structure of norovirus
and primers used for nested PCR to
detect noroviruses.

2y, s5Ades M1 A FAAAES
ojgste], TP mHiolHAITHE A

Abe® &3 AE£FE BGM  (buffalo green
monkey Kkidney cell, Biowhitaker 117~250
passage®} = HIAHATFHe] FFAME) o]t
MEM/L-15 1:1  EgwiAle]l 1% penicillin
-streptomycin (10,000 pg/ml 25 pg/ml), 5%-%-Ef
3 % (Fetal Bovine Serum, FBS)S # 73k Al ¥
W] F8 mi A= AREEFAATE A Al B = Sassay
sample volumes 2022 o] ARESFATH
sAMETE JETH dldstE pH 7.0~75
9] 0.15M sodium phosphate & A& A =Z=314
o SAHETF7 AEHA (cytopathic effect,
CPE)o]1} &4 & 3}(cytotoxicity) S LERH A &
T AL g% F A%E B4 A
ZTE °F=3H poliovirus type 3= pH 7.
0~752] 0.15M sodium phosphate &<} © 2 3]
ko]l oF 20PFU7E H =5 A3zl A Fsho]
sttt 1070 m &7l AlmE A7

AHE-

HE3 F 80~120%7F 365C + 1T CO, HY
S A wpeleiaEs FAEAAZ T AEu S
FetaAe 2% Aol e MEM/L-15 Y
A5 7 wkgr)e] Arld we HHsA F
F3to] 365C £ 1°C CO, w7 olA z+zt 14
AZF wiFstAA  wlolelgd  AMEWEWET

(CPE)E #ZE3ltt.
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Table 2. Norovirus reference strains(GI/GlI)
used for sequence analysis.

Genbank

Strain name accession No. Genotype
Norwalk M87661 Gl-1
Southampton L07418 Gl-2
Desertshield u04469 GI-3
Chiba AB022679 Gl-4
Musgrove AJ277614 Gl-5
Sindlesham AJ277615 Gl-6
Winchester AJ277609 GI-7
BS5-98DE AF093797 GI-8
SaitamaSzUG1 AB039774 Gl-9
Boxer AF538679 GI-10
SaitamaKU8 AB058547 Gl-11
SaitamaKU19a AB058525 Gl-12
SaitamaT35a AB112132 GI-13
SaitamaT25 AB097911 Gl-14
Hawaii uo7611 Gll-1
Snow mountain agent U70059 Gll-2
Toronto U02030 GlI-3
Grimshy AJ04864 Gll-4
Hillingdon AJ277607 GlI-5
Seacroft AJ277620 GllI-6
Leeds AJ277608 GlI-7
Wortley AJ277618 Gll-8
Alphatron AF195847 GlI-9
Amsterdam AF195848 GlI-10
VA97207-US AY038599 GlI-11
M7-US AY130761 GllI-12
Erfurt546 AF427118 GlI-13
Fayeteville-US AY113106 Gll-14
SaitamaKU80a AB058585 GllI-15
SaitamaT53 AB112260 GlI-16
SaitamaT27 AY502009 GlI-17

3. 7E1J1|- al =k
3.1. Semi-nested RT-PCR 2 0|88t | Al
2I0IMQl = =2Hlo|{AQ A

2007~2008 s<tell A A 357,
A 104, stdg 37, Ak 21 5 F
509 HA=25FEH FE3I RNAE o]&st
o], =2u}o]# & genogroup I (GI)3} genogroup
I (Gl)ol H3+ one-step RT-PCR¥} semi-nested
PCRE 717} safstqlvh. Leal, w=gulole 2



Gl I GIlo]l Eoldel =7|(Gl :314bp, GlI
:313bp)°] RT-PCR HZF A HES o] &3lo]
Axp 91714 D EA (sequencing) S & &%l Th
B4 AxE AmEE 2007-14, 2007-15,
2007-20, 2008-2. 2008-5 < 494 54
I}, 2007-38% 2007-39 S IH4 24
2008-32] A&t 171 5 F 8oA w=2Enlo]
2 5ol FHa dVIAde g9
don, ATAHS 108N Zelo]#
e A% HFig. 2). A7 HAel
] semi-nested RT-PCR 5-9l ”‘F%Toﬂfﬂ 55
1571l PCR %A bandE 2l 4= AUAA

gk o]% 571k sequencing A ¥ = &ujo] ]

0% o

2 AN, YA 10712 sequencing 2 7}
£ 45 F Sl

3.2. TA-Cloning 2 0|28t ZHI|= MM
L 2Hl0|2 AL RAEXIHIIMLAE

Semi-nested RT-PCRYlA &2 PCR &
E5 o]&d FHA dVIMEEA e 1Y
% PCR A (band)s =lato] e, HFTAPA
o] o] FESIA Yo w==Zupo] =

A2 971 <E S sequencing A 3ol A
3 F= °‘E} ol g @S F&H3t
HSHNES o] &5t
gulo] g 2] vdl}ﬁé(genotype)g gelat7]
91814 TA-Cloning vectorE ©]-&3F x&n}o]
Y2 HES A= SellA =3 PCR
HFAYHES o] &3 direct sequencingoll A A
£¥ 509 HAE o] &3k L, semi-nested
PCRE wdatAl A&stdtt. 234E A¥n

OO 9w oft

W 2007-4, 2007-5, 2007-14, 2007-19,
2007-20, 2007-30, 2008-2 &< AU+ 71
I}, s 4= 2007-39 171, 2008-3¢] A5 1
A T F 9AA wRufo]ly o] HolA f
Az 4719 49S TA-cloningS %3+ sequencing
< B3 I F AATHFig. 3). EFAT
1070 M= w=2upole]~ FAHAE gl &
T itk A A= RT-PCR¥ semi-
nested PCR F-o ol 1471 | A4+

AN o] wutolg s B AT | 17

oANA 17, spHFelA 271, AstFolA 179
PCR 44 bande 1 4 UMAINH o]F
Frdao e 74, A 14, sk 14
2 TA-cloning®} sequencing 7l A] cloning
o tHAY, == nlo]g 27} ofd T E FH
2 Q7GR HE F1E AT

| Ne|
o | II Han
Ha
-~ g
>/ [ N Tad
5
0 |
5
0 ! 10l H“'I_I_l

Souroewaler Tepveer Sreamvaler Goundwater

Fig. 2. Detection of water-borne norovirus from
various water samples in Gyeonggi-Do
by semi-nested RT-PCR. All amplification
reactions were carried out in triplicate.

3.3. Phylogenetic TreeE 0|28t =ZHI0|HA

FHA HIIME HuEN

semi-nested RT-PCR¥} A&
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Fig. 3. TA-cloning detection of water-borne
norovirus from various water samples
after semi-nested RT-PCR.
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3.4. Real-time RT-PCR probe 2! primere| H|Zt
Y H#S

Real-time PCR> J¥H4?1 RT-PCR¥} th
TFAZ ®J AEE AT UH=E
7] WjiEel we o] Hioly s
stw, 7195 Aol Ay 7] wji
AE dF S5 & Atk 7]F nested
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APE TstHA =2 AHEE 7 e 23E
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THEo] Ags] ®okth MGB-NFQ7F 2 §s o
A7E Fde 2o g2 d@4Hnucleotide) S
targetingst= A o] 7}s3str] Wi 1457/
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Table 3. Comparison of water-borne norovirus
strains in Gyeonggi-Do

Sample water Direct TA cloning
No. type sequencing sequencing
2007-4 s GlII-4
2007-5 s Gll-4
2007-14  Fds GII-3 GII-3
2007-15  Fods GI-5
2007-19 s GII-7
2007-20 G GII-3 GII-3
2007-30 FdT GlIl-4
2007-38 iy Gll-4
2007-39 34 GI-10,GII-4 GI-10,GII-4
2008-2 s Gl-4 Gl-4
2008-3 AstE Gl4,GI-4 GI-9,GII_4
2008-5 s Gl-4

%o FHAFge] wEk 3*-TAMRA  probe®}
3'-MGB-NFQ probe] Ct kel =ztol7t 717]
gz2A vepgo 28, 72 Gl Gl 3 9
! 2} Hk-3-(cross-reaction)©] {lth= AS &els)

At

3.5. Real-time RT-PCRZ 0|88 HI|E A=
oMl ==ZHlo|2{A HE

Semi—nested RT-PCRS o] &3}o] =Znlo]#
2 HAEE 7S sLS 5079 HAES
o™, prober 21FFY w==Zufolg X
genotypes ©|&3 HAF AFolA Gl
Ctgtol w2 3-MGB-NFQ FEH = #4&
FeH(Table 1). dsdss 2 A5kl
vhol 25 7HA= A AA A E&2Q =

vholg) 2~ &S 93l reverse transcription (RT)
3} real-time PCR& Z}7] Z&dte] 3kt

monoplex two-step real-time RT-PCR & <=3}

stiom, Ct a2 40 olsts YA o= b5

L 2 0% oo
Q o ox O
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sk w4 Ay, 2007-1(GD), 2007-10(Gl),
2007-37(GL.GII), 2008-2(GI,GlI), 2008-5(GI,GlI),
2008-7(GL.GIN& Zods 61 st
T3 S 2007-38(GILGI, 2007-39(GI,GII),
2007-40(GI,GI) 59 37 =¥ AsF
2008-3(GIL,GIN) 171 5 & 1074 =zuto]
s S Il F AddT A 104
NA = mmutolglx IAHAAE &9 & F
AT 2007-1(GD), 2007-10(GhH<e] 7494k
Glg el A ol ugtor, ymx 8@ A=
EF GL GlidlA ¥4 Z23E dAtH(Table
5). Real-time RT-PCRoA & A A3} 5
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= sequencing ZI oAM= ZHfo]E 27}
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B ANEE A, WE 429, Solk
87%% H.Git}.

3.6. SHIA HIO[2AAIE H(Total Cell culturable
Virus Assay)2 0|28 A7z ARI0AM<Q
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7} real-time RT-PCR A §ol o] &% 50719 4
T4 AAEA & MEujgo] s g
Al wpely 2Eo] EAst=A Sl Bk
A Zvl g wiolel 2 AAM(TCVA)S ©]
g3 Felst A3 F 5039 AA F 197119
HAA CPEE Flstint. ol¢f 22 4
A3+= BGM  cell linedl A A 3E
(cytopathic effect, CPE)E U o7|&= A
H27F EAgtE RS u|dnh 9 AFelA
FHoz FlE 197 FoA, ==nfolz X~
AE A3 vaws]d 43, 7S AYs 124

ok

T

folt
o

)| HAAZAIAL T21AH, 20084



cwfsfwf

—|_£ G1-42-1- $ G4
Chiba_Gl- 4
SaitamaSzUG1_GI-9

—| E 61-43-2-M13R(-40)-1 €— GI-9

Musgrove_Gl-5 <+“— GI-5
BS5-98DE GI-8
Sindlesham_Gl—-6
Norwalk_Gl—1
Southampton_Gl—-2
_______ Desrtshield_GI-3
SaitamakU19a.GI-12
SaitamaKU8_GI-11
SoitomoTZS Gl-14

|: Boxer Gl—
~39-3- MBR( 40)-1 €— GI-10

Wmchester,G\ 7
SaitamaT35¢_6l-13

53.8

30 25 20 15 10 ] 0
Nucleotide Substitutions (x100)

Hawaii_Gll—1
—E Wortley—UK_CII-8

SaitamakKU80a_GlI—15
] LT Fayeteville=US_GlI—14

SaitamaT53_Gll-16
SaitamaT27_CGll-17

Erfurt546_GlI—13
I E Hillingdon—UK6_GlI—5
— SMA_GII—2
—T 62714—57M13R57403—1}<_ GII-3
G2-20-2-M13R(~40)—1
L TorontoGi-3
G2—4—4—M13R(—40)—1
G2-43-2-M13R(—40)—1
G2-39-1-M13R(—40)—1
== 62-30—1-M13R(—40)—1
Grimsby_Gll—4
M7—US_GII—12
Amsterdam_GlI—10
VA97207—-US_GII—11
. Leeds_GlI-7
G2-19-8-M13R(-40)-1 <4— GII-7
Seacroft_GIl—6
Alphatron—NE—_CII-9

< Gll-4

40 35 30 25 20 15 10 S 0
Nucleotide Substitutions (x100)

Fig. 4. Phylogenetic analysis of water-borne norovirus genogroup-l and genogroup-Il in Gyeonggi-Do.
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Table 4. Comparison of Ct values of 3’-TAMRA
probe and 3’-MGB-NFQ probe by using
RNA from norovirus 21 genotypes

Ct values
Genotype(strain )  DNA probe for Norovirus Difference
3-TAMRA  3’-MGB-NFQ
Gl-4 (Chiba) 28.6 28.1 0.5
GI-5 (Musgrove) 29.2 275 1.7
GI-6 (Sindlesham) 28.8 28.0 0.8
GI-9 (SaitamaSzUG1) 25.0 239 11
GI-10 (Boxer) 27.3 25.8 15
GI-11 (SaitamaKus) 24.2 22.7 15
GI-12 (SaitamaKU19a)  22.9 20.9 2.0
Gl-14 (SaitamaT25) 20.7 20.2 0.6
GllI-1 (Hawaii) 32.6 32.8 -0.2
GlI-2(Snowmountain) 26.8 26.8 0.0
GlI-3 (Toronto) 25.8 26.1 -0.3
Gll-4 (Grimshy) 29.5 28.7 0.8
GII-5 (Hillingdon) 33.7 335 0.3
GlI-6 (Seacroft) 29.8 30.1 -0.2
GII-7 (Leeds) 26.5 26.9 -0.3
GlI-11 (VA97207-US) 31.7 30.6 11
GlI-12 (M7-US) 29.0 28.2 0.8
GlI-13 (Erfurt546) 222 221 0.1
GlI-16 (SaitamaT53) 18.6 19.2 -0.6
GlI-17 (SaitamaT27) 14.1 13.6 05
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Fig. 5. Real-time RT-PCR detection of water-borne
norovirus from various water samples.
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Table 6. Real-time RT-PCR detection of water
-borne norovirus in Gyeonggi-Do

Sample Water Real-time  RT-PCR
No. type RT-PCR Sequencing

2007-1 Frds Gl

2007-10 Frds Gl

2007-37 s Gl, GlI

2007-38 3 Gl, GlI Gll-4

2007-39 el Gl, Gl GI-10,Gl1-4

2007-40 i Gl, GlI

2008-2 A Gl, GlI Gl-4

2008-3 A8k Gl, Gl Gl-4,-9,Gll-4

2008-5 Frds Gl, Gl Gl-4

2008-7 Frds Gl, Gl
s 47}X1 GllE e A% GI-3, 4, -7 5 37}
A5 F T FAAE e =zute] fﬂiﬂ =
W R RESn 988 gaand.
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Table 7. Comparision analysis between total
cell-culturable virus assay and norovirus results

TCVA positive

NoV positive o
NoV positive
semi-nested
12 8/12(66%)
RT-PCR
Real-time
10 9/10(90%)
RT-PCR
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An Investigation of The Harmful Substance in Circulated Herbal Medicines

Sin-Hee Park, Young—-Sug Kim, Jong-Hwa Kim, Myoung—-Gil Kim, II-Hyeong Jeong,
Jong-Bok Lee and Jong-Chan Kim

Pharmaceutical chemistry team

Abstract : We investigated the concentration of heavy metals and residual contents of sulfur dioxide (SO,) for
circulated herbal medicine of 136 species (369 number of samples) which are collected in Gyeunggi province. The
concentration of heavy metals and residual contents of sulfur dioxide in circulated herbal medicines were as follow
: Pb was in the range of 0.0 mg/kg-34.6 mg/kg, As was 0.0 mg/kg-2.2 mgl/kg, Cd was 0.0 mg/kg-1.6 mg/kg, Hg
was 0.0 mg/kg-0.3 mg/kg and SO, was 0 mg/kg-1833 mglkg. Incongruity rate is 13.6% for all collected samples.
The most incongruity item is Cd and residual sulfur dioxide, Pb, Hg are follow. We made a herbal medicinal
decoction to examine the shift rate of harmful substance from crude drug to decoction. Shift rate of lead is
0.25%-0.3% (in decoction of Cinnamoni Ramulus), cadmium is 7.2%-8.1% (in decoction of Linderae Radix), and
residual sulfur dioxide is 9.0%-10.2% (in decoction of Zingiberis Rhizoma). Residual rate of lead in grounds is
91.0%-95.4%, cadmium is 72.0%-88.0%, residual sulfur dioxide is 72.2%-73.8%. Quite a few harmful substance is
still in grounds. Then It is reasonable that the permitted standards of harmful substance in pills and power should
be different from the decoction's. Because when we take pills and powders, we take the whole herbal medicines.

Key Words : heavy metal, sulfur dioxide residue, herbal medicine, medicinal decoction.
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Zbol mFEH Z2FEFE 7FSte 150 mL= Table 2. The incongruity items of herbal
mass up AlZth o]HE 045 m L3I E medicines
syringe filter= o 7hek § ICPEA s}, A= —
Incongruity item Number of sample
S Table 1 ¥ 2t} Cd 23
Pb 4
237. AZE WA7IQ 23 L H, = 5F Ha L
SO, 16
23.1.9 WY} FAdSA A} Cd + SO, 3
Cd + Pb 3
238. EHoto| ZFOIASIYET Tota 50
geofel Zirolitatd S4L gebs w53 A shobAle] BAE I AA = Table
il vtE HAZA FTHIg=A ¥ A A] 2. 9} 2t} 71 & W (SO, 364.4 mglkg, Cd:
b WS 233.% st 50 9o A 134 mg/ke)ldd, AE (SO 206.0 mglkg, Cd:
Alial 200 - 300 mLel ®eoFE Bt 2 g5 pg/kg)17d, BA} (SO 137.1 mglkg, Cd:
T &S 200 mLE HAaAA AP 0.59 mg/kg)m_g Ao kst at i e 28t E
o FAlo FA oAt A=EH P F F
ol FAlo FAFQ stekEE FE (Pb:
3. &4 1 ;s
6.25 mg/kg, Cd: 1.05 mg/kg) 17, A=A (Pb:
" . 11.60 mg/kg, 6.64 mg/kg, Cd: 0.59 mg/kg, 0.39 mg
S L =] [=1 =
3.1. stekxfeol HlA, JIEER, T2, ZF Ikg) 271 o] Lt
OlA 9.|-c!'°| ’—ﬁgjadj'—l‘ H) A= HX—]‘o‘l-o] 1A% Q9 oo ?——_1%51'
FrebAl 136F 3691l wHe W, B4, Th=H, oA 03 mgkge 2 171 HAEFEHAT FA o]
T2, FHFolststgte] SAH A= Table 3.3 M me gRom JlRo|Yd oo
2ok A ARH T Qe 484 Aol e ARl MW, b, £ #AAY. 248 @
7179 Y 5 mgl/kgolsl, U4 3 mglkgel sk, 7} okA) o] ZFolakslste 0 - 1,833 mglkge WY
=% 0.3 mg/kegoldt, & 0.2 mglkgoldte] 7= A A=HAew 10 mekgoldls EAEE
& A% A9 W WA PA F L00%7F B 2 0 AA dpAF 10070] EH PEE
Aot W 0.0 - 346 mglks, HlAE 0.0 = 2%k AA FefAlE it ol thst
- 2.2 mglkg, 7J1=HE 00 - 1.6 mgksg, & 3t =27 MY =L AL Zuyg it
0.0 - 0.3 mg/kge] WA 747 HE= AT 1,001 mg/kg?l ¥ =t
Table 3. Determination of heavy metal contents in herbal medicines
. _ Heavy metal (mg/kg)
]'%Ué samp
Latin name 3 o, Pb As cd Hg SO;
Puerariae Radix e 3 0.048~0.600 0.000~0.146 0.049~0.100 0.000~0.001 0~5
Chrysanthemi Flos = 4 0.776~2.417 0.000~0.110 0.165~0.664 0.001~0.021 3~6
Glycyrrhizae Radix rx 12 0.000~1.130 0.000~0.580 0.000~0.210 0.000~0.018 3~7
Osterici Radix AR 6 0.440~1.363 0.000~0.690 0.000~0.262 0.000~0.020 4~6
Curcumae Longae Rhizoma 74 2 0.267~1.110 0.000~0.110 0.000~0.055 0.003~0.014 2~122
Brassicae Semen 70 =} 1 0.107 0.000 0.107 0.001 7
Zingiberis Rhizoma KAy 5 0.270~0.850 0.000~1.080 0.110~0.290 0.010~0.052 4~851
Rhemanniae Radix A g 1 0.71 0.000 0.050 0.010 29
Cassiae Semen Ay 2} 2 0.054~0.272 0.000 0.000~0.054 0.000~0.010 2~3
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samp

Heavy metal (mg/kg)

Latin name F= T Pb As cd Ho SO,
Cinnamoni Ramulus Al A 6 1.863~11.601 0.000~0.239 0.272~0.585 0.009~0.020 3~6
Cinnamon Bark A ] 9 0.000~3.118 0.000~0.761 0.051~0.629 0.000~0.023 1~19
Sophorae Radix a5k 1 0.000 0.000 0.000 0.000 6
Farfarae Flos 5 3} 1 0.835 0.418 0.052 0.002 5
Agastachis Herba 3k 1 0.749 0.000 0.102 0.011 5
Sophorae Flos 1) 3} 1 1.120 0.160 0.000 0.023 8
Lycii Fructus 7] A} 3 0.000~1.012 0.000~0.479 0.160~0.253 0.000~0.036 3~4
Alli Tuberosi Semen TAF 2 0.267~0.361 0.000 0.000 0.006~0.019 2~8
ﬁg%gﬁnthem' Zawadskii THAZ 1 1.549 0.000 0.473 0.034 9
Lonicerae Flos =23} 3 0.572~1.624 0.000 0.162~1.230 0.072~0.011 3~298
Platycodi Radix Eapr 5 0.212~0.303 0.000~0.151 0.000~0.248 0.000~0.021 3~28
Raphani Semen U] =2} 1 0.092 0.000 0.137 0.007 28
Phragmitis Rhizoma =t 1 0.000 0.000 0.050 0.005 296
Angelicae Gigantis Radix 3 8 0.203~2.831 0.000~0.102 0.153~0.294 0.004~0.019 2~6
Arecae Pericarpium ] 53] 1 0.677 0.000 0.000 0.004 6
Zizyphi Fructus o] 5= 1 0.000 0.000 0.051 0.000 3
Persicae Semen =9l 5 0.000~1.123 0.000 0.000~0.200 0.000~0.039 2~9
Araliae Continentalis Radix =3t 2 0.461~0.916 0.000~0.154 0.051~0.203 0.003~0.004 4~5
Eucommiae Cortex % 2 0.000~2.614 0.000~0.163 0.101~0.286 0.000~0.033 6~7
Ephedrae Herba a5 5  0.000~0.779 0.000~0.552 0.054~0.103 0.010~0.054 5~7
Codonopsis Pilosulae Radix  TH4F 1 0.599 0.218 0.163 0.033 751
Viticis Fructus qHE 2} 2 0.472~0.814 0.000~0.407 0.000 0.004~0.008 2~9
Liriopis Tuber w75 3 0.197~0.700 0.000 0.051~0.150 0.004~0.022  5~1833
Hordei Fructus Germimatus o o} 1 0.000 0.000 0.100 0.000 5
Chaenomelis Fructus =2 2 0.000~0.213 0.000 0.000~0.098 0.000~0.006 2~4
Moutan Cortex Radicis & e 4 0.056~0.343 0.000~0.784 0.000~0.150 0.009~0.049 727~1587
Akebiae Caulis =55 1 1.948 0.000 0.053 0.000 4
Aucklandiae Radix 53 3 0.301~1.470 0.000~0.401 0.150~0.514 0.000~0.014 0~14
Actinidiae Fructus LR 2 0.334~0.499 0.000 0.000~0.100 0.003~0.013 7~178
Buddlejae Flos 53} 1 4.605 0.000 0.209 0.266 4
Menthae Herba vk} 1 1.962 0.000 0.102 0.011 7
Pinelliae_ Tuber Wk 4 0.000~0.790 0.000~0.662 0.053~0.447 0.007~0.023  6~361

— ==
Pinelliae Tuber cum ZR. WMEE 1 0.302 0.302 0.091 0.009 192
g'r?ifz’gm” Caulis et 1} 2 1.211~2.282 0.000 0.000~0.122  0.011~0.026 3~7
Saposhnikoviae Radix A HE 5 0.230~0.555 0.000~0.303 0.050~0.291 0.000~0.008 4~19
Bombycis Corpus w7z 1 0.402 0.000 0.100 0.036 4
Amomi Cardamomi Fructus 5+ 1 0.603 0.000 0.000 0.003 1
Imperatae Rhizoma R 1 0.301 0.000 0.151 0.001 78
Dictamni Radicis Cortex A 51 1 3.501 0.471 0.052 0.006 10
Cynanchi Wilfordii Radix =0 2 0.050~0.400 0.000 0.100~0.150 0.000 2~4
Angelicae Dahuricae Radix %] 4 0.452~2.281 0.000~2.201 0.052~0.278 0.009~0.026 3~6
Atractylodis Rhizoma Alba ul = 7 0.425~0.370 0.000~0.612 0.283~1.328 0.003~0.013 5~364
Dolichoris Semen Hl A 1 0.000 0.000 0.042 0.000 3
Hoelen =55 11 0.000~2.134  0.000~0.702 0.000~0.094 0.001~0.045 2~731
Rubi Fructus A} 2 0.051~2.532 0.000~0.051 0.101~0.501 0.007~0.030 1~4
Holene cum Radix 2 1 0.934 0.000 0.052 0.017 17
Arecae Semen Hl &=} 1 0.729 0.000 0.056 0.008 4
Belamcandae Rhizoma ARZE 1 5.347 1.110 0.692 0.016 307
Adenophorae Radix A4k 1 2.686 0.846 0.298 0.061 731
Cnidi Fructus AP AE 1 1.380 0.000 0.202 0.023 5

N
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samp

Heavy metal (mg/kg)

Latin name F= T Pb As cd Ho SO,
Amomi fructus ALl 3 0.546~0.915 0.000 0.000~0.054  0.003~0.012 1
Crataegi Fructus AEAL 3 0.313~0.441 0.000~0.313 0.000~0.052 0.000~0.008 2~22
Corni Fructus hE - 2 0.051~0.250 0.000 0.000~0.050  0.002~0.010 1~4
Dioscoreae Rhizoma AFok 11  0.052~1.011 0.000~1.436 0.000~0.154 0.011~0.053  3~770
Zizyphi Semen Abz91 4 0.000~0.504 0.000 0.000~0.052  0.000~0.012 2~13
wisci Herba et Loranthi 471" 2 0533-1.807 0.000-0.292 0.100~0.201 0.011~0.021 45
Mori Cortex Radicis o ) 1] 2 0.000~0.983 0.000~0.052 0.000~0.103 0.000~0.002  2~218
Mori Ramulus A 1 1.411 0.000 0.102 0.000 4
Acori Gramineri Rhizoma  4#% 3  0.833~1.104 0.000~0.752 0.100~0.112 0.005~0.020  18~139
Asiasari Radix A2 5  0.364~3.485 0.000~0.592 0.536~0.747 0.012~0.114 2~4
Sennae Folium KARRT 2 0.000~0.274 0.156~0.274 0.000 0.013~0.043 2~9
Caesalpiniae Lignum At 2 0.000~0.253 0.000 0.000~0.051 0.000 2~3
Dipsaci Radix ke 2 1.470~1.911 0.000~0.490 0.546~0.626 0.012~0.038 6~12
Cynomorii Herba Ak 1 0.371 0.000 0.000 0.016 3
Efehprgfaqg'ae Radix %%8 7 0213-1.465 0.000~0.342 0.000~0.061 0.000~0.022  4~29
Bupleuri Radix A& 7  0.661~1.253 0.000~1.403 0.000~0.422 0.013~0.050  4~1101
Angelica keiskei =Rk 1 0.000 0.146 0.049 0.008 7
Forsythiae Fructus ol 1 3.954 0.000 0.113 0.008 13
Nelumbinis Semen A =& 2 0.000~0.105 0.000 0.105~0.141  0.002~0.005 2~4
Acanthopanax Root Bark 2 719 1 0.589 0.000 0.161 0.009 17
Acanthopanax Fructus L vz} 4 0.000~0.419 0.000 0.049~0.105 0.000~0.011 2
Evodiae Fructus T 2 0.201~0.260 0.000 0.152~0.260  0.010~0.011 4~6
Linderae Radix Q9 1 4.719 1.497 1.584 0.025 37
Longanae Arillus i) 1 0.081 0.651 0.000 0.007 195
Arctii Semen $-H 2} 1 0.000 0.000 0.109 0.001 5
Achyranthis Radix & 3 0.143~1.707 0.000~0.466 0.000~0.741 0.012~0.045  9~515
Pruni Nakaii Radix =7l 1 0.153 0.000 0.000 0.009 3
Curcumae longae Radix ) 2 2.782~3.203 0.000 0.291~0.294  0.000~0.011 3~8
Polygalae Radix A7 8  0.304~4.846 0.000~0.985 0.049~0.109 0.001~0.012 1~72
Clematidis Radix 1A 2 10.521~11.872 0.790~2.016 0.243~0.318 0.012~0.035 4~13
Cinnamomi Cortex Spissus A 2 0.000~2.809 0.000 0.281~0.264  0.006~0.039 4
Epimedii Herba % 1 1.258 0.302 0.201 0.010 3
Coicis Semen 9ol 2 0.000~0.148 0.000 0.000 0.000 2~3
Ginseng Radix Alba Q1 4t 6  0.000~0.633 0.000~0.764 0.000~0.104 0.003~0.020 2~29
Perillae Herba POt 1 0.412 0.000 0.051 0.005 4
Paeoniae Radix <} oF 11 0.000~0.316 0.000~0.591 0.006~0.206 0.000~0.019  2~289
Angelicae Decursivae Radix %% 1 1.638 0.000 0.560 0.009 206
Drabae Semen A=z 1 0.268 0.000 0.054 0.014 17
Aurantii Fructus Immaturus | 7k 1 0.302 0.000 0.000 0.014 123
Anemarrhenae Rhizoma 2| B 2 0.100~0.253 0.000~0.751 0.100~0.201 0.010~0.013 172~668
Kochiae Fructus A F-=; 1 1.921 0.000 0.301 0.000 106
Ponciri Fructus A A 2 0.300~18.090 0.000 0.047~0.051 0.062 1411
Sanguisorbae Radix A 1 0.459 0.000 0.051 0.021 5
Citri Unshii Pericarpium 71 3] 3 0.000~1.247 0.000 0.000~0.051 0.014 2~10
Tribuli Fructus EER 1 0.000 0.000 0.103 0.000 9
Atractylodis Rhizoma A= 3 0.157~6.254 0.157~0.632 0.157~1.052 0.001~0.032 6~16
Cnidii Rhizoma AE 6  0.101~0.560 0.000~0.382 0.101~0.254 0.000~0.012 3~6
Arisaematis Rhizoma HA 2 0.000~0.221 0.000 0.221~0.254 0.000~0.012  17~26
Gastrodiae Rhizoma Hu} 4 0.051~0.564 0.000~0.704 0.103~0.292 0.004~0.059  2~410
Asparagi Tuber HAiEE 2 0.191~0.208 0.000~0.052 0.096~0.104 0.028~0.029 471
Rubiae Radix Hx 1 3.275 0.000 0.200 0.009 3
FI|ITHARFHAYE T21A, 20084



Heavy metal (mg/kg)

i 5=y samp
Latin name 3= o, Pb As Cd H SO,
Trichosanthis Radix A3 1 0.505 0.101 0.050 0.000 2
Citrii Unshiu Immaturi A5 - 5 N - -
Pericarpium 4 7 2 0.357~0.829 0.000~0.104 0.000~0.051 0.008~0.020 4~7
Gardeniae Fructus X 2F 5 0.049~1.596 0.000 0.000~0.186  0.007~0.036 4~8
Aquilariae Lignum 3 3F 1 0.000 0.000 0.000 0.001 4
Alismatis Rhizoma 21PN 5 0.000~0.642 0.000~0.196 0.100~0.591 0.000~0.022 2~137
Morindae Radix =3 2 4.356~4.502 0.284~2.081 0.127~0.142 0.016~0.042 6~7
Taraxaci Herba Ty 1 0.521 0.982 0.122 0.000 4
Typhae Pollen EE 1 0.679 0.000 0.000 0.019 6
Polygoni Multiflori Radix T2 3 0.407~1.320 0.000~0.481 0.000~0.102 0.000~0.002 2~4
Rosa rugosa ECR=s 1 0.362 0.000 0.154 0.008 6
Kalopanacis Cortex 3 & I 1 0.000 0.000 0.094 0.003 5
Armeniacae Semen &<l 2 0.000~0.099 0.000~0.149 0.000~0.100 0.000 5~45
Cyperi Rhizoma g5z 6 0.000~1.465 0.000 0.101~0.413  0.000~0.031 1~4
Scrophulariae Radix A4t 3 0.317~1.242 0.000 0.158°0.287  0.002~0.057 7~87
Corydalis Tuber do A 1 0.598 0.144 0.087 0.009 203
Schizonepetae Spica 7Y 1 2.426 0.000 0.099 0.016 10
Ginseng Radix Rubra At 3 0.198~0.356 0.000~0.255 0.099~0.203 0.009~0.029  4~11
Carthami Flos %3} 1 3.608 0.000 0.103 0.002 9
Carthami Tinctorii Fructus 23} 3 0.000~0.805 0.000 0.051~0.105 0.000~0.005 2
Scutellariae Radix e 4 0.000~1.009 0.000~0.101 0.000~0.104 0.000~0.011  2~539
Astragali Radix 2}7] 9 0.000~34.622 0.000~0.442 0.000~0.102 0.000~0.043 2~26
Phellodendri Cortex 3 3 0.330~1.372 0.000~0.610 0.000~0.055 0.004~0.030 3~113
Foeniculi Fructus 3] gk 2 0.411~1.880 0.000 0.051~0.253  0.010~0.018 6~51
Magnoliae Cortex S-up 2 1.552~2.966 0.000 0.048~0.052  0.016~0.033 4
Piperis Nigri Fructus 55 1 0.000 0.000 0.000 0.000 7
ol abskak e A AHEEM e 1A 7 T4 TR AARA 5 o A" T
(2005-44%)S A& S "W AAY 51% kAT Y oA FAI dgE HA
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(2008-3%, Al 2009 1¢¥ 8¥U)Q0 30 mglks A RFoA Jl=F dtEo] KASto|a Hyt
olstE A& Wi AAY 173%7F #AE Tk 063 mekeolHh HEE 2L FESE
0% @AEC] FAFE] o 34u] FEAN & AAHA W} opd Ao Us
o AA AHAS ARFoistE wREEEE AER Qo] Holgol® Esta 571 B
Fig.19- 2t} A =& =9 Jt=Ho] HEH Zom Ho}
12
500~ 1000-
1000(3.0%) 1500(0.8%) 10
1500above(0.6%) 8
30below @
(82.7% g 6
30-200
(8.1%) 4
2
0 Zingiberis Paeoniae Radix Cinnamoni Atractylodis Asiasari Radix
unit ( ﬂdk 9) ’m‘ Rhizoma Ramulus Rhizoma Alba

Fig. 1. Distribution of residual sulfur dioxide in

circulated herbal medicines.

Fig. 2. Some herbal medicines show the tendency

of incongruity item.
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Fig. 3. A Pb(lead) Shift from Cinnamon Ramulusto
decoction.
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Fig. 4. A Cd(Cadmium) Shift from Linderae Radix
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Fig. 5. A SOy(residual sulfur dioxide) Shift from
Zingiberis Rhizoma to decoction.
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Quantitative Analysis of Acid Value, lodine Value and Contents of Vegetable Oils
in Perilla Oils by NIRS

Hyun-Ju Kim, Ok-Kyung Choi, Sun-I1 Hwang, Jin-A Jeong, Yun-Sung Kim, Mi-Hui
Son, Hye-Jung Kwon and Nan-Young Kim
Food Analysis Team

Abstract : The possibility of quantitative analysis of acid value, iodine value and contents of other
vegetable oils in perilla oils by near-infrared spectroscopy(NIRS) was evaluated. Modified partial least
squares(MPLS) regression was used to develop the calibration equation. Coefficients of determination
in perilla oil for acid value and iodine value were 0.986 and 0.913 respectively. Coefficients of
determination for contents of rapeseed, corn and soybean oil in perilla oil were 0.995, 0.996 and
0.997 respectively. The results indicate that the NIRS can potentially applied as a non-destructive
analysis method for acid value, iodine value and products mixed other vegetable oils with perilla oil.

Key Words : NIRS, perilla oil, acid value, iodine value
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=2 9] A F333 = A (Foss NIRSystem, model
6500, U.S.A)E ARg3lo] 7} Alge] A9
2 EYS Table 19 3104 FA skl

ARE 60CE 7F=3 & 400~2500 nme]

Table 1. Condition of scanning parameters

Detection mode Liquid transmission

Sample cell Vial, 8x40mm
Temperature 60C

Attachment profile Liquid analyzer

Wavelength 400~2,500nm

Spectrum 1,050 data points
Reference revs. 16

Scanning Sample 1

Sample revs. 32

A2 A4 algorithme A& Yxte] =
Fael ojg =gA A og Ak
Table 28 & Z7Hdo 2 HAZ ZT W

# 22 A H (modified partial least squares)
o] g3t AT T FAA A= A
de 2yl ISI SCAN(Version 2.71)3}
WINIST IT'™(Version 1.63) ZZI1#S ALE
skt
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Table 2. Conditions of the first derivative

Math treatment 1,4, 4,1
derivative 1st
gap 4 nm
smooth 4 point
second smooth 1 point

Scatter SNV and Detrend

w

H

fuin

o N
2 il
10

i ru
1

o

x

|>

ﬂ

[m

I

Mo U & Lo
[~
%
[t
o

>

il

~ 1o

> Bl o

=

ro,

o &
T

i rlo

5\

ol

oot
E\
o o

&
B

o

o

=)
fMoye &

N |o

oX
2L
o
N

Ty
g |o
HE

J
O.
[}
fo lo g

RV
N
il e

ki
o
.
rlo
it
)
1

o%
)
N oo 2

_ﬁ
of
. jirold
)

og K™

&2
0Q
—
rlo
et
N
o A% [
o 2
el o
rob
o
Q
w0
@,
5
(@)
o,
r

&>
w®

\]
lls
to
2l
il
EN
o,

Fig. 13 #o°] 400-700 nm, 1200 nm, 1400
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Fig. 1. NIR spectrum of perilla oils.

Fig. 2. The first derivative spectrum of

perilla oils.
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A3E At} Fig. 4= 578 F AW
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Table 3. Equation calibration statistics using
MPLS for acid value and iodine
value in perilla oils

SEC SECV RSQ 1-VR

Acid value 0.094 0.097 0.986 0.985

lodine value 0.794 0.863 0.913 0.897

SEC : Standard Error of Calibration
SECV : Standard Error of Cross Validation
RSQ : Coefficient of determination

1-VR : 1-Variance Ratio

Fig. 3. Relationship between measured Lab. data
and predicted NIRS data for acid value
and in perilla oils.
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HE 53
578 F CFNERAY FRAVE BY
37 dlstel A8 8, S5H, AT

5 0%, 1%, 2%, 5%, 10%, 20%, 30%, 50%
&R T A 7189 2HA 2MEY

g

S AT T AF 2 ATS AAEAn
B8 AEH, S5, TVNES EFEA

< Table 58} #o] E%Zﬁ%&i}(SEC) Eds

Z} 1555, 1.202, 1.14401Q 3, & 2}

(SECV) 7+7+ 1.830, 1.374, 1. 800191‘?}.
Zde] AAAFRSQ)= AHF
fr 0.99, F71& 0.99701951‘:}.

Table 4. Comparative result between measured
Lab. data and predicted NIRS data for
acid value and iodine value in perilla

oils
SEP Bias RSQ
Acid value 0.157 0.008 0.972
lodine value  0.939 -0.003 0.931

SEP : Standard Error of Prediction
RSQ : Coefficient of determination
1-VR : 1-Variance Ratio

Fig. 4. Relationship between measured Lab. data
and predicted NIRS data for iodine value
and in perilla oils.
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w3 validation filee WINISI II' Z =23 S8 AFHIE EFEHAL W AFEFL
ol /] calibration file?} 2=FEZH] FE-A]o] ZH(SEP) 2.778, A A(RSQ) 0.983¢1 Z I &
e g ARES WA 5t o, $55H7 EFHAS 0 JZEE
ANRES o&ste AsHor Aibste] 1 Q2 2HSEP) 2.459, A4 A4 (RSQ) 098791 A%}
a4S st Table 62 ©]s8ted 4 s dAT E=3 FUIF] £dEHAS o oS
21¢} NIRSell o]k A3k o SHFat T+ 2 AHSEP) 2339, ZAASRSQ) 0.988¢]
(SEP)9} ZAAF(RSQ)E YEF AT AvE AAJTH
Table 5. Equation calibration statistics using Table 6. Comparative result between measured
MPLS for vegetable oils mixed Lab. data and predicted NIRS data for
rapeseed oil, corn oil and soybean oil vegetable oils mixed rapeseed oil, corn
with perilla oils oil and soybean oil with perilla oils
SEC SECV RSQ 1-VR SEP Bias RSQ
Rapeseed oil 1555 1.830 0.995 0.993 Rapeseed oil 2.778 -0.263 0.983
Corn oil 1202 1374 0.996 0.995 Corn oil 2.459 0.146 0.987
Soybean oil 1.144 1980 0.997 0.990 Soybean oil 2.339 0.258 0.988
SEC : Standard Error of Calibration SEP : Standard Error of Prediction
SECV : Standard Error of Cross Validation RSQ : Coefficient of determination
RSQ : Coefficient of determination 1-VR : 1-Variance Ratio
1-VR : 1-Variance Ratio
(A) Rapeseed oil (B) Corn ail

(C) Soybean oil

Fig. 5. Relationship between measured Lab. data and predict

ed NIRS data for vegetable oils mixed

rapeseed oil, corn oil and soybean oil with perilla oils.
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Dissipation of residual pesticide during Cheonggukjang fermentation

Seong-Bong Lee, Mi-Na Eom, Jung-Bok Kang, Young-Suk Do, Su-Gyeong Moon,
Jae-Kwan Kim, Jeong-Weon Huh, Eun-Mi Park, Young-Su Kim, Sun-Ae Moon,
Mi-jin Lee, Bong—Ryeol Kim, Hyeon-Yeon Kim, Chung-Won Kang,
Kyeong-Seok Chae and Jin-Ho Jang

Suwon Agricultural Products Inspection Center

Abstract: This study was carried out to investigate the dissipation of four pesticides, alachlor,
bifenthrin, diazinon and triflumizole, used for soybean during the fermentation of Cheonggukjang.
Steamed soybean was spiked with the pesticides and fermented at 40C for 72 hours. Residual
levels of the pesticides were determined using a gas chromatograph equipped with electron
capture detector(ECD). Recoveries of the pesticides from Cheonggukjang were in the range
93.9%-109.3% and limit of quantification was 0.01 mg/kg for alachlor and 0.005 mg/kg for
bifenthrin, diazinon and triflumizole. During the 72 hours of fermentation, reduction rate of the
pesticide residues in Cheonggukjang was 1in the range 46.29%-49.9%, 32.8%-35.9%,
16.8%6-17.6% and 13.7%-22.5%, for alachlor, bifenthrin, diazinon and triflumizole, respectively.

Key Words: Residual pesticide, Cheonggukjang
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diazinon, triflumizole®] W3l H=73 L7 S
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gehol Zzte] BREEE BANNT AHY AR 5 7 wokel 58S 0105 mekg A F
oA alachlor 96.9%-97.5%, bifenthrin  93.9%-97.3%, diazinon 99.0%-99.4%, triflumizole
106.3%6-109.3% 0] o, A =3 A (LOQ)+= alachlor 0.01 mg/kg, bifenthrin, diazinon, triflumizole
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3835 459 F<F, alachlor, bifenthrin,
o

aatel thel Lopry] 2fs)

FAO ;AR A5

Z)|CHAAZALRE H21A, 2008



el Az A

J

8

7174

fu
L.

SR

]
ZS|

-
it

of 2h%7] +

Rin

FoSetete o

d& &b

O]

ZRIPY
1. M2
HEE

2

=

o

b2

A
pul

e

fmAre)

<

7 LEI7HA

44 | %

®O P g e &N AR 5 L ooy ool 2ol or o R RO
™ u)%mMrmmJﬂ_é mmwﬁmmma%%ﬁwm
I LA s 2 To <=2 B R % W
G 5T T & EW 1E¢h5%ﬁ@_%@.
M B Gr T2 oM TP et n
o > ™ 223 woE o BN E
ol e S-5g2%%w D o gT Y T
% B STEEZRT  w BErprgEaLl
- /I\IOIC - - u] = o ;OL
_ o o 8 £ nw Y W ET o g b d g g
PR Tom oo B w5 ES T T E
fo = O - B R mE 8O W "o 7
<~ n or mﬂNJ mm 2 T do _ . B 3 op 24 do n ol % i
e B < ﬂ?xxmwu.m, o Mon,awmﬂﬁ1¢OLﬂLQ®
Yo ) W m s s R 2P WS S g
o < NE S
I MErsPrEs KMo oo SEha®E g9
QMM L ﬂ?%Umw:ﬂMmm 3 LA;.,mm\@.;%woﬁO.G
|T1A r O o - o . . B3 S
mﬁ Yo ol o/ [ ar m Mo m,w o m&_.w T £ 3 v mr mb it w MLﬁ
< wE <l o BV = = = E O o W Z o 2
o kAT LW ES M ®E TN R D
N — %EWJR)MEE . mai% 2R -
—~ o Ko ~ mu N o) =
X No & BN AR o~ B 5T Mo X O N M
M&mﬁoﬂw TR W oo Jo ¥ T jof oy T T oor 44 B ! B = o
2% R W TN o®m W ET TG OBWNE T RN LW
SN T T _H®E I = o
SN gy NE R I R N N T R
g B TABESL BMTT hwow u L w
She I mom Wy "B g o D Rn X o
=l % T W g " T o Mo - - S oy
P oo U T o,o>,ﬂz£@dr.ianiqxi ) T 59
\\ﬂw.‘.nﬂ [To} o —_
aﬂu,u wn M zoéowfigo oa}Elﬂtuurm omﬂéimﬂ CDLn%
v ™ il o No O T
= M % T S ﬂliw%a.%%% %i A B
3 = 0 X o T B )/ =— " o= X K Ao o o
S PN = D .
I IS S A E S RS E i
< o oo W Maom 4L T E Ry E _
— T 70 N it M- Nlo o wxm © N Ay o T = g9 3
=R~ _ A = ‘_J.o\;Imﬂ —_ &o UG qq}
.Wimom@mmuma_ﬂzNJ_J%%OEJxmﬂﬂrw]r%zowr@@%wﬁeﬂo
Blo g 2B O TR dle g LS W = .y I T ST
_OﬁOﬂLL —_ ;OLL;Ir‘_y' }Lﬂmx HHE); B
v @ odo Hp °H B s . _EHL_ZFA & Ho T T .ﬂﬁuewu% -
Huu&ﬁézh%oﬁbmﬂonﬂmowd.ma%ﬂmomﬂ%%%mﬂm maz&rmm
= o J— 0
4™ MMz R P @Rk Tl wal, §
S N I R T B TRCUN < L U R I E T
n,é o = 0 J._v Erv ,WE &o ~O e P o ‘CI ) En_ w:.m m Z,.#
o R T W ﬁﬂ%@%ﬂ%ﬂﬂ X0 (IR R
T wm W sm THHKBRRST R lT T W F s < E

o

ar

S EICE S

13
Al 4= (processing factor) T 7275 (reduct-

[e]
=

=
o
2 g5
BT HARAARAL H21A, 20084

ion factor)®

A2kl



Table 1. Physicochemical properties of the pesticides

Common name Alachlor Bifenthrin Diazinon Triflumizole
Molecular formula C14H20C1N02 Cz:gszClF:;Oz C12H21N203PS C15H15C1F3N30
Molecular weight 269.77 422.88 304.35 345.7

Vapour pressure 3.0 mPa(25C)
Water solubility (mg/L) 148

Chemical Class Chloroacetanilide

0.024 mPa(25C) 0.097 mPa(25T)
0.1 40

Pyrethroid

0.0014 mPa(25T)
12500

Organophosphorus Imidazole

Table 2. Analytical conditions of GC/ECD

Instrument GC Agilent 6890N
DB-1701, DB-5

Column (30 m x 0.25 mm Ld., 0.25 m)

125C (1min)-8C/min-200C(2min)

Temperature  —10C/min-250C(2min)-8 C/min
-280C(10min)

Carrier Gas N, 1.0 mL/min

Injector split(1:10), T=270T

Detector ECD, T=300T

Injection

Volume 10 L

-5521, CUCKOO. co, Korea)E ©o]&3tit}. A
2HZL FE FAEk 25T & 14A17HE<t
AAAZ v Aol WA Ew7]E ofa
2712 6AzF AT A e & A
o] FHA ALeom A3 & 250 mL Hlo] A
50 g¥ o] ga, Haay F ookl g
7 HstE xA o] ¢

A7rstdch soF RFEEH H7be spiking
solutions  ©] &3}

[e)
LI A

_,4
oft
ol
N
do
ol
I
ofN
O
i
2
ox.
Me
o 3

°]

%

]
= 3le] 40Col A 724 &<t 2
fz4te 1A 2 Ewrls 3 F3
&3l 121TColl A 1583 5%
gt I oz Az

24. HAW YENH F IRESY 2

Hanyd T FHEFY = HIgE dolr
7] 98l 24, 48, T2A1%F A3 F ZzF A8

b | =
HAste WFEFs EAsAT BAUHES AR
50 geoll aetonitrile 100 mLS 7}3}aL
nizerE ©]-83}] 4000 rpmol A 283 T LUF
A mp, FESAT FE AR A3 HEA
ol celite 545(0.02-0.1 mm, Merck, Germany)<}
o] 2] (Whatman No.2)7} 2% buchner funnel
= ol&sto] Y ofHsidn. oA FH}AE NaCl

10 gol Eol9lE 87101 &7 F 187 A9
4

o2 AL3ste] hexane 5 ml, 20% acetone
/hexane 5 mL& &4 3}AZ1 SPE Florisil ca-
tridge(Spe—-ed, 1 g, 6 mL, Applied sepatatrtions)
o] loading ¥ 20% acetone/hexane 10 mL=
EEAHY EEAs 5, Ax AR F 20%
acetone/hexane 2 mLZ A &3)3te] GC/ECD
o 1 uLE F9, 489 71719 £4%

A& Table 29} 7t}

25 pH &3

pHel £ALE 50 go] A&d I FTHFE
7Fsla homogenizerE ©]-&3te] FL3sHA w1}
(4000 rpm, Imin)g+ ths oFste] AP ES
AA T pH meterz =433t
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Table 3. Recoveries of pesticide residues in Cheonggukjang (n=3)

Compound  Fortification level(mg/kg)  Mean recovery + S.D.”(%) LOQ" (mg/kg)
Alachl 0.1 97.5+3.4 0.005
achior 05 96.9+8.8 '
0.1 93.949.3
Bifenthrin 0.005
0.5 97.3+8.8
0.1 99.0+6.2
Diazinon 0.01
0.5 99.4+7.4
0.1 109.3+6.9
Triflumizole 0.005
05 106.319.6

@ S.D. : Standard Deviation
P LOQ : Limit of Quantification

Table 4. Linear equations of calibration curve for the quantification of the pesticide residues

in Cheonggukjang

Pesticide Linear equation R
Alachlor y=3356.6x + 63.325 0.9993
Bifenthrin y=5419.9x + 89.529 0.9998
Diazinon y=2208.2x + 107.47 0.9982
Triflumizole y=5771.1x — 3.778 1
s @m 3 a8 £ AgEoke] RERAS s AL

31 g2 ¥ HEEH

REoF A
e AAS T
Toll AF&E 4T FoF XFE=4E 0
mg/kg®] FFoZ Hlsta Az
wAHe wel 33 wkEste FA

(Table 3). A4 3J+&2 93.9%-109.3%,
EoAAE 34%-96%= YElstor, g
(LOQ)= alachlor= 001 mg/kg, bifenthrin,
diazinon, triflmizole 0.005 mg/kgl = £

= ATt

3.2. MatEME HIkM

| Ao -

)| HARAZAIAL T21A, 20084
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Table 5. Reduction of pesticides during the 72h of fermentation

Fortification Pesticide residue (mg/kg)

level(mg/kg) Alachlor Bifenthrin Diazinon Triflumizole
0.1 0.054 (46.2)” 0.064 (35.9) 0.083 (16.8) 0.086 (13.7)
0.5 0.251 (49.9) 0.336 (32.8) 0.412 (17.6) 0.387 (22.5)

“Data presented in parenthesis is the percent loss of pesticides during fermentation.

9 -

pH

0 12 24 36 48 60 72
Fermentation time (hr)

Fig. 1. pH changes of Cheonggukjang during
fermentation stage.

= pH 85

A 7ol = pH 7.6, W& 724 1A o] &=
2 Y. o ge Ave & 5% n

oA =25 (pH 6.8)° Bacillus sp. CS-17
75 AEste] =3 Ax A a7 A8
Hell wet JAxp LA stste] 964 A o =
pH 895 YEhNS 3, 4 5%¢ B. lichenifo-
rmis CN115 #F& o] &3 ASdx A A
% pH 6.2391 A4 a7t Aage] wal 60413k
Aoll= pH 839= Fsstdttes Hier oA
stal Tk wEka 2 AFdA R H =gl
Z1 3y

Fig. 2. Reduction rate of pesticides in
Cheonggukjang during fermentation
stage(fortication level : 0.5 mg/kg).

34. 420td F %4 Ha
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P sk 2549 {5k E Table
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st Z79 JEgFe dolry] 9

& a3t Table 5014 BE upel o] 4
s 5ok 3 alachlor, bifenthrin®] 4% A&
o7 Zagol =Uth 05 mgke =2 A7}
T A #AAage WEs

Fig. 29} 2t} ¥R/ ¥ste gz=7(Z 17
A)et Blnl Al bifenthring A1 <3k 359 45
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7l A 1043 A% Al A2 b A2 R’
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F71AA sk AaEdd e A5 Bt
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=2 0s 7 ded ols
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For A& A =3
Zlatets 540 711 @0} Spathetti Al %74
T Wiwere Ealeh Ao Ik dxdd
Fo ga @rlel o8 FEAG AL F
ko] el JFL Fi& /RA M %l
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A 207 Zbsote] Az A T malatthﬂO]
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, 3BC)e=E 7|94
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Multi-residue analysis study of carbamate pesticides by ultra-performance liquid
chromatography coupled with mass spectrometry

Sang-Hun Cho, Moon-Seog Oh, Bum-Ho Kim, Ki-Yu Kim, Jong-Sung Son, Sang-woon Shin,
Sang-Hun Oh, Suk-Ho Kang, Hee-Jeong Yun, You-Jung Jung, Yu-Jong Jo, Yong-Bok Park,
Jae-Young Ryu, Byoung-Hoon Lee and Woon-Hack Cho
Guri Agricultural Products Inspection Center

Abstract : Potential of ultra-performance liquid chromatography(UPLC) separation strategy coupled with mass spectrometry
in multiresidue pesticide analysis was assessed. UPLC/MS method has been established for the determination of 16
carbamate pesticides(Aldicarb, Bendiocarb, Butocarboxim, Carbaryl, Cabofuran, Ethiofencarb, Isoprocarb, Methomyl,
Methiocarb, Metolcarb, Oxamyl, Promecarb, Propoxur, Thiodicarb, 2,3,5-Trimethacarb, 3,4,5-Trimethacarb) and
compared with high- performance liquid chromatography (HPLC) coupled to fluorescence detecter(FLD) that
is KFDA(Korea Food and Drug Administration) method. The results are as follows:

1. Separation of 15 carbamate pesticides has been completed. but 2,3,5-Trimethacarb and 34,5 Trimethacarb used
another method allow for analysis efficiency.

2. Run-time of UPLC/MS method is 1/2 and over shorter then HPLC/FLD.

3. Judgment result of about 80 cases of examined samples(vegetable and fruits) that used UPLC/MS method
similar to used HPLC/FLD.

Key Words : multi-residue analysis, carbamate, UPLC, MS, FLD

K9: ¥ A= UPLC(ultra-performance liquid chromatography)} UPLC-§ MS<?! SQD(single quad detector)E
o] gsto] Fhutvlo|EA wof 16€°] wHEAS st dA saEdAte HAPEE AES (R
Al ) Hlaske] FAkE AR s o AR Al 487 e e HAEA

L UPLC/IMSE Edtel 15%°] ZhubelelEAl sopdas  welshad Aedlort 235 Trimethacarbt
345Trimethacarb 7 249 49 L2 &5 #Atste] ¥xo 4oz Fosdith

2. UPLC/IMS A1 e 7]5] ARl HPLCIFLDW W 9] A AI7hs ko] %

3. AA oF 80719 AlgAAtel UPLCIMS AW S A8 At H
= Gl gtk MSE o] &3 JhutvlolEA ekl AU A (screening) MM OoE F-840]
kel v},

¢

e

FAO - HAEEAEA, Jhatvlo] B, UPLC, d&F&E47], 34E7

N
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1 M =
F4E AREG BAYe B4 245
189 RAHRE Fo npeb ohg R EARA

b
(multi-residue analytical method)¥} 78 (W3 )&
23 H(individual analytical method)o 2 S &%
o A EEAEAE S B4 Ad ey Al
oA

|
ol gloy EAE &l W Eol

M A
X

oL

9

He JRsoke] 2 GC(gas chromatography)
A g% 150F ¥ LC (liguid chromatography)

601, BHUY Fohe ot Tre 24

7} et F7IERA FoF
(organochlorine  pesticides), 71914 ®oF
(organophosphorous  pesticides), ZHalHo]EA &
(carbamate pesticides) % 7|E} 54 UVEEE
(254 m)E Ze= oY FHe EHdEE TR

A}

Fhatu o EA Feke vuA H-EHt |
i, A EAe dig HEHoe] o] eEd 1
F57F el g, P om sk ikcarbamic
acid)oll A Hgl®l 7] EFZ(RiIOCONHRy)l <]
7 Zg71E5e] 22 JH EATES T,

E

geldo dol ofsta #ajrt 44 doju?
AFRF Aol Aol
]

410l 7Fs3slth FID(flame ionization detecter)t;
NPD (nitrogen-phosphorus detecter) S ©]-&3%F GC+
AWM LCHC Hl&) A& %=7F Fo 28y
it o] EAl FoF A A7 ol ofstal A4
(polarity)e] 9lo] GC&A & 93l AaE F&=
A sH(derivatization) sl = g o] HQsit) =4
3} Ao = methyl iodide, acetic anhydride,
trifluoroacetic anhydride, diazomethane 5©°] A}-&
gy,

& 37 Z7](FLD : fluorescence detecter)S ©]
43k HPLC(high-performance liquid chromatography)
HE A vt FAHeRE FutHo] EA

oX

JIEHAANAAIALE H21H, 20084

= 7P dubAel welth 1y
A ES methyl amineoZ 7|5~
3ll8kal o-phthaldehyde (OPA)Z X433l
T @49 post-column reaction o] & Q&)
L A e K RS I o R o R g
43 OPAASFAl = Al A FalEHS] =&
dol LCH o] dxleltt

<+ UPLC(ultra-performance
graphy)-} MS(mass spectrometry) = MS/MS (tandem

L o o

Mo

liqud chromato-

mass spectrometry) % 1A% EA1AnH|Eo spak
2 R e AEErt PEE I RASEE
g5y E FAT 53 MS 2 MS/IMS7| &S B
M4 wlge] Fhutu| o] EA F kS
st B4 glo] APER FATE F e
91o1” Nz BEAY NS 93 o
8 AgEa Yo gy FuelA LCMS
< o] &3 JRFEF YR AT
7]@Ale]iL UPLCS} 22 Huh izl
o]-&g A= A9 e HAAolrh

A= UPLCSE MSel d%<l SQD
(single quad detector)E ©]-§3}o] Jlulu|o] EA
sF 1659 ENFAS Mdsta T By

H] 2L &} 3 v

e

B oAl BAudor AT whEE
E42  Aldicarb, Bendiocarb, Butocarboxim,
Carbaryl, Cabofuran, Ethiofencarb, Isoprocarb,
Methomyl,  Methiocarb,  Metolcarb, Oxamyl,
Promecarb, Propoxur, Thiodicarb, 2,3,5-

Trimethacarb, 3,4,5-Trimethacarb (Dr. Ehrenstorfer
GmbH)Z 2008 12¢ dA A71=rmzdd4d
T4 FEsAELAAS BAAY s T kvt
o] EZl FoF 16Fclth e sdRET=dS
Acquity™ UPLC(WATERS, USA) Z=71< 1185
o] 0.2 m filter= o] 7}k acetonitrile(Buerdick &
Jackson, USA)ell &alleto] Aol A&ttt

[N
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7Zyzbe]l 54 HLEE Table 13 2t}
F% % UPLC lo FOE AREE Aok

methanol(B&J, USA)> HPLC gradeS A}-&3}

32 ol

31, deionized water:= BarnsteadA}<] Fistreem™

TH7IE olgste] vtE Agh 182 Qo] 34
THTE ol&ssith

Table 1. Concentration(w/v) of carbamate
pesticides standards

Name pgkg™
Aldicarb 1016.5
Bendiocarb 1055.9
Butocarboxim 1037.6
Carbaryl 1063.8
Cabofuran 1040.2
Ethiofencarb 1046.6
Isoprocarb 1045.1
Methomyl 1007.4
Methiocarb 1024.4
Metolcarb 1084.1
Oxamyl 1055.4
Promecarb 1016.1
Propoxur 1074.6
Thiodicarb 1023.9
2,3,5-Trimethacarb 990.0
3,4,5-Trimethacarb 12214

2.2. HPLC/FLD M =xA

Fhutel o] EAl FEAE 9% HPLCE
Allience(WATERS, USA)Z, F=7]E Waters2475
Multi A Fluorescence Detecter(WATERS, USA)E
Ag-stH o, A2 Carbamate Analysis 3.9x150
mm Column(WATERS, USA)S AF&3slSith =
7] 274 <% 1.0 mL/min, 12 % acetonitrile
(water : acetonitrile = 88:12)¥} & 3t-8 wll(water :
methanol acetonitrile = 2:4:4)E 60:40H] &=
gradients 2173 3} S th(Table 2).

3 Fhupeo] =

Asore] ChREARY AEY 47 | 53

Table 2. Analytical conditions of HPLC/FLD

Model Allience
Detector Fluorescence
Carbamate Analysis 3.9x150 mm
Column Column
Wavelength Ex 340 nm, Em 455 nm
Waters Post Column Reaction
PCR Module
Mobile  A:H,O:MeOH:ACN=2:4:4
phase B:H,O:ACN=88:12
Run time 12 min
Time(min) A B
Initial 40 60
Gradi 2.5 40 60
radient 3.0 50 50
condition
10.5 70 30
115 20 80
12.0 40 60

2.3. UPLC/MS M= A

Acquity UPLCE Argstglon, HE7=
Waters Single Quad Detector(SQD, WATERS,
USA)E AF&3tAth 7171341 %312 Table 3%
2oh B sdREEd 165 27k MS
vAxdS 7 98l ZE=EdS infusion
mode® FHU3tATE Intellistart Zh= Z =1

T ol 2 &et=

¥l HPLC/FLD®} UPLC/MSE
AHY 119704 T8l 52t
o gl ue_ruHE Ard 2

1

1L
©
S
A
o
=
o
o
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Qh
o R

2
jL
—1ﬂ
r—{u:
1
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Table 3. Analytical conditions of UPLC/MS

Model UPLC

Detector SQD

ACQUITY UPLC® BEH C18 1.7 /m

Column 2.1x100 mm Column
Gas N,
. A 15% MeOH(AA)”
Mobile phase g 10000 MeOHéAA))”
Source Temp. 130T
Desolvation Temp. 400C
Desolvation Gas
Flow(L/h) 550(N2)
Cone Gas
Flow(L/h) S0(N2)
Run time 5 min
Time(min) A B
Initial 85 15
1.0 50 50
25 40 60
Gradient
o~ 3.0 35 65
condition a5 25 75
3.6 90 10
5.0 85 15

1) Ammonium acetate 5 mM
242. A= HANZ|

AlFel AA T E AFFH(2008d, S AlE
THHE) vFEofds Al@E(Multiclass
pesticidue methods)oll wel A|2E A 3lste] oF
50 g& # 3 acetonitrile 100 mL& o] 2
B2 w43 sk A2 NS o33 5 NaCl
10 gol =1 &7l &7]ar of 1#3F X" st
30 Ak ol #H A o A (liquid-liquid
extraction) = Z-©] =W acetonitriles (%33
20 mLE& Al@¥tel] Hepa, dA4 w53 F

NH; SPE cartridge® &% A A3 th(Fig. 1).
24.3. HEMEY
ol Al =% carbaryl’d® 2] MRL (maximum

residue level, #Hth3]-&715)< 500 pgks ©lch.

A% A4 98 EFELY FEE MRL

o

)| HAAZAIAL T21A, 20084

FES I 100, 200, 500 pekg 2 SHATH
HPLC/FLD®} UPLC/MSOI A Ztzke] A&

Ageta ARE B

‘ weigh 50 g of Sample I

V¥ Add 100 ml
acetonitrile(CH3sCN)

‘ blend 2 min at high speed I
¥ Add 10 g NaCl
shake vigorously for least 1min. &
allow phase separation (30 min)

v
aliquot 20.0 mL CH3CN(top phase)

for each class of compounds
\/

evaporate to near dryness at 40°C with gentle
steam of air

resuspend
2.0 mL 1% MeOH/DCM

v

precondition NH, SPE/ followed by
5.0 mL 1% MeOH/DCM

V¥ Loading Sample

elution
5.0 mL 1% MeOH/DCM twice

7
‘ evaporate at 40°C with gentle air I
v

final volume 2.0 mL MeOH
filter 0.02 im (PTFE)

v
| HPLC/FLD, UPLC/MS(SQD) |

Fig. 1. Flow chart of sample preparation method.

w

An U &

3.1. UPLC/MS EMx A

AN 7ol EA skRFEE4 1659
UPLC/MS¥# 4] =71 (cone voltage, retention time)
2 Table 49} #t} UPLC/IMSHH o= 5% &
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QF 16F 9] #ANE ZEE4d S 7 484
ot 23 aZ2ulEaRES Fig 33 #toh SQDE
single mass detector®] YFoZ  Aldicarb2}
Promecarb 2231 Ethiofencarb® Methiocarb
¥ 3ol AFFuHdsHI(miz)7t 27y 1 Da
ekl 245 2L 242 xddn o" &
AdE2 A=nEIY oA 7 BHEe
7h o] xdE = ol B 9 ZEE
A8k time(RT) 2.2 FE3IAT
Isoprocarb, 2,3,5-Trimethacarb, 3,4,5-Trimethacarb+
Fig 29} #o] Aol 1932568 i1 A+
Z5 Hlszste] Ee7F wlg v RSk

w
o U

retention

¢

Table 4. Summary of MS operating parameters
selected for analysis of the pesticides
in ES, positive mode

Name MW. mz cv) RT?

Aldicarb 190.27 208 13  2.253

Bendiocarb 22323 224 25 2546

Butocarboxim 190.30 214 34 2245

Carbaryl 21023 202 23 2727

Cabofuran 22126 222 28 2562

Ethiofencarb 22531 226 23 2.858

Isoprocarb 19324 95 45 3104
Methomyl 16221 163 18 1472
Methiocarb 22530 226 25 3.824
Metolcarb 16520 166 22 2.3%
Oxamyl 21930 237 15 1297
Promecarb 207.26 208 25 3.901
Propoxur 209.25 210 22 2533
Thiodicarb 35446 355 23 2.693

2,3,5-Trimethacarb 19324 137 22 3.098
3,4,5-Trimethacarb 19324 194 22 3.099

1) Cone voltage(V)
2) Retention Time(min)

I

N
QO H

Isoprocarb
0
I
/é(H

2,3,5-Trimethacarb
o}

i

N
H

3,4,5-Trimethacarb

Fig. 2. Chemical structures of Isoprocarb, 2,3,5-
Trimethacarb and 3,4,5-Trimethacarb.

A Asnl(miz)E 19410914 A 7kA &
Aol % eyt @A Isoprocarbe} Trimeth
acarb o] A Alololi= ZAdHAl RTAFO]ZEF 9l
21t} Primary ion¢l 194.10% 27} o] H 9] se
condary ions o] &3ate] #ASHSATE Isoprocarb
9] secondary ion< 95.10°] 13 Trimethacarb ©]
4 A= 137.10] 9 H(Fig 4). Secondary ions ©]
g3lo] BA3F Ay} Isoprocarb:= el d 4 9l
1 ot} 2,3,5-Trimethacarb<} 3,4,5-Trimethacarb =
2 & Ao BT AFS 2435k

< RTAR Zelsilvi(Fig 5). w49 &
#ato] 5 &<t 418k UPLC/MSH

=
al

- o =)
AAR 7 EES 128 St EYskeE W
—
o

32

24
e
3 ol

o
-4

rE rE Mo 1 Mo

)| HAAZAIAL T21AH, 20084
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Fig. 3. Combined UPLC/MS chromatogram of 16 carbamate pesticides. standards mixture.

Fig. 4. Combined UPLC/MS chromatogram of Isoprocarb and Trimethacarb at 194.1, 137.1 and 95.1 m/z.

)| HAAZAIAL T21A, 20084
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Fig. 5. Chromatogram of separated 2,3,5-
Trimethacarb and 3,4,5-Trimethacarb at
194.1 m/z.

3.2. HAEARE ESt HPLC/FLDRF UPLC/MSQ]

HPLC/FLDOIA AEH AlEE < carbaryl©]
H 8 AlEE |83t UPLC/IMSZ A
oh zhzhe] Aol WE RPgE2 0.999¢]
o] 3l

H]E"e]fﬁ A3 = Table 59 #Zt}. UPLCIMSE

HPLC/FLDel| ®H]3}e] B A7HS
o Z AHulk o)A "= F
Z A3 ghol A 50 ugkgl

w
w
C
av)
g
Q
<
w
>
u°I-
1
(=}
()
ok
A
3
ofr
12
o
>

Cabofuran 371, Carbaryl 271,
Methomyl 871 % 13719] 7hufu|o] EA] 5 ofo]
AZH At WAIZ HPLC/FLDW S A #gkol

3 il o] EA% ko] ThHE AR

UPLC/MSH.t}F =9k
Aol =

>
>
oot
g
re
-
o
\I

o1} MRLEFFAA A3

% 4 TH(Table 6).

=} O ==
s T

Table 5. Result report of HPLC/FLD and
UPLC/MS for analysis Carbaryl in

the sample
HPLC/FLD UPLC/MS
sample pear(50 Q)
run time (min) 12 5
RT 5.690 2.709
Calibration .
curve Linear(1st order)
R’ 0.999428 0.999977
Amount
(ug ke 3 324

Table 6. Result of HPLC/ FLD and UPLC/MS
for analysis carbamate pesticides
in about 80 samples

HPLC/FLD UPLC/MS MRL

Methomyl
in lettuce(leaf) 30 273 500
Mfethomyl 20 59 200
in leek
_ Methomyl 156 53 1000
in green pepper
_ Met_homyl 26 27 s
in perilla leaves
_Methomyl 5 622 0
in cucumber
_ Methomyl 100 w2 1000
in sweet pepper
Methomyl e85 - 0
in eggplant
. Methomyl 1831 55 1000
in green pepper
Qarbofuran 617 50 0
in spinach
_ Carbofuran 236 1 -
in korean cabbage
. Carpofuran 679 627 0
in perilla leaves
C_arbaryl 377 4 s
in pear
_ Carbaryl _ 1658 128 -
in mandarin
unit: peke™

Z)|CHAAZALRE H21A, 20084
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4. & =

UPLC/MSE o] &3 7putuo]EAl 5 16

XS o F3te] HPLC/FLD

AT vlaskdh ok

=k

1. UPLC/IMSE 3o 1552 7ImbHo|EA] FoF4

=4 Ao, 23 5-Trimethacarb
9}  3,4,5-Trimethacarb + &2 A% #4
&S AeEle Hre] BM xS 7

2. UPLC/MS #AWH o g 7]Eo] BAY
HPLC/FLD o] A A 7S 1
o= w3 F U

3. A oF 807 Al=E HAFE H 3 UPLCIMS
WS 283 9 HPLC/FLD 3 A%
Fhol A Aol 7h oyt MRLFFl A #74
Aol = Aol 7k AT

i

Mo off
(@]
S
(o]
Q
T
(o]}
o
—

ok 2%

w
o
riot
ol
o
u[
99&’
o
o|
2]
o
<o)
O
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4. Santos Delgado, M. J., Rubio Barroso, S.,
Toledano Fernandez-Tostado, G., Polo-Diez,
.L. M.. (2001). Stability studies of carbamate
pesticides and analysis by gas chromatography
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Regional Characteristics of Prediction Accuracy and Evaluation Program of Prediction
Hit Rate for PMy

Yong-Ki Lee, Soo-Moon Lee, Jong-Hyun Shin, In-Goo Kim
Ki-Jong Lee, Goo-Hwan Kim and Gong-Chan Kim

Ambient Research Team

Abstract : This study was performed to investigate the regional characteristics of index prediction
through the evaluation of prediction accuracy from statistical models, and also to make new methods
which is combined with long-range chemical transport model in order to improve the hit rate of
forecast for PM10. From the results of forecast models of index, network model and regression model
are more suitable for the central region and the other regions respectively. The new forecast methods
have increased the hit rate of average 6.2% ranged from 4.7 to 81%. To improve the accurate
prediction of PMI10, the model variables of MMb5(The-fifth Generation Meso-scale Model) should be
further developed, and the evaluation should be performed during long period for the more correct

accuracy. In addition, It is necessary to use a multi-step neural model(MNM) that can operate all
available data repeatedly.

Key Words : PM10, statistical model, neural network, regression, prediction

RO} : WAWA o F FARD g ASAFTE HVFE Tt AF R AAEALS AL A
HE Ogdod dS5F8S A & 5 FAE s dn Agste odiste AZ dRA|~E AA
2 JRAZFE MAEeS A7 Ay vgy g2 AES

2y X Fdr HFE 5L FEAGAAE A

FAEo] v uA e AFES B AR eyt

At B o B2 Hi 682%°NA 744%E 62% FsstFon dddER
47~81%2 4

nAHA dEe] FgwE e HOH’\T‘ SR 71EFARFE
Meso-scale Model) 29 ®4E F7HH 02 Jdstal, Bt 398 7 7&9_
ekatofof s HFARFE AY 71A o] & JtEe RE ARE W

w9 (multi-step neural model, MNM)S A& & Z Q7 Qv

gom HHE FAFH 0
AA AsE A 27

El> =

FHO - PMI0, FARL, AAEE, 34, A5
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Fig. 1. Schematic diagram of PM10 forecasting. stgiom 7R EE VAU EREH FAEHE
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Table 1. Parameters list used in prediction model

No Section Description Unit Remark

1 PMio The average between 01:00 and 16:00 ng/m' Network data

2 SO. The average between 01:00 and 16:00 ppb Network data

3 O3 The average between 01:00 and 16:00 ppb Network data

4 NO; The average between 01:00 and 16:00 ppb Network data

5 CcO The average between 01:00 and 16:00 ppb Network data

6 WS The average wind speed between 01:00 and 16:00 m/s Surface observation data

7 TA The average temperature between 01:00 and 16:00 T Surface observation data

8 HM The average humidity between 01:00 and 16:00 % Surface observation data

9 RN_Sum The sum of rainfall between 01:00 and 16:00 mm Surface observation data

10 ‘WD_500 The upper wind direction of 500hpa on 15:00 deg Upper observation data

11 WS_500 The upper wind speed of 500hpa on 15:00 m/s Upper observation data

12 Min850WS The least speed of 850hpa from APMI m/s Air pollution meteorological index

13 AvgWS The average wind speed from APMI m/s Air pollution meteorological index

14 AvglIL The grade of inverse from APMI Air pollution meteorological index

15 MinST The least stability from APMI Air pollution meteorological index

16 AvgMH The average of mixing height from APMI m Air pollution meteorological index

17 MaxRN The maximum rainfall from APMI mm Air pollution meteorological index

18 MinEI The minimum environmental index from APMI Air pollution meteorological index

19 AvgVI The average ventilation index from APMI m'/s Air pollution meteorological index
B HARAAZAE H21H, 2008
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Table 3. Quantitative evaluation for the index of
each assessor method

Assessor |CORR(r)|MBIAS| RMSE | I0A

Northwest | 0.3291 3.3125 23.4223 0.5713

Northeast | 0.3545 7.2708 227161 0.5952

Assessor
Central 0.4325 5.2917 21.2358 0.6431

Southern | 0.4687 5.9583 20.7996 | 0.6670

Northwest | 0.4489 6.7619 21.1322 0.6482

Northeast | 0.4996 12,5952 | 22.1462 0.6638
New

Assessor

Central 0.5732 6.5000 18.0904 0.7358

Southern | 0.5354 7.3571 19.4392 0.7149
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Table 4. Comparison of accuracy for change of
the meteorological factor

Accuracy
Data
Neural Network Regression
APMI data 48.25% 4298 %
MM5 data 5351 % 57.89 %
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Table 5. Evaluation of the different model result
(n=113)

Model r* | RMSE | NMSE | MRE
MRM | 0.38 211 | 0324 | -0.164
SNM | 056 138 | 0107 | -0.037
MNM | 055 132 | 0.089 | 0.003
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The Characteristics of Road Traffic Noise on the Apartment Houses in Suwon

Jong-Gil Yi, Gu-Hwan Kim, Jae-Sung Lee, Han-Su Lim,
Jae-In Yoo, Soon—-Mo Hong and Chae-kook Lim

Atmospheric Chemistry Team

Abstract : In this study, 10 areas in Suwon were selected and the noise levels were measured and
evaluated. The result showed that 12 places exceeded road noise limits from in 35 places. The
apartment which has the noise barrier was low from below 5 floor but increase from above of 5
floor. Traffic noise from the 15 floor with overpass road was measured highly. The traffic noise of 3
areas was predicted by traffic noise prediction formula. As a result, when the height of noise barrier
of overpass road was changed, traffic noise was somewhat decreased about high floor.

Key Words : Traffic Noise, Noise Barrier, Traffic Noise Prediction Formula
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Table 3. Correction coefficient according to
apartment floor

o Lt | 7 L] 7 | i
1 0.0 6 2.6 11 14
2 1.1 7 2.6 12 0.9
3 1.9 8 2.4 13 0.6
4 2.4 9 2.2 14 0.4
5 2.6 10 2.0 15 0.5

“correction coefficient according to apartment floor
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Table 4. Noise level at each measurement site

area (vlelhgihctle (vheehaivcyle site noezg( A?\)/el
/5min) /5min)
road 74.0
1 floor 59.6
A 334 67 2 floor 65.6
4 floor 70.0
road 69.0
1 floor 62.3
5 floor 62.7
8 138 15 8 floor 66.8
15 floor 69.0
18 floor 63.7
road 73.0
1 floor 60.1
C 158 16 5 floor 65.3
8 floor 67.5
15 floor 66.8
road 69.6
1 floor 58.5
0 9 8 5 floor 66.8
12 floor 67.7
road 71.4
1 floor 55.8
. 184 20 4 floor 68.1
15 floor 69.5
road 73.1
1 floor 53.0
F 157 26 5 floor 60.8
7 floor 66.3
14 floor 65.3
road 71.4
1 floor 55.1
G 140 25 5 floor 68.0
8 floor 70.2
14 floor 68.4
road 76.1
H 380 9 4 floor 74.9
road 69.1
1 floor 58.9
198 18 8 floor 67.8
15 floor 70.0
20 floor 69.1
road 70.1
1 floor 56.9
J 282 66 5 floor 66.7
8 floor 71.2
15 floor 72.3
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Fig. 9. Correlation with traffic volume and traffic noise
level.
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traffic noise predicted formula.
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A Study on Management Improvement of Food Waste Treatment Facility

Hyeon-ja Kim, Tae-Hyun Kim, Jong-Bo Kim, Cheon-Hwan Oh, Yong-Su Bae,
Tae-Hwa Kim, Goo—-Hwan Kim, and Jong—Chan Kim

Life Environment Team

Abstract : In this study, to improve the management of food waste treatment facility, it was investigated the
emission characteristics of odorous compounds around treatment process and deodorization equipment of three
food waste treatment facilities(the transformation, feed production and composting facility). Furthermore, the
removal experiment of odorous compounds using various absorbent was conducted.

The odor concentrations of food waste storage hopper and separation process were higher than other processes
and the major odorous compounds were methyl mercaptan, acetaldehyde, hydrogen sulfide and ammonia. The
odor removal efficiencies of deodorization equipment such as activated carbon tower, wet scrubber and biofilter
were mostly insufficient. Especially, the removal efficiency of wet scrubber is lower than the others, therefore the
improvement of optimal operating condition is required. As a result of removal experiment of various absorbent,
the removal efficiency was over 98% in case of 1% H,SOs+K.HPO, for ammonia, KMnO, for acetaldehyde and
KMnO; and 5% NaOH+KH,PO, for hydrogen sulfide and methyl mercaptan. To achieve the effective odor
control of food waste treatment facility, it is necessary increasing the removal efficiency of scrubber by using
optimal absorbent for target odorous compounds.

Key Words : Odor, Food waste treatment facility, deodorization equipment
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Table 1. Basic conditions of removal experiment
Condition NH; CHsCHO H.S, CHsSH
Gas 10L 10L 5L
Gas flow 1L/min 1L/min 1L/min
Absorbent volume 20mL, 300mL 20mL, 300mL 20mL, 300mL
Applied Absorbent Water, HaSOs, Water, HaSOs, Water, NaOH,
bpued: Absorbe KMnO,, KHLPO,, NaOH KMnO,, KHL,PO,, NaOH KMnO,, KH,PO,, S0,
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4000 ppb 1% AEEE AZE o olAE stal o3y FUbee dHEES gldlen

gdHstel= 2 FsfeaE 1000 ppb ©]7e] oA Eddstol=et  VOCHE  Algstis
LEEsR ASHAY 39, Fu2dAs R 50% olste] vt AAEZES dEU EE
Lobzk 68101 ppb= 7HE = AEEH AL, 29 Fax BT voledErts AAH
G349 MEK: 115k s WAss slow A A AA A& Aste] FE A0
Uetst sEAsR duRd, dxes, b 2 Ao WiEv e, &stea, oA ELE
FAYH, FHF BEx BT dEuan stol= Bl kR UYote] A7 7 F5o A
Gl opAELHS| =t FE GHEE foz AAEY B&S woloF & Aoz A}
2 yeston ghEyols =2 gl B ¥ tHFig. 11).

FEAFTE srob AASAGE AAA g

o & Zleow wddt. 3.3 AFMEAYE MEY 5 EIt

EH BN L A7) e Al 4 A

7 vlo]FEI7F HHER MAHo 9=, A 3.3.1 Ammonia
AgEoly HEAYGS ofFHTAT] A1 Table 25 ®W, R Uol= F4 ko] 300
9o 2 A7 gerw E8H gt mL3 A9 FFY FHel BAgle] 94% o]
A AQEt o, sl o FHEHe] HEH o] & AAEES YERULh ol&, dEYo}
g xel Sz UAANLESE gdoz AA 7 ol U3 SlET B2 84 EAR 9
8-S AT ol Fatal, 71-9 FFo] Fi3s| o] FoA
wgze] A, hEYolel oA Edt]sto] A FAS AMGEA] ¥l @ AR R
=, #3lra 59 st E=oded, A 22 AA &%E 79T F UdS5S HoEd
o]l o FE g FHEHA dA AARES ¢ 20 mL A3 A3 B 716%, A 929~

flo o

dlsto] =77} 68. b 988%, KMnOs S8 A9l 7% 87.9%°] A7
dEUel= 633%, Farar T FIAFELS E&S JERAT AA BAAE el 9
WAAA B} F 9388 213~1829%7F F7F oAE B APRT v]-o HEwo IR
e Ao dehgth ool Bhe] 50% 0 omE B AALES HolAAW, 1¥sE
vk AAEES BolAY L8 WAAA I ARG oFEARES 9T B d
T F Frkeke 3e AAgdA doiue e wdEth 1% HaSOs AHEA, SEAI)
A gets Aol s wEst S4E71% W KHPOE AHgste] pHE 622 24w A%
o}

el Aoz dAdEH(Fig. 10). ALl Hszek ARgs dRom= pHol %+
FoFoAe gRYole}t Fatgae] vt Tdx0E st FFEAs AFEFe] &2
Ekom WAAAL T3 F AAREES 7 Aol Ao g Heryt},
Table 2. Removal ratio of NH;
Volume 300 mL 20 mL
Conc. pH Removal  Conc. pH Removal
Absorbent (ppm) before after ratio(%)  (ppm) before after  ratio(%)
Original Odor 41.5 - - - 34.1 - - -
Water 14 6.8 9.2 96.6 9.7 6.9 9.7 71.6
1% HzSO4 1.0 0.5 0.5 976 0.4 0.5 0.5 98.8
1% H2S04+K2HPO4 1.1 6.2 6.3 97.3 0.4 6.2 6.4 98.8
0.003% KMnOy4 2.1 72 89 94.9 4.1 72 9.8 879
0.003% KMnO4+NaCl(1g) 2.0 74 8.8 95.2 4.1 74 9.8 879
1% HSO4+KMnO4+NaCl(1g) 22 6.2 9.3 94.7 2.4 6.2 9.9 929
5% NaOH+KH2PO, 25.3 75 8.2 39.0 21.1 75 79 38.1
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=A% gusel ode AAE Fuol 9w
Yo} %7k F7she Aol B 4 9le Ao
2 Aud

3.3.2 Acetaldehyde

oA EdHsio]l == FHd o 300 mL, 20
mLe &S AFEHS A9 AAESo
83.9%, 40.7%= o] W A5
ZolA= Aoz yEiwgth ayuy, KMnO,,
KMnO4+NaClol A= 300 mL 95.1 ~99.4%,
20 mLY @ 93.0~99.2%¢ AALER F5
?*7}‘ FasA BF =& AAZES e

el KMnO,oF oAl Edbvato] = o] 4hshyt

—8— | Ao o]FojA= ZoFE yArhHr
o] w H7lAZ A}EH NaCle lghth= 2gd
W AAZLE] =A HEFSE OB 2 (Table 3) &
e ASAPE Esﬁ 44 KMnOs] = %
NaCl #H7FgS &lste] FYFS AA g
oA Edtstol = A A EAd V95 T
T e o= AtsHn 1% HSOs+KoHPO,Z}
5% NaOH+KH,PO,9] A AZ&S F5dza) &
Al 40% H - F=2 e ERAR AAE
N7 E olel e Aow AdEHgon, FF
Table 3. Removal ratio of CH3CHO

A-ZF pH HeleE RE Ay zxdoa 2 Aol

g nolx @sith,

3.3.3 Hydrogen sulfide, Methyl mercaptan
Table 4°] et wiep o] &gtz oA
& & EE YEdE
T84 AEAE 2 Jedd= & e 300

mL 354%, 20 mL 16.7%°] 2 AAZES

B
wiEe —?2%#9'% AR Al Fsher =
2 56.8%%F 44.4% AAZEES YERUARE
A g&HelA= B oz FuEh I}
sl wEw el B% 0 5% NaOH9
KMnOyoll Al 98% o]de] & AAZES Y
Ellon, NaCl H7HAE AH&3E 49 23]
AAZE] AT KMnOsol NaCls #
7MS AS, #dsleAE 63.8~785%, WHEH
Tere 320~49.7% % THEALR AlRU A AE

o] Yol F EH EF NaCl H7bAC 9

sk RESo] @E&AHoIAE S UERRUL
NaOH+KMnO; 4% #3454 AAZES

we W, MEngEe 84% o4l FEd
AAREE e ehs, NaOHSH KMnO,

A
S GEALE S E ART E8F o)A Ee A
2 vz sl weuZieke] A

AEES =ol7] falA = NaOHY KMnOg
o] wEalgol E¥H ol ArHT
oo} pe 2EAY ﬁaﬂ, 1A A e Eg
[e)

:Oé
2
N
S
olf
&
ofj
S
o

7)- g%} A

g2 pH A4 = Xﬂﬂ%x—i Ed ge

Volume 300 mL 20 mL

Conc. pH Removal  Conc. pH Removal
Absorbent (ppm) before after ratio(%6)  (ppm) before after ratio(%)
Original Odor 3.29 - - 2.58 - - -
Water 0.53 71 7.7 83.9 1.53 73 8.0 40.7
0.003% KMnOy4 0.16 72 73 9.1 0.18 72 75 93.0
0.003% KMnOs+NaCl(1g) 0.03 73 73 99.1 0.03 72 74 98.8
0.003% KMnO4+NaCl(2g) 0.02 73 74 994 0.02 73 75 99.2
1% HoSO4+KoHPO4 1.88 6.2 6.2 429 1.52 6.2 6.3 41.1
5% NaOH+KH>PO,4 1.92 75 75 41.6 1.58 75 7.6 38.8

)| HAAZAIAL T21AH, 20084



A7) AU A

Table 4. Removal ratio of H,S and CHsSH

HoS

20 mL
pH

300 mL

Volume

Removal

Conc.

Removal

pH

Conc.

before after ratio(%6)  (ppm) before after ratio(%)

(ppm)

Absorbent

10.00
8.33
0.10
0.10
0.17
3.62
3.24
4.06
8.51

10.00

Original Odor

Water

7.0 16.7

72

7.0 354

7.3
13.1

6.46
0.07
0.06
0.12
2.76
2.15
3.12
6.87

125 99.0

13.1

99.3

12.9

5% NaOH

7.3 99.4 74 7.3 99.0
7.2

7.1

7.3

5% NaOH+KH2PO4
0.003% KMnOy4

98.3

6.9
7.1

98.8

7.2

63.8

74
74

7.2

72.4

7.3
74
7.2

6.2

74

0.003% KMnO,+NaCl(1g)

67.6

7.2

78.5

74

0.003% KMnO4+NaCl(2g)

594

7.0

68.3

7.3

5% NaOH+KMnO4+KHoPO,4
1% HzSOx]*KzHPOq

CH;SH

14.9

6.0

6.2

31.3

6.2

20 mL
pH

300 mL

Volume

Removal

Conc.

Removal

pH

Conc.

before after ratio(%)

(ppm)

before after ratio(%)

(ppm)

Absorbent

10.000
5.561

10.000
4.325

Original Odor

Water

7.3 44.4

72

56.8

6.9

72

12.8 99.8 0.052 13.1 12.7 99.5
0.065
0.115
6.802
6.465
1.536
7.137

13.1

0.022

5% NaOH

99.7 74 7.3 99.4
7.2

7.2
7.0
7.1

74

7.2

0.031

5% NaOH+KH2PO4
0.003% KMnOy

98.8

7.1

98.9

0.106

5.307
5.028

74 32.0

7.3

74
74

7.2

46.9

74

0.003% KMnO4+NaCl(1g)

354

49.7

7.2
7.0

6.2

74

0.003% KMnO4+NaCl(2g)

84.6

7.2

86.1

7.2

1.394
6.633

5% NaOH KMnO4+KH2PO,

196 H2SO4+KoHPO,

6.3 28.4

6.2

33.2

6.2
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Hydrolysis and ethanol fermentation of reed and rice hull
using acid impregnation and hydrolysis

Hee-Cheon Moon, II-Seok Song, Si-Lim Choi, Dong-Gi Kim,
Ik-Beom Park and Jong-Won Heo

Environmental Research and Planning Team

Abstract : Bioethanol is currently produced from sugars and food crops that are limited and competes with
human food. But lignocelluloses can be expected to be major feedstocks for ethanol production. We investigated
the feasibility of bioethanol production from non-food plant, reed and agricultural residue, rice hull by way of
concentrated acid impregnation and hydorlysis. Reed and rice hull are submitted to various acid/biomass ratios,
impregnation and hydrolysis times. Experiment results showed that significant amounts of fermentable sugars
including glucose (250~270 mg/g biomass) and xylose (120~150 mg/g biomass) from both biomasses can be
obtained by 2:1 of acid/biomass ratio, 5-hr impregnation and 2-hr hydrolysis time. Specific growth rate of S.
cerevisiae and ethanol yield (0.44~0.47 g ethanol/g glucose) of reed and rice hull hydrolysates are lower than
those of standard glucose medium due to fermentation inhibitors, HMF and furfural. Through this study, it was
confirmed that reed and rice hull can be noble substrates for bioethanol production.

Key Words : reed, rice hull, acid impregnation, hydrolysis, inhibitor, ethanol fermentation
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Table 1. Composition of reed and rice hull used in this study

Items Reed Rice hull
Moisture content (%) 6.4 3.5
Dry mass (%) 93.6 96.5
Cellulose (%) 39.3 35.6
Hemicellulose (%) 16.8 12.0
Lignin (%)" 9.3 15.4
Ash (%) 8.2 15.9

' means weight percentage based on dry mass. Neutral detergent fiber (NDF), acid detergent fiber (ADF) and lignin were determined by the method of

Goering and Soest. Hemicellulose and cellulose contents were calculated by subtracting ADF from NDF and lignin from ADF, respectively.
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The impregnation time(hr)
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Fig. 2. Effect of impregnation time on glucose

(@) and (b) indicate glucose and xylose
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Fig. 3. Effect of hydrolysis time on glucose and xylose yield from reed and rice hull.
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(a) and (b) indicate glucose and xylose yield of reed and rice hull, respectively.
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Table 2. The inhibitor concentrations in different acid/biomass ratio, impregnation and hydrolysis

conditions of reed and rice hull

Reed
Item HMF (mg/L)  Furfural (mg/ll) HMF (mg/L)  Furfural (mg/L)

051 66 37 14 36

The weight 11 99 106 24 84
ratio of acid : 84 209 58 214
31 71 254 63 251

and biomass 41 74 272 58 220
5:1 57 258 50 264

10 84 236 33 230

Impregnation 3.0 92 220 45 191
_ 5.0 118 214 59 243
time () 15.0 115 217 59 195
24.0 89 209 58 212

0.25 27 15 3 11

Hydrolysis 05 55 38 8 30
) 1.0 89 93 35 74
time () 2.0 125 184 55 161
3.0 118 214 59 243
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and comparison media, respectively.

Table 3. Composition of media for ethanol fermentation

Media Glucose (g/L) HMF (g/L) Furfural (g/L)
Control 20.2 0.0 0.0

Reed" 206. 0.20 0.29
Rice hull® 19.7 0.09 0.26

1

and % mean hydrolysate of reed and rice hull, respectively, prepared at a condition of 5-hr impregnation and 2-hr hydrolysis

with a weight ratio of acid:biomass (2:1). Those are neutralized by Ca(OH), to pH 5.0.
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3.6 O|EFZ yield

HMF ¥ Furfural> & &g
S. cerevisiae2] ATPO ™3l cell &
A g BAEES AstA7= Ao
g tH?. thekst Hxo HMF ¥ Furfural 5%
E i Al WA E o] & dEs HEEF
B Glucose 2R &, o&2 yield 2 cell 54
= Table 4o YERHATE Al vl RFo A
Glucose A2E &2 100%R 1L, o &2 yield 2
cell 42 iAo e AsfA v= o=
Hebsth 5 7 AsiA s=7F H =2 2
de= 718 932 044 g/g-glucose E 6E+07,
S A= 047 g/g—glucose 2 9E+07 2 v Y
A= M =8 049 g/g-glucose ¥ 1E+089]
FAE 27 YER AT

Table 4. Ethanol yield and cell growth of reed
rice hull media

Glucose .
. . Ethanol yield CFU
Media consumption

/g-glucose)!  (cells/mL
%) (9/9-9 ) ( )
Contr
100 0.49 1E+08
ol
Reed 100 0.44 6E+07
Rice
100 0.47 9E+07
hull

! means ethanol yield based on consumed glucose content in
each medium. All data were released from ethanol
fermentation for 25 hr using media containing about 20 g/L
of glucose concentration
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Removal of Heavy Metals from Contaminated Soil by Supercritical Carbon Dioxide
and Power Ultrasound

Ik-Beom Park, I1-Seok Song, Si-Rim Choi, Dong-Gi Kim,
Hee-Cheon Moon and Jong-Won Heo

Environmental Research and Planning Team

Abstract : The purpose of this study is to identify and evaluate the removal rate of heavy metals for contaminated
soil using supercritical CO,, a chelating agent (Cyanex 272) and a power ultrasound. At the screening test for
removing 15 metal species (Sh, As, Ba, Be, Cd, Cr, Co, Cu, Pbh, Ni, Se, Ag, Tl, V and Zn) from contaminated
soil, the removal rate of metal species showed in the ascending order of neat CO, < 'CO, + Cyanex 272' < 'CO;
+ Cyanex 272 + Ultrasound' for most of the metals with the exception of As, Cr, Sb and Se. The experimental
works were conducted by the SFE (supercritical fluid extraction) conditions of 40°C, 16 MPa, 3 mL/min CO; flow
rate, 10 min static and then 20 min dynamic extraction time, and the ultrasound conditions of 316 W/cm?® at 20
kHz with duty ratio of 50 % and period of 6 sec. However, the direct removal of metal ions using pure
supercritical CO, was confirmed to be inefficient due to the charge neutralization requirement and the weak
solute-solvent interaction. Furthermore, the USFE (ultrasound-enhanced/assisted SFE) system with the same
experimental conditions as the above indicated could provide a 16.1 % increase compared with the SFE system in
the cadmium (Cd) removal rate from contaminated soil.

Key Words : contaminated soil, heavy metals, supercritical CO,, power ultrasound, Cd removal rate

9% : B ATE 2UA COp, ZulolEA(Cyanex 272) 2 2295 o] &3t o9y EYozRE FTH59
AALES 78] Y8t FFHAY. LI EGF o ZHE 1559 ;14?-7‘:‘% (Sh, As, Ba, Be, Cd, Cr, Co, Cu,
Pb, Ni, Se, Ag, T, V, ZmE AAs7] g 38y AFAA dF 557 (As, Cr, Sh, Se)& Al Qs

HE FEF7F 294 CO: < 'CO2 + Cyanex 272" < 'CO; + Cyanex 272 + Ultrasound’ =22 AAZ
&9 T7IE JERAL 28 A ARFAFE(SFE) £7(40C, 16 MPa, 3 mL/min CO; %, 10 min &
A+ 20 min $3 2ZA7H3 2&3%7A (20 kHz, 316 W/em®, 50% duty ratio @ 6 sec)olA 4854
ot sARE 29AA CORbE ol &d FHF AY AAx= A T3 FZ(charge neutralization
requirement) ® °F%F &uj-82 HoAE&o R st HEEAQ Aow YEET AV 20 sdx
o8 QAEYSEREH FER(CHE AA}Y] A AFolA 2gd-174" ZAAFAFZE(USFE) A28
& 2YAFAFE(SFE) A=t BY 161%2] 7l=8F AAE T715 JeErRA

Z)|CHAAZARE H21A, 2008



dolut 718 el

o] AlEEm .

2~
=

Al

3

[S]

=

]

Pz
L

%

L

A
FH o AHE A

1. M
H] 3

A o)

7

&

E 99 ¥(soil contamination)<
=

5 o

MR OE o M of " T RWA T B Y
=T 0 5 0~ < OK R Oz
T B0 B = o .Mm%a.%%%ﬁ%
A s | g g % Mﬁ B
T B oo m or = Ma_Fap® T
Jo o o o dop ] - o = — T Ty X =
ooy MM %o 3 5 P EEY e D
N J o .I_.AI IR Y 0
B o B o K S EFxTER-~®x
o % ® W @ " L x NN o F
K oof T B oA oK O 8 S on o_e_ﬂjxawbig
N e L s = o X E ©
L e - g ﬂ@r_.]ﬂT%oc
= ™ > o 1[I g o o N T = T
TN i il g g N e O W A
Oﬁ —_ _A_I — o o~| P ==
3 N o o w = @ 8 2 LT R %o o
o Mo & o iy o_H 3 ;n_mLu\_/). ~ L = Y B oE W
T oH T OB = ¥ 38 TP e TG o
DG o B 28 TP W RT RSP
— W gy OF e e T S Noarooy _ do M @ o
G A I B A +
Mo T N o s e ol P
BNT S BN N = T RR RN N MR
LL
oM E - ®NTEITE o T e BN EA Ay MNT PR T FEF S B
BB TN gy S AE T %%glﬁﬂ?%%ﬂwﬂr %w%.mﬁmﬁ%ﬂz.m
o0 _Ea ,_mw_; = = s X0 00 o r uy r o = = A‘rl EW W y < < o° mn &o C <
.o oF o — O gy R oo N 4= 5O & 4 s o L% B E o T M5
o T FXB TR g WE g8 _dET
=~ ™ Mo T of WU T M W T 0 K X o5 W odo I WV T 3 o > 3 .% W 7o W
S I ST T - =X W g ST wEE - YT R
= —— RO o = Ky Z _ o | 0 8o B — =
ﬂoﬂ 1_,m_| M )AH ‘.mﬁ 1%_.: ﬂX_H N K JH O,ﬂ MH X s .m — é.e ‘O| 7E ‘.mﬁ U_.E —_ E.a H.T| m Hlﬁ = N dﬂ m_x ..i o
o B T g W R T o g e - =
= = o — X R o . o %ﬂ = F o — ) SN E al|
"R 5 2 fy = i J wo % OF ST % o T8 R ) o
o <o TR OO0 Y o TGS LRl NToEK RO X o M ar o my N Wom X B o= O
ToaTed s a® _TED 4T FT o T mE O A By oo & ®
PR g o e d ER Em T T g g ¥ T o B o8
X ,.lﬁ_AI o \al X ‘m =) — Jl 0 — =0 .CI [= ) —~ O.._ = S =
I I AL . B W.m‘zwogwﬁHMmWﬂmM@.m
PEog ol )N o o] ® N ~ BR ~ moim o O 5 of ¥ ® i B K -t
,xﬂ.ﬂﬁﬂv%qu_.iv]_q_ou unAEo,_Aatoﬁ.Eooﬂ%do# Wm 3T o T 7
o s X s AF R Gy TRER P T L ow SN E sy oR )y
KA magh _ s CTTN g gadtdpme TawBEm Sxoo 38554 o
e Br X o] — ok . L T T Al = dqro= 8 8 uy -
— o -~ o o o X — do N2 fn 1o _ o X oF NoE 8 % —_— of —
o RS m.ﬁ Moo - o N B o X relNE) o~ dromn wO% ! = = .@ o} by S
oo T omy ) m RO RO M urowe T . Z e ® T Mg & 20 AR of
BT HETAETT RS BT kNS N T HE T s ®

O

3} 2] 2] (ultrasonication)

o

A

=
)| HAAZAIAL T21AH, 20084

SFE),



294 ol4tsheto}
MEE d&Aon WgAzY §aEe A
223 # Q& FHol Yol AFAY, Ak
o, ARA, AU 5 b AR
ofol A shetulg, FEFA, UmRAAE Fol
FuaA A e qnd.

Table 1. Comparison of physical properties of gases,
supercritical fluids and quuids”

Pressure / . e L
: Density |Diffusivity |  Viscosity
Fluid T(,e;/lmpr;er/at}lir)e (kg/mB))l (cm?ls) (gfcm - 5)
Gases | 0.1 /298 (0.6 -20/01-04|(-3)x 10"
schs | pesTe | 20| OTE - g x a0t
-6
Liquids| 01 /208 | %0 | 1% 5 02 -3 x 10°
AHoz Agye 2YAFAL GEA
o & Table 201 Yepyigleor, ZAAFAZ
ALEE e B2 &, obAlE, dEs, W',

o8t (CO) & BT FF7F Utk

Table 2. Critical data of some pure components™

Critical Critical Critical
SCFs temperature | pressure density .
(Tc) (C) | (Pc) (MPa) | (pc) (kg/m’)
Acetone 235.1 4.70 280
Acetonitrile 275 4.70 250
Carbon
dioxide 31.1 7.38 470
Freon-22 96.2 4.9 524
Ethane 32..3 4.87 200
Ethanol 240.9 6.14 280
Ethylene 9.4 5.04 200
Ethyl acetate 250.2 3.83 287
Methane -82 4.6 170
Methanol 239.6 8.09 270
n-Hexane 234.5 3.01 230
Nitrous oxide 36.6 7.26 453
Propane 96.7 4.24 220
Toluene 319 411 290
Water 374.1 22.06 320
B oArdAe 29448 CoE o3
o EGF 2950l Ade TaE5s AA}
2 #Qh CorE 2YAFAR At o F
= oe 2% kel Add A4, 2
A4, wE4, Msly, 55 ol YAe
=7 e ke 311C, QA ] nay
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Fig. 2. Proposed mechanism for supercritical extraction
of heavy metals in environmental matrices.
Adapted from 12).
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1) Ligand (HL) dissolution in SCF :
HL) + SCF = HLscp

2) Metal ion complexation :
xHL@scp + MY %= MLy + H'

3) Metal complex dissolution in SCF :
ML) + SCF % MLscr

24 ZAHRNFESFEAl =502 HE
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| —CH——CH )
CHs \ /
CHs CHs /P
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CHj

Fig. 3. Chemical structure of Cyanex 272 used as a
chelating reagent.



Table 3. Physico-chemical properties of Cyanex 272"

Bis(2,4,4-trimethylpentyl)phosphinic acid |85 %
Appearance amber
Specific Gravity at 24C 0.92
Viscosity, Brookfield at 25 142 cp

50C 37 cp
Solubility in distilled H,O at pH 2.6 |16 pg/mL

pH 3.7 |38 ug/mL

Boiling Point >300C
Pour Point -32C
Flash Point, closed cup >108TC
Specific Heat @ 52C 0.48 cal/g/C
Thermal Conductivity 2.7 x 10* calfemisec/ C

al
=

3.3 USFE A|AHI0| 2|st

D CO; cylinder @ condenser 3 syringe pump @ heating coil
® pressure gauge ® ultrasonic power generator

@ ultrasonic transducer ® high pressure extractor

© temperature controller @ separator

Fig. 4. Schematic diagram of the chelation-SFE-
ultrasound system in this study.
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Fig. 5. Structure of the high pressure extractor.
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emission spectrometer, Vista-pro, Varian Inc.,
USA)o. 2 EX35ttt A2 2}t spiked &2
24 94 9 =2 Table 40 YeER AT

Table 4. Analytical wavelength and concentration of
metal species for original and spiked soil

Conc. of Conc. of

s,EJ/Ieectiaels Wa\(/srlﬁygth original soil spiked soil
(mg/kg) (mg/kg)
Ag 328.068 0.434 4.798
As 188.980 0.440 14.818
Ba 614.171 N.D.? 86.110
Be 313.107 N.D. 7.738
Cd 214.439 N.D. 15.302
Co 238.892 N.D. 31.298
Cr 267.716 N.D. 83.728
Cu 327.395 N.D. 77.352
Ni 231.604 N.D. 40.254
Pb 220.353 0.510 31.172
Sb 206.834 1.066 1.148
Se 196.026 N.D. 6.698
TI 351.923 N.D. 7.558
\ 292.401 0.112 48.746
Zn 206.200 1.942 74.500

* a) N.D. stands for not detected.

4 H3 W DE

41 2LYELS SEHE HH22l Hl

Fig. 6. Comparison of removal rate of metal species
from the soil samples using neat CO,;, ‘CO, +
Cyanex 272, and ‘CO.+Cyanex 272+
Ultrasound’. Experimental parameters fixed at:
40°C 16 MPa, 20 min dynamic extraction time,
3 mL/min CO, flow rate, and ultrasound 316
Wicm? at 20 kHz with duty ratio of 50 % and
period of 6 sec.
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S, "iFEE9 S45F7F 294 CO: < 'COq
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Ultrasound’ <22 AAZ L =72 g

Ak 29A CORbs ol &3 w57 AH
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~RRT S5 AAEe] TR e, 25
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Fig. 7. Effect of extraction pressure on the percent
extraction of cadmium. Experimental
parameters fixed at: 40°C 20 min dynamic
extraction time, 3 mL/min CO, flow rate,
and ultrasound 316 W/cm® at 20 kHz
with duty ratio of 50 % and period of 6
sec.
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Fig. 8. Effect of extraction temperature on the
cadmium extraction efficiency. Experimental
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3 mL/min CO; flow rate, and ultrasound
316 W/cm2 at 20 kHz with duty ratio of
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(a) Without ultrasound (SFE treatment)

(b) With ultrasound (USFE treatment)

Fig. 9. SEM photos of soil particles after SFE and
USFE treatment.
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(b) With ultrasound (USFE)

Fig. 10. Cutting plane pictures of cylindrical filter
after SFE and USFE treatment.
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(a) Without ultrasound (SFE) (c) With ultrasound in water

(b) With ultrasound (USFE treatment)

Fig. 11. Photos of aluminium foil after SFE, USFE
and ultrasound application in water.
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Pond Management at Golf Course in Gyeonggi-do

Jin-Young Lee, Pyung Hu, Hyoung-Yul Ryu, Kyung-Ho Na,
Sang-Hoon Kim, Phil-Kweon Choi and Ji-Young Kyoung

Soil Analysis Team

Abstract : This study was conducted to seek the appropriate management on the golf course and
water quality. It has a lot of reservoirs(pond) to obtain water resources and stunning landscape in golf
courses. It has been increased the concern about the pesticides and fertilizers used in golf courses.
But the most of golf courses have been hard to obtain the water resources, so they have been made
an effort to minimize the effluent. The eutrophication of ponds have an adverse impact to the golf
courses than the ecosystem and streams. This study investigated overall management of the 85 golf
courses and water quality of the 21 ponds. According to the investigation, the artificially created
ponds were 85% and the water resources of the ponds were rainfall water, underground water, stream,
treated sewage and tap water. It was 78.8% that pond water was recycled irrigation water and the
following has been conducting pond water replacement, sediment dredge, hydrophyte planting, water
purification facilities to improve the pond environment conditions. It has been already in progress or
potential of the eutrophication in most of the ponds. This study proposed introduction of constructed
wetland to prevent the eutrophication and to improve the landscape.

Key Words : golf courses, pond, constructed wetland, eutrophication
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Public golf courses Military golf courses

Membership golf courses

Fig. 1. Distribution of running golf courses in Gyeonggi-do.
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Fig. 6. Annual fluctuation in water quality.

Fig 7. Differences in water quality due to dredge.
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Fig. 8. Differences in water quality due to recycling.

Fig. 9. Differences in water quality due to replacement.

Fig. 10. Differences in water quality due to hydrophyte Fig. 11. Differences in water quality due to water
planting purification facilities
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Molecular Detection of Toxic Microcystis Using Multiplex PCR

Ju-Yong Jeong, Kyong-Hee Lee, Mi-Jung Kim, Woong-Su Kim, Jong-Moo Won,
Kyu-Seok Kim, Jin—-Ho Song, Kyu-Seung Shim, I[I-Woo Choi, Jo-Gyo Oh and Seung-Seok Choi

Environmental Ecosystems Team

Abstract : Algae alert system has been implementing in Korea from 1996. The major targets for this system have
been chlorophyll-a and cyanobacterial number. but it has been difficult to discriminate toxic cyanobacteria with the
microscopic observation only. There has been little effort to identifying the spatial distribution throughout
watersheds in Korea. Therefore, we have performed a PCR-based detection of not only 16S rRNA genes specific
to either all Microcystis or all cyanobacteria but also genes required for synthesis of microcystins (mcyB and
mcyD). Using multiplex PCR, we tested water samples from reservoir Gwanggyo and found that molecular
detection of toxic Microcystis and toxin genes were an effective and promising way for the effective algae alert
system in Korea.

Key Words : cyanobacteria, mcyB, mcyD, microcystins, Microcystis
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ofatal7]= FAdelrt. ol gk Aol HerelA g A AR vAE g dHA IA &
BT AL x| d) mxA Ak gl EAss B4 Jzde] B7]1k
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™ Microcystine 2 4], ELISA (enzyme-linked
immunosorbent assay) 2 phosphate inhibition
assays EalA A hesta Wl whet

ARE % Selwrt a2t dxie AF
37 s @A GuHom smol: wWe
3 AP olgdtel Feje AT A

o]t} Microcystins= polypeptide synthetase 2}
polyketide synthaseE 3*3}s}+= multi-functional
enzyme (Fig. 2)ol o3 AAAFAT, 54 =
e v 54 FxRe HdEe e 5

ko A= Fol dAvA #EEE

TR

c 0% i K2 sl o

Wal 44 PCRE °l &3 #AF

2 EE S A Fo] o] g 9t
A & A dEel 9

shgto uwhet, AEjAlE oldista 1 Bt o

3l St A E sl 2 HAL. §

vl A e FxF g o w Qg ¥

A= ALA oalr] e 2007 @A A=A

o2 187] ZaoAM ZFRAZ HAEIL

glom FuAFA = 2006 FEH o]l H
=z=

th ZFdrA FL e FEZ a9
GE2F MEFoH JdxFe A4e dvd #
Zo] oJFESta Yt BE 2HE FEEd- a

s
&7 Microcystis, Anabaena, Aphanizomenon,
Oscillatoriat:= =% A4S dAsto] A|EFY

A7t olgm wAARre WAt Ashrha
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Fig. 1. The structure of microcystin-LR.

Fig. 2. Microcystin synthetase gene clusters
mcyABC and mcyDE.
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27 AN FAste] AWYS Fetaly)
g8l FuASFA AFY B EEFE AR
3 #AAe|H 4L, pH, DO, AVAEEE
Qs a, A& BOD, COD, SS, &=
o

e
&
n
4
n
o

NOs-N, NO.-N, NHs-N,

FALdTAAR e et

(

T
o
o
O~
e
o -

Sh
1
ol
ol
8
)

27 AAE Y8 FEEds Hurs A=
1 mLE ZF#HZEE chambero] ¥ dv|A
(Zeiss Axioskop2, German)< ©]-g&ale] Al g9

o]
£ 279 FR% £ 293G

2.2.3. DNA extraction
DNAS F=E3dt7] flall oAA S FH
of 43S WP w7bA 20T = By
DNA F&& fl3l oaxE dite=m o
M= Fr %7 v xanthogenate-sodium
dodecyl sulfate buffer (1% potassium ethyl
xanthogenate 100 mM Tris-HCI [pH 7.4], 20 mM
EDTA [pH 8], 1% sodium dodecyl sulfate, 800
mM ammonium acetate) 2.0 mLE ¥ 1 70°Col
A 2417 FeF wHbEH A incubation 3har, tf
Al A Z9lel Al 3041t incubation € ¥ 15,000
sttt s
Y 599 isopropanolS 7}&}
o] &gtal & Ao 10%3F incubation 3
% 15000 rpmo.& 20%7F A4l EE skt
HFTHOoZ 70% ethanolZ2 HojFx 7x=3H

¥ S 50 uLs 7haksl
2.2.4. PCR
SRS FEH DNARYH HEF,

Microcystise] 16S rDNAS} microcystins gene =
mcyBet meyD F-i-S HE3H7] 918 Table 1.2}
22 primerg ©]&3te] PCRS AAIHSA

PCR2 YZF 16S IDNAE taoz WA A

Aletar, A0 AIRE S = Microcystis
D =4 F A (meyB, meyD)oll tisl] multiplex
PCRE FdstAth =7 16S IDNAS ol
°2 3 PCR 20 puL H#3 & DNA 2 uL,
primer (CYA 108F, CYA 16SCYR) Z+7} 0.5 pL
9} PCR premix (Solgent, Daejeon)S AF-&3}1 1L,
initial denaturation, 95Coll 4] 3%, denaturation,
94Col| A 30%, annealing, 55C°lA 30%,
extension, 72Coll A 1%30% 35 cycle?} final
extension, 72°Col A 632 Z7olA =33t}
Multiplex PCRS 50 pL 3% DNA 5 L,
primer ZtZ} 0.2 pL2} PCR premix3 A}-8-349) 1,

initial denaturation, 95Coll 4] 5%, denaturation,

94Col| A 30%, annealing, 56T°lA 1+,
extension, 72Cel4 30% 50 cyclex} final

extension, 72ColA] 15822 &3}t PCR
222 1.5% agarose gelol Al <13}l t}.

Table 1. Primers used for PCR detection of
cyanobacteria  (CYA),  Microcystis
(MIC), and microcystin biosynthesis
genes, mcyB and mcyD

Target Primer name Sequence

Cyanobacterial [CYA 108F ACGGGTGAGTAACRCGTRA

165 rDNA”  |CYA 16SCYR |CTTCAYGYAGGCGAGTTGCAGC
Cyanobacterial [CYA 359F GGGGAATYTTCCGCAATGGG

16S rDNA?  |CYA 781R GACTACTGGGGTATCTAATCCCATT
Microcystis | MIC 184F GCCGCRAGGTGAAAMCTAA

16S rDNA™ |MIC 431R AATCCAAARACCTTCCTCCC

Microcystis | TOX2P GGAACAAGTTGCACAGAATCCGC

mcyB™ TOX2M CCAATCCCTATCTAAACACAGTAACTCGG
Microcystis | mcyD F2 GGTTCGCCTGGTCAAAGTAA

mcyDlZ) mcyD R2 CCTCGCTAAAGAAGGGTTGA

3. &t ¥ 1n&
AL
31 =&
2~ = =
FuAFA ZRARA i Al s
= 2~
4~1197h A 13 FAAAEA RS 19 3~49
2~ 0] — 3 A~

Uetdlth F9E B 12 m o] la Aol
7Hd wRd 7dEe] Hd 154 mE 7| &5
_ - _ N
T A% elAE A% ngo nuy o

=] [e) = 37 2= o) o
Al A AT 71 T BE FE 21T
oJgom AwHen Wrfst A FAshe
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ZHH 108 TE7HA
= 7|%F &<t 7.6~15.8 meg/Le]
Helolm HysEE 9.7 mg/Lel AT pHe 3

B 10% %*M 8]
j

A& 2 0 0 ® ® N N ® ® © © = = = =
R T S N S S NI SR
mmmmm

Fig. 3. Changes in water quality (water level,
water temperature, DO, pH and EC
in the reservoir water).
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Fig. 4. Changes in water quality (chl-a, COD,
SS, Nitrogen and PO4sP in the
reservoir water).
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Fig. 5 Multiplex PCR result for detection of
toxic ~ Microcystis and  microcystins
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SEEHE
Field Verification of Livestock Wastewater Treatment Facilities
Woo-Kyong Nam, Heung-Bin Lim, Bok-Jun Kim, Chan-Won Hwang, Hyun-Gu Park,

Eun-Ah Kim Sun-Min Hwang, Tae-Young Kim, Song-Hee Han and Seung-Seok Choi

Water Quality Conservation Team

Abstract : This study was conducted to investigate field verification of livestock wastewater treatment facilities
which were treated by the biological treatment process. The majority of effluents from target facilities satisfied
the effluent guidelines for livestock wastewater in Korea Livestock Manure Management and Utilization Law.
Livestock, especially swine wastewater could be treated efficiently by the extended aeration activated sludge
system. However, the pretreatment process was essential to remove suspended solids and to obtain the effective
operation. In the target facilities, the removal efficiency of suspended solid in the pretreatment process was very
high showing approximately 90-95%. It is recommended that T-P is treated by the chemical process utilizing
coagulants and T-N is treated by the biological process because the influent BOD/T-N ratio is low. Ultrafiltration
and powdered activated carbon were not effective in spite of using for the removal of color and residual organic
matters.

Key Words : livestock wastewater, pretreatment, wastewater treatment, BOD/T-N ratio, extended aeration activated
sludge system
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Table 1. Analytical methods for water quality

Items Methods Instruments
DO meter,

BOD Membrane electode Incubator(20C)

SS Glass fiber filter disk Filtering apparatus

. Continous water
TN-Continous

monitoring method monitoring

equipment
TP TIf’-Cpntinous ,
monitoring method
Color UV Spectrophotometric UV-VIS
spectrophotometer
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Fig. 3. Effluent conc. of T-N at each facility.
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Fig. 1. Effluent conc. of BOD at each facility.
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Fig. 2. Effluent conc. of SS at each facility.
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Table 2. Specification of target livestock
wastewater treatment facility

. Capacity ~ Pre- Biological ~ Advanced
Facility Type
(ton/day) trearment  treatment treatment
Extended A/S .
al Scraper 50 DAF Sandfilter
— Sed.
Extended A/S .
a2 Scraper 100 DAF Sandfilter
— Sed.
. Aeration
a3 Conventional 200 Screen A20—Sed
lagoon
i Sawdust Extended A/S Sabilization
bl  Conventional 20 .
filtration — Sed. lagoon
Extended A/S AJS
b2 Slurry 30 Beltpress
—DAF (Powered A/C)
Extended A/S AJS
b3 Slurry 20 Beltpress
—DAF (Powered A/C)
Extended A/S AJS
cl Slurry 100  Beltpress
—DAF (Powered A/C)
i . Extended A/S
Biological .
c2 Slurry 18 —Chemical
reactor L
prtcipitation
. X Extended A/S
Biological i
c3 Slurry 20 —Chemical
reactor o
prtcipitation
Extended A/S AJS
c4 Slurry 20 Beltpress
—DAF (Powered A/C)
Extended A/S A/S
c5 Slurry 40 Beltpress
—DAF (Powered A/C)
Extended A/S
dl Slurry 40 Sed.
— Sed.
Extended A/S AJS
d2 Slurry 50 Beltpress
—DAF (Powered A/C)
Extended A/S AJS
d3 Slurry 90  Beltpress
—DAF (Powered A/C)
Extended A/S .
el Slurry 20 Screen Sndfilter
— Sed.
i . Extended A/S
Biological .
e2 Slurry 25 —Chemical
reactor L
prcipitation
o Hus sa o HEe AsAE EE o
3l sl 2aF Aol g olFu gt
2 Bk oA BE melRe she} w7
e FH| sl AR AsA et
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Table 3. Characteristics of typical livestock wastewater

Type Slurry Type Scraped Type
Items range average range average
BOD 12,000-75,000 46,300 4,800-11,360 6,800
(mg/L)
SS 36,000-100,000 68,000 2,000-14,000 8,860
(mg/L)
T-N
2,000-10,000 6,220  1,420-7,100 3,750
(mg/L)
T-P
560-1,200 720 30-215 130
(mg/L)

S Ay wAgol d&a A= A2 AW
| t}.
A AsA YA de] ndEe d=E &

H =
6~Fig. 9o Wetidieh. S22 d=sh4 A
glgge Fdae s= W= BOD7F 1,900
~12,000 mg/L, SS7F 200~6,700 mg/L, T-N
400~5,400 mg/L, T-P 10~190 mg/L& e}

Stk 7 AHEE f959 FERelt A
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A Study on optimum management of combined sewer overflows from Osan watershed by
using discharge regulator system

Keug—-Tae Kim, Jung-SiK Woo, Bo-Youn Kwen, Young-Ho Jang and Dong-han Kang
Water Chemistry Team

Abstract : Combined sewer overflows (CSOs) have been considered as a major cause of water
quality deterioration of water—courses in the vicinity of the urbanized areas. In this paper, rainfall runoffs
from an urban basin with combined sewer systems located in the city of Osan were monitored to
measure the rainfall runoff discharge rates and pollutant concentrations and to assess the effectiveness of
regular system(NPDR) optimized system to manage the CSOs in Osan watershed. Strong first flush
effects were observed for all monitored rainfall runoffs. The simulated loading rate of Namchen located
in Osan is 3245 kg BOD/ha/yr. The overflows loading rate from weir in Namchen is 242 kg
BOD/ha/yr. In this study, the effect of intercepting ratios to improve water quality was simulated to
92.6% by using discharge regulator system(NPDR).

Key Words : Combined Sewer Overflows(CSOs), First flush, Nonpower discharge regulator (NPDR)
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Fig. 2. Rainfall intensity of Osan watershed
at standard year.

Table 1. Monthly rainfall in Osan watershed
(1997-2006)

(unit : mm)

Jan. | Feb. | Mar.[ Apr.| May [ Jun. | Jul. [Aug.| Sep. [ Oct. |Nov. | Dec.
1997) 144 | 414 ] 304 | 60.7 | 260.3] 1504]331.71299.2] 25 | 523 | 82 | 465
1998| 23.7 | 343 | 44 |1059] 864 |213.7| 306 |591.6]1412| 25 | 516 35

1999 73 | 18 | 54 | 736 |121.3] 76.7 | 345 |338.4|402.2{ 92.3] 253 | 182
2000{ 577 14 | 31 | 204 | 437 |1182| 3758|4488 182.2| 21.6 | 27.5 | 284
2001{ 422 | 474 | 151 ] 129 | 13.8 |222.3]469.7| 1447 121 | 58.1 | 142 | 147
2002( 318 | 32 | 357 |1524| 77 | 52 |2578|487.3| 313 | 73.8 | 122 | 17.2
2003| 84 | 462 | 283 | 182 | 855 | 159 | 341.9]293.7| 271.5{ 30.6 | 51.6 | 141
2004|178 | 42.6 | 144 | 638 1252|1357 382 |157.4| 1834| 2 | 675 25.2
2005{ 57 | 15 | 255 | 856 | 89.6 | 160.8| 251.7|357.5| 315.2| 70.2 | 388 | 12
2006 38.6 | 195 | 6.9 | 599 [133.2|156.7| 754.7| 66.4 | 21.9 | 18 | 61.6 | 25.3

144.5) 381.6
avg [2476]25.28) 2574 81.72] 103.6 s |, 3185]158.6|44.39|43.231 20,51

Table 2. Meteorological data of Osan watershed

Jan. | Feb. |Mar.| Apr.| May| Jun.| Jul. | Aug.| Sep.| Oct.|Nov.| Dec.

Avr
Tem. |-3.2|-1.0]4.5 |11.2|16.7|21.4|24.8/25.2|20.2|13.4|6.1 |-0.4
(C)

Evp.

(mm) 36.3|45.4|79.1| 1158|1420 1425 1286|1306 1079|85.3|50.7|37.7

ind
V\V/'é] 15 18 [1.9 |20 [17 |16 |16 [14 |13 |12 |14 |14
m/s)
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Table 3. Namchen and Kwoldong loading rate(BOD)

2 A FS AESAY XP_.SWMM 23< &
ato] 135 HAE = CSOs Hah 2bgs 9l
AoJA| 28l 27 B Soj2=312 table 49 2T}

Table 4. Control system and weir conditions

Height
D of | Water start of
Condition | of Weir
Pipe level point
(m)
No 1 0.3 D300 220 D137
No10 0.3 D400 270 D180
No17 0.4 D300 220 D157

Eoz 1WE AA dEta Eel AAF =3

< Z27174F bmm/hr lhr A[&75- EAA|
27, 1THS ASAFT A7+ 48
2 .

Ao A 28 28 AEsl 3Q(0.034m”/sec) A Z

Table 5914+ Table 42 29%A A= Yeh)

ek Ao Ao o] 3k 2pF o] ez A 1, 10,
179l A Z+7F 57.78, 295.68, 480.24 /9 & L}e}
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Watershed of | Watershed of
c — Kwoldong Namchen Table 5. XP_SWMM simulation results
renerating loa
17008.2 11714.1
kg/yr(BOD) ol resid— Heiaht | D of Waterl CSO Interc—
. . nt, of ei of (Water
Discharge load of Point source 59.6 0 Condi—| ence g. ‘ epting
kg/yr(BOD) ) rainfall | of Weir| Pipe |level (ton/da )
- —— tion time ratio
Discharge load of Non point source 5970 630.1 (mm/hr) ) (m) [(mm)|(mm)| vy) o
kg/yr(BOD) ’ ) (min) (CSO.%)
Generating load per unit
ke /yt/ha(BOD) 144.2 4224 Not | 5 | 60 | 0.3 |D300|220 |57.78| 19.43
Discharge load of Point source per area 051 0
kg/yr/ha(BOD) ’ No10 5 60 0.3 |D400| 270 [295.68 100
Discharge load of Non Point source per area
kg/yr/ha(BOD) 446 2272 No17 | 5.2 450 0.4 |D300| 220 |480.24] -
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(XP_SWMM simulation results)
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Loading rate per area
324.5
(kg/ha/yr)
Total loading
32579
Point of (kg)
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Total loading
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Weir
Loading rate per area
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H=SZAIE
The study on mineral elements in natural spring water
Se-Kwang Kim, Tang-Hee Choi, Jin-Kyung Lee, In-Suk Seo,

Moon-Jeong Kim, Gyun-Hee Kim, Eun—-Ah Jang

Drinking water analysis team

Abstract : We investigated the quantity of mineral elements in 23 natural spring waters (NSW) that are currently
being sold in Gyeonggi province area. Also they are compared to those of drinking water from filtration plant
and flash waters from 10 points in Paldang lake as control group. According to season, a variation of mineral
element contents was not significant in NMW but dramatical in control group. Sodium (Na), potassium (Ka),
magnesium (Mg), and calcium (Ca) contents in NSW and control group are 2.92~40.83 and 6.11~24.68 mg/L,
0.08~6.49 and 1.28~7.55 mg/L, 019~20.11 and 1.37~358 mg/L, 0.98~60.83 and 12.18~27.12 mg/L,
respectively. The content order of each mineral element is Ca>Na>K>Mg. The contents of mineral elements of NSW,
which must legally be inscribed on label are almost coincident but a few are not equal with data analyzed in this
study. Moreover, the export of domestic NSW will be possible when a thorough legislative system in management

and maintainence are prepared and good imagination on domestic NSW are developed.

Key Words : natural spring water, sodium, potassium, magnesium, calcium
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Table 1. Numbers of mineral elements at each

site
Natural V.V.ater. Paldang
Spring Water Purification Lake
pring Plant
Total 23 9 1
Gyeonggi
(GG) ! J !
Gangwon 5 B .
(GA)
Choongchung 5 B B
(CC)
Gyeongsang 1 B ~
(GS)
Jeju(J]) 1 - -
Foreign
Country 4 - -
(HH)
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Table 2. The inscribed and analyzed contents of
sodium and potassium in natural spring
water

Unit : mg/L

Na K

item

Labled |Measured| Labled |Measured
Conc. Conc. Conc. Conc.

GG-1 | 4~40 16.94 0~2 1.18
GG-2 | 52~87 11.13 0.5~1.4 0.81
GG-3 |0.9~30.9 7.97 02~2.1 0.6
GG-4 |1.6~20.7| 1472 |069~1.21] 0.1
GG-5| 6~23 8.38 1.3~22 1.23
GG-6 | 2~10 8.1 0~3 0.38
GG-7 | 4.7~12.5 8.88 0.3~1.75 2

GA-1 |25~10.7 9.1 05~1.4 0.68
GA-2 |25~10.7 891 03~1.4 0.67

sample

GA-3 | 6~10 9.46 5~8 6.49
GA-4 0.9 6.16 0.3 0.32
GA-5 0.9 7.38 0.3 0.32
CC-1 | 21~9.2 6.45 0.8~2.4 1.34
CC-2 0~3 4.44 0~2 0.71

CC-3 |299~743| 654 ]058~1.31| 0.93
CC-4 | 02~73 11.9 04~1.6 0.66
CC-5 |31~141| 11.73 04~1.8 1.01
GS |38~177| 2608 |0.04~05| 064
JJ 40~72 8.11 1.5~34 2.04

HH-1 19 5.8 0.5 0.63
HH-2 0.64 2.92 0 0.08
HH-3 46 40.83 3.14 3.09
HH-4 5 8.63 1 0.99
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Tl A AL AlFEHE HeE AEQ] GA4, H= AE gk ny g s 24 A3E
GA-59] Na FIAFE== 424 09 mg/L, 09 Table 49 YERWT
mg/L=  FEAF] ey d5 sEe A%
6.16 mg/L, 7.36 mg/LZ YEI} 2=x9= @ Table 4. Mineral element contents in natural
_ o spring water
< FE AolE HATH P Unit © mg/L
T3 GG-49 A$+= Mg %A =71 15 it
o] 7% g9 | 5 t item K Mg Ca
7~21.8 mg/LZ XAF go A= Fr= sample
229 mg/L® @A B & 5 AT GGl | 1694 | LIS | 330 | 2091
GG-2 11.13 0.81 1.90 22.74
Table 3. The inscribed and analyzed contents of GG-3 797 0.60 161 17.82
magnesium and calcium in natural spring
water ) GG-4 14.72 0.51 2.29 38.05
Unit : mg/L
o Mg Ca GG5 | 838 | 123 | 162 | 1201
Labled |Measured| Labled |Measured GG-6 8.10 0.38 0.99 11.87
sample Conc. Conc. Conc. Conc.
GG-1 -6 23 716 26,01 GG-7 8.88 2.00 3.26 15.65
GG-2| 0.7~19 19 [83~178| 2274 GA-1 9.10 0.68 256 | 16.25
GG-3 | 01~6.7 1.61 1.0~40.1 17.82 GA-2 891 0.67 2.30 15.37
GG-4 | 157~21.8| 229 |241~40.1| 3805 GA-3 9.46 6.49 16.68 711
GG-51] 09~23 1.62 55~195 12.01 GA-4 6.16 0.32 0.19 0.98
GG-6 0~3 0.99 7~20 11.87
GA-5 7.38 0.32 0.19 1.20
GG-7| 35~55 3.26 9.2~12.8 15.65
GA-1| 08~54 | 256 |58~341| 1625 el 645 | 134 | 245 | 224
GA-2 | 08~54 23 |58~341| 1537 CcC-2 4.44 0.71 3.94 11.98
GA-3 20~25 16.68 6~9 711 CC-3 6.54 0.93 455 22.42
GA-4| 03 0.19 L1 098 CC-4 119 | 066 070 | 11.05
- 0.3 0.19 1.1 1.2
GA-5 CC-5 11.73 1.01 6.87 36.00
CC-1 1.7~57 2.45 15~48.6 22.24 -
CC-2 37 304 590 1103 GS 26.08 0.64 0.68 7.95
CC-3 | 431~7.09| 455 [17.2~345] 2242 JJ 8.11 2.04 1.86 282
CC-4| 13~33 0.7 2.7~95 11.05 HH-1 5.80 0.63 0.93 11.03
CC-5| 16~75 6.87 |44~374 36 HH-2 2.92 0.08 0.01 0.85
GS | 05~15 | 068 | 1-35 | 795 HH-3 | 4083 | 309 | 1245 | 6083
1] 1.0~28 186 | 22~36 | 282
HH-4 8.63 0.99 20.11 25.78
HH-1 1 0.93 11 11.03
HH-2 0 0.01 0.97 0.85
3| =z Hx o 2 = &
HH-3| 139 1245 | 742 60.83 ) Adel we me A2 v s s
il o1 o | s o olel disl elms) giskel #, sbg 23l
A4 we MBS ST BAsgol A4
How Mud A% FEE 2 YeuA o
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The Unit effluent concentration of the individual sewage treatment plants in
the Pal-dang basin

Hyung-Soon Shin, Yo-Yong Kim, Yeon-Kook Sung,
Jong-Sung Kim and Yoon-Ki Min

Watershed Assessment Team

Abstract : The purpose of this research was to evaluate more reliable and accurate the unit effluent concentration
which is discharged from individual sewage treatment plants(ISTPs) in the Pal-dang basin.

As a result of sample survey, BOD units effluent concentration of ISTPs(factory, housing and restaurant) operated
by owner were 23.8, 48.7 and 45.8 mg/L, respectively. Also, T-N and T-P units effluent concentration of ISTPs
were 35.3~41.9, 4.5~4.7 mg/L, respectively. Therefore, the master plan must be established about ISTPs managed
by owner in order to suppress eutrophication of the Pal-dang basin. The BOD unit effluent concentration of
ISTPs managed by Gyeonggi-do individual sewage management system(GISMS) are 3.8~4.6 mg/L. Consequently,
GISMS could be powerfully applied to reduce wasteload from ISTPs in total water pollution load
management(TWPLM).

Key Words : ISTPs(individual sewage treatment plant), TWPLM(total water pollution load management), unit
effluent concentration, GISMS(Gyeonggi-do individual sewage management system)
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C-1

Fig. 1. Calculation process for the unit effluent concentration of the self-management housing(A-1&A-2,
B-1&B-2 and C-1&C-2 are histogram and box-plot using raw-data, log conversion date and log
conversion data except an outlier, respectively).
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Table 4. The unit effluent concentration of the individual sewage treatment plants managed by owner

Results using raw-data Results using log conversion data
Group Item
BoD | ss | TN | TP | mn@oD) | Inss) | N | T
sample number 180 168
average 66.7 101.9 53.9 6.1 3171 2.852 3.735 1513
Factory standard deviation 1219 | 5270 | 459 6.9 1.610 1.378 0.755 0.712
skewness 42 9.6 23 43 -0.447 0.390 -0.472 -0.030
kurtosis 216 1015 7.8 24.3 -0.078 0.435 0.146 0.307
sample number 241 225 236 221 226
average 69.9 48.3 47.3 5.2 3.885 3.376 3.735 1.547
Housing standard deviation 68.2 575 303 33 1.012 1.068 0.482 0.547
skewness 19 2.8 18 13 -0.455 -0.218 -0.142 0.039
kurtosis 4.6 9.6 5.0 17 -0.439 -0.186 0.316 0.091
sample number 68 63 68 63 62
average 84.3 59.8 42.7 5.4 3.824 3.141 3.563 1.530
Restaurant standard deviation 1085 | 1135 | 39.0 44 1.270 1.457 0.744 0.561
skewness 2.3 47 2.7 2.7 -0.168 -0.133 -0.246 -0.007
kurtosis 5.8 257 10.1 10.0 -0.817 -0.462 0.811 0.459
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Table 5. The unit effluent concentration of ISTPs managed by a professional engineer(GISMS)
Results using raw-data Results using log conversion data
Group Item
BOD Ss T-N T-P In(BOD) In(SS) In(T-N) In(T-P)
sample number 281 281 30 30 279 281 30 29
average 79 71 31.957 5.170 1519 1.239 3218 1.490
100 standard deviation | 105 115 20.541 2.924 1.028 1.248 0.773 0.682
skewness 4.2 49 0.613 0.274 0.023 -0.147 -0.520 -0.999
kurtosis 25.1 30.1 -0.414 -0.926 -0.471 -0.314 0.722 0.755
sample number 931 931 188 188 923 928 185 179
average 9.2 7.1 25.895 3271 1.482 1.264 3,033 1.029
200 | standard deviation | 189 14.4 18.965 2.274 1.140 1151 0.715 0.657
skewness 9.0 102 1971 1.337 -0.012 -0.137 -0.298 -0.263
kurtosis 1140 | 1525 6.601 2.090 -0.201 0.019 -0.136 -0.185
sample number 534 534 132 132 533 533 127 124
average 8.9 75 19.950 2919 1.343 1.350 2.720 0.903
330 | standard deviation | 24.8 132 17.326 2215 1.149 1.136 0.834 0.708
skewness 85 6.4 2177 1.679 0.456 0.002 -0.362 -0.370
kurtosis 85.4 56.4 6.685 4.343 0.882 0.250 -0.202 -0.024
Table 6. The unit effluent concentration of ISTPs managed by a professional engineer(Non-GISMS)
Results using raw-data Results using log conversion data
Group Item
BOD Ss T-N T-P In(BOD) In(SS) In(T-N) In(T-P)
sample number 324 324 80 80 324 324 80 76
average 199 133 | 21559 | 3.348 1.468 1.293 2.702 0.913
100 standard deviation | 694 494 16.948 | 2832 1573 1473 0.958 0.907
skewness 6.7 10.0 1077 | 1297 0.399 0.283 -0.625 -0.486
kurtosis 50.1 1159 | 1014 | 1535 0.485 0.238 -0.065 0313
sample number 418 418 93 93 416 415 86 81
average 246 180 | 21810 | 2469 1.928 1.780 2.895 0.674
200 standard deviation | 60.5 546 | 19116 | 2.396 1535 1.442 0.729 0.906
skewness 7.0 124 2496 | 1588 0.232 -0.037 0.023 -0.358
kurtosis 74.2 1950 | 10644 | 239 -0.298 -0.287 -0.125 -0.297
sample number 99 99 16 16 99 99 16 16
average 66.8 228 | 17.984 | 2957 2.224 1.838 2.664 0.450
330 standard deviation | 170.8 513 | 12182 | 3.039 1.862 1.622 0.709 1.361
skewness 35 49 0883 | 1619 0.790 0.138 -0.006 -0.695
kurtosis 12.15 298 | -0.163 | 2280 -0.007 -0.199 -1.234 -0.305
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The research of pollution of Norovirus in circulating oysters

Seon-Jae Bang, Kwang-Hee Park, Myung-Ki Park, Yeon-Ok Kwon,
Kyong-Shin Ryu, Hoan-Uck Ko and Yong-Chul Park

Microbiological Inspection Team in North Branch

Abstract @ This study was carried out to investigate the pollution of Norovirus in
circulating 50 cases of oyster, and compare KFDA method with KCDC method for
Norovirus detection. KFDA and KCDC methods for Norovirus detection showed 11 cases
(22%) of 50 cases and 9 cases (18%) of 50 cases respectively. Detection rates of
Norovirus for digestive organs and whole tissues were 22% and 10% by KFDA method,
and 10% and 3% by KCDC method respectively. KFDA and KCDC methods showed
higher detection rate for digestive organs of oyster. 90% recovery rate for 10 g oysters
was obtained by two methods but KFDA and KCDC methods showed 60% and 40%
recovery rate for above 10 g oysters. 2 times of PEG precipitation and chloroform
extraction provided higher recovery rate of 90 - 100%. PEG precipitation made no
difference for the recovery rate for 3h and 16h. Astrovirus, Rotavirus, Adenovirus and

Sapovirus were not detected for target oysters.

Key Words : Norovirus, oysters, pollution, KFDA method, KCDC method

29 1 B ATE #EFA 50709 Zo o wmmubeld s 0@ ARG, wEutole)~

of
A& KFDARM Y KCDCH< Hlal - Jﬂ7}°}°4 AAE Al 7]ZZ}L—§‘ Al-gstaLat
g ATt =2Zutol 2~ HlwAHF KFD 2 22%, KCDCH 2 18% #AEFHY oW, =o
A 2AAE AHE T T A iiﬂ}o]a’\ HEFC] =90 F 74*} oA = 10 g
Ao 340 90%°lH, 10 goldold HEEo] o} PEGH A, ChloroformT& %S 17 3|

of &, PEGX Z3} ChloroformF &< 23 A A kZufoldl~ HEFFo] E9hth PEGHA
AlZEE 3AIZEE 164170l S vwd] 2 Ay 3489 Zolrl Ak = 4% vlo|H A

(Astrovirus, Rotavirus, Adenovirus, Sapovirus)E =5+ &4 o]t}

FHO : ==nfolzlx # 29 KFDAY, KCDCH
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1. M2
Sy FAdAFE dAFo]E HHE =
Zulo]l 2] ~(Norovirus)e] Hel&EAo] sz A
o] 2003\l = 147 14427 o 2 Alto o3k
AFEo] wZufoldlA HAEZ WA o] ul

e S BAY 2% 200449 F 131 922
W, 20066 F 671 7199, 20061 & 517
3,338, 2007 F 9771 2345 o2 = =n}o]
o wgel REs) 27k FAE ngohY

20061 HANED ALA7, 00 Aol s

f

AeEme CIFr=Alzded o8] AARA4E @
FTwe stus FAoR AL TR, EF
AL 5 TS Hole wmEutolgja® Q]
4ol Hazl AtelE Aste B AFAAE
mupol A7F HEo] HA Fdnh

A T5S 2o oy FE 58 T
g vol 27t A Fe B2 AS AHATFOEA
AdE =, = 2vlo] 2l 2 (Norovirus),AFEHEo]

2] 2= (Sapovirus),o} 2= E 2 v}-o] 2] 2= (Astrovirus),
ZEFuto] 8l 2~ (Rotavirus), ool kmul o] 2 =
(Adenovirus)s°] AW LA ot} o] F ==&
Hlole] ~= A d#H Tl FdS st &
o] WAEtE Hpol# 2olth Kaplans?el A4
g 7lEE B A A 5e] 32-42%7F viol

ol o% AEFSoR FYtw U, 97

o ASE olsh wsE 40% AEZ LA
itk $@ueke A9 e vl sy AFEe

34-40%= Kaplan®] A A& 23} w)g=3ic)?
AR wa LPx TN =, Y, TS
of st =Zulolgja AE s AU &

o) o] oyt
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2.1 ZACHAL

211 =

2.1.2 E8|2HI0|HA

Z gl enfo] B A= sabin 1 types 9 o}
1,000pfu(plaque forming unit)® A}-& 3}t

ZEleutolel =g o] &3] IFE& AP AHE
sttt Eevtolei Ay FEIE wEubold
29 fAFStaL, v]S=3k A27]9F %9 RNAS
FAAZ o, ZAwgREd o8] wjFe] 7t

583, RT-PCR¥ ol W=7t ®ojut dAu)
2T o= AHgSRATY
2.1.3 A%

0.25M Glycine-0.14M NaCl(pH7.5) (sigma,
USA), DEPCAH & 59 (sigma, USA), 40%
Polyethylene glycol(PEG) (fluka, USA), 0.2%
Tween 80 - 50mM Tris-HCI (sigma, USA),
Chloroform:Isoamylalchol(24:1)(sigma,USA),
Trizol(Invitrogen,USA)S & AF&3F% T RNA
FZL QIAGENAL % Magnetic silica bead
RNA ExtractorE AM&&F3th.

2.1.4 Primers

B Adge] At€¥®  primer=  Gl1-F1M,
G1-F2, G1-R1M, G11-F3M, G11-F1M, GIl1-
RIM, UGIL-F, UCI-Re]leH, thdulo] Q. (5)
& AFE3SH HH(Table 1).



Table 1. Primers used in this study

55 29 wvoles 2g® 24t | 161

Virus Primers Sequences(5” —3 ") Polarity Size(bp)
Norovirus G1-FIM CTGCCCGAATTYGTAAATGATGAT sense
G1-F2 ATGATGATGGCGTCTAAGGACGC sense 313
Genogroup ~ I G1-R1IM CCAACCCARCCATTRTACATYTG antisense
Norovirus G11-F3M TTGTGAATGAAGATGGCGTCGART sense
G11-FIM GGGAGGGCGATCGCAATCT sense 310
Genogroup —II G11-RIM CCRCCIGCATRICCRTTRTACAT antisense
Poliovirus UGL-F TTTGTGTCAGCGTGTAATGA sense 480
UCI-R GAATTCCATGTCAAATCTAGA antisense

2.2 AL

I

221 AAQl A2

Fe Wiy 79, 548 2 A4 5 A
gotel FRHANEY 2 AAS Asee Ao
2 o] Agstgit

o) wwulolg s AL 4
HolM mAE A FR(KFDAR) o
Agom, AW Fig 19 2o =3 )
Ao A EF AAAE
ASA Y Fig. 22 Abg tide] w=zu}
2 @AW W AbgEEE wRupole) s
Aol ARg-sE A THEKCDCH).
91 ol s Apmvlolel s, ofxEzu}
Fig. 2), 2Etntole] ) Froldmnfol g
FEQHAA HAbge mAE] gl

2

>

O oR El o
N

o
L ome
1
o
E

>
rlr

>,
u{l:l
lo
19

2.2.3 RT-PCR assay

RT-PCRE #1341+ ONE-STEP RT-PCR

preemix 10 wuL, primer 20pmol (G1-F1M,
G1-R1M, G11-F1M, G11-RIM), % RNA
SulLe]l ¥ %sE A Y. 45T ol A 30—‘?2} o

94C 5#7F DNAZS WHAANINE
A st 4 cycle 94T 30

AA He s
A

cycle®

%, 55C 30%, 72C 1%30%%E 3to] 35cycled
S A7

72C 73 A4 WgA IS NS S TR
At
Opyster(standard :10 g)
l 0.25M Glycine-014M NaCl 75 mL mixing
l 10,000xg 4C 30min centrifuge @
| @ addition Upper precipitation

density one more repeat®

@ addition 40% PEG 66 mL, 3M NaCl
24 mL 4C 3h leaving alone

(first precipitation)

10,000xg 4C 20min centrifuge®

@ precipitation density addition 0.2%
Tween 80-50mM Tris—HCI 2 mL,
DW 8 mL melting chloroform: isoamyl
alcohol 10 mL Mixing

10,000xg 4C 30min centrifuge after
upper layer 9 mL centrifuge tube
moved @

@D.W 10 mL addition chloroform:
isoamyl alcohol 10 mL Mixing

10,000xg 4C 30min centrifuge after
upper layer 9 mL centrifuge tube moved ®

@® total 18 mL addition 40% PEG 10 mL,
3M NaCl 3 mL putting

4T 3h leaving alone (second precipitation)

16,000xg 4C 30min centrifuge after upper
layer removal precipitation,
DEPC treated DW 500 yL melting

Magnetic silica bead RNA extractor or

Quagen kit (RNA separation)

l

PCR machine (G I 313bp, GII310bp)

Fig. 1. Flowchart of Norovirus

detection
in oyster by KFDA method.
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Stool 150 uLD

| @ addition Tri reagent 450 uL

| 10s mixing

| bmin stagnation

| Chloroform 100 uL puting

| 30s mixing

| Normal temperature 10min stagnation

1 4°C 7500rpm 15min centrifuge

| 400 uL-450 uL upper liquid 1.5 mL tube moving

| Isopropyl alcohol 450 yL 10s mixing

l -20°C 2h stagnation

1 4C 14000rpm 30min centrifuge

| Upper liquid discard 70% ethanol 800 uL puting

1 4°C 14000rpm 15min centrifuge

| upper liquid discard 20min drying

| DEPC treated DW 200 uyL putting, virus hexane
melting (RNA separation)

| PCR machine

Fig. 2 Flowchart of Norovirus, Astrovirus and
Sapovirus in stool by KCDC method.

Stool 100 uL. + Conjugate 100 uL

} 37C 1h

| Washing 6 trial

| Substrate 100 uL

| Dark, room temperature 20min

| Stopping 50 uL

1450 nm/630 nm measurement

Fig. 3. Flowchart of Rotavirus and Adenovirus
in stool by EIA method.

2.2.4 Nested PCR

)| HAAZAIAL T21AH, 20084

Nested PCR< 9&lA = 12 PCRAE 2 u
L, 10 x buffer 5 uL, dNTP 4 uL, Taq polym
erase 1 uL, primer 20pmol(G1-F2, G1-R1M,G
11-F1M, Gl1-RIM)< ZtZF 25 ul® #H7tst
of AAsAth FZcycle® WYyl Aol 9
4CeA 587 DNAS WAAZ $ 94T 30
Z, 55T 30%, 72T 1#30%= 3o, 25 ¢

yele$- 72T 723 A4 WA = FEE3

o},
3. 2t & n&
3.1 T 2HI0|2A HAMHO| HuAH
KFDAWM 9] AL 2o, 55, 245
}4& AA RNAE FEdt
W KCDCH S 53, #434< 7A1

- A
g gl glh. kst AbE Y
71wl wrslagle] Hoja PBSe] EFo]A

)
o] e}

&el A

Z 507% 7FA1aL KFDAW ol 98] #HAE 2
7 11704 =2ufolel A7} 229% AZEE A
w=2uto]l g A Gl 27, GllE 979|9lt).
KCDCH e Ay & 5045 9dolA w=2nf
ol 27} 18% HEHAUT. ==ulo]y 2~ Gl
27, Gl1& 7101t}
FANETQ EEutolHl AR F
S s ==Zhfolgia A
Gl1-4, G1-14, G11-3, G11-4 %o
2008 AP HeAFEe] AAQl

ufolef zsh AlHA AR} A,

e
ol
ol
=
fromet

O-
£ oy

o2 o

H
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32 =9 M ZHAE AISE HuAE

KFDAR 2 =9 F344& AFs AdS
Fgata YA ut o443 SV oaw PCRS
Welshs Edo] =9 dAxRA I T4 1
T EASEA ok W 5A F91d %%EM
A ofAl WEshA] gtk wEkbA ZHA 2
THAE EEste] wmEutoly o HAE

v A e S ST
KFDAH 2 & 5045 S3AA4E
117(22%), =dAE AHE3 A9-5 51(10%)
o] A& ATt
KCDCH 2 = 5075 T34 AHE3 49+
571(10%), = A5 A& 49+ 371(6%)°]
A& Ak

My o
Mo & rir

r>~

wehaA] FHAPYE S =] T et
gzel HEFo] A Jehuth Atmarsol
gk wo] T4 PCREEEH] d &4
Sthe Akt Aol gt

w2ultolg vt HEHE = 1018 7HA
AAGFEZ 5 g, 10 g, 15 g, 20 gl & 59
KFDA®W ¥ KCDCHOo 2 o] AdS A4
31 th(Fig. 4).

No.of Norovirus detection

O KFDA 9 9 8 6
B KCDC 8 9 6 4

oyster weight

Fig. 4. Norovirus by oyster weight

755 29 mzutolg s e 24} | 163

KFDAY % KCDCW &+
Ao 90%9 3l4&s B 28y 10 g
ol duj= 3] 4&o] KFDAR-2 60%71A,
KCDCH & 40%7tA "olx 1 gith agje=z
PEG # A% % Chloroform F&%& 1133}
of A& dlof o= At HTh

10 g 1070F 9

3.4 PEG ™ U Chloroform £& 314 H|m
=2 5E oy HES 98 PEGE A
get= A2 mlolE 25 F
o PEGHAIE AXWA wvio]gfre] &A%
7130 A7 Wol AEe dAlolth whebA
PEG# A, Chloroform A2 3+& 139k & 74
G-oF 23] & A9 wlolglx HFo] oW o4
S FEAE A Aot (Table 2).

Table 2. Virus recovery according to the PEG
precipitation, Chloroform in Norovirus

method
PEG
PEG precipitation(3hr) precipitation
Step (16hr)
No. of Detection Detection
total Trial of Trial of
Norovirus Norovirus Norovirus
Chloroform 1 8 1 9
2 10 2 10
- 10
F.)EG . 1 6 1 8
precipitation
2 9 2 10
wzulolg 2zt AER 2 104e HA
PEGX A % Chloroform F=9AE 13|% &

799 23] & ALE wusE A7 23 Ay
Al B 5ol 90%-100%% 139 A2 P&
urh @48 =e A2ES WLk

PEGH A& 3A%F & Aok 1647 o=

)| HAAZAIAL T21AH, 20084



164 | SRA9 ngB7AE P o)

2 HolA FYrh k438 5V 83.2%-935%,
Shieh %' 58%, Mullendores'”e 71% -
78% = 16A1ZF HAAl 3AF ARG oha
= sl

3.5 43F Hio|H2A HAL

=20 4% wpolglx A= KCDC AR
o3 ojx~ERulelg A Alxulolel A~ RT-
PCR(Fig. 2)&, ZEpulo]e]2, ofdxnlo]e] 2~
= EIAY (Fig. 3) o2 ZHALS kA7 disiA
RT-PCR(Fig. 2)3 sto] AALE =839
Arrdat & 507l WM EF &

KFDA 74/\}‘ﬂ40ﬂ~ 4% njo ]E}/\ AAFH o] 9l
of AAW mAZE Beastrha b k!

4. 84 B

B ATelA = F 5031 9]
g_ﬁ}o] 31}\5 /\1643}23 H] 1L

1. +iﬂ}°lﬂii AX Hlﬂ@
HoAAAY & 507AF 117
Ha7b 2% HAEHAL
971 o] At
KCDCH Artd3e & 5070 %F 974 =
Zrlolgl A7} 18% AEHJ L, Gl 24,
Gl1E 740Ut}

ANAY A3 Gl-4, Gl-14, G11-3, G11-4
SOl AL, 2008 HAYT JAAFE

Q1A el wutole] 2o AAA AT Y

¢

A=
2. KFDA® S & 50745 £44S A& F
v 117 AEQ22%), =H1AE A& H

= 574(10%)01 A=A

KCDCHE = 5045 +44ds AH&3 4
T 574(10/) ol HEHAL, FHAE A
&3 5= 74(6/0) AEH A
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3. KFDA¥Y % KCDCW &5 10 gdw 10
< 9719 90%° 3Fess Rt 1y
10 golddu= 3]4&°] KFDAHZ 60%
7hA], KCDCH & 40%7kA] "ol x]aL gl
PEG # A% % Chloroform F&#& :I—’_E:]
st AAS sfof Ao Al HET

4. =wyfoly 27t HEE F 100S AL
PEG ## ¥ Chloroform F&9AE 137+
Ely o‘l‘g]r 2§] Ely o‘?‘g H] OHE‘ ﬁajl} 2
3] A Al FFEo] 90-100%2 137 A g
et dA8 =2 74%30 At
PEGH A& 3411+ & ol &
d A5-E Has] 2
2to] & HolA Uk

5. =9 4F wpolel s HAb= BT FA4olHh
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Survey of Synthetic Food Additives and Microbial Safety in Dried Foods

Mi-hye Yoon, Hae-geun Hong, Tae-suk Joe, In-sook Lee, Min-jung Park,
Su-jung Yun, Jeong-hwa Park, Yeon-ok Kwon, Hoan-uck Ko and Yong-chul Park
Food Analysis Team in North Branch

Abstract : A survey of food preservative, sulfur dioxide and microbial contamination levels was
conducted on 103 dry food samples(dreid fish, seasoned dried fisher, dried fruit and crystallized dreid
fruit & vegetable products) collected in local markets in Gyeonggi-do north region and domestic
internet site. Among preservatives, only sorbic acid was detected in 22 samples(l dried fish, 14
seasoned dried fish and 5 crystallized dried fruit & vegetable products) and its detected range was
0.01~0.92 g/kg. Sulfur dioxide was detected in 9 samples(1 dried fish, 1 seasoned dried fish, 3 dried
fruit and 5 crystallized dried fruit & vegetable products) and its detected range was 10.5~1360.3
mg/kg. Contamination range of total aerobic bacteria in samples was 2.41~5.22 log;, CFU/g and
showed the highest level at seasoned dried fish samples. The Escherichia coli, Salmonella spp.
Staphylococcus aureus were not isolated in all samples.
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Table 1. Distribution according to the place of collected samples

Samples
Collected place | Total Dried fish Seaso';ies‘:] aried | prieg fruit frgftag'f/eegefgﬁg
Mart 26 - 16 4 6
Folk market 46 15 17 2 12
On-line sale 31 - 14 3 14
Total 103 15 47 9 32
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mLE 33 F&3 F JdEHEZFEAS 2H9
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01 mLE #3te] 10 mLe] Rappaport-Vassiliadis
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4% AxAE FAAME 9 nPESHA kA 2AAT | 171
Table 2. Detection of preservative in food
Sorbic acid
Type of food No. of samples | o /Detection Detection range Other preservativesl)
rate(%) (9/kg)

Dried fish 15 3/ 20 0.13~0.62 ND?
Seasoned dried fish 47 14/ 29 0.01~0.92 ND

Dried fruit 9 0/ 0 - ND
Crystallized dried
fruit & vegetable 32 5/ 16 0.05~0.16 ND

Y Benzoic acid, Dehydroacetic acid, Methyl 4-hydroxybenzoate, Ethyl 4-hydroxybenzoate, Propyl 4-hydroxybenzoate,

Butyl 4-hydroxybenzoate,

2 Not detected

Isopropyl 4-hydroxybenzoate,

Isobutyl 4-hydroxybenzoate

EFe Hhd AzFpAdE AEZHIA 5 HE Holdth =Rkl M =4 A& AF
58 AMEEA 2 Ao=E YETh (0.92 g/kg)S 32k xzul e Aojgla, 7H4 7
Table 304 H&= nviel o] A2nlibe] A A AEH AE0.01 gkg)® ZFn|eAol2 T
=9 AES AEXF 9 2vdxRe 4% A FAkol ATt
Aol 371, =AY 1171 T FE 2o 2= AFAY Z2AME AE T EvE A
AFolRaL, 1 9o FwHE 27, Zv|yH FHNE AHETIEYS us AELe glde
3E 1ol e FAJdARAFAAE AEAL w, AERAbe] AZHE AFe YA T
B 24, AAF, AEFag, Aol Frt 14 (671), HF(51), 53 @27), A=, HET, &
Table 3. Contents of sorbic acid detected in various food
No. of Permitted
Type of food Samples ' Sorbic acid content(g/kg) Origin standard
samples (g/kg)
. L e 0.31, 0.62 China
Dried fisheries Squid fish 3 013 NLY 1.0
0.92, 0.09 North Korea
0.50, 0.18, 0.01, 0.59, 0.26 Peru
Squid fish 11 0.44 China
Seasoned dried 0.53 Mexico 10
fisheries 0.11, 0.32 NL '
File fish 2 0.45, 0.56 Vietnam, China
Alaska Pollack 1 0.84 Russia
Tomato 2 0.06, 0.16 China
Crystallized dried Prune 1 0.11 US.A 05
fruit & vegetable| gy eperry 1 0.10 US.A
Date 1 0.05 Tunisia

Y Not labeled
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Alof, W= (271), FYA & ®-¢ stk A FRske] olibstsks A S A EEA
RESE dAVI &< Hdst AES A A gste] o]itstst HE=Fol 10 mglkg
It olds &= F Ave wvE FHEUES Rkl AL BHEE AHYsigen 24 4
HIRkste] ¥} - @ &3to] Hr|How ARt 7} table 4, 591 YERH AT
W A A7 e 7E ¢ deE H
bEoltt? WA HEZ O AR S cdomy Table 4. Detection of sulfur dioxide in food
A &Aooz FQ3A HElHofor ] 53 No. of | No/Det Detecti
0. of | No./Detec- etection
2Ol AL o] AL sz v & hu) 7] 7o T ff )
Tl A SlAEel vl vz tel ype of food samples|tion rate(%)| range(mg/kg)
A7 2850l HERS U Aol §-d
Hez 3E o 7498 2ad dart ok Dried fish 15 17 18.4
Seasoned dried
. 47 1/ 2 10.
3.1.2. O|At&tEt fish / -
Dried fruit 9 3/ 33 |224.7~1360.3
oA F= AEe AW #oste EE Crystallized dried 29 4 13 19.3-800.0
W e ttelAe] LS AEA AR e fruit & vegetable ' '
v AES] HAS oAste] AWx], Abshi
X] Eg‘:g_ﬂ]_ %_ %‘?3943}74] /\]—%—E]-E idﬂ-% Table 49]' %O] O]{\_ﬂ—%% ;ﬂf"“ &l% %‘ 9
OJLF® aglmh ol A o] 2FEEHS0,) S WA A Ad A HEHJADL HELS 10.5~1360.3 mg/kg
AABAEAAE sEES 5o page  UIAReN AwfRELs dnge] A8 15
9oz 4 glow ayay] PFgg 59 o 7 T 1AT%)N A 184 mglky, ZVIAEIFE
o7 4 9= EAw oz 9\)\1’4'.9) 487 = 1@(2%)01]}\1 10.5 mg/kg, Zj}—-ﬂ]'%l% 9
B A= nEgsl § ol Ee A S 371(33%)°l Al 224.7~1360.3 mg/kg, &
ek Al 83 SE7) 9 ANXE ZuAXE A A A 7= 471(13%)oll A1 19.3~800.0 mg/kgel
Aznel, ARG 5 10308 Aoy VAl Assun, L AR dxv
A AFvkES A, o ecpege)  EUIARTRSE AEAUA FABAAAT
o A o]ststdte] Algo] B Ao e

Table 5. Contents of sulfur dioxide detected in various food

ixi Permitted i
Type of food Samples No. IO F | sulfur dlox;ie content Origin standard I_Iz;\belldqg 0(1;
samples (mg/kg) (mg/kg) |Sulfur dioxide
Dried fish Alaska 1 18.4 Russia 30 NLY
Pollack
Seasoned dried | o 44 fish 1 105 NL 30 NL
fish
Jujube slice 1 1360.3 China 2000 NL
Dried fruit T
Apricot 2 2247, 789.6 Turkey | 2000 |Sulfur dioxide
(Preservative)
. Sulfur dioxide
Crystallized dried Tomato 2 254.9, 80.2 China 30 (Antioxidant)
fruit & vegetable 800.0 Philippines Sulfur dioxide
Papaya 2 193 Thailand | 0 | (Antioxidant)

Y Not labeled
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1360.3 mg/kg,
mg/kgel HZEHo] Al 821 2000 mg/kg
Bt 28y S AR
2]t Aststop 1AM = 7
Aol o]ikskd 58?1 30 mgkge #EA
254.9 mg/kg,
mg/kgel °l4tslste]l HEE AT A T
TAME T4 oFAsh A ErEA

ojiel A=

38t o 24 0.7 mglkge
, 1= 10 mglkgol %+

=)

k%
>
i
o
>

o
o2 du o

£
e
BN
oot &

y
T
by
Z
k3
%0

18.4 mg/kg,

mg/kgel A==l 387]F 30 mgkg o=
THAE tiFA e "Ho1a AT 24
2247 mg/kg,

80.2 mg/kg,

Table 6. Total aerobic bacteria and E. coli in food

dn o lo

o

789.6

800.0

gt o o L doomx (ff

2 X0 of i -

ZAES] FHH/ME 9 ulESH obEA 2ARIT | 173

of] & NEHAVFEEA Y AMETIES As
A Fo] AREE g WEEA] ZAEEE 1A
star ok Z12iu table 5914 HiE wlep 2
ojAtstgte]l AZE SFExES Ao, F
o 3%

AE FPE B gote AFd FelA %
NEE Hol glo] EAYY AFC] A
T EAWAE oy B Vo] HE8g 9
stol A3 A7 e Eodn. a8y =
A Azsts FAYARAF] A A
wree wAE, AVEEE, AdFEE S,
A, HIAE ToE vYsA H®Asta
AN 53 AnTrks ARFIEE, AF
TE, BAY Tor BAFY g Fu
Atk wEkA FAGAG Az - The A=
¥ 9 BAE B sta wavne
of W3 w3 AE=S AAdor & Aoew
shebE o
32 O|ME 2YE =A

AATe AF F AALYA £AS
glov HES Am, AL, AX BB D F
@7 AurAel FAFEe AR Ha

Total aerobic bacteria
Type of food No. of samples No./Positive Average value E. coli
rate(%) (logio CFU/Qg)
15 15/ 100 3.97 Negative
Seasoned dried fish 47 47/ 100 5.22 Negative
9 6/ 67 241 Negative
frzftg'iizef;;g 32 14 /44 253 Negative

)| HAAZAIAL T21AH, 20084

[hY



174 | 5549 4E24Y 23 5

|Oglo

N
N

W
N
es
o)
s

of

)
o))

O

=

=

}_

S

CFU/g ©]

ol

2kl 7ol A

|Oglo

5

No
)

AoA AFu)

ZA 28 103719
HEEL 44~100%°] 9 &

371449

3lo] table 69 YERUISITE

S

vl Al 3

S ERET

Qo et 7t 4

ojn

1 5 log CFU/g W|Rto] A|3Eo] B

e}
T

53!
he

o))
A
e
o)
ey

zel

N
o]
_&O

l0g10

5 logie CFU/gS =3}
6.45

o

R

3T
™

=<

v ]
wl-

1l

!

Yz

AR

fes ]

A FE 4% om,

1
N

N
plo

s
A

he

ol

4.01~5.00 5.01~6.00 6.01~7.00

3.01~4.00

© O < O N ~— O

=
K3

1

s,

9

sof of

bl of

S

o

4]
&

o)

=

R EERT
]

N

H

AV 7}

[

4%

sl weElEn Aok r)EpA e A

[¢)

o]
8

s
R=3

7173

A

<

=
o

=

5.22 |Oglo
S

OOn-line sale

7

z 1]

SEICEE BRI

Total aerobic bacteria(log CFU/g)
5]

Folk market

3

H

seasoned dried fish by market systems.
logic CFU/qg,

2.41, 2.53 logyy CFU/g= U}ElL}

B Mart

3.97
CFU/g,

Fig. 1. Distribution of total aerobic bacteria in

}

7_‘
EA437 m

>

=

T

Z}

—~

o

#4)

2Rl ol A

s
1

5
hud

el AAAE,

1
o
=
0

1037 o

=
]

s
A

|

7} table 77 o]

2

A1
ax

il

bl
M
B8R
o]

I

<0

23

B
T

)

—

</
Ho
o
T

o

LHERst T

thogatol ohal A

)

R

i
o
oo
"
el
NR

!

uE
B

e

N
H

L by

9
pul

)| HAAZAIAL T21AH, 20084

L} Solberg o] A|A]



M4 AT | 175

Table 7. Salmonella spp. and S. aureus in food
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A Study on Emission Characteristics Of Odor in Food Waste Treatment Facilities

Jin—Guil Kim, Byeong-Lok Kim, Hee-Il Song, Chang—Gyu Kim and Gyeong-An Kwon
Atmospheric Chemistry Team in North Branch

Abstract : In this study, twelve complex and designated odor compounds emitted from stacks
of the five food waste treatment facilities were sampled and analyzed for the emission
characteristics and attribution degree from Feb. to Sep. 2008. Result showed that complex
odor was being emitted from the all facilities as more than 1,000 dilution factor.

Ammonia and TMA (Trimethyl amine) were emitted 6.7~19.7 ppm and 0.05~0.113 ppm from
composting plants, respectively. Aldehyde was detected more than 0.3 ppm from all the tested
facilities. Hydrogen sulfide was highest (1.1 ppm) in anaerobic composting facility and lowest
(0.024 ppm) in aerobic plant. It was shown that there were no seasonal emission differences
of odorous substances (complex odor, ammonia and TMA). Sulfur compounds were high in
summer and aldehydes were a little high in winter. The attribution degree showed that while there
was no attribution degree of ammonia and styrene, the major odorous substances from stacks
were methyl mercaptan. hydrogen sulfide, TMA and acetealdehyde and iso-valeraldehyde among
the aldehyde compounds.

Key Words : Complex Odor, Threshold value, Expected Odor Concentration, Attribution degree
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Table 1. The status of study facilities

Facilities Type Odor Control Type
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Table 2. Measuring items & analysis methods

Pollutants Sampling & Analysis Methods
0.5 % boric acid solution-absorption
(10 L/min, 5min)-indo phenol-UV/
NH3

Visible Spectrophotometer
(Beckmam, DU650)
Sulfuric acid Solution (1+359)

TMA -absorption (10 L/min, 5min) - SPME
-GC/NPD (Varian CP3800)
PE+AL bag(10 L)-ozone scrubber-

Aldehydes 2,4-DNPH-derivatization-HPLC
(Agilent 1100)
PE+AL bag-TD-GC/PFPD
Sulfur .
(Varian CP3800)
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Fig. 1. The discharge characteristics of complex

odor.
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The Survey on Characteristics of Heavy Metals in Soil of Elementary School
Playground in Uijeongbu-City

Tae-Yeul Kim, Yeon-Hoon Jung, Eun—-Hee Jung, Kyeong-Su Park,
Jong-Pil Jung, Hyun-Jin Lee, Sang—Jo Kwon and Yong-Chul Park
Water Chemistry Team in North Branch

Abstract : This survey was performed to examine the distribution characteristics and concentration of heavy metals
in soil of elementary school playgrounds in Uijeongbu-city. Heavy metals in the soil of elementary school
playgrounds are important factor in the public health because pupils stay in their playground long times. The
Inductively Coupled Plasma(ICP) was used to analyze heavy metals, such Cd, Cu, As, Pb, Zn, Ni, Cr, Cr'®. The
mean of heavy metals in soil samples was 8.0 of pH, 0.009mg/kg of Cd, 0.479mg/kg of Cu, 0.198 mg/kg of As,
1.194 mg/kg of Pb, 56.393mg/kg of Zn, 3.254mg/kg of Ni and 0.091mg/kg of Cr. But Cr'® was not detected. And
there was no significant difference in heavy metals distribution between topsoil(0~2cm) and subsoil(15~20cm) of
soil samples. The concentrations of all heavy metals in soil collected from playgrounds were lower than the soil
pollution standard. SPS(Soil Pollution Score) in the all sampling sites was below 100 and SPC(Soil Pollution
Class) was first grade.

Key Words : Heavy Metals, School playgrounds , SPS(Soil Pollution Score)

Q9 gAY 25 EL T -

sepae] A7) edel FaF axolth ICPE ol&dte] 3% % Cd, Cu As, Pb, Zn, Ni, Cr, Cr'®e

vt BQgelAel FEs Wie pH 80, Cd 0009mg/kg, Cu 0479mg/kg, As 0.198kg/mg, Pb

1.194mg/kg, Zn 56.393mg/ke, Ni 3.254mg/kg, Cr 0.091mg/kg, 121 Crie B% BPZsgich ®g B9
AN Z=0~2cm)# 3+ Z=(15~20cm)F = & xo|7F ATk RE ESEFFEE ¥

9
g BE stme] Eded it 1008 ololi, EFodsFe 15Fo% Ut

FHO - T, FueeH, EFLT

ol

o~
T

LM B2 T A¥E FASH, A¥EEdE FATH

SHs] Azte] G dHeld B 7 =

EGFE SAREAT} dE olF = Edelth e B9 mhAlE B o] bW A,
Heol a4 A % 27 Ff A¥As = FA 9] AAA EAolth. T = =3 374
g B F 43 oA AHAY A TFz9 v R B Wik 3], B3} 7k

n

)| HAAZHIAL T21H, 20084



ey

~NA

or

Ul

4

186 | 2Rx¢

Fig. 1. Location of the sampling sites.
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Fig. 5. The mean of Pb in soil samples.
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Table 1. Natural contents of heavy metal in Korea soil (mg/kg)
Cd Cu As Pb Cr+6 Zn Ni
Natural
0.040 0.480 0.089 3.060 0.090 54.270 17.280
contents
World
0.35 30 6 35 - 90 -
average
Table 2. The results of preceding research in different area (mg/kg)
Cd Cu As Pb Cr'f Zn Ni
Busan 0.487
) 0.180 2.332 0.069 3.397 , 54.074 3.206
topsoil )
Busan 0.271
. 0.162 1.275 0.111 5.382 113.210 3.536
subsoil )
Daejon 0.039 1.014 0.026 2.851 ND 37.834
Urbans of
0.07 10.20 0.07 6.55 0.41 19.74 0.58
Gyeongnam
. 0.091
Uijeongbu 0.009 0.479 0.198 1.194 o 56.393 3.254
(SPS)E tt=stslen, 7 dud B¢ A4
o o e EFASH S Fig. 17.9 4 w0
Bk 1 An 2 S mrelA
EYddsrt 10077 ESdswS 15
Fow vy o
o 100 edan
_ _ Min
35. M Mo}t ‘ ‘
A8 Bk 19 98484, 29 ;
£ - W Gk 39 A wF Poh 49 o wd e
A el 2 dAE AR

Fig. 17. Soil pollution score of sample types
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BT HAHZAARAE, pp.195-201, 2008

I8N Ao AXIVIRE SH0| e A7
d=d - -HFEY - 0/Z9 - YxS - AXY - &8l - FHE - UES
A Study on the Particle Size Distribution Properties of the Raw Water and Drinking
Water in the North Area of Gyeonggi-Do
Yun-Jung Lim, Joo—Hyeong Byun, Kang—-Hyuck Lee, Jin-Ho Park,

Jae-Kwang Kim, Hyun-Soo Han, Yeon-Hoon Jung and Yong-Chul Park
Drinking Water Analysis Team in North Branch

Abstract : Particle Size Distribution(PSD) measurement in raw water and tap water was conducted
one time every month from Jan. to Dec. 2008 at major water sources of Korea including Han River,
Buk-han River, Im-jin River and Han-tan River using particle counter. For comparison of results,
Total particle count(TPC) was conducted together with SS(suspended solid) and turbidity. TPC was
found in raw water with a range of 4,490 counts/mL ~ 2,796,590 counts/mL TPC in tap water was
various with a range of 21 counts/mL~ 527 counts/mL. There was R = 06232 relationship between
TPC and turbidity in raw water but R® = 0.0531 relationship between TPC and turbidity in tap water.
These results show that PSD captured detailed change of tap water even though low turbidity.

Key Words : PSD, TPC, SS, turbidity
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Fig. 1. PSD in raw water.
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Fig. 2. Monthly change of TPC in raw water.
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Fig. 3. Relationship between TPC and SS in
raw water.
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