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Charactenization of Staphylococcus aureus Isolated from Diarrhea Patients in Gyeonggi-do

Youngsik-Lim, Kumchan-Yong, Haegeoun-Hong, Yanghee-Kim, Kyunga-Kim, Sohyun-Lee, Woonho-Kim,

Hangil-Cho, Yeun-Lee, Mihye-Yoon and Jongbok-Lee

Microbiology Team

Abstract : The opportunistic pathogen as vancomycin resistant S. aureus(VRSA), methicillin resistant S. aureus
(MRSA) have emerged as a major clinical problems worldwide. Also, Staphylococcal Pathogenic Islands(SaPls)
and enterotoxin gene cluster(egc) have been studied fundamental factor as a pathogenic messenger. Molecular
epidemiological characteristics of MRSA and VRSA isolated from stools of diarrheal patients in Gyeonggi-do
were investigated. Various virulence genes included enterotoxin and Staphylococcal Pathogenic Islands(SaPls)
were analyzed. Out of 191 strains of S. aureus, 128 strains were detected to be positive for MRSA, but VRSA
couldn't be detected. Among the 191 strains, 96 isolates(50.2%), 93 isolates(48.7%), 86 isolates(45.0%), 84
isolates,(44.0%), 79 isolates(41.4%), were classified to have enterotoxin sei, selo, seg, selm, seh, respectively.
Other enterotoxins were detected to low rates. Also, 24 isolates(12.6%), 6 isolates(3.1%), 2 isolates(1%), 32
isolates(16.8%), 103 isolates (53.9%) were classified to have SaPl nl/ml, SaPl 5, SaPl 2, tsst-1, egc,
respectively. In the antibiotic susceptibility test, all of MRSA were resistant to [B-lactams. Only 4 isolates(2.1%)
harbored exfoliative toxin A. In the study of multi-drug resistant rates about MRSA, 49 isolates(38.2%) were
resistant to more 10 antibiotics. From the result of PFGE analysis, we classified 62 isolates of MRSA to 25
subtypes. Type Bl was revealed as a major type (24 strains detected) in Gyeonggi-do

Key Words : Staphylococcus aureus, MRSA, SaPls, Enterotoxin, Antibiotic resistance
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enterotoxin %1212} Staphylococcal Pathogenic Islands(SaPls)9] #+3 % 54 & +
A A FAARFAHA RS T MRSAS VRSAS] #xE & FAFste] WAl A4S B8
Zast ARE AlgstaA gk} 2007~2009 FHE AASAAAZEEH Eold 191709 FAMEL A
3t MRSA, VRSA HES $3 dAA 744 A1¥ 3 oxacillin E-test, vancomycin E-testE 2 A] gF
oxacillin E-test 256 pg/ml ¥} B-lactams A A WAl S Hol= MRSA7ZF 12835 H2] %A1, Vancomycin
E-testo] A<l #F= At FAFEEAFTF 191750 thadle] PCRI} sequencings E3}o] enterotoxin}
SaPls, egce] FHYE EXLE dolE A enterotoxin sei, selo, seg, selm, seh O & HIE7} =9k,
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J ol

[e]

oft

[V ()
2 =

)

]
B
[}

o_>L

(o)
RS

Kol

e e 25 2eds 2k vhekAl WAELS 971A] o)ael dAAlel] WAl w7 625(48.4%) A T
97}A] olake] A WAl 625 3t PFGES A3 A3 80% A EA FOo & 257}4] HAAE
o7 EFHYT. 1% HEFS 247 F(38.71%)7F 81% AFAHS Hel BlE o

(e}
o=
o] o™, PFGE &4lel <93l ege ¥ SaPlse] EAFFE AT 5 AT

S e

2 egcE EAT F44H

p

FMO : FAEZEFFT, MRSA, SaPls, F=54, 3A8A g4 Al

H7|E0 MARRIOIA E2l8 BMEZyTRO| SHoT

w

el oo



N

e et vwoorm

1L ME
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= HE8F =29, ¥4 e 344, 9%
A 2 54 2TAFTIFE T SIS gEs
do7le= aFSAd Foolth 7o HALE
= Waety Ao Fad ARt He
coagulase, exotoxin®! hemolysin, 2% 52 <l
o] ¥ i= enterotoxin, toxic shock syndrome= <
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T2 3335 leukocidin 2 3] FubeFE A9
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&8 AY FAREE RSl BEA A staphy-
lococcal enterotoxins (SE) X+ enterotoxin like
(SEL)2tar &%= 18Fc] Walxlvh 18
enterotoxin 5ol seg, sei, selm, seln, selo”} &}u}<]
euEor AAdH Ygs LA HAR,
o] Z enterotoxin gene cluster (egc)ztal H 3}
&l gk Staphylococcal Pathogenic Islands
(SaPlIs)oll 4] enterotoxin¥} enterotoxin-f-AF %
2A7F @o] whAEQl=d SaPl 1 (tsst-1, selk,
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superantigens©. 2 A] 1 % tsst-1> MHC class
1] T cell recepter®] B-chainol] So]& oz %}
&3} 3luke] antigeno] 10,0007H¢] T cell&
o} g A7, ol B AA T cell?
20% A=E Fok FAA T dEA doH
olgfgt WAor WAAAE EIHAA BE
Aghe] golow FEury gt

19601 ] o] % wAIst methicillin A 34
XLt (Methicillin resistant  Staphylococcus
aureus : MRSA)> w W 73 A Abs| 7
ds do7|n iR FAAdE UdAdS
HolA gk vancomycin} linezolid ol &= #5
o],

Ul A= 19601 d tlol MRSAZF A9l ¢
H X kAR, 1970 A T F-H A/ Aol A m]
nHAl el 7] Al on 1980 el F A
5] ssle] 23~48%, 199810l 60~70% %
031 (}iq_ll,lz,l?:).

Vancomycin WAd B2 E =13 (Vancomycin
resistant Staphylococcus aureus: VRSA)S 20021
nl=rol A 2 AR o] %, ARl ARE
He A dEe ofEwd gEER
A&l Aztek EAl7b Ha gep.

MRSAL:= 2 mecA F3xkol o) 4Ad A
Fe Hyda 2 @A (penicillin binding
protein, PBP2a)= <13l penicillin, cephalosporin,
cabarpenems 2= S-lactamA] EA3AC] WAS W
o],  macrolode,  clindamycin, tetracyline,
aminoglycosides t©hZ A9 A=

< Hol= deofAl WAddem Aw7
oy, JA7IzkE AFAITIM, o] =H]

FMI1E B A4 G8E BAE op]
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=
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oA A 2007~2009 A7) =

I PG I =t IS R e - i R
multiplex PCRZ ©] &3} enterotoxin-fr < A}

ALSh SaPls B egeE dhetsho] WA 54
otol® 31, MRSA, VRSAS #H&E3dlo] H7%
WAl e] Fols &eletH, PFGES] g
AAE S B8] 44 548 Lotrur
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2. Mz % Wy

2.1, HCHA

2007 = HE 2009W =74 FRE A7)
W S5, AR, 55 Al A9 AT T
4 e AARskr giH A A 3,90071 (2007
2,27071, 20081 % 53071, 200941 % 1,10071)°ll
Y FANEEAGTS AP AFESE T

Fl o&

X

22, GMECANTR 23] U gol

AALghaL i HAA 2R A e
e B FelsAHS ghere] Asetd, A
2 PAAAE 5 me] 0.85% saline o AE3H
T d3]g loop= Chromagar (Staph aureus,

CHROMagar, France)oll 43} Z=23lo] 3-7]0
37°C, 24417 viFetint. vl 5 Platec] =}
& B3 gdyets Fske] MSA (Mannitol
salt agar, Oxoid, England) wj=]ol| #ZF3alo] &
=710 37°C, 24X 7F wjgFsAth wikE ol
ZAlelS Eelslal, coagulase test (Staphylase
test, Oxoid, England)®} motility test (Motility
test medium, Bect on & Dickinson, France)ZS 2]
8)3}o] coagulase %A, motility &4 A= 3
Q1% th. APl Staph (Biomerieux, France) T+
Vitek2 system (Vitek2 GP, Biomerieux, France)
S Abgete] FAMEEGAET dAFS &1l
ST

23. C}E PCRE 0|28t SAREA HSE

L1y

Ao AbgE EE FFE  enterotoxin
A~Qe} Tsst-1 toxin, exfoliative toxinol] ©j3}o]
multiplex PCRS- =3Jsto] 71&3)tth Staphylococcus
aureus ATCC 13565 (sea, sed), ATCC 14458

(seb), ATCC 19095 (sec), ATCC 23235 (sed),
ATCC 27664 (see), GRE 010 (tsst-1), GRE 011
(exfoliative toxin)®] 77}A] #FZ reference=
AF2-8F1 L, Multiplex PCRS Al 71X group2.
2 o] Ay

sed, seg, sei, selq 22| primers= WE-S-A| A

21 A group see,

al, FHA group> sea, seb, sec, seh, selj,
selp Ao primers=, A HA  group
sell, selm, seln, selo, selk A =}2] primers=
HF-S-Al AT} Exfoliative toxiny} tsst-1 toxine 7}
Z}  PCR 3}%th.  MagExtractor-Genome kit
(TOYOBO Co. Ltd, Osaka, Japan)E A}-&3}<]
772 DNAE =3 § PCRO FF o= A}
&3t

FAA FZS 98] Thermeycler (GeneAmp
PCR system 9700, Applied Biosystems, USA)E
Abgste]l A5 WAl 94TR 587k whe Al
71 %, 94TCol| Al 353 WA} 55CelA 60x
2 E-H 72TCoA 6027 M-S 359 ubE
3 & wpxur A 72T A 587 wkS-E)
Atk PCR Z3E 5 6 ulE 0.5x TBE buffer
¢} Seakem LE Agarose (Cambrex Co. Ltd,
Rockland, U.S.A)E A}-83}o] 2.5% agarose gel
o F9stz #719%7] (DaKaRa Co. Ltd,
Mupid-ex, Japan)E AF-§-3te] 100Ve] #qto =
4583 A71gs sislth drlgsel Euyal
gelS EtBr &o] 1087F w4 G2 3 Fo
SHol 203 @ gAe § e 5o

2 DNAE ##s). g14ax) zuzf
O
o

> oo
i |

o

el mono PCR<
gto] tA] bandE &1etdth. S PCR At
& A719% shol B1ek 5, DNA geld#
S Aot ¥ AccuPrep Gel Purification Kkit
(Bioner, Korea)E A&t AAstArt. A3
of A}&%¥ PCR primerd DNA $71449&
Table 17} #ti.
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Table 1. Enterotoxin gene, tsst-1, eta, etb, etd primers

se/sel Multiplex . . . Product Annealing
primer Oligonucleotide sequence(5'-3") . .
gene  PCR Group size(bp) temp.(C)
sea-F CCT TTG GAA ACG GTT AAA ACG
sea set 2 127 55
sea-R TCT GAA CCT TCC CAT CAA AAA C
seb-F TCG CAT CAA ACT GAC AAA CG
seb set 2 477 55
seb-R GCA GGT ACT CTA TAA GTG CCT GC
sec-F CTC AAG AAC
sec set 2 TAG ACA TAA AAG CTA GG 071 -
sec-R TCA AAA TCG GAT TAA CAT TAT CC
sed-F CTA GT
sed set 1 T TGG TAA TAT CTC CTT TAA ACG 319 -
sed-R TTA ATG CTA TAT CTT ATA GGG TAA ACA TC
see-F CAG TAC CTA TAG ATA AAG TTA AAA CAA GC
see set 1 178 55
see-R TAA CTT ACC GTG GAC CCT TC
seg-F CGT CTC CAC CTG TTG AAG G
seg set 1 327 54
seg-R CCA AGT GAT TGT CTA TTG TCG
seh-F CAA CTG CTG ATT TAG C
seh set 2 TC AG 360 54
seh-R GTC GAA TGA GTA ATC TCT AGG
sei-F
i set 1 _ CAA CTC GAA TTT TCA ACA GGT AC 465 54
sei-R CAG GCA GTC CAT CTC CTG
. selj-F CAT CAG AAC TGT TGT TCC GCT AG
selj set 2 ) 142 54
selj-R CTG AAT TTT ACC ATC AAA GGT AC
selk-F ATG GCG GAG TCA CAG C
selk set 3 TA CT 197 54
selk-R TGC CGT TAT GTC CAT AAA TGT T
sell-F CAC CAG AAT CAC ACC GCT TA
sell set 3 410 54
sell-R TCC CCT TAT CAA AAC CGC TAT
selm-F TA TTA ATC TTT TTA AT
selm set 3 ¢ c GGG G GAG AAC 325 54
selm-R TTC AGT TTC GAC AGT TTT GTT GTC AT
seln-F ACG TGG CAA TTA G
seln set 3 AC GAG TC 475 54
seln-R GAT TGA TCT TGA TGA TTA TGA G
selo-F GTC AAG TGT AGA CCC TA
selo set 3 288 54
selo-R TGT ACA GGC AGT ATC CA
selp-F CTG AAT TGC AGG GAA CTG CT
selp set 2 187 54
selp-R ATT GGC GGT GTC TTT TGA AC
selg-F GAA CCT GAA AAG CTT CAA GGA
selq set 1 209 54
selg-R ATT CGC CAA CGT AAT TCC AC
tsst-F CTG TGA TAG T.
tsst-1 mono AG TGG GTC TG 177 55
tsst-R TTT TTA GTT CTT TTT GTG TTT A
eta-F CTA GTG CAT TTG TA TTC AAG ACG
exfoli 9 %
eta-R TGC ATT GAC ACC ATA GTA CTT ATT C
ative Multiplex
i eth-F ACG GCT ATA TAC ATT CAA TTC AAT G
toxinA,B, 262 5
5 eth-R AAA GTT ATT CAT TTA ATG CAC TGT CTC
etd-F AAC TAT CAT GTA TCA AGC
374 55
etd-R CAG AAT TTC CCG ACT CAG

20094 ZTAtoiE E



2.4. DNA Sequencing

DNA gels ZEa#d HFHo| Y 3u] Fu]9
gel &al-& =& (Buffer GB)S H7}etx
50CAA  gels &3lAlZl F, Bioneer spin
column 2.2 27 4T 14,000 rpme. = 1%

AAE =8N 750 ws H7t
3}3 14,000 rpmoll 4] 133+ A4 gE &, A3
= Fsto] o] AFHE kT HS A AsEA,
30~50 w9 THF42= DNAS 839l A g
PCR productel] thale] & Hleko 2 dideoxy

nucleotide chain termination 7|®<S Al&3l=

OJAH:s_ 5

Bigdye sequencing kit (ABI prism Applied
Biosystems, Perkin Elmer, Boston USA)= sequencing
reactions skt Aozl AHES Bigdye
removal kit (Amersham Pharmacia, England)=
A% %, automated DNA sequencer (model
377; Applied Biosystems, Boston, USA)E ©]-&
st PrIMgS A il Sequencing ¥
971 <ES MegAlign  5.03(DNAstar, Madison,
wis) Tzage AHgaA 971N Ee A9

o] Genebank ol A] H]WEAS =8 3tolch

25. MRSA2t VRSA o HE

Ao AMEE TFEZNE MRSAE =
3t7] $18ke] oxacillin (sigma, US.A)Q] HEFF%
7} 4 pgmt = H7HE MSAC loops AH&-3le] 4
w EEel & g7l 37T, 24417t wi ket
thoaf Aol Abehd A ksl giete] 167F
Aol FAA "x== (BD, USA) AE
oxacillin E-test (Biomerieux, Sweden)E A] &}
3l 16S-rDNA, Nuc, MecA FHAAE #HZE35)H7]
913 multiplex PCRS 3391t VRSAS 7
=37l Slste] BE AT diskd
vancomycins=7} 2 pug/ml= ¥3¥ BHA (Brain
Heart infusion agar, Oxoid, England)ol] 4% =2
atel 7]l 37T, 24X W FAI F A2t
g H&ESo] tiste] vancomycin E-testE A 3

39T E-teste] MIC7} 4 pg/ml o] T5o
tf3te]  vancomycin  WAJFA#FQ] vanA, vanH,
vanX, vanHAXE 7 %3t7] 1§ Multiplex PCR
T AT A3 WAl 98T R 2%7F vh&
S, 98CoA 10x37F WA} 50TAA 1
2 72Tl A 90x3+ 21748 350wk
npx gk A S 72Co| A 5E-7F W85
19 A&e Al43¥ PCR primere] DNA 4
1€ & Table 29} 7t}

>, o

32 Jg A
Sorsh oL
LA

-

N
S

26 A Z+H Al ® MIC

A g Aol ARSE A H =19
< ¥+ Ampicillin (AM, 10 gg), Rifamfin (RA,
5 ug), Penicillin (P, 10 ug), Oxacillin (OX, 1 ug),
Erythromycin (E, 15 1g), Cloramphenicol (C, 30 1g),
Ciprofloxacin (CIP, 5ug), Clindamycin (CC, 2 ug),
Vancomycin (VA, 30ug), Gentamicin (GM, 10 ug),
Trimethoprim/ sulfamethoxazole (SXT, 1.25/23.75 ug),
Tetracycline (Te, 30 wg), Amoxicillin/clavulanicacid
(AMC, 20/10 pg), Cefepime(FEP, 30 pug),
Cefotetane (CTT, 30 xg), Imipenem (IMP, 10 ug)
5 16Z29 A gAaE Algdt gEdT
+ Staphylococcus aureus ATCC 292135 A}-&3}
of CLSI"7} FA% WHe BEgz Age 2
otk AU 2447 e xS
755 MHB (Mueller hinton broth, Oxoid,
England)ell McFarland 0.5 Et==2 &#Este]

©= MHA (Mueller hinton agar, Oxoid,
England)el HlEglo] =23 5 1 9o 34
A Yxag SeEl A Eﬂn Iu},
PlateE &-27]9 37°C, 2447+ MjFAZ] 5, 9]
AA AES Al CLSI guidelines 74316}01
HAS =43t Oxacillin?}  vancomycin 2]
MIC (Minimal inhibitory concentration)& <o}x
7] flske] zbztel A Al wiske] E-testE Al
g5 Th 24X 7F vjkE AXF = MHB
o McFarland 05 Et==Z dEslo] ‘?i%ﬁ
MHA uff#lo] ®lEgle] =23 5 2 9
E-test strips =#Fol &d3s] HARAAT
PlateZ &2 7]¢] 37C, 24h ¥l%A 71 5 plateS
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gelste] ol A 7HgatEl el MIC 4
=4stsl
2.7. PFGE

GAEGT T A4 ABRAS dotr)
?13ted PFGE (Pulsed-field gel electro phoresis)
Al dg wdd AFdTe [
A F3ke] cell suspension TE buffer (0.1 mol Tris
- 0.1 mol EDTA, 100 m¢ D.W, pH 7.5) &Els}
o] McFarland 5 (1.5x10° /mf)e] €% = wrE9Ir},
7ol lysostaphin 20 ul (4 wg/ml)2}F lysozyme
10 u0 (200 pgml)Z 7Fske] -e42zol 37T 10
B2F =olE H proteinase K= 10 pl 3 718kar
1.2% Seakem Gold Agarose 9} THo 2 4]9]
plugs W=tk Z FojZ plugE proteinase
KE X33k ES buffer (0.5 mol EDTA, pH 9.0,
1% sodium lauroyl sarcosing)® 3F<=Z 0l A
55°C, 150rpm S 2 1.5h A= lysis A]F ). Lysis
¥ plug:= plug wash TE buffer (0.1 mol Tris pH
75, 0.1 ml EDTA)Z a4 55T, 150
rpme =z 20537 AlH S st o] & 53 wHESH
% 40U Sma-l (Roche, Germany)= #7}sle] &
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Table 2. Primers used for detection of MRSA and VRSA

Specific gene for : : : e Product Annealing
amplification primer Oligonucleotide sequence(5'-3") size(bp) temp.(C)
16s-F GTA GGT GGC AAG CGT TAT CC
228 55
16S rDNA 16s-R CGC ACA TCA GCG TCA G
nuc nuc-F GCG ATT GAT GGT GAT ACG GTT 279 -
nuc-R AGC CAA GCC TTG ACG AAC TAA AGC
mecA-F CTC AGG TAC TGC TAT CCA CC
mecA 449 55
mecA-R CAC TTG GTA TAT CTT CAC C
vanHAX-F ATG AAT AAC ATC GGC ATT AC
vanHAX 2600 50
vanHAX-R TTA TTT AAC GGG GAA ATC
vanH-F ATG AAT AAC ATC GGC ATT AC
vanH 969 50
vanH-R CTA TTC ATG CTC CTG TCT CC
vanA-F ATG AAT AGA ATA AAA GTT GC
vanA 1032 50
vanA-R TCA CCC CTT TAA CGC TAA TA
vanX-F ATG GAA ATA GGA TTT ACT TT
vanXx 609 50
vanX-R TTA TTT AAC GGG GAA ATC-
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Table 3. Characteristics of patients with Staphylococcus aureuse

(Unit: person)

Age Under 2 2~9 10~49 Over 50
R " Total
Regions M F M M F M F
Middle 30 16 1 0 1 0 3 53
South 64 35 1 9 3 10 6 132
East 0 0 0 2 1 1 1 6
Total 94 51 2 11 5 11 10 191

*

s
Male, Female
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Fig. 1. Detected enterotoxins of Staphylococcus aureus.

Fig. 2. Positive band of Multiplex PCR of Staphylococcus aureus.

Table 4. SaPIs and egc type of Staphylococcus aureus

Huge pathogenic gene clusters Harboring enterotoxins genes SaPls(%) egc(%)
SaPl 1 tsst-1, selk, selq 0 0
SaPl 2 tsst-1 2(1.56) 2(1.56)
SaPl 3 seb, selk, sell 0 0
SaPl 5 selk, selq 6(4.68) 3(2.34)
SaPl nl/ml tsst-1, sec, sell 24(18.75) 24(18.75)
SaPIl bov tsst-1, selk, sell 0 0
egce seg, sei, sem, sen, seo 7(5.46) 26(20.3)
eqgc partial 22(17.18) 77(60.15)
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Fig. 3. Antibiotics resistance rates of MRSA.

H7|E0 MARRIOIA E2l8 BMEZyTRO| SHoT

—r
—

MM voown



g
N

e et vwoorm

BT R HUB

=L

Table 5. Characteristics of patients with MRSA

(Unit: person)

Age Under 2 2~9 10~49 Over 50
. " Total
Regions M F M F M F M F
Middle 20 11 1 2 0 1 0 3 38
South 37 24 0 1 6 1 9 6 84
East 0 0 0 1 2 1 1 1 6
Total 57 35 1 4 8 3 10 10 128
Male , - Female
Table 6. Multidrug resistance rates of MRSA
Multi drug . o .
. Resistant Antibiotics Strains Total
resistance
AM, FEP, .CTT, CIP, CC, E, GM, IPM, OX, P, TE, SXT, AMC 2
13 Antibiotics
AM, FEP, CTT, CIP, CC, E, GM, IPM, OX, P, RA, TE, AMC 1 4
AM, FEP, CTT, CIP, C, CC, E, GM, IPM, OX, P, TE, AMC 1
12 Antibiotics AM, FEP, CTT, CIP, CC, E, GM, IPM, OX, P, TE, AMC 24 24
AM, FEP, CTT, CIP, CC, E, GM, IPM, OX, P, AMC 4
11 Antibiotics AM, FEP, CTT, CC, E, GM, IPM, OX, P, TE, AMC 2
8
AM, FEP, CTT, CIP, CC, E, IPM, OX, P, TE, AMC 1
AM, FEP, CTT, CIP, CC, E, GM, IPM, OX, P, TE 1
AM, FEP, CTT, E, GM, IPM, OX, P, TE, AMC 6
10 Antibiotics AM, FEP, CTT, CC, E, GM, OX, P, TE, AMC 5
13
AM, FEP, CTT, CC, E, GM, OX, P, RA, AMC 1
AM, FEP, CTT, CIP, E, IPM, OX, P, TE, AMC 1
AM, FEP, CTT, E, IPM, OX, P, TE, AMC 2
AM, FEP, CTT, E, GM, OX, P, TE, AMC 7
9 Antibiotics
AM, CTT, CC, E, GM, OX, P, RA, AMC 1 13
AM, FEP, CTT, CC, E, OX, P, TE, AMC 1
AM, FEP, C, CC, E, OX, P, TE, AMC 2
AM, FEP, CTT, E, GM, OX, P, AMC 11
8 Antibiotics AM, FEP, CTT, CC, E, OX, P, AMC 8 32
AM, FEP, CTT, E, OX, P, TE, AMC 13
AM, FEP, CTT, IPM, OX, P, AMC 15
7 Antibiotics 19
AM, FEP, CTT, E, OX, P, AMC 4
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Table 7. PFGE patterns using restriction enzyme Sma-1 of MRSA

PFGE patterns”

Subtype(No. of isolations)

Total isolates no. (%)

AL(L), A2(1), A3(1), A4(2), A5(1), A6(L), A7(1), A8(1), A9(2), AL0(1),

A 17(27.4)
Al11(3), Al12(1), A13(1)

B B1(24), B2(3), B3(2), B4(1), B5(2) 32(51.6)

C C1(1), C2(1), C3(1), C4(1), C5(1), C6(1), C7(5), C8(2) 13(21)

*

A to C are PFGE profiles and Al to C8 are subtype profiles.
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Safety Assessment of Oriental Medicines & Their Preparations

II-Hyung Jeong, Young-Sug Kim, Jong-Hwa Kim, Jong-Sup Jeon, Sang-Hun Cho, Sin-Hee park,
Hyun-Ye Jo, Mi-Hye Yoon and Jong-Bok Lee
Pharmaceutical Chemistry Team

Abstract : This study was carried out to evaluate the safety of circulated oriental medicines and their related
preparations in Gyeonggi-do. Total 366 samples (165 species) were analyzed about heavy metals, residual contents
of sulfur dioxide (SO;) and 68 samples were analyzed about preservatives. 17 samples (13 species, 4.6%) were
exceeded the legal limit of heavy metal. The concentration over the legal limit for Pb, Cd, As and Hg were
6.1~19.2 mg/kg, 0.4~0.7 mg/kg, 6.9 mg/kg and 0.7 mg/kg, respectively. In particular, the exceeding ratio (5.9%)
of the legal limit of heavy metals in foreign products was 3.3 times more than domestic products (1.8%). 13
samples (10 species, 3.6%) exceeded the limit of residual sulfur dioxide and the concentration ranges were 105
to 428 mg/kg in domestic products, on the other hand foreign products were from 114 to 2,468 mg/kg. The
mean concentration over the limit of residual sulfur dioxide of foreign products (804 mg/kg) was 2.4 times more
than domestic products (338 mg/kg). In studying of the preservatives in oriental preparation, the contents of
dehydroacetic acid (48.9~64.1%) in 3 samples of labeled solutions were under the labeled preservative contents
and the contents of benzoic acid (139.9%) in 1 sample of labeled pill product was exceeded the labeled
preservative contents. The numbers of the detected preservatives in unlabeled solutions, pills and granules were
4, 11 and 7, respectively.

Key word : oriental medicines, oriental medicine preparations, heavy metals, sulfur dioxide residue, preservatives.
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- HG-MHT & HG-BHT
Fig. 1. Distribution of country on oriental medicines.
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- Ethanol (Burdick & Jacson, USA)

- Hydrochloric acid (Wako Co., Japan)

- Hydrogen peroxide (Wako Co., Japan)

- 0.0IN Sodium hydroxide (Wako Co., Japan)

223 HEHN 2M8 Al

- Sorbic acid 99.0%, benzoic acid 99.5%,
dehydroacetic acid 98.0%, methylparaben 99.0%,
ethylparaben 99.0%, propylparaben 99.0%,
butylparaben 99.0% (Sigma Aldrich, USA)

- Isopropylparaben 95.0%, isobutylparaben 98.0%
(Wako Co., Japan)

- Methanol (HPLC Grade, Burdick & Jacson,

USA)

- Acetonitrile (HPLC Grade, Burdick & Jacson,

USA)

2.3. ZH|

- Microwave Digestion System

(ETHOS 1, Milestone Inc., Italy)
- ICP-OES

(Optima 5300 DV, PerkinElmer, USA)
- Mercury Analyzer

(NIE-20, Nippon Instrument Co., Japan)
- HPLC-PDA (Waters, USA)

Fig. 2. Labeled/unlabeled condition of preservatives
in oriental medicine preparations.

- Waters 2695 separations module alliance
- Waters 2996 photodiode array

2.4, AlEdry

241 stofo| S35 FFWY
Pb 2 As XFE&NS 50 pglkg, 100 uglkg,
200 ug/kg, Cd ¥E+& 9
50 pglkge]l H &5 14
Aol ALgEtTh Algse Eske] EEslst
T oF 0502 AU <o} Microwave® Omni
24 6 mLe 30% HAkska
mLE 7}$F ¥, Microwave Digestion Systemg
1,200 W Poweroll A 15%-7F 200C 74 A<
AlZL %= 2083 frAeb Jafstslvh ol & A
o

LA WSkl 2EFR vessel S A A

2 10 pglkg, 30 welkg,
AArk-gol o 57 Z A5}

X

vesselol] €11

718 Table 13} 7t}

Hg ¥589& 0.001% AJ2~H|Sl1-gH 02 50 pug
/kg, 100 pglkg, 200 pglkgel =% ZA)38}F9) AL,
v AEfe] AlE °F 50 mg= AL Zol
7} 7] 3} o7k (Combustion gold amalgamation
method)S ©]-&3F Mercury AnalyzerS A}-3}o]

=4 sgiv,

24.2. 8to}o| XLFO|AISIE ZFHEH
W e Ag oF 50 g AE3] ol
ofoFEQt A A A12009-1045 (K oF 5<]
ojitstsk AlAH)ek FLskAl Monnier -
Williams®H W ol ¢]3lo] Al s

Table 1. Analysis condition of ICP-OES

Parameter Condition
RF power 1,500 W

Plasma : 15.0 L/min
Gas flow Auxiliary : 0.2 L/min

Nebulizer : 0.65 L/min

Pump flow rate 1.5 L/min
Pb : 220.353 nm
Wavelength As : 188.979 nm

Cd : 228.802 nm
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=T

sorbic acid=A], Wlz4AF 2 1 =
acid=A], dH3==ZolAMHolE 2 I dAF=
dehydroacetic acid= 4] &S Atk

Zh BEA #2EF oF 100 mge AL

o} WErL o] o] 100 mLH o

tt
ro
2
¥ o

N
-
2
2,

3.1 gkl SE2E SHZ L)

ghoF 165% 36671(=14F 11071, F44F 25671)
o gat FE% PAAARE A B9 FE%
71591 Pb 5 mglkgeldt, Cd 0.3 mglkgel s,
As 3 mg/kgelsl, Hg 0.2 mg/kge] st %83}
A% w 13% 17046%)°] 71 EL 2Tl e

, 71 A= Table 37 2t} 7)|Fo] Z3H

o
F34& Pb 971, Cd 97, As 171, Hg 1719]
A=, FZo)A Pb, Cdo] whke|A] Ph, As,

20094 ZTAtoiE E

3.881¢l 19.2 mg/kge] =2 2

t}. Cde 0.4~0.7 mglkg, Hi* 0.5 mglkg® 7|
=9 1L7uj7F A& o™, As 6.9 mglkg, Hg
0.7 mg/kge] AZHATE YA 2= F4He

1104 5 24, $E)eR FAHE]

1.8%°] o Fdke 2567 5 11F(A1A,
whak wlE s A Sok ook AY, FE, v
=H, ¥, Fuhy 157107 59%°] A FTE

Kol Zako] mE] 338y wokt HEH

3
22 EF Cdo]l HEHloen
al

7, Cd 74, Hg 2 As7} 7 14

HEE o] =kl A=5A 9¥- Pb, Hg,
As7t HZEH Il 53] Pbol ®e] HEH= 4
Bg wol qlite] Tl g e}
A dehgth 599 dgeldE A
Ml Al R Qi deke] FEE e
o] RE we Row AU oleldt 2
B dstel me B¢ 9] 9dew F
AHER 2ulAEe] hletn Hed £ QUw
= ghefo] W@ A%4 FARs} 2rEc

Table 2. Analysis condition of HPLC-PDA

Parameter Condition
Column XTerra RP18 4.6 x 150 mm, 5 um
Waters 2996 photodiode array
Detector (Range from 200 nm to 400 nm)
Detection
wavelength 235 nm
A : 0.1 M (NH4)HPO,
Mobile phase (pH 3.0 with H3POy)
B : Acetonitrile
Time(min)  A(%) B(%)
0.0 75 25
10.0 75 25
. 15.0 50 50
Gradient table 16.0 75 o5
19.0 75 25
22.0 50 50
30.0 75 25
Flow rate 0.8 mL/min
Injection
volumn 20 pb
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Table 3. Heavy metal contents in oriental medicines exceeded the KFDA regulatory criteria

Korean name Latin name sgr?iploefs Origin Violartneéjta?eavy C(?Résﬂg)
7 E Chrysanthemi Flos 1 Korea Cd 0.4
A A Cinnamoni Ramulus V(i:ehtinnaam Pb gé

Pb 7.9
2l iy Lashiosphaera 1 China As 6.9

Hg 0.7
L = Atractylodis Rhizoma Alba 2 China Cd gg
A = Dendrobii herba 1 Vietnam Pb 11.1
= o Dipsaci Radix 1 China Cd 0.7
L=} ok Linderae Radix 1 China Cd 0.5
5 & Achyranthis Radix 1 Korea cd 0.4
A Es Polyporus 1 China Cd 0.5
= =3 Atractylodis Rhizoma 1 China 23 g;'
g = A Morindae Radix 2 China Pb 22
2 ) Coptidis Rhizoma 1 China Cd 0.4
e g} Magnoliae Cortex 2 China Pb 179'.22

Y Mean values obtained from three measurements

ghef 165 36671 (=14 11071, F9iak 25671
& WFeR Aok 5o AFetatd 7)E0
30 mg/kgolshE A&stel AR A 10F
13730 7l=& Zostel 36%e FARES
wolow, 1 A= Table 49k k. A
A5 3T 1A, =g, abel) 4x100A 105428
mgkg WA= VIESe stk Aol A
T 8T, A, wesh Hdy], B4, &
otg, A4, Az A) 9@l A 114~2,468 mg/kg
MR Vs xdsiden, 53 Taat o
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Table 4. Sulfur dioxide contents in oriental medicines exceeded the KFDA regulatory criteria

. No. of . SO, contents”
Korean name Latin name samples Origin (mg/kg)
288
%l A Zingiberis Rhizoma 2 China
328
Korea 401
- 71 = Lycii Fructus 2
China 2,468
= & 3 Lonicerae Flos 1 China 1,957
= g Araliae Continentalis Radix 1 Korea 105
= g oy Moutan Cortex Radicis 1 China 746
5 ZF Aconiti Lateralis Radix Preparata 1 China 240
409
Ak ok Dioscoreae Rhizoma 2 Korea
428
4 o & Longanae Arillus 1 Vietnam 114
A] A Ponciri Fructus 1 China 912
d 3 A Corydalis Tuber 1 China 188

Y Mean values obtained from three measurements

9% HEA EFRTENSE HPLC-PDAY]
A %7(Table 2)0 wet A EAH o= HA
St Ay} ZZwfEId2 Fig. 3¢ Ul HEA
H HEE A7 2 A= sorbic acid(6.9%),
benzoic acid(7.7+), dehydroacetic acid(8.5%),
(15.6%),
isopropylparaben(17.9%), propylparaben (18.3+%),
isobutylparaben(25.0+), butylparaben (25.4%)°]
ATt BEAE IF Sy ~HERS
7}X =& Photodiode array 7&7]E Al&3}o]
7t HEAE F3E gy o555 ALE o
|3 AN Hd STl Ae F3=
£ o] &3 AFEAS AAEAY. 9% EEA
©] HPLC-PDA S EHL Fig. 49 gt} 7zt
HEAS Hd F 372 sorbic acid 260.3

methylparaben(9.7%),  methylparaben

i}

20094 ZTAtoiE E

22852 2722  nm,
222.7%} 306.5 nm,
methylparaben 5 6& <] parabeni+i= 254.4 nm
o A Yelgon, 9F HEAL FAEALS F
e el AEE A= 235 nmollA A
A&kt

HEAE ddofde dvbA gy BEA 9
7]eol whEw FA ] skl 80.0~120.0%E
ARG = Qlar ofAMY AlBexE Al10E H A
xR A75x A1 A4zl w0k
of REAE A&t A 1 HA 9
= #EA %2 IIAES Ho gl
FAO/IWHOE= AZA7ME F HEAY 1Y
3 seEFS A=A 2 1 95 25 mglkg -
A5 5 mg/kg - bw/day,
2 7 49F 10 mgkg -

nm, benzoic acid
dehydroacetic  acid

B
o o ot i



Retention time(min)
Fig. 3. Chromatogram of preservatives by HPLC
-PDA.
1:Sorbic acid 2:Benzoic acid 3:Dehydroacetic acid
4:Methylparaben  5:Ethylparaben 6:1sopropylparaben
7:Propylparaben 8:Isobutylparaben  9:Butylparaben

A A ANA HEH HEAY TFH ZE
Fig. 59} #o] 5502 B4ANA A=
, benzoic acid”’} 3671 (67%)C. 2 7HF =
HAEES 2991, propylparaben 771(13%),
methylparaben 571(9%), dehydroacetic acid 471
(7%), ethylparaben 271(4%) =2° = EFST
shokA Al 6871 digh HEA] HAFAF= Table
5¢} v}t BEAZE AR AA T AA 147
& RAE BEATE AEEHAOY 1 F 370
dehydroacetic acid”} FEA]#e] 48.9~64.1%7}
Z5o] BAF 7l wgsda A 14
2] benzoic acid7} EA]#2] 139.9%7} 7=
A FS 2T BREATE vEAE
5171 & HEAZE HEE AAE 22702
43%0° SFE ALt AA F 371904 benzoic
acid 46~197 ppm, 17 °]A] dehydroacetic acid
99 ppm H=HAL FHyAS A EF R
Alg AFoIR ot 11704 benzoic  acid
70~1,101 ppmo] HEEAo™, A 7oA
benzoic acid 89~3,802 ppmeo] HEFH U ¥
A, #AANA  benzoic acidZz Z+ ZF 1,101
ppm(0.11%), 3,802 ppm(0.38%) =4
oekFol Aol HEA ARSI 0.1%
23 ARRE ASom, nEAE 7
AA 2271 (43%) el A o] BEA HES
iubabgtoltt, @y b 59 7pE A3
AAFe BER kel gk Ak =
benzoic acid &3 o HEZE <Al
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Fig. 4. Spectra of preservatives by HPLC-PDA

Fig. 5. Percentage of preservatives in oriental
medicine preparations.
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Table 5. Concentration of preservatives in oriental medicine preparations by HPLC-PDA

Labeled preservatives

Unlabeled preservatives

Sz'g;r;)gle leja?;anIresOf Compound Range Conc.” Ng::nbp()elresc’f Compound Range Conc.”
Tested Detected i o) Tested Detected i (Ppm)
14 Benzoic acid 88.9~112.3
3 Dehydroacetic acid 48.9~64.1 3 Benzoic acid 46~197
Liquids 14 4 Methylparaben 88.2~93.4 6
2 Ethylparaben 89.2~90.0
6 Propylparaben 82 3-118.6 1 Dehydroacetic acid 99
Granules - - - 28 11 Benzoic acid 70~1,101
1 Benzoic acid 139.9
Pills 3 1 Methylparaben 86.3 17 7 Benzoic acid 89~3,802
1 Propylparaben 90.0

Y Detected quantity of preservatives / Labeled quantity of preservatives x 100

2 Concentration of preservative in sample

4. HE

A71=W e AL 9l 'hek 165F 36671
(FAF 11071, FSiak 25670)S o w Aof
T TEE Ve B AFeltsa Vs A
&oto] TaEa AFelatsgel e o9 A
ek FhebAlAl 6871& whRrebdel AdwkAlEH
HEA s AEete] BEA] AR AH
2 Abske] SHdAE ek

1. 39F 13F 177 (4.6%)°] TF5 71=8 =24
sttt 71+ =3 HEFEE+ Pb 6.1~19.2
mg/kg, Cd 0.4~0.7 mg/kg, As 6.9 mg/kg, Hg
0.7 mg/kg °lRem, 1 5 4k ke 1104
T 27(1.8%), TUAF ke 2567 F 157
(5.9%) o= =4F ghoF B} 3.3wiuh @kt

2. 3oF 10% 137(3.6%)°] THFolatslat 7|+
zdetth Ve 29 A HETEE
338 mg/kg, =94t 804 mg/kgo = <)
TR 240 =L w2 HEHAG
3, A 712 2,468 mglkgel A&
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FAIE 174N A 144, $A 374) F AA
ol 4] 37 o] dehydroacetic acid’} IFEA]ZQ]
48.9~ 64.1%7F HE= o] FAIF mRtolle
o, 3= 170] benzoic acid”} 139.9%7}
AZHo BAFS =HEUT. BHEATL
W SEAE 517 (A 671, Al 287, LA
1774) & A A benzoic acid 37,
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Study on Elution of Melamine Resin Food Containers

Hye-Jung Kwon, Ok-Kyung Choi, Sun-Il Hwang, Jin-A Jeong, Yun-Sung Kim, Hyun-Ju Kim,
Byoung-Hoon Lee, Mi-Hye Yoon and Jong-Bok Lee
Food Analysis Team

Abstract : In this study, melamine was eluted on melamine resin in various conditions like elution temperature,
time and solution, and migrated from melamine resin into food. When containers for children and commercial
food containers was tested in the condition standing for 60 minutes after filled with water of 60°C, melamine
was not detected except one sample. When it was treated in 4% acetic acid of 60°C for 60 min, melamine was
found 0.029 mg/L and 0.040 mg/L in two containers for children, on the other hand, 0.122 mg/L, 0.292 mg/L,
0.176 mg/L and 0.297 mg/L in four commercial containers. As it was stimulated in high temperature solution
like water and 4% acetic acid of 95°C for 30 min, melamine was eluted 0.230 mg/L~0.504 mg/L from seven
commercial containers in water, on the other hand, 0.149 mg/L~2.601 mg/L from nine samples in 4% acetic
acid. But it wasn't detected from commercial containers treated n-heptane of 25°C for 1 hour. When commercial
containers was treated microwave for 7 min, it was detected max. 3.143 mg/L in water whereas max. 5.429
mg/L in 4% acetic acid. Also there was not found melamine migrated from melamine resin into food.

Key words : Melamine, food container, acetic acid , microwave

9% AT fF T WHHIFAR wE ofHol g B AAE AEFLI|A EEFLE, §EAIK, 589
w2 delgle] §&¢S A, §U)dA AFoE deple] oS RUEH St WA 60TCe
ER2 603 &FA ¢ AFS Aty BE AFA depilo] AEEA skl 18l ool g V&

7 ™ al

al
F 854 F7HA AlEdA] 0.029 mg/L, 0.040 mg/L FFo] Wetwlo] AZH ¢
= 0.122 mg/L, 0.292 mg/L, 0.176 mg/L, 0.297 mg/Le] @Hz}7lo] 7
21715 95C9 &2 3087 £& Al 735004 0.230 mg/L~0.504 mg/Lo] HEHA

o tlo oo

- = ¢ al
A& g0 §&319S v 9F oA 0149 mg/L~2.601 mg/Le] Wetrle] HAEEATE 12 25°C ] n-Pehs
AEgdor Fassls W e AT Heprle] HEHA v I B2E JAEFE&How o

microwaveZ 727 AH59S W H1 3143 mg/Lrt AEHUIL, 4% AR 39S ol H I 5429
mg/L7} AZEHAG v R ZEE 5, BE, AYHEES AR &7]d "ol 0% WA F
o

=z
— jul B
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Model waters 2695/2998

XTerra C18
0.1M phosphoric acid

(4.6x250 mm, 5 um)
(pH 3.0)

40C
0.8 mL/min

HPLC/PDA,
235 nm

solution eluted from water

Table 1. Analytical conditions of HPLC/PDA for
acetic acid

Column temperature

HPLC
Column
Mobile phase
Flow rate
Wavelength
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Table 2. Analytical conditions of HPLC/PDA
for solution eluted from n-heptane

HPLC/PDA,
HPLC Model waters 2695/2998
Column XTerra C18

(4.6x250 mm, 5 um)
Column temperature ~ 40°C

A : 95% Acetonitrile
+ Phosphoric acid 2.5 mL

Mobile phase B : 0.25% Phosphoric acid
Time(min) A(%) B(%)

0:00 100 0
3:00 80 20

Gradient condition 7:00 60 40
10:00 40 60
15:00 20 80
20:00 0 100

Flow rate 1.0 mL/min

Wavelength 230 nm

232 120 252 U micowave X 2|0
ME AEE8Y A2

ANEFFAG 717 D &7 - 27 £F AE
S AR %7 100To) Al HAe A g
AeEE 95T =3} 4% 2AH&AS HE8
Aoz 3lo] zhzh 3087F W3 T A g
o2 AMgeFAiTh

A=gdem =3 4% 284S &

7S A& % microwave(model RE-

233. 2II0M A|lES=Q HaIPl O|EEF
£33

Wz AFo R AuFe S5, AW AgH
< 7 XﬂwJ A= xgste] Hepwl X4
S70o @& & 304-7F WA, 30w WA F 1
+7F microwave #2], 30&37F WA & 3E7F
microwaveEs A g|sto] 2AF HEE Hlo] A
&7 F Bt AETAd EAE e A4S

g o9l AFe] ARl Eoto]l AFsAn
PEAE AR 1 ge AYE HE F 5 mL

=3 5 mL cHEUERS Yo & =33 &
307 259k A"T s 942 (2600 xG,
10®)33iet. A5 Fste] 0.45m fH <
ZHEZ o343 F24 2 mLE vE ofHEY
EZ 5 mL, 4% 7fH4HE) 5 mLE AHEHE &

op

o 22 GAS THEA ] 4% Ariat
&9 3 mLep S FhstaL olF THE ol
gkl FEAIRIT. olojM oMAEYE™ 5 mL,
02 % uYeldotnl g oHEYUELEN 5

LE Ad= £ F 2% ooty gHf o}

=
1 mLE 7}sho] OL Z1& Table 3.9 %710 =

w4 skl

Table 3. Analytical conditions of HPLC/PDA
for migration test of melamine resin

containers

XTerra C18
Column (4.6x250 mm, 5 ym)

D.W. add citric acid 1.92 g
Mobile phase and octanesulfonic acid 2.16 ¢

. Acetonitrile = 85:15
Wavelength 240 nm
Flow rate 0.8 mL/min
Inj. volume 10 uL

3. Znt o o
31 SE8Y I SEAIZH0| mE "Wa 2
=g

ofdlol g 471% 60Te] 2 PEEjom
dho] 3087 YESAS W Table 4.9 2ol @
AES Adetn RepNe AZHA ko,

1=}
60T 4% ZAto g 3087 HE=s9S

_‘T_:_

21]%01]/\1 0.029 mg/L, 0.040 mg/Le] e}ie] 2
=T Pagom 2xol= Wkl A7 =
60Ce =< HEddoz 3023 §E3de

N
©

el oo
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w Table 5.9} 7to] RE A|FoA Hetnlo]
ZH A %o, 60T 4% xiHe HE8
o= &t 30 &FA] 3 AlFA
0.135 mg/L~0.377 mg/L T "Wovle] §&
Huoh E AFNA ES HAEE&HoR A

2 12 oY

==

Table 4. The quantitative analysis

A

= o oko] g}

Hlo] 8% AL IS £ Tk A 2

5C9 ngdekes &89 9e wol= BE
o)

of melamine eluted from containers for children

Unit : mg/L
Conditions Sample No.
(Solution / time / temp.) 1 2 3 4 5
water / 30 min / 60°C ND" 0.005 ND ND ND
water / 60 min / 60T 0.027 ND ND ND ND
4% acetic acid / 30 min / 60T 0.040 ND ND 0.029 ND
YNot detected
Table 5. The quantitative analysis of melamine eluted from commercial containers
Unit : mg/L
Conditions Sample No.

(Solution / time / temp.) 1 2 3 4 5 6 7 8 9 10
water / 30 min / 60C ND”  ND  ND ND ND ND ND ND ND ND
water / 40 min / 60°C ND ND ND ND ND ND ND ND ND ND
water / 50 min / 60C ND ND ND ND ND ND ND ND ND ND
water / 60 min / 60°C ND ND ND ND ND ND ND ND ND ND

4% acetic acid / 30 min / 60°C ND ND ND ND ND ND 0377 0135 0264 ND

4% acetic acid / 40 min / 60C ND 0151 ND 0124 ND 0185 0301 0135 0419 0.220

4% acetic acid / 50 min / 60C ND 0129 ND 0131 ND 0579 0401 ND 0483 ND

4% acetic acid / 60 min / 60C ND 0122 ND ND ND ND 0292 0176 0297 ND

n-heptane / 60 min / 25 ND ND ND ND ND ND ND ND ND ND

YNot detected

2¢ FEedon so] §EA7e] e W 32 D20 HIY ME walw Y
Prle) gEFE AN W RE AFAA
TSR W3E Holx fstth a#y 60T ojdoelg B Ydag A7IE 95T == 30
o) 4% 22HE AEgow ao% 40%, 50, B §ES © Fig 1.3 2 AnE 1
607F 8FA] 40EME & 4%0M9mw_ Atk ofdolg A 7|d A= 0.052 mg/L~0.241
50%-oll A= EHE~0.579 mg/L, 60l A= mg/Lol L, G2 A7 E 105 F 750l
ﬁgﬂm7m994%amq dgqu.za ] 0.230 mg/L~ 0504 mg/L =< #e}ylo]

oA 60EC 2 Z=7}3RES
Bolz kel ey
bl §E7ASd 30

20094 ZTAtoiE E

=5 AT

3 95T 9] 4% ZAte = 3087 £&39
% T’EH E_‘ ogﬁ.o}]Oi Ol'/v\a UHE_E]' = E%'
2 9% 9 AFANA 0.149 mg/L~2.601 mg/Le]



[ Lt

Aeplo] &EH At o= Wepwl FAo] &
Z7FZ21 30 mg/L HthE v FFolA Nk )
o] AFAA FFols AFES ALl BE AE
2 A ZHIE 7152 25 mglkg B =4 A
ZHAY ayrR a2 A Ee dgn
FAR e A7E AMESHA @ Bl 5
Ao Alm

Fig. 1. Melamine comparison eluted from water
and 4% acetic acid of 95C for 30 min.

3.3. Microwave X 2|0 @IE Walol 2&EF

B E2HEHZHTN

105 Al 9FFolA 0.071 mg/L~3.143 mg/L
a2k =53tk o] Mgt 4% =
*J%—O—H—% @%%%‘Oi AHESE S W 3ERE
0.020 mg/L~ 0.102 mg/L, 5%

B Z_EOM 0.027 mg/L~2.032 mg/L, 7%
2 Al 9FFoll A 0.029 mg/L~5.429 mg/Le]
gilo] &=H Sl Microwave®Z 23S
AE=gdom &3S wET 4%
gdow s w o B &Y
FHA =3 55 den
microwave?] * g Al7to] AojAF=E =7}
FAE ®Atk Microwavee] =& A] =g}t
T FAe A fEEHE dWeile] FE2 &7
7l 30 mg/L HUbes v FFEou AEe
NEs AL&stds ~“TLA g o] ofyet
/\}EQD} E}EW dAapnl =2 AR&A] micro
wave?] A4S AAElE Aol L Ao A}

SETh

e

A

34. AF229| Wall o|

Wb A FoR NS $F, g, A
A AEe dAv Yz zeste] Wetwl 87
ES &840z Algste] &4 75 AlE o] W&o I 3087 Wbx, 30%-7F Wx T 1R
&= microwaveoﬂ W, 5, 7, 1037 747 A g 7 microwave Az, 3087 W3 T 3%
6} U:H Table GJ’]' = 2 7;3 ]’g Cé?j\D} 3E microwave Z%E]o}oﬂ %-Q—E-O/] O]gg%]:% %23
AR 47121 AT 0042 L0119 molL 3 A3 071e] WE ATolA Wetvle] A
5% A A 5FFollA 0.109 mg/L~1.312 mgiL, 5% ekopr}.
78 A @Al 7EFA 0.056 mg/L~2.510 mg/L,
Table 6. The quantitative analysis of melamine for containers treated microwave
Unit : mg/L
Conditions Sample No.
(Solution / time) 1 2 3 4 5 6 7 8 9 10
water / 3 min, ND" ND ND 0042 ND  0.044 0058 ND 0119  ND
water / 5 min, ND ND 0.109 0.294 ND 0.829 0.101 ND 1.312 ND
water / 7 min, ND 0.223  0.412  0.562 ND 2,510  0.563 ND 2,142 0.056
water / 10 min, ND 0303 0505 0775 0.080 1196 1823 0071 3143  0.242
4% acetic acid / 3 min, ND ND ND 0.034 ND 0.02 0.102 ND 0.057 ND
4% acetic acid / 5 min, ND 0042 0100 0619 ND 0479 048  ND = 2032  0.027
4% acetic acid / 7 min, ND 0288 071 00636 0802 3927 1870 0029 5429  0.202

DNot detected
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Quantitative analysis of Total Polyphenol in Gyeonggi-Tteok “Moming Mate”

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

Health Research and Planning Team

Abstract : The "Morning Mate" for a tteok industrial activation and rice consuming promotion is the premium
rice cake brand which Gyonggi-Do made. This study was conducted to analyze contents of total polyphenol of
19 Gyenggi-tteok. Polyphenol compounds represent a secondary metabolites widely in nature with a variety of
functions in human health. Also, polyphenol can counteract cancer cell growth, as well as promote antioxidant,
anti-inflammatory, and vascular activities. One of the general most important of those function is the
anti-oxidants. The polyphenol contents of tteok were ranged from 19 mg to 61 mg per 100 g. Duteob-sulki
contained the highest total polyphenol content (61 mg, naringenin eq./100 g) and youngyang-chaltteok contained
the second highest polyphenol content(59 mg, naringenin eq./100 g) among these Gyenggi-tteok “Morning Mate”.
and tteok contains various polyphenol including coumarin, cyanidin, epicatechin, ferulic acid, genistein,
kaempferol, luteolin, myricetin, pelargonidin, quercetin. Therefore, traditional tteok could be good sources for
functional foods due to their strong anti-oxidants.

Key Words : Tradtional Food, Tteok, Morning mate, Polyphenol, Anti-oxidants
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Table 1. Contents and source ratio of Gyeonggi-Tteok “Morning Mate”

Dividing of Tteok name

Contents

Dangeun-Sulki

Rice(80%), Carrot(20%)

Rice(75%), Citron(10%), Jujube(5%), Cinamon(1%), Honey(2%),

SulKi Duteob-Sulki Chest nut(2%), , Pinenut(29%), Walnut(3%6)
Ddalki-Sulki Rice(80%), Strawberry(20%)
Hobak-Sulki Rice(80%0), Sweet Pumkin(20%)
Ssook-Songpyun Rice(85%), Mugwort(10%), Sesame(5%)
Songpyun Hobak-Songpyun Rice(85%0), Sweet Pumkin(10%), Sesame(5%)
Heugmi-Songpyun Rice(85%), Black Rice(10%), Sesame(5%6)
Sagua-Jeungpyun Rice(80%), Apple(10%), Rice Wine(5%)
Ssook-Jeungpyun Rice(80%), Mugwort(10%), Rice Wine(5%)
Jeungpyun Odi-Jeungpyun Rice(80%), Mulberry(10%), Rice Wine(5%)
Hobak-Jeungpyun Rice(80%), Sweet Pumkin(10%6), Rice Wine(5%)
Heugmi-Jeungpyun Rice(80%), Black Rice(10%), Rice Wine(5%)
Dangeun-Garaetteok Rice(90%), Carrot(10%)
Ssook-Garaetteok Rice(90%), Mugwort(10%)
Garaetteok ) .
Hobak-Garaetteok Rice(90%), Sweet Pumkin(10%6)
Heugmi-Garaetteok Rice(80%), Black Rice(20%)
~ Glutinous Rice(80%) , Chestnut(2%6), Jujube(2%6), Black Bean(5%6),
Youngyang-chaltteok Sweet Pumkin(5%6), Red Bean(2%), Black Sesame(1%6), Green Bean(3%)
Chaltteok
. N Glutinous Rice(80%) , Mugwort(5%), Red Bean(5%)Pine Nut(4%),
Jagguri-danja Walnut(4%), Honey(2%)
Rice Cake sweet potato-rice cake Rice(75%), Sweet Potato(20%), Sweet Pumkin(5%o)

cyanidin, pelargonidin (Fluka, USA)<, flavonoid 3%
=892 coumarin epicatechin, ferulic acid, genistein,
kaempferol, luteolin, myricetin, quercetin (Sigma, USA)
< sl methanolell o] ARE-8F3IT.

3. 2 3 nE
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Fig. 1. Standard curve using naringenin
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Fig. 2. Contents of tatal polyphenol in
Gyeonggi-Tteok "Morning Mate"
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Table 2. Polyphenol compounds in Gyeonggi-Tteok "Morning Mate"

Dividing of Tteok name Respective Polyphenol
Dangeun-Sulki Ferulic acid, Kaempferol, Luteolin,, Quercetin
. Duteob-Sulki Feruic acid, Genistein
SulKi
Ddalki-Sulki Cyanidin, Ferulic acid, Pelargonidin, Quercetin
Hobak-Sulki Ferulic acid, Luteolin
Ssook-Songpyun Coumarin, Ferulic acid
Songpyun Hobak-Songpyun Ferulic acid, Luteolin
Heugmi-Songpyun Cyanidin, Ferulic acid
SaGua-Jeungpyun Cyanidin, Epicatechin, Ferulic acid, Quercetin
Ssook-Jeungpyun Coumarin, Ferulic acid
Jeungpyun Odi-Jeungpyun Cyanidin, Ferulic acid
Hobak-Jeungpyun Ferulic acid, Luteolin
Heugmi-Jeungpyun Cyanidin, Ferulic acid
Dangeun-Garaetteok Ferulic acid, Kaempferol, Luteolin,, Quercetin
Garaetteok Ssook-Garaetteok Coumarin, Ferulic acid
Hobak-Garaetteok Ferulic acid, Luteolin
Heugmi-Garaetteok Cyanidin, Ferulic acid
Y oungyang-chaltteok Ferulic acid, Genistein, Luteolin
Chaltteok v g . - . I
Jagguri-danja Coumarin, Ferulic acid, Genistein
Rice Cake sweet potato-rice cake Ferulic acid, Luteolin, Myricetin

o

)

A oolg & & 5 gk o CRig e
S olgsle] ke £ Qo A 24 &
9l7] wolt}l. olm wWe] Solrl= ArESo]
Ao 57} olafolt), oA A EAE
o] A4S delstes Aerx, 5 aday +F

Table 3. Polyphenol compounds and their effects on human health.

Polyphenol compounds Effects On Human Health

Counerin Antioxidant, Anti-inflammetory activity , Anti-Bacterial
Cyanidin Antioxidant, Reduce risk of cardiovascular diseases, Inhibition developrment of obesity and diabetes
Epicatechin Antioxidant, Reduce risk of stroke, heart failure, cancer and diabetes

Ferulic Acid Antioxidant, Antitumor activity against cancer, Reduce lipid levels of serum in blood
Genistein Antioxidant, Prevention of cancer, Effect like estrogen

Kaempferol Antioxidant, Reduce risk of cardiovascular diseases, Antidepressant properties
Luteolin Antioxidant, Anti-Inflammation, Prevention of cancer , Inhibition of Bronchitis
Myricetin Antioxidant, Prevention of cancer, Anti-Virus, DNA protection

Pelargonidin Antioxidant, Prevention of cancer, Release of histamine, allergy

Quercetin Antioxidant, prevention of cancer, Anti-inflammatory activity, Mast cell inhibitor
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Research on ginsenoside Characteristics of Gyeonggi Ginseng

Mi-Na Eom, Young-Sun Cho, Young-Suk Do, Su-Gyeong Moon, Jeong-Weon Huh,
Eun-Mi Park, Sun-Ae Moon, Mi-jin Lee, Sang-Tae Kim, Mi-Kyoung Lee,
Yu-Jong Cho, Jin-Ho Jang and Soo -Jung Nam
Suwon Agricultural Products Inspection Team

Abstract : This study was conducted to investigate the difference of fresh ginseng circulating in the market,
including those from 4 major Gyeonggi ginseng cooperatives - Gaeseong, Gimpo-Paju, Eastern Gyeonggi, and
Anseong Ginseng Cooperative. According to the study, total amount of ginsenoside that each ginseng bears is
increasing as they are aging: 3.92 mg of ginsenoside per gram in a 4-year-old ginseng, 4.34 mg in 5-year-old,
and 4.94 in 6-year-old on average. The ratio of PD to PT is 1.12, 1.34 and 1.40 respectively, meaning that the
more matured ginseng is, the more PD family ginsenoside it contains. Comparing Gyeonggi fresh ginseng with its
competitors in the market, others are lower in ginsenoside with the amount of 3.39 mg/g, 3.65 mg/g, and 2.89
mg/g. Measuring ginsenoside contents of Gyeonggi produce by size among the same age, they did not
demonstrate big difference in that a big fresh ginseng holds 5.19 mg/g while small one was 4.69 mg/g. Studying
the amount of ginsenoside by body part within a 6-year-old, however, the main root retains 3.70 mg/g of
ginsenoside whereas rootlets was 6.37 mg/g on average, 1.72 times higher. Dividing ginsenoside into
sub-categories, rootlets bear more Rb,, Rbs, Rc, and Rd elements of PD family, and more Re and Rg. of PT
family. Plus, the ratio of PD to PT were 1.08 and 2.06 in main and fine roots respectively, showing fine parts
was twice more PD content.

Key Words : Gyeonggi ginseng, ginsenoside
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Fig. 1. Procedures of reflux extraction and SPE
using OASIS HLB cartridge
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Table 1. Solvent gradient program of HPLC analysis.

Time(min) Water (%) ACN (%) Curve

initial 85 15 1
0.5 85 15 6
18.0 70 30 6
24.0 65 35 6
38.0 45 55 6
39.0 10 90 6
39.5 10 90 1
40.0 85 15 1
3.4 ¥ &
31 w4t Y BN Hln

AA bl = & 9%l e A% A 2

2rlE 39S Fig. 2, 39 2}

Fig. 2. HPLC chromatogram of ginsenoside

Fig. 3. HPLC/MS chromatogram of ginsenoside
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Fig. 4. Content comparison of total ginsenoside
among Gyeonggi ginseng by age



Table 2. Content comparison of each element of ginsenoside among Gyeonggi ginseng by age

B2

1)
Rb; Rb; Rby Rc Rd Re Rf Rgi Rge oto@ 2pp  Ip7

saponin DPT  Ro/Rg:
4-yearold o665 073 008 042 0.15 081 024 0.63 018 392 205 186 112 107
S-yearold g9 081 011 052 0.14 079 0.23 063 021 434 248 186 134 158
6-yearold 711 087 011 059 020 071 0.34 092 008 493 288 205 140 1.26
YTotal saponin : Rby+Rb+Rbs+Rc+Rd+Re+Rf+Rgi+Rg;
2PD : Rby+Rb,+Rbs+Rc+Rd
9PT : Re+Rf+Rgi+Ry;
Table 3. Content comparison of total ginsenoside among non-Gyeonggi ginseng by age
)
Rby Rb; Rb; Rc Rd Re Rf Rgi Rg: ol0d %PD %PT POPT RoRy:
4-yearold 973 056 007 037 008 078 018 050 014 339 180 159 111 158
S-yearold 75 064 007 039 0.10 068 0.20 065 017 365 196 170 112 1.8
6-yearold 065 0.35 005 030 009 052 0.25 059 0.09 289 144 145 093 1.09
Table 4. Content comparison of each element of ginsenoside among Gyeonggi ginseng by size
D
Rby Rb; Rb; Rc Rd Re Rf Roi Rg: oo “PD %PT POPT Ro/Ry:
lage  1.17 095 0.12 0.65 0.22 0.71 0.34 094 008 519 311 208 148 1.27
small ~ 1.07 0.78 0.10 055 0.20 0.70 0.32 0.89 0.09 469 269 199 135 1.25
Table 5. Content comparison of each element of ginsenoside among Gyeonggi ginseng by part
)
Rb, Rb, Rbs Rc Rd Re Rf Rg: Rg: o0 °PD %PT PDPT RoURgl
main root 0.84 057 0.07 0.38 0.08 052 027 0.94 0.04 370 194 176 108 0.88
fine root  1.33 1.41 0.8 0.97 040 0.96 0.42 049 022 637 4.28 208 206 297
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Fig. 5. Content comparison of each element of
ginsenoside among Gyeonggi ginseng by age

Fig. 6. Content comparison of total ginsenoside
among non-Gyeonggi ginseng by age

Fig. 7. Ratio comparison of PD to PT among
Gyeonggi ginseng by age
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Fig. 8. Ratio comparison of PD to PT among
non-Gyeonggi ginseng by age

Fig. 9. Content comparison of ginsenoside among
Gyeonggi ginseng by size

Fig. 10. Content comparison of each element of
ginsenoside among Gyeonggi ginseng by size
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Research on Ginsenoside Characteristics of Gyeonggi Ginseng

Mi-Na Eom, Young-Sun Cho, Young-Suk Do, Su-Gyeong Moon, Jeong-Weon Huh,
Eun-Mi Park, Sun-Ae Moon, Mi-jin Lee, Sang-Tae Kim, Mi-Kyoung Lee,
Yu-Jong Cho, Jin-Ho Jang, Soo-Jung Nam, Mi-Hye Yoon and Jong-Bok Lee

Suwon Agricultural Products Inspection Team

Astract : This study was conducted to investigate the difference of fresh ginseng circulating in the market,
including those from 4 major Gyeonggi ginseng cooperatives - Gaeseong, Gimpo-Paju, Eastern Gyeonggi, and
Anseong Ginseng Cooperative. According to the study, total amount of ginsenoside that each ginseng bears is
increasing as they are aging: 3.92mg of ginsenoside per gram in a 4-year-old ginseng, 4.34mg in 5-year-old, and
4.94mg in 6-year-old on average. The ratio of PD to PT is 1.12, 1.34 and 1.40 respectively, meaning that the
more matured ginseng is, the more PD family ginsenoside it contains. Comparing Gyeonggi fresh ginseng with its
competitors in the market, others are lower in ginsenoside with the amount of 3.39mg/g, 3.65mg/g, and 2.89
mg/g. Measuring ginsenoside contents of Gyeonggi produce by size among the same age, they did not
demonstrate big difference in that a big fresh ginseng holds 5.19mg/g while small one was 4.69mg/g. Studying
the amount of ginsenoside by body part within a 6-year-old, however, the main root retains 3.70mg/g of
ginsenoside whereas rootlets was 6.37mg/g on average, 1.72 times higher. Dividing ginsenoside into sub-categories,
rootlets bear more Rby, Rbs, Rc, and Rd elements of PD family, and more Re and Rg, of PT family. Plus, the
ratio of PD to PT were 1.08 and 2.06 in main and fine roots respectively, showing fine parts was twice more PD
content.

Key Words : Gyeonggi ginseng, ginsenoside
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Q14ke] ginsenoside g+ ChromadexA}(Santa
Anna, USA) ginsenoside Rb;, Rbz, Rbs, Rc, Rd,
Re, Rf, Rgi, Rg:E T-18Fo] AH&-33lth HPLC
48 MeOH2 MerckAH(Darmstadt, Germany)
AFe AREeda 1 9] AR FEde
GRy &wlE AF&st¥th. SPE(Solid-Phase
Extraction) *z& JIEZ A= OASIS HLB
(Hydrophilic Lipophilic Balance, Waters, Ireland)
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Fig. 1. Procedures of reflux extraction and SPE
using OASIS HLB cartridge

FEA Y 10 mE cartridgeol loadingd}
5% MeOH 4 m(= A A3 &&dto] T/ &
A ASATE o] cartridgeo] 4 m¢ MeOHZ #
slo] A} 43| ginsenoside A S 8= A Zth
g3 FYE 4 M2 2EId F AR 0

pm membranefilter2 o 1}3} ] ¢},

%
2
4
2

2.4 HPLC, HPLC/MS &4

o1t A M =Afol = FFE-S ginsenoside Rby,
Rb,, Rbs, Rc, Rd, Re, Rf, Rg;, Rg:&E & 95
Abgetglon EAHE uAdTHA AR E
Ty /A R 7 (Waters UPLC  system/UPLC
ACQUITY Quattro Micro API) € ACQUITY
PDA Detector, Z & ACQUITY UPLC BEH
Cis (21 mn x 100 mm, 1.7 /m, USA)S Ap&3&}
Gk wAEA2 UV 203 nm, % 0.4 ml/min,
e 30T, FUETF 2 woldh ol s
fl= =3 opEUOIELDS ARSI oM,

T gw] =748 Table 13 7t}

Table 1. Solvent gradient program of HPLC
analysis.

Time(min) Water (%) ACN (%) Curve

initial 85 15 1
0.5 85 15 6
18.0 70 30 6
24.0 65 35 6
38.0 45 55 6
39.0 10 90 6
39.5 10 90 1
40.0 85 15 1

3. g o nE

31 ¢f H2YW §4 Hn

Fig 2. HPLC chromatogram of ginsenoside

Fig 3. HPLC/MS chromatogram of ginsenoside
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Fig. 4. Content comparison of total ginsenoside
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Table 2. Content comparison of each element of ginsenoside among Gyeonggi ginseng by age

Rb; Rb, Rb;

Motal 2 3
spodl, PD - %PT

4-yearold  ggs 073 008 042 015 0.81 024 0.63

root

Syearold g9 0g1 011 052 0.14 0.79 0.23 0.63

root

6-year-old 111 0g7 011 059 020 0.71 0.34 0.92

root

0.18 392 205 1.86

021 434 248 1.86

0.08 493 288 205

UTotal saponin : Rb;+Rb,+Rbs+Rc+Rd+Re+Rf+Rgi+Rg.

2PD : Rby+Rb,+Rbs+Rc+Rd
9PT : Re+Rf+Rg:+Rg;

Table 3. Content comparison of total ginsenoside among non-Gyeonggi ginseng by age

Rb; Rb, Rbs

Total 2 3
s PD - %PT

4-year-old
et 0.72 056 0.07

5-year-old
vl 0.75 0.64 0.07

6-year-old
yeal 0.65 0.35 0.05

0.37 0.08 0.78 0.18 0.50 0.14 339 180 1.59

0.39 0.10 0.68 0.20 0.65 0.17 3.65 196 1.70

0.30 0.09 052 025 059 0.09 289 144 145

Table 4. Content comparison of

each element of ginsenoside among Gyeonggi ginseng

Rb; Rb, Rbs

1)
Total 2 3
saponin PD PT

large 1.17 0.95 0.12

small 1.07 0.78 0.10

065 0.22 0.71 0.34 094 0.08 519 3.11 208

0.55 0.20 0.70 0.32 0.89 0.09 4.69 269 1.99

Table 5. Content comparison of

each element of ginsenoside among Gyeonggi ginseng

Rb; Rb, Rbs

Total 2 3
spoan PD - %PT

main root 0.84 0.57 0.07

fine root 1.33 1.41 0.18

0.38 0.08 0.52 0.27 094 004 370 194 176

097 040 0.96 0.42 049 022 6.37 428 208

PDPT Ro/Rn
112 1.07
134 1.58
140 1.26
PDPT Ro/Ray
111 1.58
112 1.18
093 1.09

by size

PDPT  Ro/Roy
148 1.27
135 125

by part

PDPT Rbl/Rgl
1.08 0.88
206 297

a1
~
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Fig. 5. Content comparison of each element of
ginsenoside among Gyeonggi ginseng by
age

Fig. 6. Content comparison of total ginsenoside
among non-Gyeonggi ginseng by age

Fig. 7. Ratio comparison of PD to PT among
Gyeonggi ginseng by age
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Fig. 8. Ratio comparison of PD to PT among
non-Gyeonggi ginseng by age

Fig. 9. Content comparison of ginsenoside among
Gyeonggi ginseng by size

Fig. 10. Content comparison of each element of
ginsenoside among Gyeonggi ginseng by
size
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The influence of gaseous pollutants on PM2.5 Concentration in the ambient air of
Gyeonggi-do Area, South Korea

Yong-Ki Lee, Soo-Moon Lee, Jong-Hyun Shin, Sung-suk Lee, In-Goo Kim
Ki-Jong Lee and Jae-sung Lee
Ambient Research Team

Abstract : The PM2.5 which is the particle size less than 2.5um has higher impacts on the human health than
coarse particles. The major composition of fine particle is the gaseous compound such as sulfate, nitrate and
non-volatile organic compound produced by the interactions among NOx, SOx, VOCs ammonia etc. To evaluate
the relationship between the gaseous pollutants and PM2.5, we do not only carry out to characterize the
distribution and concentration of PM2.5 in ambient air, but also find the major gaseous pollutants affecting the
PM2.5 concentration. All air pollutants data (CO, NOx, PM10, SOx) and meteorological parameters (wind speed,
wind direction, temperature) were obtained from the five simultaneous monitoring stations installed in
Gyeonggi-do area during the year 2008. The concentration range of PM2.5 was 4~132ug/m' and the average of
PM2.5 was 30ug/m'. The gaseous pollutants and PM2.5 showed the linear relationship(p<0.001). The average ratio
of PM2.5 to PM10 was 0.52 with the range 0.1 to 0.92. The ratio of PM2.5 to PM10 was lower in spring.

Key word : ambient air, gaseous pollutants, PM2.5, ratio of PM2.5 to PM10

9 : 7] ol Fsks WA A2 FHEFE AA Feiel vE AAT] wiel PM25 Aol G
S MAE Tk LAERS otste A mAdA AddAs FHes g Tastth o] Aol A
= 7hed edE Aol PM25(fine particle) wwo HA= @S Fotstr] 9@ (1) W7l F PM25 FESF
=3 BE SA4S ZAsta (2) PM25 sl dFS vAE T8 tAd edede Vdes HES
ow (3) PM10 Foll E'Lﬂfﬂ °‘L PM25 Hf&S AR 2438 A vaa 2 Ag7Izbeet o

. 21~30ug/m'©]™ 99percentileztS 92ug/m’'E LEFWITEH
7k Sl B o *ME]{— 27} A< @%%% PM25 A AFsko] ti3] 56.2%= UEFGS
SO0,7} 26.5% NO.7} 18.5% CO7| 11.2% 7193t o2 YEelyth 7l24 QF9EZ 7% 71 rﬂra}
PM259] A& w7} Z718+9 01, SO, NO, CO %57} ZvzF 1pph F718S w PM2.5% ZhZb 1.252ug/m’,
OlGS/Lg/mX 0.005ug/m' Z7FetE Ao ® VElutl A7 A7z PM10 o] PM2.59 Hf&S E43 Ay
W A& 052019 He+= 0.1~0928 JERIT

FHO : mAEA, T2 Q9 EA, PM2.5, PM2.5 A

Jhast @S To| PM25 SE0| O 23

(2]
w

el oo



(e2]
S

e et vwoorm

1L MZ
dA= o drledeEd ol dA
el war 25, A, A S ¥

< 25um PM25)= 38 F3f dHeo 74 &

HA Aok v MHA ] 2LE O7] Foll &
H HAA24EEE(NOx), 4FsE(SOx), i

Ar71seEe] Fa Awver dElA
AR = v E Lol A A HiEE = 13
Aot t7] F wkgol oA A EE 2%
AR FEEo] &3 A Herh v§-
- EAR dEA Ak 58] HZde 1
A BT 22k WAL FEAU7]EES o
A7) Q1o FEY g
bul

PM25¢} UH3 Aol glom 21X
=] 7

facs

N

_>|J_:‘

iﬂof'&ﬂaf
oA 0 g g

>

HE

=
N
Ir
Y
o
f
t
R
»n 1
ofN

N
N
22
Rt
=
x

)
B
rlr
A
02
&
o &
N
to
ults
it
i)
ofy
=
>
r o]
—_>‘i"4
B
ol

tt
of,
oSt
o
=)
ﬁ/

Ir
il
i)
-0,
0

jahi#}
o,
ro,
<
ry
)
ShiA
£
)
+or
q
2
o &

2
-0,
N
N o
N
rlo
>,
rg
N,
o
i
fol
=2
N,
)
2
0

~N
g3
o, -z )
Ho
ol
ol
rlr
s
XN
lo,
hins
o,
rlo
L
o
N

re
_—)&‘
Ho
o,
o,
an
Ho
)

N
N
=)
Shf
=2
o
<
o
3

=
)
2L
2
LS
R
2
=

I o )
o
=)
i
rlr
)
[>
oz

tlo to
uft2
it
iy
o
k)

e =
ofy 1
N }:O >'_\II_4 0_84

o
o
[-'0
-
=2

9 Ho O ox
o
to

PM2.5(fine particle)

ol
-
L
0
:Oé
—~
[N
~
=
)

¥o 9 2 N ot Y 2 19 ox It
o2 H
o Mz 19
ol o ke
=
N
of
HCorle
=2
=
Y
rlr
off k1 o2 n2 rir
HU )y o mo

e
o M

[>
fl B ox 3 ofy

20094 ZTAtoiE E

2. AT

& ATolME A= Aol AAE 7]
o

[e]
G} 4L BE WA AL 54T

P

O - (]
ATE PM25%= PMI0 #HEAE 3943 37
7 BAl PM25 2 HAAAE SHeke W ew
AHAG. 9 FE5L6.7LPM)C R A FH E =
AlE= oA f1E S s WAvE 2
b dAAREe] AuE AEFUS W
e S ZASE] WA ot FFEHE
HERd S S48t WA sx=E ALEH

fth PM103} PM25% 1417 1A

A& SA4skar vk o] A5l A Fine
Particle Matter(FPM)> A5 =44

24A7y ity ol™  Coarse particle Matter
(CPM)> PM10-PM25 12|31 Total particle
Matter(TPM)> PM10°] #t5 5 o] &8ttt &=
7k LAEA o A EE 23 WA e
Afr&s A7 98 As= 2447 o
WHO #AER 715 50ug/m’ ©ldte] A8Z
AREEEATE B 7] Tkt QA=A

3l A= 22k WA ZE PM2.50I A A}A] 8=
e 39 FA4d o3 AT st
of FAACE ALtstth Rz ow AMEE
PM10%= w}xb7FA] 2 50ug/m’ ©]3te] AaE Ad
&ato] A= 22 WA /&S PM25
o T WHE ARt AAbeAT g
717k 2008\ 3YF-E] 2009 29714 1do
B2 aglon EAEA AEE EE AR
sS4 710A S48 24 BAARE 9]
_g_

.

o Lo

[r 1o o

¢

N

o
32

31 PM25 SEEXE AU &

A71=A 9] PM25 T AHE Ietshy)



AT AFolAM FAHS 7=
percentileS =4k Th 1¥1
2 Ui Aog Hiu MEE
Bbll R 7FS 21~30pg/m’ R S1el™, 50ug/m’ o]
a7} 95%0]d AAetth. 19 2+ S8
PM25% %2  percentiles UEH Ao
99percentilezt-S 92ug/m'S L}ERY US. EPA.
#7471 (35ue/m’)S Z2Th 2008 AT
A e PM25 it FE+ 30ug/mol™ W9
= 4~132pg/m' o]t}

e
o HU b T
. 7

Frequency

Lol g e

0-10 11-20 21-30 31~40 41-50 51~60 6170 71-80 81-90 91~100 101~

PM 2.5 Conc.(ug/mS)
Fig. 1. The distribution chart of fine particle
(PM2.5)

PM2.5 Conc. (ug/m3)

005 01 02 025 03 04 05

07 075 08 08 085 099 1
e

06
ercenti J

Fig. 2. The distribution of fine particle(PM2.5)
concentration percentile.

7t LAEHY TR St wE PM25
o] FEEAES dotry] fd vt L=
4 FEE PM25S] BEEXE 9 3
uebth el A B oukeh o] spaAd @
e F=7F wobd s PM259] wE7}
woMA = AEE R gtk o= WX}
Tt LAE o]l wUd 13 LA EH )7

D ()
T3l Fo]l FA43 FrlstdA Hitzkel &
Garrd A =27 Yehve dEds deotet
At ERFOE PMI0S 2 Whygow A
stel 19l 4o YRt PM25o]  H] Sk
PM102 7t~ ed&=de] s&=7F S7F §l
T dEFrre WskEo] Ay HdwE=st
TGkl Aozt dASA FAEASS &
T AT ol T2 e dEHo] diy] T
A gEet wkg T 22 RS FI 24
wA Bkl ik Seom WEsd]
PM25%F%e 43S Fi AdSS YERH L Q)
= Aotk T3 st edEA] Fid o)
P = FEZS7F] WE PM25 5% W 3E o]
OEA YedS ¢ 5 Uth S5 800 A
7] T FEs g oppb FEHE PM2.59]

PM25 Fi=i= e A4 om Uy
He 1 dAg ke edede] oY F
M sheinkgo e Ads = 23 WA TP

3

.
i -
Il -
- HIE—

~0003  00031~0.005 0.0051~0.007 0.0071~0.009 00091~0011  0.011~

SO,(ppm)

Fig. 3. PM2.5 concentration distribution

of SO, sectional concentrations.

Jhast @S To| PM25 SE0| O 23

2]
o

frie{irpofdic voon



D
(o]

el oo

3

PM o(ug/m”)

ﬁigééég

~0.003  0.0031-0.005 0.0051-0.007 0.0071-0.009 0.0091-0.011  0.011-

SO,(ppm)
Fig. 4. PM10 concentration distribution

of SO, sectional concentrations.

120

3,

PM2.5(ug/m”)
3

et

0021-003 0031004  0.041-0.05  0051-0.06 0061~

NO,(ppm)
Fig. 5. PM2.5 concentration distribution

of NO, sectional concentrations.

1% 3-89 A9} 7+o] 20084 ?ﬂ:rLEHNF ]

=2
2
B\
2
S
:L
[
1>;
O
o2
il
g
lo
off
g
4
)
R 12

3,

PM o(ug/m”)
°

-l
+
-l

~0.02 0021-003  0.031-0.04  0.041-0.05  0.051-0.06 0.061~

NO,(ppm)
Fig. 6. PM10 concentration distribution

of NO, sectional concentrations.

20094 ZTAtoiE E

120 |

3,

PM2.5 (ug/m")

. i@ﬁi r ]

03 031-05  051-07 07109  091-11  111-13 131~

CO (ppm)

Fig. 7. PM2.5 concentration distribution

of CO sectional concentrations.

5

PMyg(ug/m
é

mii 2

03 03105  051-07  071-09  001-11  11-13 131~

CO(ppm)
Fig. 8. PM10 concentration distribution

of CO sectional concentrations.

o
flo H
N
ol\
N
_0|L
rir
o2
1o,
0%
r 2
i
)
[rt
T
o
3T
o

N
-1

> oW ol
e

1%
=D

S
ot
2
ut
o
!
(e
e of w¥ S

to
2
S oo o o S -

o
=
{
)

)

o o 4o 2 g
off
o
] rlr
% |o
of,
EV-
off

o]
N
r o o
S o
=
4y
ey o
o
_>L\I
v °
T o
E_&
o
2 -
:{omlm%
o g 9
o > ol
,
By Lo
o m

b
fl
Y,
o
fru
o T
g

e)
<
N
ol
oZ
oX,
o2
o
o
=

Ir
N
N

)«

>,

2,

O
o2
it

ety

Ho
o
Nt

lo offt I

g{g

o e ofN 1%
o,

to rlo

e

A

fo = o
o2

ol

o

> M o M w2 o

ooff oMyl foomx
ox il X Mz e



&2 gt 2o A

Ho

X&E 719&%) = (X5 P55 (pph) *
ARAT | PM25 H s (ug/m)]

Table 1. Multiple Regression equation
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A Study on Green House Gas Emissions from MSW Incinerators

Jong-Gil Yi, Han-Su Lim, Jae-In Yoo, Soon-Mo Hong, Chae-kook Lim, Il-Seok Song and Jae-Sung Lee
Atmospheric Chemistry Team

B E2HEHZHTN

Abstract :  In order to prepare the climatic exchange master plans, the emission factor in which it is high with
reliability has to be made. Because the waste disposal ratio by Incineration is gradually high, in order that the
greenhouse gas emission characteristics were studied, the greenhouse gas was measured in 14 places selected of
the incineration facilities in Gyeonggi-do.

The characteristics of the carbon dioxide(COz), Nitrous oxide(N.O) and other flue gas emitted from the
incineration facilities were studied and the emission factors were calculated.

The average CO; emissions from stacks were 9.5%, and showed the variation in which they are low among
facilities. The emission factors were estimated to 0.86~2.21, and an average 1.41(ton-COy/ton-waste).

The average N,O emissions from stacks were 13.2 ppm. The emission factors were estimated to 0.001~0.772,
and an average 0.204(kg-N-O/ton-waste). The N,O emission factor for each facility was variously. Therefore,
for the continuous monitoring of N,O, and in the creation and reduction in the incinerator for the study will be
continued.

Key Words : Green House Gas, Incineration facilities, Emission Factors
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Table 2. Characteristics of incineration facilities

Facilities  Started Incitnerator Ingéggg?; ! De-NOx
ype (ton/day) system
GC 99.11. Stoker 80 SCR
GR 01.10. Stoker 100 SCR
GP 01.06. Stoker 200 SCR
YK 05.10. Stoker 100 SCR
SM 98.10. Stoker 300 SCR
YT 99.10. Stoker 300 SCR
IC 08.07. Stoker 150 SCR
PJ 03.05. Stoker 100 SCR
BC 00.10. Stoker 200 SCR
GM 99.02. Stoker 150 SNCR
AS 01.04. Stoker 200 SNCR
ASU 05.06 Stoker 50 SNCR
IS 95.11. Stoker 300 SNCR
PC 94.04 Stoker 200 SNCR
22 53
248 280] Yol AAegon Fa 3
AUdEde 224712220 CO9t N.OE dido

SFopi ]
=439

< =
<Fig. 1>3} %Ol 5o A wE7tA~
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Fig. 1. Schematic of analysis
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Table 3. Specifications for gas analyzer

Parameter Method Range Resolution
02 electrochemical 0~25% 0.01%
CcoO NDIR 0~2000ppm 1ppm
CO; NDIR 0~100% 0.01%
NO NDIR 0~5000ppm 1ppm
NO; NDIR 0~1000ppm 1ppm
N.0 NDIR 0~1000ppm 1lppm
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Fig. 2. Concentration of O, from
incineration facilities.

Fig. 3. Concentration of CO from
incineration facilities.

Fig. 4. Concentration of NO from
incineration facilities.

Fig. 5. Concentration of CO, from
incineration facilities.

Fig. 6. Concentration of N,O from
incineration facilities.
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Table 6. Emission concentration of GHG from incineration facilities

_ CO,(%) N.O(ppm)
Facilities Max. Min. Ave. Max. Min. Ave.
SCR GC 6.93 5.50 6.23 69.00 48.00 55.69
GR 10.10 7.92 8.70 46.00 24.00 33.73
GP 11.20 9.90 10.44 2.00 0.00 0.04
YK 10.90 9.50 10.21 11.00 0.00 2.66
SM 13.40 9.70 11.22 3.00 0.00 0.05
YT 12.10 7.94 9.94 33.00 0.00 4.93
IC 14.00 9.00 12.00 39.00 0.00 2.90
PJ 9.90 8.90 9.33 13.00 0.00 6.79
BC 10.40 7.98 9.04 14.00 0.00 5.26
SNCR GM 9.20 5.50 6.99 51.00 9.00 35.96
AS 13.20 9.20 11.17 29.00 0.00 5.62
ASU 7.80 9.30 6.66 30.00 13.00 22.71
IS 11.80 8.70 10.42 18.00 0.00 2.60
pC 12.80 9.00 10.96 26.00 0.00 6.12
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Table 7. Emission factors of GHG from MSW incineration facilities

Amount of CO.
Facilities . Waste Flow gas volume Emission Emission Factor Emission Emission Factor
incinerated (Nm°/day) (ton-CO; (ton-CO; (kg-N.O (kg-N20
(ton/day) /day) /ton-waste) /ton-waste) /ton-waste)
GC 77.0 543,024 66.50 0.86 59.41 0.772
GR 67.0 493,008 84.30 1.26 32.66 0.487
GP 102.4 865,992 177.62 1.73 0.07 0.001
YK 76.8 445,968 89.40 1.16 2.33 0.030
SM 221.4 1,841,928 405.84 1.83 0.17 0.001
YT 302.7 1,577,390 307.93 1.02 15.28 0.050
IC 145.6 1,045,248 246.43 1.69 5.95 0.041
PJ 48.0 578,304 105.98 221 7.71 0.161
BC 179.1 1,356,624 240.90 1.35 14.02 0.078
GM 111.0 1,027,416 141.07 1.27 72.57 0.654
AS 191.8 1,557,888 341.82 1.78 17.20 0.090
ASU 36.4 317,040 41.48 1.14 14.14 0.389
IS 233.7 1,566,787 320.69 1.37 8.00 0.034
PC 160.7 839,136 180.65 112 10.09 0.063
Average 1.41 0.204
24 g AvlE 27k wWEskags A 4. BB
S ATEETRES o]l&3te] CO9F N09
MEA TS sl Hakth<Table 7> BoAFdAE A7 AFHIE AZHA]
Z A= AR = X7 H 7= c = 5
HEAT AAds Com 27 H7IE 1 ton gojae] ZFEAA HZE A7tz =2
Z 0.86~2.2 ton°] WiEE = ZloR EAESAL Fo oo Aw 0o
Wit 1419] g B3
Y gAge 2w 2AEE zrel 1. s =
2007 . o Lﬂ [<} oﬂ 1 ]'x_ BA 1.16 1. %%01] }\1 HH%E]'T_‘ 7}_5_\_ 02' CO,=

Hlgto] tha =A UskAT 2F S84 e
SAANA N B SA7L o)g Aol
AstE R Fagbel] ALAQl ZALE F8f Al
& ETojrtol & Aot
N.O= 54423 #7]& 1 tond 0.001~0.772
kgO & Wi 0.204 kg& FAE QAT o] oA
st gl A Z=AREE 9l 0131 kgHE.Uh
= A= A
COz¢ll M]3l N.O9] HjEeFo] o] ujEAS
ghol ol A EJ oY N0 2d3AIFE
39S A M 2 wEASFIE H7E L
ton & 239 kg7tA| AFAFHJT £ sEY
g AZA A e] Ae A 7E LA A b
] =0 =T = N7} By 7]
ujitol]  H7lE AZAIEA] 247k wjE A
Al CO9F B & N,OXE iz Fojof g},

0

O

i VR o [~

o

:OL_V‘
&
> <
)
B

3

jus)

HAZE EF A

CO, NO, N.O&= 7} 4]

o U AEHAAAME APER B

o)z W

2. WiEAS AHEAT CO, N0 whsf 2t

S MSHH 7|2 AZIAMOIA SAI7IA HIE EM

~
a

el oo



, 263~265.

A7} glefok

=

T;H Al

Al Ao

)

A]

wjr o o )
fu Ny N E S
= —_— = ©
= = e @
S w
< < < X @
i . o &
N ~ N - S
W B g "
o} ol o} w A|Aw
- k3]
. PTL g
X o Mg SO
A& o= 2
o T w58
= 4 = ~ - O
Sxga¥ygx g
S o QXN S o 8 G
R 2 S 2
2T w8 "
W g ? g9
Mg Ny 2R
™ < Te) ©
of K| T oo -
- N R ! B
00 < . -
T ool w9
o = or X
(N LGS
o T = -~ N
o T o
o] ~ _ZT.C 1_1‘_
o = &=
B 5T SE
1] o K Q- S
WS NS
H E8rg
Moy LE
N NS
,UI o J.._ o © Mo -
i =) o D
0 X —_ = X_._ OW_
6 L xR N -’
o Voo BB A
o Mo mo O B° W .
B QB owe W
— ol

2 cococo HUMCHTFH



A study on the the counterplan of odor management
in the Sihwa industrial complex by a sensory odor

Jong-Bo Kim, Tae-Hwa Kim, Hyoung-Yul Ryu, Sang-Hoon Kim.
Cheon-Hwan Oh, Hyeon-Ja Kim
Living Environment Team

Abstract : This study was conducted to induce the effective counterplan of odor management in the Sihwa
industrial complex(SIC) utilizing to CALPUFF model with sensory odor. The CALPUFF model was applied to
simulate a sensory odor, and was evaluated for odor applicability and the distribution status of odor in SIC was
predicted.

The simulated concentration showed lower than observed concentration but the prediction of odor was so excellent.
The simulation result of CALPUFF model for SIC showed that annual mean odor unit was 5 ~ 7 OU/m® (min.
3 OU/m®, max. 25 OU/m?. The annual mean odor unit in residential area was not high as 1 ~ 3 OU/m® but
was predicted to be affected by the weather status in the industrial complex. The odor emission sources of high
concentration were distributed in the seashore. Therefore the management of the high concentration sources will be
further demanded.

Key Words : Sihwa industrial complex, sensory odor, CALPUFF model
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Table 1. Definition of the statistical measur-
ement parameters

Correlation . (c,—c)c—-ao)
Coefficient(r - P
(" coC,
Fractional Ep_ _0
. FB= —————
BIaS(FB) 0.5(0p+ O)
2
Normalized Mean (C,—-G,)
Square Error(NMSE) NMSE‘?
o p

Geometric Mean . B
Bias(MG) MG=expl(InC,)—(InC,)]

Geometric Mean

= Tne —inc )2
Variance(VG) VG=exp[(InC,—InC)’]

Fa2= Fraction of data

Factor of Two(Fa2) which 0.5 < C./C. <2
=(C/C, <

C, : observed concenttration, C, : predicted concentration
Kumar et al.2o] ¢3tw o]arzlel gbwisl
g2 FB2} NMSEZ} 0o]ojof &}
oA FAE 108 Flow
71831 Ahuja and Kumar?e w98 ZAnzs
A~

o AFE 98 (4 9 (4 9T

NMSE< 0.5, —0.5 < FB<+0.5, Fa2 > 0.80(2 3)

B E2HEHZHTN

0.75 < MG <125, 0.75< VG<1.25 2 4

Table 2.9A &=

ul
k1

w4 F =4 s
ARE olgsto] AN mde] HgA W7t
A= Table 1.0 JAFE TAE Algk Aot

Table 2. Results of model performance evaluation

Parameter Value(Error)
Observed mean(O) 7.20
Summary Predicted mean(P) 6.55
measures  Opserved deviation(co) 2.55
Predicted deviation(op) 1.93
Intercept(a) 0.09
Linear
regression Slope(b) 1.08
Correlation coefficient(r) 0.68
Fractional Bias(FB) 0.10
Normalized Mean 0.01
Square Error(NMSE) :
Difference Geometric Mean 1.08
measures ~ Bias(MG) '
Geometric Mean 101
Variance(VG) ‘
Factor of Two(Fa2) 1.00

Table 2.9] w®luwd] AFEE #B=x2 8=
20061 Al3lEet oFF FAAE 126712 AHE
aom o= wjE% 22 Wang et al”o]
AAEE (2] B)E Ab&ste] AstS

o a
Q G B

Q: Y &%
Q%A AL NED
Cl : dﬂ% :]o:};‘—-
C:d% 3= =

% (A 5)0llA Axte mEF AlEE 0] 43}
& EwE Aistglon 1 A4S Table 3.9
UERA QLT Table 2.0 vERd wlel o] A3}
Zrhe] o}# = Wang et al¥e] Wdo) ulel 7
bl wEE A8 g AREEE Kumar?, 183
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Table 3. Back-calculating odor emission rates and modeled odor concentrations by area sources

Area Modeled odor concentration(OU/m®) Odor unit(OU/m?)
source Site 1 Site 2 Site 3 Site 4 C Cx o) Q,
43 3.9 3.7 3.3 33 6.0 7.0 12.7
6.7 7.2 7.6 7.7 6.0 7.0 7.0 8.2
s1 5.6 7.4 5.3 7.1 6.4 7.0 7.0 7.7
9.0 9.0 9.1 9.1 6.5 10.0 7.0 10.8
7.3 7.4 7.6 7.6 5.0 7.0 7.0 9.8
45 49 3.6 35 6.6 5.0 5.0 38
41 41 3.9 3.9 4.2 4.0 5.0 4.8
s2 5.4 6.5 5.1 6.3 4.4 6.0 5.0 5.7
6.5 6.5 6.4 6.3 5.4 6.0 5.0 5.6
3.7 3.0 3.4 3.1 35 3.0 5.0 43
6.3 7.4 5.0 5.9 7.8 6.0 6.0 46
4.9 49 48 48 5.2 6.0 6.0 6.9
s3 6.6 6.1 5.9 7.0 48 4.0 6.0 5.0
4.6 4.7 5.0 4.6 5.3 3.0 6.0 3.4
8.2 8.1 8.1 8.9 6.8 10.0 6.0 8.8
5.4 5.7 9.3 9.8 8.1 8.0 9.0 8.9
7.6 75 7.2 7.1 7.1 7.0 9.0 8.9
s4 7.8 6.5 6.4 8.0 4.0 8.0 9.0 18.0
9.0 9.4 9.6 9.6 75 10.0 9.0 12.0
8.2 9.3 8.2 9.9 35 10.0 9.0 25.7
5.3 3.1 41 9.0 1.7 8.0 9.0 42.3
2.6 2.8 3.0 2.7 0.0 8.0 9.0 -
S5 8.6 8.6 8.5 8.9 5.7 14.0 9.0 22.1
8.0 8.2 9.4 7.6 6.3 10.0 9.0 14.3
7.3 7.7 75 7.2 7.2 7.0 9.0 8.8
Ahuja and Kumar?o] AAl&F 2718 whE3d} Cx Cp: ZF At Hits =
= Aoz yehykt n : 0.2(0.16 ~ 0.25)
CALPUFF E91& 1A|7F HFit5=E A&}
S = RdR ofH o 549 @GR (2] 6)ollA] CALPUFF X elof |3l 58 ¢
HFEE wotstuzt el g o]gs dFHFEE NI HiwEke LeWlE ey
Ak, ov 1 A¥RE dF 4 dFH = nlus)
o] Fig. 60l LtERI AT,
CiCp = (to/ty)" (%] 6) A#A 304 Krishna et al.*¥o] a4
APPAZ AF3 7)1FR=06)S WFHdh= F
th, t 0 ZF BEAIZE &3 NFAH(R=068)S 23
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Fig. 8 The distribution diagram of the predicted year-mean odor unit(OU/m3)

in modeling region.
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A Study on the improvement of an analytical method for fluorine of soil

Kyung-Ho Na - Yong-Soo Bae - Phil-Kweon Choi
Tae-Hyun Kim - In-Suk Seo -+ Jin-Young Lee + Pyeung Heo
Soil Analysis Team

Abstract : The purpose of this research is to check the validation of an auto-analysis method compared with a
distillation method has used as a fluorine test of soil. MDL of a distillation method and an auto analysis
method showed 0.056mg/L and 0.024mg/L respectively, and precision and accuracy showed 8.0% and 95.8%
respectively by a distillation method, 2.3% and 98.2% respectively by an auto analysis method, and thus,
auto-analysis method was excellent more than distillation method in the QA/QC criteria. The value of blank test
for distillation and auto analysis method were 0.210mg/L and 0.125mg/L respectively, so, experimental error of
auto analysis method was less than that of distillation method. Also, digestion method by nitrohydrochloric acid
was confirmed a substitutable method for distillation operation. The analysis result of the same samples indicated
that distillation and auto-analysis method were 134.5mg/kg and 161.7mg/kg respectively and their CV were
25.6% and 6.1% respectively. and so Auto-analysis method was more excellent than distillation method in the
confidence rate.

Key words : Fluorine of soil, Distillation method, Automatic analysis method, Validation, Uncertainty.
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Dry soil 200mesh 1g(nickel pot)
| < CaO 5g
Fumace ?ehnzpaetra?SPeccup to 800C
l
Distillation
apparatus
< HCIO, 50ml
J < DW 25ml
< Silver perchlorate
Distillation | (135+2°C) 480ml
1) <~ DW
Massl up | Total 500ml
l
sampling | 50
| < zirconyl-SPANS soln. 10ml
Spectro 570nm
photometer | (quantitative range 0.2~1.4 mg/l)

Fig. 1. A flowchart of Fluorine analysis.

A: 300ml Three hole flask

B : 1L Vapor distillation flask
C : Cooler

D : 500mL Volumetric flask
E : Thermometer

F : Stop cock

G : Glass tube

Hi-Hz : Rubber stopper

| : Rubber tube

J : Heating mentle

Fig. 2. Fluorine distillation apparatus.
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200 mesh 1g

) < HCI 21mL
< HNO; 7mL

S 2hr at room temperature
Digestion | 5 ot 180°C

l

Filtering(5B) | DW 20mL 2 times

l

Mass up 100mL
l
Dilution x5

|

Partial
sampling

Auto sampler

< Triton water, 20% Glycelin, DW
) < Distillation regent, Alfuson,
Al soln.

Auto analyzer| 620nm

Fig. 3. A flowchart of the auto-analysis method.
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a) Trace metal digestion apparatus

b) Auto analyzer
Fig. 4. Apparatuses for auto analysis.
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Table 1. QA/QC for Fluorine analysis of soil

Division C?\I/Iceutlhaézjon Criteria
MDL t(n-1)%S -
LOQ 10xMDL -

Precision RSD 30%
Accuracy standard 70~130%
CalgB:ii/'gon R over 0.98
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Tale 2. Fluorine test methods of domestic and

foreign.
a) Domestic
: Preliminary Instrumental
Medium treatment analysis
Complexome
Steam & direct method
Water distillation lon electrode
method
SPANS method
Soil Furré?scgai”;tig;eam lon electrode
method
b) Foreign
: Preliminary :
Medium treatment Instrumental analysis

SPANS method
Complexome method
lon electrode method

Water | direct distillation
(35,H) | Steam distillation

(Sg"; Leaching treatment | Complexone method

SPANS method
lon electrode method

Soil Furnace + Steam
() distillation




3.2 EQrolisiAlE

Edol g £42 Alge dstE V|24
2 ot d8 B F B SAUYY
SHHEAAME EUAIFEA oF 50%2 HCIO,
50mLE FHdetal 57 TRE Sl 24 A
s A SR "ok olEe dEE A
S Agetr] e TR EEx
Ag wrEojord Favt gt o] A 93
Ea7F 23 A58 F38kaL 200mesh= )
AEe § 838 4ol A5 wdAdS AU
gr3 s 1g¥ AMASFAT. T HCIO,
DW q o
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L

o &R 101194 HH FTEE U
110744 A8t 2} FEEE 50mlE =48}
o] 100mL 4tz}Z 2= cko A 200rpm 2%
Al 3047 wykslglth thE, 5B oA ® o 3}
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EE= diE Alg

&= IN-HCIS =
A¥E Table 29} Fig 52 YERY
HCIO, = 1ELEdA AFEz 245 &
Z7Fat i o HCIO.DW=1:1014 7} 3=
L& YeERATh 28y IN-HCIS A}
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Table 2. Leaching test of soil by acid

Division Dilution ratio Conversion value
(mg/kg)
HCIO, : DW 10:1 16.65
HCIO, : DW 5:1 18.38
HCIO, : DW 2:1 24.43
HCIO, : DW 1:1 40.38
HCIO, : DW 1:2 51.20
HCIO,; : DW 1:5 56.48
HCIO, : DW 1:10 57.03
0.1IN-HCI 1:26 71.33

10:1 5:1 2:1 1:1 1:2 1:5 1:10
HCIO4 : DW

Fig. 5. Leaching test of soil by HCIO4
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Table 3. Analysis result of three methods by

same soil. (unit : mg/kg)
Method i}iﬁgg Auto analysis

Distillation | Distillation | -9 ?e%l::

Sample: test digestion
1 113.0 83.75 30.67 146.7
2 127.0 139.25 29.67 160.7
3 192.0 176.25 33.17 160.2
4 136.5 153.25 36.67 169.2
5 104.0 99.25 36.17 171.7
Average | 1345 1304 33.07 161.7
STDEV 34.49 38.24 2.95 9.80
cv 25.6% 29.3% 8.9% 6.1%

ol o3 FAWUPE THEY TAF DA
dHow d3 FAANG7ITAA Fw el
AREBRaL ol ol shvh mek £ At
A= &l FrbHoR vefo] HAUW FEE
IN-HCI= o] 83 &=Ag9 s sk 4
A 2 sAAgEe SEdAIr dad
Aol7h Sl Ae® YEhy - ouekite] B
T waARs vastad & 4 ols fd

w5, A H %*—1 TJr@OJ] ua} mE Aok}
ul

HCIO4, 7]1E} Al
e R @Ndaﬁzﬂi 5 AEHe vgA g

ArE T AT

3.4.1 CaO
CaO= AlFa Aol weh SaF) ol

20094 ZTAtoiE E

IS FHHCR F
2 479 AFel dd] AFEE CaO 595 27H
AN #Hslo] HCIO, 50mlo] {313t e =74

AE T SHRE0ML)S] FEE SAES
th. 1 A= Table 40 deEbdeh AE S
eE7E xpolo Al 23.9~1012.8 mg/kge] HAES

9]
Hetgilem o] Ajol srFo] shikgk 4y
Junsei (EP) #|3©] 1195 mglkgel E4E -3l
Aoz YEesko™ Sigma(GR) 445.0mg/kg<Wako
(GR) 929.5mg/kg<Daejung(EP) 5064.0mg/kge] <=
o7 ztolE YEH ol EYH 7]
<l 400mglkgs - dElehs A o= Ca0

7 EAg S 2 GRe AAE Aew Y
B} B2 B4 Ca0 Aelo] nj Foja 2
27b 9 Aoz shepy i

Table 4. Fluorine effect of CaO.

Products n AC::KZ'S Content | Conversion
(grade) gLy | (Mark) | (markg)
Junsei(EP) 2 0.239 23.9 119.5

Sigma(GR) | 2 0.890 89.0 445.0

Wako(GR) | 2 1.859 | 185.9 929.5

Daejung(EP)| 2 | 10.128 | 1012.8 | 5064.0

3.4.2 HCIO,

HCIO4(70%)= =Wl 170AF, =& 170AF A&
S Adestgon AEFEZ 50my 8/1E 33t
of FHW(EHHE s500mL)oE HAI Ax
Table 57 o] YEtytt) 9 ZA34E By
Fh Ca0o] EAgeFe Hla) FAIE & Q&
Jrel 22 o= 77 40.1mg/kg
55.7mg/kg 0. & }EFyETE

Y

ot &

Table 5. Fluorine effect of HCIO,

Average |Content|Conversion| CV

Product| n | "oy | (moiL) | (maikg) | (%)

Junsei | 5 0.080 0.80 40.1 47.3

Daejung| 5 0.111 111 55.7 60.6
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Table 6. Fluorine of the other factors.

Analysis | Conversion cv

Methods n value value %)
(mg/L) | (mglkg)

Distillation 3 0.210 105 17.4

Auto-analysis| 3 0.125 62.5 2.5
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Table 7. MDL & LOQ between two methods
(unit : mg/L)

Analysis

Method n
value

STDEV | MDL LOQ

Distillation 5 0.187 | 0.015 | 0.056 | 0.150

Auto- analysis| 5 0.202 | 0.006 | 0.024 | 0.063
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Table 8. Precision & Accuracy between two

methods.
Analysis STDEV | Precision | Accuracy
STD n | value (mg/L) %) %)
(mg/L)
Distillation| 8 | 0.958 0.076 7.9 95.8
Auto
analysis 8 | 0.982 0.022 20 98.4
343 HakM

7 % (Calibration curve)e A MAdo] F4 =
= FEHS] el Az
o AR AFAFRY) £ AT (RF,
response factor)/] %W%%l?ﬂ dY FF

Table 99} 7L°] <l
098= wHstAH. A= SFHt As
EA oA Z+ZF 0.1~1.4mg/Le} 0.1~2.0mg/LE
AHg-ataieh.

Table 9. Calibration curve between two methods

(unit : mg/L)

Standard

2
value 1420| R

01 0.2 05 1

Analysis
result
Analysis
result

0.106 | 0.190 | 0.520 | 1.050 | 1.358 | 0.999

0.102 | 0.190 | 0.497 | 1.016 | 1.993 [ 0.999
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C= Cox (V/IM)x f

Co : SAHTE (mg/L)

frep 1 AT O] WHEZ70l o]k A}

Table 10. Contribution factors of uncertainty for
Fluorine analysis of soil.

Uncertainty | Components of | Calculation [Evaluation
factor uncertainty methods method
Calibration
Balance data sheet B type
uM) Expertise of
xpertise 0 "
analyzer repetition test| A type
. Maximum
VOIflljarZﬁmC allowable A type
error
U(v) Expertise of .
analyzer repetition test| A type
Environmental | Calibration
condition data sheet B type
calibration regression
curve analysis A type
Preparation of
U(Co) standard Certificate B type
solution
Drift by .
standard repetition test| A type
U(frep) repetition test repetition test| A type
P71 of pretreatment

Table 119] 93l B3 v =H A Z=FH i}
AFRAe] BHRE 42

=

1

Z}7} 125.48 mg/kg

+36.62mg/kg2} 166.94mg/kg+21.20 mgkgo = 1}
1A A 8,9 zro] 3.238ke] Zk¥ th

B, o

E olfre AMEE AR/ FE2%e 57, B3
= SAd= SM7E 2] wEelth & At
S By 29e daes SR A Hol
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24 AR 9ol avkE SRwe 29
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Table 11.

(Confidence Level

Uncertainty assessment result by
distillation and auto analysis method.
. about 95%, k=2)

Uncertainty M;a:rire Components of | Distillation |  Auto
factor vale uncertainty method | analysis
Synthesis

. 0.09% 0.16%
uncertainty
0.001
u(m) Balance 001% | 0.02%
kg .
Expertise of
0.08% | 0.16%
analyzer
Synthesis
. 0.74% 141%
uncertainty
Volumetric flask | 0.17% 0.33%
Uv) 0o Expertise of 0 0
Xpertise 0
L P 0.06% 0.11%
analyzer
Environmental
. 072% | 13%
condition
Synthesis
. 3154% | 54.67%
uncertainty
0251 | Calibration curve | 840% | 29.44%
UG myL | Preparation of
. 23.86% | 45.65%
standard solution
Drift by standard | 18.84% | 6.20%
Repetition test of
Ufrep) | mglL 67.64% | 43.76%
pretreatment
C mg/kg 12548 | 16694
Synthesis
. % 12.66 6.21
uncertainty
Extension % 29.18 12.70
uncertainty | mg/kg 36.62 2120
BT} 2938 AL 77| EAHe] B3 Zho)
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Table 12. Coefficient comparison of distillation
& auto analysis.

a) Requirement time for Analysis

Division Distillation Auto analysis
Total 24.7hr 7.5hr
Removal of
organics 16 ehr
Distillation 4hr -
Regent
preparation 0.2hr 0.5hr
Instrumental
analysis 0.5hr 1hr
No
of samples 8 8
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b) Real time for handling operation.

Division Distillation Auto analysis
Total 4.2hr 1.9hr
Sampling 0.3hr 0.2hr
Preparation time 0.4hr 0.2hr
Preteatment 3hr 0.5hr
Instrumenta 0.5hr 1.0nr
of sglrgples 8 8

c) the other factors

Division Distillation Auto analysis
Testable number 16ea 40ea
Handling time 52.5hr 11.3hr
per 100samples (6.6day) (1.4day)
d) Cost
Division Distillation Auto analysis

Muffle furnace Trace metal

A sort of Distillation L
digestion system
apparatus apparatus guto anal);/zer
Spectrophotometer
Cost(won) 50million 120million
4. HE

Ed T =4 AERReR ol&He Y
= HAE T3 AFERer dE 9 w=xAE
PEE 4T ASRAE g fE2Y AF
Az e 2o AES A

(1+10)HCIOs, G 4= o] &3kl =43
=
=

2
A sl 161.67mgkgE S
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A3Ewko] 119.5mglkge] AEH whA UmA| 3
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2 7)%2 400mgkgs == o=

U AlSF AEA] o9 FeTE Qe =
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A feasibility study of monitoring of PCDDs/Fs and dI-PCBs
by PUF passive air samplers

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

Abstract : Passive air sampler has been used in various locations from a local to global scale for long term on
site. We investigated the polychlorinated dibenzeo-p-dioxins and furans (PCDDs/Fs), dioxin-like PCBs(dI-PCBs) of
level in the ambient from passive air sampler and deployed the PAS along with a high volume air sampler in
the site A to derive the sampling rate of PAS.

The accumulated amounts in the PAS varied from 1.2 to 3.2pg/day for individual PCDDs/Fs and from 3.8 to
7.9pg/day for dI-PCBs. These values are similar to reference. The sampling rates showed from 0.3 to 1.3m%day
for individual PCDDs/Fs and from 0.9 to 3.1 m3/day for dI-PCBs. These values showed lower than those
reported for PUF disk samplers because of under the difference of experimental conditions which are related to
air velocity over the PUF disk, sampler design and environmental condition. Comparing active with passive air
sampler for two compounds, the coefficient of correlation was shown high with R2>0.8, we can estimate that
PAS have a feasibility of complementary tool as PCDDs/Fs and PCBs monitoring.

Key Words : passive air sampler, dioxin, PCBs, POPs monitoring
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a2 th(long lived in the environment, Toxic,
bioaccumulation, long range transport, Wania, F.
and D Mackay, 1996)

A AAF R Ao For JFaFs
A e AFAAF7ILAELS E840F A
&71 918l UNEP F=Edle] ~5&E o

=
(Stockholm Convention)o] =i & & 21t}
2E5EFHYAMAE A Al tidEE
12%& AAdstion, Figldt o] #7494
o] Fok A E<dAA F>0E  ALE
PCBS, H|o|:zor ALty = Tho]£Al
CB & Al Al 7HA= FF=E v
o] HokA Ak tpetEe POPs =40 o
sk 2HAl Y inventory 2FAd(Source Inventory)
7k oofuel 9 POPsel thgh o] FAqlE G=ae}
| fleix Az AYALE A AEH ok

wE ot xR

I

Fig. 1 Chemicals listed in Stockholm convention

~EZ 2 Foko|a] effectiveness evaluation

A A FHo® POPs B2 o g
< Arrstr)9lsA A wiA(Core Media)Ql
QIzke] el Bl Hipel dwtdir]E v]2= 8
of RUE Y Zmad AASAT. 4 dhot
=3 1 of Fgst7] f1siA o
d T Wste] mEA ¥k
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= ASE 7|thE o

g AAFAoR gl ddHer dA
TR Wl FFAQl 7 F(spatial

trend) % POPs =4 ¢ A o-A A< o573

S ZAEE A gsi.

7] RUEES 9% 7tol=gle o] x|
A4 - dE High Volume air sampler2} 17
F714 o 2 Passive air sampler(PAS) AF&2 A
et glom, agE 7|2l (High Volume
air Sampler)E o]&3to] thegke] F7E F9

3
Feke e bdd AW 2 A7 2y
Elgo] d%dh4] ¥ dHe AU Sle F
Aol @AIzEe] AEYoR A fREFER
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=

9]

T =

L%o] Hrh or g A H(Grab sampling)
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Fig. 2 Time weighted average(TWA) concentration
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@ wUEY AnE AAn 48 B

st} gk},
2. PASO|| Cist o|=2F q&t
21 0|28 &

PASE Aoz HEE o]& glo] POPsE
X gslo] SVOC(Semi-Volatile Organic Carbon)<]
kgt @S o] &t AlEH o] o FHAIh
53] i AT = AdHoR hdd 4
Fick's Fisrt lawl) o] &3l om, &3] Whimane
Two resistance mass transfer coefficientol] <] 3|
= 79l Ak (air and sampler sides)E AF-83}
o] PAS| del& dHstaat gkt

| r—{u:

22 BEAFE A (Mass transfer coefficients)

g AHL¥ PAS MEH= dPHo=
% Chamber <toll g=2txof 9l7] wiZel,
7] AAFE AEE WE7EA e =4
(Mass transfer)2 A|71%] @A = JeEA
Tk Fig.3ellA B olF5to] thai} o] &
92 AZHAGAZ YERE 5 9t

i) e
(2R A I 0= s

1 HA dA=
29| oF

[transport from bulk air to the air volume inside

Akt 7)o A Chamberd] & 7]

the chamber]

2 HA A, Chambert] &7]olA MEZ-F 717
Mol o)F

[from the air inside the chamber to the sampler
- air interface]

3ARA A, AWM HBJore] ol

1) goholu 7ALdg uA SolA §ho] SastE W
F = 2 FrolAe 29 FE o FE AW o
Fela 3

Passive air samplerE 0|&¢

[from the interface into the sampler phase] (Fig.
3).

WE-F7] AW7tteld 44%E, di{ &F
(turbulent mixing)ell &3t =42 HdE &2
AR Jak FoiA o2 gl "ol A #

AW AZe] i, &4 ke 7

F023 &2 dY mechanism ©]t}.

Fig. 3. Schematic of mass fluxes between
ambient air and passive samplers

1) F —DA£ M.TY

F : Flux [M T-1]

D : g2k A LT

N R

dC/dx: concentration gradient [M.L™]

Table 17} #Zo] Fick's First Laws & A%
(Conduction of heat)<} 7] & % (Electric
conductivity) & A} H]=gk eE Ho

Cto|24lz} dI-PCBsO| Th7| BLIEZ MEI1sA o
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Table 1. Physical processes that obey the gradient-flux law

Law Equation Variables
molecular diffusion dc F : Mass flux
Fick F = —DE C : Concentration
D : Diffusion coefficient
Conduction of heat T Jn 1 Heat flux
Fourier Jh = —kd—z T : Temperature
k : Thermal conductivity
qv Je : Electrical current flux
Electric conductivity Ohm Jg = —kE V : Voltage
k : Electric conductivity
AT Ao m A=A SE[LT Flux7b 1478l (continuity) 2h+= 74 sholl A =
o} Kol Ag® Adx [L]] o woe®  AWelMe] F%(Cw Cs)7F flolxith
xdHT. gk 2 F-(intraphase) ol A 2] 6) F, = F(=F)
ARAT derlelAm, F4 @)k 2ol v Aol el 4=z & (sorption equilibrium)A]
A e el 5 vk (Mackay,  pom po a0z ey 2 g
1991
) (6) Csi =KsyCu;
olel 424 HA= Aol Whitman Two-Film
@ F; =kAaC Theory (Whitman, 1923)E ©]-&3le] Hx=Z A}
Flux : [M.T-1] g5¢lom, S polydimethylsiloxane membranes

ki : 22 HEA S [LT-1] mass transfer coefficient

A A L]

C : bulk phase i A &3} AWM = X}
o] [M.L-3]

(3)21& Chamber W 7|7} AMZe]-g7] A
o olFdE Flux Yoz BdHE F2olt).
&Yt
@) F, =k, A (Cyc—Cy)
ky : air-side boundary layere] 2 AGAS [LTY]
As : AZE e \A L]
Cvc : Chamber 2] T %
Cvi : air-side 7% (interface)®] &%

FrAbstAl A& F7] AMelA  AEe 9
bulk= ©] &% fluxst 5 Ht}(4)
(4) Fs :ksAs(CSi_CS)
ks : sample-side boundary layer®] &2 g7

[LT]

Csi : sample-side 7| ¥ (interface)®] 5=
Cs : Sampler bulk W¢] &%=

20094 ZTAtoiE E

of f7l5erEe] AFee
™ (Flynn and Yalkowsky, 1972), =3t

29z AHH 90
ol

F71eded Ae w5 REPoR WHALE
= o] A th(Bruggeman et al., 1981 and Gobas et
al., 1986)

Chamber W9 7]Fo&  E&S(mass
balance)E (7)4 o2 2oz yed 4
(M QCyv—QCyc—Fy = 0

Q : chamber W& FUF 37| %

Cv: U7l &%

Cvc : chamber W =

Fy : Chamber U} %7]7} AME-37] A

o] &3t Flux ¢
Fig.3ol AlHA A <] fluxe]
H, (3)~(7) equations ©]-&3te] Flux 2 AY
=
[¢)

Wel FE W L]

o] A& % gk
Cs
8) F =koAs(Cy — K
SV



1 1 1 1
9 —=—+ +
® % "k KKy T @Q/AY)

% A3 (1/ko)> Resistance of the air boundary

layer(1/ky)+the sampler boundary layer(ksKsv)
+protective chamber(Q/As)] A& oz el
R

2 72 A AW A& A =S 7
Ta&2 Chamber W59} ¢JH e F%7F &Y
& o= ddso] 7] uwiitol protective
chamberel] ¢]3F ©]& # & (transport resistance)
of £d2 g ol F

R, 93 3] ¥aed §We 129
He AZe®e] Flux ez QlaiA, o
7] w0 Bv]&] chamber W}-o =%}
AL

AE o] FYgo = HASw vr= 23
= Cs/Ksv Ratio wiitol] 4=2](8) Vapor-based
7+ 71%) Flux 28 o7 B xoh

gietd o =, Sampler-based(A1 &2 7]F) Flux
Xxde F208) Zzol MZ/Fr] HulAS
(sampler/air partition coefficient)S Cs3toll A B
o7 wWhHA F2(10) 2 FAHoR ERY

P
T 3

Q]
=

o (T
)

0.

(10) F = kpsAg(KgyCy —Cg)

k
(11) kos = kog= = 4 Ak
SV
FAFSHAl PASel Q& Ao 9w
MR e AEe re 9% f1 vEa

dCs
(12) VST: kosAs(C\'KS\' - Cs)

dCy
(13) VST: kOSAS(CVKSV - C5>

=4 B E 1F)

(12), (13) HAH2A L PAS w3l R Yo
™, Net Fluxe] <4& ®dg uf, Muller et al.,
(2000), Shoeib and Harner(2002) % Bartkow et
al. (2004) 52 (3)F2S o]&alA EAFATH

B2 HEHT

re
F S

—

23 MEE raent MED SH0| OIE2 ES2A

Ao Fo

(13) =4S F4S T3, Net Flux: uptake
fluxet elimination flux x}o]l2 B934 2

(14)= Jeas gk

Asg
*KsvVs

Ag
S S

)Cs

52 Ag AFE SEA9(rate constant) = AF
o A7 fslA EFFS(uptake rate)dF A A&
(elimination rate) =fo]= <QAgk AJ7te] wE Y
27 Cs e Wiz x4 s (574 15

dC.
(15) ——= k,Cy —k.Cg

ku : 12} 558 AF<(uptake rate constant)
A A& &= (elimination rate constant)

FEe Ageh 2R e BAE 4
o}
=

w32 (Dair-side AW, (2)sample-side 7|
, (3) A1=7] chamber®] ¥7|&H&S FalA
Aol o]F Rtk 74 stA F EX
F(EFAO)> s vdEdEs v =
WA Fo] o= HLAFHAEA  (the
limiting step)= Zd ¥4, b2 2%
S Al AR HA AL Hot

(O T =M =
it
o)
X,
i)
(o]

7}4 1. air-side boundary7} &%A% ©A A
ko = kv

18) k =k As
( ) u V7S

19) k, =k s
e Vv VSKSV
air-side boundary”} £ =A% oA <

= N

F4(uptake rate constant)= =l AlG

o
Yoo
2 o

oy AAESTF= EuATIr SUHESTE
Aad Aolg, FEEA w3 air-side
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boundary”} 5=2.¢1x}21 PCBs(Shoeib and Harner
(2002))2} PAHs(Muller et al. (2000), Bartkow et
al. (2004))0ll 4 =& =

7}4 2. sampler-side boundary”} Z=A]%F A
duw] kO = kSKSV
(16) k, = kK As
u SISV VS
Ag
k, = kov—_ ksKsy o
.
(S] VS
Ag Ag Ag
k. k 2= koK« - Ke—
OKgyVs PV KgyVg 0 Vg
—E—Zé ﬂ%‘%oﬂ EH??} ETE 5= Sample/Air

al. (1998b)].

7F4 3. mFA| o 2 protective chamber ®H-S-
E3 Flux7t Al =L ( kO = Q/AS)

Q
20) k, = &
(20) 7
Q
21) k, =
@) k= o
o2 F/EFFE A% AFARE 08 T
Aol A vpebd 5 elek, A%< SPMDA

X‘i

5 A=Y rate H9E (RS kuVvs) 1~10
m3/day(Ockenden et al., 1998b and Shoeib and
Harner, 2002) ZAFSE 1 ow vEbw:

A A] % lemfsec AERZ ASud &,
0.3mx0.3mx0.3m #]  Stevenson screen( HF=
¢l SPMD chamber)ol A= A1Z% rateo] ©oF
80m3/day = FAFEQlon o]5xE Aubzow
e FERT =2 5A4S BoFa gth
ApH o2 o] QIzE F|FEol wWol Algh
Huf, Az Aok (d: 22 wj7]
TE 7 AEY o] & AAA) a2} olH
A$ A Ao], sampler-air AAo| Aol & f
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2 boundary -layerol] &3t A=Al &

Ao} ¥ 7] wjioll, air boundary ¢ o|&# 3t
= Skl Al g Qv Ao w JiE A
Age FrHA R adEd & 7] vl
air-side 2 sampler side %F o}y 2} chamberol

o

U8 F1FFE 52 oW 5 SE
Sed wae FasttheAe AAdor @

t} o2 og owW 3}stE 2 chambert
7t x| gkow, QoA A

FH R =E& KSVE AW 3HgHE(SVOC,
PCBs, PCDDs/Fs)?l 74-%-, KSV EujA <71 4
23] ol kV (kSKSV = UErHE 9l7] u

5ol air-side #3to] 3}8tEz w3to] FQ 3
AAAAZE 2 Reln(FA (9FF), F4
(18)~(19)2 A=eje] Zaxgl 54 2 53
skl rﬂf‘a Eel-setd 54 sk

g, 8 Aol
24 PAS o] 2 MEZgo A%

Fig.4s} 7o) PAS®]
2 FAEH, A8 =
(linear uptake stage), =113 &4~k (curvilinear
stage) = 3= w A 3 3l (equilibrium) =
Zl e E ok,

Fig. 4 Theoretical uptake curve for passive air
sampler showing the linear, curvilinear
and approach to equilibrium stages of
uptake.



24.1. ME &S S| (Linear uptake)

1 POPs =3 o] AJBAIH 7I3bE dwkA el A
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5 71ZbE T ok

27 EF9ACNA CSE w92 wjiEo]

252 A & 4 o (assuming CS=0=

714d) AZEeHe FTEREE 2z FFHET

aee g e FA 2= ekl 5
dCg

(22) dt kauCV

ek Felurle wRrE dAsud (224 =
AEA (23)4 ez vEbd 5 gl

3
o] AL MEYE A= 7|Hs g =
AFFel2 el Mg Tu vehds
ATt A= rate[RS]S stFEE 377 A=Y
| Fow x@H, F24)F 2ol Yehds
Art.

N
24) G, :R—St
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amount accumulated in PAS]

2.4.2 Rs (Sampling Rate)
D57 AHAE <ARbAQ stolmF A&
FFh g oluy

BEelel

o
i)
I
ox,
o,
=
i
o,
3
53
A=)
r 2|

(25) Rs =k, Vg
Air-Side boundary7} A3z 2 7145k, (18)

Ag

k, =ky V. o] -§-3f A
s

(26) Rg =k,Vs =kyAg &2 UEFIASF 9
Air-side7} AISE A AAF Aduf= KSVEHl Al
7} F85kA ko), Sample-sideo] A|dF 1}
duj= AMEY rate> KSVIEHIAS S7HE4
7 ek E=3h, MEH rate air-side &3
gAget AZY AW Zudow vl
how, Alsele] wuzo]l AW, MEY rate

o v 2 Ju

2.4.3 OHE fundamental parameters
Mg daddAsE vs 71249 A
2 s Zol ved & 3

(27) k, or k= %

D : 7§ boundary layere] il A4~ [L2T-1]
& : 712 boundary layer®] 357 [L]

whef, PAST7F &2 T&o] w=Zdvhd Airside
boundary layer®] 7+ So], Ao
Samping rate S7bskAl =@ Zlo|th. Harner
(2003)5 & v ol PASE AASte] #&
o] e Btk
Protective Chamber ] 5-9]]
o] Ao 59 d4F A
v, S xWy dw

=
= dojuopt ed=H A

=2

[
v
i
R
&
0
>
n

oX

=
i)
N,
L2 o

>
e
o,
ftlo
i

-
s
o

25 WEH S AlZE [Time to equilibrium]

WEL ) 2GBAY FHo| T whe} @
AE[AASIS Fa AHM, FH15) AR
Sl W e g FAoE s gtk

u

(28) C, = —Cy[1—exp(—k.t)]

H, FPFHE Edste A A
AMataal ge] 540

Bl 9%l =dtuje] AZHS 5y
A T 28)% ol &siA (9= ErEE
At

0.99C,, = KqyCy [1—exp(—k,t)] = C,, [1—exp(—k.t)]

0.99 = [1—exp(—k,t,) — —1In(0.01)=kt,,

eleq

4.605
k

(29) teq=

e
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Table 2. List of symbols and meanings

Symbol Name Units e.g.
D Diffusion coefficient m’s"
F Flux ngs "’
ko Overall mass transfer coefficient ms*
kv Mass transfer coefficient for the air-side boundary layer ms
ks Mass transfer coefficient for the sampler-side boundary layer ms*
Ksv Sampler/air partition coefficient -
As Area of sampler m?
Vs Volume of sampler m?
o) Thickness of boundary layer m
Cs Concentration of analyte in sampler ngm~®
Cv Concentration of analyte in vapour phase ng m~®
Ky Uptake rate constant m*m73s™?
ke Elimination rate constant st
Ns Amount of analyte in sampler ng
Q Air supply rate to the sampler chamber mid™*
Rs Analyte specific sampling rate mid™"
108 teq Time to equilibrium d
2
0
8 _ ku = - =N As H Qr)r
N Ky =13 AHEA (0) S0 vehass sl R
3 4,605 Resh EWA(AYS BALE HuAoln, 0L
g (30) fea = 7 Ky WAL Adue] Y=Y A 4B ¥
‘:E] Air-Side boundary7} Al&QlztEta 7FAE A2 gaAA Ed 7 Atk Rs =k,Vs
= TA(18)~(19)= AHESHA, E2HAEAFE
S HILDA b n] X = AZee] g 26 F£I} =27} RS AlE
A EXS olad ¢ ).
Az 4o (19 e 2o FHoz  AFAA =o€ A2 A4 sty 2L
g5 9 Azee] BAE ehisd 72 Agsiin
605V ¢ 5, Ay xde AL Astel wE Al
(81) teq A ky SV Zelote] s}l wEke digh Rello] ¢S F
o 42 B T Res Bl s R R
s
mdahs AZRe S gropxidh 3. PASQ| POPs EF0| CHE HT S&
Sample-sideo| A =2 3}8t# el wslo] doju}
w9 gk AEY wiAlE Ad POGs A& 7] ol AF& F¢l PASE PUF(polyurethane
2] Zo] ¥y Edo] 4% AMEFHE HUAAT foam),  POG(Polymer-coated  glass), SPMD
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(semi-permeable membrane devices), XAD 44
5¢ F2 Agsta

o] % PUF7]HFS & PASE POPs =29 A
FAH 7)1zl Aw, mE dx " s o]

9 AFolA &olst
ZAvtehe] Hamer7t 78-S 611 2.1, Protective
chamberuj] - &= el PUF %
E medias sAldl AX] & T
Tl A= FHZolA ok PURE 7]Rks
PASo]-&-3&te] POPs MUE® A7} HZ2=2(Y
%o] 2008 EST) A At om, i 7h2~
=43} PCBs, PBDEs 5& F& ¢

Aol Tbs s,

—
83 F71o]

Mn

O>'
10
s H“ om

_OL
o or

Tl M= B3 2003 =RE EUEHY
e, 74 5(2005) &
delstel A wAFH A,
PAS 7, Al=AF 7]
Al st SPMD-J a5,
o H3@e =g £ Qe
Ockenden et al., 1998a, b), == 7} Z] <
T Egsedlom A Ee] Q17 W
o Fr&=E *Jxéol A iﬂoﬂ gl
o|ste] oA T
. AR e =
AN EYH 2ZES AAS] 9
gl =7] wjA| (size-exclusion) =L Zw}E 123 =
F712 AAHok = wdo] JAt(Wania et al.,
2003).
gk PUF 7]9ES & PASE SPMDol H] &)
7 dAZYHAE 2 PUFE LEELES Fol+
= 90| =9} sampling mediume. =2 # 43}
2, & ATedA=
o}

de Fol =9 =3 %=

Mo o ki
o

s

L
u=n

e fUOoA
offt px H

o ook m1o

e
N
1
on 2

S
rie
Ao
2

£ 7
f

2
>
o N,
e r_““ﬂ,

d

UR=

e

p

2L rlo

PUF 78k 2% POPs .1
a}ets}

3.1 PUF 7|HF PAS MEZEd oI

PASHMZo] 2 HElo AHEs QB2 2
k=3l 7] 918l A+= Sampling ratex} Calibration
data =4 ot} 53|, Sampling rate A& 2

A BAHoZ ALE3lE Hi-Volume MIEHE

Passive air samplers

ol&st

o]-gsto] Heoly HwE T3 AEsh=d B
o

=85 St B4 g ssHES PCBs,
PBDE(\H9iA) 5 F2 Lutd)y] Jol 2 7}
2o R EAEE FEE F OdoR 19

A7 ol FA
2 A= @A HaE PUF 7]HE PAS
AMZHE E3 &9 Sampling rates SO

=
2 =9staz g

3.1.1 Sampling Rate(R) &HE
3.1.1.1 High Vol. Samplerg °]& 4l&

e}t 71737 (Meterological service of Canada)
°] Harner(2002)2] AFIaFAlME  AudlA
PUF, SPMD, Soil¢] PCBs ¥ PCN FZAo] o
st sampling rate?} & AEATE(MTC @ Mass
Transfer Coefficient)S 2F&3lith. 53], PUF
7]uke]  PASS] PCBs A1Z# rate> 23~8.3
m3/day M= FAE S oW, tiF-E9] PCBs

FUAE xazsﬂuryq]a AYar o™, PCBs<}
Z%O] Koazto] #& 38w
7} Algkelp= &%—3} %, Air side boundary<]
MTC %t 0.1lcm/seco. 2 FA}E 1t}

Hazrati®} Harrad(2007)= Low Volume sampler
= o] -&3dto] HefoA ¢ PCBs Rat= AF=3t3d
™ (0.57~1.55m3/day) ©o]xe] EHi® FHrh
< s BT glof, 52 g 89l
Ao M= o v AEY rates BT

WE0](2008) Ul AelAE MEY rate
2FES ol o (Harner et al., (2006); Gouin et
al.,2005, Shoeib 2002)¢] 3%kl 3m3/day At
S A G PAS EUEH|A 3k
PCBs, PCNs, PBDEsztS w®lul 3Fit). v)& %
Agrgtd alog Qs dAA7FA Fujol A=
Sampling rate2- # % TalA] & o= 3l
o] Fstal = AAo|th
3.1.1.2 Labelled compound F= A A&

24 Hi-Volume samplerE ©]-83le] R3S
=387 YA w5 PUF 2 FilterS 23] 3

ok, Hgh W o] AlRE A Eofs)

RIS A& @ & 9ol ZAMA wlgel

Air-Side boundary

e e o

Cto|24lz} dI-PCBsO| Th7| BLIEZ MEI1sA o
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Fig.5 Example Graph

. Loss of depuration compounds for indoor site 1 (a) and site 2 (b) onto

PUF disks for 0, 21, 28, and 46 days.

A = BYs7] flelA 71 BEES
PUF %ol Fsste] R gts ot WHs 4
(1) A& : Depuration compound(or Labelled
compound) PUF Wjoll <18}, ©] Depuration
compound”} 3 Z7(equilibrium stages)e] 2t
714 3ol A], depuration compound®] <=2 w3}
PUF/goll & 2F% < native compounde] <Fo] 2+

U By AZY rate A8 o)
MEFo] s 7)o 7149 2FF9 &4
® o 2 sampling rates A& 4= QlTh

()W =9 rate F= W

PCBs % tho]SAlx 71%—8— shetES dds =
2 Koazt= A|Yal 2o air-side boundary”’} <
LA oy F AIATE ko = kv = HERE
T A

A
(18) k, =ky V—g uptake rate constant [T™]
S

A
(19) k. =ky Elimination rate constant [T"]
VSKQV
ku P
x Kgy — k, =kKgy —(18) 4ol Wi

Ag Vs
k Ksy = ky V—g - ky = kestA—S: k.Kgyd

(32) - ky =kKgyd YERE F glowH,
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m
In(—-)
mO
(33) k,=—"—
t
me ot ARERS] et e =
me @ Iv=d 27 7%

ke first order elimination rate constant &<~

2] (33)F} Fig.5¢} #o] 7]&7] A&ES FaiA
elimination rate constant2 AF&3&}A @t} oluj
T4 (32914 Kev gk AHE-S Hamer(2002) =%l
OS5 22 725 884 AL 5 Aok
(34) log Ksv = 0.6366 log Koa-3.1774 (r°=0.87)
’“/\1(26) Rs=kyAg & E3llA MEH rated
Jom,  FA(32)~(34)E olE3iA
< FHew %¥o] 7Hesith
(35) Rs =kyAs — Rg =kKgydAg

—Rg =k, 6A¢ % [0.6366logk,, —3.1774]
Persoona®}  Hornbuckle(2009) <172 3} A &=
C Labelled compound PCBs(4% 3, 15, 28, 118)
ol &3 Aot Ao AEHS Hlaslo
W, AA Ao AEd rateo] =2 SAS H
o531 QI tH(Table 3).
(depuration  compounds =  performance
reference  compounds(PRC)Z 2% h)F¢ 3l 4]
MEY rates AHEshe WHES HE 3dES
I 28 AT ol dom, JNE oA A
o] W x71o] A= thE7] wjid Total A

oo m 2
+

Koo
i

Rui

Labelled compound



Table 3. Calculated sampling rate form depuration

loss for indoor and outdoor sites

Compounds -Indoor(m3/ dff‘y) Ou’t0|0<_3r(m3’/day)
site 1 site2 site 1
BCPCB3 | 22 2.1 8.4
“cpcB 15 | 21 23 a4
“C PCB 28 2.7 29 48
BC pcB 118 | 24 26 6.2
rateS 3 4 9 e AeERE 1)
oF a7] w#ol we <77} Wasith
4 A7

A= =R

t}o] 841, Co-PCBs 5 29 &4

4 A7lE AN, LT

A= vlaE g, 2l o

g 4 oA, darke B

A, AstalEe] 9 5} s}

9 Aldo] "R o,

of & A FAAHe] WA

L2 N R = Ko e ol R o P i S
st 3lemn, o= %

Fig.6 Trend of PCDDs/Fs of the Ambient in

Ansan

o] AT Fig6NE A wEd

J kst ew WMo mUEY Ay

Z A5 209 PASS Hivol AlZeiete]
d Wb gdME AFE AEY AelEG
[}

THA (@A E) B FAAGER- S, 13E)=
M 7A3ste]l PUF 7]¥F PAS (PUF diameter =
1l4cm, thickness= 1.2cm, density =0.021gcm-3
Supplied by Tisch Environment) A& & 370€
v AA Sk o, 717k 09. 01 315F-E 04.24
AR 4H 2939
Hi Vol sampler(Sibata, 700F)%= YW« o=
A BAR b AL BAG AAS
2 JEGAVR, FIRE §
Riow 74ue]l e Feho 18
EH7IE AFE3EE o™ Hi Vol sampler
A& A1F = EPA-Method To-9A°] 38}
, ditdo=w gyAEE &
2 100~110 L/mine® X3 om, Az
o] 2] (Quartz-Fiber Filter)®} Polyurethane Foam
PlugPUR)E 159 vith AFste] Als 43/
8% ek
Fig. 7200] chabaele] Feha (1499l
(A) A3t PAS H HiVol Al&e]o] A
vt silod, FAAARAY B, C
WA PAS AEelY AAH L BrESA

Bl %o

=

s g

O, ol
o oo N ox HI

N
ol
8
o
)

\d}
>,

o
K oox o

Fig.7 Sampling Sites
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BA gm0 (-PCBs 12 %3} (PCB-17, 81, 105,
114, 118, 123, 126, 156, 157, 167, 169, 189) T}
o] 541 23,78 AFo|HHA 17FS A
o, dl-PCBs7 -5 EPA method 1668a ¢} T}o]
2] 79 EPA method 1613 =34 2= g

2
Ao 27 ol2& dEgt o] &7 = (Selexted
ion monitoring, SIM)¥} A€ ™
e EEl e, AREAS 2 Aol
=0 wWAME AL A EAS
response factors, RRF)¥ .2 3}

4.4 A3}

4.4.1 Hi-Vol sampler® 0|28t |lA|S [§7] ST
oF 37§ €3+ Hi-Vol samplerE o] &3} t}
o]2x 9 d-PCBs o] A vx= EXAINES

Fig8~99] ‘ehjiglom, the]S 4l 2 dI-PCBs

o] TEQ Hir T=+ 77} 0.297 pg-TEQ/m3,

0.023 pg-TEQ/M3E ZAFE AT} o]= ZFA

Z1edEd #eRolA AT d7|EA 7+

0.6 pg-TEQ/m3el| Bl3l °F50% o= et

Fig.8~9o ], t}o]Zale] 7}aAl BEn| &L A

A3tE@595=)S AL dF-EolA 10%7

e ANGE S4E sdFn e Lo
o AN 5

442 PASE 0|8t Clo|=24l U dI-PCBs SE

(1) Tl &A=

A, B, C AAYY FEREE EH AFZEY

Mari et al.(2008) 1723} H|usle] Fig. 1091
~3.2pg/day/sampler

eapHglonl ol AR WA fAH

ABRE BHoFa

£3], tho]SAal #HE PASE o] &3 HolH
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7} PCB 2 PBDE®| Hl&] 243 A
=2 gskon, A 549 #4
(PCDDs/Fs 2 PAHs 5)& M Z& o]
o] Aaslm g o1y} nIEsi)
Heavier Compounds

Fig.8 The concentration(in pg m®) of PCDDs/DFs
in active air sampler at Site A (WonSi-Dong)

Fig.9 The concentration(in pg m®) of dI-PCBs in
active air sampler at Site B(WonSi-Dong)

Fig.10 PCDDs/DFs concentration (pg/day/sampler)
from PAS (A, B, C)



Fig.11 dI-PCBs concentration (pg/day/ sampler)
from PAS (A, B, C)

7FA1 L Qltkar s PBDE

(2) dI-PCBs 5%

Yo A= POPs RUHYS 317] ¢35 PAS
MEe] AEste] Falatz] Al AFEE 2ol 20061
T SEolw, MEY rate T U2 AAELS 9]
TS 183t AM&SHr] Al AFE

A, B, C AAYe FEIZEE WFo] F
(2008) A-t+ZA¥} wluEle] Fig. 11~120 ERY
Ao, Hx= W= 8pg/day/sampler o|3t 2 *

A E 9 th, Ak SdS zA}SE referencedl| Al H
FAAA GG A Qe BE FTA A G A = H]
=3 =52 BoFa rt

443 MEEZl Rate ME

PAS<]| ¢]al 2§13 ¥ POPs ‘5% (pg/samper):= Ht
A =4 (semi-quantitative)o] 22 7] ¥ FTX
(pg/m3)& ERst7] fleiA= PAS AHEE]9
MEH rate AbEo] i FaskH, AA7EA
B A7 AgH L otk PAS T o
S oy FZo] "ok ot

EoAF ZHHE AZ" Rate AES

Fig.12 dI-PCBs concentration (pg/day/ sampler)
from reference

Fig.11-12¢]] t}o]S-Al = dI-PCBse] A= rate
= YEslen, 175 XSl ddA e F o
o] g4l FEY AMEH  rate> H
0.5m3/day o], Ji¥ =
0.295-1.326 m3/day (AVE 0.720 m3/day)= A}
AT

ol A A

Fig.13 Sampling Rate of the PCDDs/DFs

Fig.14 Sampling Rate of the dI-PCBs

12%& % dI-PCBs M=% ratee Ho <o
2.1m3/day oI, W o] AA M Wl
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Fig.15 Comparison between active and passive air sampler concentration for PCDDs/DFs

Fig.16 Comparison between active and passive air sampler concentration for dl-PCBs

0.94-3.1m3/day (Total 2.109m3/day)= t}o]52l
of Hlal oF 4ufjo]d =& e WoFaL Sk
ol dwt tir]e] FR(IA+AAE T
M Ao sy gl Rl
o] EAstE tol &l A= :
rateS Rl e Heow duE
Hazrati®}  Harrad(2007)= Low  Volume
samplers  ©]§3fo] oA 9] PCBs R#<
AF231 9 2.1 (0.57~1.55m3/day) olw] H.i¥ Zk
B Ee kS HoFEr 9 ouw Harner et
al.(2006), Gouin et al.(2005), Shoeib and
Harner(2002)¢] 7kl 3m3/day RHUbe= S

e HolFa 9l

®

4.4.4 Hi Vol. sampler®} PASZiY} H|@
PAS Z3}(pg/day[=exposure day])2} Hi-Vol.
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PAS®] sampling rate §lo] A HL=E F3a
T 7hsds W7ketalAb Fig.5-169F o] H|al
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PCDDs/DFs

dI-PCBs

Fig.17 Comparison of Reproducibility for PCDDs/Fs and dI-PCBs
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Occurrence of Cyanobacteria and Quantification of Toxic genes

Ju-Yong Jeong, Kyong-Hee Lee, Mi-Jung Kim, Woong-Su Kim, Jong-Moo Won, Deok-Hee, Cho
Jin-Ho Song, Kyu-Seung Shim, 1I-Woo Choi, Jo-Gyo Oh and Seung-Seck Choi.
Environmental Ecosystems Team

Abstract : When algae alert system was in operation, chlorophyll-a concentration trend was similar to that of
COD but not to those of nutrients, N and P These patterns were a little different from the results of 2008 in
which chlorophyll-a, COD, SS, POs-P and cyanobacteria showed relatively high correlations. The detection rates
of 16S rDNA of cyanobacteria and Microcystis were about 87%. While both mcyD and mcyB genes were
detected, mcyB gene was detected less frequently than mcyD. Real-time assay showed that MIC/mcyD indicating
the ratio of toxic Microcystis to total Microcystis were 20 in 2008 and 570 in 2009, respectively.

Key Words : Microcystins, Microcystis, mcyB, mcyD, Real-time PCR

R TFARAIE AAFHE 7|3 St FuAFA FHAE FREH-a 9 CODY T

= ° walel Ayl viokth, 2 29-a, COD, SS, POsP, HE7F &
S YEhdE 2008 7 okzF @ekc) W EF2] 16S rDNA, Microcystise] 16S rDNAE 87%2] HE&2

o S22 meyDeF meyB A7 B HEFEJ O meyB Ao HE WIEE Wt
] S o] &3t A7} AA Microcystisol] A1 =4 Microcystis®] H] €S UER)E MIC/meyDe] H]E= 20081
ol Bt 209, 20090ll= Wt 5708 = 200030 HA AL AFAshs vl &o] A4 UHA| vEbsTh

ZFHI0] : Microcystins, Microcystis, mcyB, mcyD, A7+ PCR

(BN
x
ru

N it

o

2 s QIRbe] Aol A4 Ads

Z 4 gltkar . Microcystins: polypeptide

=z Bojoslz ooy Ha o synthetase®}  polyketide synthaseE  E 3ol
Zo] ARy} A SAPe] wat 13 Al multi-functional enzyme (Fig. 2)o| <]3] A=
Azpel 2B} mtl ZAske] 2o MS W) o A eRA] ELISA, phosphate inhibition assay
A7) RS olsiAy|= Aot =xga = & 4] Jhssht Wl wep Wizt
of Qolyt Wie] FadME Microoysts & = R FOIEZ HEdd gy ghxen
o] 2o SHatty AdeA g oy = =548 H ¥ 545 7EE 5 gl dvAds
F¢] Microcystis7} microcystin (Fig. 1) o] &+ T FwEEe s b ofEe @
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S XA 8F= Microcystis strain

S a4 o B AR e A4 97

.9 zhy 9tk Dittmann S-S microcystin

FAol Zad vdreAd FEHE A ax9

AAZE AR gE2vs s FHsiala, 1
=

microcystin synthetase (mcy) gene°]z}

= [}

3 9)3 microcystin AT F&, dTFEA,
pH, F= 5 4% Q2539 #AE Lol
7 g8 we dpSoel awel L ¢

Z 2ol realtime PCR WS o
microcystinS A Al sl Alol vl ] o}
7198 mey AR FEE =451

ol AFM = FuAE HFow
B 7|z sek FAMstel 25 2
#AS FoFstal Microcystis 2 Wx
FAANE AdFsts WHS stz skt

zo 1
L
£ e

By
>

I o
2

Fig. 1. The structure of microcystin-LR.

Fig. 2. Microcystin synthetase gene clusters
mcyABC and mcyDEFGHIJ.
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(Durapore membrane filter, Mllllpore)S’Jr o] 3} =k
A& o]&3ste] 02~03 L A& o H}etith

2. B WY

221 +EEY

FuAFA HAFgAA e BFTFE T
Ao dEZA A7 vt =, pH, DO, A
71" =%, BOD, COD, SS, F&&d-a T-N,

T-P, NOs-N, NO2-N, NHs-N, PO,-P &+ 435}

A 2 1mLeE =732 E
chambere] ¥ i1 &w]7d (Carl Zeiss Axioskop2,
Q
[

stel Algel EAlsHe £7e)

2.2.3. DNA extraction
AATAE Frol Wi Agel 147 wrA
20C&2  B#st. DNA  FES 93
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 23 70ColA 2A1%F &<t wykstd
Al A 9fellA 30E1E
0 rpmo. = 15%7F ¢

=
FH °ﬂ 711 59
o &

incubation 3},
incubation ¥+ & 15,00
wa sk AT ds
9_
=

v] 9] isopropanolS 7}s}k



10 sk 3 15,000 rpmo. 2 20%
7 AAEE Y. HEAH o %2 70% ethanol =
* T 50 uLE 7hsksith

2.2.4. PCR

F%¥ DNAZRE YZEFH, Microcystis2]
16S rDNA<S} microcystins gene 5 mcyB<}k
HZ37] 98] Table 1.9 2
primerE ©] &3] PCRE A Alstt). PCR
# 16S IDNAZ tldom WA A&
ol AJmE Ao & Microcystis H H4
],

meyD HE&

(mcyB, mcyD)ell o] multiplex PCRE

Y %5 16S rDNAS o= 3 PCRES 20
pL H3]2 DNA 2 puL, primer (CYA 108F,
CYA 16SCYR) ZZ} 0.5 uLe PCR premix
(Solgent,  Daejeon)E  AF&3F L,  initial
denaturation, 95C A} 3%, denaturation, 94T il
4] 30%, annealing, 55C°A] 30%, extension,
72°C A 1%30% 35 cycle¥} final extension, 7
2T A 629 ZxdollA w3335t itt. Multiplex
PCR2 50 pL H3= DNA 5 pL, primer Z+7};
0.2 pLe} PCR premixZ AF&3F% 4L, initial
denaturation, 95C A} 5%, denaturation, 94T il
4] 30%, annealing, 56°C| A 1%, extension, 7
2°C A 30% 50 cycle¥} final extension, 72°C 9|
A 15 o Zgstgith. PCR AH=2 1.5%
agarose gelol| Al &<1&} o}

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
16S rDNA™ |CYA 16SCYR |CTTCAYGYAGGCGAGTTGCAGC

Microcystis ~ |MIC 184F GCCGCRAGGTGAAAMCTAA
165 rDNA™? |MIC 431R AATCCAAARACCTTCCTCCC

Microcystis | TOX2P GGAACAAGTTGCACAGAATCCGC
meyB™ TOX2F CCAATCCCTATCTAAACACAGTAACTCGG
Microcystis mcyD F2 GGTTCGCCTGGTCAAAGTAA

mcyD*¥ meyD R2 CCTCGCTAAAGAAGGGTTGA

2.2.5. AlA|Z} PCR

Microcystis 16S rRNA 7 x}2} microcystin
A2 FH 2 F meyD A s A
3}7] 98] SYBR Greens 7]uto & 3 2 A7k
PCRS HAlstitt. zb kg F3]= 20uLo]v
71 o+ Lightcycler 480 SYBR Green master
mix (Roche, Mannheim, Germany) 10uL, forward
o} reverse primer Z} 150nM<} 5puL] DNAZ}
FoE o] Stk 7} wkEel= DNAE
o negative controlS X $HEllom, BE Wb
52 Lightcycler 480 multiwellZ} Lightcycler 480
= ol&ste] st wvhg =21 v
Zt}; initial denaturation 95°C 5min, 50cycle]
initial denaturation (90°C, 10s), annealing (62°C,
30s), extension (72°C, 30s).
Zh wkgol A= Hl 5ol% PCR 4t&S #elst
7] $1&l melting curve 323 o] A A5 e},
EFAEE Microcystis 16S rDNAS} mcyD2]

PCR *J = clonmg 3k & o] AHES E3Fsla

A

J= Z2v|=E Accuprep plasmid extraction

kit(Bioneer)= 0]4‘16}04 Zz=3 9k =29 =
gl2u]=9] xi= Biophotometer (Eppendorf,
0]3:3}04 o2 =43}

A=

Hamburg, Germany)<
o 7zt ke copy 5 At F A
Eﬁ“%biiﬂ4MW

e o
X o

o

3. 2 3 nE

FuAGA oF Al v 411974 F
| FAAANARE 27 3, 4o YT
= =9

15
A= Ho 116 m, 8€oll= Ht 148 m, 52
o Bt 20T olgen dwdoz FxHF}
| o=

A FAshE 20T o)

274 A4 =t DO+ 6.8~

FEE 97 mg/Lollth pHE Wit 7.9019 6¢

TTHE 9974 8.0 oS YEhl= T

wAe] =L 20087 Hawg w Ao s}
o pH, F22F-a7t g v X

A AT

< 69+HE 10¥
~15

5.3 mg/L, Hif

-y
iy
©
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T 20080 HiF 154 mg/m ol A 20094

0 mg/m'= °FFF vrolx o} A defel del 4
Hi =57} 246 mg/mE "9 =4 e
L EEREda 7t 7Y Eokd 22 g ®
325 mg/m', 1 HE o]o] 9¥ 23.7 mg/m’
71535tk pH Al 87004 81& FHad)

F=lJ

oﬁLFE&EMlOo&.@MQGO}F

2009l o] ZFAo] ok7k 743 AL 7
Aori & 4 99tk COD:= it 6.2 mg
2 38R 7|EoR e THS
EfWlar o9 s49kgte] FR22 a9k fAFgH
FE Atk vk BEE 8¢ 84 melL, 9¢¥

7 mg/lL, 4¥ 6.2 mg/L <O 2 JEFGE 2 Ak

/\éé@\_ ol A A A~ = ok ]o)lA A A0 T

(No] 3] M =& 1.026 mg/l, POPE
A 0013 mg/lL® Aajel wlmaste] oFgkA
nastgon, 794 A 2o erE e
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Fig. 3. chlorophyll-a changes in the reservoir
water in 2008~20009.

el oo

Fig. 4. pH changes in the reservoir water
in 2008~2009.
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Fig. 5. Changes in water quality in 2009 (COD
and chl-a in the reservoir water).

Fig. 6. Changes in water quality in 2009
(Nitrogen and PO4-P).
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i

A3 Fa Aol

A EEFE
108 Z2x7hA dZEEAT 5
o

iy
K

=

B

-{E o,
il

pul

Z <l Asterionella’} 7=
Microcystis”} Z&3}7] Al 75}'8]—23\24
Ao BaEA grivt 8Y &

AMAF7F vAl S74ek7] Al 4% Ak =
TAZ o] F7] wjio AG Alo] HAr}
Hol Ak 9¥ FTEHH & M B
NAF7 BFE QT 108 25704 LR

T3l GxFe £H/E OscillatoriaZt 7/

(o rlrjgmréii

e - °’

o]F¢lom Z+E Microcystise} Anabaena”}
AstATh 1 o]F JFxF<  Aulacoseira’}
Elrom 11958 AMAGT 2 Fo] dA3]
Eaye BEa

A FR oA HEE FHFFS Microcystis



wesenbergii, Microcystis aeruginosa, Oscillatoria

limnetica, Anabaena 5°]¢l3 99 S o] %o

rr

= Anabaena 2 Oscillatoria’} $A3sl= SS

welt
33 EXMY =St 24

252 16S rRNA gene #=E2 98] CYA
108F, CYA 16SCYR primerZ o]&3}lo] 1200
bpe] Eol#<l PCR AtES AUTE Hx7{9
16S DNA:= 317 5 2770 AlgelA AHEH]
87%%] H=&2S Btk Fx79 16S rDNA
7F AE" A=Al multiplex PCReoll  <]sh
Microcystis®] 16S rRNA(230 bp), mcyD (298
bp) gene, mcyB (355 bp) geneo] 1§ 73} o]
Az HE=FHA 28y microcystinse]
mcyB gene2> 16707+ A Z=% o] meyDe} mcyB
genec] & FS 7k Ao® eyt

Fig. 7 Multiplex PCR result for detection of
toxic Microcystis and microcystins biosynthesis
genes in reservoir Gwanggyo.

3.4. MlA|ZF PCR

2A17F PCRS E3l 2008~20094 467] A&

o3 Microcystis 16S rDNA2} mcyD -4 =}
= AHEEA . 19 83 o] Standard
curve:= (2~8) logw copiese] Hlol A H A&
zk31 R*=0.990] 4o 91t} HES melting curve

i
A3} v 5ol JAbzo] AAYHA F5s &

S S
Sk

AA mpo]ARA 2B 20X B4 FAARE
H| &S UEhfE MIC/meyDe] Hl:= 20084
= Fat 208 (25 ~ 664 H9]), 20093 =

It 5708 (40 ~ 3,0008] He)=E Hdd=HT A
Al Microcystisoll A1 =78 A&7 2pA]8f+= H]
o] 4 UHA vEyith

45
40 |
35 |
30 |
25 |
20 |
15 |
10 |
5L
0 . . . . . .

1 2 3 4 5 6 7 8

Ct

y = -3.7386x +45.564
R =0.9936

Log,, copies

Fig. 8 Real-time PCR Standard curve.

<l

Microcystis®} =4 FAAES HAE3H7] 93
multiplex PCR A3 Z%#F° 16S rDNAT 31
N T 2170 AlEAAAM HEEHO 8% HEE
S BT 28y microcystins®] mcyD gene
277), mcyB gened 167]WF FHEF o] mcyDe}
mcyB gene®| A=&°] A= HEA YEY F
TR BAE Hele A Ee AR gkt

A AIZF PCRS E3 @A Microcystisoll A =
A FAATE AA Bk vl Eo] HEA YEhvs

0
1

wX| g

[

T LMD S RHEx0l HY

Ml
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SMEl - RFA - ASE - Gael - 4HT - A20}- B#5E - H2Y - HEY
AR

Characteristics of Ecological Toxicity in the Industrial Wastewater Effluent

Sun-Min Hwang, Jung-Sik Woo, Bok-Jun Kim, Chan-Won Hwang,
Hyun-Gu Park, Eun-Ah Kim, Song-Hee Han, Woo-Kyong Nam and Seung-Seok Choi
Water Quality Conservation Team

Abstract : In this study, acute 24h toxicity tests with wastewater of 7 industrial facilities were investigated using
Daphnia magna. The facilities belong to 3 industrial classifications(i.e. wood pulp - paper and paper
products(WPP), semiconductor and electronic components(SEC) and public sewage and wastewater treatment
plant(PSW)) among 35 industrial classifications to be regulated ecological toxicity management system in Korea
from 2011. Toxicities were shown 0 TU in most case of 2 facilities of WPP and 3 of SEC. The results were
satisfied with Permissible Wastewater Discharge Standards of Korea concerning ecological toxicity well. 1 of
PSW met with satisfaction to standard but another one didn't meet. Excess values were 1.8 and 4.9 TU higher
than 1 TU of standard. It was a result of using of sodium hypochlorite to disinfect the wastewater. Disinfection
was caused by total coliform because it was included in Standards of Korea. Disinfectant should be reduced as
part of an effort to improve the flea toxicity and satisfy the disinfection of coliform.

Key Words : Ecological toxicity, Daphnia magna, Permissible Wastewater Discharge Standards

2% : YA WS EE T PFF Dol EFE v FRe FBde] YRAC VAL 54 o
1

Fe LAk, 2 JF A=l wet A wiEdS desy] s 2011dRE S wiEsddA s

ZE AldEn A AR Al weh AESY WEsErles Tadler He A=W g A
A F 2010d TFAE AREE dEiEE 2,000 mYY ol ded AR TAE BE - Fo] U FolAlF Al
=, BHEA Y V8 AARE AE, FeskeAAdR Gre] FRLATHARYE e Euss o
& HA4 SANEHER 7 AT Ao wMEs LT T oF 2 AUEEY gAF oA wlasha,
FATA ARE AT AR FEES oY, W2 85 g 2 24 Ve Sud =9 sk 2
E - Fol B FolAE Axdn 27)aet WEA R U AR AxYL he 27t 339 54AE
A iR 0 TUR AESA 7Es UE e & F4E 07 TUR AEsdae]Alzel divlsi
e Ao ZAEAY. gestT AL 2704 T Ulas lEs S i ynA] Ulas F 339
Ag F 28d A AuHE4 VI 1 TUS 2949 183 49 TUR yehdth o= & v & 71+
FoETTE W] sk A Aokt U Fld] ZIIg Ao s Holw AjHE Sleiil T
o] 7IEd AHEAY VEs wEs TR £5FS Folof @ Ao ARdn

AT MEISY HESH TAT

125

el oo



o
%

=
o

14

AL 0] A
boE A

pul

A

stA
K

o] A& AAA,
T o
Z

o eln}
]

5]

[€)

-

}

ol Z7] wjiEe] oW 717k ofe] 7HA|
A -2 etl A

of za, A7

X
=

= 2

=

=

e &
27} o] Folx Al g}

9

1

R
1l

1. M

Ay e =

R
R

o)
AR

BT AEA o R A
olyze}l o]& slstEdo] FAEHAZ Hj

et 4

N

o] of -

ool

0

Hr

jze)

Mo
o)

oo

el

i
all

28

2671 20|

=
o

v 5
PAL olakeg o

=

9

4 = At
V=TS

o A

==

(¢) =

Zhell wtet @dFE AHE

E

A A

)

)

7K
7o

Mo
ofp

ol

bol % 7bA ol ge] 4

S

!

!
G

el
M
M

0

Hr

A

20023 €] A E)

F8 AAT Abdzab

RS

%]
=

==

[}

e

1

107 =rolm, A= A&

") A )

=
o

e

==

[¢)

L
L

=7}
SER

el
o
;OH
Mo

T

Y

o

ol

kel M=

i

1)
-

ﬁo
B

%

)

o

126

ol s stetEde welst AH=sdAE

=
=

sl

K

=5 =

At

ot olol wet 7t A\ xpAle) W

AA =

5] 4] o

w3 AR v

)

Hlo

ﬁo
W

o

el

Nooo WU LT

=
=
| =

178
3

o
A

T 13]

]

A

(s}
30471 2~

ofo] & ATolM= B7I=W AH=

Shvl, oA 4

(e}
Z 2011 A7 A EEE

2F 2,000 m¥Y o]

shofo

S

Al

S A
= =
Ll

3

ks
=4

A

3

Aol oA WEAde o
A

}

21
=

fLN

B

-
Tl

S

1871

I}

R

(‘07. 12. 28)

Mol wEw A5y vE
A A

=

TAEA B

7] &S 2 A

=i
=
RUN

Pl R 1 2% AR
1=}

=
=

2]
o

P
T

474 A

3

pul
I

9

)

%
2011

S| ;(6]
°]

A

=
Al#to = 20121 3-4-5

o A8

Al A 2007-147%) Hlar

.

o

e
Kol
=
s}

=

%

oo

el

W

il

LIEE E P E R

=

sk

el
z]t

ol

I

o
o

Atodgt 221

L

R

et ©]

(<3}
2009



ol s A7 1% AE & 2X -
o] g FolAF Az, Ww=A % 7]Et AR
E Az 747 2902, 3 &% sl o)
A el He TEaksAdAd 2aE
o= deuEAdes 3 @ Aoz 7}
33, & 2139 WHFE AF skl Luk o3
A @ 8 wuE {454 AdE 7Y
k3l

Table 1. Sample name and industrial classification
of this investigation

Sample Industrial Toxicity
Name Classification Standard(TU)
WPPL |\wood Pulp, Paper and Paper 2

WPP2 Products 2

SEC1 1

SEC2 Semiconductor and Electronic 1

Components
SEC3 2
pswi | Public Sewage and Waste 1
Water

PSW2 Treatment Plant !

ANEE WdEE ewnsta w4 0 7%
WAgR @4 TColshstg e AlsAH & 364
boollel SAARS AAEAT o] a4
14 % pH, DO, EC, BOD, COD, SS, T-P,
T-N, Cd, Cr, Cr*®, As, Hg, Cu, Mn, Zn, Cr &
Felr +R0AFANA/|2EAR, 2008), 7
Ev Heerd ed e gAId (845, 2007),
odZe == ¥F A3 E(Standard  method)? S
gk,

>,
i)
=
>
>
oo
rot
i
=
A
flo
O
QD
o)
0
=)
QD
3
QD
«
>
QD
u

-kirchneriella subcapitataZ (6~10)x10" cells/mL
2 A AFS FYst] 285 A
Ao 3ol 1 LY 2~6 mL/dayS 35332
o w2 Bz Holel YCT 2 1 LY 04~12
mL/dayZ F538tAdth sx2F+ JF@C) »it
3t 10¥ o2 HI AMEF I YCT+= 50
mL¥ ol s Byl om ARE Al dlE
sto] W ®yket 109 oy ARE-SEAA
Daphnia magna:= 3%k 3 o I o]
7F & - 7FEolwk A7 9] 56%7FA] A O E)
oqum FAL 2 A7), & F74, 55 " ¢
thele] o]z A FRAGY. gAL
o] o= Wt eHephippia)= AAts}

ttﬂ o]T‘:_ o LT o 7HXﬂm‘: HH/\—I

4 ada g2l 29 Sol e ol
SAANEE AT 25 o) ¢

ol 24x]3km) ko] of el

el Ae E4AEE A
Hj kel Aot ol& 18|
3] mgsto] Fa ojw] 4] A
g 10vhe] d F= 53

:

Lﬂ%ﬂ

3. &3t ¥ &

31 Hx - 0| ¥ FOIME Hx=YE 54
& 2H(WPP)

WPPAE2] =2 A¥+= Fig. 1 % Table 13}
Zo. WPP1e 7§ CODY} 28.9, 733 181l
431 mog/L= SAE oW, AEEAL 13]419
207 283 YA 2, 38|24 0 TUZ A
2o AL HolA Fdrh &I =T
735.0,
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Fig. 1. Water quality of wood pulp, paper and paper products(WPP) concerning physicochemical

analysis.

*EC, Hardness and Alkalinity were reduced by 100 times for easier viewing.

Table 1. Water quality of wood pulp, paper and paper products(WPP) concerning heavy metals

and toxicity
WPP1 WPP2
Sampling First Second Third First Second Third
Cd(mg/L) ND ND ND ND ND ND
Cr®(mg/L) ND ND ND ND ND ND
As(mg/L) ND ND ND ND ND ND
Hg(mg/L) ND ND ND ND ND ND
Cu(mg/L) ND 0.052 0.030 ND ND 0.023
Mn(mg/L) 0.093 0.466 0.204 0.086 0.056 0.125
Zn(mg/L) 0.121 0.103 0.128 0.057 0.128 0.118
Cr(mg/L) ND ND ND ND ND ND
Fe(mg/L) 0.333 0.229 0.668 0.060 0.065 0.137
ECso(%) >100 >100 >100 >100 >100 >100
TU 0.7 0 0.2 0 0 0
869.0 ¥ 1,132.0 mg CaCOs/LZE FZ 2 F7dA| A a7t FAgulEE 2,000 mYY o] el ot
7)ol A AAIE 160~180 mg CaCOs/LE °F BOGAR Ha Adstd wiEs &)l A8
4~6H] Z ISR o EHFS ol &3 AHSA ofx skar wF AE=Ad weA= Aldged o
of mAl= G AT T5%2 Cu, Mn, Zn Hlalal o= A= AlsHnt

2 Feol =
A gttt WPP2E T-N#t T-PE Al9jdht 5
&< Egste] BF WPPLY| HlE] vre Fhs
e A gk w3 0 TU (ECs >
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Fig. 2. Water quality of semiconductor and electronic components(SEC) concerning physicochemical

analysis.

*EC, Hardness and Alkalinity were reduced by 100 times for easier viewing.

Table 2. Water quality of semiconductor and electronic components(SEC) concerning heavy metals

and toxicity
SEC1 SEC2 SEC3
Sampling First Second Third First Second Third First Second Third
Cd(mg/L) ND ND ND ND ND ND ND ND ND
Cr'®(mg/L) ND ND ND ND ND ND ND ND ND
As(mg/L) ND ND ND ND ND ND ND ND ND
Hg(mg/L) ND ND ND ND ND ND ND ND ND
Cu(mg/L) ND 0.010 ND ND 0.008 ND 0.075 0.093 0.085
Mn(mg/L) 0.262 0.037 0.032 ND 0.005 0.006 0.139 0.138 0.096
Zn(mg/L) 0.078 0.141 0.091 0.123 0.128 0.095 0.129 0.139 0.079
Cr(mg/L) 0.012 ND ND ND ND ND ND ND ND
Fe(mg/L) 0.062 0.155 0.066 0.052 0.103 0.048 0.061 0.083 0.055
ECs0(%) >100 >100 >100 >100 >100 >100 >100 >100 >100
TU 0 0 0 0 0 0 0.3 0.2 0
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Fig. 3. Water quality of public sewage and waste water treatment plant(PSW) concerning

physicochemical analysis.

*EC, Hardness and Alkalinity were reduced by 100 times for easier viewing.

Table 3. Water quality of public sewage and waste water treatment plant(PSW) concerning heavy

metals and toxicity

PST1 PST2

Sampling First Second Third First Second Third
Cd(mg/L) ND ND ND ND ND ND
Cr'®(mg/L) ND ND ND ND ND ND
As(mg/L) ND ND ND ND ND ND
Hg(mg/L) ND ND ND ND ND ND
Cu(mg/L) ND ND 0.017 0.018 0.017 0.042
Mn(mg/L) 0.034 0.034 0.103 0.251 0.240 0.231
Zn(mg/L) 0.170 0.115 0.123 0.182 0.193 0.247
Cr(mg/L) ND ND ND ND ND ND
Fe(mg/L) ND 0.084 0.090 0.148 0.110 0.160

ECso(%) >100 55.7 20.3 >100 >100 >100

TU 0 1.8 4.9 0 0 0

o) & o] Fio] PSW27F PSWIHTE H|Z=E}A
v A"el =A yEth 538 EC, BOD ¥
i CODE 33 yio=® Wk uw o 3uf A
= PSW29] X7} ol AxA =43 {7
o B Bo] 29 Hol dFE & F AU F
=4 Fo= Cu, Mn, Zn ¥ Feo] 7= =
bl o] w3d PSW27F PSWie] HE| tha =

WE S FeA el g Aol

AR hEw AFREs§E F U
g wEeoF st W 2 FFeLALA
e #AYEH F A4 BadH £%
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The Study on Filtering Process used for 2nd advanced treatment of sewage

Tai-keuk Kim, Dong-Han Kang, Jong-Su Kim, Bo-Youn Kweon, Young-Ho Jang
Water Chemistry Team

Abstract : Among the several kinds of process which is used to additional treatment of biologically oxidized
water Physical filter and biological filter system is generally adapted to sewage reuse field. This study was
fulfilled to evaluate the applicability of treated sewage to river maintenance water. Physical and Biological Filter's
pollutants removing characteristics were analyzed in full scale plant. We focused on nonbiodegradable material
removing characteristics and to find out alternative process to remove within water conservation zone. Biological
Filter's removing efficiency is higher than Physical Filter at BODs 26.6%, CBOD 51.8% and shows more stable
effluent concentration when inflow fluctuation is hourly varied. Whereas, indirect criteria of organic material such
as TOC, DOC, SUVA254 is not significantly different Physical and Biological filter. In case of SUVA254,
difference between two type Filter is very small. SUVA254 of biological filter is 2.2m™/mg/L and Physical Filter
is 2.2m*/mg/L. We find out that SUVA254 is lower than 3m™/mg/L, and this imply that nonbiodegradable
material is nonhumic, hydrophilic, nonaromatic and lower molecular substance. In case, large plant is located
within water conservation zone, we should adopt additional treatment process like AOP(Advanced Oxidation
Process). Because filter process cannot remove DOC which is assumed to disinfection byproduct's cause material

Key Word : SUVA254, River maintenance water, AOP, DOC

9 : AEIA 3l F ud EH 35E AolE HHo=m 23
Physical Filter2} Biological Filter /\]’\ Hol REHoz HLxq gl # Ao AAZ 4 59
A2 ol A Filter Fefoll W& 2AEH AA 5 r 5
Ark. 53], AARAE Fag %%éﬁ*é 4
AA strAgge] HE S Ak Bg s
o1+ A3} Biological Filter7} Physical Filterol] ®]3] BODs, CBOD Zﬂﬂ &0 27 26.6%2} 51.8%= A
e o Az 99 fFF HEdAE Ao oR ot A FHS YEhddTh jiE GEEAd frrlEe] 1t
H A 3% TOC, DOC, SUVA254 A4 & &2 Biological Filtere} Physical Filtero| Al & k3l 259] x}o]
= UEbbA @9kth. 58], SUVA254% Physical Filtere]l A1 2.1m™/mg/L, Biological Filterell 4] 2.2m™/mg/L = A]
o3 whek 2lol= §llth SUVA2547F 3m™Ymg/L ©]3t2A] Nonhumic 2, 54 54, vlaEE24, A
] Aoz FAHrh B3 Filter ¥AHCRZE 253489 d4EZ2Q DOC 5 AAG Y

* 2
oele He AARY UEFe AFHsTt F5A AR BRY Aol AP FH F& Fhdok @
=

FH0o : SUVA254, f-#]84, AOP, DOC
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Table 2.2 Status of foreign country water reuse

(unit : %)
Japan USA. Singa- Israel | Kuwait
Florida pore
15 52 6.7 10 15

o] BhAFERE ookE Holz Ity a g
GEA §71EHo EHE v thdEla
Q) Ao A

H
UVass, SUVA: 5o 43t dEslid 7]

=9 545 dotele= WHo] YubAom o]
dh. 53], SUVA=: @t fF71E9] 742l
A4S YehgET®. SUVA7E 45 mYmglL

gl DOC A& humic E23 AFA
o] wom WMIFLEAY uFAF AES Bol
&4stch, Wbl SUVAZE 3m Ymg/L DOC ©] 3}
¢l ZA¢= AhZE o Z nonhumic &3 34
A, NgEE, AR4d el we 53
< Helt
Table 2.3 The changes of target pollutants
general interest newly interest
BOD, COD, SS, T-N, VOC, antibiotics,
T-P, E. Coli, NO3-N endocrine disrupter
Aggid 24 o ddd 2 2
table 2.49 o] ZALE oW, HdFA A
2 9dEZHQ SS, BODE Ry, &7, &
A 5ol AL B3 sk FFo P
TStk 2y el fole, olekE, @
BEEE T SHRAY B dAEES 2
<, By e 99 FAo] FAEAY ¢
o 34S x¥ate 7lEe] aTAT.

Table 2.4 Pollutant removing process

pollutants type process

SS filtration sand filter

BOD. COD. ads.orpt.lon, carbon,

TOC oxidation, 0s;, UV,

general filtration membrane
i . . nitrification
Interest . bio-chemical de C% °
nutrients o coagulation

filtration

revVerse oSmosis

. disinfection, | Chlorine, UV,
bacteria

filtration Membrane
VOC, .
antibiotics adsorption, carbon
endocrine-, oxidation, 0s, UV
newly disrunt filtration reverse 0smosis
interest ISrupter
dissolved- . .
. filtration membrane
material

srXElT Mo|ES 2t o= 4 o
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Table 3.1 Comparison of fiter process type

Filter

Characteristics
type

- pollutants removing process is sieving work
Phy- - effective land use

- rapid stabilization after operation

- cost-reduction

- low effectivity(except SS)

sical

- additional removing of nitrogen
(nitrification and denitrification)

Biolo-| - need large land

gical | - slow stabilization after operation

- installation cost is expensive

- stable removing of particle

B AFdAM = AR 5E4S
A A7 =] aAe st A Y F
o7t FAHoR T FA FFA A
physical filtero2 27 591 &2
S o AR gl

A o] Aead W
= Fpotate] o3} A

< Plaskl

@
i)
Y ol od Womr R

ok, L ox o

20094 ZTAtoiE E

T 2F3} - (Oxidation ditch) &Ho 2
<ol o, AT FHYUA =Y
of bz "ot whES 918 biological filter
S F7F=2 A X33}l Biological filtere] =<l
S table 3.29} Zo] FAlEJQoH, FAHARAE
+ Fig. 3.10] ®o] A= npe} o] HFH A
TE U HEZE o]&ste] AEAHxEE
S|

A= TR AR EAT

S FRel A A s AHYEE F
<
[}

Table 2.6 Design parameter of biological filter

ltem Pumping | Denitrification | Oxidation
Basin Basin Basin
15~30 0.6~1.5 0.4~0.8

HRT | (min) (hour) (hour)

Fig. 3.1 schematic diagram of biological process

312 22| o{2e} 33
M FA el S B At
A2/0 ¥l <l B3(Bio-Best Bacillus
THoRE 9 T AoH, HAFE i
Aol orHA FAS 98] physical filter<
T4 AP table 3.3%
= Fig. 329 o] XAl

Table 3.3 Design parameter of physical filter

pore ; head back

size material loss washing
1~3% of influent

104m P.E. 15~25mmH Weter




Fig. 3.2 Schematic diagram of Physical process

B2 (pore size 18um)S o] &3 physical
filter= FF&4do] 24 @47] Wi

waog LAY, Bod WAE I As
AMH Al gl A7) 8 AAgS Walst

= Qow 2AEAT
3.2. B

ol T oiFEde] AAEES Al 3
7betan A 54& ARtaAk A B &k A
27 o A - FdelA 1579 Tk Wi g
A sdd ARkl st5 Algrske] BODs,
SS, T-N, T-P, SUVAzs &

T 1L T AR B
at7] sl s A7

717k AAehe] i A

=
N
i
o
o
>
> -
ol
o,
s
_>|'j_'4

stglom A WH 7)7)
Table 3.13 #t} DOC =%HL GF/IC o]#]
F3938 A 85 TOC EAwwlel uwel 39
| BODs¢} NBODE =7#3l7] <&l BODs
&= HikgdAAls  FdskA &g
D Aol HAAs  AAAA  aryl
thioureaZ 1 mg/l T2 T3] nuAddS
39l o, CBODE BODsoll 4 NBODZ #}7}3}
Zoz Aolsttt T-N& 7l=F-tE 3 Z
Hoz Jbgtiale HadAAE oA A

2 9% oh 550 nmelA 32 st

Z >
z m(; o e rr
otl

=

TPE 71888 el Qg sl Foshol
QY FEE ABAZ T FHWNGR
wib sl 44 BYBUAGRES of
smENoR Fste] AR Felnail
5% 800 nm PN FYEE FHse] 3
Fatsch.

Table 3.1 Analysis method

Items | unit analytical method and instruments

TN-continuous monitoring method,
BLTEC(AACS_V)

TP-Continuous

T-N | mg/L

monitoring

T-P I mO/L |\ rethod, BLTEC(AACS. V)
Combustion/non-dispersive infrared

TOC ma/L 1928 analysis method

ooc)| M= [(Toc analyzer, model TOC-5000,
SHIMADZU)

UVass | cm™ |UV-spectrophotometer

Standard Method 20th,

BOD | mg/L biochemical oxygen demand

4, Za} 9 paEt

41. 4248 HEefW XHal+=E 54

411 RI1M8 23

2 AN F714 EEY HUtddeR
BODs, CBOD, NBOD, SS &H o2 ZAAs
o
Az H {718 EHY AA 5S4
table 4.13} o] ZALE o™, BODs Al ASE
< biological filter 3% o] physical filter 3 %]l
Hl el 26.6% =A UEtEth 53], A7t 7t
=%k CBOD A|7 &-&-2 biological filter’} 51.8%
=A YEtstth oleldt A A= biological
filter -8 X% HFoAA o F-2 A2 et=
nAEe] 4kst #go] &ts] dE o
vhekE o

b NBOD Al A &-&-<2 physical filter &7
o] 22% = YEeRT o= AAkst EhH o}
Z 50| physical filtere] ANAEF #g&o= i
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T olFEo] BODs Al 7I13F < 3G Ul = ZAHE9le, Biological filter 57 2] SS &
NHs-N7} =8k kst gkg-o] A== A F 2t =& R AT
o= yodn. f-vete] BODs BHT T4 71 Ed dig AAELS 459 o
7]5o] CBOD9} NBODZS W& ¥l &2 SA S T A3 Fig. 413 Zo] FALH
o] A physical filter & 74> NBODZ A7 &= Qow F FFH BT SS9 NBOD dEo| wj
FaES kel @ F S Aoz Aok, $- <t A<l Patterng HolFa k. WA,
ol FAW SS FEo I AAZTES physical filter& ol A== CBOD 3&}&Zo]x FA
physical filter, biological filter 2-7d X5 A uj HE71 035l RV E7HehE dAS UE
T =2 AA 285 YEddTh o3 A Wl o]2ldk 921S physical filter 3742 <
5 FHFWRTe SS FX  physical Ailter, A oA A Ee et e ¢

biological filter 373 2}z 0.46 mg/L, 0.16 mg/L 3 Aoz FALL

Table 4.1 Analysis data of organic type pollutants in physical filter & biological filter process

(unit : mg/L)
BOD:s CBOD NBOD SS
Items in out (%) in out (%) in out (%) in out (%)
Physical ave 3.7 21 | 438 2.0 1.7 16.3 1.7 0.4 772 | 198 | 046 | 76.8
STDEV | 0.12 | 0.32 - 0.47 | 0.43 - 0.49 | 0.26 - 0.51 | 0.28 -
Biological ave 142 | 042 | 704 | 0.94 0.3 68.1 | 048 | 0.12 | 750 | 1.62 | 0.16 | 90.1
STDEV | 04 0.1 - 0.33 | 0.12 - 0.22 | 0.04 - 0.56 | 0.05 -

Physical filter \ Biological filter

Fig. 4.1. Removal characteristics of organic type pollutants in physical filter & biological filter process.
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412 YEINH &

o ATolM e dEEAAd 2] 1 A xR G =4l gk AASAES dFYzt
A TOC, DOC, SUVAxE ZA3tdth o A&KAdS Fad A Fig 429 2o x4}
A sl =4l tE Al A &S S table How, = FTF EF AAZEe] vnd
420 YvEbd A3 o] FoF R FES ¢ Aoz FAHAY. ol AF A=
old Aoz Futdt} thyh, biological filter & AFEAL o]g3 4 U WEHAH EA A
d2 physical filter 2-d<] TOC A AZ&°] (-) A dHdHez oy Aoz Auyn, W
ol Ao wlE 3.1% A= AAYE= Aoz Y el EAS AAS7] 9siA = biological
Eluton, DOC, UV254, SUVAz, oA m filter 3-78¢] 4% AFA17HS 20 o] S
°F g4 patterne Holi = HAoE ALY stAY anx4kst ¥ =9 5 diFe] Zash
ATt Ao ekt
Table 4.2 Analysis data of non-biodegradable in physical filter & biological filter process

(unit : mg/L)
ltems TOC DoC UVass SUVAs,
in out %) in out %) in out (%) in out (%)
Physical ave 41 42 | (-)2.7 | 4.045 | 3962 | 2.1 |0.086|0.085| 0.9 | 2118 |2.148| 76.8
STDEV | 0.20 | 0.24 - 0.14 | 0.20 - 0.00 | 0.003 - 0.038 | 0.048 -
Biological ave 3.18 | 3.08 31 311 | 3.03 2.7 |0.073|0.069| 51 |2338|2.286| 90.1
STDEV | 0.13 | 0.14 - 0.10 | 0.11 - 0.002 | 0.001 - 0.02 | 0.05 -

Physical Filter Biological Filter

Fig. 4.2 Removal characteristic of non-biodegradable type pollutants in physical filter & biological filter
process.
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Table 4.3 Analysis results of nutrients in physical
filter & biological filter process

(unit : mg/L)
T-N T-P
Items
in out | (%) in out (%)
ave. | 76 | 76 | 0.5 | 0555 | 0532 | 4.1
Physical
STDV | 1.31 | 1.30 012 | 0.15
ave. | 456|440 | 34| 073 | 070 | 45
Biological
STDV | 1.39 | 1.41 0.07 | 0.08

Physical Filter

Biological Filter

Fig. 4.3 Removal characteristics of nutrients in physical filter & biological filter process.
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FE o AES meln glom, A S5
g ok Hat AY Azl BEHFFL 43
F3 Qe Ao 2AHA. A H5HI P
e SHe AFH AFerel 4L U
Bl Aow whaE,

5 A PR fEe SArdeg vl

AW ARAL Fgle]l FAF AW 1
ol Q. ol Aol AL sFol
7] WEeln, 37 FlE F9 fruel o, &
of upeh vl FAAAE e A AFAIr]
Aolge noFi Aoz weka

Physical Filter

|

Biological Filter

Fig. 4.4 Fluctuation characteristics of Flow.
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Table 4.4 Fluctuation test results of SS, T-N and T-P

B 2HEHZHTH

(unit : mg/L)
Physical filter Biological filter
Items SS T-N T-P SS T-N T-P

in out in out in out in out in out in out

Ave. 3.1 0.8 6.939 | 7.583 | 0.809 | 0.781 2.1 0.4 6.728 | 6.215 | 0.537 | 0.503
Max. 41 13 7.566 | 8.694 | 0.912 | 0.858 43 1.0 7.311 | 6.588 | 0.636 | 0.549
Min. 1.7 0.3 5.457 | 6.063 | 0.681 | 0.651 1.0 0.2 6.243 | 5.256 | 0.462 | 0.429
Variance 0.30 0.09 | 0.495 | 0.635 | 0.003 | 0.004 0.8 0.0 6.243 | 5.256 | 0.462 | 0.429
STDEV 0.55 0.30 | 0.703 | 0.797 | 0.058 | 0.063 0.9 0.2 1.200 | 1.300 | 1.400 | 1.300

Physical Filter ‘ Biological Filter
Fig. 4.5. Fluctuation characteristics of pollutants concentration.
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#dol YEhhA ergkek ssel A9 HAFIA OE gol 2 4 Aok AL eves A
Z FETY AU R ¥WE Fo] Flo o2 grap samplinge] 2 tixAde IHAE
U o#ggdE Sg 22 physical Ailter, UEbdt . e 9kE T-N, T-PE o] 7
biological filter &% 77} 1.3 mg/L, 1.0 mg/L?] ol Fwek FHstA F A Y Ay
st hgAo® FAHAT. e HAdl v Tl 9Fs e AR YEht A T Alg
Lo HA Tl H|:= physical filter, biological Ao wE gFgo] AA Y%= o= FHut
filter &7 Z+7+ 4.3} 5002 A|HOIRE = =2 2=
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H]3] SS, BODs, CBOD A A& &°] =i, A
A g sl gk S48kl A
Al b S e
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= O O
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W
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Water quality status of public drinking water facilities in Gyeonggi-do

Jin-Kyoung Lee, Moon-Jeong Kim, Yang-Hee Choi, Se-Kyang Kim,
Ji-Young Kyung, Eun-Ah Jang, Gyun-Hee Kim
Drinking water analysis team

Abstract : In this study, a investigation on water quality status including looking over the causes of
disqualification, water quality variation over the seasons, qualification rate with items and mineral contents was
performed on 22 public drinking water facilities in the southern Gyeonggi-do. 9 out of 22 facilities had no
disqualification, while 13 facilities had more than one disqualification. The disqualification by microbiological
items occupied 80.5 % of the total, which meant sanitation was the priority in maintaining the facility.

51.2 % of total disqualification occurred in the rainy season, July, which indicated special management was
needed in that season and a disinfection device was required to prevent microbial contamination. Organic matter,
VOCs, pesticides and heavy metal were not detected or trace. It seemed to be unnecessary to discuss the
mineral contents in the natural water fountain because mineral intake from the drinking water was thought to be
relatively small compared to food. In conclusion, it was necessary to develop a testing method to discriminate
harmful or harmless microorganisms for the alternative measure.

Key words : Public drinking water facility, Water quality management for natural water fountain, Mineral,
Sodium, Potassium, Magnesium, Calcium
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GC-ECD/ 6890A(Agilent)S o] -&3lo] dAA4A
71313 d 2A], ICP/MASS(Agilent 7500) % &
TA71E o] §ste] FHE 4], Dx-600 (DIONEX,
USA)E col&ste]l wiuz 4 35 &4,
ICS-3000(DIONEX)E ©]§-3lo] So]2 &S
&)
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Fol olste] £AAAE AN AT

31 FHE g5

311 =g &= Huw
Table. 2= FA43 &
2271 kY 5
Aol =Y, T F
Al 47N, F oo 1770
N, g% 67, ¢Fvw 27| = eyt

Table. 2 Disqualified items

Section March May July September
J TCGB, TCG
\Y Tb TCG, FC
TCGB
L TCG, FC
N Th Th
R TCG, FC,
Th, AL
U TCG, FC | TCG, FC
F TCGB, TCG TCG TCG, FC
G TCG TCG, FC, | TCG, FC, TCG, FC
Th, AL Th
K TCG TCGB, FC
P TCG, FC
B TCG, FC
S TCG

% TCGB : Total Colonies General Bacteria,
TCG : Total Coliform Group,
FC : Fecal Colifoms,
Tb : Turbidity AL : Aluminum

= 1 Ll R!
, B, S °FFE 73, FH O FAYES V, N, U,
K eF5E 43, Al W RATE F okE 13,
a8 B RAGe GFEHRE Ueh) 24
& RE7F =S & HoFa Qth
ARbAl, T, BAAAG T 5 vl
BEol @ RHFL AN FH F BAR
805 %E UEU I e AAHSRE WAE L
Aol olg FAFe] YrEe AHetn Yrks
A% @A & Atk olE ofsE FHol F
W OEY 9 84094 Dt Ae v
W Aoz AEFe} e Fo) 4E o
W2 AHgsta Joks AL dehlsE g
. W4 Times,
D?’lglg?::’ 1 point,
5% 5%
@ Otime,
02 Times, 9 points,
4 points, 40%
18%
M 1Time,
7 points,
32%
Fig. 1. Number of disqualification.
312 &7 ¥ 27| Hm
H May
17%
O July
51%
@ March
17%
[JSeptembe
r

Fig. 2. Disqualification rate with month
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Table. 3 Average contents with facility

unit : mg/L
TH | Pm | zn | Al | CI' | TS [NOsN| Tb |SO/s
(300) | (10) | (3) | (0.2) |(250) | (500) | (10) |(INTU)|(200)
31.45 0.005 2751499 | 14 | 0.170 | 5.00
25.48 |0.600/0.214| 0.08 | 2.25 | 39.0 | 0.1 | 0.361 | 8.75
20.60 0.286 3.75 | 32.9 | 2.025 | 0.069 | 7.33
48.60 |0.350(0.006 | 0.03 | 5.75 | 65.6 | 2.625 | 0.130 | 6.25
100.40 0.135| 0.03 | 4.00 |123.0| 1.4 | 0.165 | 17.5
22.65(0.385/0.011| 0.05 | 2.75 | 37.8 | 0.375 | 0.103 | 5.25
23.78 |1.410/0.179| 0.07 | 4.25 | 446 | 2.25 | 0.612 | 3.75
26.65 |1.130/0.143 3.25 | 455 | 2525 | 0.126 | 3.25
7.45 0.281 1.00 | 10.5 | 0.775 | 0.109
84.40 |1.155| 0.06 7.251122.0| 0.45 | 1.270 | 125
28.25 {3.690/0.005| 0.89 | 2.00 | 49.9 | 2.225 | 1.659 | 6.00
32.60 0.021| 0.03 | 4.50 | 52.0 | 2.35 | 0.284 | 4.50
10.50 {0.425/0.004| 0.02 | 1.67 | 141 | 0.4 | 0.165
17.10 {0.320/0.008| 0.11 | 1.00 | 34.1 | 1.275 | 0.201 | 3.75
26.03 0.009| 0.05 | 4.25 | 52.9 | 1.85 | 0.288 | 9.66
32.05 {0.680|0.103| 0.12 | 4.75 | 55.6 | 3.075 | 1.282 |14.00
56.48 |1.015|0.012| 0.02 | 17.5 |108.0| 4.65 | 0.089 |13.25
15.50 {0.370/0.006| 0.03 | 5.75 | 32.6 | 0.425 | 0.242 | 3.33
129.30|0.530|0.003 4.50 1139.0| 4.525 | 0.103 |17.00
35.03 0.143 4.75 | 67.4 | 2375 | 0.086 | 2.50
28.73 10.925/0.004| 0.17 | 2.00 | 51.7 | 4.65 | 0.308 | 6.25
61.60 |0.6400.207 5.00 | 90.7 | 2.475 | 0.077 |15.67

¥TH : Total Hardness,
Pm : Permanganate Consumptoin value,
TS : Total Solids, Tb : Turbidity

Section
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Fig 4. Na contents with facility.
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Table. 4 Daily allowance of minerals (adult)

. Daily Maximum permissible
Mineral allowance daily dose

Ca 600~700 mg 2,500 mg

Mg 240~320 mg 650~700 mg

K 2,000 mg -
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Water
2.0

11.1 | 11.0

Etc.
2.0

land
1.6
0.3

3.0

Grass | Wet
field

Forest

area

63.2 | 92.8 |364.9| 16.6
11.3 | 16,5 | 65.0

area

use
%
area

Land |Urban| Farm

(km’)

Table 1. Landuse characteristics of this study area
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Fig. 2. Schematic of pathway available for water

movement in SWAT"®.
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Fig. 3. Gyeongan-cheon watershed divided into
127 sub-basin.

(a) Landuse (b) Soil
Fig. 4. Landuse and Soil distribution map at
Gyeongan-cheon watershed.
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OrgP, NHs, NO,, NOs;, MinP)=

9 WERSFE A

Hekste] o

Table 2. Public sewage treatment plant at
Gyeongan basin

STP Position Capacity(m*/d)
Yongin Sub-basin 101 48,000
Opo Sub-basin 70 16,000
Maesan Sub-basin 57 500
Docheok Sub-basin 81 4,000
Gonjiam Sub-basin 38 23,000
Gwangju Sub-basin 21 25,000
Gyeongan Sub-basin 15 40,000
Gwangdong Sub-basin 4 2,250
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Table 3. General simulation targets or tolerances
for model application(daily time step)

Very

good Good Fair Poor

% difference

Water flow <10 10~15 15~25

Sediment <20 20~30 30~45

Nutrient <15 15~25 25~35

Ret

Water flow | 0.90~0.80 | 0.80~0.70 | 0.70~0.60 | 0.60~0.50
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Table 4. List of parameters of water flow
calibration of SWAT model”®***

Variable - Input
name Definition file
ALPHA BF |Baseflow Ahpha factor * gw
CANMX [Maximum canopy storage *hru
Effective hydraulic conductivity in main
CHKQ@) |channel alluvium e
CH-N(2) |Manning's "n" value for the main channel | *.rte
CN2  |SCS Curve Number *mgt
EPCO |Plant uptake compensation factor *.hru
ESCO |Soil evaporation compendation factor *.hru
GW_DELAY |Groundwater delay time * gw
GW_REVAP |Groundwater "revap" coefficient * gw
Threshold depth of water in the shallow
GWQMN aquifer required for return flow to occur *gw
Threshold depth of water in the shallow
REVAPMN aquifer for "revap" to occur W
SOL_AWC |Available water capacity do *.s0l
SOL_K |Saturated hydraulic conductivity *s0l
AAFAE A fH - wgATe
Fig. 59 Uehigich madshy B7be 99
Retr, % diff. 2 O/S ratio AH4 A3, ®A7|7F
(2008)2 Rerr 0.762, % difference 16.78, 1] il
0/S ratiox 1.51°]Atl. A A 7]17H2009)0) A =
Rerr 0.901, % difference 5.86, 12|31 O/S ratio™
087 YERIAT % A - ng Az 5747
7}ﬂmmov“—4ia1aqw1 271 a3
AA A ow A2 FAR A%
& % 4
400 T — 0
R,=0762 [ 90
: Olk;:\fna/t:d % diff = 16.78 | 100
300 4 | lirecllpl:a?lon o5 =151 L 150
’“é F 200
g 200 [ 250
.E‘ r 300
8
r 350
100 A
t 400
t 450
0 — 500

T i e T T
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(a) calibration

Precipitation(mm)

1000 T T ,[|.|||‘ I .||, l. T ©
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800 1 —— Simulated % diff = 5.86 [ 100
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Q
o 4 L
E 600 200
2
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=
>
& 400 A F 300
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200 4 L F 400
0 — T 1 500
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Julian date(2009)
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(b) validation
Fig. 5. Calibration and validation of SWAT
hydrologic component.
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e et vwoorm

B 2HEHZHTH

717t % difference 33.71% “Fair’= 9] ol

AN

S} OfS ratio7} ZF 0.94, 0.98= H=7k3

dgtel A9l AAHE AFE 2L

(Fig. 8).

Table 5. List of parameters for water quality

calibration of SWAT model”®*2*)

Vﬁ;ﬁgle Definition I?ﬁgt
Linear parameter for calculating the
SPCON  |maximum amount of sediment that can be| *.bsn
reentrained during channel sediment routing
Exponent parameter for calculating sediment
SPEXP reentrained iin channel sediment routing *bsn
USLE_P  |USLE equation support practice factor * mgt
CH_EROD |Channel erodability factor *.rte
CH_COV |Channel cover factor *.rte
Peak rate adjustment factor for sediment
PRF routing in the main channel *bsn
RS1 Local algalsettling rate in the reach at 20°C| *.swq
Benthic(sediment) source rate for dissolved| ,
RS2 phosphrous in the reach at 20°C SWg
Benthic source rate for NH4-N in the reach
RS3 at 20T swg
Rate coefficient for organic N settling in
RS4 the reach at 20°C S
Organic phosphrous settling rate in the| ,
RS5 reach at 20C SWg
Rate constant for biological oxidation of| ,
BC1 NH4 to NO; in the reach at 20T SWg
Rate constant for biological oxidation of| ,
BC2 NO; to NOs in the reach at 20T SWg
Rate constant for hydrolysis of organic N
BC3 to NHq in the reach at 20°C 5w
Rate constant for mineralization of organic| ,
BC4 P to dissolved P in the reach at 20°C SWg
120 1 1|| 1 ‘|| AL l"”[ |- T T 0
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—_ B Precipitation gu/glf—fi'ssg r 100
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\g 80
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Fig. 6. Calibration and validation results for SS.
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Fig. 7. Calibration and validation results for T-N.
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Table 6. Annual precipitation data

Number of days Annual

Year
>0.1mm| =1mm | =5mm | = 10mm | total(mm)

2005 103 73 46 38 1427.6
2006 107 75 39 31 1362.7
2007 138 94 52 36 1325.0
2008 108 76 47 29 1342.9
2009”7 | 69 53 38 31 1454.3

1)2009.10€ % A AAE A

Table 7. Description of runoff events

zt/%rr?': Period rﬁﬁ%ﬁf(%%r;/t) Rainfall(mm)
1% | 2008.04.22 8 10.0
2" | 2009.02.13 17 26.0
3" | 2009.07.02 2 55.0

=< Fig. 9°] L}E}Lﬂs%iu}
T-N F&2%S 1353kg/d, T-P =S 10
kg/ ol it} 2™ oltﬂEoﬂAﬂt T-N 1,908.5 kg/
o], T-P 50.6kg/doln] 3¢ ojWlES ZHS T-N
6,359.9 kg/%!, T-P 230.2 kg/¥ & R o] 5] T},

(@) 1% storm event
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(b) 2™ storm event

(c) 3™ storm event
Fig. 9. T-N and T-P daily load for storm events.
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Table 8. Rank of sub-basin T-N vyield for strom

events
19(2008.04.22) | 2"(2009.02.13) | 3"(2009.07.02)
Rank [ sub [ Yield | Sub | Yield | Sub | Yield

basin | (kg/day) | basin |(kg/day)| basin |(kg/day)
1 | 39 |14.488 | 106 | 98.883 | 74 |830.991
2 | 31 | 13525 | 38 | 96.248 | 121 |256.666
3 | 100 | 10333 | 39 | 95622 | 48 [253.740
4 | 36 | 9305 | 15 |89.222 | 101 |226.604
5 | 57 | 6.904 | 31 |87.915| 56 [217.930
6 | 70 | 6535 | 101 | 84.318 | 104 |172.860
7 | 58 | 5260 | 75 | 70132 | 50 |157.644
8 | 65 | 5232 | 50 |69581| 4 [154.176
9 | 123 | 5031 | 74 |64.777 | 38 |153.776
10 | 89 | 4481 | 114 | 55883 | 102 |147.140

Table 9. Rank of sub-basin T-P yield for strom

events

19(2008.04.22) | 2"(2009.02.13) | 3"(2009.07.02)
Rank [ sub [ Yield | Sub | Yield | Sub | Yield

basin | (kg/day) | basin |(kg/day)| basin |(kg/day)

1 | 39 | 1932 | 39 | 5795 | 31 | 12,556
2 | 31 | 1503 | 100 | 4.822 | 100 | 9.644
3 | 100 | 1.378 | 31 | 4508 | 31 | 9.017
4 | 115 | 0928 | 36 | 2127 | 101 | 5.270
5 | 3 | 0798 | 65 | 2069 | 36 | 4.785
6 | 123 | 0671 | 57 | 1973 | 57 | 4603
7 | 57 | 0658 | 115 | 1.857 | 38 | 4.425
8 | 70 | 0613 | 101 | 1.757 | 23 | 4.271
9 | 65 | 0608 | 70 | 1.634 | 115 | 4.022
10 | 58 | 0405 | 58 | 1619 | 65 | 4.015

Table 10 ¥ 112 ZFSoWlEXY o dZd H
8 =]

3h(kg/ha)S LEFA Zlolth Table 8~99] A
g2 vluste] 2Y V2 10 mmid
SEANAM 29 36, 70  657F F9H &
% 2 9uAT 29Ed FalEo] =
felde &+ Add

2f9 36 AYH THfFIoR fFouA
2659 km?olH, &2f9 65 ZAGHRFE T
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Table 10. Rank of sub-basin T-N load for strom
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events
19(2008.04.22) | 2™(2009.02.13) | 3(2009.07.02) Table 10. Landuse characteristics of each sub
Rank | syb | Load | Sub | Load | Sub | Load basin
basin | (kg/ha) | basin | (kg/ha) | basin | (kg/ha)
1 111 | 0.151 | 45 | 0.337 17 1.101 Sub basin 36 : Jikri stream(2.66km?)
2 49 0092 | 111 | 0.305 49 0.970 Land |Urban| Farm Grass | Wet
3| 8 | 0073 | 49 | 0276 | 74 | 0.898 use | area | area | Ot field | land |VVater| Etc.
4 | 29 | 0068 | 89 | 0257 | 111 | 0.784 Area
0.80 | 053 | 0.94 | - - 007032
5 73 | 0057 | 75 | 0253 | 81 | 0.581 (km?)
6 | 65 | 0043 | 84 | 0180 | 89 | 0578 a‘;/ga 30.11[19.99|35.23| - - | 262 [12.05
7 | 36 | 0035 | 93 | 0156 | 27 | 0503
8 | 70 | 0032 | 73 | 0145 | 93 | 0433 Sub basin 65 : Gonjiam stream(1.22km?)
9 116 0.026 113 0.141 3 0.426 Land |Urban| Farm Forest Grass | Wet Water| Etc
10 | 57 | 0021 | 29 | 0141 | 34 | 0421 use | area | area field | land '
Area
(km) | 0-70 | 0.10 | 029/ 003 | - | 0.05 | 0.05
Table 11. Rank of sub-basin T-P load for strom o
 |57.26| 852 2411|215 | - |3.79 | 4.16
events area
. . 2
15(2008.04.22) | 2™(2009.02.13) | 3°(2009.07.02) Sub basin 70 : Osan stream(2.04km°?)
Rank | syb | Load | Sub | Load | Sub | Load Land |Urban| Farm Grass | Wet
basin | (kg/ha) | basin | (kg/ha) | basin | (kg/ha) use | area | area | O'eSt| field | land |WVater| EtC.
1 | 111 | 0008 | 111 | 0.022 | 111 | 0.043
f(‘“‘? 0.42 | 044 | 098|010 | - | 006|004
2 | 65 | 0005 | 65 | 0.017 | 65 | 0033 (km’)
3 | 49 | 0004 | 49 | 0.012 | 49 | 0.025 a‘;{;’a 20.35|21.55|48.02| 5.00 | - | 2.99 | 2.08
4 | 89 | 0004 | 8 | 0012 | 89 | 0.025
5 | 29 | 0003 | 29 | 0009 | 73 | 0.019
6 73 | 0.003 | 73 | 0.008 | 36 | 0.018 SWAT E3&-& 2005~2007d 7]7Fe wdokAy
7 | 36 | 0003 | 70 | 0.008 | 29 | 0.017 3 7|7Fo® 2008 WA 133 20094 S
8 | 70 | 0.003 | 36 | 0.008 | 70 | 0.015 AR oz ARG Sdstan. 2d 7
9 | 115 | 0.003 | 100 | 0.007 | 57 | 0.014 B4 Ans ghost g
10 | 116 | 0.02 | 31 | 0.006 | 100 | 0.014 L e AuAe Aorielgol o8
ol gstdom A - HAY|F EF “Good”
7t 279 T8 EAol& Y= Table 129 AHE e AT
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Epidemiological Study of Regional Distribution of Anopheles Species in the Noth
Branch of Gyeonggi-Do

Myung-Ki Park, Kwang-Hee Park, Seon-Jae Bang, Yeon-Ok Kwon,
Kyong-Shin Ryu, Sung-Hee Park, Soo-Jung Nam
Microbiological Inspection Team in North Branch

Abstract : Malaria is caused by infection with protozoan parasites belonging to the genus Plasmodium
transmitted by female Anopheles species mosquitoes. A detailed knowledge of the distribution of the main
Anopheles malaria vectors in Gyeonggibuk province should guide vector control strategies. In this study, female
Anopheles species mosquitoes were collected to investigate Anopheles species population density, infection rate
of Plasmodium vivax in Anopheles, and classification of Anopheles species. The high Anopheles densities were
40-77% in Paju and Yeoncheon on June-September. The infections of Plasmodium vivax in Anopheles were
detected once a month on May-July in Paju. Anopheles species classified in Gyeonggibuk province were An.
lesteri, An. pullus, An. sinensis, An. Kkleini and An. belenrae. Specially main Anopheles species in China and
North Korea, An. lesteri was detected in the border DMZ. It revealed high possibility that the transmission of
Malaria in Gyeonggibuk province correlates with the Anopheles species in North Korea.

Key Words : Anopheles lesteri, Anopheles Pullus, Anopheles sinensis, Anopheles kleini, Anopheles belenrae
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Table 1. PCR condition for detecting P. vivax

1 step

Pre-denature : 95C - 5 min
denature : 94°C - 30sec
:60C - Imin

: 727 - 1min = 30 cycle
Final extension : 72°C - 5min

2 step

Pre-denature : 95C - 5 min
denature : 92°C - 20sec
1 58C - 20sec
: 72°C - 20sec = 30 cycle
Final extension : 72°C - 5min

Table 2. PCR condition for classifying female

mosquitoes
PCR e . .
. amplifying | reaction | reaction
species | product p
size cycle temp. time
1 cycle 94 C 10 min
Sinensis | 500 25 94 C | 30 sec
Lesteri 400 60 C 1 min
cycle
Pullus 240 72 C 1 min
Belenrae 150 72 5 min
1 cycle
4 C holding
1 cycle 94 T 10 min
3 92 C 30 sec
5
- 50 C 1 min
Klelnl 200 Cycle
72 C 1 min
72 T 5 min
1 cycle . .
4 C holding
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Table 3. Total population and ratio of female mosquitoes collected from light traps

April May June July August September October
Ste number r(%zg’ number r(a(%) number rgz;’ number r(%%) nuber rgg;’ number rg)};? number r(e}%;)
Paju 17 59 381 228 3,015 541 3,848 684 2,146 61.0 1,065 350 192 52
Yeoncheon 2 - 66 30 162 333 413 416 447 660 382 353 36 55
Goyang 17 - 23 43 429 89 57 772 89 607 83 578 18 55
Uijeongbu 4 - 22 91 69 72 9 104 56 268 57 491 2 -
Yangju 12 - 51 - 135 222 191 576 88 705 105 486 10 -
Pocheon 5 - 58 - 101 119 86 240 29 310 79 190 52 1.9
Dongducheon 25 - 8 - 69 201 161 385 218 408 487 316 44 23
Gapyeong 6 17 20 - 158 481 71 127 61 164 67 45 21 -
90 90
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Safety assessment of heavy metals and benzo[a]pyrene in steeping tea

Su-Jung Yun, Jeung-Bok Kang, Tae-Suk Joe, In-Sook Lee, Min-Jung Park, Hyun-Ho Lee,
Jeong-Hwa Park, Gu-Hwan Kim, Mi-Hye Yoon
Food Analysis Team in North Branch

Abstract : Lead, cadmium and benzo[a]pyrene levels were measured in 82 steeping tea samples collected in
Gyeonggi-do. The detection ranges of Pb, Cd and BaP were N.D.~0.32 mg/kg, N.D.~0.12 mg/kg, N.D.~15.42
ug/kg, respectively. Lead and cadmium levels were slightly high in teas made of roots. And as for BaP levels,
teas made of roots and leaves were higher than the others. Measured by the countries of origin, heavy metal
levels didn't show big differences between domestic and imported products. For BaP levels, imported products
were all higher than domestic ones.

Key words : steeping tea, heavy metal, benzo[a]pyrene
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835

231 &, Jl=Eg &4
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Table 1. Analytical conditions of the AAS-GF

Metal Wavelength Working Correlation
(nm) range(ug/kg)  coefficient(r)
Pb 283.3 0-50 0.995
Cd 228.8 0-10 0.995

232 Wzyd &3
Ledicia Rey-Salgueiro 5%¢] #W¥S 2
o 9l A shale] Agaalth A& 5
48] ol 10 ngkg F=o Ul



Table 2. Analytical conditions of HPLC/FLD

Model DE/1200
Column LC-PAH column (4.6 x 250 mm, 5 um)
Solvent 80% acetonitrile
Flow rate 1.0 mL/min
Wavelength(Ex/Em) 294 nm / 404 nm
Oven temp. 35T
Working range 1-10 ng/kg
Correlation coefficient(r) 0.999
(3-methylcholanthrene) 1 mLS- 31, Hexane 20 oA+ 0.19 mg Pb/kg ©lslgte] HAEFH AT
mLol 2087t 287 FEF F oolsdch of U P duAE BE 2o
o] 7} o4& Hexane 10 mLE o] &3le] A slA| A= TEH 92 W, Eded, E
71 sep-pak silica plus cartridge(Waters, U.S.A)= oF & o] 7HA 8%l ggs weth 15
A A FAAZIT Hexane 10 mLe 5713} oy Ee] 4= 53 Bl 4% ¥
of 28 e o] $34E AFEFMAT) ol W a?. S Bge) 3% e9ow
3to] 1 mLe| acetonitrile® 831 5 membrane olgte] FapAak ol Ml E FFEo]l EHA
filter(0.2 um)& ]33] HPLC/FLD (Agilent, U2 ZAow FARANTable 3). TF& ol
DE/1200)2 EAlslsich &2 x2ALS Table 2.9 shE JUFE 23 9o, ol A

2ok g8 Ag2 Alsdd 10 ugkg =9
“ﬂZ:fLW“ HEGOD) UPAEEAE 1 L
spikedt -, 24A]7HE<F WA

2 3} Jﬂsﬂ/\Lﬂ]E o|FEEE 3

7l gt

3L | ¥ IlEE
ek 8279 diste] w& 4% A3}, Fig.
L3} o] ®BEAelA] b S o= U
sk 53] Fdt FEAkel M= N.D.~0.32
mg Pbkge] TR AEHAoH, YA A=

RS BAY Ade Figo 2.9 gon,
3o R Rel M 2 Ao Uk
) ato] A N.D~0.12 mglkge] ZH=Ho]
FH Ao St F94Aake] Aol A
| %%k Ax Yl A=A
o] =+ 7]%01 AR Eol YA Gk HFAE
o] Jl=F 7]+l 0.1 mg/kgs} B]we] 2 w1
AL AQstae 7+g HojuA &kt
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)
N

>,
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Table 3. Contents of Pb, Cd, BaP according to the origins of steeping tea

Number of samples Pb (mg/kg) Cd (mg/kg) BaP (ug/kg)
Korea 34 0.05 0.01 0.47
China 40 0.09 0.02 3.05
The other countries 8 0.03 0.01 0.55
Average 0.07 0.02 1.73
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*
A
1.36~10.56 nug/kg®l 0.19~15.42 uglkge] * %=
2 747 AEHAT Ak wel FaE
Wzade] SdxEs HS u, Fo4F 27t
U2 Yol A Aatd AR 9 dxr) =gkt
(Table 3). 53] 2%t & Aol At
ANA YrkAE R Bl B ow, FaibellA o
kel wlal] Qlabel A= Har 29w, B Aol
A= FHan 6] wlzvlalo] HEEATHTable 4.).

Wz de FW 3740 S Wo] Hl=
A=, 1= wxzdal HE2 2 LA

A R Ege] edAHA A 2002 =
357 AHe BEdS %
AFEE who] whEw Wiz wlo] N.D.~7.8 nglkg
o] AZEHATH ¥, T U EYdAe
Quan- Ying Cai ©%¢] w29 N.D.~370 ug
BaP/kgo] AZ&= %101, Hao Rong el u}=
W N.D.~511.9 png BaP/kge] #AEH Ut} o=
T o EFo] vt Bkl ] OH Hll 2= 31
A eAETF At SAR B AT Z
ot A g}
AEANA = Mz dl LdEE AR A
T7F AFg AAelw, a9 Ve A
of A k. AA AEF le)oﬂ’ﬂ% 218

(2.0 ug/kg 01 shel =3 2 A= 35,

o, @A FrbEel
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Fig. 1. Contents of Pb according to the types of
steeping tea.

Fig. 2. Contents of Cd according to the types of
steeping tea.

Flg. 3. Contents of Benzo[a]pyrene according to
the types of steeping tea.



Table 4. Contents of BaP according to base materials

Origin Conc.(ug/kg)
Korea 0.31
Leaves China 8.98
The other countries 0.70
Korea 0.68
Roots
China 3.99

1. %<& N.D.~0.32 mg/kge] FE= @%H?ﬂ

on, Jl=H2 N.D.~0.12 mg/kg°] A

=5 Ak TEE A9 3u AF 1%%7—144
3 uf BlaE Qkbdgh Ao eyt

W 7IE 5.0 mgkg o], HgA THE

0.1 mg/kg olsh). L&yt F=ak e
A e TEE e AEA

\:IJ-LL Oﬂ:rL7]_ o)

HEFA.
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A Study on Emission Characteristics of Odor from Various Facilities

Chang-Gyu Kim, Byeong-Lok Kim, Jin-Guil Kim, Hee-1l Song, Byeong-Hwan Jeong, Gyung-Ahn Kwon,
Gu-Hwan Kim
Atmospheric Chemical Team of the north branch

Abstract : In this study, various facilities in north of Gyeonggi province were investigated in order to understand
the emission characteristics and the contribution degree of odor was evaluated from the results. The analysis was
conducted for 17 compounds including ammonia, sulfur compounds, TMA, aldehydes, VOCs.

In the result of the emission characteristics, the concentration of VOCs was quite high in the treating raw
hides and skins facilities, the car-painting shop, and the dyeing & finishing textile facilities. Aldehydes were
regarded as the key materials from the printing office and the asphalt mixing facilities. The emission
concentration of odorous materials was very low in the washing facilities and sulfur compounds were detected in
the RPF(Refuse Plastic Fuel) incinerations.

Generally the more the emission concentration was high, the more the level of contribution was large. Despite
the high concentration of VOCs from some facilities, aldehydes was the most great contribution compounds. It
was caused by the difference of the detection threshold.

The result of this study showed that VOCs and aldehydes were the major odorous compounds in most
facilities.

Key Words : emission characteristics, contribution degree, detection threshold

29 1 # ZAAE Z/1RY A9 2AsE AR AL PR T FAEA WESA
= o=}
=

FHTA MESHS 2L A3t AHABAY, AFF BFAH B AREALAAE Vocse]
L obaE AEAANAE SuslEst Fad FABAE 2AHUG

A= 7ok HrtlM = wiEs
] ]

7he Al B AR 7S A AL el A= VOCse ko, 4 dEjstol= el o
FA7IAE=7 & Ao F HrFE A
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a2} s o, 2008 d F7FE A4 E VOCs9

wjEo] ddEs AHES fFE A&
EH/\O]-/\]M_CL }\]/K-]tﬂi /\]—E%E‘Dﬂ /\4 ]__,_,\]/u
Fo 2 QAN AR, AR =g

TAH7LFAA, 78 AxAE Sor FRI

=i = Al7)d sty or,
2t whEA e AEmMET L oH} A A

i o
g Aow ddEs FAGALAN AHE W
g

Z

53] A71EFA9e B Aritdsd @4
sto] B2 Abg Aol 3t3tel AbAja] glom o] st Ao A wEEE B AHEAS
oF FHgh tpefgk AldEo] #Eelgle] WY B qtietrlels B Alefe] wEY] Wi
ol Ha e AAelth webd Adiad o, ¥ ZAbllM= @ oFFEAFAA 1A
AT E ohgst AR 7%%/‘]@ SOl st &kal 9ls= Ammonia, TMA, 3192 (H2S, MM,
Al AlAdolgt & 4 9l ®lEN(Tenter)A] A 3} DMS, DMDS), <rt|&lo]=(Acet-, Propion-,
AZIAA R Yol FAFSY A, 2 99 7]E Butyr-, n-valer-, i-valer-), VOCs(MEK, MIBK,
AF7taAdES F7t=2 A AsST). Toluene, i-Butyl acetate, Xylene, Styrene) & %
A=A F = 20099 5EHE 9€7bA] Bl aLA 17&9] AAQotA=ZS LAsHA T
Table 1. The information of target compounds
Category Compound Standard
Ammonia Ammonia
TMA Trimethylamine(TMA) Mixture solution

Sulfur compounds

Acetaldehyde, Propionaldehyde
n-butyraldehyde, n-valeraldehyde
i-valeraldehyde

Methyl Ethyl Ketone(MEK)
VOCs Methyl Iso Butyl Ketone(MIBK), Toluene
n-butylacetate, Xylene, Styrene

Aldehyde

Hydrogen Sulfide, Methyl Mercaptan
Dimethyl Sulfide, Dimethyl Disulfide

(Wako, Japan)

Gas mixture
(KRISS, Korea)

Mixture solution
(Wako, Japan)

Gas mixture
(KRISS, Korea)

Tabel 2. Experimental conditions for the sampling and analysis

Category Sampling Analysis
Ammonia Boric acid solution UV/VIS Spectrophotometer
Absorption(10 L/min, 5 min) (Beckman, DU650)
TMA Sulfuric acid solution SPME(Solid Phase Micro Extraction)

(Trimethylamine)

Sulfur compound AL+PE bag(10 L)

AL+PE bag(10 L)
2,4-DNPH cartridge

AL+PE bag(10 L)

Aldehyde

VOCs

Tenax tube Adsorption

Absorption(10 L/min, 5 min)

GC/NPD (Varian CP3800)

TD(Thermal Desorber)
GC/PFPD (Varian CP3800)

HPLC (Agilent 1100)

TD(Thermal Desorber)
GC/FID (Agilent 6890)
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VOCs && FoA+= MEK, Toluene 1311
Xylene 5°] HZE% At

Fig. 1. The emission characteristic of tenter
facilities.
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ZAde A AR 27089 Yl o

o

Ay HZg~g g ds (Refuse Plastic Fuel,
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SFAvhFig. 2. ¥4 2 Guijel HEe Az
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ppb mWto & AEF 7 Z4] o]
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L)

Fig. 2. A comparison between incinerations.
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o ddstol= 4o HEHATE VOCs= 7
A FHEAY 946%S AT o, o
o= E3 MEK (155 ppm) % Toluene (50

ppm)e] WiEE =7 E2 Ao FAME =T,
[
=

ol Us IH”shE FANA AL EE A
Al o okFolA 7|1E o= HITh Hgh
FAGA A Ao M= MEKS F=7}t
FHEG JOHoR =2 FAE YERYTL
ddstol= &2 Foi= Butyraldehyde] Hj&
FE7F =S o Z AU THFg. 3).

Fig. 3. The emission characteristic of a
textile facility.

NY7tEA oA = WiEEE dA HHEA
©] 87.6%7} VOCs &<l Aom FAE AT
(Fig. 4). 53] Butyl acetate®} Toluene2] W&
L7t =& Bew I, ol T}

Aol =AY AMREE 985 F 77
Ao JEth 1y

sk Ao
gstol= A& o= i-valer aldehyde’}

Fig. 4. The emission characteristic of treating
raw hides facilities.

qom, 71 thRES Acetaldehydes! Ao g 3
o1%¢lth(Fig. 5). 1 ¢ VOCs Fd+ MEK,
Toluene 123l Xylene So] 4% AZH A}

Fig. 5. The emission characteristic of a printing
facilities.

AbE2 EGAI A= ot =R o] o]
VOCsZ 215 t(Fig. 6). VOCse| =2 A4
A H-& Xylene, Butyl acetate¢l Z1 o2 FA}LY
Rom, o] Hg FAakd FAHNA AEHE
BEA L FAA solA 7IQIgE Few B
AeH?. o] o] Ammonia ¥ LdH|Etel= B

o & HEH A

Fig. 6. The emission characteristic of a
car-printing facilities.

ofnE A XAHNME Ldstel=rt Fa
o}F ARollom, 1 ¢ VOCs o] Ui HE
HATHFig. 7). Lrlletol= At Folli= Acetaldehyde
7} AA e 55.8%E At Ygow, 1
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U} 2 2= Propionaldehyde % Butyraldehyde
5ol AEHAE VOCs Fol= Xylene, MEK
sol A=HA

Fig. 7. The emission characteristic of a asphalt
product facilities.
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Tabel 3. The contribution degree of odor materials in sample gas (Unit : %)
Painting Manufacture Printing Asphalt Leather Incineration Textile Tenter
Qggﬁyde 2.77 0.00 75.85 22.48 0.30 92.31 3.89 85.30
5.?5&3& 0.69 0.00 10.03 8.98 0.00 5.40 0.00 12.35
Slé%gde 13.38 0.00 11.28 39.37 16.54 1.64 94.54 0.00
;‘(’jae'ﬁ;'de 21.45 0.00 251 29.09 59.71 0.00 0.00 0.00
MEK 0.00 0.00 0.01 0.00 0.00 0.08 1.10 0.08
Toluene 0.11 97.43 0.01 0.00 0.05 0.01 0.17 0.03
chuetélte 51.14 0.00 0.08 0.01 20.14 0.00 0.06 0.28
Xylene 8.02 1.24 0.03 0.02 0.00 0.00 0.01 0.25
Styrene 0.60 1.17 0.04 0.01 0.11 0.01 0.00 0.37
Others 1.84 0.15 0.17 0.03 3.15 0.56 0.24 1.34

Table 4. Major odorous materials in various facilities

Emission materials

Contributional materials

Tenter Acetaldehyde, MEK Acetaldehyde, Propionaldehyde
181
Incineration Acetaldehyde, Propionaldehyde Acetaldehyde, Propionaldehyde
2
Textile MEK, Toluene Butyraldehyde 8
Leather Butyl acetate, Toluene i-valeraldehyde, Butyraldehyde, Butyl acetate ;
A
Printing Acetaldehyde, Propionaldehyde Acetaldehyde 3
%]
Car-Painting Xylene, Butyl acetate Butyl acetate, i-valeraldehyde 2
Asphalt Acetaldehyde, Propionaldehyde Butyraldehyde, i-valeraldehyde, Acetaldehyde 3
Manufacture Toluene Toluene
Table 32 7} AW FHEAH] VdnE AAs] ESkeolll= =73l Butyr- aldehyde,
e golth, WEA ATt ME Aold A ivaleraldehydest 7 ddlstol= el o1
5 Holau o, fiRE dhstel= H of #olsts 7lomrt o & Ao AL
VOCs9] #7|oe7F & Aoz ZAE AT o ool s Aye MEEEY HALTA TR
Table 4011% 7owEAde o e AoldA /A How, drsel= Hre
GH A ET = BEAS wlaste] A3 HA2PAFE+= 5 ppb F==old 1kall, Toluene
P Xdﬂiﬁﬁi WEsErt =& 249 of (0.9 ppm)3} MEK(0.44 ppm)®] HA7HA 5w
H7lA=7F 2 Aoz ZAHJY. e ddsto]=of Hla] i ew ded] w2 A
U A3 AR A E MEK, 2 o % 9l
Toluene, Butyl acetate 52 VOCs W|&F =7}
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An Evaluation on Characterics of Stream Water Quality on Land Use in the Northem
Geonggi Province

Sang-jo Kwon, Heung-Bin Im, Kang-Hyuck Lee, Keong-Su Park, Jong-Pil Jung, Tae-Yeul Kim,
Hyun-Jin Lee and Yeon-Hoon Jung
Water Chemistry Team in North Branch

Abstract : To evaluate the effect of land use on stream water quality, we investigated the type of land use for
buffer zone that is 1km away from the study watershed using GIS and monitored the stream water quality based
on data surveyed from March to September in 2009, and we examined correlation between land use and water
quality indicators including BOD, COD, SS, TN and TP.

The results of analysing the type of land use show that the north Geonggi prov. has high rate of forest, wet
paddy fields and dry paddy fields, and the ratio on industrial area, highway and the residential area varies
depending on urbanization. The stream water quality was negatively correlated with occupation rate of forest which
means tha higher percentage of forest is related to lower concentration. And the stream water quality was
positively correlated with the occupational area of highway , residential and industrial area, especially, in the case
of industrial area, Pearson correlations was more than 0.8. In this regard, lower occupational area of developed
land including highway, industrial and residential area might be the major pollution sources there. This study also

examined the characteristics of stream water quality as variation of the flow(CMS) using Z-score, standardized
value.

Key word : Land use, Geonggi , stream, water quality, correlation
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Attt ® sk e 54 E4& 9
ldatd el 42 2009 39~9€ 9 7] 3 9 vuE JHstA sk B e o
&t Fig. 1 3 o] & shRfY wdA g3ttt xFsa Zze WY XolA Hd &
Aol Al AFste] 8d Ao =E BOD, COD Wil o] AL TEAAZ Uy F oz
$S, TN, TP, %3¢ RUE aiith o2l wuth 2 Wi ¥l gow, Juud e
FAzAbE B oA gAYl wet 8 g g9 oz vehdy
A Y BRAATa B8 AR
' A% = AR #YA2E AVESS 3. 3 & nE
53 ol &3kt
FHY Aue A8 ZTEFQl SPSS 31. EXo|282
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Table 1. The occupational areas (ha) and occupation rates of land use indicators (%) for the buffer zone
Forest Df)f/ierllggdy We;ie;;ggdy Ingg:;rsial Highways Residential total area
Area % Area % Area % Area % Area % Area % Area
Gapyung chun 37003 66.5 447.4 80 4589 83 0 0 991 18 1614 29 5560.8
Gokrung chun 21224 461 5844 127 7210 157 0457 0003 1591 35 2015 44 4605.8
Munsan chun 24270 654 2722 73 4322 116 0 0 681 1.8 1223 330 37124
Shinchun 2609.1 365 10211 143 10279 144 265 0370 2994 42 5113 7.2 7146.7
Yeongpyung chun 2884.5 56.7 606.0 11.9 533.3 105 0 0 1371 2.7 1442 28 5088.3
Wangsuk chun 32432 449 8677 120 9409 130 138 0.190 3418 47 4816 6.7 7217.7
Jojung chun 45344 636 6487 91 4397 6.2 0 0 140.6 2.0 2450 34 7132.7
Jungrang chun 9552 353 2101 7.8 2406 89 127 0470 2449 90 5508 20.3 27084
Pochun chun 23413 359 11550 17.7 11783 181 7.9 0121 2476 38 4652 7.1 6525.2
Mukhyun chun 10420 53.2 1495 76 1728 88 132 0671 759 39 1310 6.7 1959.4
Changrung chun  1691.0 44.8 5789 153 5058 134 0 0 1322 35 165.6 4.4 37725
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Fig. 2. Monthly rainfall data in the watershed during the study period

ol T T M W K AR T T W M RO TR OB G AR TR
TR o] B gy MR W M i R Mo o) o W5 X gy W o
f ~O|,_ﬂmo JI‘IE ‘mﬂ] Hlyoﬂl_*o]\ﬂl‘xlzl ATu ‘Ll_.wo ‘EE JvLﬂloT © ) ;QL
W TR e S BT e P K No R dp X
B o R mh > 7 ~ L e o) ™~ o o Mo NI S
S M AL L LR RN LS &

o = O Il o] —~— o ™ OR O o Q o
FL LN T E T Sk s T s R R ol R E =
s T o T b oo T P @ T 58 %o T .
MO ﬂuﬂAﬂE ﬂfﬂmu;uiﬂmm%ﬂor.._oD,ﬂﬂeMﬁmwaLaodl\

—_— ] -~ _O_E
SRR LS LRS- L g 3 =
il o — X o — 0o % 5 o N 0 T -
T Mo N TR oW Hm 0 m@ Wo & A - R0 o M on g W A
B E By BTl ooy W QT Mg xooe & 9w
]U K IS¢ ‘WE _ OT L.O o Ov, il O Lt ' N NI e ——
"o ol o] 1aru m_. mhy ™ o Joo= N oz Njo Qx5 g N oy = 5
— o T —
o Do ﬁm B - Mw N N I T T B

G B O T S~ . B A N I —
TEHT ¥ g X ad o E oo e g 0 X =
H e W IR R M Y LTkl T

SR I TR < ke N o O
T o T BN B dp o) T T o Sy M N 3% m
wE W o e RO T W T MW RRN WP H T KT S ]

NNy A=A up M SR B Ho W oo W & W OB
d.ﬂﬂdM ﬂLdﬂﬂlATwMMM]Eyﬂﬁﬂuﬂo. _lm. ﬁLﬂolﬂn_ﬂ
T 9 woawwmw _ X ooMm ., 5 o do
Y G & T o Wy % 5 g5 X0 -7 o <
“"Fx & v IR max_Emegg W TV 2 -
S H. s g s = SSe ©5 5 5: =
i W Toom s Wy B sy, @m EPT 225 =EcssEe
20 o = B o N - W o LY Cezoco=. <
I+ A} %E = N P MR oo R oo W ar oM SZcSzzvc°5s -
TR o Fr 8T o F . om e N T 238502850, -
i = ol iy B PV oo X %_@,ﬂ,% | o 0 SxcscgcS220%% -
0 s o) m._"_ o _A_Mol T E T oo RO o Mm o MMA L <o [} of W T cos5 232055
o+ o e g F T ok T 2R o o A =) N o o am . .
N0 o %o oE —- oWM., KA N m X0 = e E.w oF il MW ~ 1o ol M.E ™
%] oA it = 0 = ) a
¥ o % & FTaxibgzgleeaggs w0 Q"
F = W o T WT o m T o ok 00 m o _ _ _
2 L W E_EF rereEiae v ®OEoW = = = o= s
T = < S " Daowm Terodg Lo @ T S = e s ~
e xX —_ =3 — = X —_ . AR Mﬂﬁo 1o 0 i —
< TP R OB LOxET gy BT o O K _n%s
—~ 00 N ~ ~ 0 . — o
Ki < LT I ! 14 ﬂu MM N e = N o N H ! v T (wuw) [reyures AlYIuoN
o M w W W wol . o w A
o CRICT W T IRATRMERT o T M

186

Nooo WU LT

Atodgt 221

2009



Table 2. Pearson correlation analysis between water quality and the occupation rates of
land use indicators for buffer zone

B E2HEHZHTN

wet paddy

Forest Dry paddy fields fields Industrial areas Highways Residential
correlation coeff. correlation coeff.  correlation correlation correlation correlation
(P) P coeff. (p) coeff. (p) coeff. (p) coeff. (p)
BOD - 0.634** 0.280 0.317 0.478 0.372 0.239
° (0.036) (0.404) (0.343) (0.137) (0.260) (0.478)
CoD - 0.724** 0.432 0.417 0.338 0.344 0.224
m (0.012) (0.185) (0.202) (0.309) (0.301) (0.507)
ss - 0.166 - 0.124 0.478 - 0.167 - 0.510 - 0.800
(0.625) (0.717) (0.137) (0.624) (0.881) (0.815)
TN - 0.684** 0.210 0.282 0.618** 0.554* 0.386
(0.020) (0.535) (0.401) (0.043) (0.077) (0.240)
TP - 0.552* 0.127 0.753*** 0.142 0.255 0.079**
(0.078) (0.710) (0.007) (0.677) (0.450) (0.020)
Table 3. Pearson correlation analysis between water quality and the occupational areas of
land use indicators for buffer zone
. wet paddy . . N
Forest Dry paddy fields fields Industrial areas Highways Residential
correlation coeff. correlation coeff.  correlation correlation correlation correlation
P () coeff. (p) coeff. (p) coeff. (p) coeff. (p)
BOD - 0.282 0.332 0.330 0.905*** 0.653** 0.614**
° (0.401) (0.318) (0.321) (0.000) (0.029) (0.045)
coD - 0.297 0.425 0.394 0.808*** 0.624** 0.603**
m (0.376) (0.193) (0.230) (0.003) (0.040) (0.050)
ss - 0.830 - 0.131 0.303 - 0.890 - 0.290 - 0.080
(0.807) (0.702) (0.365) (0.749) (0.932) (0.815)
TN - 0.399 0.245 0.289 0.882*** 0.719** 0.662**
(0.224) (0.468) (0.388) (0.000) (0.013) (0.026)
TP - 0.127 0.126 0.798*** 0.469 0.648** 0.414
(0.709) (0.711) (0.003) (0.146) (0.031) (0.206)

% p<0.01, ** p<0.05, * p<0.1
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A Study on the Perchlorate of Drinking Water in the North Area of Gyeonggi-do

Jin-Ho Park, Joo-Hyeong Byun, Eun-Hee Jung,
Jae-Kwang Kim, Yun-Jung Lim and Hyun-Soo Han
Drinking Water Team in North Branch

Abstract : Recently, a perchlorate has been detected from some water purification plants in the Nakdong River
districts, and thus the investigation of perchlorate was required for the water purification plants in the north area
of Gyeonggi-do. This study was carried out to investigate and evaluate the perchlorate contents in raw water and
tap water from the water purification plants in the north area of Gyeonggi-do during the eight months by
sampling the water per month. The target waters were raw water and tap water from Han River, Bukhan River,
Imjin River, Hantan River, and groundwater-use purification plant. The results showed that the target waters
didn't contain any perchlorates except a water purification plant of HTR2 located at the downstream of Hantan
River district. The water from the HTR2 plant had the concentrations of 0.288, 0.368 and 0.618 pg/L for the
raw water, and 0.251, 0.325and 0.466 pg/L for the tap water respectively, and thus the levels showed 1.7 ~
3.1% of 15ug/L, the threshold recommended by US EPA.

Key words : Perchlorate, raw water, Tap water
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= oorge BdzA? o 3%
=272  Ammonium  perchlorate(NHsCIO,),
Sodium perchlorate(NaClOy), Potassium
perchlorate(KCIO,) % perchloric acid(HCIO,) =3}
ol Ao PR St 9l

HZZdo]E (perchlorate salts) 1] =0l
A 1940 d] kel A A ] Al
o, "M FEZ FAE ALl 2
AES] FxAlo] F2 AEHAT. 3 &3
Fol& FUE, 7IHA, A, &84, oo,
aga 54 Hlgo s AlgEo] g’

T M= FHAlx Tl LCD Axw
ol A AFY AHETAZA AAA, A=
AFg-o] perchlorate®] 8 HIEYOoZ FALE

oA AEE F )
Ha e Aem
M= AAH Q] Wk ole] = AR
ERCECR I

HIRHUCIEE WS EPA, FHATEU),

AARAZFH(WHO) oA Sded2es &
Fokar A o, Aol = EEEA
2571, IF Tl A=55 & F den Ao
A7l mE2Aels A Ve Ases

= Edz 484 dgt.
] 0.01~1.0 mg/kg/day oA %= 7Hakad o)
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a0 =sgtEe] AFst= AS ol sEE
s welsta, EAdALE wdest, olgh
ugom Qs aex=e] ARS xuste] froput
oldol oA Al Z 3 (neurodevelopment
deficit)e] 8 ¢olozm Hgaty 9= Ao

2 JHuga oH? AF

j . 0
N ABES, ARG folEdAE o
o S =

FTedA 7lE Astes 4o, iE
= 4173 WkAL(neurobehavioral)ell 3
e Ao 4uA ATk webd, W= &
HSA(US EPA)S 7 17k Alghel Al =
o] gl HIFZYolEL RfD(reference
dose)atS 0.7 pglkglday® A3 L, W3
NAS(National Academy Science)e] H 1A E
AR FrEoAe ANLT|FHSRE 245 g/l
olatz Aot

n) =k A AR A7 FHWHO)E HEF R olE
of tfgt MCL(maximum contaminant level)#t}
HAeEEsTdr|es AAsta dA @A F
(state) T2 1 7|Fe 1~18 w/L=E AHA S}
of weleta o vl el M wAb= A 2T
7} 2006 HERYCIES 7EE 2 pell, A
g Yol HZATo] 20061 MCLFESCZE 6 ug
IL = AAste] #gstar 9l

nl o] A E Yol Bz A= 1997 3
Z8 olzaArRmEIHIYS o]&3 HIER
o Ee] FAWH oz A xYofo|A Wik
(Ast) 2 FEAGE 7 Aol HE 2 ol
EZ zAEGOY. o] A7 e F ouF9
oy FoME FAAE L HeEFdAY T
ZRHE 2AAAI} BuFHAH. A F7}
A HEFRYOIE WE A= giFE
s AR o] Fofa, dioML &
o ZAMAIE HaEal Helen, w5 LCD
LGZH e A4 21 ~ 396 pell, HFTe
5 ~ 70 pg/L(B k715 543 pell) HEE o,
WA @HF 700 m A AQ1 vkl A= ND
~ 40 pg/lL(M= ol xuvT A7 ST+
14 pg/l) == ok
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SEEN
= 27 9Ae] WE2a 9= Aoy, a7}
A F2Aow B3I, A7, e
D AsARE A AUIETAY ded
T 2 FEES FAoR HERYOES HE
A8 xAbsto] A dg HEZHolE A nket

HERYOIE A AMEE EEA]F2 1000
ug/mL Perchlorate (IC-&,KCIO4, AccuStandard),
gzlle 12 mM p-cyanophenol ¥} 5.0
mM LiIOHSl 3L, S 7+ 18.2 Mohmol]Ztol
A SHE =2 4AE 02 molske] S At
&3kl

HIF R ES] A4S oA RvIE T
(Metrohm, 850 Professional IC)E A}-&3}% 1L,

B E2HEHZHTN

ALgH Z3lS MetrohmAle] Metrosep Dual 4
9} Metrosep RP GuardE < Z3dte] EA13814)
o BAAIRE AR °F 10 mLE 0] 0.2
mel AAE ARESte] o gk & o] 2AEw}
EaygyE o]&3s}le] USEPA, enhanced Method
314.00] wet A=elE R FIUHY T
sto] {AZ HIF R ES Ao, &
A Z71-E Table 13 2t}

Table 1. Analytical condition of perchlorate by lon

chromatography
Parameter Analytical condition
Equipment 850 Professional IC
Injection volumn 1000 pl
Eluent 12 mM p-cyanophenol +5.0 mM LiOH
Flow rate 1.5 mL/min
Column Metrosep Dual 4

Guard column Metrosep RP Guard
MSM I (packed bed®} )

Detector Chemically Suppressed Conductivity

Suppressor

Retention time 20~25 minutes

3. 4o} o nE
31 HE2Y0|EQ ASSH ¥ HYsH

HERYIE A4S 98 AME3E o] 549
fglNe  MPAK A Perchlorate(12 mM
p-cyanophenol + 5.0 mM LiOH)& A}-&-3}]
B39, HEFRE o EY] HAEIAE
EPA Method 314.09] AgWHS TAZ H
g 2 g/t 4 pglS FA|E] 247 7
A e A3 Table 23 o] vepwton, HaE
A= 2 pglloll A 0.297 pgll, 4 pg/LolA 0.292
pglL 0w, AFA= ZH7F 0.946 pg/Lok 0.930
pglL 2 ZALE e},

T3k HERYOIES AdY B HAAE
al7] $18te] w8 5 10, 20 wglLE
ol H7bstel zH7; 53] FAg A} Table
ol et 2ol AANS HEl= AiizEd
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AUEE Zh7E 15%, 0.4%, 1.8%= $-3 4
RS HoH, AdmE A7 97.9%,
99.5%, 99.4%= Fgkol diste] e AAE
LHeR T

32 4-EHTZE HEZRYO0E ZA H1t

0.288, 0.368, 0.618 pg/L= 33] 9
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33 +XEF HEEIO0E A gt

Kol
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A7 ERAGN A sEndolse] P%
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o
QU

ZAEH7] sl 3, B, AR

Al 2 AR e
4 13]4 8xfoll A A
Arde] FxES 44
A HEFEYO|E FEE Table 57 7ol
LHEFRE

E
lo ¢
f
B
>

0.325, 0.466 pg/L= 33|o] A=A ©
S At

BNERAGL] FREdA IR CIET
A HTR2A 78S vl &4 Hed (US

EPA)e] FREoIA A JEgon 4 15
5 5

pgll BTl 953 e FrE Holu glomn,
njok 2 AR By AFAxel Hluld)
By, A7|ERA e nE FAdA Y HER

=
HolE AF v%
EPA, 2004)l A =
811 pg/l B U BV A5E AHgetE 27
A9 FxrEolA e AT
pgll, 571°] 10~20 pg/L, 371¢] 5~10 pg/Le] &

EQ AT vwE o o R FEYS

ofy
[e0]
AL
o O]
N
?
NS
(e)

Table 2. LOD and LOQ of perchlorate(ug/L)
STDS 1 2 3 4 5 6 7 Aver. S.D LOD LOQ
2 2.093 1.904 1.970 1.978 1.938 1.945 2.166 1.999 0.095 0.297 0.946
4 3.971 4.151 4.010 4.094 3.908 3.992 4.146 4.039 0.093 0.292 0.930
Table 3. Precision and Accuracy of perchlorate(ug/L)
Target Measured value(ug/L) Precision Accuracy
value(ue/L) 1 2 3 4 5 (%) (%)
5 5.123 4,982 5.121 5.111 5.190 15 97.9
10 10.110 10.031 10.020 10.041 10.053 0.4 99.5
20 20.062 19.762 20.552 20.457 19.821 18 99.4
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Table 4. Perchlorate concentrations of raw water for drinking

) Sampling Sampling date(ug/L)
River site 3Mon 4Mon 5Mon 6Mon 7Mon 8Mon 9Mon 10Mon
HR1 ND ND ND ND ND ND ND ND
HR2 ND ND ND ND ND ND ND ND
Han river HR3 ND ND ND ND ND ND ND ND
HR4 ND ND ND ND ND ND ND ND
HR5 ND ND ND ND ND ND ND ND
BukHan
fiver BR ND ND ND ND ND ND ND ND
IR1 ND ND ND ND ND ND ND ND
ImJin river
IR2 ND ND ND ND ND ND ND ND
HanTan HTR1 ND ND ND ND ND ND ND ND
river HTR2 ND ND ND ND ND 0.288 0.368 0.618
GW1 ND ND ND ND ND ND ND ND
GW2 ND ND ND ND ND ND ND ND
Ground GW3 ND ND ND ND ND ND ND ND
water GW4 ND ND ND ND ND ND ND ND
GW5 ND ND ND ND ND ND ND ND
GW6 ND ND ND ND ND ND ND ND
195
Table 5. Perchlorate concentrations of tap water (2)
River Sam-pling Sampling date(ug/L) 8
site 3Mon 4Mon 5Mon 6Mon 7Mon 8Mon 9Mon 10Mon %
HR1 ND ND ND ND ND ND ND ND %
HR2 ND ND ND ND ND ND ND ND 2
Han river HR3 ND ND ND ND ND ND ND ND o
HR4 ND ND ND ND ND ND ND ND =
HR5 ND ND ND ND ND ND ND ND
Bu-kHan BR ND ND ND ND ND ND ND ND
river
IR1 ND ND ND ND ND ND ND ND
ImJin river IR2 ND ND ND ND ND ND ND ND
HanTan HTR1 ND ND ND ND ND ND ND ND
river HTR2 ND ND ND ND ND 0.251 0.325 0.466
GW1 ND ND ND ND ND ND ND ND
GW2 ND ND ND ND ND ND ND ND
Ground GW3 ND ND ND ND ND ND ND ND
water GW4 ND ND ND ND ND ND ND ND
GWS5 ND ND ND ND ND ND ND ND
GW6 ND ND ND ND ND ND ND ND
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0.288, 0.368, 0.618 ug/L I} +%

=
A vger HEHJSH, vx FAHRSH
(US EPA)°] FxEollA #al 7159l 15 pe/l

o] (1.7 ~31)% AR 92 v AEHAUTH

3. & IAMESR AVIEFAS AaAelAe]
Perchlorateol] &3+ ¢ d& 79 Q= o=
UEtst oy, &5 Hes FAAAdE v
FAEL HERYolEY SrHAT A
G5E 9 AEHAQ0 XYY Hagr
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Table 157. Effects of temperature on Kkinetic constant,

experimental condition

Remarks

No slidge discard

k, day”

0.50
0.75
0.99

*

Temp. C

10
15

* Qperation temperature of lab plant installed in the Department of Environmental

Engeeneering, Korea University.
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