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Genetic Analysis of Human Noroviruses Detected from Acute Gastroenteritis
Patients in Gyeonggi, Korea

Woonho Kim , Kumchan Yong , Pohyun Park, Yanghee Kim, Chunsuk Song, Kyunga Kim,
Sohyun Lee, Hangil Jo, Youngsik Lim, Jongbok Lee and Jongchan Kim
Microbiology Team

Abstract : Recently, Noroviruses related acute gastroenteritis outbreak cases are continuously reported in Gyeonggi,
Korea and make significant threats of public health because of the large scale of outbreak and rapid transmission.
In this study, genotypic distributions and genetic diversities of norovirus strains were analysed by RT-RNA and
sequence analysis. A total of 13,606 stool samples collected from patients with acute gastroenteritis ,and sequences
of the capsid region of 273 norovirus positive strains were analysed by automatic sequencing. We investigated
sequence variations among genotypes by analysis of Megalign program. Nine of genogroup I and nine of
genogroup II of norovirus strains were detected during 2001 ~2007 and the major genotypes were GII-4, GII-17,
GII-1, and GII-5. We investigated that homologies of nucleotide sequence between different genogroup strains were
less than 50% and homologies among other subtypes within the same genogroup were approximately 70%.
Therefore, Norovirus strains circulating in Gyeonggi, Korea have significant genetic diversity. Molecular
epidemiological information and genetic materials associated with norovirus infections will be provided for
investigators who are interested in development of diagnostic scheme and strategy of prevention of noroviruses in

Gyeonggi, Korea.
Key Words : Norovirus, gastroenteritis, genotypic distributions, genetic diversities

R B AFE 43 200135E 20074 10€7H4] 3% 34 AFAE FAE AL E c2ufela
AEARE FAEI o8 AAME I 13,606 @Lx}%ﬂiﬂ S 519 A9 xEwle]g Azt AEF 0] AT EEolg
Ao olo] npolEiAA HA TR FaF AJAYL elEnt. AFI|ET AEFH 2734 sl
2ufolg A FAAE BE D FHEAS S AR HE w@2ule]gj 2 fAA HEF FVIME
BAg AAS A1, AA7A w3 g wezule]# A FAAT GI 145F, GII 17F FollA A71A9 deA
FAee c2Hle]E A FART GI2 9F, Gl 93%°) AEHY] Odd FAAF Y x2upolg| A7 53
st Qe Aow FHAHYT FoT wzulolglA SAAEF L GII-43, GII-178, GII-1%, GII-2, 1
i GII-5%9 6F9 FAAYez EAH HAEd Zupo] 28] AR i A7|AEEAE T3l
FAAS AL BAF A3 O e 70% 3= 22 AFA4HE He f¥se RuelyaF
Alolo]l ¥& FHA Aele] EATE FUsAT £ AFE Fol FudAM FHsa s kE vlolE A
o th3t FrRAAH EXFET =2ulojEA ZFAHE B on, 2nfo] 29 Ag4 G U 4
Ug % 7x AR E gH8t] U E2hlolgs AFE AT T =AdE FHIAT.
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eZutolg] A 1970ddi7HA] A
A 2] gkol o] AFo] v] AFAY BEE 7
Wéli= winter vomiting disease® &2 %t}
‘ERuol2lA’ 2 HZE EE9A € A
2 196849 "5 239|235 Norwalk*] 9 2
3 T8N FEFFH AAE F FHLE
s B4 3 TEde] BASEAYE i
AFHAAE A2A 2o} ol Azt Ad
o2 gJAFHIeY oA HAYAFE U4
o g} Zo] ZAujgeNA FAHA ol A
25E dAAZE FAHA A 1972d
o] AFAEL r¥Hor WHAHF
(IEM, Immune electron microscopy) ] 2}&] €
AAL] ZZHe] 27 nm?l Zo] #IFTh o]
o]l AE A A FHo] dABE Norwalkzh
= AHE w} Norwalk viruszhal 3 53l
i1, 4E3 vlo]g 28] #FIF o]FA 7] A
o= BHEH SR FARE &F 9 73 ol
257 7] SRSV(Small Round Structured
Virus)Z 3 .

ol gt ulolH A4 HAIASES] FQ HUUA
22 EEhdlolglx, M Rulo]# AL AEEH}o]
e AE EFSE AN ZEAvblolg A, Fof
Hxulo]g A, ofAERulolg A Fo| UG
o) & xzuolaat 459 Aol s F
AeA HEEC] 71 w29, I AFH
2 FA AZFEY FoF AAANE LA
Q2.

rEulold A 7Y gE A WdA v
BEC] B &2 AS AvF 4T
< Holr 548§ & glo] IBEYY, g4
42 7l wvlolExd ZEE F o9
24~48A17F ojdlell EAAYHA vy, A
= 12~60A12Fec 2 vlwE 3, 7 39
 AFHY, d¥FHE ZAHE AFRESY
75%% 59t S EEHALY, AR =
AAL, BR5F, d27% 59 F40] vt
™, 7 ge] AN LFAY FE I JeEY

J. of KIHE/Vol.20, 2007

ol Q& & AEHAES Salmonella spp.,
Shigella spp., Staphylococcus aureus 3 T v}
olgix AHI EE 5 A Ro2 EHA
A, B3], x=2ulo|gaE AFEoY EE
i 2e A Ay o L d™o] 9
of A AFdel AA 255 A7 AEE ¢
o7, vl 3 Fgo] 7P 4 el &5
HAG ekt :dFoA A gF5Fel
A=A XFE A5 AT

34 399 velgAs FE I FH
wel EFEEd, H2 BAYESE wE ¢
22, #4373 54 A% 577 7k H
Aok . xm=upolg) A o] e Norwalk -like
el ot
Committee on Taxonomy of Viruses (ICTV) ©f|A]
‘norovirus’ & -2 SUAZAF. Norovirus=
Lagovirus, Vesivirus, Sapovirus %3 %7
family caliciviridae®l %3t <F 7.4 kb2 (+)2]
7}Ek RNAE Aoz 7pXa glow {Az
= Al 718 eudE Fgdste AR 4EA
2tk ©] F ORFI< helicase, VPg, protease,
polymeraseS & 3}slal 9lil, ORF2& FA|
= WA (capsid)s FE3HSFiL 1S© ORF3
£ ORF29 9&] F4E F[AE dHAEe <t
AzE 9% R 98L FY3}= X
gulg AAlests Ao gEHA Y. k=
Hlo]ZAE FA3E vlolHAF o] B2
3832 Wol7l B Eof, o]2|g Blo|E &
2 44 F<9387 (phylogenetic relationship)
o &% AT7F Wol RuHARF? 53], A
Al =kl A (capsid) -9 24 RNA dependent RNA
polymerase(RDRP)2] -2 /Ao we} t}ef
T fFEAger EREY olF AMFAAAE I,
o Iv3e x2ulolgj Az A EHe] FAE &
Wats Aow geA Utk HZY B 9
3t AlgelA FE FAE €27+ 189 1
e xRulol#AE capsidiH e U E
ZAR, GIZ 147, GuE 17718 FAAFo
2 EFHE Aoz gizlg!h, olz% #4
2 EFE dlg9e® ORF2 #AAE ol&%
AZFaud A 9 o|F o] &3 gAY 7

vins GTo% International



AeFder 457 A% A S
% xzuolEA FAPIY AL Sl o

e Aise] Ryg uk AP’

HAA7HA] =2vtolg| Ao ZAGdS A=
A AR AY, vzl FARAEFS %
ELISAY], - 2nlo]g]A9] Eolx d7MgELS
o] 43 RT-PCR¥©] 7= o] ALEH 7 Qo
1} &4 RT-PCRY©o] 714 gz wFufo]g] A~

o g# Jd P AFFZHoR AREHI v
D o] WL A&sty WFET Fo} uioly
A geeoz FAH=HE 348 AL 9
sFor zAEH=H 98 AMH Ya”, F
T Nested RT-PCRES HIZEE Foli=d A&
I Qer Yukd o7 13 RT PCRS 33}
e dlE UAEE 10~1,0008 =4
o, Bol=8 F7HE & U= AR &3
k=
E d7dAe A2 34 9389 R Jd
1] Fo ARl Hlo|H AR €A Y= =
Zrlolel 2] AEAH W FAAF BEEXFY
< ZAMSHZ] 98] AArskar ZAAAA LS
o gRE x=2alolgiA FAAAY A4
5 FAAANE o) &T ZFulolg A FEA
| 2 A8l 31, RT-PCRS 53] Ex3 F3
2k A7ZIMFEAE T3 ARG A
Pt zZulolE 2 FHAPE] £ 9
AAZTHQ £4-8 333}

2% rr "o

2. M= 3 W
21. A =& 2 AA A2

2 AT 2001dF-E  2007d =744
34 A8H volg A A ARS B 5
g A B9 7HAES JEAFE dH e
o 3 HAF £ HHES ARSIl
1 1gS E+ ¥ 0.1M PBS(phosphate buffered
saline) 9 milell ¥o] 3%7F vortex § 4T,
3,000 pmelA 30%F Y4E2]  (Eppendorf,
Hamburg, Germany)3dt®] 435 < 500 ul= 530

AANAY w2upold 2 ZdFe 434 gy A7 | 13

AMEE FHEA &A 22% 7 x2oolgA

AZE AFHEE wi7tA -70TolA BB
2.2. HHO|H A RNA F&

=l 59 200 ol Tri-zol (Invitrogen) 60
0 wE H7Fske] 30%7F vortex ¥+ F, 5%3F
Aol A gx8}kiL, ¢17]e chloroform 200 b
Z H7lsle] 30%7F vortexdFAth 1087 A
2o W3 th 14,000 pm o2 4CoA 15
3 AR st A AE s %
9] isopropyl alcohol2 i &3 F -20CNA
2717 oA BHF B WA ST I F 4T,
14,000 pm2 2 3087+ 947 st A5
£ AAT G5 70% SIEE 800 w H7Isti
1027F 4T, 14,000 rpme 2 ThA] A E-2] 3t
of MAsIGh FSHE AASIEL 2083 A
294 HAFEAIZ] ¥ DEPC-DW 30 w= #H7}
&le] RNAE £&A]7]3, °]8 RT-PCRS 9
3 FH o7 ALE-SI3T

2.3. RT-PCR

Kojima 5(2002)°] H.idt :==Fujolzglx 3
24 ZelolfE HEXAY A4S f8 ¢
K FAste] x2ulolg A FAAHRES S
AH8-3t3ith. (Table 1).

Onestep RT-PCRE 93] 2X RT-PCR Master
mix 12.54¢, 10pmole sense primer2} antisense
primer Z}Z} 240, DW 6ul, RNA 25 X35
25u0 WHEAE ARSI RAA FEFES S
8l thermocycler (GeneAmp PCR system 2700,
Perkin-Elmer, USA)E ©]83}9] 48T ollA] 40+
7} reverse transcription® =¥ &t3L, 94°C, 3+
ek W AT F 94T 30X, 54T 30F, 72C
45% 2 35 cycles® WS F 727TCelA 783
extension S} 31T
RT-PCRo] FE8H AME 2 E ©]83l9] semi-
nested RT-PCRE 338} 2™ 10X PCR rea-
ction buffer, 2.5 mM dNTP, 20 pmol primer,
1U Taq polymerase (Bioneer)E 2|41 50 ut

)| THAAFARAE H20d, 20073



14 | nAEY, 423 4t

Table 1. The Sequences of oligonucleotides used for the detection of RNAs of noroviruses

Genotype Primer Sequence (5'—3") Position Application
GI-FIM CTGCCCGAATTYGTAAATGATGAT 5342 Onestep RT PCR
Onestep RT PCR/
I GI-RIM CCAACCCARCCATTRTACATYTG 5671 Seminested PCR
GI-F2 ATGATGATGG CGTCTAAGGA CGC 5357 Seminested PCR
GII-FIM GGGAGGGCGA TCGCAATCT 5058 Onestep RT PCR
Onestep RT PCR/
11 GII-R1M CCRCCIGCATRICCRTTRTACAT 5401 Seminssted PCR
GII-F3 TTGTGAATGAAGATGGCGTCGART 5088 Seminested PCR

HEEAS AxT F A ARSI ukE
ZAL 4TAA 3EFL HEAL F 94T
30, 56°C 303, 72TC 45% = 25 cyclesE Wt
¥38k3L 727 ColA 7EXF extention 31T PCR
2HE2 1% LE agarose gel (Gibco, USA)°l #
7195 &, etidium bromide (Bioneer.USA)Z &
Adtglon UvaleA #Este] FolzFl A
719 FAA AAES HASUH

2.4. PCR AME=9] HA|

FZ¥ PCR A4EL 1% ol7l2= 4
(Gibeo)= H7]9F 3lo] ERlg ¥, DNAZH
S Zd}il, Gel Purification kit (Bioner)S A}
g3t AUt ZAEL JAEZT FH
dy 3n) R3] A &8 38 Y (Buffer
GB)= #7Ista s0CoA AL &A|7 H,
spin column® = %7 4T+ 14,000 ppm S 2
187 4482 F, AHE 4389 750 we
78k 14,000 rpmefl Al 183 4% A
FAL F sl o] AFHE gF LA AA
&3l 30~50u°] FHFE DNAE 3|43}
5 Al o] &3t

2.5. Automatic sequencing

PCRE T 3lA THE =Zutolzix &4
PCR product® ©]8-3}o] 4219 {HzHe] &
o|FQl Xglo|HE ALl Y& WFOR di
deoxynucleotide chain termination 7]%#-S A}F&-3}

i+ Bigdye sequencing kit (ABI prism Applied Bi

J. of KIHE/Vol.20, 2007

osystems, Perkin Elmer, Boston USA)E A}&-3}
o] sequencing reaction2 3}Slrh Loz AHES
Bigdye removal kit (Amersham Pharmacia, Engla
nd)® A%t %, automated DNA sequencer (m
odel 377; Applied Biosystems, Boston, USA)Z
A7IME 24 FH3AS

2.6. DNA 97]AMY BAM

Sequencing® 9714 4 DNAstar
(Madison, USA) E# 1395 E3d] @74 L
A4 9 vay e 5 ASEHE &
g T8 IFUddA AEE ==2vloldA F
27370 disl fAAFE] AHS Fal el
Al FEste FAAE Y BESFTS ek
orm Z} §HAY Alole] @M Ee ol
gt £4& 383U

3. 23 o g

3.1. - Z2Hlo|3 A9 AHS

AR BATAE FARFE FET RNA
Z o] &3] w7 ulo]l# A~ Genogroup [ I}
Genogroup O & 77} RT-PCR¥} semi
-Nested PCRE 315} 27 Genogroup I 7}
Genogroup I1°] 5°]29l =7] (GI : 314bp,
GII :313bp)9] w=ErHjolH A {FAAE FA3}
Ath(Fig. 1).

32. FUH =2H0|YA ASHEHE



2001958 20079 10€7HA] AAREAIAR]
o7 £ I AFVE A9 AAE A
Abet A3 2001 dHEH 20059 ZHA] 3.65%
(366/10,028), 2006%1 4.94%(82/1,657) 1|3l
2007\ 109714 8.53% (164/1,921)1412] <
AES gQlstgion dntze® 1085 2
7] x=2wepolz A9 f3o] nWE S
g3ttt 53] 2006 12€¥5-E 20073 2¢
M Rulolg]A FEEC] 20% ©FCE
g o] XgForw & FRY F33o] AN
| ZAoE FH5E 5 UAUH(Table 2). HG
AFs Wi o3 HAE 2006d 11€HH
20079 1087HA] 6879 255 LA F F

Genogroup Il

Lane M : 1kb DNA Ladder

Lane 1, 2, 3, 4 : Norovirus Positive Sample
Capsid Region

Lane 5 : Negative RT-PCR Control

Fig.1l. Detection of norovirus capsid gene from

stool out of patients of gastroenteritis.

64471o] FR 3o, o]F 2593% (167/644)
9 xFulo]E A FAES RojFo] HARA
A9 A¢RT & LS B =3
2006 1293 2007d  3€e] FEAQ] AF
5 SAAF 7SS H 3 tH(Table 3).

33 FU 2HO|HA FEHXE RESY

2001 9%-E 20079 F9F XY oA A
st At AN HEH xupolga

A7NAY x=2uold2 AdF] /34 O A7 | 16

ARA 2137A& ddeE EF k=ZxolgA
Foo] ATHASH A% A gt {
Axg e xz2ufelg| 27t FulelA FaHaL
AeS FAsUTY. AFEAH A7 AF Y
A AEHE x=2Holg A FAAFHLS GIY
o] 9FF, GIHo| IFHE 18F ] xzufo]
2 FRAAGo] FAsH= A FASAT
Axgdz dQstes NEE 29Rd 20019
olF 7dzt U AT 18F FAAR F
GIl-43 o] °F 43.22%, GI-173°] 1538%2 &
Ausz sudx 7bg E3HA F33= F
714 fFRAEeE gelEHZow 1 99
GII-18°] 11.35%, GII-53°] 10.98%, GII-23
o] 586%%] WIEE WA= AS AL
a2 8e fHAE e B NEZF e 2k
CHTable 4). 20063 12€5E 20073 2€7}4]
T3 Fo3 r2ufolg A FAAFLS AAL
AN Y A Ga-48e] F3sAo H
el AL GO433 GO-173°] FAl9
% AL & F AU

34. [U ASE =2H0|IZA FAEX HO|
A AHSEH 24

BA7I1EA QU ANA fFAeE Rl X2
AAE FA2e] 4 ARG UAA G2 F
AAP ] A7I1NES 454 L AFTEH
AL £33 A3 2001d ¢4 2007¢d F<F
o FU A Abka o xr s AAL F)e
A GI9 7% 97FA otF 9] xEwjolH A7}
AEH9oH, GgoY AL=E 97 FBF7L
891 5| Qi tH(Table 4). oA AbEA o= 3
29 ==2ulo]yg A9 AZSFHRNL ZAR
A HErl 22 T2 oy {fAXA WHol
y 77t o}y zie AE5sAH 42 YA
o} Z2ke] fAAT UelAE GI = GIellA]
717} 93.8~100%, 92.7~100%2] A5 E B
olE= AL gty on, 7 FHAE YA
AgstH oz ZHT FAAE elAM = 47
73.1~83.1%%} 67.7~852%2% AEAAE Hol:=
Aoz FIHAT
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Table 2. Monthly prevalence of norovirus infection in national surveillance by RT-PCR using capsid

gene during 2001 ~2007 in Gyeonggi-Do, Korea

Vi Total 2001~2005 2006 2007
Month No.of No.of No.of No.of No.of No.of No.of No.of
tested Positive(%) | tested | Positive(%) | tested | Positive(%) | tested | Positive(%)
JAN 934 99(10.59) 655 69(10.53) 167 7(4.19) 112 23(20.53)
FEB 1013 84(8.29) 719 47(6.53) 141 4(2.83) 153 33(21.56)
MAR 1348 45(3.33) 1,031 22(2.13) 155 5(3.22) 162 18(11.11)
APR 1329 30(2.25) 965 15(1.55) 104 3(2.88) 260 12(4.61)
MAY 1389 15(1.07) 1,027 10(0.97) 162 3(1.85) 200 2(1.00)
JUN 1301 14(1.07) 985 11(1.11) 117 1(0.85) 199 2(1.00)
JUL 1359 22(1.61) 965 13(1.34) 148 1(0.67) 246 8(3.25)
AUG 1245 18(1.44) 921 12(1.30) 124 0(0.00) 200 6(3.00)
SEP 1204 58(4.81) 872 30(3.44) 140 14(10.00) 192 14(7.29)
OoCT 1036 75(7.23) 711 29(4.07) 128 0(0.00) 197 46(23.35)
NOV 688 59(8.57) 563 45(7.99) 125 14(11.20)
DEC 760 93(12.23) 614 63(10.26) 146 30(20.54)
Total No.
Ateuitedd 13,606 612(45.0) 10,028 366(3.65) 1657 82(4.94) 1,921 164(8.53)
4. A =

Table 3. Distribution of human norovirus

isolated

in

patient of

diarrheal

outbreak occured during 2006~2007
in Gyeonggi, Korea

P No.of No.of th.q.)f
cases tested Positive

NOV 0 0 0
DEC 11 89 76
JAN 3 35 10
FEB 6 10 5
MAR 10 97 48
APR 1 27 0
MAY 7 86 9
JUN 8 5 6
JUL 9 97 5
AUG 3 30 0
SEP 8 94 7
OoCT 2 B 1

Total No.

detected b . i
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2 AFE 53 A FHEL A ==
vfo] 2 2e] #8o] 7} RT-PCR = 7l
At HLstgion ol F3l A U =2
ol A Ay #-Este] AxFHA A"HE
ZAe & 9l9ltl. RT-PCR % nested PCRS
8 Ful 348 AFBAEAAA L] eEulo
HA ARSI AR LeH, I 2 2001
ARE 20059 7HA] 3.64% (366/10,028), 2006
W 4.94% (82/1,657) 12]3 2007 10E71A
8.53% (164/1,921)°l141 2] ¥ &L &<lst3rt
53], 2006\ 12€5-E 20079 2¥7HA = =2
bHlo]H A ZHEE] 20% o|FCRE FEHQlx o
AgHo 2 xFvpo]yA7l F3o] UUR A
S% ZFAEHSL £ A4S T ERE =2
o2l A FAZAAE o] §3 FAAAHY X
Feel A 2AE 33 619 B+ 97t
A, Gue Afolx 971X 2] thgFst A1
o] AL USS AAF F AUMUTE. 2001
~2007d Fell el fAE FoF =
gulolg A {FAAYFS GII4F  (43.22%),
GI-178  (15.38%), GI-138(11.35%) 181
GII-53(10.98%) ©° = FQlxo] ZATHo|r}



Table 4. Genotypic prevalence of Norovirus
strains in Korea during 2001~2007

Genotype No. of sample Incidence (%)
Gl-1 1 0.36
Gl-2 4 1.46
GI-3 1 0.36
Gl-4 4 1.46
Gl-5 4 1.46
Gl-6 2 0.73
Gl-7 0 0.00
Gl-8 1 0.36
Gl-9 0 0.00
GI-10 2 0.73
Gl-11 0 0.00
Gl-12 0 0.00
Gl-13 0 0.00
Gl-14 1 0.46
GllI-1 31 11.35
Gll-2 16 5.86
GlI-3 0 0.00
Gll-4 118 43.22
Gll-5 30 10.98
Gll-6 0 0.00
Gll-7 0 0.00
GlI-8 0 0.00
GllI-9 0 0.00
GlI-10 0 0.00
Gll-11 4 1.46
Gll-12 2 0.73
Gll-13 5 1.83
Gll-14 0 0.00
GllI-15 0 0.00
GllI-16 5 1.83
GllI-17 42 15.38
total 253 100.00

MAZNLS S8 ol & {FRAAPOR
Alm €t}

2 AFE FuleA f3ss 2upol X
A WEg F3A8 E4S S Id
AAAHE Betgtozy, qidy 9 A2
T8 xEupolgi 2o {de X7]d X E
T AE 8% 71 ABE HEE T U2
o, FuelA FAsh= vlol YA AFS
22 S% 71x AsE ¥84E 5 Ae
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¥
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Safety Survey of Heavy Metal & Method Development of Sample Preparation
for Oriental Medicines
Hong-Rae Jung, Young-Sug Kim, Jong-Hwa Kim, Myung-Gil Kim, Sang-Hun Oh,
Jong—Bok Lee and Jong—Chan Kim
Pharmacy Chemistry Team

Abstract : This study was carried out to survey the safety of heavy metals and develop the sample preparation
method for oriental medicines. The level of Pb, Cd, As and Hg contained in oriental animal medicine were
23.3%, 30.0%, 16.7% and 20.0% respectively based on legal limit of herbal medicine. From animal medicines,
the exceeding rates of legal limits for two and above heavy metals, one heavy metal were 30.0% and 23.3%
respectively. Herbal medicines which were exceeding the legal limit were Cinnamomi Ramulus, Atractylodis
Rhizoma Alba, Zingiberis Rhizoma and Hoelen. Rate of Atractylodis Rhizoma Alba and Cinnamoni Ramulus
exceeded legal limits were 60% and 42.9% respectively. Migration rates of Pb and Cd from herbal medicines to
boiled herbal medicines ranged from 5.0% to 11.1% and from 0.2% to 13.4% respectively. Migration rates of Pb
and Cd of reboiled herbal medicines reduced to 40%~80% and 40%~65% respectively. In method development
for sample preparation, dry ash method with 0.2% DETAPMP(Diethyl triamine penta methyl phosphate sodium
salts) solution as modifier could obtain higher recovery rates of 82.0% and 99.7% for Pb and Cd respectively.

Key Words : heavy metal, animal medicine, herbal medicine, migrmation, dry ash method, DETAPMP

0ok : B AF =52 T84 A A2 dAY FF5S5 290 dig Aot} A8 kA
o] g4 Az Al FES% olqF AF 2 FFS BAL A AsAA HEe A stazx g 2
4 A AS AEA FdFAe FEFH 7IE AE A W, FI=EEH, vl 2 F20] 7z 23.3%,
30.0%, 16.7% 2 20.0%7} 7]1E£& =33 Ach 2% o4y FFHe] VEXE 243 9]&L 30.0%A2H
1F %‘%i‘g 2% 0] &L 233%Hch AEA FgAe AL WAINEAE 2% @I A4A, 9,
17 ¢ 933y Iaimri NEe] Z9 H3F %t 60% o AR AL 429%ATh A EA A9 %
AR Z2F% o8& ¢ 50~11.1%, 7l1=HS 02~134%Gch Aol e oo e A 299
40~80%, 7I=BL 40~65%EF el Ali:ﬁxﬁl—- % Adgyage JE ARl 02%
DETAPMPE 7|AA R ALg8le] HA33 da g3} 7l=8E 42 820%9 997%2 HH3+E&E 4&
T AR

FHO : TE5, TEA F4A, AEA F%A. 13, 24, DETAPMP

LN = au|go] Hojzkm glom old 9
Fhe £5% T dFARE $IFL 3
Az Az mg Bael F7hm weba el ga7] ol AARARE 2E AR @
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F57l Eol 3Aste ALEIEE W Fo
FEEEAd oFge] doy ¥R
d40] F& A7o] vt wde] ANYL u
HE3) g Az Fe wWel AY 4
o 4 FEE 2FE F e FH A
g AHE nFy BIAgnc @)
Ase AANIYE GEIAL 4% FFSH
o] FFgo] ¥ @yl vk E dFoAE

71E9] AAYd Q¥ NAAR FHILES
FE4& Bg 359 2= E A5AY)
Az, @3 2 339 2x9 AN =4
sle] @A AAEZu|Ql 3rte] nFm £
AXE AHEse WS A& 4
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87 2 o ABEE FAld AR & F 3l
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21. M2

5 @Al A FFE5 AEERAb AL
43 At AAdrg, AFAER, 489,
Z2go] AlRHE= §%A4 16% 797 (Table 1)
g A7I=d dEAQ FUA, TFA, AEA
2 RHAY FFEmjded A FAFAL

Table 1. List of target herbal medicines

Korean Name Latin Name
a4 Puerariae Radix
ka3 Glycyrrhizae Radix
AA Cinnamomi Ramulus
Al Cinnamomi Cortex
A7 Zingiberis Rhizoma
oj 5= Zizyphi Fructus
w3 Ephedrae Herba
LRy Ginseng Radix Alba
LR Hoelen
2}oF Paeoniae Radix
L Atractylodis Rhizoma Alba
A B Rehmanniae Radix Preparata
AF Cnidii Rhizoma
7] Astragali Radix
(oA s P Schisandre Fructus
2 Angelicae Gigantis Radix
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Table 2. List of target oriental animal medicines

Korean Name Latin Name

A5 Cicadidae Periostracum

T3 Testudnis Plastrum

27 Ostreae Testa

L Py Bombycis Corpus

Ry Amydae Carapax

Q.37 Trogopterorum Faeces

|3 Fossilia Ossis Mastodi

Az Scorpion

Al & Holotrichia

2] ¥ Lumbricus

A4z} Manitis Squama

bl Gecko

S EX Sepiae Os

=Zbw Cerivi Cornus Colla
=2A%%AE HE 5 14F 3071 (Table 2)<
S BopEaslA A T stgArh
2.2 AlEYY
22.1. X219y

@epe] AXE wEe AEootERAA

Al el nFE RFEYPoz AMEE 7]7]
= ETHOSI1(Milestone, USA)$1 o™ 2 ] 2] %4
d2= Fig. 13 2o} $22& 88 Zo} %

A 1005 A& FAAA A3 B48A-
222 EH=29 O Alﬁ

B A = 9] 0153 A4 o] 294 3
kA 100ge] = 1300m€-%- Eﬂ% 7))

A 2A1ZF 30 €] E&f 2 31 gA E
1300me2 3L 2A1ZH30E S 93l Ag AFe=
ste] ztzb someE 7 5tod ﬂ%—n} wagy e
2 2 F w55 AF 25m=2 EAEA
CH(Fig. 2).
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Mill 100g of sample and sieving through 100
mesh

Weight 0.5g of sample in microwave vessﬂ

d
| Add 5mL of HNO; & 3mL of H:0, |

|

| Digest at microwave |

{
‘ Mass up to 20g with water ‘

|

| ICP-OES analysis |

Fig. 1. Flow chart for sample preparation
in herbal medicine.

[100g of Herbal medicine add 1300m¢ of Water|

l Boiling for 2.5 hour ‘

d
Cool at graduated mass cylinder and transfer
50mL boiled extracts to microwave vessel

!
[ Add Smi of HNO; & 3 mL of H:0» |

!

‘ Digest at microwave \

l

| Concentrate to 25ml |
v
ICP-OES analysis

Fig. 2. Flow chart for sample preparation
in boiled extracts.

Table 3. Analytical condition of ICP-OES

Instrument  Perkin Elmer optima 5300DV
Power 1450W

Aux. gas 0.2L/min. as Ar

Neb. gas 0.65L/min. as Ar

wavelength

Pb 220.353

Cd 228.802

As 188.979

ZI)IEHAHABAIAL H20A, 20079
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(Wako, JAPAN), ¥;F3}249(WAKO, JAPAN),
2o X4 A Z7|(Bamstead, USA)E A}-23}
Fom FFE Pb, As, Cd 2@ Hg: 1000mg/ke
stock solution(WAKO, JAPAN)S 3] A 35lo] A}
8393 Yol AT 2AT Adol 2
Az T E F 2e5z AN gt
Ak,

224. 7|17|12MxA

W, 7t=H, H4&E BAs7] A7 717=
ICP-OES OPTIMA 4000 (Perkin Elmer,
USA)A 3 A x712 Table 33 #ow 2
2 MERCURY ANALYZER (NIE-20, JAPA
-N)E #4355

2.25. 3|+2

A 29 35S FAs7] ¥ & CRM
(Certified  Reference  Material: H 5384,
KOREA)S Atg38te] A& HATST

22.6. x| WO M

Fopal AN A Qg AdAe] F7, A
AA Ag &ul, ARA BAET AW
Az, @5 2 Aso] BE L=} Akl
qote Fagon H4Ee FEL odW
goble nF HAReEe] EHE g
u w3k gl o

3. 43 Y s
3.1 SEM stn

TEA A 14F 30742 HAEGoew
AAIZA = Table 49} Zgvt. FEA A
= F5F J87|FC] 2AE UA o 4
B4 @A FI5H FHEIIEN HF Smeke,
7}=5F 0.3mg/kg, YA 3mg/ke © 2 02mglkeg
< A8 2 3009 A F H 771(23.3%),
F=F 971(30.0%), ¥ A 571(16.7%) =L =< 6
Z1(20.0%)°] A EH A FHEI|EXE 27
stol(Table 5) A &4 A FA FFS 435
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9] 2¢o] & Aoz Yeh. AEA 7}
A HE7ES 295 FEAH dFAE F
AAAS 307 F 1671(53.3%)0lN e 1F F
F4& 71EX 23 301 F 77(23.3%) )AL
2F ol 7|ES 2T FTHAE 974(300%)
o2 FTEA Ay FEH °<§ e

d FEE HOE 2% olAY FFE 2%01
o] Ho &S & 5 A H(Table 6). FHef
A FREE FEX, NF R AZLS HAG
+ BF 84 v&%ﬂ 71EE 2F3P

A%

BAR TE 378 F 270] AEA JLIES
ZHstgod A5 2 73 §2 290 HA
% Aoz Yy

3.2. AlEM stokm

HNEA A 1635 797108 HANS 43 8
Ao FE7|ES =Hs 101%°] FHES
UEetlon EA3gE Ao FEEHES H 2
A@2.5%), 71=F 321(3.8%) 2 Fl=FH} T F
Al BARE 37(3.8%) 0l o H|lAg 22
FE7ES =93 FFAE il FAHF
FFA=ZE AA 34, 4& 34, A7 4 95
B Z 170 A Hg AE] FF F
5% HAREY 37°] RAFEHO 60%e] F
AEgES YveHern AXAINEDS BT
ZF 74E& AAsEe 3710 A FEo 42.9%9
FA4&E YR e F 3mg/kgold, 7=
¥ O.lmg/kgoldo] 621 AEE ] 85.7%2 T8
& AE8E Y ¥WET AAAYEDE
g 5N 35S & Fe 2 Y
Elutth(Fig. 3). WOl 3mg/kgol ¥ HEH ToF
A= 247(30.4%), ZF=H°] 0.lmg/kge)d A=
g FekAlE 41AG1LI%CE FI=F 240
drog =4 Yeun. &5 FE5&5 29
T2 EF 249 g8 A B FFEHE F
g5 EGH 24 Fol7t oy FlEF
o] & o8 HE Aow muw gon’ g
kA Al FL=FES 2.9e] W M B2
Zo g eyt HA7F lmg/keold HAEE
A= 3R FIFS FHE7IEE =H3



FERRA] TS P HRAY 2A L A8 AA ¥y 47 | 23

Table 4. Target animal medicines and contaminated heavy metals

Name Number of sample Number of Legal limit over Contaminated heavy metal
Cicadidae Periostracum 2 0
Testudnis Plastrum 3 0
Ostreae Testa 3 | Hg
Bombycis Corpus 3 2 Hg, As, Cd, Pb
Amydae Carapax 1 0
Trogopterorum Faeces 2 1 Hg, Pb
Fossilia Ossis Mastodi 3 2 As, Cd
Scorpion 2 2 Cd, Hg
Holotrichia 1 0
Lumbricus 3 3 Hg, As, Cd
Manitis Squama 1 1 Hg, Pb
Gecko 1 0
Sepiae Os 3 3 Hg, As, Cd
Cerivi Cornus Colla 2 1 Pb
Table 5. Results of heavy metal contamination in animal medicines
- il Range of concentration(mg/kg)
it No of detection
Pb below 1.0 1~5 5~10 beyond 10 maximum
18 5 5 2 345
cd below 0.1 0.1~0.3 0.3~1.0 beyond 1
16 5 3 6 37.0
As below 1.0 1-3 3~10 beyond 10
21 -+ 2 3 3.8
H below 0.1 0.1-0.2 0.2~1.0 beyond 1.0
i 21 3 5 I 1.4
Table 6. No of animal medicines exceeding herbal legal limit of heavy metal
Heavy metal Cd Pb As Hg Pb,Cd As,Cd Pb,Hg As,Cd,Pb Cd,Pb,Hg As,Cd,Hg
No. 3 1 1 2 1 2 2 2 1 1
Table 7. Migration concentrations of heavy metal from herbal medicines to boiled water
Atractylodis Rhizoma Cinnamomi Zingiberis Eucomniae
Alba(pg/ke) Ramulus(pg/kg) Rhizoma(g/kg) Cortex(ug/kg)
Pb 57~140 13~25 12~25 150~180
Cd 11.6~29.0 1.0~1.8 3.0~4.0 4.0~6.3
Table 8 Migration rates(%) of heavy metal from herbal medicines to boiled water
Atractylodis Rhizoma Alba Cinnamomi Ramulus Zingiberis Rhizoma Eucomniae Cortex
Pb 11.1 5.0 6.2 T2
Cd 13.4 1.1 0.2 37

FI|cHASFAYE H203A, 20074
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B Detection rate
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Fig. 3. Detection rate of heavy metal in

herbal medicines.
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o A7t 2, =8 22 11.1%$ 13.4%
2 o)8go] 71 ®eo] Huern FF, AA L
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e Table 73 o] He Ay F3oA
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Aol A vt ol AAMTHe] A 7]7]9]

WHE AF o2 I F FFE

E 4L oA FEE5 2d9F 20% oY
2 u]$ 2oton AEFEFH SFEIES W
Smglkg ¥ 7I=F 03mg/kgHr} R FFELZ
g A olAFEI /M w2 FFI v
Al A EZIEY 3.6%° 23 Ft=F9 7
S olPF =y}t M L WEF wm A 4
720 9.76%0 FHIse Lo zA] olalw
FEHY vt AE7€d v E du$-

Ge BEE e,

a) Pb

BRBoiling - Reboiling

concentration{ug/L)

B Boiling [OReboiling

concentration(ug/L)

Fig. 4. Comparison of migration rates of a)Pb
and b)Cd between boiled and reboiled
in herbal medicines.
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A E0) ICPI 98-S £ F A7) W& A
352 &t ATFE JAEA AAAR
24717} 57 &2 DETAPMP (Diethyl triamine
penta methyl phosphate sodium salts)9} <14+S-
ARESEA . 1Y TE7F 1%0]4 d wWe
g3t} 3t A oA EI R4S FA5
o Almgt 7 =74 #HE 43| g2
ZAo] E7lsste EIERIALY o 7
FAAE 7] 98 A9 FEE 02%2 1A
3tk & CRMO] 7§ /AAAE B4 39
Aol ZhHsshd @efAler Zo] FAARREC
38 AlmdAe MAAS} HolA Zeol Il
AA7F & F3 §FAG F ol ‘BulE
A ste]ol 3t oleg Eu|E oA EYEH,
O|AZZIAFTE et Zzte] o ¥
A AZAZ 2 £EE 120C 10%, &3
L£XE 300C 308 zga FHIEE 550T
4Ato 2 nAFAY. FeFAle] FFHol uiet
Apolzb Qlov d@3exrt oW g3
glo] 3871 o] 300CE nAdY}. 33
T QA FoFAle] Fiel wt xolzt oy
500CoA = A5 kAl s EFE3t
dom 600CoNAE FL=Fo] 50%0]4 &4
o] 550C® dAsYch

MAA FFA G2 FFE59 IAFES B
A AQiE AL83= A S-(Fig. 5) 7lI=82 ¥
o 76.9%° 3I+&E& Jeldoen 7HE w2
B 4Fe AROR 963 %, M Ee IFLe
WEZ 65.7%F YEETH F Hi 73.3%9
&S vEsen M L& e A
o2 804%, 7HF 2L 35E&L A=
654%E YEldo] Jt=H2 3ol dEG
oF 3%o|d =4 Y el DETAPMPE 7§32
A2 AHE3= 2 9-(Figé) 7t=82> HT
99.7%9] 3 +&E vEHen M =L 35
&2 APBow 1048 %, 7HE F& I
AV Z 954%F YEINT §2 B 820%.-]
3 4E&E YEHen 7 ¥& J5EL
oz 928%, 71g *F& FHFEL }ﬂi
744%% YElo] Ft=ge I5&o] HEG
13%0] 4 =7 vEltth. o] DETAPMPE 7}

Recovery rates of heavy metal using
modifier as phosporic acid
96.3 mCd OPb

83.2 T B80.1
..... 72 2. 55??53 759733 753 g8
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Recovery(%)
@
=]

Fig. 5. Recovery rates of heavy metal using SmL
of 0.2% Phosphoric acid as modifier :
ACN(solvent), drying condition (1207C,10min),

carbonization condition( 3007, 30min)
and ash condition(550C 4hr.).
Recovery rates of heavy metal using
modifier as DETAPMP ECd OPb
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S
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Fig. 6. Recovery rates of heavy metal using SmL
of 0.2% DETAPMP as modifier :ACN
(solvent), drying condition (120C,10min),
carbonization condition(300°C, 30min)
and ash condition(550C 4hr.)

Recovery rates of heavy meta in d’v-a;sh method

77.4 HECdBPb
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Fig. 7. Recovery rates of heavy metal in dry

ash method at 300Cof carbonization
condition and 550Cof ash condition for
4hr.
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Recovery rates of heavy metal using
maodifier as DETAPMP(IPA)

ECd OPb 455 105.3

Fig. 8. Recovery rates of heavy metal using Sm{
of 0.2% DETAPMP as modifier : IPA
(solvent), drying condition(120C, 10min),
carbonization  condition(300°C, 30min)
and ash condition(550C 4hr.).

Average rates of heavy metal for each mathod

99.7

Fig. 9. Comparison of recovery rates of heavy
metals for each method.
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1. B84 Al 29 did kA 14F
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224 A VEXNE 2 FFS 2
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Quality Evaluation of Vegetable oils by NIRS

Jae-Kwan Kim, Ok-Kyung Choi, Sun-II Hwang, Jin-A Jeong, Yun-Sung Kim,
Sin-Hee Park, Mi-Hui Son and Hye-Jung Kwon
Food Analysis Team

ABSTRACT : The possibility of rapid quantitative analysis of AV(Acid Value), IV(lodine Value) and fatty acids
in vegetable oils with NIRS(Near-infrared spectroscopy) was evaluated. A calibration equation calculated by
MPLS regression technique was developed and correlation coefficient of determination for AV, IV, C16:0, C18:0,
C18:1, C18:2, C18:3, and C20:0 contents were 0.9727, 0.997, 0.9805, 0.942, 0.9987, 0.9994, 0.9966, and 0.975
respectively. According to the data obtained from validation study, R® of contents of perilla, corn, soybean,
rapaseed oils were 0.897, 0.993, 0.935, 0.707, 0.994, 0.996, 0.984, 0.798, SEP of contents of 0.185, 1.367,
0.899, 0.640, 1.498, 1.360, 0.476, 0.076 by MPLS. The results indicate that the NIRS procedure can potentially
be used as a non-destructive analysis method for the rapid and simple measurement of AV, IV and fatty acids
in vegetable oils.

Key Word : NIRS, Vegetable oils, AV, IV, fatty acids.

QO : M HPPrHl S o]Bdle] 2BAALEFAe] AV, IV, C16:0, C18:0, C18:1, C18:2, C18:3, %
C20:08 A&3HA AFde F4& H7HE 5 e 7154 & ZA8A Y MPLSE ¢ 83519 =88 AZA
A7e= ZhzE 0.9727, 0.997, 0.9805, 0.942, 0.9987, 0.9994, 0.9966, 0.975= L}Elytch HEZ:geue Auw
= z+z 0.897, 0.993, 0.935, 0.707, 0.994, 0.996, 0.984, 0.798% L}E}xron] SEP:E 0.185, 1.367, 0.899,
0.640, 1.498, 1.360, 0.476, 0.076°.2 e} 2=y FAHezN go] 7158 Aoz eyt
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o9} Ze AEfAe 2nFAE AEY A
I QtHAF S FoAsHE ALE @A) wE E
A9E € FAGNE 0L F8F FA=Z o
FA71Z YUt

A E&FA 2] FAF7t diste & AT}
Hiasi gley o wyo] Eehe] tpsre]
Alefo] Wasdta AL Ao e Al
F mEo] B Fe] AgE Astes ¥rEE
A E4d& 948 71A #AFE =F3 9l
ot WA HE4HAe F4S 44 BEg F
Je FAHE gt E&FA FA#RYA
o] Fojzof & Zojt}, o|o] E AL A
& Fo] ANg2A wE AL Y =He] 7}
5% ZHYAEFENE LY o] 8de a7l
8= AWML & A%, AZsA SA3)
o] JgfAe E4e 9T & e 712A
22 A&t g

2. Mz 3 9y
2.1. B&A=

2007 1€%E 129712 A7|A G| F
Y1 & HEAAE ddez 39 F
gz AFHN7E 74, FVE 494, &F
718 397, &8 B2H 334, AFFFESR)
347, EEAF 334, W ZAH("AvH) 54, 3
vk & 67, B 67, TV F 47, TuA
27, 354 34, AANEFRA £ E3f 4
17, 71el4 87X 375 F 16% 2261 L d
Ao w &4}

2.2. AleF & 2171

A HF4F methyl ester(palmitic acid, stearic acid,
oleic acid, linoleic acid, linolenic acid, arachidic
acid)IEFF 2 =% 99%A| % (Sigma Co., USA)
& Agsgon 3 99 ojsheta YA
of A&3 A2 HPLCE 2 EFAY
(DaeJung, Korea, J.T. Baker. USA, Merck.

USA, Wako, Japan)s AF&3}3irt.  NIR
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Systems+ liquid analyzer7} 2%l NIRS 6500
Spectrophotometer(FOSS NIR System Inc, U.
S.A)E AE3Igen 715 R SAZEOYLS
ISI SCAN(Verson 2.71)3} WINISI II™(Ve rson
1.50E, InfraSoft International U.S.A)S A}-&34
o} o] skabAQl W] <3 AF7HAV, Acid
Value), L9 =7}IV, Ilodine Value)?] ZA#AL
manual titrator (Schott, Ger many)E A}-83}%1
omn  AuALE  dry thermo bath(MG-2100,
EYELA, JAPAN)®} HP-7683 injector7} +2te
GC HP-6890 (Hew lett Pack ard, U.S.A)system
& AR

23. AHERSHE A sty 24

Eawg o]f3lo] Table 12 Z#Ho2 7}
Az AFEHE FASIUTG. AIRE FHE
8mme] U3 & ulo]do] FHaleo] ko] ofF
2HAEHS zE Fo]7] s 60TE 71
3 % liquid analyzers A}-£3}o] 317 400~
2,500nme] F oA 2nme] HHo2 FHA3
o] 1,0507] 2] data pointsE ¢ 3T}, Reference®
371€ 163 Wt SHE F z} A8E 329
HE 233 PIXZA 2HEHES Aoy
Al 137 23] B F35AH.

Table 1. Conditions of scanning parameters

Detection mode Liquid transmission
Sample cell Vial, 8x40mm
Temperature 60T
Attachment profile Liquid analyzer
Wavelength 400—2,500nm
Spectrum 1,050 data points
Reference revs. 16
Secanning Sample 1
Sample revs. 32

AV, IV 2 A 2Ae 4EFAY vt
7zt 33 RAste] 1 PFXE
NAz shgow At RHEAE Table 2
s 2.



Table 2. Analysis condition of GC

Detector FID(Hewlett Packard, U.S.A)
SP™.2560 capillary column
Column
(100mx0.25nm%0.20/m film)
Nz : Imé/min
G Hlow Air : 300m¢/min
Rate
Hz : 30ml/min
Split ratio : 1/50
Injector : 230TC
Detector : 2307T
Temperature QOven : 230C
180°C for 10min
5°C/min
for 20min

3. A% & nF

31 A ERX9 FASH

7} 2 4fR9 AV % IVe] 548 Table 3
of Yepidch 7 A &fA e wEt g g
< UetlisH AVE e 1FEHAF 1.2~17,
F71€ 0.01~0.11, SF7]F 007~021, &
B f 0.08~0.94, FhsehF 0.02~0.11, FF
0.05~0.07, £=4F 0.06~0.18, dv]H 02~
0.5, 3lutel7]H 0.04~036, kvl 0.23~3.5,
SHH f 2.4~00, S5 0.08~1.5, 7]E}4&
A 0.08~0.38, AHAZEFFA 007, F5HH
0.100.2 yeytth ZAZMEFA 2 F3FE
AL 4 A8fAe HIAFS 42 14,
0.06, 0.11, 0.51, 0.06, 0.06, 0.12, 0.34, 0.13,
1.1, 0.1, 1.4, 0.69, 0.172 e}ttt 2FHH
o} Zo] Meo] g A&FA A AVZ}E H]
wE EA JEisier e A"gS Yele
G FA A Hzdy A vdevde AFS
Bt olF sutEtr]frek FvlFolA #4241
el FAZ|EE Z2Hste A2 YEY ¢
0.88%2° FA3ES HElWH. HiFoR {FF
Hi HF7ME SR AMEEHA S FAF

2AYH BRRES 8T 4 40A FAYA A7 | 31

Aol AV $HFe v$ =8 Adom B 4
oA Ao BHE AFS FEAHR

47k e o=
AY LB RFE FAHARLE &
g O0F AR AeE FF FE FoF
Q3 AVZE Eoll Zo = AlmdEd. ¥ IV
= IFHF 1335~1381, T7E 1241~
137.1, SF7]1§ 1164~127.1, 3B F 76.
1~87.9, J}=ehf 112.1~122.2, F§ 521~
56.9, EEMF 126.1~1449, Fv]H 101.0~
108.7, slutel7]-f 80.1~134.5, &u|f 83.4~
1333, TR H 118.1~1194, S5F 149.6~
156.7, 71E}2 &2 90.4~132.3, A A 7}3FA
98.3, 3% 14092 YElton sjutelr] 9
BF n&HEt s RE AleEE 1266~
134.59] & Yehido. BAZERA R &
& AT Z4 ABFAS IV B 4
7} 1353, 1304, 121.9, 82.1, 117.3, 135.0, 104.5,
122.4, 1153, 1409, 119.4, 152.1, 111.92 1 }&
U A8fAle] E¥sird wEt B2 ol
e At

Table 4 ¥ Fig. 12 Zt 2] 8&{Xo AP4t
Z4 2 AL BEFY ZA=RvEaY S Y
Bl AoR Cieo, Cigo, Cis:i, Cig2, Cigs, Cano
o] Z}z} mENGOAME 134~173%, 22~
2.5%, 8.0~9.2%, 71.1~74.8%, 0.31~0.63%,
0.29~0.35%= HFate zZ+zt 143%, 2.4%,
8.8%, 74.0%, 0.40%, 0.32%= e}yl F7)
gqME 11.1~129%, 3.8~54%, 208~
27.7%, 51.6~55.5%, 4.2~7.8%, 0.34~042%=
HIFe ZZ 11.9%, 4.7%, 23.3%, 54.1%,
6.1%, 038%=Z UYEWT. SFF7|FdA4
11.8~14.6%, 2.0~2.7%, 27.7~32.4%, 49.9~
56.2%, 0.35~1.9%, 0.39~0.52%= HFge
Zvzb 12.9%, 2.2%, 29.9%, 53.9%, 0.92%,
045%= eyt 2R FAME 106~
24.3%, 2.8~6.1%, 35.7~77.8%, 2.3~22.2%,
0.48~0.82%, 0.37~0.78% = HFFL 27
13.9%, 3.9%, 70.5%, 8.0%, 0.63%, 0.45%= 1}
ettt FhEaEfdA s 4.6~8.9%, 2.0~2.7%,
45.7~62.3%, 21.0~36.6%, 5.9~10.1%, 0.59~
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Table 3. The Comparison of AV, IV and fatty

acids in vegetable oils

Acid value lodine value

Red Min. 1.2 1335
pepper Max. L 138.1
seed Oil Mean 1.4 1353
Min. 0.01 124.1
i;ybea“ Max. 0.11 137.1
Mean 0.06 130.4
Min. 0.07 116.4
Corn oil Max. 0.21 127.1
Mean 0.11 121.9
Min. 0.08 76.1
Olive oil Max. 0.94 87.9
Mean 0.51 82.1
Min. 0.02 112.1
Canola oil Max. 0.11 122.2
Mean 0.06 117.3
Min. 0.05 52.1
Palm oil Max. 0.07 56.9
Mean 0.06 533
Min. 0.06 126.1
ger:zeoﬂ Max. 0.18 144.9
Mean 0.12 135.0
) Min. 0.2 101.0
f;ow" M Max. 0.5 108.7
Mean 0.34 104.5
Min, 0.04 80.1

Sunflower
i Max. 0.36 134.5
Mean 0.13 122.4
_ Min. 0.23 83.4
:;as""‘“g Max. 3.5 1333
Mean 1.1 1153
Min. 2.4 118.1

Pumpkin

seedd ol Max. 3.5 119.4
Mean 2.9 118.7
Min. 0.08 149.6
Walnut oil Max. 1.5 156.7
Mean 0.69 152.1
Other Min. 0.08 90.4
vegetable Max. 0.38 132.3
oils Mean 0.17 111.9

J. of KIHE/Vel.20, 2007

Fig. 1. Chromatography of fattt acid standards.
1. Palmitic acid, 2. Stearic acid, 3. Oleic
acid, 4. Linoleic acid, 5. Linolenic acid, 6.
Arachidic acid

0.64%=2 AT Zzt 5.5%, 2.2%, 58.9%,
24.8%, 8.4%, 02%= et FHAME
44.8~459%, 4.5~4.6%, 36.9~374%, 9.3~
9.7%, 0.14~0.17%, 0.36~0.38%= HF g

7}7} 45.3%, 4.6%, 37.1%, 9.5%, 0.16%, 0.38%
2 Vet EEHFAAE 6.9~9.7%, 3.6~
5.4%, 14.9~27.6%, 58.7~73.7%, 0.18~0.88%,
0.16~0.39%= Hzte 2tz 8.0%, 4.1%,
20.4%, 66.9%, 0.38%, 0.24%= 1 }elyit). dn|
FAE 15.4~18.1%, 1.8~2.1%, 40.3~
43.6%, 22.5~27.5%, 0.41~0.43%, 0.62~0.74%
2 @i 42 17.1%, 2.0%, 41.9%, 24.9%,
0.42%, 0.70%= ElskTh. sjutet7]folA e
3.8~6.8%, 3.4~5.3%, 24.7~87.4%, 5.0~
64.9%, 0.14~0.94%, 0.26~0.34%= HF gL
Zv 7} 6.2%, 4.0%, 36.9%, 52.5%, 0.47%, 0.30%
2 Jextc. FrfeAs 9.8~15.9%, 2.4~
4.8%, 19.0~76.5%, 6.8~57.4%, 0.73~13.8%,
0.34~0.43%= FT S 47 11.7%, 4.0%,
39.3%, 39.9%, 4.7%, 0.4%= +Ebsth uh
FAAAME 13.7~14.2%, 6.5~6.7%, 20.9~
21.1%, 57.3 ~57.8%, 0.36~0.59%, 0.3~0.5%
2 Hige 27t 14.0%, 6.6%, 21.0%, 57.6%,
0.48%, 0.40%= YEMET. SFFoAE 6.8~
7.8%, 2.6~2.9%, 14.8~18.1%, 60.4~61.1%,
11.6~13.3%, 0~02 HTFFL 44 7.3%,
2.8%, 16.9%, 60.8%, 12.2%, 0% = ‘}etsttl. 7]
B} A& fAdAE 9.8~15.9%, 2.5~4.5%,
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Table 4. The Comparison of AV, IV and fatty acids in vegetable oils

Vegeablo ols ———  Cis  Cwo  Cmi  Csa  Cuws Cmo  SFA PUFA  UFA
Red Min. 13.4 22 8.0 711 031 029 158 717 79.8
pepper Max. 17.3 25 9.2 74.8 0.63 0.35 20.2 751 84.2
seed oil Mean 143 2.4 8.8 740 040 032 167 744 833
Min. 11.1 3.8 208 516 42 034 156 560 816
Soyb
oi‘:y o Max. 129 54 277 555 78 042 184 629 844
Mean 11.9 4.7 233 54.1 6.1 038 166 602 834
Min. 11.8 20 277 499 035 039 140 510 822
Con oil Max. 14.6 27 324 562 1.9 052 178 577 860
Mean 12.9 22 299 539 092 045 148 535 827
Min. 10.6 2.8 35.7 23 048 037 146 22 40.1
Olive oil Max. 243 6.1 778 222 08 078 312 227 854
Mean 13.9 3.9 705 8.0 G68 45 18.1 8.6 79.1
Min. 4.6 2.0 457 210 59 0.59 6.6 246 888
Canola oil Max. 8.9 2.7 623 385 101 064 111 4358 953
Mean 55 22 589 248 8.4 0.2 8.0 332 920
Min. 44.8 45 36.9 9.3 014 036 495 466 9.9
Palm oil Max. 45.9 46 374 9.7 017 038 507 474  10.
Mean 453 46 371 95 016 038 500  47.0 9.9
Min. 6.9 3.6 149 587 018 016 110 591 846
S Max. 9.7 54 276 737 08 039 154 740 889
Seed oil
Mean 8.0 4.1 204 669 038 024 122 673 878
Min. 15.4 18 403 225 041 062 173 229  63.6
" g
W Max. 18.1 2.1 436 275 043 074 209 279 685
oil rice-bran
Mean 17.1 20 419 249 042 070 195 251  67.0
Min. 38 34 247 5.0 0.14 026 7.6 5.3 87.5
Sunflower
o Max. 6.8 53 874 649 094 034 125 617 924
Mean 6.2 4.0 369 525 047 030 104 527 897
Min. 9.8 24 19.0 6.8 073 034 123 8.4 80.1
Seasoning
& Max. 15.9 4.8 765 574 138 043 199 642 877
Mean 117 40 393 399 47 0.4 161 446  83.9
Min. 13.7 6.5 209 573 059 030 207 788 579
Pumpkin
i Max. 14.2 6.7 211 578 036 050 212 793 582
seed oil
Mean 14.0 6.6 210 576 048 040 210 790 580
Min. 6.8 26 148 604 116 0 96 722 892
Walnut oil Max. 78 29 181 611 133 0 108 744 904
Mean 73 2.8 169 608 122 0 100  73.0 900
Other Min. 9.8 25 22 6.8 091 034 123 203  80.1
vegetable Max. 15.9 45 670 544 138 04l 199 616 877
oils Mean 12.1 39 430 337 7.1 037 162 408 838

Cigo : Palmitic acid, Cigo : Stearic acid, Cisq : Oleic acid, Cis2 : Linoleic acid, Cis3 : Linolenic acid
Ca0 : Arachidic acid, SFA : Saturated fatty acid, UFA : Unsaturated fatty acid, PUFA : Polyunsaturated fatty acid.
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22.2~67.0%, 6.8~54.4%, 0.91~13.8%, 0.34~
0412 FFHL Z2Z 12.1%, 3.9%, 43.0%,
33.7%, 7.1%, 037%= el A A 7FEA
= 4.1%, 1.9%, 53.8%, 18.4%, 0.60%, 7.6%=
velten 7jef £ W40l 13.6%= Y E
Job. 365 7.5%, 2.8%, 15.0%, 74.4%, 0%,
0.3%= Elsich
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VellA&= 4715 oo ZAiasE HHo
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AEHQ FHZAZF 228 A2 Bdd.
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@el 2709 Awatel § UAx AoE b
o} EEES RAZ A ERE a3
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400~2,500nmoj| A =A ¥ 2= ET 2 Table
5¢] o= w s HAIFAL FAI}AT
e BFg Qo)A 1xe| st 4nm 4
o2 47013& smoothd F AIFHEA(SNV and
Detrend)sl= oz 3399, g
Table 6948} o] AEE 47]9] HEEA
$(Cross validation groups)©. 2 1 }Fo] data set
N AAtEeld o AMEEHE HO term FE
1622 Astz:, IA Aol7t Y= ABE AT
t AAL 3~53) wEstq Z AEdE F4
st AFA AFL AT APA 2
2 &L 30709 AlRE AHESIe AR £
Mo AzEe FAHLAEZTEA AFe Z
gEd AAAF R EFLAE UL

Table 5. Conditions of the first derivative

derivative Ist
Math gap 4 nm
treatment  smooth 4 point
second g
smooth 1 point
Scatter SNV and Detrend

Table 6. Conditions of calibration curve for
vegetable oils

Cross validation groups 4
Maximum number of terms 16
Number of outlier elimination passes 3~5
Missing data value 0
Critical 'T' outlier value 25
Critical 'GH' outlier value 10
Critical 'X' outlier value 10

BH A A4 FHMPLS regression) o2 A E
%A & Table 73 2o} A9 T3 F2

7} 829l AVE R¥(Coefficient of  determination)
#ko]l 0.9727, SEC(Standard Error of Calibration)
+ 0.0553, SECV(Standard FError of Cross
Validation)= 0.0856°.2 lel} d|awz kA€
AL AL 5 ATk
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Table 7. Results of MPLS analysis for determining the acid value, iodine value and fatty acids
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Calibration Validation
Item

RSQ SEC SECV RSQ SEP SEPC Bias
Acid value 0.9727 0.0553 0.0856 0.897 0.185 0.188 0.017
Iodine value 0.9970 1.0854 1.1793 0.993 1.367 1.390 0.082
Palmitic acid 0.9805 0.4304 0.5038 0.935 0.899 0.999 0.108
Stearic acid 0.9420 0.2536 0.2761 0.707 0.640 0.652 0.005
Oleic acid 0.9987 0.7769 0.8595 0.994 1.498 1.513 0.516
Linoleic acid 0.9994 0.5780 0.6463 0.996 1.360 1.379 0.131
Linolenic acid 0.9966 0.1871 0.2177 0.984 0.476 0.486 0.010
Arachidic acid 0.9750 0.0217 0.0279 0.798 0.076 0.080 0.004
MPLS : Modified Partial Least Squares
SEC : Standard Error of Calibration
SEP : Standard Error of Prediction
SECV : Standard Error of Prediction Corrected for bias
SEPC : Standard Error of Prediction Corrected for bias
Bias : Difference between reference and NIR values

ABAe #AEF ZAF} AVE R'go]l 0.897, 1.17932.2 JElgton H|ZXAEE o] 834

SEP (Standard Error of Predic tion)i= 0.185,
SEPC(Standard Error of Predi ction Corrected for
bias)i= 0.188, bias 0.017% v}elyith. 7 24 9
R’gko] 0.990) 402 vERE B9 vl AA
Qe AFHoz G5 e AVE R0
gol = olFE JElDG AL FAFA A
AHEEl X129 AVE W$7F 0.01~3.5% H]
2A Fi 53] dgFE A5 AVZE 0290]5}
2 Yehd Ao 71A@h. AFAL v R
Al 09 °]st= 2A e e ol ZuHH
7153 AFH7IEFA 7INE R AR
T4 g WE ZAFAHA A AR
o 71 A EF H3A FHAFHO o] ¥
A deisd. a2y o) RS AlYsta AFA
& We R’ gk 09322 Yehd Al 24
S&% W AVZ} 0.290]32 @A YEYYE A
FAT 050|302 YeEE A E8FA9 AF
AL FAso A @3t= Aol EHFHo=2 Y
Ehon EAQAE 0|71 A ASHY
Alge] ddolEZF HaF o2 AlREH.
IVE R’gke] 0.997, SECE 1.0854, SECVE

ABAS 7HE% A7 R'Fo] 0993, SEPE
1.367, SEPCE 1.390, bias:= 0.0822 '}EFSTE
Aol RPgrel ¢ =A JeEld AL 4
L8929 IV ¥} 52.1~156.72 EXEH7}
Y7 wieln AV g Alge] A &
QS Wz g Aow eyt IVE A
Wike] EXEEE dod 5 e T4 F
Bolu} XA £AEV Dojd A ex
7} ZA Jehtes d3de] vk ey AL
AFAL HE4/5A9 IVE AP o=
afRHor ZAY F e ALZ eyt
A ¥Ab F palmitic acidiE= R* he] 0.9805,
SEC: 0.4304, SECVE 0.5038% UEltor
=% A3 R® 0935, SEPE 0.899, SEPCE
0.999, biast= 0.108% U}E}ykc}. Stearic acid=
R? 0.942, SEC+ 0.2536, SECVE 027612 U}
ehkom AZEe Az R’ 0.707, SEPE 0.640,
SEPCE 0.652, bias 0.0050]%1t}. Oleic acidi=
R 0.9987, SECE 0.7769, SECV: 0.8595=% 1}
Ehton 7AZd 23 R’ 0.994, SEPE 1.498,
SEPC¥ 1.513, bias 0.5162.%  t}ebsih
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Linoleic acid= R’ 0.9994, SEC= 0.578, SECV
= 0646302 vEygon, HEE ZAx R
0.996, SEP:= 1.360, SEPCE 1.379, bias 0.131
o2 1}ebytrl. Linolenic acidi= R® 0.9966,
SECE 0.1871, SECVE 021772 Ehygony
AZ% Az R® 0984, SEPE= 0476, SEPCE
0.486, bias 0.01= }E}RETE Arachidic acid
R® 0975, SEC 0.0217, SECVE 0.0279% 1}
Ebton 7AZ% A3 R® 0.798, SEPE= 0.076,
SEPCi= 0.080, bias 0.004%= }E}ir). o i
o] AwpidelA vlud <tAHE AHE e
2o} stearic acid®} arachidic acidy: 7 F 32
W AFHE=7F g 3A JdElE. AR @
A YdeEbd olfE ZTUANIEY E5F 5o
ABF7F AQ7] qigqQd FES A8E &
H3E E4 o ¥ AZEE e RAoe=
gosHr FdE FFALe HE8FA F449
7telle &80) 753 Aoz vElgh

Fig. 2~9%& ©|3}8l3 EAZ3E ugo=
MPLSE o] &3t RS HPMo= AJY
9] AV 0~1.54, IV 51.4~180.1, palmitic acid
0~30.9%, stearic acid 0.23—~6.7%, oleic acid
0~97.2%, linoleic acid 0-108.3%, linolenic
acid 0~12.1% -12] 3l arachidic acid 0—~0.82%
2 YgRo &A1 me AV, IV & A
ik 24 § F25AMC =284 g2 4E
o zt H#AHvlr} data points?7} 2~33e] 2
HAUE AFE UEz o o] wmat
FAog AFT £ JE HYAE vuy Y

TEE YERZ Ut

33. OlsfstEol EMHI ZNe|EAMEo

2AHH| @
Table 8& AZ§ AT 2HYEFE
Aol o 239 4FFTAPes +Y5}o
de ANE vgoz HAex @ Huox

& oo dHag RAew AVE ZF$ AFHzE
o] zkolE= HA 0.0, Hu| 0.770]0eH, IV
HA 001, Hd 29, palmitic acidE® FH A
0.05%, & 2.9%, stearic acid = 2 0.01%,
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Table 8. Minimum and maximum errors with
the NIR spectrum data and chemical

assay data

Item Min Max
Acid value 0.0 0.77
lodine value 0.01 2.9
Palmitic acid(%) 0.05 2.9
Stearic acid(%) 0.01 22
Oleic acid(%) 0.18 2.5
Linoleic acid(%) 0.07 3.5
Linolenic acid(%) 0.01 1.7
Arachidic acid(%) 0.01 0.19

CH 4 2.2%, oleic acid = H 2 0.18%, Hu)

2.5%, linoleic acid + &4 0.07%, ] 3.5%,
linolenic acide= H A 0.01%, H o 1.7%,
arachidic acid:= 4 0.01%, o 0.19%= 1}
Bttt @8 F Ay AT HolE
Hlag A3 A FYPte] zpol= AVE] FS-=
0.020]%l e, IV 0.08, palmitic acid:=
0.11%, stearic acid+= 0.01%, oleic acid+
0.19%, linoleic acid+= 0.13%, linolenic acid+=
0.01%%= arachidic acid= 0.004% }e}r} 2}z
o] AA BE#e Heole= wl§ A2 A=
et AVE H 23 AR FEA v 2 F
E AE Holx gloy ol HAFH FA A
ARl 47F ANW BukK, 2L autels)
135 715 ol 7 ALz ol AL
FE F7AA22ZAN A A2
o7 AddAn. HFYA 237 AV,
Vel Algyio] Algol AFHFolY F2AAA
Al @ AzEe] B#aate] Foz Ad g A4
AL =331 Ue FS ASsd & A8y
Ale] eateE A AV HA & A=
Atz €t 8 B E, vlelrtd 9o FAIEA
MR E AESI o ST W] o&
AAF 3= EAZ A3 2 AFdAAE A
AIZ T & AT A ZFHYH EFEHY
HOoR TAIZE ol AV, IV, At 659 &

F& A% Y YEAHA) FASA



199 /
5
i e
(%] ey
£ G
e
Fig. 2. Calibration curve for acid value
in vegetable oils using MPLS.
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Fig. 4. Calibration curve for palmitic acid
in vegetable oils using MPLS.
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in vegetable oils using MPLS.
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Fig. 8. Calibration curve for linolenic acid

in vegetable oils using MPLS.
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in vegetable oils using MPLS.
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Fig. 5. Calibration curve for stearic acid
in vegetable oils using MPLS,
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Fig. 7. Calibration curve for linoleic acid
in vegetable oils using MPLS.
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Fig. 9. Calibration curve for arachidic acid

in vegetable oils using MPLS.
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Levels of Heavy Metals in Candy Packages and Candies Likely To Be
Consumed by Small Children

Ki-Cheol Kim, Yong-Bae Park, Myung-Jin Lee, Jung-Beom Kim, Jeong-Weon Huh,
Dae-Hwan Kim, Jong-Bok Lee and Jong-Chan Kim
Health Research & Planning Team

“Ahslnct: 92 samples of child-consumed candies and candy packages were analyzed for seven heavy metals. Lead
(Pb) was detected at concentrations of 110.3 mg kg' to 6394.1 mg kg” in ten of 92 candy packages. The
directive factor of Pb contamination had originated in the lead-based ink of the outer cover. Particularly, Pb was
detected at high concentrations in case of green- or yellow-colored packages. Chromium (Cr) was detected at high
concentrations in cases where Pb was also detected at high concentrations, and the Cr levels ranged from 136.9
mg kg" to 14293 mg kg" in seven of the 92 candy packages. Hexavalent chromium [Cr(VI)] was detected at
87%—105.0% of the total Cr in polypropylene-coated wrappers with printed outer covers. These results inply that
the Cr(VI) in the package originates from ink pigments such as PbCrOs and CrOs. The migration of Cr(VI)
increased with elution time up to 0.20 pg (em®) ™' for 30 days in basic (pH 10.0) solution; however, there were
no migrations in acidic (pH 4.0) and neutral (pH 7.0) solutions. The migration of Pb increased with elution time
up to 0.65 pg (em®)' and 028 pg (em®)™ in basic (pH 10.0) and acidic (pH 4.0) solutions, respectively.

However, any migration was hardly observed in neutral (pH 7.0) solution.
Key Words: Heavy metals, candy and candy packages, migration, lead, hexavalent chromium [Cr(VI)]

BT 5 27 AEFRuFAA 45HE A9F 2 T34 Z 9229 s o,
Nk F A4S 2AEY. T3 5 A AGFEZA 102904 F(Pb)o] 1103 ~
6394.1 mg kg'9| 2 A&HYon, AHHA AEAAE EAA ¢ W2 Pbbased Yo 7)Ao
(Pb)o] 7A2% 1070 ZF 7A0A = AE(Cr) =3 1369 ~14293 mg kg'e] 1 E2 HEFH oY, o]52 1
N 5/’5‘01 7Ad 67} EB[Cr(VD)] BEEQ Ao 2AHAG. 9wo] AW v dAEe] NFEZAF 6
7}2E8E& EF3E(Total Cr) thH] 87~105.0% HAEES Lehuglch E(Pb) # 671 E[Cr(VD)]e] L3 ER HE
€ %ﬂz e F2 54 5= G475 A48 gehifion, o 44E PbCrOs, Cro:gt 22L& A 9
agtzd] 71ste AoR ZAHAG. n¥ES T AEW AR U L34 A 7h2FL L7
g A(pH 100914 308zt §& A 020 pg (em”) ' 71A| ol Fo] F7IHE AY S BAFE WA, A4 (pH 4)
2 FAPH D&M E A9 o= st F(Ph)e A%E d7lg] 2 L&A ZHZ 0.65 ng
(em’)', 0.28 pg (em’)'74A ool FrlEHE W, FALAANE 7t FT vAAZ oA %%k

t}.

FMO] - FE5, H(Pb), 67FLE[Cr(VD)], ©] ), WY R EFA
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1. Introduction

The word "package" refers to a container that
provides a means of protecting, marketing, or
handling a product, and it includes a unit
package, an intermediate package, and a
shipping container. In many countries, various
plastic materials are used in food packaging, and
most of them are printed by color inks on the
outer cover. Importantly, food products such as
candies that are likely to be consumed
frequently by small children are wrapped in
colorful packages in order to induce them to
purchase the products. Heavy metals, such as
lead, chromium, and copper, can be put onto the
children’s hands that hold candies. Due to their
frequent hand-to-mouth behavior, children are
likely to be posed by ingesting these heavy
metals. There is a general understanding that the
package surface in contact with the food should
be free of printing ink, that is, the package
itself should form an effective barrier between
the printed surface and the food, and the
unintentional transfer of components of printing
inks from the outer printed surface onto the
food contact surfaces should be avoided. Use of
printing inks only on the outer surface of the
package does not ensure that it will not
contaminate the food, although the inner surface
of the package is coated with films such as
polyethylene or polypropylene. There are 4
mechanisms by which substances used in
printing inks can migrate from the printed
surface to the food contact surface: blocking,
rubbing, peeling, and diffusion”. There are
studies on migration of

food™™.

several scientific

contaminants from  packages into

J. of KIHE/Vol.20, 2007

Moreover, there has been considerable scientific
progress in understanding and modeling the
migration of adventitious substances with
hazardous potential from packages into foodstuffs
that are in direct or indirect contact with the
packagesﬁ'g).

Many kinds of child-consumed candy products
were sold at a low price at retail stores near
elementary schools in South Korea. Most of the
packaging is so poorly designed that the inner
coating does not maintain structural integrity,
allowing ink components in the outer package
layer to migrate into the candy. Furthermore,
candy contact surfaces of the packages have a
potential for contamination because finished
packaging films are frequently distributed to end
users in reel form in which the outer printed
surface and food contact surfaces of the
packages are in contact with each other. There
are many kinds of metal-based inorganic
pigments. The metal components can migrate
from the printed surface to the food contact
surface if the package is poorly designed. In
particular, heavy metals from the ink can
migrate onto the candy if harmful lead (Pb)-or
hexavalent chromium [Cr(VI)] - based inks are
intentionally used in the food package. Migration
can be severe if the surface of the candy is
sticky.

For more than a century, Cr(VI) exposure has
been known to be associated with cancer
especially  bronchial

induction in  humans,

919 However, not all

carcinoma and lung cancer
the Cr(VI) compounds are equally potent as
carcinogens. In particular, the water-insoluble
Cr(VI) compounds of particulate forms are more

potent carcinogens than the water-soluble
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ones' . Most studies using particulate Cr(VI)

have focused on lead chromate (PbCrO4) as a
model compound for particulate salts'*"7.
PbCrQOs is an inorganic pigment used in paints,
inks and plastics however, most of the countries
have prohibited the use of lead chromate in
food packages because it is deleterious to health.
The aim of this study was to survey the
presence of heavy metals in candies and candy
packages from retail stores near elementary
schools in South Korea. In addition, the effect
of pH on the migration of heavy metals was

investigated using food simulants.

2. Materials and methods

2.1. Chemicals and reagents

All the standard stock solutions of heavy
metals were certified reference materials that
were purchased from Wako Chemical Co.
(Japan). The concentrations of the stock solution
were as followed: Pb (999 + 0.005), Cd (1002
+ 0.006), Cr (1006 + 0.006), Cu (1002 =
0.005), Zn (1004 + 0.005), Co (1004 + 0.006),
and Mn (1004 + 0.004) mg 1'. HNO; and
H>O, were of heavy metal analysis grade and
purchased from Wako Chemical Co. (Japan).
Reagent water, toluene, and acetone were of
analytical reagent grade and purchased from J.
T. Baker (USA). MgCl,, Na,CO;, NaOH, and
diphenylcarbazide for Cr(VI) analysis were
purchased from Fluka Chemicals (Switzerland).
Buffer solution was prepared at pH 7.0 and
used according to the U. S. EPA (Environmental
3060A in  the

Protection  Agency)method

laboratory.

2.2. Digestion of candies and candy packages
for heavy metal analysis

Candy samples were digested with
microwave-assisted acid digestion. Samples were
weighted to approximately 2.0 g in a vessel, to
which 9.0 ml HNO; and 1.0 ml H.O; were
added. The temperature of the microwave
instrument was increased from room temperature
to 200Cat 5C min' and held at this
temperature for 15 min. After digesting, the
solution was gently heated to remove HNO;,
and the residue was then diluted to 10-20 ml
with 0.5 mol I' HNO;. Sample blanks were
performed with empty vessel, to which 9.0 ml
HNO; and 1.0 ml H.O> were added.

Candy packages were digested using the dry
ash method (500C, 6 hr). Samples were
weighted to approximately 0.2 g in ceramic
crucible and diluted to 10-100 ml with 0.5mol 1
"' HNO; after digesting. Sample blanks were
also performed with empty ceramic crucible.
Eight or nine Samples and their blank were
simultaneously analyzed as a sample batch. All
the solutions were assayed by ICP-OES (Perkin
Elmer, Optima 5300DV, USA). The
concentration ranges for standard solutions were

typically between 50 and 5000 g 1.

2.3. Analysis of hexavalent chromium [Cr(VI)]
in candy packages

The extraction of water-insoluble Cr(VI) in
candy packages was performed by alkaline
digestion (EPA method 3060A) instead of
microwave-assisted acid / dry ash digestion

because of oxidation-reduction potential induced

A HAAFAIAE T20d, 20074
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Sample
(below 200mesh)

Solvent « Add Toluene, 100 ml
Extraction Ultrasonic
i Extraction
Concentration

« Add 0.5 N NaOH/0.28 N Na,CO; soln., 50 ml
« Add MgCl,(s), 400 mg
« Add Phosphate Buffer soln. (pH 7.0), 0.5 ml

Alkaline
Digestion

Digestion
(957C, 1 hr)

‘ «0.45 um membrane filter

Filtration

\ « Add 5 N HNO;, dropwise

Neutralization
(pH 7.5 + 0.5)

+ Add diphenylcarbazide soln., 2Zml

+« Add 5N H,;50,, dropwise

Color Acidification
Development (pH 2.0 £ 0.5)
— <« Dilute to 100 ml with regent water
Spectrophotometer
(A =540 nm)

Fig. 1. Flowchart of sample treatment in hexavalent chromium analysis.

by reactions between Cr ions and polymer
materials. However, as the digestion solution
contains lots of sodium ions that could be
interfered in measurement of chromium ions
optically it is difficult to analyze the chromium
by ICP (inductively coupled plasma) or AAS
(atomic absorption spectrophotometer). From this
point of wview, the Cr(VI) reaction with
diphenylcarbazide is the most common and
reliable method for analysis of Cr(VI)
solubilized in the alkaline digestate. The use of

diphenylcarbazide has been well established in

J. of KIHE/Vol.20, 2007

the colorimetric procedure (EPA method 7196A).
It is highly selective for Cr(VI) and little
interference was encountered when it was used
on alkaline digestives.

Fig. 1 presents a flowchart of the solvent
extraction, alkaline  digestion, and  color
development of the samples. First, toluene was
used as the solvent for effectively extracting
water-insoluble pigments. Toluene is an effective
organic solvent in extracting package components
such as ink, resin and adhesives. In the present

study extraction took place in a water bath at
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40°C, simultaneously with ultra-sonication for an
hour. Thereafter, ink pigments in the particulate
form were dispersed in the solvent. After
concentrating the extracts, 3-5 drops of
isopropanol were added to activate the reaction
between pigments and the digestion solution.

The samples were digested using 0.28 mol 1"
Na,COs; / 0.5 mol I' NaOH solution and heated
at 95C for lhr to dissolve the Cr(VI) and
stabilize it against reduction to trivalent
chromium. After cooling to ambient temperature
the solution was filtrated through a 0.45 pm
membrane filter. The dissolved Cr(VI) of the
digestion solution was analyzed colorimetrically
by reaction with diphenylcarbazide in acid
solution. Addition of an  excess of
diphenylcarbazide yielded a red-violet product,
and its absorbance was measured photometrically
at 540 nm by UV-VIS spectrophotometer
(Scinco, S-3100, South Korea). To compensate
for possible slight losses of Cr during digestion
or other operations of the analysis, Cr(VI)
standard solutions were treated by using the
same procedure as that used for the sample, and
reagent water was used as the sample blank.

The calibration ranges for Cr(VI) were typically
between 200 and 1000 pg I 416 verify the
absence of interference during solvent extraction,
alkaline  digestion and color development,
recovery tesis were accomplished by analyzing

the samples that has been spiked with Cr(VI).
2.4. Migration test
Migration test was carried out to investigate

the migration possibility of heavy metals from

candy packages to candies. As a sample for the

migration test, pieces of polyethylene film
(vellow candy packages, total surface area: 50
cml) were immersed in 200 ml of food simulant
solutions under acidic (pH 4.0), neutral (pH
7.0), and basic (pH 10.0) conditions, and all the
samples used in the migration test contained
6394 mg lcg'1 of Pb and 1428 mg kg_iof Cr.
This was a 30-day test with interim
measurements being taken at days 1, 2, 3, 4, 5,
7, 10, 15, 20, 25 and 30 at room temperature.
For each measurement, 20 ml was taken and
concentrated to 1-2 ml, and then diluted to 10
ml with 0.5 mol I'' HNO;. All the migration

measurements were made in duplicate.
3. Results and discussion

3.1. Analytical quality assessment

3.1.1. Linearity of calibration curves

Under the experimental conditions described in
the above materials and methods section, linear
calibration curves were constructed in the
concentration range of 50-5,000 pug 1" and 200—
1,000 pg I for the seven heavy metals and
Cr(VI), respectively. Regression analysis gave
that all the calibration curves were linear in the
investigated concentration range. The linearity of
the method was also tested by standard solutions
treated using the same method for the samples
in the concentration range of 50400 pg I and
200-400 pg I'' for the seven heavy metals and
Cr(VI), respectively. Their slopes were similar
with the above ones, which was an additional
proof that there was no interference from sample
pre-treatments. Calibration curves were

constructed by plotting the instrumental response

)| cHASFFEAALE H20A, 2007H
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Table 1. Analytical parameters of calibration curves of the heavy metals

Regression equation *

Analytical Heavy Concentral:i0111 si ok -

instrument metal  Range I ope = mercept. 2e)°
ge (e 1) L Spyxi0 (@_SD) x10° B

50-5000 0.150 + 0.004 0.45 + 0.59 0.9999(5)

Pb 50— 400 0.146 + 0.002 1.14 + 0.23 0.9998(4)

50-5000 3.053 + 0.017 8.96 + 10.36 0.9999(5)

Cd 50— 400 3.049 + 0.020 4.69 + 1.88 0.9997(4)

50-5000 1.054 + 0.017 -3.98 + 3.14 0.9999(5)

ICP- Cr 50— 400 1.028 + 0.004 043 + 047 0.9999(4)

OES

2 50-5000 1.876 + 0.047 40.51 + 20.89 0.9999(5)

b 50— 400 1.727 + 0.038 80.87 + 10.45 0.9991(4)

Mn 50-5000 10.15 + 0.14 56.01 + 20.05 0.9999(5)

50— 400 10.17 + 0.04 -6.33 + 2.55 0.9999(4)

Co 50-5000 0.695 + 0.011 -1.15 + 4.45 0.9999(5)

50— 400 0.683 + 0.003 -0.31 + 0.52 0.9996(4)

7n 50-5000 1.517 + 0.014 27.97 + 9.93 0.9999(5)

50— 400 1.524 + 0.013 20.60 + 0.18 0.9999(4)

UV/Vis- 200-1000 (7.72 + 0.04)x 10* (136 + 0.23)x 107 0.9997(5)

Spectro- Cr(VI) :
photometer 200-500 (7.90 = 0.04)x 10*  (0.67 = 0.24)x 10™ 0.9992(4)

* Linear unweighted regression analysis (y = bx + a, where x is concentration in pg )

" S.D. is the standard deviation of intercept and slope

© R® is the square of correlation coefficient and n is the number of points in each calibration curve;
each point is the mean of three experimental measurements.

against the concentration of heavy metals in the

standard solution.

The correlation coefficients

were usually higher then 0.999. The analytical

parameters of representative calibration curves

are summarized in Table 1.

3.1.2. Precision and accuracy

To wverify

the precision of the method, a

homogenized candy package (about 1.2 g) was
divided in six aliquots of 0.2g each, which were
submitted the overall analytical method and
measured five times for the same sample. The
percent relative standard deviations were found
less than 3% in all the above cases.

the accuracy of the

In order to evaluate

J. of KIHE/Vol.20, 2007

method, the recovery tests were studied for

seven heavy metals and hexavalent chromium

[Cr(VD]. A

containing known concentrations of the seven

homogenized  candy-package

heavy metals and Cr(VI) was prepared and
divided into two sets of three aliquots of 0.2 g
each. For one set of samples, the spike solution
of seven heavy metals was added directly to
the sample aliquots, and the spike solution of
Cr(VI) was added to the other set of samples.
Each set of samples was analyzed by the
method. The recoveries from

98.5-103.2% and

described overall
the spiked solutions

100.9%

were
for seven heavy metals and Cr(VI),
respectively (Table 2).
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Table 2. Recovery studies for the determination of the heavy metals

Qgﬂuyggilt Heavy metals Conccnt?gtiilf);d (ug l'l) _ Mif ag. rf)cgj/\;f)agy

Pb 200 98.5 + 2.1

Cd 200 1024 + 1.9

Cr 200 100.2 + 1.4

g:gs- Cu 200 98.5 + 2.4

Mn 200 102.3 + 2.2

Co 200 99.5 + 1.7

Zn 200 103.2 + 2.4

Spec:rjo\lggiz;zleter Cr(VD 400 1009 + 1.5

® 8. D. is the standard deviation of the mean recovery

3.1.3. Limit of detection (LOD) and limit of
quantification (LOQ)

The LOD is defined as the lowest
concentration of an analyte in a sample that can
be detected. The LOQ is defined as the lowest
concentration of an analyte in a sample that can
be determined with acceptable precision and
accuracy under the analytical conditions of the
method. The LOD/LOQ could be calculated by
the unweighted method. this
studies, LOD/LOQ were calculated based on the
slope (S) of the

standard deviation

least-squares In
calibration curve and the
(SD) of
regression lines according to the formula: LOD

3.3(SD/S), LOQ = 10(SD/S). Based on the

of y-intercepts

above equations, the calculated LOD values for
Pb, Cd, Cr, Cu, Mn, Co, Zn, and Cr(VI) were
13.0, 112, 9.8, 36.8, 6.5, 21.1, 21.6, and 9.8
ng I, respectively. The calculated LOQ values
were 39.3, 33.9, 29.8, 1114, 19.8, 64.0, 65.5,
and 29.8 pg I”', respectively.

3.2. Levels of heavy metals in candies and

candy packages

Table 3 presents the level of heavy metals in

packages of candies that are likely to be
consumed by small children. We obtained 92
samples from retail stores near elementary
schools in South Korea. Results are presented
for seven heavy metals in candy packages, of
which 31 were from South Korea and 61,
imported from foreign countries. Eight or nine
samples were simultaneously analyzed as a
sample batch. A sample blank was analyzed
with each sample batch.

Most of the samples were made of splendidly
colored polyethylene and polypropylene films. In
particular, candy packages from China were very
colorful, and the heavy metal levels in these
samples were considerably high as compared to
others. Pb levels of over 100 mg kg~ were
detected in 10 of 92 samples, of which nine
samples were from China and one, Malaysia.
The directive factor of lead contamination had

originated in the lead-based color ink of the

A)|HAAFAA/AE H20H, 2007H
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Table 3. Levels of heavy metals in candy packages

Manufacturing Concentration of heavy metals (mg kg ")
country
(Sample No.) Cu cd Pb Mn Cr Co Zn
South Korea ~ ND-1153  ypyp ND 99 ND-1.I ND442 ND-30 ND-1148
(8.18)° (1.05) (0.10) (2.38) (0.15) (6.61)
China ND-354.6 ND-7.74 ND-6394.1 ND-5.5 ND-14293 ND-1.2 ND-2579.5
(39) (20.38) (0.50) (356.89) (0.39) (81.52) (0.18) (187.65)
Mexico 10.9-66.1 2.0-45.0 2494
3) (30.34) ND (17.65) ND ND ND (5.29)
Malaysia 0.8-8.55 ND-0.20 0.5-158.4 ND 0.3-29.3 ND-0.3 ND-230.0
&) (3.43) (0.06) (533) (10.03)  (0.15) (78.0)
Indonesia 3.7-529.8 ND 0.3-6.5 ND 0.2-1.5 0.2-0.3 0.7-81.6
3 (181.21) (.53) (0.76) 024)  (30.60)
USA 16.4 3:2
2) 872 ND ND ND ND ND 743
Colombia 3.3 ND ND
3311 ND D 0.30 WD ND 1.0
Others 0.9-46.3 ND ND-13.7 ND-8.3 ND-82.6 ND-6.5 0.2 -102.6
©) (11.38) (1.88) (0.93) (9.58) (0.86)  (23.39)
% ) : average concentrations of heavy metals
® ND : Not Detected
outer cover. In particular, Pb was detected at concentrations of other metals in the 92

concentrations in of green- or

high

yellow-coloured packages; pigments such as lead

cascs

chromate, lead sulphate, and lead oxide could
confer these colours.

The concentration of chromium was also higher
in cases when the lead concentration was high,
as illustrated in Fig. 2. These results
demonstrate that harmful pigments such as lead
chromate, which have been prohibited by law
from being used in packaging materials, are
being intentionally used in some countries.

Table 4 illustrates the levels of heavy metals in
candies that are likely to be consumed by small
children. We obtained 92 samples from retail
stores near elementary schools in South Korea.
Like candy package, sample blank was analyzed
with
manganese, and copper were detected at high

1.58,

each sample batch. In general, zinc,

concentrations at averages of 2.14, and

0.70 mg kg", respectively, as compared to the

J. of KIHE/Vol.20, 2007

samples. The types of candies sampled were
lollipops, chocolate, chewing gum, jelly, etc. On
the whole, the migration of heavy metals from
not

the candy package to the candy was

observed in this result.

COnCEnTranon,

|l T T T T T AT T Mn
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Fig. 2. Characteristic profile of heavy metals in

10 candy package samples.
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Table 4. Levels of heavy metals in candies likely to be consumed by small children
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Manufacturing Concentration of heavy metals (mg kg ')
country
(Sample NO.) Cu Cd Pb Mn Cr Co Zn
South Korea O.I—S.g ND® ND-0.1 ND-6.0 ND-0.1 ND-0.05 0.01-8.3
(31) (0.53) (0.02) (0.55) (0.02) (0.005) (1.18)
China ND-10.0 ND-0.05 ND-1.3 ND-11.2 ND-25.1 ND-0.04 0.1-20.8
(39) (0.78) (0.001) (0.12) (2.61) (1.14) (0.003) (2.80)
Mexico 0.03-0.2 ND-0.03 ND-0.4 ND-0.23
3) (0.10) ND ND ND (0.008) (0.13) (0.14)
Malaysia 0.1-3.5 ND 0.02-0.16 ND-6.6 0.1-0.6 ND-0.02 0.1-7.9
(33’ (0.37) (0.08) (2.21) (0.26) (0.008) (2.74)
Indonesia ND-2.2 ND-0.01 0.02-0.06 0.8-5.1 ND-0.3 ND-0.04 0.1-13.2
3) (0.83) (0.003) (0.04) (2.26) (0.12) (0.02) (5.36)
USA 0.31 ND ND 0.09
2) 0.38 ND 0.01 0.11 XD HD 0.94
Colombia 0.86 0.07 0.29 0.005 0.37
2) 0.17 ND ND 0.02 ND ND ND
Others 0.08-2.7 ND ND-0.3 ND-7.3 ND-0.4 ND-0.07 0.1-11.3
9) (1.28) (0.06) (2.03) (0.14) (0.02) (3.37)
® () : average concentrations of heavy metals
® ND : Not Detected
Table 5. Concentrations of heavy metals in candies and candy packages
Concentration + S.D.* (mg kg ')
Surface type
No. Pb Cr
of candy
Package Candy Package Candy
A 110.3 + 2.0 ND" 26.5 + 0.5 ND hard
B 63942 + 438 0.06 = 0.001 1429.3 + 30.8 0.23 + 0.005 Powdery
C 2733 + 3.8 ND 158.0 £ 0.7 ND Powdery
D 1254 + 1.9 ND 43.0 £ 04 ND Powdery
E 1192.1 = 9.2 ND 225.0 +£ 4.1 545 + 0.10 sticky
F 1254.0 + 134 1.31 + 0.03 136.9 + 1.1 0.48 + 0.01 sticky
G 1893.7 £ 25.9 0.21 + 0.005 4227 + 3.6 5.66 + 0.12 sticky
H 920.5 + 12.0 0.13 = 0.004 219.7 = 1.7 0.26 + 0.01 sticky
1 1581.2 + 39.0 0.32 + 0.007 4458 + 3.9 25.13 + 1.20 sticky
J 158.5 + 4.3 0.16 + 0.004 293 + 0.5 0.26 + 0.005 hard

* S.D. is the standard deviation of intercept and slope
® ND: Not Detected

) |EHAAADAL

X204, 20074
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However, a part of the samples appeared to be
contaminated due to their packages, as described
in Table 5. These results illustrate that some
heavy metals could migrate from the package
when the candy surfaces are sticky, allowing the
surface of the candy to adhere to the inner
cover of the package. Further, this would allow
lead-based inks in the outer package layer to
migrate into the candy because the packages, as
mentioned in Table 5, were so poorly designed
that their inner coatings did not maintain their

structural integrity.

3.3. Analysis of hexavalent chromium [Cr(VD)]
in candy packages

Table 6 presents the concentrations of Cr(VI)
and Pb in candy packages that were detected at

levels over 100 mg kgl of the total Cr. The

colors of these candy packages were mainly
yellow or green. In this table, numbers 1 and 2
were box-type candy packages, which were
made of polyethylene hard plastic, and the
Cr(VI) were detected less than 15% of the total
Cr. This result does not indicate that the
packages were not made using Cr(VI), but it
means that extraction of the Cr compounds by
toluene was difficult in hard plastic materials.
On the other hand, sample numbers from 3 to 7
were wrapper-type candy packages, which were
coated with polypropylene and had printed outer
covers, and Cr(VI) was detected in these
packages at 87%-105.0% of the total Cr, and
the ink components could be perfectly extracted
from the printed outer covers using the toluene
solvent. These results imply that the Cr(VI) in
the package originates from ink pigments such

as PbCrO4 and CrOs;.

Table 6. Concentration of chromium (total, hexavalent) & lead in candy package

Type of : Cr (mg kg') Pb
No S Main color - - - (g kg_l)
S s of package  Total Cr* + S.D. Cr (V)" + S.D.
(inner cover) @ =3) (n = 5) (0 = 3)
1 +lad Cladip Yellow 1429.3 + 30.8 188.5 + 2.4 6394.2 + 43.8
(not coated)
Hard Plastic 4
2 (not coated) Green 158.0 = 0.7 ND 2733 £ 3.8
Wrapper - >
3 (PP coated) Green 4227 + 3.6 400.3 + 2.1 1893.7 + 25.9
4 Wrapper ‘
(PP coated) Yellow 445.8 = 3.9 440.5 + 2.0 1581.2 + 39.0
5 Wrapper _
(PP coated) Yellow & green 225.0 + 4.1 196.8 + 3.3 1192.1 + 9.2
6 Wrapper
(PP coated) Yellow & Red 219.7 = 1.7 2302 + 2.7 9205 + 12.0
g N ey Green 1369 + 1.1 1267 + 1.4 1254.0 + 13.4

(PP coated)

* Total Cr is determined by ICP-OES
® Cr (VI) is determined by UV-VIS Spectrophotometer ( = 540nm)
© S.D. is the standard deviation of intercept and slope
¢ ND: not detected

J. of KIHE/Vel.20, 2007
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Fig. 3. Effect of pH on migration of a) Cr and b) Pb in food simulants.

3.4. Effect of pH on migrmation of heavy metals
from candy packages

In general, the pH of the foodstuffs including
that of traditional food ranges from 4.0 to 10.0
in South Korea. Because the migration of heavy
metals could be generated from food packages
and packaging, the packages of food have to be
carefully considered in relation to the pH of the
packed food. In this study, acidic, neutral, and
basic reagent water, which were provided with
large surface area to candy packages, were used
as simulants instead of candies themselves in
order to investigate the outstanding effect of pH
on migration of heavy metals from candy
packages within 30 days.

Fig. 3 illustrates the effect of pH on migration
of Cr(VI) and Pb ions from candy packages to
food simulants, which are acidic (pH 4.0),
neutral (pH 7.0), and basic (pH 10.0) solutions.

The migration of Cr(VI) increased with elution

time up to 0.20 pg (cm’)" for 30 days in basic
(pH 10.0) solution; however, no migration was
observed in acidic (pH 4.0) and neutral (pH
7.0) solutions. On the other hand, Pb migrated
considerably as compared with Cr(VI) up to
0.65 pg (cm”)™" and 028 pg (cm®)” in basic
(pH 10.0) (pH 4.0)

respectively. However, hardly any migration was

and acidic solutions,
observed in neutral (pH 7.0) solution. These

results demonstrate that Cr (VI) ion could
migrate from the printed outer covers to foods

with basic pH.

4. Conclusion

There are many kinds of candy products likely
to be consumed frequently by small children.
Most of them are sold at retail stores near
elementary schools in South Korea. Generally,
wrappers with colorfully printed outer covers are

used to packages of candy products in order to

)| cHASAADAE H20:A, 2007H
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induce small children to purchase them. Most of
the pigments of the printing inks were based on
metallic compounds such as Zn, Cu, Pb and Cr.
However, harmful metals such as Pb and Cr
have been prohibited by law in most of the
countries from being used in food packaging.

In this study, harmful metals such as Pb and
Cr(VI) were detected at high concentrations in a
part of candy packages. Pb was detected from
110.3 mg kg™ to 6394.1 mg kg' in 10 of 92
candy packages. Cr was detected at high
concentrations in cases where Pb was also
detected at high concentrations, and the Cr
concentration ranged from 136.9 mg kg'[ to
1429.3 mg kg_' in 7 of the 92 candy packages.
The outer cover of these candy packages was
green or yellow in color. It is assumed that
these metals result from lead chromate used as
inorganic pigments in ink or paint. Generally,
lead chromate is known as a water-insoluble
compound however, as stated above, it can
migrate into acidic or basic foods. These results
indicate that heavy metals could migrate from
the printed outer packages to food. In addition,
scientific studies have demonstrated that these
metals pose significant environmental and health
hazards as toxic constituents of incinerator ash
and stack emissions or landfill leachate.
Therefore, the intentional use of pigments such
as lead chromate in food packages or packaging

materials must be strictly regulated.
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Simultaneous Analysis of Multi-Residual Pesticides Using UPLC

Ki-Yu Kim, Mi-Na Eom, Jung-Bok Kang, Young-Suk Do, Su-Gyeong Moon, II-Hyeong Jung,
Jong-Sung Son, II-Seon Pi, Eun-Mi Park, Young-Su Kim, Seong-Bong Lee, Sang-Hun Cho, Sun-Ae
Moon, Seong-Mi Cho, Chung-Won Kang Jae-Young Ryu and Byeong-Hun Lee

Suwon Agricultural Products Inspection Team

Abstract : A simple and efficient method for multiple determination of 41 pesticides in agricultural
commodities using ultra performance liquid chromatography(UPLC) with PDA detector. Extraction using
acetonitrile assisted by homogenizer is carried out, then evaporated at 40C with gentle air, followed by
clean-up using solid-phase extraction on a NH> column, This method is highly sensitive, selective, and
reproducible, with a broad linear range and reliable accuracy. Three blank of rice samples are spiked
with 0.40 mg/kg of the 41 pesticides, and the corresponding recoveries are between 62.09% and
99.58%; the precisions range from 1.03% to 13.92%; and the minimum detection limits of this method
are 0.005-0.109 mg/kg.

Key Words : residual pesticide, UPLC-PDA
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2.1. MEN=E

ok F F£E S Labour Dr. Ehrenstorfer2 X E
TS AREet £48  methanol,
acetonitrile 52 J.T. BakerAl2] LC gradeZ A}
43149 H0:= Milli-Q FAE o|43 Z=F
TE& A8t A8 SPE FtEHAE
Strata NH(55/m, 70A)1,000 mg/ 6ml & A}&3}
il FAEE AET A4S {I)FAES AF

oA FY3RA .
22. 717] & B2AM xAH

UPLCH 42  Waters ACQUITY  Ultra
Performance LC™ Systems& A}-&3}o] Az
¢l Acquity UPLC CI18 (100mm X 2.1mm)Z o]
&oto] At Zhzhe]l A4 %31 Table
17} 2t}

23. MX 2 Yy

TAES AL 1kgE B2 By
W Az A TESE F 2L o 50 g& H
i 34E AES Y8 o EZFEF EHA
& #H7ste F83 F57420 9 £ 40 ml
7betqd 2A12F AE WX & F Acetonitrile
100 ml-& go] 283 #4388 &t
THAAE g F AL NaCl 10 go] &
o] = 879 &2 F 183 AGsn Lo
Fo] EEE ¥ UES 3087 AU &
o ZFo] #¥ 5H acetonitrile® 10 mlE z} 27)
o] XNgo H3Y F7] 5T F F£ A
Al 844 o} (Fig. 1)

i

24. M XY A 552 AE

HE T 41FL acetonitrile ol 5o A stock
solution ©. &2 &+ 7} group ¥ EF EFL A4S
10ppm Sppm 2ppm lppm 0.5ppm2| *F& 2 4k
S|4 ¥Eol W Wie] uHoz YA
A FdE @ 4% HAZH= FAYsA



Table 1. Analytical conditions of UPLC

Waters ACQUITY Ultra

UPLCE |83 7% MR SAEH

a+ | &7

] weigh 50g of Sample

Model Performancel.CSystems |l Add ACN 100ml
[ blend 2min at high speed |
Detector PDA@ 200-~400(254nm) | Add 10g NaCl
shake vigorously for least Imin. & allow phase
Waters C;g, 2.1mm IDx100mm, separation (30min)
Column ;
1.7pm spherical if
aliquot 20.0m¢ CH;CN(top phase) for each class of]
Mobilephase A:100%H:0 B:100%ACN °°1“P°““"S
4 resuspend
e g, O kg 2.0n0_1% MeOH/DCM
!
Time Profile Clpve precondition NHzl\:chjijSg;;ved by 5.0mf 1%
(min) %A %B | Loading Sample
elution
00 il B 5.0m¢1% MeOH/DCM twice
Gradient 0.1 80 20 6 !
20 50 50 6 [ evaporate at 40°C with gentle air
!
50 3 @ 8 final volume 2.0m¢ ACN
7.0 20 80 6 filter 0.2um (PTFE)
80 10 90 6 !
I UPLC/PAD)
9.0 10 90 6
10,0 80 20 6 Fig. 1. Flow chart of treatment in sample.
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Fig. 2. Total chromatogram of 41 pesticides.
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Hxgdo gruE 132 AF838o] Morrison
o] WY o wel g A48 wEIE As
HE L 7} ARe] 2 sl F39Y
AZ&87 : As- Ab = 3 x Sb

A ZFEHA : As - Ab = 10 x Sb

o] 714 As = sample signal ©] HHZ, Ab
+ blank signal 2] %‘f_f“ Wz ggla Shbe
blank signal ¢ I #HAE el
I4g AP F Jg Al &o|| acetonitrile ol
=2 FFEFHS 7+ A¥o] 04mgkge] =
L= g EFste E4AAH L Foko

-—‘:‘E 3]1],.—|
R
3. 238 # nF

3.1, EEESEHY 24

Z} FFE2E52] retention time(RT):= Table
2 ¢} 29tar chromatogram2- Fig. 29} o] Y

Table 2. Retention times of 41 pesticides

e,
A 1E°9 79 thiamethoxam 1.255% 4§
fenpyroxymate 7.5103-2] 9] ujeo]A] Fig. 2
¢] AW  chromatogram S E3owy
dimethomorp -h9] 79+ oA A=A 3.138%
.\.]- 3338~r—-°—] RTE ®H Y.

1529 4% pyroquilon 1.897% 4 E
Hel, C 2F9 A%
thiacloprid 1.849% %-¥| cycloprothrin 8.1712]
W, D 1529 A% cymoxanil 1.765% ¥
spiromesifen 8.224% 2] W9, E 21&F9 2§
imidacloprid 1.521% H-E] spirodiclofen 8.354%
e W9 WA Fig. 2¢ 22L& TAE
chromatogram 2 H ¢l ow Z+ 7§18 group °l
&3 EFEHIEL A2 FFH "ol gle] #F
THES ¢ F A}JHT

flufenoxuron 7.355%

32. AEI[ M AFEAS

Z} 7§ group o] &% RFEZHEL Fig 3
A K= bfe} o] FFEHS
Aol wE AAsEoA IF7|HA 2 uet

group

compound

—

. Thiamethoxam(1.255) 2. Acetamiprid(1.612) 3. Dimethomorph(3.138, 3.338)

A 4. Thenychlor(4.785) 5. Tebufenozide(5.222) 6. Pyraclostrobin(5.853)

|

. Trifloxystrobin(6.413) 8. Lufenuron(6.823) 9. Fenpyroxymate(7.510)

vs)
e I

. Pyroquilon(1.897) 2. Methabenzthiazuron(2.423) 3. Azoxystrobin(3.780)
. Flufenacet(4.808) 5. Hexaflumuron(6.025) 6. Benzoximate(6.263)
. Imibenconazole(6.413) 8. Flufenoxuron(7.355)

p—

. Thiacloprid(1.849) 2. Pyrimethanil(3.357) 3. Fenhexamid(4.086)

& 4. Methoxyfenozide(4.357) 5. Pyrazolate(6.054) 6. Pentoxazone(6.835)

=

Pyributicarb(7.355) 8. Cycloprothrin(8.171)

o
N R

Cymoxanil(1.765) 2. Flumioxazin(3.465) 3. Boscalid(4.033)
. Fenoxycarb(4.768) 5. Novaluron(6.333) 6.Cyhalofop-butyl(6.576)
Pyriproxyfen(7.077) 8. Spiromesifen(8.224)

1. Imidacloprid(1.521) 2. Ferimzone(2.871) 3. Tiadinil(3.813) 4. Mepanipyrim(4.243)
E 5. Fluacrypyrim(4.997) 6. Oxaziclomefone(6.144)
7. Teflubenzuron(6.952) 8. Spirodiclofen(8.354)
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Mepanipyrim

Y=43269.8301X+1983.62864 R’=0.9997

500,000

400,000 |

300,000

Area
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100,000

1.0 50 10.0
ppm

Fig. 3. Determination coeffient of mepanipyrim.

33. 4 A= A 32 AE

41%2] ko] tlg FAE S MRLE ¥4t
ERF3E 71FE 2AVd nE HE A

o] Table 4] e}

UPLCE °| 8% 2 o SARA A7 | 59

A&7)19 ¢ EE Morisone] WP wet
z}ztel FFE&N2] S/N ratio o] wWE HET
A(L.OD)s} AFFAL0.QE T3HA2H
Table 4] e} T

S/N ratiox= baselineel] t©f} 3} noise®} peake] 4t
dulE 2 @] =& 5 EFEZ Foi
244 2 AzEdE vz LoD
L.0.Q7} wopxitt.

A IF° 7§ Acetamiprid®] LOD 0.007ppm
¢} LOQ 0.022ppm 7} ¥2 HETA o AFS
AlE el 3L Thenylchlor 2] LOD 0.025ppm
¢} LOQ 0.083ppm ©] =7 EIST.

B 189 7% Pyroquilon®] LOD 0.007ppm
¢ LOQ 0.022ppm 7} 7FF 22 HETA <}
A ekst A2 JEFY T Flufenacet ©] LOD
0.059ppm ¢} LOQ 0.196ppm 7} %t} C =L
9 A% Pyroquilone] LOD 0.007ppm <}
LOQ 0.022ppm 7} w2 HET A2} A HEFTHA
Z el 3L cycloprothrin 2] LOD 0.109ppm
¢} LOQ 0.363ppm 7} ¥k D 1§F9 A $-
boscalide] LOD 0.009ppm S} LOQ 0.028ppm
7t 22 AE@ASt AFEAE eI
LOD 0.055ppm ¢} LOQ 0.185

z

fenoxycarbt 2]

Table 3. Coeffient of detrermination(R”) of 41 pesticides

group

compound

A

. Thiamethoxam(0.9990) 2. Acetamiprid(0.9993) 3. Dimethomorph(0.9998)
. Thenychlor(0.9997) 5. Tebufenozide(0.9999) 6. Pyraclostrobin(0.9996)
. Trifloxystrobin(0.2997) 8. Lufenuron(0.9999) 9. Fenpyroxymate(0.9999)

. Pyroquilon(0.9997) 2. Methabenzthiazuron(0.9993) 3. Azoxystrobin(0.9998)
. Flufenacet(0.9999) 5. Hexaflumuron(0.9999) 6. Benzoximate(0.9999)
. Imibenconazole(0.9999) 8. Flufenoxuron(0.9999)

. Thiacloprid(0.9999) 2. Pyrimethanil(0.9993) 3. Fenhexamid(0.9996)
. Methoxyfenozide(0.9996) 5. Pyrazolate(0.9995) 6. Pentoxazone(0.9998)
. Pyributicarb(0.9999) 8. Cycloprothrin(0.9998)

e T et et B = B T el B R

. Cymoxanil(0.9996) 2. Flumioxazin(0.9) 3. Boscalid(0.9993)
. Fenoxycarb(0.9999) 5. Novaluron(0.9998) 6.Cyhalofop-butyl(0.9999)
. Pyriproxyfen(0.9999) 8. Spiromesifen(0.9998)

—

. Imidacloprid(0.9997) 2. Ferimzone(0.9999) 3. Tiadinil(0.9999)

-~

. Mepanipyrim(0.9997) 5. Fluacrypyrim(0.9999) 6. Oxaziclomefone(0.9999)
. Teflubenzuron(0.9999) 8. Spirodiclofen(0.9996)
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ppm 7} ¥tk E 7152 7 $- mepanipyrim2]
LOD 0.005ppm 3} LOQ 0.018ppm 7} & 7
LFERU 3L

At AZFEA=E

e

fluacrypyrim
°] LOD 0.081ppm ¢} LOQ 0272ppm7} =7

Cycloprothrin®] 79 A& #H A o] wE 5uj
TEANRE FTYTNE ZZFTA7 FAH MRL
o] 7]1% 0.05ppme Z3FolA o)X 7 PDAZA
2719 #HSEd WE FAE HoleE R F
oFo] T3t {84 Heo] 2T

Table 4. MRLs, L.O.Ds, L.O.Qs and recovery of 41 pesticides

s . L.OD L.0.Q Recovery in rice
(mg/kg)  (mg/kg) mean + S.D.

A_1 Thiamethoxam 0.05 ~3.5 0.016 0.053 77.59 2.14
A_2 Acetamiprid 0.05~0.7 0.007 0.022 82.22 2.19
A_3 Dimethomorph 0.1 0.008 0.025 91.42 1.70
A_4 Thenylchlor 0.05~5.0 0.025 0.083 87.44 5.66
A_5 Tebufenozide 0.1~3.0 0.014 0.048 79.70 9.26
A_6 Pyraclostrobin 0.1 0.017 0.055 82.85 3.63
A_T7 Trifloxystrobin 0.05~2.0 0.010 0.033 81.95 4.80
A_8 Lufenuron 0.2~0.5 0.013 0.044 83.06 6.53
A_9 Fenpyroxymate 0.5~10.0 0.009 0.031 85.25 3.57
B_1 Pyroquilon 0.1 0.007 0.022 86.03 3.34
B_2 Methabenzthiazuron 0.1 0.009 0.029 87.07 1.64
B_3 Azoxystrobin 0.05~5.0 0.011 0.038 85.37 9.48
B_4 Flufenacet 0.05 0.059 0.196 82.57 11.53
B_5 Hexaflumuron 0.3~5.0 0.011 0.037 85.84 11.04
B_6 Benzoximate 0.5 0.019 0.065 72.40 4.80
B_7 Imibenconazole 0.2~1.0 0.015 0.051 86.39 12.62
B_8 Flufenoxuron 0.05~10.0 0.013 0.042 83.35 13.92
C_1 Thiacloprid 0.1~1.0 0.007 0.025 90.52 1.81
C_2 Pyrimethanil 0.05~5.0 0.007 0.023 84.17 2.82
C_3 Fenhexamid 0.5~3.0 0.078 0.259 78.20 2.64
C_4 Methoxyfenozide 0.5~5.0 0.036 0.119 90.86 3.93
C_5 Pyrazolate 0.1 0.013 0.042 62.49 7.83
C_6 Pentoxazone 0.05 0.008 0.025 85.20 5.00
C_7 Pyributicarb 0.05 0.015 0.051 91.87 2.14
C_8 Cycloprothrin 0.05 0.109 0.363 85.12 3.01
D_1 Cymoxanil 0.1~3.0 0.016 0.052 75.93 7.59
D_2 Flumioxazin 0.1 0.020 0.068 62.09 10.40
D_3 Boscalid 0.3~3.0 0.009 0.028 72.08 9.92
D_4 Fenoxycarb 0.5 0.055 0.185 99.58 13.84
D_5 Novaluron 0.3~1.0 0.010 0.033 93.01 4.88
D _6 Cyhalofop—butyl 0.1 0.010 0.032 81.70 7.02
D_7 Pyriproxyfen 0.2~2.0 0.039 0.1 94.05 215
D_8 Spiromesifen 0.05~6.0 0.041 0.138 90.88 4.15
E_1 Imidacloprid 0.05 ~3.5 0.012 0.039 94.46 10.38
E_2 Ferimzone 0.05-0.7 0.006 0.019 96.95 1.03
E_3 Tiadinil 0.1 0.011 0.036 85.93 11.40
E_4 Mepanipyrim 0.05~5.0 0.005 0.018 88.39 5.68
E_5 Fluacrypyrim 0.1~3.0 0.081 0.272 93.81 4.69
IE_6 Oxaziclomefone 0.1 0.025 0.084 97.72 4.01
E_7 Teflubenzuron 0.05~2.0 0.020 0.067 68.38 7.66
E_8 Spirodiclofen 0.5~2.0 0.016 0.054 91.07 2.15
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A Study on Indoor Air Quality in Various Type of Public Facilities

Jong-Hyun Shin, Ki-Jong Lee, Jin-Kyung Lee, Yong-Ki Lee and Soo-Moon Lee

Ambient Air Research Team

Abstract : In this study, daily variation of each pollutant and characteristics of pollution of indoor air quality
were investigated at the various public facilities, which was performed from Jan. to Oct. 2007, targeted for
seventy-four public facilities in Gyeonnggi-do. First, characteristics of pollution of each public facility showed that
CO; concentration was highest in library, PM10 in hospital and child care center, NO2 in sauna, underground
shopping center and subway station were detected near criteria, respectively. Daily variation of each pollutant
indicated that CO;, NO: and O3 at afternoon(1~6PM), CO at night(7~12PM), and radon at early in the
daybreak(1~6AM) showed relatively high concentrations. Many facilities showed above the legal limits at night
and early morning time except measuring time(8AM~7PM) which was suggested by Korea Standard Method of
Indoor Air Quality. The results of this study indicated that a drastic measure should be practiced for hospital,
child care center, library, subway station, underground shopping center and sauna which are susceptible to indoor
air pollution. Because the facilities showed above the legal limits at night and early morning time, and are
different the main business hours, the Korea Standard Method of Indoor Air Quality for measuring time is

required to be revised.

Key words : indoor air quality, public facilities, characteristics of pollution, day variation of pollutant
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2.1. IO &

B AT 2007. 1€95%E 108714 A 7124
o 21x3% t}Fo) & A F Table 13} Zo] =
Y, ojdold, B¥Y, UYTERE, =MNE,
A F=2g, FaAd, AskAL, A7k A
AW 5 107) AT F 7412 E dBAER
AA A
Table 1. Public facilities in the study

Facilities Group A'  Group B
Silver town 5 4
Child care center 3 3
Hospital 8 3
Large store 13 5
Library 4 3
Indoor parking 22 4
Funeral hall 3 3
Underground shoping 3 5

center
Subway station 6 3
Sauna 7d 3
Total 74 33
' means analyses of four items ; PMI10, CO,,

CO, HCHO
* indicated
CO;, CO, HCHO, NO;, O3, Rn

analyses of seven items ; PMI10,

22. 5EES A AsUH

Table 12] ALE, & 747 2cA & o]atslgt
~(CO,), DAFSHEFA(CO), W AW ] (PM10), =
Y3 =(HCHO) 5 4/ ¥E5S FH3AL,
o]F AlAdd 2~47/144 & 337142 BaFel
A o]4tsE A(NOy), 2E(0;), d=Rn)E F
7t3te] & 771 d5E& FASAY. BEE A
52 Table 29} Zo] AUF7]1d FAHAANEE
A Atz de FAYE WHezR FAEFA
. AEAHE 11288 154 Abeld] tiA+A
Ao 2EEE UET F Ae 271 AHAA
A A8



Table 2. Measuring items and analysis methods
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Items Method Sampling condition Equipments
PM10  Mini volume air sampling method Sampling time 8 hr, 3 m#/min Model : Ecotech 1100
CO, NDIR Sampling time 1 hr Model : API 360E
CcO NDIR Sampling time 1 hr Model : API 300E
NO; Chemical radiation method Sampling time & hr Model : API 200E
Os Ultraviolet spectrophotometry Sampling time 8 hr Model : API 400E

HCHO  24-DNPH derivatization HPLC Sampling time 30 min

Radon Continuous radon monitors

Model : SIBATA-MPX100
HPLC(360nm), Agilent 1100

Sampling time § hr Model : SRM-200R

s AVEr|Ze] 9¥st 5E4E& gotst
7] 913 AA 74T 337049 BagoAe
CO;, CO, NO,, O;, Rng 24A17F A% ZA39
ov NEAFAHL FEFAA, U714, Wi
A2 %5 HEANAe gEXFoer AasHE 17
AHez 3
EF AUl d2je] 2 AERS vadr] §
1 ZAMREAIA 71 23S d715E4
A9 ARE 83t vlu 483

o

B

3. 239 na
31. O=0|2A|dE 2954

AUl X Cox= AMRHe EFAA F= )
5 d5e] daAdE S

COz8] Ald¥ 5%+ Table 33} Fig. 1ol A
9} #Zo] =A#(666+252.9 ppm) > A &AL}
(656+142.4 ppm) > o] ¥ o] (643+177.1 ppm) >
44 > dFEHE > AYFAE > g4y >
F43 > =04Y > AFFA FoleH
FEWYE 364~1,019 ppmo] Q). AR EE
AYE71d FA715< 1,000 ppme Z35 X
S ENTOE SHA ol §AY AR 47}
2ol CO, WAFo] FHLoE Y3 39 &
718 &A %7l v Fo)ldrt.

Y, §Ye Mest TdAY bFo)gAde
oz AR AFARNME £ A7 F
AbgE A3tE BHoFa Qv wetbd Au] COo,

L2 rlEMenn —&— Guide line
1,000 oo o 9o o o o
E
& 800
=
3 600
:
2 400
(=]
o
200
0 {1 -
AB € B EBE E GH I J
Public facility

A : Silver town, B: Child care center, C: Hospital, D:
Large store, E: Library, F: Funeral hall, G: Underground
shoping center, H: Subway station, I: Sauna, J: Indoor
Parking

Fig. 1. The result of CO- in public facilities.

TET A9 @& Aol =X g A|M 54
o ujAel JgFL HetdE AL ¢ F Utk

PM10E AWZ71dAGPAN FA7NES
AAste] #Yetn Jded =984, ¥4, 9
dol L 100 pg/m’, AUFAEL 200 pg/m',
109 AAE 150 pg/miolth.

Table 33 Fig. 20|48} o] PM109] A|dd
Hte s AYF284(107.7439.8 pg/m’) >=| 3}
S AH100.2429.4 pg/m') > WH(92.5£19.6 pg/m’)
> A A uH86.2+45.9 pg/m’) > o] 2 0] 3 (85.7+17.6
pg/m') > AsHg7 > ZFEAF > UFEAE >
=199 > BN woler FEHYAE

ZI|EEARAAIAE T20A, 20074
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Table 3. The result of concentrations from public facilities

Item Silver town Ch:iit:fm Hospital ~ Large store  Library  Funeral hall m SS‘::J;Y Sauna ;:;j k(;irg
Mean 62.5 85.7 925 69.0 51.5 69.3 70.7 1002 86.2 107.7
éﬁ% SD. 342 17.6 19.6 16.9 38.4 43 70.7 20.4 45.9 39.8
Range 2392 705105 5771201 48101 7089 65735 4884 51445 285146 5752405
Mean 453 643 594 538 666 469 656 448 501 506
(Ep?;) SD. 59.9 177.1 167.0 143.1 2529 56.2 142.4 359 89.0 81.7
Range 38536  4GBS17 364901 308850 4201019 405510 52818 402493 368 39974
Mean 03 05 10 0.9 05 05 0.9 07 i1 54
(p%?u) SD. 0.13 0.05 0.64 0.52 027 0.19 0.15 021 0.61 5.01
Range  02-05 0405 0522 0419 0206 0407  07-1.0 0511 0421  09-190
Mean 236 197 274 465 201 20.1 379 is 235 16.9
a;fg SD. 14.74 439 19.30 76.19 15.27 29.23 22.19 2.99 8.57 15.32
Range 77395 164247 4664 02807 29501 90626 121507 68152 122373 19648
Mean 154 248 274 36.4 173 233 425 402 46 570
gp% SD. 9.7 17.2 132 8.8 63 14.6 269 21.9 9.7 183
Range 7.28 1345 14-40 28-48 13-25 7-35 24-62 48-58 36-55 45-80
Mean 283 133 262 13 163 120 23 125 137 8.1
(p‘;;) SD. 23.1 149 206 9.8 21.0 39 04 10.0 10.1 9.7
g 16-60 5.31 14-50 224 241 8-15 3 10-24 220 2.23
Mean 1.58 0.97 0.99 0.89 1,40 1.44 125 1.42 111 0.98
(pcan SD. 0.47 0.54 0.36 0.24 0.96 071 0.85 1.16 0.59 0.40
Range 09193 05415 066137 06412 064247  0R21 06419 060224 00178 06314

J. of KIHE/Vel.20, 2007



T3ol4A4d AWE7|d 971 47 | 67

Table 4. The daily variation of each item on public facilities

Item Time  Silver town Ch;lei!;:rare Hospital Large store Library Funeral hall Liigr m S;::goany Sauna ];23 l?lﬂrg Total
A 367 377 361 423 494 498 381 387 578 360 423

Co, B’ 406 436 476 442 519 459 477 490 485 428 462
(ppm) o 479 605 569 542 866 448 477 838 423 506 575
D* 423 410 396 604 647 674 449 604 571 446 522

A 0.25 051 0.41 0.64 039 031 0.68 0.36 0.86 164 06

co B 0.24 0.49 0.61 0.80 0.37 0.48 0.61 0.62 0.85 1.99 0.7
(ppm) @ 0.24 035 0.72 0.93 0.34 0.38 0.63 0.88 0.33 2.98 0.8
D 0.34 0.57 0.80 111 0.44 0.56 0.68 0.79 0.87 431 1.0

A 2.1 14.6 239 206 117 211 233 201 302 352 212

NOs B 8.8 24.6 24.5 28.5 18.3 28.4 38.0 39.4 36.1 45.1 29.2
(ppb) C 15.5 23.6 323 30.2 17.0 26.9 514 45.8 4.7 67.5 353
D 8.2 20.7 39.5 283 19.6 314 49.1 40.9 58.6 525 34.9

A 10.4 49 28 25 10.4 34 123 17 61 29 58

05 B 12.4 53 6.9 35 14.9 63 6.3 3.1 10.3 4.1 7.3
(ppb) 8 12.8 18.7 13.7 15.5 19.6 12.5 7.5 26 272 74 13.8
D 52 72 29 3.1 11.9 42 6.6 1.8 7.6 1.5 52

A 5.70 2.80 1.56 1.64 1.88 2.17 0.95 275 0.89 176 221

Rn B 2.92 1.56 1.29 1.52 1.50 2.06 1.81 1.29 1.01 1.63 1.66
(pCIL) 6 2.43 0.94 1.19 0.91 1.47 1.28 1.34 1.62 0.70 1.03 1.29
D 6.23 1.57 1.36 1.14 2.61 1.75 2.01 1.31 0.87 1.25 2.01

w b2 3 a4 eans data of continuous analysis for each 6-hr interval ; 01:00-06:00, 07:00-12:00, 13:00-18:00, 19:00-24:00

A THAAFAA
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A : Silver town, B: Child care center, C: Hospital, D:
Large store, E: Library, F: Funeral hall, G: Underground
shoping center, H: Subway station, I: Sauna, J: Indoor
Parking

Fig. 2. The result of PMI10 in public facilities.
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Fig. 3. The result of NO, in public facilities.
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Fig. 4. /O ratio of PM10.

Table 5. Mean concentration of indoor and outdoor air pollutants in surveyed facilities

- PM10(ug/m’) CO(ppm) NO(ppb Os(ppb)

SRR IN OUT ro IN OUT VO IN OUT JTO IN OUT IO
Silver town 551 443 12 02 03 07 154 148 10 283 418 07
Child care center 857 630 14 05 05 10 248 263 09 133 333 04
Hospital 772 637 12 07 05 15 277 230 12 262 480 05
Large store 650 646 1.0 08 05 17 364 272 13 113 344 03
Library 530 260 20 04 05 07 173 190 09 163 390 04
Funeral hall 693 437 16 05 03 15 233 170 14 120 483 0.2
ShU(;;diffgg"se“;‘t‘ir 660 540 12 09 04 21 425 370 1.1 28 220 0.l
Subway station 1249 503 25 06 05 13 402 497 08 125 380 03
Sauna 967 543 1.8 11 06 19 462 330 14 137 410 03
Indoor Parking 1154 1003 12 27 05 59 570 198 29 81 413 02
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Efficient regulation of total emissions of air pollutants in the Osan industrial area

Hyeung-Rial Ryu, Gu-Hwan Kim, Young-Soo Bae, Han-Su Lim, Soon-Mo Hong, Chae-Gook Lim,
Keug-Tae Kim and Jong-Gil Yi
Atmospheric Chemistry Team

Abstract : The main purpose is to find out discharge characteristics and reduction effect of NOx, SOx, dust in
order to prepare total mass emission control and to compute a cost of investment in equipment and maintenance
on factory which has emitted air pollutant materials. As a result of this study, Total mass emission control
should consider the sense of balance with other areas. Besides, they need to find a way on emission from area
and mobile sources to obtain the desired result. Four plants of first-class factory would need % 3billion to invest
in equipment and additional ¥ Ilbillion to maintain their equipment, if they adopt BAT. As total mass emission
control would be adopted to factory, If they are reflecting the views of estimating class and standard effluent
charge rate of the air pollutants, it might be expected to reduce amount of emission in industrial circles. As a
result of this study, We know that additional discussion is required and It is need to gain financial resources to
obtain the successful total amount of air emission regulation and to induce the large factory in Gyeonggi-do to

continue on the path to industrial production

Key Words : Total mass emission, BAT, Dust, SOx, NOx
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g jFo] Wasojol dAA ANRE AL F UL Ao ARHIA

daetE wjEs 87 Ede 30% Z3de 1F A4A T 47129 BAT 7]&€S& %8st A3E AL
A3, ANdFAN R oF 309 Uo] BARFA, ALFAHEZ vljd 109 FE7L VIR 2 FHE AR YE
woh HEolF ZdHE FaaFHE F A ARdH 965% FE 2 2005 7|5 A=EviH] 27.9%
A7 L guEde] BaE F e SR qFHUG. FAH R AAFAN S Ade] ¥ FAHHA
=27t FFA ol Ao FE3| =9 FHolof FF FAFAY 42F FHo] 7Y AolH, EF =] ¢
F dAEY A 8F0] 75T ez AddEY.

FHO : d7]9EFF, BAT, WA, FAistE, A41458
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Table 1. Status of target factories
(Unit : ton, each, %)

NOx SOx Dust

No. of [[Amount Amoum Amount
factory of No. of ax No. of of

R factory
emission
Sum 1513564871 - 40677 - [2709

4 105 |129915] 65 [23508| 82 | 639 | 42
1st | gido

stage | sum | 136 [52515| 91 |30462| 103 [1452| 65
ratio | 77.2 | 57.0 T2 44.0

2nd | Gio 243 |31526( 215 |24657| 196 | 720 | 176

stage | sum | 309 |54510| 277 [31840| 240 [1547| 224
ratio | 78.6 | 57.8 77.4 46.5

No. of

factory factory

Al, o ARA, FHAA, FE A, AFA, LA,
BEYA], FEA, DEA, FHA, &304, AE
Al, 4kA], A, FIEFA, olAA, FFA
A, FFA, B34, RFATOR JdIHTE, X
AA, 718 E, FFA, FHE, 9FF, A
E A2k = 2470217} o]e) sjEE .
Table 12 ZA7|=W 93 AR 4 A
4% e vehda Ao FEARA 97)
SHMEALGF AS AZdy] A7|E
30%°] sFEHE= JAF7E AAEL Yo,
FEA JA] 70% olde] A7IEe A
Ak 7= FALe] HFoA A S
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Table 2. Emission factories of air pollutants by class
(Unit : each)
Year | Total |Class 1|Class 2|Class 3|Class 4| Class 5
1996 | 31,229] 686| 1,332| 1,308 4,589 23,314
1997 | 31,855] 697| 1,302| 1,286 4,917 23,653
1998 | 30,865] 669| 1,178 1,245 4,814] 22,959
1999 | 32,437] 681| 1,201 1,235 5,036 24,284
2000 | 37,462] 655| 1,177) 1,180 5,027 29,423
2001 | 39,874 637| 1,144 1,162 5,022| 31,909
2002 | 42,323| 648| 1,188] 1,171| 5,011] 34,305
2003 | 43,737 627 1,151| 1,144] 4,943| 35,872
2004 | 42,367 992 1,559| 2,594| 13,237| 23,985
2005 | 42,308 998 1,605| 2,683| 14,026) 22,996

2.1 &

TEAAY WEFFaLA T & ATNA
£ 7] MiEAYE RS 2 s .

Table 39 A2 Zo] 44 &Fe o &
< BAstEe EAAA R E 7198 U
s & & vk

Table 3. Contribution rates to air pollutants
(Unit : %)

SOx | NOx | PMy | TSP | VOC | CO | NH;
Combustion of 1,4 5| 14| 31 (36| 06 | 27|13
energy industry
Combustion of
b iy |196] 106 57 |77 05 | 5 |19
Combustion of
et |369] 66 | 101|137} 02 [ 1 |07
Production process| 5.9 | 1.8 | 15 | 22 | 56 | 03 | 3.5
Transportation and | . i o [ [ B
starage of energy '
% o 61.5
Road mobile | 3¢ 1515|668 [599[208 |868] 11
source
Non-road mobile | ¢ | 154 [ 1261122] 2 |41]03
source
Waste disposal | 0.8 | 1.7 | 02 [07] 45 |02 O
Agricu]ture - - - - - - |813

QAAG Y EFFtAe] BeH WA T | 75

AJA A A HEHE LF9ERDLS HAHY
Z] 7] 4 (BAT : Best Available Technology)‘ﬂ] ]
3 LIEE Hast ¥ 5 Aded, o= 44
Aol 54 2 FF4FAH4E 1@ ’-‘4% 7hs %t
HA71&S L.

2.1. HX|(Dust)

dukz o g FI(HEE)oletiix 31, fume,
mist, 947] F°] . WA HRA7&E& ‘3‘9!3
77 Jdoey F2E AMEHE AEZANE F
2 & o] &3k cyclone, HA|E stAAA A|AsF
= electrostatic precipitator(E.P), o35 o] &
3k wl g ] (bag filter) So] 9lth.

2.2. EAMEE(SOx)

olgat7t2E g WAe FAZ|AR o7
Fo A FAHHS0)0.E WEEo AAHE
A8 0, PMio % PM2s9 8 A#o] @t

AAYL Ca0, MgO9 e FHAE ol
g #ASES AASE WHer MW,
987} A-sta H5edAgol glon, %&ol
Zo] Fedtx] Fa AAFZAI GEF Aol
Aoy, AFE Lol e THol %11:}.

HAA YL Ca(OH), €818 & °]839
B3 ES AASE YYPo 2 HPFEE F
0 90% Ax=Z =3 AL} e glow
AMu7 A4y Ko vz FAY B
o= AR, E8lE FFAAe) Bad

FAWe 7MHAH(NaOH) 53 e 49
& o] g3te] FAEES AATL APE L
A 95% FEZ olF =A| 9k HdAdvel &9
H|7} @e] 50 kol HEFAHgAHdol He
3k Zo] dHol},

2.3. AMSIE(NOX)
o] 2kt & (NO2)E A% A4 WM &

grhzolth, AHAENOE FAZAZ
WHoz AR AxA 44HE AR e,
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Fig. 1. Distribution of factories by class in Osan

area.

Table 4. Emission rates of factories by class in

Osan area
(Unit : %)
Class Dust SOx NOx
1 97.6 99.5 99.2
2 0.8 0.4 0.2
3 0.3 0.1 0.1
4 1:1 0.1 0.4
5 0.2 0.0 0.1

Table 5. Emissions based on class 1 and 2 of
factories in Osan area
(Unit : ton/yr)

Class|Stacks| Dust SOx NOx Sum
Sum 90 |12132.1| 9158.0 | 1567.9 | 22858.0
A 1 22 | 15041 4.64 69.34 | 224.39
B 1 22 85.5 17.6 4.8 107.9
C 1 1 |10374.9 10374.9
D 1 1 89.8 7593 | 55.59 | 221.32
E 1 1 516.26 | 130.05 | 102.81 | 749.12
F 1 3 778.6 |8567.92]11028.35|10374.87
G 1 1 43 327 304 674
H 2 3 11.77 8.98 2.79 23.54
| 2 19 41.2 417 0.17 45.54
I 2 16 | 33.52 0 0 33.52
K 2 1 7.17 21.7 0 28.87
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NuuaF RaE 9F AEFH AE5(2005
W)E Eg= e}t ZAo] Table 622 F 4+4
o]F WAAIM B %L A& Fgo=z
A8 FL FS wESE Ao, WA F
< HiEFxE CAME 9.1 mg/Sw’, EAME 38
mg/Sm’, FAFH= 35 mg/Sm'E 7]|EdiH] Wj&EF
=7 e ¥z ®Huga, 37jAF 25 o]
2~3271 9] BAT 7| =(AAEHAANA, F5d
o]k AlA, AAFHIAIAE, EP)S FH &3 9l
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Table 6. Emissions of class 1 and 2 of factories

in Osan area in 2005

(Unit : ton/yr)
No.

Class | of [Dust| SOx [ NOx [ Sum
stack

Sum 90 |[68.9] 240.2 | 593.6 | 902.7

A 1 22 [343| 61.0 | 69.7 | 165.0
B 1 22 19| W7 | 142 | 289
(&] 1 1 1.0 ] 2.0 17.5 | 204
D 1 1 2.8 1.7 23.0 | 275
E 1 1 291 0.1 21.0 | 239
F 1 3 7.1 | 25.8 | 347.1 | 380.0
G 1 1 31| 1290 | 792 | 211.3
H 2 3 5.3 0.0 13.3 18.5
I 2 19 3.8 0.9 1.2 59

J 2 16 36 | 0.1 0.0 3.6

K 2

1 3.3 8.1 7.6 18.9

Table 7. Emissions after BAT application

(Unit : ton/yr)
Name | Class Dust S0; NOx Sum
Sum 61.3 99.6 4255 | 586.4
A 1 34.3 61.0 69.7 165.0
B 1 0.0 0.0 0.0 0.0
& 1 1.0 2.0 10.9 13.8
D 1 2.8 1.7 15.6 20.1
E 1 0.3 0.1 13.2 13.6
F 1 T 25.8 294.0 | 326.9
G 1 0.0 0.0 0.0 0.0
H 2 5:3 0.0 133 18.5
I 2, 3.8 0.9 1.2 5.9
J 2 3.6 0.1 0.0 3.6
K 5 3.3 8.1 7.6 18.9

gAel g 79 FAE wjEF2 ggtoy
2005 @A HoulEE =+ 22 ppme®E
ol# 11, BALel GAME 2007 @A 3% 71HE0)
Fod AeH oA Table 79l& #lEZFS 002
2 ¥7|dlen BAT #&oA A< 8ct

A28 89 29 C, D, E, FA}e| BAT 7]
& H8A ARF 2 H&E 434 BAT
LA WEFE=giH FFS Table 73 o]
Aadte AoE AL

) IEHARNAAIE 20, 20074
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Fig. 2. Variation of emissions before and after
BAT application
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Table 8. The cost of investment and maintenance
after BAT application
(Unit : hundred million ¥/year)

Class itfaﬂn:ea;f In:g:r?? "] Cost of
charge rate| equipment management

S0 0 207 10.0

A 1 0 0 0

B 1 0 0 0

C ] 0 14 0.7

D 1 0 ¥ 0.7

E 1 0 1.9 0.8

F 1 0 25 78

G 1 0 0 0

H 2 0 0 0

1 2 0 0 0

] 2 0 0 0

K 2 0 0 0
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A Study of Removal Efficiency for Odorous Pollutants in Emission Control Units
from Chemical Industry in the Ban-Woll & Shi-Wha Industrial Complex

Bo-Youn Kweon, Tae-Hwa Kim, Cheon-Hwan Oh,
Jong-Bo Kim, Tae-Hyun Kim, Hyun-Ja Kim and Deok- Hee Cho

Life Environment Team

Abstract : In this study, the removal efficiency of 24 odorous compounds was measured in diverse control process
units of 7 individual chemical companies located in Ban-Wall & Shi-wha Industrial Complex in Gyeonggi-do, Korea
from March to August, 2007. To quantify the removal efficiency rates of major odorous compounds, we collected
odor samples from the inside process and both the front and rear side of 7 control process units. As the results of
this study, it was shown that toluene, ammonia, trimethylamine (TMA) and acetaldehyde were dominant odorous
compounds in the inside process. In addition, VOCs, TMA and acetaldehyde were also detected at higher
concentrations in the stacks and 10 (toluene, acetone, ethyl benzene, xylene etc.) out of 24 index compounds were
found to have negative removal efficiencies. According to the removal efficiency evaluation of seven odor control
facilities, Company [b] equipped with two connected absorption processes was shown to have (+) removal
efficiencies for 16 odor substances and NH;, TMA, acetaldehyde, the priority odor substances, which meant the
proper control system was installed and operated. Hence, to obtain best removal efficiency of odorous pollutant
emission, the database on source characteristics and the development of management techniques of diverse control

process units are continually needed.
Key Words : odorous compounds, VOCs, removal efficiency, chemical companies
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Table 1. Chemical plants selected for odor
emission measurements in this study

Main Prevention

Company ~ Business type products  equipment

[a] Synthetic resin  Semi-paint  Ad

[b] Organic chem. Hexamine Ab+Ab

[c] Synthetic resin  Polyurethane Ab+Ad

[d] Synthetic resin Ester resin  Ad

[e] Synthetic resin Polyurethane Ab+Ad+Ab
[f] Medicine Medicine Ab(Ozone)
[e] Grease Cutting oil Ab

Ab : Absorption, Ad :Adsorption
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Table 2. A summary of instumental set-up and

analytical conditions

Instrument Analytical conditions
Column :Xterra MSCI18
(3.5 gm, 2.1 x 150 mm, )
Injection volume : 5 uL
z"g;?; Column flow : 0.2 mL/min
ainnte Mobile phase : gradient flow (ACN:H20)

Q) Analysis mode : SIR
Analysis ions : [M-HJ
Source temperature : 120C
Desolvation temperature : 320C

Column : CP-volamin (60 m > 0.32 mm)
Column flow : 2mL/min
Oven Temp: 40T(5 min) — 10C/min

GC/NPD —2007C (4 min)

(Varian,

CP-3800)  SpME : Combi PAL (CTC Analysis)

adsorption at 30°C, 15min
desorption at 260C, 3 min

Column : CP-Sil 5CB
(60 m x 0.32 mm *x 5 pm)
Column flow : 1.5mL/min
Oven Temp : 80T(5 min) — 8T/min
— 250°C(10 min)
Ge/pFPD  Sample vol: 200mL (50mL /min x 4min)

(Varian,
CP-3800) Unity air server
Cold trap :Hydrogen sulphide
Concentration Temp:-15T
Desorb Temp:250T,
Desorb time: 4min
Samping flow :50mL/min

Column : CP-Sil 5CB

(60 m x 032 mm * 5 /m)
Column flow : 1.5 mL/min
Oven Temp : 80T (5 min) — 8T/min

GC/FID — 250°C(10 min)
(Varian,  gample vol : S00mL (S0mL /minx 10 min)
CP-3800)
((]ngnl) Unity air server
CP-380{;) Cold trap :Hydrophobic
Concentration Temp:-10C
DesorbTemp:300°C,
Desorb time: 10min
Samping flow :50mL/min
UV/VIS Wavelength range : 640nm
(Beckman,
DU-R00)

Z)|cHAAADAL H20A, 2007
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Table 3. Results of basic analytical parameters
for the determination of odorous compounds

Odorous MDL Precision Odorous MDL  Precision
Name (ppb) (RSE, %) Name (ppb) (RSE, %)

NH; 1.0 10.0 Form=A 0.33 0.8
CHasH 0.05 1.0 Acrolein 0.42 1.0
Hz8 0.06 1.8 Acetone (.29 0.7
DMs 0.06 0.3 Croton-A  (),.32 0.8

oMos  0.09 0.5 Benz-A (.42 0.9
TMA 0.07 7.4 Metylene-C (.33 0.6
Stylene 0.4 0.5 Benzens (.41 0.8
Acet-A  ().76 0.3 TGE 0.31 1.0
Propion-A (.17 0.3 Toluene 0.19 0.5

Ethyl ~B 0.22 0.5
m.p-Xylene (.24 0.7
o-Xylene (.21 0.6

Butyr-A 0.35 0.7
lsovaleri-A  (),24 0.3
Vale-A 0.21 0.3
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Table 4. An overall summary of process concentration measurements of odorous pollutants from 7

companies investigated in this study(unit in ppb)

[a] [b] lel [d] el ] lal
14.28+14.58" 117.75+76.78 43.68+35.82 97.28+88.55 316.47+497.81 60.79+48.38 90.65+120.77
e 1.21~30.0(3)® 29.26~166.68(3) 15.71~84.05(3) 9.74~186.81(3) 27.37~890.71(3)  5.91~97.26(3) 9.68~229.46(3)
CH3SH 3 - - L B I C
4.20+3.45 - 0.36+0.31 - 0.02:+0.04 0.12+0.21 =
e 0.21~6.19(3) = 0.0~0.54(3) = 0.0~0.07(3) 0.0~0.36(3) —~
- 0,03+0.03 - 0.05+0.04 - 0.76+0.34 -
o - 0.0~0.05(3) = 0.0~0.07(3) E 0.56~1.15(3) =
it - 0.0440.03 0.49+0.43 0.02+0.02 0.02+0.02 0.02+0.02 -
- 0.0~0.05(3) 0.0~0.74(3) 0.0~0.03(3) 0.0~0.03(3) 0.0~0.03(3) B
i 2.0243,50 16.79+25.75 1.294+1.65 16.97+5.39 4,4247.38 0.09+0,12 0.17£0.30
0.0~6.06(3} 0.0~46.44(3) 0.16~3.18 11.01~21.50(3) 0.0~12.94(3) 0.0~0.23(3) 0.0~0.52(3)
I 53.78+29.38 33.19+7.04 26.40+4.58 179.46+294.73 31.39+35.95 82.574138.75 73.84+89.92
33.0~74.55(3)  26.82~40.74(3) 21.55~30.66(3) 0.0~519.61(3) 0.0~70.61(3) 0.0~242.76(3) 0.0~173.98(3)
2.2440.69 5.26+2.97 2.51£2.10 263.51+433.09 9.61£5.79 21.76+10.87 7.58+5.31
RSt 1.44~2.69(3) 2.11-8.01(3) 1.16~4.93(3) 8.08~763.56(3) 3.38~14.83(3) 10.92~-32.65(3) 1.45-10.89(3)
Botlinh 0.34+0.58 0.11+0.18 0.42£0.73 0.9140.78 0.20£0.19 0.70+£1.21 0.08+0.13
0.0~1.01(3) 0.0~0.32(3) 0.0~1.26(3) 0.29~1.79(3) 0.0~0.37(3) 0.0~2.10(3) 0.0~0.23(3)
0.81:+1.40 0.0+0.0 0.0£0.0 0.5240.47 0.04+0.0 0.47+0.82 0.44+0.75
g 0.0~2.42(3) 0.0(3) 0.0(3) 0.0~0.92(3) 0.0(3) 10.0~1,42(3) 0.0~1.31(3)
—— 0.22+0.27 0.040.0 0.05+0.08 0.06+0.10 0.0+£0.01 0.0240.03 0.73+1.26
0.01~0.53(3) 0.0(3) 0.0~0.14(3) 0.0~0.18(3) 0.0~0.01(3) 0.0~0.08(3) 0.0~2.18(3)
ek 0.1540.25 0.1740.17 0.2440.42 0.2640.30 0.60£1.0 0.214£0.32 0.96+1.04
0.0~0.44(3) 0.0~0.34(3) 0.0~0.72(3) 0.0~0.59(3) 0.0~1.76(3) 0.0~0.58(3) 0.0~2.06(3)
4.84+2.83 289.75+192.88 5.11£1,07 7.20£1.03 1.26%1.71 4.45+0.98 5.60+0.64
i 2,84~6.84(2) 163.36—~436.14(2) 4.35~5.86(2) 6.47~7.92(2) 0.05~2.47(2) 3.75~5.14(2) 5.15~6.05(2)
""" 1.41+1.09 7 0.020.0 0.0£0.0 0.04£0.05 3.06+4.33 0.0£0.0 0.10£0.13
TSl 0.0~2.82(2) 0.0(2) 0.0(2) 0.0~0.07(2) 0.0~6.12(2) 0.0(2) 0.0~0.19(2)
1252.37+243.34 6.63+3.0 9.52+6.54 14.47+12,93 2.93+4.14 3291.524103.96 61.61+31.16
Adstore 1080.30~1424:43(2)  4.51—8.75(2) 4.80~14.14(2) 5.33-23.61(2) 0.0~586(2)  3318.01~3465.03(2) 39.57—-83.64(2)
P 0.04£0.06 21.33+30.07 0.38+0.54 0.62+0.87 0.55+0.33 0.58+0.81 1.040.33
0.0~0.08(2) 0.06~42.59(2) 0.0~0.76(2) 0.0~1.23(2) 0.32~0.78(2) 0.0~1.15(2) 0.76~1.23(2)
o 0.2040,28 0.07+0.10 0.0140.01 0.04+0.05 12.0+16.97 0.05+0.07 0.05+0.07
0.0~0.40(2) 0.0~0.14(2) 0.0~0.01(2) 0.0-0.07(2) 0.0~28.0(2) 0,0~0.10(2) 0.0~0.10(2)
30.50+4.95 33.04+0.0 13.0+18.38 13.0+18.38 12.0£16.97 68002 .50+75900.13  470.5+665.39
Vet 27.0~34.0(2) 33.0(2) 0.0~26.0(2) 0.0~26.0(2) 0.0~24.0(2) 14333.0~121672.0(2) 0.0~941.0(2)
15.0+21.21 0.04£0.0 0,0£0.0 0.0£0.0 0.0£0.0 29.504+0.71 15.50+21.92
i 0.0~30.0(2) 0.0(2) 0.0(2) 0.0(2) 0.0(2) 29.0~30.0(2) 0.0~31.0(2)
Trichloro 34,50+48.79 33.50+47.38 0.04£0.0 0.0£0.0 102.50+144.96 45.50+21.92 61.50+86.97
etylena 0.0~69.0(2) 0.0~67.0(2) 0.0(2) 0.0(2) 0.0~-205.0(2) 30.0~61.0(2) 0.0~123.0(2)
655.50+300,52 664.0+511.95 94,50+27,58 922.0+1084.7  £33.5+887.42 140.0483,44 131.5+185.97
i 443.0~868.0(2) 302.0~1026.0(2) 75.0~114.0(2) 155.0~1689.0(2) 6.0~1261.0(2) 81.0~199.0(2) 0.0—263.0(2)
e 15.049.90 8.50+3.54 0,504£0.71 469.0+577.0 28.0+32.53 44.0+43.84 12.5412.02
8.0-22.0(2) 6.0~11.0(2) 0.0~1.0(2) 61.0~877.0(2) 5.0~51.0(2) 13.0~75.0(2) 4.0~21.0(2)
2.5+3.54 0.5+0.71 0.0+0.0 56.0+18.38 2.5+3 54 34.0:+48.08 0.0£0.0
i 0.0~5.0{2) 0.0~1.0(2) 0.0(2) 43.0~69.,0(2) 0.0~5.0(2) 0.0~68.0(2) 0.0(2)
ENtens 3.50+3.54 0.0£0.0 0.0+0.0 47.5+30.41 2.0+2.83 23.0£7.07 5.5+7.78
0.0~6.0(2) 0.0{2) 0.0(2) 26.040~69.0(2) 0.0~4.0(2) 18.0~28.0(2) 0.0~11.0(2)

a : mean and standard deviation, b : min. and max.

ZI|IEHHAAAIAL H204,

20079
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Table 5. An overall summary of emission concentration measurements of odorous pollutants from 7

companies investigated in this study (unit in ppb)

NHa CH3SH HsS DMS DMDS TMA Stylens Acet-A  Propion-A  Butyr-A  [sovaleri-A  Vale-A
220011+ 260.83% T701.57% 239.08% 19.24% 36.74% 071 0.78+
040, 2346, L2640, 0440,
Frant 7975.03 9 0 223501 D2uE080 D000 689.32 1894.31 560.46 63.45 161.87 1.66 1.58
side 5.95~ o 0.0~20.64 0.0~4.39 0.0~0.19 0.0~ 0.0~ 0.55~ 0.0~ 0.0~ B0~ 0.0
36685.26 . 5 i ! : b 2640.61 6889.84 2304.24 293.62 74310 5.43 5.16
125.81% 0.0L00 1.544328 0074095 6.0340.05 34,99+ 684 64% 113.29% 7.38% 20.83% 0.45% 1.38%
Rear 249.87 i . ) ) ) ) ’ 84.61 1605.09 139.08 13.29 48,76 1.21 2.99
side 3.91~ 0.0~ 0.0~ 2.31~ 0.0~ 0.0~ 0.0~ 0.0~
.0~10.37 =1, =
1ier.0s O 0071087 007115 0.0-0.18 519 545034 53686 47.62 17779 5.15 10.17
Form-A  Acrolein  Acelone Croton—A Benz-A Metylene-C  Benzene TCE Toluene Ethyl -B  m p-Xylene o—Xylene
333.01% 1.46% 874,57 588 o 13853.79% 21.57% 17.29% 701.36% 80.71% 109.86% 32.0%
Front 776.77 2.37 1619.10 19.96 R 47907 .86 14.35 29.92 952.05 165.57 177.01 60.57
.08~ B¢ L B O A ¥ O~ 10.0~ =t 0.0~ Q=
side 1.08 0.0 0.0 0.0~75.23 0.0~37.32 0.0 0.0 0.0 0.0 1.0 0 0.0
2186.95 6.48 5031.55 179912.0 36.0 78.0 2724.0 519.0 534.0 209.0
228.15¢ 1.63+ 1037.23%+ 64.76+ 5 704747 11096.0+ 38.64+ 21.5¢ 77314144 151.50+ 207.29% 61.07%
Rear 564.45 3.93 1492.83 240.72 ' ) 39228.98 44.41 35.53 15880.90 237.47 347.07 105.85
side 4.32~ 0.0-14. 0.0~ 0.0~801.1 0.0~26.63 0.0~ 0.0— 0.0~ 18.0= 0.0~ 0.0~ 0.0~
2095.45 20 4214.24 2 g F 147285.0 145.0 83.0 46889.0 752.0 1185.1 286.0
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Table 6. A comparison of the basic statistical of removal efficiency of odorous pollutants from 7
companies investigated in this study (unit in %)
[a] [b] 1] [d] [e] [1] lo]
- -8.9+12.7 99.5+02 47.6+49.6 19.5£20.5 28.1422.5 -1640.6+2907.4 67.44+32.6
¥ -24.7~-1.1(3) 99.2~99.7(3) -9.2~81.7(3) -3.7~35.1(3) 11.1~53.6(3)  -4897.8~39.6(3) 30.2~90.9(3)
CH3SH P - B =
g 18.34£54.1 - 32.9+£116.2 10040, - 84.1 -
¥ —44.1~49.5(3) - ~101.2~100(3) 100(2) = 84.1(1) -
10040.0 - - ~ = 65.3+7.4 100£0.
DMS
100(2) = - - - 61.0£73.8 100(2)
—— 5.240.0 31.14£0.0 100+0.0 27.8+0. 100+0.0 -54.8:+0, -19.340.0
5.2(2) 31.1(2) 100(2) 27.9(2) 100(2) -54.8(2) -19.3(2)
81.2+12.3 88.3+15.1 -311.34712.3 -165.94+403.4 63.9+27.5 451%67.0 -471.54£951.6
TMA

68.6~93.2(3) 70.8~97.0(3) -1133.8~100.0(3) -630.1~100.0(3) 38.1~93.4(3) -2.3~82.6(3) -1570.0~100.0(3)
- -137.6+225.8 53.4+42.8 -48.4+41.6 -365.1+745.4 -192 8+309.9 -50.1+153.2 25.4+28.0

ene

-358.3~92.9(3) 16.0~100.0(3) -77.8~-19,0(3) -1224.9~100.0(3) -412.0~26.3(3) =-158.4~58.2(3) 5.6~45.2(2)
N—_— -1795.0+1226.6 46.0+65.8 0.7417.6 42.2+56.0 -75.24223.0 -553.7+131.1 -47.9+48.7
cat-

-3200.0~-937.6(3) -29.6~90.8(3) -13.5~20.4(3) -12.6~99.4(3) -331.2-76.6(3) -681.3—-430.6(3) -101.4~-6.0(3)
30.8 -83.4+218.2 37.1+12.5 55.0+43.6 46.0+33.4 36.5 -31.1+£39.9
Propion-A
30.8(1) -335.0~54.2(3) 28.1~51.3(3) 12.9~100(3) 20.2~83.8(3) 36.5(1) -58.9~14.6(3)
-5742,4+3958.9 -80.3+255.1 -52.8 100+0.0 -1.3+143.3 -15.0 -18.4+133.6
Butyr=»A
-10234.2~-2760.9(3) —260.7~100.0(3) -52.8(1) 100(2) -102.7~100.0(2) -15.0(1) -112.8~76.1(2)
96.3 50.0+70.7 - -300 11.4474.0 100 -33.4
Isovaleri-A
96.3(1) 0~100.0(3) - -300(1) -40.9~63.8(2) 100{1) -33.401)
15.2 100£0.0 -70.5+41.8 57.6+23.1 100 57.1 -08,1+£56.2
Isovaleri—-A
15.2(1) 100(2) 40.9~100(2) 41.3~73.9(2) 100(1) 57.1(1) -154.9~-42.4(3)
e -12.0£58.2 36.5+45.7 -133,4+219.3 3.3%1.2 -13.4+128.7 -160.2+£205.5 -35.840.0
ale—,

-53.2~20.1(2) 4.2~68.7(2) -288.5~21.6(2) 2.5~4.2(2) -104.4~77.6(2) -305.6~-14.9(2) -35.8(2)
= % 0.7 -25.0£176.8 34.2493.0 - -400 -100 17.9+0.0
Orm—

0.7(1) -150~100.0(2) -31.6~100.0(2) - -400(1) -100(1) 17.9(2)
: 5.940.2 34.1 93.1+9.8 —165.7+336.1 -403.24515.5  -2480.9+3531.5 -362.6+0.0
- 5.8~6.1(2) 34.1(1) 86.1~100.0(2)  -403.4~72.0(2) ~-767.7~-38.7(2) -4978.1~16.2(2) -362.6(2)

-26.7+127.3 -499.0+847 .1 -1.2 100 3.0£5.5 - -1.0+0.0
Acatone -1088.0~

-116.7~63. -1.2(1 -0.8~6. - -1

116.7~63.3(2) 100:0(2) 1.2(1) 100(1) 0.8~6.9(2) 0(2)

13.5 51.1 7.9 6.7 1.14£38.9 46.3 -
Croton—»A

13.5(1) 51.1(1) 7.9(1} 6.7(1) -26.4~28.6(2) 46.3(1) -
e 22.0 72.7438,7 -8.0 10.5+20.5 3.8459.5 37.0+26.7 -101.3+0.0

=19 Famy

22.0(1) 45.3~100.0(2) -8.0(1) -4.0~25.0(2) -38.3~45.9(2) 18.1~55.9(2) -101.3(2)
Metylane -374.4+61.4 50.04£70.7 0.0 -61.1 100 4.612.3 6.50.0
chioride -417.9~-331.0(2) 0~100.0(2) 0.0(1) -61.1(1) 100(1) 3.0~6.3(2) 6.5(2)

-24.2 - - -7.6 - 100 -6.4+0.0
Benzene

—24.2(1) = e -7.6(1) - 100{1) -6.4(2)
-13726+4558.9 82.2+3.9 -398.7+352.5 44.4+51.0 -60.0+17.8 -16.2+18.5 -52.3+0.0
Toluene ~16950.5~ 79.5~
-647.9~-149. 3~80. ~72.6~-47. -29.3~-3. -52.3|
Aosaa:ais 24,512 4(2)  B8.3~80.4(2) 72.6~-47.5(2) 29.3~-3.1(2) 52.3(2)
Ethyi -6103.6+6419.5 0.0£141.4 -283,31447.8 13.2478.5 ~74.9464 .1 65.044.2 71.3+0.0
-10642.9~
-Benzene R -100.0~100.0{2) -600.0~33.3(2) -42.3~68.8(2) -120.3~-28.6(2) 62.1~68.0(2) 71.3(2)
-1275.0 - - -33.6+169.4 -194.34+221.0 75.5 16.9+0.0
m,p-Xylene
-1275.0(1) - - -153.3~86.2(2) -350.6~-38.0(2) 75.5(1) 16.9(2)
- - - 5.24134.0 -122.8+125.6 72.5 -
oXylene
= - - -89.5~100.0(2) -211.6~-34.0(2) 72.5(1) =

FICEAAFAI/UE 20, 20074
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Fig.1. Evaluation of odor contribution index of
major odorous compounds between the
front and rear side of control unit in
company [a]
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Fig.2. Evaluation of odor contribution index of
major odorous compounds between the
front and rear side of control unit in

company [b].
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Bioremediation of Soil Contaminated with Multiple Petroleum Products
by Soil Microorganisms

Phil-Kweon Choi, Pyeung Heo, Bog-Joon Kim, Kyung-Ho Na,
Sang-Hoon Kim, Ji-Young Kyung and Jin-Young Lee

Soil Analysis Team

Abstract : The purpose of this study is to investigate the biodegradation characteristics of the BTEX and TPH by
petroleum-degrading bacteria which were seperated from soil contaminated with petroleum products, and the
optimum biodegradation conditions according to the type of soil texture. The removal efficiencies of benzene,
toluene, ethyl-benzene and xylene by the mixed gasoline- and diesel- degrading bacteria were 100.0%, 89.2%,
76.4%, 60.8% after 9 days respectively, and thus they were clearly distinguished from the control group. The
removal efficiencies of TPH for 37 days by the mixed gasoline- and diesel-degrading bacteria were 76.7% at 1.0
L/min of air flow rate and 89.4% at 5.0 L/min for sandy clay loam, and 87.2% at 0.25 L/min and 91.7% at 2.0
L/min for sandy loam, and they were higher than the control group (42.3%) and proved the petroleum-degrading
bacteria are available. The removal efficiency was increased along with the higher air flow rate and permeability
but the preventive action for the reduction of soil moisture contents and the volatilization of BTEX according to
the increase of air flow rates was needed. The removal rate of TPH for sandy loam which is a typical soil texture

in South Korea showed above 90.0% at 2.0 L/min and below of air flow rate.
Key Words : biodegradation, soil texture, BTEX, TPH, permeability

Qo - B dFe EXL fFFE odd EForRE ReEd 158 FIldFol o3 BTEXS TPHe| 3
E4& AR EQ W& HF 7 LllEAE metdie Zo|d.

BTEX ¥-dl|latol] 23 9¥¢zte] AAE&EL FT7|FF 8l°] Benzene, Toluene, Ethyl-Benzene, Xylene Z}Z;
100.0%, 89.2%, 76.4%, 60.8% %21 31.0%2] =77 H&3 zle]S wr), TPH 23l #F5o] 93 3743
o] A|ALL ArE A % E(sandy clay loam)e] A% 27| F 5% 1.0 L/mino}A] 76.7%, 5.0 L/minolA] 89.4%, A}
%E (sandy loam)e] 745 0.25 L/minell A 87.2%, 2.0 L/mine| 4] 91.7%=A4] tiZxa+ E9% (42.3%)°] vl&] =2
AAEE el BalAFe fFEALS ¢ & & Adddh 37 FFFol I #+F, F7FHE 2
EFUTE =2 AAZES Boy F7] F59 76 mE EFFEe] A9t BTEXe il‘*}"’- -] 8}
71 918 =X71 dasiy -2uel £ f“—r{ﬂr:?l A EFEN A= 2.0 Limin o]5te] F7]1FF2E 90% o]
2ol R AAE vERRAT

FHol : 3%, E4, BTEX, TPH, F3 &

) |THAAFAIAE H20d, 20074



92 | EFEAE, Hu4d 4

LA B
AATGER A {7 HAH, 24,
I S4B, 20000974 F4: 5
¥t FALAdUEd 3 FF
o2 EY AT &9
Ak AA Ax EFFAHAY 9 2
zA A7) e 4 -?—347]% ZHAHe &
nBo] BTEX, TPH 5 fFHF &2 93 A
‘:’1 nEEE g2 ﬂ]:r”:r'*‘?ﬂ Ao A AT
FRege] g5 Ak
FHeAAGY AsE A A3 H &S
Fo]7] HAsl AT AETFH AHIKin situ
bioremediation)& ¥#g B2 FHAIH<I
AgE dEe] gtoy xAgA e
Hla] AA# el 2@ES] F&, Z3Fo] o
flol e HIol 7Hed el AAFH
o2 R2FE9EELS AT F Y& in siw
bioremediation 7|Z&o] X|&ZF oz He, A&
Hi Qi FAo) P, o] & bioventinge 4]
A ©3}4= 4 (petroleum hydrocarbons) 2 9 ¢
H EoFe] AES4A {3l(biodegradation)o] 2
o] E#Ao|x AAHQL 7|€Z EEA YL
H AR oz o T7|FEQ] E(air ininjection

off &
1o
o>
o
N

r.?‘L 2 e }

7|e

Sol

rate) 2 S HEH| AGom olFHE HILUA
LAEAY ¥ FHAa3F = FAC HEF
A BaE AU & & de e

bioventing 7]&-2 AFAor 57| 9
A= £y widE d59 EfEE, AT
E9% 753 X(soil gas permeability), =%
-l ak(soil water content), # A wAEFLE
(suitable microbial population), #¥Al o ¢ 7}~

(contaminant vapor plume)e| AHo] Fo] il
s ojof By,

bioventing 7]<2] T2 9diFail F7|F
#e R LPEY oFEAHAL EA(sl

texture) ¥} E S (soil structure), EFFET
ol we 2t & Jovw EAd ue F
713 FEE Wsgoof Frp,

olz]g FAB/AES st & A7A
£ SVE & 7]&9 HEFH AYFTHLE A
A7} 1ER4d AL, 5/, BF T FE 7
FEAZ 2dd EGS AFTAA ®HE Azt
W EdH oz AEdtr] f3Y FFRE L9
3 EYdoziyg EzZdE EHIFE o8
bioventing 34 A& wHoEA EHEF
o o3 AAE FHE3L FH LAEL F
A HEY AS F8 d¥gadoez FALIHE
E%e FHe(type) & EAl(soil texture)S 3l
3 F71EE Wd, FF B 54, A #F
FalxAe sofs] Raz s

2. M=z 3 9H

Ay o] 8E EFE A7 A
g 2 =elA AAsRH, |
A71% &4 A AFAEHZREH EFLot A
&3tk Abdel oA F7HEA FF AT
2o i3 324 ¥ (batch tes)E 7 A F
51, AF 4zl #Hold RTHS
MR 1gg& EHEFE AN EY 1 kg
o 1 g9 HIEE HLf, BhHe E ke B
200 mL 37} & 24 E33t EFNE7
NEE st AFol AHEE EGe o]
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Table 1. Physicochemical characteristics of soil used in bioventing test

Organic | Moisture
Soil Texture pH | Compounds | Contents MgO | CaO | K20 |Fe03( P20s
%
Sandy Clay Loam| 7.2 6.6 210 | 06 | 04 | 1.5 | 36 | 02
Sandy Loam 6.6 3.0 14.6 0.5 04 1.8 | 3.9 0.2

J. of KIHE/Vol.20, 2007



EPAE

Fig. 1. Schematic diagram of bioventing

system used as a remedy for petroleum-
contaminated soil.

Table 2. Operating conditions according to soil

textures and air flow rates

. . Soil Air Flow
Operating Conditions .
Texture (L/min)
Sterilized Soil Sandy 1.0
Control Group Soil Clay 1.0
Mixed Bacteria*® Lot 1.0
Sandy 1.0
Clay 3.0
Mi ia* Loam 5.0
ixed Bacteria
0.25
Sand
andy 0.5
Losm |9

* A mixture of the gasoline- and diesel-degrading

bacteria

3184 EA4 & Table 13 Za EYH37)
AL fAg A F+AL Fig. 13 2. 714
EF(BTEX, TPH) ¥ R3] #F9 FEAS
sl EAI F7] T8 oE B
24 §59 RHIPEA ZALES $)3] Table 29
22 Yoz EYEEr] AIFES AAFHA
t}. 120ColA 12 hr @AF 3 EF, X9
TF FYURlel X2 & 4y EY, 188

< o) &3 BHHF LAEYS] A3t B A7 | 93

L A
Ju 2

2

F71 92 EGY AR wye=
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71w BHes g8 ALse v BEA
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Fo] HAE3}A ¥ AHE uPde 1.0
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Fig. 2. Variation of residual BTEX concentration in soil by mixed gasolin and diesel degrading bacteria

without air injection.
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Table 3. Variation of vapor phase BTEX concentration in soil pores

Elapsed Benzene Toluene Ethyl-Benzene Xylene
Time
(day) bacteria |sterilize| control |bacteria| sterilize | control |bacteria| sterilize | control |bacteria| sterilize | control
0 day| 27.36| 27.36] 27.36 6.75 6.75| 6.75| 12.92| 12.92| 1292 1.37 1.37| 137
6 day 0.72 494 1.89 548 5.17| 3.41 5.16 2.82| 345 0.96 236/ 233
30 day 0.01 0.08f 0.02 0.08 041 0.15 0.32 0.39] 0.34 0.05 0.26| 0.07
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Fig. 4. Variation of residual TPH concentration in soil by mixed gasoline and diesel degrading

bacteria without air injection.
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Fig. 5. Variation of residual TPH concentration in soil according to soil textures and air flow rates.
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Enzymatic hydrolysis of food waste and methane fermentation
by UASB bioreactor

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

Environmental Research and Planning Team

Abstract : In this study, enzymatic hydrolysis of food waste(FW) which can replace the hydrolysis step,
rate-limiting step of a conventional anaerobic digestion process was investigated and the methane yield generated
from FW medium hydrolyzed by mixing enzymes was estimated by using USAB reactor. As a result of the
performance of individual hydrolysis of three commercial enzymes; carbohydrase, protease and lipase, protease
showed the highest VSS reduction rate. At a conduct of mixing enzymatic hydrolysis, the highest VSS reduction
(62%) and SCOD generation rate(56%) were obtained and 0.2-0.4%(w/w FW) and 8-hr reaction revealed as
optimal amount of mixing enzymes and reaction time, respectively. It was confirmed that a high SCOD removal
rate(99%), methane purity(74%), and methane yield(0.372+0.018 msCHJkgVS) were achieved from a operation of
UASB bioreactor using FW hydrolysate as a substrate for methane production. Our results suggests that
enzymatic hydrolysis of FW can be applied as novel method for overcoming the drawbacks of a conventional
anaerobic digestion process such as long HRT, acid accumulation by difference of biodegradability of various

organic compounds in FW.

Keyword : food waste, enzyme, hydrolysis, UASB, methane fermentation

o : £ °.i:|"5’—1 Ao 71Zo wE BE ZAqA STz AAHE ALFEE AT £ gd= A
A gARA S E2H7] &4 RN E 479 en UASB ulgt dEFo o3 slgRajgory
1= “ﬂ%} Al ek Al 7HA Ad AYgE Badl 9@ S E2dEH7] JleRs 4d 2
Protease7} 7} &2 VSS #A4A &S e &3 &4 78] 23 23, carbohydrase:protease:lipase
o] M7} L2194 713 E& VSS ZA8(F 62%) 2 SCOD F71&(¢F 56%)S YEhdch =7, HH9
5% 54 MBS SAEry] L D 02:04%ww FW)AL HH 9SAZEe o 8 Azt ey
o} &2 22y 7] 7R AE o] 83 UASB 887 £d AT} ¢F 99%2] SCOD AlA &, 74%9] sk
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Table 1. Characteristics of food waste used in this study

pH 4.3
Moisture content(w%) 81.5
Total solid(w%) 18.5
Volatile solid(wan%)' 95.7
Ash(Wan%)' 43
Volatile suspended solid(g/L) 91.0

TCOD(mg/L) 263.5
SCOD(mg/L) 127.4
Vegetable(w%) 49
Grain(w%) 31
Fish and meat(w%) 17
Density(g/cml) 1.048

' weight percentage based on dry food waste

SRAT%)ATG. FAT S4E2Y7]
7]1(AM-11, ACE, Nissei, Japan)Z 4]
o 44 (2,000 pm mesh size)E A&
A VlEd A2¥e 982 AT
A SAE2e7]S] FHL Table 1514}
2o| 7 HANA oln] Azt AP ol
pH 4393, %& FE3ILB1S wh) L 13
£ FF(185 wh)ES et nFEFF
= 9F 95 w%e] 3 A 318 E(Volatile solid)
3 43 whel A FFE EIs AL =
% & CODE 2635 gL 2 8&4 CODE ¢F
1274 gLE Ueh ek

o
=
i

T B ool :“é e

Job ob g 2

21.2. 4
Akel-8&  &4-91 Carbohydrase, Protease

flof e

T A] arabanase, cellulase, B-glucanase, hemicellu
-lase, xylanase <& = PHH YT
carbohydrases2] ¥+ F =24 Novozymes jilb=
BE 948ttt Protease =  Aspergillus
oryzae <+ S A FIHELEAM HFEAY 5
3 §F/F 718 Aol F=2 AF8-F 3L Lipase
Candida rugos -3 AW E3|aioly #3,
3, @3 AW 7l 5oy o] F &
4~ Amano it=FE F% 3% cH(Table 2).

|

221. 08 © Eg 54 IR
AHe Bh AT R EF e B
7 8 eNB2AIE o 8F A B EF

Lipase® Abg3to] &4 8297]9 W R Ea MRS AASET RAT A ER
3 g4 7HERHE 2239 Carbohyrases d719F FHFE FAY 12 T8t ZA
= Aspergillus aculeatus 3 % 53 &4 3 ABEE BE ZAVIFES A3S 98 A
Table 2. Characteristics of each enzyme used in this study
Characteristics Carbohydrase Protease Lipase
Origin Aspergillus aculeatus Aspergillus oryzae Candida rugosa
State Liquid Powder Granular
Product name Viscozyme” L Protease M Amano G Lipase AY Amano 30G

_ Brewing industry
Application and .
Fruit water treatment
remarks
Cell-wall degrading enzymes

Protein hydrolysis
(Meat/bone stocks) Fatty acid hydrolysis

Food industry(seasoner)

Z)EHAAAAIYUG T20A, 20074
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&34t A EL JhgES 482 1 L
Erlenmeyer e}~ ZA] A& 500 g2 3
N NaOH=Z pHE 452 ZH3}5L carbohydrase,
protease X lipaseE 343 S E22¢7] 9
0.02, 0.05, 0.1, 0.2, 0.4%(w/w wet FW)e] k&

E385 & 501 T incubator(DSK 512, Daeil
engineering, Korea)ol|A] 150 rpme] oWk £1:
2 24 hr 5 AE Ex 7IESE AA G
g EH EF Bh A5Re AGIAE
7z} J/ 9] E3%-&(carbohydrase:protease:lipase)2-
1:1: 1, 2:1:1, 1:2:1 & L1122 H78R ey &
& 24 FYFLS SAE2Y 7Y A3 04%
(ww FW)Z dAZ&A FY4ste] /d a4 7
T3 A¥F FAdT =dAAN HAEAH-.
ME R ER i 492 3 3 uE 4
Al 33 o}

222. E8 &4 FHo AF

A9 E 2 EF &4 MR A4E 2
3}el] A carbohydrase:protease:lipase®] & 3§HH| &
o] 1:2:1dd] FAE2H7]9 75 &3 &0
7 E=S7] b o] EREE E£F &
b 48& AT HFFH9 vz HHIHF
o £% 24 ¥ 24 4¥L 54 E 3
7VelAl @& oixd, f4E2d7] FA F
0.02, 0.05, 0.1, 0.2, 0.3, 0.4 %(w/w FW)2] &
% T2E At AW 2 Y & A4
3] A3 FLH =AM AAsAeH
F71Hez ANBE AHF} VSS Faes o
SCOD F7H&S #4353t 7Is-Esi&s 37t
83 o}

23. ME &5

23.1. SAEMY | viX| Y

TH BEA ot AR 4F A9 E 2A=
3}o]  1:2:1(carbohydrase:protease:lipase)2] =3}
Hl, -2 E297] & 03%(w/w wet FW.)2 &
$ac WA D oF 10 heel WIATE S
Nerdsle Rasters 49 A% A4=
AU o] 23X =AE S E2H7]
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7R el S 4,000 pmel A 10 £t A4
gate] 1 F5Ne FRFE 5 W 4T
S ojgl 2y AYPL 9% UASB uH3-7] 9]
AFE AHE-3A T

do 12 Mo

2.32. UASB H27| 28 =A
4% A" E85AE F4 dHFAY TA
(F)7h2= W3, o]HAA)e] UASB planto] A
Austiem wkg7] &Fe o 25%(viv
reactor)®] 3§ ST AE A FHo UREt &£
$ B34S AJ F < 60 A B WBEE
&3}k, Fig. 104 e} o] UASB ¥Hg-7]
= frE AAZE AFHRAL g7 §FS &
A[A 7 (Tem)x 3z ©] (66cm)] ¢} 7]-<f-3LA] 2] 7]
[AZ4(lem)x3Eol(15em)] 2 FA=HI A &4
& 27 dm® o]tk A% WIZE o83 o R
L/day o] W3-8 £8A1A WF HEHEW)
1 mfh%.:’- fr#8l9t}. Heating jacketS A}-&
o] Wkg-7] 2] i.‘E% 381 CT=E =439}
%I Tc'r‘?i T AY J=ZE o83ty ¥
F f7E TS}—g-(OLR Organic Loading Rate),
3.5, 49, 7.3, 9.1 kgCOD/m’d oA AH<L )ﬂ)\]
']‘9&0“1 a9 pHe =H3# F3i
& lineg UAR A Z3ti grg7]e zZ+ F&

& ‘MI*T?J N 3719 e AU
20 L g9 7k ¥ 3 7](water-displace gas
collector)= o}ad = A Asle] U dA 7}
2% 4 CHsf] €& 483

T

@ %

24. 24 Ui

s g A E2HE7] F F 1LEE(TS:total
solid), 324 3138 E(VS:volatile solid), 3494
B4 313 E(VSS:volatile suspended solid) %=
& Standard method”d] whe} A #F3peich =S
ZF 354 AFa e - 2HTCOD:total  chemical
oxygen demand) 2 &E4 83A ALaTHF
(SCOD:soluble  chemical
HACH DR/2000 spectrophotometer(U.S.A)S ©]
f3le] EA &t wWE +£%%E  Flame
ionization detector(FID)7} #-%t%l 7[A~=A=2vlE

oxygen demand)
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Gas-Liquid-Solid separator

Heating jacket—__ |

Sludge bed -\\

Recycling pump(d

®

Influent

—® Effluent

|
i

Prrrrreerrennentd

-

X

Gas collecting cylinder

Fig. 1. Schematic diagram of the UASB reactor.

717 &) (Hewlett-Packard 6890 series)= Al-8-3153
St DB-TPH capillary column(30mx0.32
mmx0.25 um)< AH&EST. AlgE FUH<
AE&Re] =% Z7F 100 2 250 T2 AA
s Lurt22E dF H 437 EE

g Agaach
3. 2838 U nF
3L SAZMIT| N &4 TR

AAE A EE ThsERE g7 S4E
28 7] 59 i LPE(VSS)e HEEE &
29 Jtdls S H7lek . Fig. 1949
2ol Z+ 49 FAF F7tst A vss 3
A28 B34 gz F718t9 0. Lipased]
29 A7 0.1%7H2] VSS 7Aool F43
F7kste] 22% o2 oy 1 o] 7L
Fo| A= VSS AL T BEEA &
k. AAZ Lipase A@oNA A E2287]
Zo] 9x ARol FHHoT A ALYA

o

N

VSS ZHago] ZFrleleE & 988 v Ax o

&

]

8

VSS reduction rate (%)

8
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0 . ! - . g
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The amount of enzyime (wiwwet food weste %9

- Curbohycuse 8- Protease —4— Lipase

Fig. 2. The reduction rate of volatile suspended
solid in accordance with various amounts

of each enzyme.
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$kt}. CarbohydraseZ o] &3+ 783 239
e 02% H7FH7MA VSS 7o) Z71E
o] °F 43%2] VSS #AA&S JERLE A
gk, protease®] A% 02%°] FH7}F7bA VSS
#Hag&ol AFHo=z FIEd g =L

VSS #4891 9F 51%9] Z714L waAn. g

T35 E o] FAAEG 22229 7oA
carbohydrase K.t} protaese’} U] =2 VSS 7+
28-S Yee=rl, ol#d A= Higgins

59 8 7 79 AYiME wRHAew,
olg2 t&# o] AW Y. F ulo|L
2 F g3 E EdFY YEFHY T2
o] 4] lectin-like proteino]2}= <14 Zg ol
Aol of3 E=z|A7}e}e] =(polysaccharides) 2
3lo] ¢FA = =14 Proteaset: ©]5 lectin-like T
wAds E&HOR FIst g@53Ee &3
AFlElol =& g o2 & A7) Aoth

32. SAE MY 7| &8 52 =6

Table 3& &4 FYFE =247 §F
A F 04%ww FW)R dAHsA sz 7zt &
Ao opgdt EH|AA VSS HAE §F
€ SCOD®| F7h=& JERVa gtk 7 &
& 7t 243 ZIgdA dF8 AG 2ol
protease 7} H] o] =0
carbohydrase:protease :lipase = 1:2:1¢]|4] 7}-#
%L VSS 7483 SCOD 7180 #FHQ
t}. 7fE protease & A Zlid] A3 e VSS

Z2r8@3%)° Hl&] 8 =2 62%<] VSS 7
285 HIo. oI AAE S =27
AE Egoje] AAdzg -9 A (lectin-like
protein)©] proteasecl] 2|3 7}t E L 1 o]
918l EFAIHEOlE H {FA RS
carbohydrase 3 lipasec] 2|3 3= 7j¥
protease 73] MU} 2 VSS THAES
il Aoz wekeE.

33. A SgHINA S AJZHE VSS 24 S

el 3 a4 ISR A9 2= )
ol z} {ho EF3F8E carbohydrase:protease:
lipase = 1:2:12 AAsIA). =3 524 E24
7] 745 EHE A HHe £ 54 H7MF
& AAs57] A8 EF 428 HUpskA €&
g=F, 48247 % 3 002, 0.05 0.1,
0.2, 0.3, 04%(w/w FW)9| t&d F7 &
A7 ol Al VSS A EE 459 Fig 3
2 ANz A g 4 EFEA A7EY
VSS F=& e Holth. giEToA 3t
o] VSS #Aa7l #AEJEY oA S4E
2d7] T HAEA &% Aoz FAGEHET.
Eqas H7EFY F7bol wEr VSS e
743 AR 53] 01% H7IBAAE=
&2 A7} wWE VSS =% a7 8
A"k, 02-04%° H7}F)ME 2 3oz}t
ujo| &gtk 04%e] EFrE A H7lgA 9
16,000 mg/Le] 7} ¥ VSS ¥:& #FF

Table 3. The VSS reduction and SCOD generation rate of single and mixing enzymatic hydrolysis of

food waste
Enzyme VSS reduction rate(%) SCOD generation rate(%)
Lelsd 58 B 51
Mixing ratio of 28 1 % 2 56 50
enzymes(C : P : L)] 1 2221 62 56
1- 21 &2 53 49

The performance of enzymatic hydrolysis was conducted at pH 4.5, 507 for 24hrs.

: means a

mixing ratio of each enzyme and C, P and L indicate carbohydrase, protease and lipase, respectively.

J. of KIHE/Vol.20, 2007
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VSS concentration(mg/L)

——Conrol  —B- MI(D.02%) —A— MA0.0S%) ~T MYDAC) |
—O— MAO.20%) —O— MS(0.20%) —A— MO0.40%)

10000
0O 2 4 6 8 10 12 14 16 18 20 22 24

Time(lr)

Fig. 3. VSS concentration by adding various
amount of mixing enzymes in accordance

with time course.

T AN 7 EF L FHOTFAA SA4E
g7 F AFEL ZteEde HE27d
Az AFoA F43] doldS & F AU
6 At A 8 AIF A3 Fol= VSS &= W
si7h vu|de nEE] B o 2482879
ETHEL NEATZo A 8 Ato] HIFE A
o2 gogEr ol#d Ayes, SAE2H7
24 7EEE A% HAFe xHe=
carbohydrase :protease:lipase = 1:2:1¢] &% &
2H], 02-04%9] &3 A4 H7HE 2 8 A
o] & 7l Az Aow @A

ul%

34. E8F 54 JlEdl0f 25t vss
I scoc 7=

HLAE

s £ 54 HMHE o8& S4E
2o 7] &4 7hEs] A FoA &4 VSS
Ao gt 4 SCODQ] F7}%2 Fig. 49l
UrENli’ir—} &4 VSS %}:‘c%ml g 5

=i A5
(l")% el S =l 0]7-] o] 2 ¥Fgol o
SCOD Z7}:= SAE297] F9 11
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Fig. 4. Net SCOD generation and VSS reduction
in the mixing enzymatic hydrolysis of

food waste.

T 719FgE ¢ F AU = &F
VSS 43 4 SCOD ZF71%F9 H&L
12924 &% &4 7I5Esd o8] S4E2
d7] F9 1 g VSS=ZEE 129 g9 =
SCOD7} A=At olaF AHe 7 To
AEE2E A4 %A 2] F A (BNR:Biological
Nutrient Removal)e] 7] &2 A] S22 7] 9]
B4 iR AN A4 ARAT
(1.29) R} <3 H2 X o))

3.5. #7712 Fot=20] Cfst oE WHE

We g2 AxFr] 93] 1 MLy &
L7+ AR F oF 60 Dol| AA thLE
718 ¥-3}8(Organic Loading Rate); 3.5, 4.9,
73, 9.1 kgCOD/m’d oA APS 2AA st
Fig. 504 ¢} o] {7|& F-31%o F7td w
g Aa F7tE vgFE el F /7]

22358 351, 49, 7.3, 9.1 kgCOD/m’d o A]
ok 23, 39, 59 @ 7.8 Lo &4 vigo] AA

) |=RHHAANAYE T20d, 20074
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Fig. 5. Various amount of pure methane gas at each organic loading rate.

=2t
3.6. O|E yield ™ COD HHS

2 43 Wg 2ax AN F 4 F
71 3-8 (OLR)2] 47 el(stage state)ol] A
48 795 € &5 F%, SCOD AAE,
ARE vee £ 2 A 827 HUA
AP E(VS)EHH AEE vg Y4 &S Table

40 JEMIA(T &2 B2 7] 7t AL 5
u] 3] Aj3le] ARERF /9159 SCOD(20.5+0.3
gL)ye g ZEAAAN g 7|FE &
2Eo] o 99.0+03%9] ¥ SCOD AALE
Hetdigic. AdE 72 F e £k
73.0£1.0%% i k9] vlgke] AAHUT 4
ol 2EF SCODE AR 39 4 E2
71 & VS dForwRE isgeS W o
0.372+0.018 m’CHa/kgVSe] =& vt AA &

Table 4. Summery of the UASB bioreactor performance

Item Unit Value

Influent " =N

pH 4.5+0.2
SCOD ............. 20-5*0-3
Efﬂuent T ——
pH 77+0.3
SCOD 0.19+0.03
SCOD removal efficiency 99.0+0.3
CH; purity 73.0£1.0
CHy yield m’/kg VS 0.372+0.018

All values are average data at the stage state of individual OLR.

J. of KIHE/Vol.20, 2007



A B2 7|9 A /15EE 2 UASB 87| E o] 43 vjg A4 | 109

Table 5. Methane yield of different biomass and food waste

Organic Wastes

Methane Yield (mSCHApr‘k gVS)

Manures 0.252-0.348
Cow 0.252-0.323
Swine 0.320-0.348
Poultry 0.285-0.330
Agro-Industrial wastes 0.310-0.390
Sugar beet 0.370
Tomato 0.320
Orange 0.330
Brewer's grain 0.310

_ Sorghum 0.390
Municipal SOlld wastc (MSW) 0.140-0.540
Yard wastes 0.140-0.209
Paper waste 0.215-0.369
Sewage sludge 0.225-0.320
European food waste 0.321-0.540
Korean food waste 0.356-0.440
This study 0.353-0.390

< YE A 7] Fo 1P E(VSS)9 2 Il &l 7]
AP Aoz WuHW AFRHAE 78 9
37. CHE biomass}o] BIEH MANEH Hlm ¢ 27149 477 Bew Aes ol

B AgoA A44E e &8 99T v
olevjx fu2ZHEH AAdE e AAHE&Y
Hl 3} 2B Table 5¢F Zrh oA HE 8t
o} o] SAE2YV|ZEREH AALE g A
21 2K(0.372+0.018 mCH‘u’kgVS)-% 58, AEg
7o 7} 51(0.252-0.348 m’CHy/kgVS), sugar
beet, tomato, orange, sorghum 59| &8 Z
A 2(0.310-0.390 m’CHykgVS) B A 287],
HFolH/, sty T =4 1y HIE &
#| ufo] 2 o ~(0.140-0.369 mSCHdkgVS}E.T—"-I-—E
=2 g A4 &S vUehle] S4E2Y7E
c&E e A4S A =2 FAHS 7L
uio] @ w292 9wt urt. A %Y, 7]
9 2¢t Wgk BE FAEL o3 FHEHA &
B2 725 EH APE W8 &
321- 0.540 2 0.353-0.390 m’CHykgVS) Bt}
of7F ¥ FXE JYeHlded, oA &
B2y 7]e] B4 HAFNA 4220

rlr S 4 rr}l 23 H
o

A

_l_,

.8 B
#7149 AALY SAERAVZRE 2 &
& Vg AN AN NAE TAE AET
A4 R UASB Wg7]E ol 48 2 58 v
g AN 472 FU% 23 ey ge
2 aun

1. Al 7}A] 4}91-8& & A (carbohydrase, protease
A lipase)E ©]- & A E2H7] A 7]')”:'
3] A A protease’} 7} =2 VSS ZA
< e A

2. SAE2Y7|Y EF B4 7l Ed A9
< 9% HA 4 EFELS  carbohydrase:
protease:lipase = 1:2:12A] °F 62%2] ¥ VSS
Zag&d of 56%° SCOD F7H&< L]-E]-LH
A+t

)| HAZAYE H20A, 20074
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3. S &2 HA 54 EFLAA F
ol A7 R A4 W AL LA B2
7] % 2 03%(wiw FW)e] H7}F 9 8 A
kel ¥H-g-A|zke] ATt

4. EF 54 7 Ed AdAA &5 VSS
Ao U3 &4 SCOD2| F7}uke] H| &L
12991t}

5. UASB ®¥tg-7]|& o]-&% wgl 448 43
ol A <k 99%2] %<& SCOD AAEL %L WA}
2 F g €2 9 1B3%AC

6. SAE2H7|ZHES WE BHEL F
T R FAE AAES vg 4AE&RT A
=2 (.372+0.018 m’CHu/kgVS %t}

S ERE 7 24 AAFY PPL 7S
vlgl g EZR2 Ao A & <45t A (rate-limiting
step)?l P ES 7HFES] FAHY EAHE
AT FAo GAZ EA WFEAZH] 9
g nYPE #HS AFAIZHEHRDS =L
compact3dt ZEFEAM A7} 7MEFS AlAMEaL 9l
o E=3 SAE2H7]7F FH3a e 9F
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Distribution Characteristics of Gaseous-Particulate Phase for PCDD/Fs and Co-PCBs
in the Atmosphere

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

Environmental Research and Planning Team

Abstract : To understand the distribution characteristic of PCDD/Fs and Co-PCBs in the ambient air, the gaseous
and particulate phase concentrations were measured at Gyeonggi-do area, Korea, during 2004, and compared
among total suspended particulates (TSP), temperature and coefficient of variations (CV) for monthly
concentration, and statistical analysis was performed for the PCDD/Fs samples. The monthly mean concentrations
of PCDD/Fs and Co-PCBs ranged from 7.886 to 17.083 pgf‘ms, and PCDD/Fs predominantly existed in January,
and Co-PCBs existed in July. The concentrations of gaseous and particulate phase for PCDD/Fs and Co-PCBs
were found to have a relationship with atmospheric temperature and TSP during the sampling period. Especially,
Co-PCBs have high relationship with temperature, and their determination coefficient (R?) were -0.95 for particle
and 0.80 for gas. In the CV for the monthly mean concentrations, The CV of low chlorinated PCDD/Fs were
relatively lower in gaseous phase, and the CV of high chlorinated PCDD/Fs were relatively lower in particulate
phase. In Co-PCBs, low chlorinated compounds were high CV in particulate phase and lower CV in gaseous
phase. In the statistical result, there were characterized by ratios of six components, TCDD, HpCDD, OCDD,
TCDF, 1,2,3,4,6,7,8-HpCDF, OCDF, in PCDD/Fs. The component plot of factors, PC-1 (quartz filter samples) and
PC-2 (PUF samples) accounted 50 % and 38 % of the total variance, respectively. Therefore, isomers profile of
gasecous and particulate phase PCDD/Fs were distinguished by the distribution of low and high chlorinated
isomers.

Key Words : PCDDs/Fs, Co-PCBs, ambient

R9F : tl7] F9] t}o] &4l 9 Co-PCBs¢| REEAL o|aatr] §siM, ¥ AFe|A s 2004d =0 7h2=4
7 QAL FHEle] AT E§ TSP € t7|S5E va BANYR 98 UEASE A& ¢
7 o] &4l @ Co-PCBs: 414 B & Fastdch the]$413} Co-PCBse 9 ZAMAY FaFEE
7.866~17.083 pg/m’ & ZAHon, tho]3Ae ALY, 283 Co-PCBsE o &(7H)0] ¥L ¥&
=4e YAtk Co-PCBsE €ES% £& A4RBAE BojFu glon, oju U4z 7tade] A4S
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Aro Log%’% Ao me] ¥ EAHS HolFm 914. A4 EAME FQ 24F 671A
(TCCC, HpCDD, OCDD, TCDF, 1,23,4,64,7,8-HpCDF, OCDF)& el eny 7-24/¢]A4 PCDDs/Fs2]
olHAA SAL AP ndsiEe B¥o wa SAA oL},
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1. Introduction

PCDD/Fs and semi-volatile organic compounds
(SOCs) such as PCBs in the atmosphere are
distributed between the gaseous and particulate
phase. Thus, knowledge of the gas/particle
distribution of these compounds is important step
in determining the fate of chemicals in the
environment. Gas/particle distribution depends on
the particulate properties, ambient temperature,
relative humidity and the properties of the
compound .

Congeners with higher vapor pressures (e.g. lower
chlorinated congeners) preferentially partition to
the gaseous phase. For a given congener, the
fraction in the gaseous phase increases with
ambient temperature and decreases with increasing
particulate concentration.

This study was carried out to evaluate the
concentration level and distribution characteristics
of gaseous and particulate phase for PCDD/Fs and
Co-PCBs in the atmosphere.

2. Methods and Materials

2.1. Sampling

Six cities (1 site per each city) in Gyeonggi-do
province were selected as the sampling sites.
Sampling was performed from January to
November in 2004 every other month. Sampling
details are given Table 1. Ambient air was
collected with a high volume air sampler
(HV-1000F & HV-700F, SIBATA, Japan).

The sampler was equipped with quartz filter
connected by two polyurethane foam (PUF) plugs.
quartz filter and PUF were used to collect both
particulate and gaseous phase of PCDD/Fs and
Co-PCBs, respectively. Quartz filter and PUF
were pre-cleaned by baking at 800 C for 4 hrs,
extracted by a soxhlet with toluene over 24 hrs,

J. of KIHE/Vel.20, 2007

respectively. All samples were collected with a
suction flow of 400 L/hr for 96 hrs, resulting in a
sample volume of approximately 2,300 m’. Prior to
sampling, [*'Cl5]2,3,7,8-T4CDD standard (ED-2522,
CIL, USA) was spiked on PUF in order to estimate

a sampling performance and extraction efficiency.

Table 1. Ambient air sampling conditions

Mean
Sampling sp Rainfall
Round o temp. s | Gy
(©)
1 25-31 Jan. 0.3 123.2 0
2 22-26 Mar. 9.0 139.2 0.5
3 24-27 May 18.3 111.0 1.5
4 20-24 July 26.8 714 | 1.0
5 20-24 Sep. 19.0 67.5 20
6 19-23 Nov. 73 130.4 0

2.2. Pretreatment

PCDD/Fs(17 After sampling, Quartz filter
and PUF were extracted with toluene using
soxhlet apparatus over 48 hrs. 13C12-labelled
standards(EDF-8999, CIL, USA) were spiked
before clean-up process. The sample clean-up
was performed with disposal silica gel
aluminum oxide columns(FMS, USA) according
to HPLC clean-up method™. Finally, the purified
extracts were concentrated to approximately 50
pl and spiked internal standard(EDF-5999, CIL,
USA) prior to analysis.

PCBs : The extracts identical to PCDD/Fs
analysis were used and pretreatment was
performed according to US EPA Method 1668A.

Analysis  instrument : All samples were
analyzed by the HRGC/HRMS(Autospec Ultima
NT, Micromass).

2.3. Statistical Analysis

For the wunderstanding of gaseous and

particulate phase distribution characteristic, the
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relative concentration
2,3,7,8-substituted

hierarchial

data normalization by
method  of
isomers(17  kinds)
analysis(HCA)
component analysis(PCA) was accomplished by
SPSS statistical package (12.0 for
SPSS Korea).

comparison
and cluster

were executed, and principal

windows,

3. Results and Discussion

distribution of
PCDD/Fs

3.1. Concentration and
gaseous-particulate  phase for

Co-PCBs

and

The monthly concentration of gaseous and
particulate phase for PCDD/Fs and Co-PCBs are
in Table 2. TEQ concenirations were
calculated using I-TEFs for PCDD/Fs
WHO-TEFs for Co-PCBs.

Monthly mean concentrations were 17.083
pg/m® (0.66 pg-TEQ) for January, 13.887 pg/m’
(0.422 pg-TEQ) for March, 10.366 pg/m’ (0.225
pg-TEQ) for May, 13.160 pg/m’ (0.300 pg-TEQ)
for July, 7.886 pg/m’ (0.233 pg-TEQ) for
September and 10.278 pg/m’ (0.422 pg-TEQ) for
November, and thus the concentration of January
was higher than those of the others. Monthly
concentration PCDD/Fs
Co-PCBs is Fig. 1. PCDD/Fs
predominantly existed in January, and Co-PCBs

given

and

variation  of and

shown in

predominantly existed in July.

In the variations of gaseous and particulate

B p-PCDD/Fs Bp-Co-PCBs
@g-PCDD/Fs Elg-Co-PCBs

100.0
80.0

— 80.0
~—  40.0
20.0

| 0.0

Fig. 1.

Monthly variation of gaseous and
particulate phase for PCDD/Fs and

Co-PCBs.

concentration, the particulate phase concentration
was found to highest in January and gaseous
phase concentration was found to highest in
July, respectively. In case of Co-PCBs,
particulate phase concentration was found to be

and phase

January

concentration was found to be highest in July.

highest in gaseous

In many prior studies, seasonal variations of

PCDD/Fs and Co-PCBs were opined to be

; 3 34
related with air mass movement™”.

3.2. The relationship among TSP, temperature,
and concentration of PCDD/Fs and Co-PCBs.

In this study, the concentration of gaseous
and particulate phase for PCDD/Fs and Co-PCBs
have a relationship with

were found to

atmospheric temperature and TSP during the

sampling period. The relationship with TSP and

Table 2. Monthly concentration of gaseous and particulate phase for PCDD/Fs and Co-PCBs [unit: pg/m’ (TEQ)]

PCDD and Co-PCBs Jan.(n=6) | Mar.(n=6) | May(n=6) | July(n=6) | Sep.(n=6) | Nov.(n=6)

Particulate p-PCDD/Fs |11.003(0.613) - 3.663(0.126) | 4.989(0.15) | 3.115(0.167) | 6.33(0.372)
-phase p-Co-PCBs 4.132(0.042) - 1.322(0.004) | 0.171(0.003) | 0.645(0.004) | 1.798(0.015)

Gaseous | g-PCDD/Fs | 0.065(0.004) - 0.401(0.08) | 0.825(0.126) | 0.293(0.053) | 0.15(0.019)
-phase g-Co-PCBs 1.883(0.002) - 4.98(0.016) | 7.175(0.022) | 3.833(0.009) | 2.001(0.007)
PCDD/Fs+Co-PCB(mean) | 17.083(0.66) |13.886(0.422)|10.366(0.225)| 13.16(0.30) | 7.886(0.233) [10.279(0.413)

A)EHAUAAIAAL H20d, 2007
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TSP(ug/m?)

Fig. 2. The relationship between TSP and

concentration of PCDD/Fs and Co-PCBs.

concentration are shown Fig. 2, relationship with
temperature and concentration are shown Fig. 3.
The concentration of gaseous and particulate
phase for PCDD/Fs and Co-PCBs were found to
have a liner relationship with TSP”. However,
those were not enough high, their R’ were 0.36,
0.55 between TSP and particulate phase
concentration of PCDD/Fs and Co-PCBs, and R’
between TSP and gaseous phase concentration of
PCDD/Fs and Co-PCBs were 0.09 and 049,
respectively.

Also, the concentration of PCDD/Fs and
Co-PCBs were found to relationship with
temperature. R* were 0.90, 0095 between
temperature and particulate phase concentration
of PCDD/Fs and Co-PCBs, and R’ were 0.09,
0.80 between temperature and gaseous phase
concentration of PCDD/Fs and Co-PCBs.

Especially, total (gaseous plus particulate)
Co-PCBs have a high

temperature, and many prior studies have shown

relationship  with

the increase of PCBs concentration with higher
tcmperatureﬁ‘n.
However, for the understanding of the behavior

of PCDD/Fs and Co-PCBs in the atmosphere

J. of KIHE/Vol.20, 2007

* p-PCDD/Fs ® p-Co-PCBs
s g-PCDD/Fs = g-Co-PCBs

100

y = =116241Ln(x) + 9.0433

R=090 —g1968x+1.1578 |
R = 0.86 [
e

Concentration{pa/ma)

ia — 30
—

——
y #0.0081x + 0.3238
R =0.09
0_1 i o

Temperature(C)

Fig. 3. The relationship between temperature
and concentration of PCDD/Fs and
Co-PCBs.

need to study for gas/particulate partitioning.

Fig. 4 represents the coefficient of variations
(CV) for gaseous-particulate phase PCDD/Fs and
Co-PCBs with monthly concentration. The CV is
a dispersion of a probability distribution. To
find out the CV for monthly concentration, it
can be understood distribution characteristic of
isomers for gaseous-particulate phase with
PCDD/Fs and Co-PCBs. The CV of 4Cl were
relatively low in gaseous phase PCDD/Fs, and
those of 6Cl, 7C1 and 8Cl were relatively low
in particulate. Therefore, distribution of low
chlorinated PCDD/Fs arehigher in gaseous phase,
and distribution of high chlorinated PCDD/Fs are
higher in particulate phase.

In Co-PCBs, low chlorinated compounds were
higher CV in particulate phase and lower CV in
gaseous phase. Therefore, distribution of lower

chlorinated Co-PCBs are higher in gaseous phase.
3.3. HCA and PCA for PCDD/Fs
Statistical analysis was performed 60 samples

(Quartz filter n=30, PUF n=30) for PCDD/Fs.
The result of HCA showed two groups in
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Fig. 4. Coefficient of variation (CV) for PCDD/Fs and 1¢7-PCBs with monthly concentration.

150

100
50 |

Coefficient of variation(%s)

TeCDF
PeCDF1
PeCOF2
HxCDF1
HxCDF2
HxCDF3
HxCDF4
HpCDF1
HpCOF2
OCDF
TeCDD
PeCDD
HxCODA

[I:IGase_ous EParticle |
|
|
|
|

HxCDD2

o 0 O = N~ @ @ T W © o e o @
(m] (=} [a] @ s o - - [=] o 0 = w3 w0 =l
a 0 0 = 2 £ = = = - - o = = e
(%] o > = = = 2 > s | = o =
£ H e
I
Isomers of PCDIVFs and CoPCBs
r T |
| |OParticle OGaseous |
25.0
20.0
15.0
S
10.0

PC-1, 50%:
Fig. 5. The component plot of factors for PC-1
and PC-2.

PCDD/Fs (dendrogram from HCA not shown in
this paper). There were characterized by ratio of
six conponents, TCDD, HpCDD, OCDD, TCDF,
1,2,3,4,6,7,8-HpCDF, OCDF. The component plot
and PC-2

accounted 50% and 38% of the total variance,

of factors is shown Fig. 5. PC-1

respectively, PC-1 was quartz filter samples, and
those isomers profiles shown in Fig. 6. PC-2
and those

was PUF samples, isomers profile

shown in Fig. 6. The isomers profile of
gaseous and particulate phase PCDD/Fs were
distinguished by the distribution of low and/or
high chlorinated isomers. In this study, higher
chlorinated PCDD/Fs

particulate

homologues existed in

phase and lower chlorianted

homologues existed in gaseous phase.
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Relationship between Co-PCBs and PCDDs/Fs
in the Atmosphere

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

Environmental Research and Planning Team

Abstract : PCDDs/Fs and Co-PCBs were measured bimonthly at the six site in 2003~2006 year. We studied the
relationship Co-PCBs and PCDDs/Fs in the atmosphere and proposed the numerical formula predicating the
PCDDs/Fs concentration with Co-HeptaCB. From relationship between Co-PCBs and PCDDs/Fs based on data of

2003~2005 year, we proposed the numerical fomula(mﬂmzrﬁi%ﬁgf%). Especially the total PCDDs/Fs

concentration (the sum of 2,3,7,8 substituted congeners) was significantly related to Co-HeptaCB (R*=0.73). We
also compared observed total PCDDs/Fs data in 2006 year with total PCDDs/Fs data calculated by formula which
was based on the relationship between Co-HeptaCB and total PCDDs/Fs in 2003~2005 year. When Co-HeptaCB
concentration is below 0.4 pg/m3, the observed total PCDDs/Fs data was positively correlated with

predicted data.

Key Words : PCDDs/Fs, Co-PCBs, ambient air
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1. Introduction

While PCDDs/Fs and Co-PCBs emitted from
various sources transport in the ambient, they can
deposit to various environmental sinks and
eventually human health can be affected through
web food and inhalation. The ambient air is a
major pathway for the transport and deposition of
natural and anthropogenic PCDDs/Fs and
Co-PCBs.

I’s known that Co-PCBs and PCDDs/Fs are
formed during incineration of municipal waste.
The behavior of PCDDs/Fs in the atmosphere
might resemble Co-PCBs in the atmosphere".

However there has been little information on
the atmospheric correlation between Co-PCBs and
PCDDs/Fs, because previous studies focused on
characterization of dioxin and Co-PCBs level and
their distribution in the ambient™.

Also most of studies have researched relationship
between dioxin and co-PCBs with data of a short
period of time".

The data of this paper consist of PCDDs/Fs(17
congeners) and dioxin like PCBs(12 congeners) at
six location in Gyeonggi-province during four
years(total samples: 91).

We studied the relationship Co-PCBs and
PCDDs/Fs in the atmosphere and proposed the
numerical formula predicating the PCDDs/Fs

concentration with Co-HeptaCB.

2. Methods and Materials

2.1. Sampling

Total six sites(Suwon, Anyang, Ansan,
Seongnam, Bucheon and Siheung) were selected
in Gyeonggi-province.

The following Table 1 and Fig. 1 shows

information of the sampling location.

J. of KIHE/Vol.20, 2007

These sites provide air pollutants datum (CO,
Nox, PM10, SOx) and meteorological parameters
(wind speed, wind direction, temperature)
because of existence telemetering system for air

pollutant monitoring network.

1. Suwon, 2. Anyang, 3. Ansan, 4. Seongnam, 5. Bucheon, 6. Siheung

Fig. 1. Sampling location.

Sampling was performed from January to
November in 2004 per two month. Ambient air
was collected with a high volume air
sampler(HV-1000F &  HV-700F, SIBATA,
Japan). The sampler was equipped a Quartz
filter connected by two polyurethane foam(PUF)
plugs. Quartz filter and PUF were pre-cleaned
by baking at 800 C for 4 hrs, extracted by a
soxhlet with toluene over 24 hrs, respectively.
All samples were collected with a suction flow
of 400 L/hr for 96 hrs, resulting in a sample
volume of approximately 2,300 m'. Prior to
sampling, [*'Cl4]2,3,7,8-T«CDD standard(ED-2522,
CIL, USA) was spiked on PUF in order to
estimate a sampling performance and extraction

efficiency.
2.2. Pretreatment

PCDD/Fs(17

and PUF were extracted with toluene using

After sampling, Quartz filter

soxhlet apparatus over 48 hrs. C),-labelled
standards(EDF-8999, CIL, USA) were spiked
before clean-up process. The sample clean-up

was performed with disposal silica gel



aluminum oxide columns(FMS, USA) according
to HPLC
purified

clean-up method2). Finally, the
concentrated  to
approximately  50ul and  spiked
standard(EDF-5999, CIL, USA) prior to analysis.

The extracts identical to PCDD/Fs analysis were

extracts were

internal

used and pretreatment was performed according
to US EPA Method 1668A.

All  samples  were by  the
HRGC/HRMS(Autospec Ultima NT, Micromass
Co. UK) using SP-2331 and DB-5MS columns
for PCDD/Fs and Co-PCBs, respectively.

analyzed

Table 1. Information of Sampling sites

. | Population y
Sampling Site Surrounding
(person)
Suwon 1,054,619 Residential
Down town,
Anyang 629,426 N
residential
Ansan 697,239 Industrial
Seongnam 992,758 Residential
Bucheon 863,397 Residential, industrial
Siheung 397,983 Residential, industrial

3. Results and Discussion

We investigated that relationship between
PCDFs and Co-PCBs

(Table 2). From correlation analysis (Table 2), the

congeners of PCDDs,

best relationship was found between Co-HeptaCB
and PentaCDFs.

But, we focused on the prediction of the total
PCDDs/Fs concentration with Co-PCBs. From
between the Co-PCBs
PCDDs/Fs, this analysis
showed the total PCDDs/Fs seems to be related to
HpCB(R*=0.73).

As you see Fig. 2, we proposed the formula
which can predict the total PCDDs/Fs(the sum of
2.3,7.8 substituted congeners) with HpCB of data
in  2003-2005 year. With the
55.672% Co— Hepta OB

hyperbOIa( PODF5 = TH1.017% Co— Hepta C1B

regression  analysis

congener and total

formula of

), we also
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Fig. 2. Prediction curve and concentration of total
PCDDs/Fs versus Co-HeptaCB in the
atmosphere (2003~2005 year data).

0O Real Data in 2006 Year
25 = Prediction Curve
R=0.94

PCDDs/Fs (pg/m®)

0.0 02 0.4 0.6 08 1.0
Co-heptaCB(pg/im?)

Fig. 3. Comparison of predicted curve and
observed value in 2006 (cross-validation).

compared observed total PCDDs/Fs data in 2006
year with total PCDDs/Fs data calculated(Fig.2).
In Fig. 3, the relationship has an R*=0.94 of
cross-validation analysis. Therefore, the total
PCDDs/Fs concentration was significantly related to
Co-HeptaCB.
This model can predict the total PCDDs/Fs in
atmosphere with only Co-HeptaCB concentration.
Particularly when Co-HeptaCB concentration is

below 0.4 pg/m’, the relationship with Co-HeptaCB

) |ICHAAFNIAL T20H, 2007H
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Table 2. Correlation of coefficient between

the congener of PCDDs, PCDFs and Co-PCBs

4F |S5F-1|5F-2|6F-1|6F-2|6F-3|6F-4|7F-1|7F-2| 8F | 4D | 5D |6D-1|6D-2|{6D-3| 7D | 8D | 5F | 6F | 7F | 6D |Total
Te-CBs 0.63 | 0.58(0.53|0.54|0.53|0.56|0.49|0.53(0.52 |0.46|0.45 | 0.48 | 0.45|0.46|0.44 | 0.46[0.48 | 0.56| 0.54 | 0.54 | 0.45 | 0.54
Pe-CBs 0.50 |0.46[0.43|0.41(0.41|047(0.39]0.41|0.42|0.27|0.44|0.40|0.36|0.39|0.38 | 0.36|0.33| 0.44 | 0.41 | 0.42 | 0.38 | 0.39
Hexa-CBs | 0.74 | 0.73|0.75 | 0.66 | 0.66 | 0.66 | 0.71 | 0.70| 0.59 [ 0.42 | 0.76{ 0.71 | 0.68 | 0.71|.0.70| 0.67 | 0.59 | 0.75| 0.69 | 0.69 | 0.70 | 0.65
Hepta-CBs | 0.86 |0.89|0.91|0.84 | (.84 |0.79|0.90 | 0.89 | 0.73 | 0.60 | 0.87 | 0.86 | 0.84| 0.87 | 0.86 | 0.85| 0.79 | 0.91 | 0.88 | 0.87 | 0.86 | 0.85

4F:2,3,78-TCDF, 5F-1:1.2,3.7.8-PCDF, 5F-2:2,3,4.7.8-PCDF, 6F-1:1,2.34.78-HxCDF 6F-2:1,2,3.6,78-HxCDF, 6F-3:1,23,7,8.9-HxCDF, 6F-4:2,34,6,7,8-HxCDF

TE-1: 1,23.4.,6.7.8-HpCDF, 7F-2:1.2.3.4.7.8.9-HpCDF. 8F:0CDF

4D:2,3,7.8- TCDD, 5D: 1,2.3.7,8-PCDD, 6D-1: 1.2,3,4,7.8-HxCDD, 6D-2; 1,2.3,6,7,8-HxCDD, 6D-3: 1,2,3,7,8,9-H6CDD, 7D: 1,2,3,4,6,7,8-HTCDD, 8D:0CDD

SF=5F-145F-2, 6F=6F-1+6F-2+6F-3+6F-4, TF=7F-1+7F-2, 6D=6D-1+6D-2+6D-3

16 =1 F=

A Calculated by Y=55.6728X/(1+1.0171X)
O Real Data in 2006 year
— Linear fuction (2008 Data) Y=47.222X+0.214

) T oo % i
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0.0 0.2 0.3
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predicted curve and
2006

Fig. 4. Comparison of
observed  data
Co-HeptaCB is low level.

in when

and PCDDs/Fs showed strongly the linear relation.
Also the relationship of modeled and observed
data has R=0.956 in the Fig. 4.

Therefore, this model could be predicted total
PCDDs/Fs concentration of other region having
low level Co-HeptaCB except for industrial region
like Ansan.

During 2003~2006 year, the order of PCDDs/Fs
congeners concentration in atmosphere was
1,2,3,4,6,7,8-HpCDF > OCDF > OCDD and the
1,2,3,4,6,7,8-HpCDF was the major contributors to
the total PCDDs/Fs concentration (pgfm3) in the

atmosphere with an annual mean contribution of

J. of KIHE/Vol.20, 2007

1,2,3,4,6,7,8-HpCDF(pg/m”)

T T
0.4 0.6

Co-heptaCB(pg/m®)

0.0 o8

Fig. 5. Comparison of the 1234678-HpCDF and
Co-HeptaCB in 2003~2006.

21.7%. Co-HeptaCB has the high
correlation between all congeners of PCDDs/Fs
(Table 2) the
relationship of 1,2,3.4,6,7,8-HpCDF(Fig. 4), we
estimated that Co-HeptaCB could be use the
principal parameter the predictable the PCDDs/Fs

Because

and moreover have strong

concentration.

4. Conclusion

This study estimated the relationship Co-PCBs

and PCDDs/Fs in the atmosphere and proposed
the numerical formula predicating the PCDDs/Fs



concentration with Co-HeptaCB.

Because Co-HeptaCB has the high correlation
between all congeners of PCDDs/Fs, we estimated
that Co-HeptaCB could be use the principal
parameter the predictable the PCDDs/Fs
concentration.

From relationship between Co-PCBs and
PCDDs/Fs based on data of 2003~2005 year, we
proposed the numerical formula

_ _B6.672x Co— HeptaCB
(PoDDs| Py = SEOT2X SO AR :umC-'B)' We also compared

observed total PCDDs/Fs data in 2006 with total
PCDDs/Fs data calculated by formula which was
based on the relationship between Co-HeptaCB
and total PCDDs/Fs in 2003~2005. When
Co-HeptaCB concentration is below 0.4 pg/m’,
the observed total PCDDs/Fs data was positively

correlated with predicted data.

7] ¥ PCDDs/Fs% Co-PCBs9] o4 <13 | 121
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Water Quality and Ecology Investigation of Gyeongan River
Ju-Yong Jeong, Jae-In Yu, Jong-Moo Won, Kyu-Seok Kim, Moon-Jeong Kim, Kyong-Hee Lee,

Jin-Ho Song, Hyeon-Byeok Im, Yang-Hee Choi and Seung-Seok Choi

Environmental Ecosystems Team

Abstract : Ecology investigations including present condition of habitat, benthic macroinvertebrates, fishes and
epilithic diatom as well as water quality were performed to evaluate the current ecological status and biological
health of 14 sites of Gyeongan river in 2007. The habitat condition were evaluated as bad for the most sections
because various construction works were underway. Korean Saprobic Index(KSI) using benthic macroinvertebrates
showed that the mainstream of Gyeongan river was in normal or bad condition but Gonjiam stream, a tributary, in
good state. Index of Biotic Integrity(IBI) using fish assemblage showed that the most sections were in bad
condition. Diatom Index for Organic Pollution(DAlpo) and Trophic Diatom Index(TDI) indicated that the most

sections were in bad condition except most upper stream and Gonjiam stream.
Key Words : benthic macroinvertebrates, biological health, epilithic diatom, Gyeongan river

29 : AGASA 147] MWL QAo A AHAR A2Yoz BMam, ARAL B A8 &
AzA s @A NAA A%, ANANIFHREE, olF, FAZFE U 2007dE0] AHNEAE A
Gk Bed NAR R9AAT Fd FAR Qe R Fho) WE, FARTRES 82 PAHAG
ANNYYREHEER S o848 FFOFMEXNFKSDHEI A5 Ad HFEFHE BE T ofsiaee
U} ZAgHe A Te FEz FNAG. o] FE o488 A AR WAMBAT tREe] Tzio] o
32 ZAHUT ARFU0] HECR WANATG RAEFE ol8F DAlpo @tol =T F710d A=}
TDI Ztol 9@ JFA=4 Prids A¢d APHs TALAE ALY )pEe] FolA osdE 1}
el

FAO : AAR NI FAFNG S, A4 A7k, $REF, 294

1. M 2 A A= FiolA RS IFoE {879

AslslEA L&, 3, FdEE F71EY &

g9 A e 953 ez 97 R FH, 79 A4 §9 S dH 8L
vete] A9 g FA4E AFFEEE 7F 927 Jehde, ol#d #FadES A

A3 gt} B3] G40 gRES TR ZAE FFE F7] wiEol US| e}
s AHAE SAAHAY TEHE 5 A A&t Aolrks AEAAS Ao)7t AT

FHQ EAL Zow, AL A vAYEF stA e AL WEE fFUstes @8

P AEH SHoz dAYgd 5 U F A AA AL A AAAHQN Aoz TR

FIIEHAAAAIAL T20d, 20074



124 | #3889, 358 5

= Ao AA3Y ugd JAFA7 4% &
9 o] A FH | AY Fr|H o2 ¥
ZAasim, AHAFA I HYPEF, =2F
Al 2999 fY ol Hlez vy Y
o2 yedt o3 AdEL Z= ¢ 7]
ZHo] wel AETe wEE 2wy, o3
BgozE MAFY 2d, 24 E= G
22 AFAH FH, A ZHAAEE)
To= Yehdt

FAe AFARL udd Ao A 4%
S shetdbA & ¥ ol AZAY IAES
A B 2AE AT B2 A74F A
A d# AEA AGE AR 61]% T"ﬂ-l
3]
o}.

24 = =
B7Fe AEAAY Az B
We avs, A9 Fe Fre & @7
SgsE EEmE 24 E4 TU 448
Wl Aol vl Fash.

AtHe AT 204 LAse] B7E
AR BYEL FUHE FHOR FUAFD
e et Fobd Arwe] FABUY
stdolth £ A7e] FHe AYASAE o
gom YUEAE ANl 4RI B87
BANEE ol &3te] AAY AW 4FL 3
FHoz PHRL, £ANY AT B

vietste] AE] AZAAE #Hrksks W o
2. M= 9 gy

2.1. Al7] & XA

AAZANE %A 279 1070, AR
A ekA 37, 2A4H 17] A9 F 147) A
AL AAFAoH, 20079 BB 2@
) 28 A Al ks th(Table 1).
2.2. ZA} gy
22.1, =3 9 E2|F MAIX HI}

2, pH, £&%%, A7 AEE, %, §F
& @A =AY BOD, TN, TP 59

J. of KIHE/Vol.20, 2007

FELS FELETAANERA F39q 44
A FAAT. EIFFH AR Hike
Plafkin et al.(1989)c] A A]3}3L Barbour et
al(1999)0] 44 - W7§  QHEL(Qualitative
Habitat Evaluation Index) 2 €S 2830 “&
FAEFFAIPIY AL ZAQAT A AA
W HIHE o] &3t

Table 1. Descriptions of target sites

A3 SRR 47
Kol BN BE(EAM)

K02 golA #AEHYM)

Ko3| €914 T2 AR 37)

Ko4 4914 =20 A

Ki5| $uM £30 feelhem o) | oo
K06| 894 m@w sjatel(de)

KO7| 8914 maw satel(FAw )

K08 BN AE(AER)

K09 FFA AtE(AstAa)

KI0| 274 299 Ad(A9m)

001 89A maw wlate)(sh4kam) P
Gol| BFA =49 FWe(3FD)

Go2| #FA ded mAGClAL |29

G03 FFA 2499 =g (dem)

2.2.2. &

AMAFAEFNEETELS 4 AHY %34
9% #74e sty AFIF FAFAER
Surber net(30cm*30cm)S o] -&38le] zZF X HWE=
SR wet 2~58] FF APk A
A A5 AFCNA 95% oErESd 143t
o AYPLE W3 127 F F 80% ol
g2 BEIFUY. AFE FE(EIF SmxS
m), ZHH(FE 3mx3mm)E )&t AP
AANSATY. FEAZEZF+= 453 F(Epilithic
Diatom)& o2 3omn, sid - 3
g AAE e F2 s 2 A4S
AFstA =" 271 AE 10em A= xW
o] A3 EL AH 7 2~3/ME AA3AUC
AR &2 v o ol WG B F A
PAZE FWstga, A EAo] oy S
YE 2@t



223. =3
AMAFRAFAPEES] 7 £/ T FAS
Zo] 79 £(1988, 1995)*”, McCafferty(1981)",
Kawai(1985)”, Merritt & Cummins(1984, 1996)"” 2
Peckarsky et al.(1990)"& #a18te] E4 &%t}
FE @3dA4 APdeY sHsA AAFE
7153 F, ARREGolY EEAF Hagh
29 AAELE Ag4AR2 NV 10%
¥Egdd nAI}AYG. dFYd FAHAL
Uchida(1939)”, #(1977)'”, #1(1980, 1983, 1984,
1986, 1989, 1997)'"'%, 71(1982, 1984, 1988)"
B9 2 501985, £(1987)%", ©](1988)2,
51990V mstow], el ALy oJFE
2o wdeA 2 A TE T “2001 37
B A2z AA8AE AZ7)ZZARAIT oA
3kt
Hazxgs 143 AlE  ImL  Sadwick
Rafter Chamberol] %o} #3+& n] 7 (Carl Zeiss,
Germany) 100~4009] & oA A3,
HEANAEFIAEY TRL dEITEFEF,

G FEFEL e FA4A

224. 2 EFTERM

FATFZEN L AR FER HAYHo=
AR ARZEYH £38% E/F79 8 v
wald FAEAMAF, $H1E, THAFTIE,
O%E, T35, #55)8 AEdAYg. F£8
AATE N, i T ZASFE Ni, F8FTF
E S, Al1AFe] AAFE N1, A25+-3F9
AAFE N2zt & o, oo Heor e
4 Ao

N, + N,
A =X5(DI) S

s N,
GYERF(HY) = ), Plog,Py P,=+
i=1

N
S—1
%‘—%—-‘?~EZ]~"F-(RI)=*[—’
n/N
s H"
=== —

73] ¢4 4 QA 24} | 125

23. M| HZH HI}

231 JMEFHFOESE

AMNYFHFETES ol &8 A8 Frte
“ERFFTHE7PTY R NS Z=ARATC A ARE
d A=A LA (KSI, Korean Saprobic Index)
o} Barbour et al(1999)°] ©J3f =zt FAje] A
734 H7}A|FEBIBI, Benthic Macroinvertebrates
Index of Biological Integrity)E ©|-8-3}91t}

232. O F

2 Kar(1981)= HvV|e ofFTE |83
12 viEg(Metric)S AAstRA oY, “ERRFTH
B7PEy A R ZAQATFAAME ZTste

FHES U F9uF 5 2 FdA=
olgiFor E¥3E Sunfish T, FAE7)
oA & {24 oF9 AT NEe} AT
o] MG NEE A3 8/ WEYS o] §-3}
o] 37}tk

233 BEx{

RAZ{FE ol 8F IBAH Hrte A
Z~(TDI, Trophic Diatom Index)®} -F-7]E&%]|
(DAlpo, Diatom Index for Organic Pollution)E
o] 833}t TDI= ERAEE °] &3t FT%
g AFste] dutdoz FTHEE FE TH
of mg} F 7o ERTEE AlS3 o200
A elh). Ald AiE o]8dte 2 EHTol
AYE TDIO] gigh Rad% ks AEk (V)
TFE3te] FE3A, Al FEodd g U
AEFY 2 AFT g FEIY FAIAY

TDI= (WMSx25)— 25 >
A5V,
WMS(weightedmean sensitivity) = -
DIA;V;
DAlpote @FAAIEE ©]&35e JTEES Al
Ztete] dutx o FEEE EF Wyd wet
= FFo BEFdE=E ASIoH5007] o)A
AF A A34E o&39 AU FE=E

T3a 37 AweE FEIY FEIA AF

F)IEHAMFAAALE [20A, 2007H



126 | #3499, 358 4

H 3 AHITHE%)E st EA#T

DAlpo=50+0.5(3,X,— 3,5;)

VX = 0RFe A ERE G
E‘S; = U =9 A EE o g}

3. 88 o g
31 4

AtAFA ) 147) Ao 593} 8ol 2t
Y AEE ARt FAe AL,
BODE % #73& A7lelthFig 1. BB 5
Ul A% AAFAA 14 gl TS 52
53¢ ugey ARz AN A7 Z7kskd
KOSA| Ao A= 12.0 ng/L2 3 E 7|53 F
A7 ool ol 7.8 ngle oFhpRe)
Sae UEHY 4 Ak e
FeE wgou BALH] A9E Foe-ohzt
FTo FANHE B0

Yo Hfode B F5E QA FFo] B
o] F7hg et HGFNA 09 mg/LE of
2 F4& B3on, K8 3.0 mg/LE

712393, FFAAE 1.9 mglE =

frA AT 5Yol kR

SAHE 1.8 mg/LE £S5
x| tHE 1.0 mgl AER

i de

L oo

=
&

i
TR
2 oge al N
i
32 ol
k@ e

=

@ ool lo oo B
<
2

o
M
2
)

3.2. 22| MAIX] HI}

“ERRFTHEPIE T R ZAATAA
Aekst Beld Az Gy os #H g
23 g FEe] F3eA A ARA AR 2
dol fl&d deold, 53 Z4H &7 TH
= 293 MYAZ Bo] mad AR

24 AAA Hr7t A3E A9 diFEe
F-7ke] BAAE = BEC)o R eI, FAL
7b o] FoA HYEHIL Y FAF 719
#44 "= FsHD)= e

J. of KIHE/Voal.20, 2007

00 A ] IR SR R v

K KE KB KM KBS K6 K7 KB K@ KO I i 48 ap

Stes

Fig. 1. Average BOD with sites for May and
August, 2007.

33. JMMERHFOESE

33.1. 283

2z AR ZAME R BAHEFANAME, F
45 777 18% 593} 113F0] Z@slgow, o
F HZEFFLS HIYFTET 15, dATEF 11
Z, 83T EF 715, AAF 3T F F 2239
Z33A. FAZEFFE SFHONF 25F, F
A8 F 16%F, =dHAF 3%, WAZAHF 2%,
DAY F 12F, H2F 165, =47 175
5 F 91T AMse oz FHIULH,
FAZEFE AA 8 FA of 80.5%F A
A5k 12 ZAIAE & 48 74 165 54
T 102F0], 22} FAMIAE 458 74 175 38
3} 64%0] FolF o] AFH FAFo] AAT
A Ao et

332 S8lE49 HE

AtAFAANA EFAF AMAAFHFUNIF
o] Mg EHFESFE Fig 17 2 17 £
ALe] 7§ gl Ho] AA EAFT F
325%2 7Hg =& HAFES B O b&
o2t HEH G Fo] 44 15.%, FA
Z5o] 147% 1 ¢ HAYFEE, AATEL,
AP FEF, Ao v2F/F7F 16.7%, 7]1E
FMAZEFR7E 1379%E A AT =3 23



ZAPAM = SHFAolFo] AA A 328%E =
A&l 7Hg S AFLS BIR 4 BRI
o] AAZAQ FAHE 13} FAMS} Ao)7} v
A A A

A

Other insecls
13.7% '|

Trichaptera e
15.7%

Non-insects
16.7%

Ephemeroplera
28.5%

Non-insecls

Trichoptera 23.4%

18.8% A,

Diptera

10.9%

Ephemeroplera
32.8%

Fig. 2. Proportional change of emerged species
with seasons. (A: spring, B: summer)

333. S8ATY HS
AXNQUNBFHFNETEL] ANAF S
< 1, 22 ZApIA] oA zolE B oH(Fig.
3). 12} ZALEIAME S$FFEF 5o 47
AA AT BFF] 49.6%9 358%= v
2 AR/EE BRIoy 25 RANAE 2
e 53 shFAkol Ho] 2} 36.7%91 30.2%E A
AR ol E8FTS RAAR 71FF
<l 8203 = Y FARS}E 2L ANFHY a4l
o & A4 o gl Aoz #AIE F
At F Fvi7ldle e 3 FE5ES F
7INA Frede]l & EeEe e s =&
g AAste AA"gHe] 9 ZuTRe #e
AP FHFFTEL 7= 44 #4428
7FeAol ot 28y Ad 2 suE3 2o
e g <HAE TR aFse A2
st BB FH0 T A S olHd =
&e] @ao] HlmA Hr ol AR 24
Al716olE olE F ERTY JMAF dEF

_‘.'___
=4 JElS Aeg wddn.

A¢He] £4 2 A =4 | 127

3.34. 2EX|F9 s}

ZAF A171 B Y HE $FE AFDD
0.662 + 0.225, T} A 4(H") 2.401 + 1.059,
55 AF() 0.564 £ .190, TF= AFR)=

A

Trichoptera Other-Insects
1% 7N 0.1%

MNon-Insecls
B na%

Annelida
1.7%

Non-Insecls
1.1%

Fig 3. Proportional change of number of individual

emerged species with seasons. (A spring, B: sunmer)
2.258 + 1.064% eyl =3 2 FHAFE
AR oA 8RS Fojo) wel B
27 vlmA & Aoz IAAJY. FHAT
TAAF A BAAS BFFA] Abole T
FRAAN $AE A57 w1 GFE A5}
2o Age ngon Feo e v o
F2Eg= #3o] dAHNE EEA 9%
ded TITERE MR E AeZ AU

3.3.5. ST MEX|F(KSD

KSI 7l el&d  AtA
(KO1~-K10)o| A Ht A Fgke] =& zas.z
AFEI oW, AL Al7]0] ®E HAE |5
thFig. 4). 53] AAAEF F E=HFH udo]

FTHTIHKO3~K07)2] 7% Hit KSI ghol
3.0014 o2 vl$ Edow, old wWgE FAHA
He EFO)e1AY D)= BH7iEo] Hlof
ALY EEg B $AAHE 2. olg=
g X4 A= FFHozE FALH
7t HAH(A) ZL EB)F FRLHE H7tH
At

Z)|HABARAE H20d, 20072



128 | #3AHY, 354 4}

41 J Poor
E 3 4 l 11 @ 1 Fair
g e 1 1 I Good

- = Iry
Tr—F I

i 3
i = Exceptional
K01 K02 K03 K04 K05 KOG K07 K08 K09 K10 001 01602 603
Site

Fig. 4. Korean saprobic index(KSI) for each site

33.6. =ME] A2 WIIXISBIBY)
S BAAFE A4 AF =AY
) AAe “elgraetvel Aew PriHen,
2AF 716l whe el §IAY HEE Ao
2 HeEkFig 5). el Ade] B 5o
= etamdre guz SHYT, 53 K3,
04, 06 A AL “Agriweroz WA ekl
AE7 We AP Aoz HFAAYT. o)t
A AFE wpsh Zol, HE Y FAF 2 AF
T2E, 049 §99 o8 Aoz nuar.

il Non-impaired

Slightly im paired

K01K02 K03 K04 K0S K06 KO7 KD8 K09 K10 001 G01 GD2 G03
Site

Fig. 5. Benthic macroinvertebrates index of biological
integrity(IBIB) for each site.

J. of KIHE/Vol.20, 2007

FACAA 8T o7 F 7 30F
o2 yehyt 13} FAIA S8 oFL 7
#} 26% o)L, 23} FAMAAE 63 24F o]
). £8 F L WG oz EFIHE i
13} @ojoli £8P {0 dojet WEHA
qEo] 2%, FA4 L 254 oFt 1F=
BARZ Utk B ofFFE HY JojH
AR 19%, vF-2¥ 4%, AA-H A 59
= 742 2%, AN w7, e e
Ztzy 1FolUch $-Euete] AFALS ot
g3 o F7F dgsE AA s B FA
AAFE o9} A3 Aoz JETh
FAA Gl A E1E n{FFL ZHAEAE,
Ad, EvlA, ZABel, Fa7], B4, JAEA,
ZEAN, F30, A=AEFE, T7H, €5FA
2 5 12F@04%)o 5 S-Eviet AA Hdd
22.5%8 1 EA4 Yelgon, g oFoE2E
HEojel ZYFY 28] &ALt +HEF
o2y HEv7t FUFRE 64.7%, F-FEF
< RYFA7} 8.7%E AAFFRLH, E, §
of, Fnlzl, 7, &AM, 18] Fo] 1.0% °]%
< AFstAthEFig. 6, 7).

E

T
]
B

a3shEs
T

%
BB

JWEITE] jam

gs

ST

oo 10.0 a0 €00 40.0 0.0 .o 0o

Fig. 6. Relative richness of emerged species.



342. $EZT W

BYHEFE] A dFE AlsEETE A
U2 YeEigi. A2eHEe HARTae H
X9 AR, TR SHFAGE B,
9o, B, RPFA, ¥ T F2 AGqA
fF718€ d4ske FEZ A=

AR e3He Bs AHFTL AT,
A2¢AFTS BAFAG S22 YEpEa, &
AR Aol AFATL ], A25-
AFL &N, A2, FA, A8, '
7], EvlAt o2 gFsiA deEwd 1, 2%
ZAOlA AF-HFol BT 674%, A2FHE
o] 18.1%% $HZFe] AFE&ol 854%= =7
el Ty 727t desgich

—

—8— May, 2007 9
e Aug. 2007 il
12 4 1
B o
E 10
3 81
e
8 5
|-
I 1
24 o

B T T T T T T T T T T T T T T
K0! K02 K03 K04 K05 K06 K07 K08 K09 K10 001 GOl G02G03
Site

Fig. 7. Number of emerged species for each site.
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Distribution of Volatile Organic Compounds from Wastewater
in Industrial Complex

Song-Hee Han, Jae-Sung Lee, In-Gu Kim, Chan-Won Hwang, Wong-Su Kim,
En-A Kim, Sun-Min Kim and Woo-Kyung Nam

Water Quality Conservation Team

Abstract : The purpose of this study was to investigate the distribution of volatile organic compounds(VOCs) for
industrial wastewater samples in industrial complex. It was performed for 64 wastewater treatment facilities by
industrial classification (metal, plating, textile, electron, chemistry) and 2 sewage treatment plants. 11 VOCs were
analyzed using purge and trap - GC. Chlorinated VOCs such as chloroform, dichloromethane were widely
detected from the samples of industrial wastewater effluent. Levels of VOCs were low concentration and
measured concentrations did not exceed the internal and external effluent standards. The amount of VOCs
decreased at each stage of the wastewater treatment plant detected at high concentration or various compounds.
On the contrary, it was shown some VOCs could be formed as a result of reacting with chemicals used in
treatment process. VOCs were not detected or were detected at low values from the samples of sewage treatment
plants, But it is necessary to set guidelines and continuous monitoring system for VOCs in sewage treatment

plants as a water quality management of public area.

Key Words : volatile organic compounds, industrial wastewater, sewage treatment plant, GC

RL’} ?%}11‘-’51011*1 AskE A U FHEAF7185E(VOCs)d tE vESAS Z=AE7] HEl A
El % A 64709} S F A A 224 S dder E AFE st MEAd e fdFE
(u %, BF, AF, A, 3shE FEsle Ao, ¥4 A9 LH4%7 EAY HEEH gIFAd
7H'£_A}‘ﬂ%—% AAste] HEA M FHE VOCs w=WEE HAEINAT AFH Alses A4
VOCs 11%¢] ti8ll purge and trap - GCE o] &35} BA 8t EEEAE 1 ~ 50 pe/LE F A3 FFA
o] AB|AFE 09950 40| on $HAZIAE 015 ~ 050 pe/l, ALEE 1.0 ~ 2.8%= esoh 7
WA A H5ESsdAE 222 E OZeave S ALY =4 JEgdon HAEEEE Az
g2 FFoR I v E7EE 28R FUth EFATolAE fAEHC] BF HEHJL B 4
Zd B3] =L MESEEZE Heo] VOCs 998 s7 2 Aoz eyt AAE =2, 5EgdE A5 A
AoMe] BhY ZAEL 89% oo i veych ¥, AgFTA F AL gEAdR A FHHL
2 AAHE Edeo] FeHo AT AldoME FAERL A4S HA2E F UE WIS HAFHLeE B
Aol & Zow A FFFLAYANERE FYHE dFol FHeE VOCst A FAAE AXEA
43 AAH WHFT Ul VOCst ez AEFFHAT 2y ST ALY BF7F BFFAR
Ad FlEte 248 2 B FxE dogts A%FQ RYEYPe] Ba ¥ o= HodAn.

FHO : LA F7E3E, AP F, st EA A4, GC

A cHASZHAYUE H20A, 20074



186 | $+4wAY, d43 5

LM 2

faststEdd o A=} oo wE
THedEd A 2 7|EHES T - 9F
o ZHz YE FAo. mIF §4
o AAFAME FAVIE A, 7I€%3
2 faid B7F T el FREAER dis] AA
A @8 E st Aok FUldA = o]} *H.f'iw‘é_l
ATE T3 AHHoR JYYES G
3 v ik #™ ﬁ?iﬂi EI"‘E = b
%3 9 &4, A - Fol dg AZARS
71E Azls 4+ %01 Aow AgdH Sl of
3 “ERATARIAED A L wE3 &
N1E A% 478 FF8x? 0 AAE vy
o2 FAFIAEAY AT AA R 71E3FE
< @AHeR Zss yrta dd.

frasisted F shuedl HALAHARFHE
(VOCs)& AAdme] drapAgolvt A F-AlE,
HAE T A= A FoAA AHA £ &
Az BYoAEA AHSE 2]ld e AES
T2 WEHE VOCste AelAAE AF Fd
T BHFT T 2F, BAFAR U= A
3, stAFA A AEHm PP
VOCsE dAFE ol =29 AS$ AA

< FEA7IAY 54 deid 89 oy
g 4% A oS mAGY. vocss
AAS = FES Wyez AEITZH 2y,
F4%, 371 2E¥ o4y, £I9H, 1=
Abgl 57 @ uhgel glon RS 7
& AdEla AAAE L fF71ER L AAG
A% YPoz ALEHZ S ¥ FHo o
VOCs vl&A |24 A2 sob=n x| &
< AAolt

uweba B A oA 4kglEl4s Ul VOCs
o WMEEAE FHotsly] HaM FHAGE
Hder A% A R A8 24& 3353
ot AdERA e X7 AEALF LS 4
FHE FE3 AR oA wEE BFT
7} dFFERAYAALRE A FYE] AHele
o= AS 183y seFEALAAL Fd9
ot R dEME M. =3 2

J. of KIHE/Vol.20, 2007

AE7t =L MEAIEA S AR AHYIA
¥ VOCs FEWsE AE3}HT & dTE
3 AFdITE AHe] vOCs wWlE4de def
94 EdFAFERe] 84 #IYE A%
7124 8E vhdstsd 71ostaat &

2. AlE WY
2.1. CHAXY &

AR = I dF A Fo] LRE
o] 9leo] ZF 2dd LA wWE st H
a3k Xﬁolt} A A ex] o= HASFE
BFale AlgdAe) P FEe 11817, S B¢
2 7337|) el A AdEAE Fa o]
84872 Fig. 13} Fig. 29} 2o}

FARNA BxF 2RI FNESFEA
(TRD'"Ve)] Wz Adaxd e e &
Hl & ake] 723%¢° o2& Aoz eyt

. Chemistry
15%

Textile
Others 85

 Food
1 2%

) Machine

22% T 13%

Fig. 1. Distribution by industrial classification

in P industrial complex.

Chemistry
20%
Textile
. 7%
Others | ) Food
54% : 3%
Machlne

Lealhe / Pfalmg

\ Electron

Fig. 2. Distribution by industrial classification
in S industrial complex.



E A7 WA P, S T AA v
Z3o| 247t 4.5%, 2.9%F AA YTt F T
oA o ERE F2 Gg7lE uEHA
on wlEF] 0.93%A 32 7+Fe] 3gEA
o] #FFAR MEHE Ao FAHUY

22. A= M & 24

dEe Ul A H ol i VOCse] W&
A E zAe7] f8 647 JPAANY ] W
Fae 4 F99 sFFLAALY dHS
2 BF5E gz AAsSA AIALF
AT =3 FS Tg3r] 3 55, &
A, A7, 38 JFe=z FESINOH
g3dF S 21 T/ g f - F71 7]
Z313E, 9o, 7|EEFE Ax FEOE A
#3159t MEALFL 7 dFEE 3 ~ 5
A AQAE ARs P I 3570, S I 2
INE didoz F 6470 A A ths] FAMS)
Ak dia ArgdAe 47%7) AEEE AHeE
XT3 FTHAHJA HTAHLEE o]E3ANe
o, R mE FEo| QoA 3F AP Fe]
M gsteud 7 dFEEE a2/ 2¥d
At HAFulEFe] we FE L AP
B ¥ Fig. 3 2 Fig. 49 2}l =3 244
I HEEA GIFsAY Ld=7F =& A
WA 2XH & AR 95 2 FIFAHA
gaE 4%a gdEde] v WstE A
E&qn. z+ o] T EA Al el g
Ae s 2 3559 38 EAsd &
A3 Z2g 2 FHY - KFEFSEFS A
Rt

Nae fadd 71E7 A7x d=E F
Sate Afsa 2% olHlBEFEAL ¥
o] AFALE AA, ¥4 AASHAG. A
525 A A¥sigoy Buo] 8 ¥ HS
ol #AH1+5) 1WL/10mLE 7}5te] pHE 2
olgtz Ao 4T WA nAFAG?. AF
ANEE ERAFEAFHEZLRE AAFY E4 99
BN FHE SHAAERY 159 £2?
S ZAESe wlA S5 117] VOCs(Benzene, Tol

ol rlo

FEAY 5o AR AE FEEE 24} | 137

uene, Ethylbenzene, Xylene, 1,1-Dichloroethene:1,
1-DCE, Dichloromethane:DCM, Chloroform:CHCI
3, 1,1,1-Trichloroethane:1,1,1-TCA, 1,2-Dichloroet
hane:1,2-DCE, Trichloroethylene:TCE, Tetrachloro
ethylene:PCE) & & disiA 435t

H A% el VOCs EFE 2L AccustandardA}
2] CLP-BTEX-10X2} SupelcoA}2] KDWR VOC
Mix BE 3a F752 3439 A3

FA0EFA NEEY g Aguy'
Yol F3}e] purge and trap B GCE o] &3
4. €43 A= e SREX
T 67/ ¥2AF @3s4= ECD AE7]
o] &5t WA F 4 HIFFH @3}ri
FID A &7]2 o] &3t} Table 19 purge
and trap @ GCo &F=7UE et

1.0 ~ 500 e/l S=EHHANAN AFHE &
st T FaAFE 0995014 At. &
TEA 1 w/LE 73 wE FAFs9 A"
AE8A = 015 ~ 050 g/l on FFE2
2 pg/LE 43 viE FH3o FAAEE T
A7 AHHoz 3%olste] AUEFHAE
Uebith tidEde] Ztzte] AEeA 2 A
W == Table 29} Zth

O me oo

@ Physical + Chemical + Biological
OPhysical + Chemical
[ Biological

Fig. 3. Composition of target facilities by
wastewater treatment process.

50 ~ 200 m/d
@700 ~ 2,000 m'/d

O below 50 m'/d
@200~ 700 m*/d
@2,000 m/d and over

Fig. 4. Composition of target facilities by scale.

ZI|CHAANIAE 204, 20074



138 | $#31AY, &3 4

Table 1. Analysis condition of purge and trap-GC

Condition for purge and trap

Trap Tekmar XPT
Purge time 11 min
Purge flow 40 mL/min
Sparge vessel 5 ml
Desorb temp 225C

Condition for GC

Model Agilent 6890N

Detector FID ECD

Column Vocol (60 m=0.53 mo*3 um)

Carrier gas N

Flow rate 6 mL/min 10 mL/min
40°C(2 min), 40C(2 min),
10°C/min to 10 C/min to

Oven temp. 100°C(1 min), 100°C(1 min),
20°C/min to 15C/min to
200°C(1 min) 2001C(1 min)

Inj. temp. 200°C 200°C

Det. temp 230°C 2307T

Split ratio 5:1 10:1

Table 2. Method detection limits(MDL) and
analytical precision of the standards

Chemicals MDL(ug/L) Precision{%)
Benzene 0.17 1.18
Toluene 0.17 2.01
Ethylbenzene 0.17 1.41
Xylene 0.18 1.08
1,1-Dichloroethene 0.22 2.07
Dichloromethane 0.15 2.60
Chloroform 0.31 2.82
1,1,1-Trichloroethane 0.22 2.09
1,2-Dichloroethane 0.50 0.96
Trichloroethylene 0.21 2.27
Tetrachloroethylene 0.23 244
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Table 3. Characteristics of VOCs detection from industrial wastewater samples

Detected No. of Range of Mo Effluent

Chemicals samples concentration standards
3 (ng/L)
(n=64) (ng/L) (pg/L)

Benzene 2 N.D ~ 1.4 1.3 100
Toluene 10 N.D ~ 2433 31.8 -
Ethylbenzene 3 N.D ~ 143 55 -
Xylene 22 N.D ~ 23.1 33 -
1,1-Dichloroethene 3 N.D ~ 2.7 232 300
Dichloromethane 20 N.D ~ 80.0 19.9 200
Chloroform 33 N.D ~ 330.0 33.1 800
1,1,1-Trichloroethane 3 N.D ~ 6.6 4.1 -
1,2-Dichloroethane 3 N.D ~ 30.8 15.1 300
Trichloroethylene 3 N.D ~ 15.6 7.6 300
Tetrachloroethylene 4 N.D ~ 16.2 5.6 100

2 35
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-g L T T B 4
k=]
10
o)
§ 5| : Vi i
g olm. B .M. N .o m.m
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E 2 g o 8 & = o B O
] S ° == ! T F ]
L B B2 Ta (= .
m = 2 L T
£ Bbelow 10u/L B 10 ~5088/L
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Fig. 5. Frequency and diétribution of VOCs
detection from industrial wastewater

samples.
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Table 4, Specification of target sewage treatment plants

Characteristics of industrial complex

— Capability Inflow rate Treatment o i
(ton/day) (ton/day) process o Major industries
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Water Quality modelling in the Gyeongan River, Gyeonggi

Yoon-Ki Min, Yo-Yong Kim, I-Woo Choi, Mi-Jung Kim, Young-Ho Jang,
Kuk-Tae Kim, Hyung-Soon Shin and Dong-Han Kang
Water Chemistry Team

Abstract : For the comprehensive water quality management, Ministry of Environment (MOE) codified the Total
Water Pollution Load Management system(TWPLM). Rational water quality management is prerequisite of
successful enforcement for TWPLM. This paper describes about water quality model(Qual2K) applied to the
Gyeongan River. The reliability index(the indicator of the model performance) were 1.06~1.43 from the
calibration and verification. According to Qual2K, BOD concentration of the Gyeongan River decreased about
36% of the pollutant loading by Youngin sewage treatment plant effluent quality was improved. We will be
modified with more reliable measurement data about pytoplankton, bottom algae and SOD(sediment oxygen

demand) in near future.
Key Words : Gyeongan River, Qual2K, Water quality model
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Table 1. The unit basins of Gyeongan River

Unit basin Section Remark

Gyeongan_ |the head of Gyeongan Mainstem
upper ~ the junction of Osan | (20~40km)

the head of Osan

Tributary

Osan ~ the junction of Osan| (12km)
Gyeongan_ | the junction of Osan Mainstem
middle ~ the junction of Gonjiam | (5~20km)

the head of Gonjiam Tributary

Gonjiam ~ the junction of Gonjiam | (25km)

Gyeongan | the junction of Gonjiam Mainstem
down ~ the end of Gyeongan| (0~5km)

Fig. 1. The basin of the Gyeongan River.
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Table 2. Water quality analysis item

Item Remark Item Remark
Temp. In-Situ T-N -
pH In-Situ NH4-N -
DO In-Situ NO,-N -
Conductivity | In-Situ NO;s-N -
SS - T-P -
BODs CBODy¢ PO4-P -
CODwn - Chl-a -

3. sERE

3.1. 38 $A2Y : QuaK**Y
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Table 3. Similarities and Differences between
Qual2E and Qual2K

Similarities
* One dimensional
* Branching
e Steady state hydraulics
* Diel heat budget
» Diel water-quality kinetics
» Heat and mass inputs
Differences
e Software Environment and Interface
= Model segmentation
= Carbonaceous BOD speciation
* Anoxia
* Sediment-water interactions
* Bottom algae
* Light extinction
= Both alkalinity and total inorganic carbon are simulated.
* A generic pathogen is simulated.
» Reach specific kinetic parameters
* Weirs and waterfalls

3.2. 712242

QualK:E= 7]#9] QuakREE Z71o® dglomz
71899 += 5938t QualK= 2zf #3hd F
#Fo| & Fig. 33 o] 7[R FH.

atmospheric

mass load 1 tranIsfer lmass withdrawal

1
inflow ———> ——i—> outflow

1
dispersion +——> <—i—= dispersion
1 1
bottom algae sediments

Fig. 3. Mass balance in a reach segment i.
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53 FAFELS F 16F0H, o]F 9T Ay
W45 L Table 49 e
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Fig. 2. Monitoring stations along the basin of Gyeongan River.
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Fig. 4. Model kinetics and mass transfer processes.
Kinetic processes are dissolution (ds), hydrolysis (h),
oxidation (ox), mnitrification (n), denitrification (dn),
photosynthesis (p), respiration (r), excretion (e), death
(d), respiration/excretion (rx). Mass transfer processes
are reaeration (re), settling (s), sediment oxygen
demand (SOD), sediment exchange (se), and sediment
inorganic carbon flux (cf).

Table 4. Model state variables

Variable - Symbol Units
Conductivity s mhos
Inorganic suspended solids m; mgD/L
Dissolved oxygen o mgQO-/L
Slowly reacting CBOD & mgO,/L
Fast reacting CBOD cr mgO»/L
Organic nitrogen Mo gN/L
Ammonia nitrogen Mg gN/L
Nitrate nitrogen Ty gN/L
Organic phosphorus Po gP/L
Inorganic phosphorus Di gP/L
Phytoplankton a, gA/L
Detritus m, mgD/L
Pathogen X cfu/100 mL
Alkalinity Alk mgCaCOs/L
Total inorganic carbon cr mole/L
Bottom algae biomass ap mgA/m”
Bottom algae nitrogen INy mngmz
Bottom algae phosphorus 1P, rngl’!m2

33. 2EiNsd ®I}

SAsAe mejshy] @ mde HEA
BEe Q8 FH7 Ao dRE ”é%"
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Fig. 5. Spatial-Temporal distribution of the Gyeongan

River BOD concentration(mg/L).
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34L& o] 83te] AEsIATH(Table 5).

V=1aQ" H=cQ"
V:3# %5 m/s) Q: F+F(m’/s)
H: 754 (m) a,be,d: AlF

Table 5. Hydraulic factor in the Gyeongan River

Bioach Velocity Depth
a b c d
1 0.7623 | 0.8476 | 0.1893 | 0.2761
2 0.2668 | 0.5265 | 0.1919 | 0.4523
3 0.1746 | 0.6313 | 0.1730 | 0.6286
4 0.0620 | 0.7939 | 0.2857 | 0.3125
5 0.3630 | 0.4049 | 0.1158 | 0.3460
6 0.1940 | 0.5005 | 0.1332 | 0.3306
7 0.1940 | 0.5005 | 0.1332 | 0.3306
8 0.1505 | 0.3095 | 0.1180 | 0.9795
9 0.1301 | 0.8509 | 0.3251 | 0.1874
10 0.1301 | 0.8509 | 0.3251 | 0.1874

4.2.2. YIS A+

B AFo A e QualzKo| A R 27153 167
#2882 Z DO, CBOD; T-N, T-P, NH)',
NOs, PO & AAH3}o AL H4F34d. 7
A FE F2L 295y f5td ALSF 7
TrE AEHETEe] gL ndRyg 2 HF
A A AlPaRe Yoz 4A S tH(Table 6).

43. RERlY U A=

431. 2ERA

B dAFoA FaArd BAHL ZAghHe A
7] frgel 77 119 SAZAAEE AHS3T-
At BEF73 107) S ez rdny
A3}, RIGHS 1.14~1.382 L }E}LCHTable 7).

FARE 77] % DO, CBOD; T-N, T-P
o HAZANE ader Y ArhFig. 7).
AZFLS 2 §5¢ sEmgL == ng/l)s,
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Table 6. Calibrated parameters

Parameter Value Unit
Carbon 40 gC
Nitrogen 7.2 gN
Phosphorous 1 gP
Dry Weight 100 gD
Chlorophyll 1 gA

ISS settling velocity 0.1 ~ 0.5 | m/day

Owens-Gibbs
03 ~ 1.2 | day’
0.1 ~ 1.0 | day”
0.1 ~ 0.3 | m/day

O reaeration model

Fast CBOD oxidation rate

Organic N hydrolysis

Organic N settling velocity

Ammonium nitrification 1 ~10 | day’

Nitrate denitrification 0.05 ~ 0.1 | day”
Sed. denitrification transfer coeff. | 0.05 ~ 0.1 | day”

Organic P hydrolysis 0.1 ~ 1.0 day']

Organic P settling velocity 0.1 ~ 1.0 | m/day
0.5 ~ 1.5 | m/day

Inorganic P settling velocity

Detrius dissolution rate 5 day'II

Detrius settling velocity 0.1 m/day

432 DHUEAZ=

E QFoN RdfhFe A7 FFd 2
A3 108 FAHAEE L8390, 2dHA
A% wyow nd HFJAHL HrisiArt
(Table 7, Fig. 8). R4 F A3 HA A7} H
&te] DO #AMe 23E YERWlen, BOD
2 NH = 4F%Rg =4 2osHE ez
velste. 28y NOs, T-N, POs, T-P9] 2%
= AZU WS AR BaE S 5 A
Atk

Table 7. Reliability index for calibration and verification

DO | BOD | NH4 | NOs | T-N [ PO4 | T-P

Calibration | 1.14 [ 1.20 | 1.38 | 1.15 | 1.17 | 1.35 | 1.33

Verification | 1.15 | 1.34 | 1.43 | 1.06 | 1.06 [ 1.19 | 1.19

F)EHAAFAA/}E H20A, 20074
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44.1. oA 79 2HHIES

A9k 9] & BOD uiEa 11,056 kg/Y o]
tH20061 2 71E). ©l& w994, wEdd
2 AERd ZAekA ARAYGe 4EA odd
o] ARG HlFo] A3 2 AL & F 3
C}(Table 8). 18y} ZAtd Fdt{F 2 <AL
A F920 FFA AYGgL FHLIFEA7
olw] AA|FolojN FFEE AAHU 24
Tzt o]FoAa o] LPEF wEFo]
ZAg4H FHAGRG 24 wEHa ok

Table 8. Daily BOD loads of the basin®

ource Generation loads(kg/day)
Basin Total | A B e D | etc.

32,594 14,503 | 12,262 | 4,193 1,599| 37

4,520 2,726 1,182 163| 449

16,1551 10,394 | 1,325| 3,347 1,087

13,835| 4,666| 6,205| 1,622 1,322| 20

3,729 | 1454 1,434 128 684 29

Em-i:-wM-—-

S 70,833 | 33,743 | 22,408 | 9453 | 5,141| 88

ource Discharge loads(kg/day)
Basin Total | A B [® D | etc.
2

5,680| 5,018 169 91 400

1,025 885 19 9 112

1,597 | 1,119 115 13 330| 20

1
Z
3 1,971 1,647 27 23 272 2
4
3

783 558 20 5 171 29

Sum 11,056 9,227| 350 141 1,285| 53

Basin : 1. Gyeongan_upper, 2. Osan, 3. Gyeongan _middle,
4. Gonjiam, 5. Gyeongan down
Source : A. Domestic, B. Livestock, C. Industry, D. Land use
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Development of Nutrient Removal System on the Individual Sewage Treatment Plant
Hyung-Soon Shin, Yo-Yong Kim, IlI-Woo Choei, Mi-Jeoung Kim, Young-Ho Jang, Yoon-Ki Min,

Keug-Tae Kim and Dong-Han Kang
Water Chemistry Team

Abstract : The aim of this study is to find out the most suitable nutrient removal process on the individual
sewage treatment plants which have been established to remove only organic matters. And the main purpose is to
provide an optimum operating condition. As a result of this study, the individual sewage treatment plants should
be composed of three reactors and chemical additional device, which are arranged with denitrification reactor,
intermittent aeration reactor, aeration reactor. Namely, the lIst denitrification reactor should be anoxic condition,
the 2st intermittent aeration reactor might be operated according to influent BODs and total nitrogen(T-N) loading
rate, and the 3rd aeration reactor should be aerated continuously in order to improve nitrification and sludge
settling efficiency. Furthermore, total phosphorus(T-P) removal could be obtained by adding PAC(poly aluminium
chloride) to the mixed liquor placed between last bio-reactor and 2nd settling tank. Consequently, the effluent
BODs and SS concentration were below 7 mg/L and T-N concentration was less than 12 mg/L. Also, T-P
concentration could be obtained below 0.5 mg/L by injecting PAC(0.33 g A" /inf. g T-P) into the system.

Key Word : individual sewage treatment plant, nutrient removal system, PAC(poly aluminium chloride)
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FHOH : AdstA el A4, sx* 2], PAC(poly aluminium chloride)
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Fig. 1. Schematic diagram of lab-scale plant.
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Table 1. Design conditions and results of

lab-scale plant

Design conditions Design results
Inf. conc. : i
(mg/L) Design condition HRT (hr)
BOD 180 | MLSS(mg/L) 3,000| tank-1 6.5

SS 150 IR(%) 100 | tank-2 6.5

T-N 45 RAS(%) 50 tank-3 2.0

T-P 5 | Temp.(T) 15 | 2nd settler 3.0
2.2. AlE WY
22.1. YEUSXE XA

ez $AZFAL AA TN AA =4 F3e
A& Step-1, 2 EA9} B8 AAA A& AF
e Step3 TAR FRIP HA LIETE
A A5 Ab &4k Step-lol A= oYl E A
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Table 2. Operation conditions of lab-scale plant

st fition Irgn gc;ir;c.
Tank-1 | Tank-2 | Tank-3 | BOD | T-N | T-P
1-1|Ox/Ax"| Ox/Ax | Ox?
s 110 | 344 | 78
Step-1-2
2 | AxY |Ox/Ax| Ox
b o 154 | 302 | 55
Step-3
# 1) Ox/Ax : intermittent aeration
2) Ox : oxic condition
3) Ax : anoxic condition
222. 35ty SEAZ A=A

AENrgz 2o F3d(mixed liquor) 1 L
JACE Jartest® AAs9n 1 AHES
AEREZA ASFAsAA HEAFAES 2
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mpm, 1 32), SHFIHSE0 pm, 10 )3} FHHd 3}
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i
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AAZE YR oz 888 F+ Id&
3ol ‘%l‘:] THAE ¢ZEE £EFo] 3
I e8A AAdZF] Hon AE FL {3}
2] % PAC“(poly aluminium chloride, ALO;
10%, 97]1% 45-50%)F A3, 1008 3
A3t} FYA
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BODs, CODw», SS& 72t YEHL 9% &
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Fig. 2. Variations of BODs, CODp,, SS with
different operating conditions.
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ol At
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Fig. 3. Variations of T-N with different operating

Inf. T-N conc.(mg/L)

conditions.

7} Step & AXAA &89 AolE FHI)
91&te] W H4 Ul T-N, NH,-N, NO;-N¢| &%
ZA}Ste] Fig. 4o TAlSHT AaAAR
o] AZ&4Y Step-19] A9 NH,'N &=
T 2 mg/L °|&2 AHisSE gssFoe
Agkgo] =2 grol tiFiE NO-N §
gz wisich. 23880 dojrtx @
olfre €A &¥ {F7E F=7 FFst
A7) diEez2 Addd. 53, AINEEE 2
Htg-zel FAlY EEZ(EZIMEZ] 90FE
/603, 35%/25%-)5tw  Step-1-12] 7 -l &=
gAgkgo] Ao P3| o} B ET] cycle
o = DO ORP7} €& Qa3 0.5 mgL,
-100mV o3& A HA &}t A2 E
v E7)8te] FALz2 $AEYE Step-1-29]
ASole Step-l-18t @AGEo] FF 3l
Fgo]l 4 A= AE A Step-13

i ofk o i

J. of KIHE/Vol.20, 2007

ol fsdl C/NuZF v, gFo] A
FMH]7} @& A9 Alggxs ¢dHE
7l 2722 EAFFEE € F UM
MEEE U9 oNvlE AR
Step-29l A= T-N A AEE 65%Z +F T-N
TEE 12 mg/ll olgg e, giE2 NOy-N
gz AFHAC. RS FEFIR)e o
T-N A|AE&S A7) f18ke] IRS 100%) A
150%2 F7HAA 288 23 AHEELS A
o] A= o] JAl FMHE|ZE 0.122 &
Ao HaF fr|Eo] on 2REH F7 &
Ho] P R Aoz |ddEr =T
SRTE 30Y°lAl 4092 ¥MAF 23} TN A
A&ZE& Aole Ro)A AAUTh A1 E
AN g2 A2NreE E7)A fF71E0] A &
Bxo] A2ykgzxe] ulE7] FHA F71 g2
& A9l doyR &sivh wEpA A2RrgE
E7)ME7] AL HF7)] o &3A 3
A o FAE ob7)EHA oA E7|H[ES
A73E F Q= xAo7 R & Aol
ol e A¥gE AHsA AENIE AMFA
Zko] 15-30A12F91 &R AEe nH T o
CNel& Rty {7180 #58 A=
A= olu HAeo FZAL AHEE
e A ¥7], A2utgEE HEEVR AR

3 Hog wokEE),

[See], —

Nitrogen conc.(mg/L)
5]
o

615 625 75 mns 25 &4 814 8724

| -8~ T-N ~o- NH4N —— NO3-N |

Fig. 4. Profile of T-N, NH;-N, NO;-N in the
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Fig. 5. Variations of T-P with different operating

conditions.

3.3.1. Jar-test
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2 g9 T-Pe} 4L =S HHF Aol
AYd Alg" AENIE EFATP 215,
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Fig. 6. Variations of T-P and alkalinity with
different PAC addition ratio.
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A Study on Groundwater Quality Management Using Time Series Analysis
Eun-Ah Jang, Jung-Sik Woo, Yeon-Kook Sung, Se-Kwang Kim,

In-Suk Seo, Jong-Sung Kim, and Gyun-Hee Kim
Drinking Water Team

Abstract : As water demands get increasing recently, the importance of groundwater is rising. Especially, the
dependance on groundwater of Gyeonggi-do area is the highest in Korea. But groundwater quality deteriorates
these days due to waste water, fertilizer, and leachate. Therefore, it is necessary to manage and use groundwater
as planned. So this study was carried out to forecast the groundwater withdrawal and quality of Gyeonggi-do
area by using time series analysis to be able to be used as a material for establishing groundwater policy. As a
result, AR(1) model was identified as a appropriate model for withdrawal, chloride concentration, and nitrate
concentration. The estimated models were validated by the independency check of residuals and the forecasts
corresponded to the observed values. It suggests that the time series analysis can be a useful method to predict
groundwater quality where other methods cannot be employed. By the estimated models, it was predicted that the
groundwater withdrawal, chloride concentration, and nitrate concentration will decrease a little bit. If groundwater
data get accumulated over longer term, more reliable results will be yielded and be able to serve to establish a

appropriate groundwater management policy.
Key Words : Groundwater, Time series analysis, Box-Jenkins method, Forecast
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Fig. 1. Flow chart of Box-Jenkins time series

analysis.
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Fig. 2. The groundwater use in Gyeonggi.
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Fig. 3. The groundwater use in Korea.
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Fig. 4. The excess rate of groundwater standard.
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Fig. 5. The items of excess of groundwater
standard.
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Fig. 7. Estimated ACF and PACF of withdrawal.
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Fig. 8. Residual ACF and PACF for AR(1) model of withdrawal.
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Table 3. Estimated model for chloride
; Residual
Parameter Estimate Std. error T-RATIO p-Value SE atisnes
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Fig. 12. Residual ACF and PACF for AR(1) model of chloride.
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Table 4. Comparison of forecasts with observed
values for chloride in 2006

95% Confidence

Observed Interval

Time Forecast
value

LCL UCL

2006 Q2| 52.75 53.47 | -44.67 | 151.61
2006 Q4| 65.00 55.34 | -49.79 | 15847
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Fig. 14. The time plot of nitrate concentration.
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Table 5. Estimated model for nitrate

Parameter Estimate Std. error T-RATIO p-Value SE {F;as!dual
ariance
& 0.52162 0.17035 3.06215 0.00535 117403 A
C 5.06547 0.46235 10.95705 0.00000
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Fig. 16. Residual ACF and PACF for AR(1) model of nitrate.
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Table 6. Comparison of forecasts with observed
values for nitrate in 2006

95% Confidence
Interval

LCL UCL
2.54122 | 7.48598
2.15819 | 7.87219

Time Ghstryed Forecast
value

2006 Q2| 3.50 4.94
2006 Q4| 5.16 5.01
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The research of actual conditions of river through the antimicrobial survey from the
freshwater fishes live in Jungrangcheon of centering around Gyeonggi north district

Yeon-Ok Kwon, Kwang-Hee Park, Myung-Ki Park, Seon-Jae Bang, Sang-Woon Shin,
and Hoan-Uck Ko

Microbiological Inspection Team in North Branch

Abstract : This study was carried out to investigate antimicrobial survey and the value of the h;avy metal from
freshwater fishes in Jungrangcheon and Sincheon from April to October in 2007. Escherichia coli isolated 67
strains (51.5%) from 130 samples in cultured fishes. The antimicrobial high resistance rates were Tetracycline
49.3 %, Ampicillin 41.8%, Ticarcillin 32.8%, respectively. For E. coli, the strains with the resistance against
more than one antibiotics were 85.1% in the freshwater fishes. The quantitive detection of residual concentration
of 4 kinds of Tetracyclines were Oxytetracycline average 0.151(ND—~1.717) mg/kg and Tetracycline average
0.167(ND~1.253) mg/kg, but Chlortetracycline and Doxycycline was not detected. The average concentrations
of heavy metals in the freshwater fishes were Pb average 0.548(0.008~2.903) mg/kg, Cd average 0.017(0.001~
0.084) mg/kg which are below of the standard concentrations of Food Code.

Key Words : Jungrangcheon, fish, Antimicrobial, Lead, Cadmium
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Table 1. A sampling of the streams

Location Point

Uijeongbu-si, Singok-dong,
Jungrangcheon P1 : =
Singok Bridge

Uijeongbu-si, Jangam-dong,
Jungrangcheon P2 :
Jangam Bridge

Yangju-si, Sorae-dong,
Sincheon P1

Sorae Bridge
Dongducheon-si,
Sincheon P2 Sangpae-dong,
Sangpae Bridge
Sincheon P3 Yeoncheon-gun, Choseong-ri,

Choseong Bridge

Fig. 1. Location of sampling stations of the

Jungrangcheon and Sincheon.
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2.2.2. E coli 22| & 53
oJfol M E. coli®] Eel= FEAIEARDT

AZAA PP Fal] A3sAch Tryptic soy
broth (Oxoid, England)el 35C, 18~24A|7} S
| ¥3}51, A eju]=2]¢] Eosin Methylene Blue agar
(Oxoid, England)®} MacConkey agar (Oxoid, Eng-
land)e] el E=@3lo] 35T, 18~24A]3F wlF
sEck AFAHA A JHE Agsid
VITEK (Biomeriux, France)¥} API20E (Biomeriux,
France)2 4383 F4S FU3ATH

Table 2. Antimicrobial disks used for the resistance
rate test of the E. coli

Zone Diameter

Antimicrobial agent | Disk content
R') IZJ S-‘)
Ampicillin(AM) 10 ug <13 | 1416 | =17
Amikacin( AN) 30 ug 14< | 15-16 | =17
Ampicillin/Sulbactam e o o -

u < - =
(SAM) 5
Cepalothin(CF) 30 ug 14< | 15-17 | =18
Cefazolin(CZ) 30 ug 14< | 15-17 | =18
Cefepime(FEP) 30 ug 14< | 15-17 | =18
Cefotetan(CTT) 30 ug 12< | 13-15 | =16
Cefotaxime(CTX) 30 ug 14< | 15-22 | =23
Ciprofloxacin(CIP) 5 ug 15< | 16-20 | =21
Chloramphenicol(C) 30 ug 12< | 13-17 | =18
Gentamicin(GM) 10 ug 12< [ 13-14 | =15
Imipenem(IPM) 10 ug 13< [ 14-15 | =16
Nalidixic acid(NA) 30 ug 13< | 14-18 | =19
Tetracycline(TE) 30 ug 14< | 15-18 | =19
Ticarcillin(TIC) 10 ug 14< | 15-19 | =20
Trimthoprim/
1.25/23.75 ug| 13< | 14-16 | =17
Sulfamethoxazole(SXT)

1) R, resistant, 2) I, intermediate, 3) S, susceptive

223. SN 2A5+4 AAM

E. coliz FAY TFZ Mueller Hinton
brothe] FF F 35T, 18~24A|3F w43 F
o ekel 7} McFarland No. 0.57} &&=
8] 4 &}e] Mueller Hinton agaro] 2315 Hl=
I 5E AAEAY. FAAGEIE 29
A& o] &3t Ao F-Hsct. FAE 3
#& 35T, 16~18A1 wiFd H, Ad
(Inhibition zone)] =7]|2 =A3r}

HE#FE E coli ATCC 259228 A83+5)
o FAA A5 A ALEE "3 16F
(Oxoid, England)® A HAAE=E vER
+ NCCLS(National Committee for Clinical Lab-
oratory Standards)® 7]%& Table 29} 2t}

2.3 SMH 24

F A A= A EFAT9 Tetracyclines] &4l
4% FAEAYE olgsld dAFEHAT. F
AA EMBA L 717184 L Fig. 29} Table
37 2.

24. 324 B

AR 2arle AEFAY o R
1€ o] &3l 1.0~15 g9 ABRE HE F,
A 2k (wako, Japan) 20 mi<} FHAk(wako, Japan) 1
mlE o] microwave(Milestone, Italy)S ©]-&3}
o AEs 4t 93 Jt=F AL
AA-Graphite(Analytik Jena AG, Germany)
2 ZHAHEAFn, BEAxAL Table 49
2.

3. 238 9 nF@
3.1. E coli®] 22
Z 1307 F 674 A E. coli7} £33 &4
E o] 51.5%9 HEES HAT

Fig. 32 YW E coli #28]&2 6283 8«0
718 =4 desod, Add EH&2 Aol
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g HolX gttt o]Fe W E coli ¥
Table 5 o)A ¢} o] Fof, o], Fzn], 7|
o Al vk Ee]sS B

Weigh 10.0 g of sample
)
Homogenize with 5% TCA containg 0.5%
disodium-EDTA
|
Centrifuge at 8000 rpm for 20 min.
!
Water phase
l
2 times washes with 40 ml of n-hexane and
chloroform(9:1)

|
Water phase
!
Evaporate to 3 ml at 40T
!
Load onto activated Sep-pak Cis cartridge

!

Elute with 40 ml of methanol
l

Evaporate to dryness at 40 T
l

Elution 30% acetonitrile 2.0 ml
i

Filter through 0.2 gm membrane filter

!

HPLC analysis

Fig. 2. Flow chart of treatments in antimicrobi

-al analysis samples.

32. MM Uy 2

tl2zasa oz A3 E coli 67572 3
AA WA A= Fig 49 2o

A A WA ES Tetracyclineo] 49.3%= 7}
|42 ®3, Ampicillin 41.8%,
Ticarcillin 32.8,%, Cefalothin 28.4%, Nalidixic
acid 224% o =% UEl}on, Cefepimey}
Cefotetan2 98.5%2] 794412 el gl
1659 FAAZFT 1714 o] de FAA
qe He FL& 85.1%= 2006d9e AW E
coli®] WA &7 vmaud AR 75.5%,

= O
Zo]- i i my
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AR 50% L H2BA 67.5%HT B
ygon], 271x olie] Ao TAAES
Hol #& 61.2%= ElLITL

Table 3. Analytical conditions of HPLC

HPLC systems Younglin instrument Acme 9000
Shiseido Cyz UG120
Column
(4.6 mm=250 mm, 5pm)
i A @ Acetonitrile: 0.01M Oxalic acid = 2:7
Mobile phase
B : Methanol
Time(min) A B
Gradient 5 min 85% 15%
GoRition 10 min 75% 25%
20 min 50% 50%
25 min 100% 0%
Flow rate I ml/min
Detector UV 360nm
Injection volume 20 ul
Run time 25 min

Table 4. The operating conditions of AA-graphite

Classification Conditions
Element Pb Ccd
Wavelength (nm) 283.3 228.8
Low slit (nm) 0.8 0.8
Pyrolysis 700 300

Table 5. Detection rate of E. coli from freshwater

fishes
Fishes No. of samples E. coli (%)
Total 130 67(51.5)
Crucian carp 65 37(56.9)
Carp 30 13(43.3)
Pale chub 26 14(53.8)
Others 9 4(44.4)
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Fig. 3. Comparison of monthly detection rate of

E. coli in all examined samples.
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TetracyclineZ] A 4] 4% o3 A=
Oxytetracyclineo] it 0.151(EH & ~1.717)
mg/kg 7% % ¢liL, Tetracyclineo] H i 0.167
(2742 ~1.253) mg/kge] AZ5 %t Doxy-
cycline#} Chlortetracycline e %% 7 &5 A ¢F
gkt}. Oxytetracycline®] 729 27 A T4

o} =3k w|7]o]A]  Oxytetracycline®} Tetracy-
clineo] 25 1.0 mgkg oo 2 AZEHUL
¥ Aol Zo] AdstEe] A A3t o Fel
Al FAAZ ZFdOE AL FAAY AR
2 A FAF ALYl Dade EF
FFAx AFH AF7) o|FojAof g
Al= €}

Table 6. Tetracycline level in body freshwater

fishes
Tetracyclines
Streams (mg/kg)
orch e |enet| De?
0.151 0.167
Average ) ND ND
(ND”~ 1.717) |(ND~ 1.253)
Jungrang 0.017 0.013 . -
-cheon (ND—~0.072) |(ND~0.079)
" 0.285 0.321
Sincheon ND ND
(ND~1.717) |[(ND~1.253)
1) OTC, Oxytetracycline, 2) TC, Tetracycline, 3)

CTC, Chlortetracycline, 4) DC, Doxycycline, 5) ND,

ole] 2 FFE7IFA¢] 0.2 mgkgs =731 Not detected
100% |
80%
60% | 5
0l (%)
40% | BR(%)
20%
0%
‘ CF | FEP | CTT
[ S(%) 95.5(68.6/17.9 08.5/98.5/92.5/88.1/80.6/88.1|95.5 71.6/50.7|65.7|83.6
lmi(e | 75|15 165|537 9 , 6 15
mR(% [41.8] 3 [149]284] 6 |15 15]75[11.9/19.4/11.9] 4.5 [22.4]49.3[32.8/16.4

Fig. 4. The antimicrobial resistance pattern of E. coli isolates.
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34. 335 A 2

°l Axo wet o7 F
o] A el 6?-31 F ded, AdH FEA
oqfFe i 7t ‘3 e 43 d 3
e 0.548(2 A% ~2.903) mgkgoe & &
A FEvhete] A olFe E JiRFHEVE
2.0 mghkg Bri= v vegeon'? @73 2
ARl olF AUl }F 0225 mgke''o
0.026(% 7 2

1n ".lﬁ

%I rulo

% —~0.423) mg/kg 223l Codex'” e
ol fell tig & FEF7|E 03 mgkeg e #H
A Ee FXE YEUL

=B HFL 0.017(E7HE~0.084) mg/
kgz'"" i 0.011(272Z~0.086) mgkg? t}
2 399 0.01~0.06 mgkg Ao} AL
A JeErs

&3 Table 7 @ Table 8941 &} Zo] A3 A
q R oFe @R =g 2 Aozt ¢
A0 vehdt

Table 7. Heavy metals concentration in different
streams from freshwater fishes

Pb cd
Streams
(mg/kg) (mg/kg)
0.548 0.017
Average
(ND~2.903) (ND~0.084)
0.502 0.017
Jungrangcheon
(ND~1.499) (ND~0.055)
" 0.572 0.017
Sincheon
(ND~2.903) (ND~0.084)

Table 8. The heavy metals contents freshwater fishes

Pb Cd
Fishes
(mg/kg) (mg/kg)
. 0.564 0.010
Crucian carp
(ND—2.034) (ND~0.048)
c 0.493 0.021
a
i3 (ND—0.853) (ND—~0.084)
0.612 0.018
Pale chub
(ND—~2.903) (ND~0.055)
0.461 0.015
Others
(ND~0.686) (ND—0.048)
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48 &

B AFdqAME TN AHe A4 E

7o FAAT FALE T8 e A
B Fotmuz dglow, F 13079 °fF
283 Ad9+= 953 2o

1. 3t ol fFelAM ®eE E coli®] FAA
A& 3He1d ZAx} Tetracycline 49.3 %,
Ampicillin 41.8%, Ticarcillin 32.8% o2 =
Al vFERSEE

2. E. colidld & 7tA o]/de] FAA
e Rol= TFE 85.1%9 o, F 714 o]
dol FAA WS Hol:E dANET2
61.2%= el

3. Tetracycline7] A #| 4% A3} Oxytet-
racyclineo] i 0.151(&F#H = ~1.717) mgkg
I} Tetracyclinee] 3 0.167(&4H = —1.253)
mgkg 7% %951, Chlortetracycline®} Do-
xycycline2 &% A &gkt

4. olF9 FTESE At 9ol HE 0548
(B2 -~2.903) mgkgo = A EFHe 7)<l
2.0 mg/kg vlRko| U} FIEHS 0.017(EH =~
0.084) mgkgo & & FAE ehjon,
AR FFARY FFE FHY Aole A9

= Roz ey
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A Study on the Conditions of Mycotoxin Production
- Based on the Aflatoxin Contents and Production in Food -

Min-Jung Park, Mi-Hye Yoon, Hae-Geun Hong, Tae-Suk Joe, In-Sook Lee, Jeong-Hwa Park and
Hoan-Uck Ko
Food Analysis Team in North Branch

Abstract : A survey of total aflatoxin levels was conducted on 143 samples(nuts, fermented foods and their
processed products) collected in commercial markets in Korea. The total aflatoxins were quantified by the
immunoaffinity column clean-up method with high performance liquid chromatography(HPLC) - fluorescence
detector(FLD). Total aflatoxins were found in 43(30%) samples with a range of 0.01 ~ 3.96 pg/kg. These results
show that the contamination level of aflatoxin in foods consumed in Korea is low compared with the standard

in Korea Food Code(10 pg/kg as aflatoxin By). Aflatoxin B, was increased during storage except doenjang.

Key words : aflatoxin, immunoaffinity column, HPLC-FLD

o : I FEFY AAF, AF 5 7FEAF 1437 g5t immunoaffinity column AAE A
HPLC-FLD #4HH¥ & o] &3l olFel54l L dHHES AT 2 23 F 437(30%)8 Al5olA
olFe}lE4le] HEHIOH LHFEL olEFEE4 Bie2ZA 001 ~ 3.13 w/keg, £ ofEE4 o024 0.01
~ 396 pe/ke WHZ YEpET £ dFAdeA vebd AxE 2 AR{e dig ol EE 5L LEdFES =
ul, ¢ d7Aaet FAEEAY vluE gA vEegew s ol EFEEA 7lE 9 vl=, CODEXelA 43
2 71E7E olstR AEHAS AEF AF7|0 w2 ot Fe54l sy A A3 @3 AT 57
AN BN oEFet54l Byo] tha S8t A S BT

FHW : o}=eE2], immunoaffinity column, HPLC-FLD

.M 2 G, G.2AN F2 I7, 23F, A5 5 4
E3 I 71 FAA AEAEA 2RAEL Y

F3o| 54 Aspergilluss, Penicilliumss 3 ). o] FAANE olEFFHFL B ULA, 7
FusariumZ:°)] 9 &4 AAFHE Sio|n, o= i, FEY 5 Fdste B AEE
o} = 2l (aflatoxin)&  Aspergillus  flavus,  Asp. EAEHA=E, A4 473 (IARC, International
parasiticus”, Asp. nomious 59| AspergillusZ; Agency for Research on Cancer) °fl4] group 1
F3olo] 2olFf AAHEE 2x)AAME o). A (carcinogenic to humans) © 2 2 Faks 3ok
Z7kA] 200 Fo| olTatEA0] dHEA 9o =, 95, Avd, 9 F AJFAME o

11[31

U} dutdon uwAHE o}ZENLS B, By, Ll E0S R Be FPoHid giF

FITHASEAIAUE H20A, 2007
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gtk AF7F o] FoiX 1 glow 53 ofF
g5l fistdd = F4E, 71FAEF 9L AR
oA §L71ES dA i, UA=
5~50 ppb FFo2 FAlST U} ZEe] B
JdgeS AHEE FHAFEDANAE BT,
AR, AZFJAF, I7, 7FFAF 5o st
o Bio2A 2~8 uglkg, F olETEALZA
410 pp/kgs HUl7|EexE HAASI gloH,
vl A Eo] ek (FDA, Food and Drug
Administration)o| Al &= B.e}ayl, A& @3, &
FNEE, J2ER Y tdte F o}EZEE
Mo 72X 20 pglkgd] 7lFES AAdY +83)
i Qb FA) 54 9 913 (CODEX)o A &= o}
2E, feolEY, H2ER L, H7FE FF o
o] F olZEEAlo2A 15 pugkelE Ho
NEe Asta 9gom® e A=
=5, 7 A3 2 2 dEsEEe ds
S} EA BloBAN 10 ugked] 71EE
AARste] FASL Ut £33 HIo e 94,
15%, %7k giate] o}FeEA Bz
A 10 wg/kge 71 AAHAFoZN FAE
Zastggon” g3 9 AR{FE T4 F2
Foll i ofFE 54 7|FAHAS Y- dx
.
2 AFgAE @ FAH BFe 1
3o % A FF ARF 59 4FL
Aoz F olEFuEA giF LFUHE =
AR, S F A7 wE olESE
Aol WEgde dolr izt &t

£ M

2
o

]

2. Mz 2 WY

2.1. W=

20079 1€95E 109714 A5 viE, 28
BolA £XF, 23 JHYE FFHL I
5 B 2 ZFEAFE73), FH47), gt
HEAFEF, TR T 133), VIR FER
4 F, WF, AY F 297)¢ tdos ofFE
T4 LEEE FAEAY. 8 F ARV
o We olE}EA WaF FAl ALEF A

L oA
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2 14 9% ZAMIA o}EZEA B9l
A&EY I, S5, 9TF, 3F T 624
o AzE AHEaTt

22. EEE Y A

Agol| ALEF otEEFA By, By, Gi, G2 &
TEL Sigmartol A FYBH ARSI L
acetonitrile(Burdick & Jackson, HPLC Grade),
methanol(J. T. Baker, USA, HPLC Grade),
trifluoroacetic acid(Fluka):= 5+ & AF-835F0).

23. 3N EE U BEAMTH|

AA4& 7Z+gS immunoaffinity column (Afla
Test, VICAM, USA)S A3l 51, #4330 &=
HPLC(Agilent, 1200 series)Z A}-&3}9] ).

24. EE2Y9 AN

olFel54 EFHLYL ¢1EHSA By, By
G, Go %% ZtZ} 1 mge acetonitrile 10 mé
o ¢ A&3] 100 mg/ ¢ 2 s o}Ze}EA
£ EFEAe 7 999 1 wyE EFH5Y
FEA S F o] 5A(30% acetonitrile) 0.2 Z}
Zte] s 34 35to] ALE-3H-

25. A|lg EA2 W

Alg U olEHEA A FAHL 2005d
2l Fo|ofEdA ATZAH BuAoA ¥
g e AHggry. FASE A8® 25 g
2 F 3] 1% NaCle] EgE 70% methanol
£ 100 E H7Ig F 2087 s o
Hg AE FENo=z Ak o] F=9 10
moll F/FTF 20 mE EFT £ 15 mE
immunoaffinity columnef] H-3}3F & Z3<F 10
me®= A H 3 t}S acetonitrile 3 mS #H7}3l o
£E539. £E59L A4rE GHE] FF5AF
F trifluoroacetic acid (TFA) 200 pl9} o] &%
800 wE FH7t3t] F=AZAIZ] BAE Al
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2.6. HPLCOf| 9|5t = =¥

o EAEA L FBEA Y] $15te] HPLC

| Homogenized sample 25 g l

Iy

Extraction with 70% methanol(containing 1% NaCl)

by mechanical shaker for 20 min

L
[ Filtration |
Il

| Dilution of filtrate 10 m¢ with D.W. 20 m{ |

¢

Apply 15 mf mixture solution on top of

immunoaffinity column(l drop/sec)

¢
[ Wash column with 10 m{ D.W. |

4
| Elute with 3 mé acetonitrile |

3

| Evaporation under N, steam(at 40TC) |

g
| Derivatization I

4

[ Test solution I

Fig. 1. Flow diagram of sample preparation for
analysis of total aflatoxins in wvarious
foods.

Table 1. HPLC condition for the determination

of aflatoxins

Instrument HPLC(Agilent 1200 series)
Column Capcell pak C;z UG120
Detector Fluorescence detector
Wavelength Ex 360 nm, Em 450 nm
Mobile phase Water : Acetonitrile = 70 : 30
Flow rate 0.7 mé/min

Injection volume 50 uf

Igo] Bx A B AF | 185

L] 5 i 13 * 1] % s o 2§ it

Fig. 2. HPLC chromatogram of total aflatoxin
standard.

systemS- A}-&38}993. 7 ZE7]+= Fluorescence
detector(FLD, Ex. 360 nm, Em. 450 nm), column
2 Capcell pak Cj3 UGI120(250 mm*4.6 mm, 5
(m, Shiseido), ©]&42 30% acetonitrile® <5
0.7 mé/min, AE8 FAFL 50 w=Z 3}
F olEEEAE 43 tH(Table 1).

27. ME F HFBII1ZHol mME OF=2SA
a2

21. 404 AF% 678 A5E F2(15-2
5T A nasiEA A8FF, 1714, 614
F A8 AA" Wyt sdsAl Ay
HPLC-FLDZ ¥2]&} ¢ o}

3. 23 ¥ nFE
31. Al = 0l=2SA 32

olZE 54 EFTEENY IABZvEIHRE
Fig. 20 Jed . o}F 254 By, Bz, G
2 Gyoll 3 AZE3HA (limit of detection,
LOD)E ¢oln7] $3te] EFXZEL8AS A
52 348 HPLC-FLDE 43§ 23}
0.01 pg/kgol At F ol Ee}F A9 352
olEFdtF4lo] AEHA #2 ARE AABsY
F olEFEL EF XFLIHE JFTFE 5
pglkgol HEF FH7I F Als #Ae UH

F)|EHAZAIYE H20A, 20074
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Table 2. Incidence and detection range of total aflatoxin levels in foods

3 iti les (detecti
W o No. 'of Yacideios No. of positive samples (detection range(ug/kg))
Type of food 1 positive te(%
samples | comples | ™€("9 | Total AFs | AFB, AFB, AFG, AFG,
Nuts and processed 79 34 43.0 34 34 16 8 9
products ) (0.01~3.96) | (0.01~3.13) | (0.02~0.68) | (0.04~0.26) | (0.03~0.12)
- peanut 30 9 30.0 9 9 2
- other nut 37 13 35.1 13 13 2
- peanut butter 12 12 100.0 12 12 12 8 9
Fermented soybean 24 5 20.8 5 5 3
foods : (0.04~2.46) | (0.04~2.14) | (0.07~0.36)
- doenjang 11 5 45.5 5 5 3
- chunggukjang 9 0 0 0 0 0
- mixed soybean 4 0 0 0 0 0
pastes
General precessed 1 1
products = h T 06 | (0.06)
- cereal products 4 0 0 0 0
- bean products 7 1 14.3 1 1
- other products 2 0 0 0 0
3 3 1
Oties 27 3 L1 0.04~2.12) | (0.04~1.93) | (0.20)
- powdered red 8 0 0 0 0
pepper
- powdered milk 2 0 0 0 0
- meju 1 50.0 1 1 1
- com snack 11 2 18.2 2 2
-coffee 0 0 0 0
* AF: Aflatoxin
3 LA BAAS. & 4¥ A of pgke W E UEGTH(Table 2). B, £ Gy,
ZgEA B2 729 ~ 85.5%, B.E= 832 ~ G’ g@5o2 HAESHA &3 B A AE

100.8%, G & 74.8 ~ 84.6%, G 75.8 ~ 84.1%
= eyt

32. REAZE = ol=g=EAM 29 XAl

FUelM F5F2 A94F 2 a2 73 ET7
), FF47), YMNITAEGH, FF 5
134), Z1gk2F (@ E7H%, w5, A3 5297)
& Ao F olEEEA LPAHE FAS
A, T 1437 F 4370(30.1%)°N A o} F e} 54l
LYol FAHJL, LEFELS o} EHFA B
o7 A 0.01 ~ 3.13 pg/kg, BaZ A 0.02 ~ 0.68
pglkg, GIO.Z A 0.04 ~ 0.26 pg/kg, G224 0.03
~ 0.12 pglkg, & olEEEA 0724 0.01 ~ 3.96

J. of KIHE/Vol.20, 2007

e 1 = Bio] 7 BA ERTh
E AFdHNAN HEE olEHEAY 29T
F& F(olZetEA Bl 2ZA, 10 pg/kg ©]
3l) 2 nS(F olEEFA L RA, 20 ugke )
31)¥ CODEX(F oFE&HHFAORA, 15 uglke
olah)e] 7ZIEME S 235 AL fE Ao
2 ek

AERFIEE F ol Ee5EA
Z 82 Table 29} o] AT a1 7kE4
o] 7970 F 347(43.0%), AFH+= 247 F 54
(20.8%), ARH7FFAFL 134 F 12(7.7%), 7
EFA E2 272 F 340L1%)AA ofEEHEFA
o] AEEH AFRF H 2 /T FAAASUE
o HEFe] 7 =:A JEETh 53 2F

ul
=

[

=M=
e Do §

e i
od
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1.5

AFB;1(ppb)

doenjang com com

ground

ground

peanut

snack(1) snack(2) peanut(1) peanut(2)

Fig. 3. Changes of the concentrations of aflatoxin B; at room temperature during storage.

Ho| A% 127 F 7194 oEHEA 4% 0]
BE HAEHAeH, § olEFHEFLL
3.96 pg/kge]l AEHAU=H &2 &
Aol A TP FAAIATE 7R F FolA
= "FdA 11, 2YF(EESE, Y2HE F)
dA 271¢] HEHUAG. FEAZEE ARE
g 53AFA AL AlF ntEJA FYUT AF
o H]3](6.7%) bulk FEA= FYJT =]F(38.1%)
oju} 2RI A AT AF(58.0%)NA A
S E7 Bk ol A8 FHANZ] £ F
A, AREA B F532d " LH95FE
ol g#1d F USS RAFET

ZUo] AL AlgE A¥Rd, F 59 of
Z4E2 BioZA 0.04 ~ 2.65 pglkg, = o=
HGEAOZA 004 ~ 551 pg/ke WY = ERE
dn rusgs, @ $'e AX A= 5657
T 277 (@ 771%)°] AEFEUL HAESHNEE FF7
0.17%, A3#}7F 0.35%, 71524 E 3.01%, 7)E+4]
E 1.24% AZIYdn Busdch 2 AT
e og AFget vadE o AENEs o
A S HoY LAFEL HIY ¥ Ho

2 yehgo,

33. 712 $ NEVIZO| mE olEalsalol
52

olEEt 54 LEE FA T 1A AFAA
olEE 54l HEE R, SEF, JRYE,
FIMF (R =]), BFHF(HR), BT T 6
A9 Azl dis] F2eA BBAFHEA 7|53
¥, M9 F, 6719 F o & 54 Bio WEF
S ZAEAT. 2 23 gAHez o EYRS
A Bio] AZ7|3te) we Ftete AE¥E B
Reov 873 Afede o FAdes Ao
el th(Fig. 3). ol AdH SAY oS Ho)
FE7F EolAA F%old AEEACA B
HEolgtn AztEw AR F¢ AFTHFS
LEAAY Fo olET{FAC] HE 7ol
Joitm & = oy, qav|ztd we W
shFel digte] o B2 A77F 28F Aotk

. d B

1. FUdA F&58Fd AFS dEde=E F
ol ZEEN QYA E FAGE A, F 1437
3 437(30.1%)°N A olEFEEL 2¢go] FAH
A3, LEFELE olFTEL BiLEA 001 ~
243 uglkg, & olZeE4l0 24 0.01 ~ 3.96
pglke VA= I 7]FEAQ] 10 pgkes Z3
3= A2 gl

Z)|CHAAZAARE H20d, 20074
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MEHE0M Aldehydes 2t VOCs 2E5H Y

0|2y - W= - AV - S5 - A7 - Y&H
S5XE h71=tsE

A Study on Characteristics Of Aldehydes and VOCs in New Buildings

Kang-Hyuck Lee, Byeong-Lok Kim, Jin-Guil Kim, Hee-II Song, Chang-Gyu Kim and Heung-Bin Im
Atmospheric Chemistry Team in North Branch

Abstract : Adehydes and Volatile organic compounds(VOCs) are emitted as gases from certain solids or liquids.
VOCs include a variety of chemicals, some of which may have short- and long-term adverse health effects. This
study attempts to provide information about the present physical factors(temperature, humidity), aldehydes and
VOCs of public facilities in Nothern Geonggi province during February to September in 2007. The major results
obtained from this study can be summaried as follows ; The results of indoor air quality on new buildings showed
that aldehydes and VOCs have the highest level of formaldehyde(88.06 pg/m’), toluene(73.23 pug/m') respectively.
Formaldehyde mean concentration in Childcare centers and Libraries exceed the recommended standard value(120
pg/m') that have 169.83 pg/m’, 171.47 pg/m’ respectively. Thus, we need to enhance indoor air quality doing
optimal ventilation and bake-out in childcare centers and libraries. We suggest that childcare centers and libraries

be investigated on the health risk assessment

Key Words : Aldehydes, VOCs, New buildings, Formaldehyde
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Table 1. The status of target facilities

Facilities Site location city Sampling sites(floor)
Railway R-1 Uijeonghu wa?tfng room(1F)
. R-2 Yangju waiting room(1F)
stations R-3 Yangju waiting room(1F)
L-1 Uijeongbu performing room(B1)
- L-2 Uijeongbu reading room(1F)
WA 5 Useongtu stack room(3F)
L-4 Uijeongbu reading room(3F)
P-1 Uijeongbu parking lot(B1)
Indoor  pp Uijeongbu parking lot(B1)
parking  P-3 Uijeongbu parking lot(B3)
lots P-4 Uijeongbu parking lot(1F)
P-5 Pocheon parking lot(4F)
Large-scale M-1 Uijeongbu living supplies(B1)
markets M-2 Uijeongbu living supplies(B1)
Korean K-I Yangju rest room(2F)
saunas K-2 Namyangju rest room(1F)
Childcare C-1 Uijeongbu classroom(2F)
centers C-2 Uijeongbu classroom(1F)

Table 2. Measuring items & analysis methods
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Pollutants sampling & analysis methods VOCstE A, SFd, AdaAL Esld
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Aldehydes - ‘measmfing 5 dimes. Aorink 50 vy "5 EPA TO-14A9] “5’_"]5101 A Q1A
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e2ug F 137] £330 HEHJL 2 9
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Table 3. Mean concentration of facilities(pz/m’, MeantSD)

Pollutants How byitiags
In Out /O ratio

Temperature(T) 24.6£7.0  23.6+10.9
Humidity(%) 5044159 5114163
Formaldehyde 88.06£73.75 25.19+17.81 35
Acetaldehyde 20.50+£19.12 25.47+28.39 0.8
Propionaldehyde 5914570 19.19420.06 03
Butyraldehyde 17.90+27.09 21.12+19.83 0.8
iso-Valeraldehyde ND 2.86+9.54 -
n-Valeraldehyde 6.7349.57  7.06+11.60 0.9
Dichlorodifluoromethane 1.74£2.82  0.51£0.58 34
Trichlorofluoromethane 023045  0.08+0.18 3.0
Methylene chloride 5.87+8.63 0.66+1.56 8.9
Trichloromethane 36.38+41.19 31.09+48.97 1.2
Benzene 2.16+5.10 ND
Carbon tetrachloride 0.97£1.72  0.28x0.71 35
Toluene 73.23+£77.23 34.83+54.23 2],
Ethylbenzene 8.99+8.67 3.05+6.83 29
m,p-Xylene 18.96£23.34 4.47£9.26 4.2
Styrene 0.96£1.97 ND -
o0-Xylene 4.19£7.82  0.07£0.24 60.1
1,2 4-Trimethylbenzene 4.53+6.56 1.36+4.71 33
1,2 4-Trichlorobenzene 0.14+0.48 ND

# ND : Not Detected

3.1.3. Aldehydes 2} VOCs 23t
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Fig. 1. Component ratio of aldehydes in new
buildings.

Fig. 2. Component ratio of VOCs in new
buildings.
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Fig. 3. In/Out concentrations of aldehydes and
VOCs in childcare centers.
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Fig. 5. In/Out concentrations of aldehydes and
VOCs in libraries.
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Fig. 6. In/Out concentrations of aldehydes and
VOCs in large-scale markets.
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Fig. 7. In/Out concentration of aldehydes and
VOCs in indoor parking lots.
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Fig. 8. In/Out concentration of aldehydes and
VOCs in Korean saunas.
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Fig. 9. Daily variation of HCHO in a remodeled
childcare center.
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Appendix 1. Compendium method TO-14A VOC TCL DATA SHEET

N=AZo A Aldehydes & VOCs X554 7 | 197

Compendium(Synonym} Formula Mx?r:;tll]tar :;?:::El:g) gi?:(i%)
Freon 12 (Dichlorodifluromethane) ClICF; 120.91 -29.8 -158.0
Methyl chloride (Chloromethane) CH:Cl 50.49 -24.2 -97.1
Freon 114 (1,2-dichloro-1,1,2,2 -tetrafluoroethane) CICF,CCIF2 170.93 4.1 -94.0
Vinly chloride (chloroethylene) CH>=CHCl 62.50 -13.4 -1538.0
Methyl bromide (bromoethane) CH;Br 94.94 3.6 -93.6
Ethylchloride (chloroethane) CH3CH:ClI 64.52 123 -136.4
Freon 11 (trichlorofluoromethane) CCI:F 137.38 23.7 -111.0
Vinylidene chloride (1,1-dichloroethane) C;H,Cl» 96.95 31.7 -122.5
Dichloromethane (methylene chloride) CHCl, 84.94 39.8 -95.1
Freon 113(1,1,2-trichloro-1,2,2-trifluoroethane) CF:CICCL,F 187.38 47.7 -36.4
1,1-Dichloroethane (ethylidene chloride) CH;CHCl2 08.96 573 -97.0
cis-1,2-Dichloroethylene CHCI=CHCI 96.94 60.3 -80.5
Chloroform (Trichloromethane) CHCl: 119.38 61.7 -63.5
1,2-Dichloroethane (ethylene dichloride) CICH:CH:Cl 98.96 83.5 -353
Methyl chloroform (1,1,1-trichlroethane) CH;CCl; 133.41 74.1 -30.4
Benzene(cyclohexatriene) CsHg 78.12 80.1 55
Caron tetrachloride (tetrachloromethane) CCly 153.82 76.5 -23.0
1,2-Dichloropropene (propylene dichloride) CH;CHCICHCl1 112.99 96.4 -100.4
Trichloroethylene (Trichloroethene) CICH=CCl, 131.29 87 -73.0
cis-1,3-Dichloropropene (cis-1,3-dichloropropylene) CH3CCI=CHCI 110.97 104.3 -
trans-1,3-Dichloropropene(trans-1,3-dichloropropylene) CICH,CH=CHCI 110.97 112.0 -
1,1,2-Trichloroethane (vinyl trichloride) CH:CICHCI; 133.41 113.8 -36.5
Toluene(methyl benzene) CsHsH3 92,51 110.6 -95.0
1,2-Dibromoethane (ethylene dibromide) BrCH,CH>Br 187.88 131.3 9.8
Tetrachloroethylene (Perchloroethylene) CLC=CCl, 165.83 121.1 -19.0
ChloroBenzene(phenyl chloride) CsHsCl 112.56 132.0 -45.6
Ethyl Benzene CsHsC:Hs 106.17 136.2 -95.0
m-xylene(1,3-dimethylbenzene) 1,3-(CH;)CsHs 106.17 139.1 -47.9
p-Xylene(1,4-dimethylxylene) 1,4-(CH;3),CsHa 106.17 138.3 13.3
Styrene (vinyl Benzene) CsHsCH=CH- 104.16 145.2 -30.6
1,1,2,2-Tetrachloroethane CHCI,CHCl» 167.85 146.2 -36.0
0-Xylene(1,2-dimethylbenzene) 1,2-(CH;3)CsHy 106.17 144.4 -25.2
1,3,5-TrimethylBenzene (mesitylene) 1,3,5-(CH;):CsHg 120.20 164.7 -44.7
1,2,4-TrimethylBenzene(pseudocumene) 1,2,4-(CH3)3CsHs 120.20 169.3 -43.8
m-Dichlorobezne (1,3-Dichlorobenzene) 1,3-Cl.CsHs4 147.01 173.0 -24.7
Benzyl chloride(a-chlorotoluene) CgHsCH:CI 126.59 179.3 -39.0
o-DichlroBenzene (1,2-Dichlorobenzene) 1,2-C1.CgH4 147.01 180.5 -17.0
p-DichlroBenzene (1,4-Dichlorobenzene) 1,4-CloCsHa 147.01 174.0 53.1
1,2,4-Trichlorobezne 1,2,4-Cl3CsHs 181.45 213.5 17.0
hexachlorobutadiene(1,1,2,3,4,4-Hexachloro-1,3-butadiene) C4Clg 260.80 186 -21.0
ZI|CHAMAATAE H20d, 20078
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Characteristics of VOCs Concentration from River Water
in the vicinity of Wastewater and Sewage Treatment Plants

Hyun-jin Lee, Jo-Kyo OH, Yeon-Hoon Jung, Eun-Hee Jung,
Kyeong-Su Park, Jong-Pil Jung, Tae-Yeul Kim and Sang-Jo Kwon

Water Chemistry Team in North Branch

Abstract : Because of increasing discharge of hazardous chemical substances, water quality standards are revised
and intensified to protect human health and natural environment. In north Gyeonggi, there are many small-scale
facilities that are likely to discharge harmful substances, for example dyeing, plating and leather etc. For these
reasons, we monitored volatile organic compounds(VOCs) concentrations on river water in the vicinity of
wastewater and sewage treatment plants. All the river water quality in every VOCs are generally good, however,
on some rivers that a lot of polluted water inflow into from water treatment plants, it is necessary to monitor
continuously especially during the low water seasons. In addition, preparing to trace water pollutants, we also
analyzed more than twenty kinds of wastewater samples classified by industry, and the result is that dyeing,
plating, metalworking wastewater samples contained high concentrations of VOCs. These facilities are mostly small

and beyond control, therefore, we should consider the problems caused by these conditions.
Key words : Volatile Organic Compounds(VOCs), river water, monitoring
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Table 1. Health effects of VOCs

Substances Health Effects
Carbon O TARC2) Carcinogenicity 2B
Tetrachloride | O liver, kidney and lung damage
O IARC Carcinogenicity : 2B
1.2-Dichloro- O central nervous sysrtem d1§0r—
ders, adverse lung, kidney, liver
ethane : : :
circulatory and gastrointestinal
effect
TetcuchlonG- O TARC Carcinogenicity : 2A
g O liver damage
(PCE) £
Dichloro- O IARC Carcinogenicity : 2B
O damage to the nervous system
methane ;
and to blood, liver damage
O TARC Carcinogenicity : 1
O temporary nervous system dis-
Benzene orders, immune system depress-
ion, anemia, chromosome abe-
rrations
O IARC Carcinogenicity : 2B
Chiorafoom O liver, kidney and lung damage
Trichlato- O TARC Carcinogenicity : 2A
sthylene O liver damage
(ICE) g

# Overall Evaluations of Carcinogenicity to Humans
(IARC, 2004)

22 HAHIE Y U Y HSURY B
A7) BRAYG A wEHE A5 54

& Hotstz] fste] MELLE %Y dFH
e MEF 2 FAE Hs SFZ ds

2) IARC(International Agency for Research on Cancer) |

Carcinogen to humans, 2A : Probably carcinogenic to humans,
2B : Possibly carcinogenic to human, 3 : Not classifiable as its
carcinogenicity to human, 4 : The agent is probably not

carcinogenic to humans
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Fig. 6. PCE concentrations of river water.
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Table 2. VOCs concentrations of river water

FE7F 2R ke shHe] ®lE m e EAIG
ol EA YeEbda o ol g ol f =, 53
EEZ2XFY Y 94425 JAE Fo=
HAE7] A wE, AUl FFAHIAA
FHRFE AT S T v F/ 4%
Ag. =3, AHLS g sHd vE gz =
TAE JeEfR e, ol T FFA
2738 e 94, 98 I FoAA ve
H4 FYFo] o2 sl nvla] 2] o
?l Ao E AlmdEd. Wi, ¥HMe A&
g AFFTAHF L 71E ARF wiEA
Fo 71908 g& & FEE Aoy =
e Y A3y o] Alde] sl

> o

¢

s R

(unit : A48/L)
= ToR, | BoE | Laen | L& Dichloromethare | Benzene |Chloroform
Tetrachloride |Dichloroethane
ok i 040 | 015 033 4.09 049 | 462
ARRZ7Z 40 4 30 20 10 80

1 FAA 0.175 | 0.028 0.0135 - = - 1.279
2 ek 0.046 | 0.004 0.0085 - - - 0.591
3 | 1.069 | 0.089 0.0079 < = ) 2.327
4 47 0.066 | 0.008 0.0083 s : z 0.884
5 FE A 0.059 | 0.005 0.0080 - - - 0.440
6 AR 0.103 | 0.009 0.0107 - : = 1.138
7 43 0.065 | 0.005 0.0078 - - = 1.135
8 7} A 0.055 | 0.002 0.0100 . = - 0.377
9 Z=FA 0.040 | 0.003 0.0088 i 2 z 0.616
10 FaH 0.144 | 0.010 0.0094 - - - 0.927
11 54 0.150 | 0.010 0.0201 - = - 1.845
12 = 0.106 | 0.041 0.0095 - . £ 1.149
13 e 0.257 | 0.082 0.0143 5 - . 1.589

3) 181497 (Criteria)= AAAAE ALY A7k ARe] ArjFHoz A FAE BAT £ e o4H
FAAH=z A4 B3 Y& 23 AAH £F2 nestA g1 e
4) BUEEZE A 85~1137) XA =A% gre] BFY.
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Table 3. Discharge and VOCs concentrations of wastewater and sewage treatment plants by stream

(unit : “8/L)
T3l Al A& -Di -{Di -
S It OHJ?%%Q(UL)Q TCE | PCE Tetfair:;:-i 5 L :?};:hnljm Il)rizlt]li::; Benzene| Chloroform
s 31,000 |0.051(0.042| 0.0061 - 5 = 2.084
ZRA .
20,000 - [1.300 . - = = 2.400
ARSI S| 2,000 |0.0300.002 0.0156 . ¥ = 2.169
45 159,120 |0.229 |0.025 0.0164 - = = 3.538
T 23,000 |0.100| - . - s 2 1.000
Fet-d x 7} 16,000 |0.017[0.005| 0.0158 = . - 3.306
AR % 25,500 |0.026[0.002| 0.0069 = - - 3.951
o391 4 1,790 |0.0410.006| 0.0067 . 4 = 1.300
= 14,0007 | - = s - - - 5.700
| 7.920 |0.0320.005 0.0074 S “ 8 2.063
533 43,000 [0.076|0.012|  0.0065 . - - 2.226
715 = 1,300 |0.034| - 0.0591 - . . 6.744
ZFH 5,075 [0.014]0.002| 0.0193 = 5 = 2.003
oA 205,000 |0.040|0.044| 0.0148 - . - 3.097
=5 57,000 |0.028 [0.029 0.0064 - = - 2.682
o3 - - - - - - - -
! 241,200 |0.149 [0.134|  0.0068 : - g 2.930
A 14,600 [0.022| - 0.0288 < 4 S 4.469
B 270,200 |0.046 |0.016 0.0070 - - - 4.395

Chioroform(ug/L)
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Characteristic Analysis of Water Quality from Groundwater Monitoring Network
in the North Area of Gyeonggi-do

Jae-Kwang Kim, Kyung-Ahn Kwon, Ju-hyung byun, Jin-Ho Park,
Hyun-Gu Park and Yun-Jung Lim
Drinking Water Team in North Branch

Abstract: This paper aims to analyze the characteristics of water quality from groundwater monitoring network in
north area of Gyeonggi-do. The target area was classified into general area, contamination forecast area and
national monitoring area. and the analysis period was from 2002 to 2007. Analysis items were five general items
and fifteen hazardous items. From the general area, most of underground water was being used as the household
water, and all analysis items except NO;-N that its mean concentration is 1.6~8.9 mg/l and RSD is 0.6~3.2
showed below the Korea Drinking Water Standard. From the contamination forecast area, most of underground
water was being used as the industrial water, and the mean concentration of NO;-N was 2.6 —23.4 mg/l and RSD
was 0.9~12.8. From the national monitoring area, hazardous items were detected at the some areas but most of
them were not detected, and the maximum and minimum concentration of NOs-N were 7.8 mg/L and 0.6 mg/L

respectively. A further study will be required to elucidate the pollution status and behavior of NOs-N.
Key Word: NOs-N, groundwater monitoring network, general area, contamination forecast area, national monitoring area
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Fig. 1. Utilization status of underground
water in the north Gyeonggi-do
in 2005.

Table 1. Type of underground water use

Use Details
Household Domestic, school, civil defense,
water armed forces etc.
Industrial National and local industrial
water complex etc.
Agricultural Gardening, fisheries, livestock
water industry etc.
Others Hot spring, drinking well etc.
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Fig. 2. Utilization status of underground water
in cities and counties of north Gyeonggi-do
in 2005.
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Table 2. Groundwater monitoring concentrations

in general area
(Unit : mg/L)
Year
City 2002 | 2003 | 2004|2005 | 2006 | 2007
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Fig. 6. Concentration distribution for each

Fig. 3. Mean concentrations of NO;-N mionitoring point in 2004

in general area.
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Fig. 8. Concentration distribution for each

monitoring point in 2006.
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Fig. 9. Concentration distribution for each

monitoring point in 2007.
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Table 3. Groundwater monitoring concentrations in
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Fig. 10. Mean concentrations of NOs-N in
contamination forecast area.
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Fig. 12. Concentration distribution for each
monitoring point in 2003.
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Fig. 13. Concentration distribution for each
monitoring point in 2004.

Fig. 14. Concentration distribution for each
monitoring point in 2005.

Fig. 15. Concentration distribution for each
monitoring point in 2006.
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Fig. 16. Concentration distribution for each
monitoring point in national monitering
area.
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