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Distribution of Legionella spp. in Cooling Tower water

Samples in Gyeonggi-do

su-kyung Moon, So-hyun Lee, Kyung-a Kim, Yun-sung Kim, Jeong-weon Huh,
Hye-sun Jeung, Po-hyun Park, Jong-bok Lee and Hoan-uck Ko
Division of Microbiology

Abstract : In order to mvestigate the distribution of Legionella spp. from

cooling tower waters and water jets of public establishments in Gyeonggi-do. We

exammed the 371 samples from June to October in 2003.

1. In result of 334 cooling tower waters and 37 water jets tested. the
detection rate of Legionella spp. was 5.4%(20 samples).

2. In result of 20 samples detected  Legionella spp., 18 samples(90.0%)
were L. pneumophila and 2 samples untypable.

3. In result of 371 samples tested, distribution of 10 samples detected
Legionella  spp. were detected 10°~10’CFU/100m¢, 4 samples were
detected less than 10°CFU/100m¢, and 6 samples were 10°~10°CFU/100
mé.

4, In result of 18 L.prneumophila from cooling tower waters and water
jets tested. 10 isolates(88.9%) were L.pneumophila serogroupl, 1
1solates(5.6%) were L.pneumophila serogroup 6, 1 1solates(5.6%) were
L.pneumophila serogroup 5.

Keywords : Legionella. Legionellosis. Cooling tower water. water jets
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2003 6€¥ %€ 10€7HA A71% A
Aol Aol o=d #HY, WA,
=%, AT ¥4Es F OT(ort
ho-toludine) A8 A3 &< ZHA 33

=]
473 2 A=W A9 U 37de
O

ARZE AE3td F28EF Al=d4
t}.(Table 1)
2. 2g9dy

1) A7 AAZ

Table 1. Number of samples in public

4

TGl M5H 2002k Wzt
el Ala dAdZe Fig 1% 2o
A8

o

£ 0.45um Pore size2] nitrocellulos
e membrane filter(§90mm, Milipore.
Co)g AH&3te] &Sho] F(Satirius G
mbH, Germany)$ o3& Ha7ly
2 AepA od 0mlol| FoH oz R
A F e A T A
a8 Jzgad FEste AT
#HAA7171 Y8k 50C Water bath
A 0% < EAEEA

X ANEE 9A 4se 4
of 3 10w A F AH 100E Legi
onella agar base®] Legionella supple
ment(L-Cystein 0.4g, Ferric pyrophos
phate 0.25g)¢} GVPC supplement(gly
cine 30g/ ¢, vancom-ycin 50mg/ ¢, polymi
xcin B 70000/ 4, cyclohe—xamide 80.0mg/
£)E H7¥ste] pH 69 ~ 712 AT G
VPC viAlel] HES tha 90%0]4e o
Ae % 2 5% COt 85+ 3
7C W F71ol A 3~10U3E vl gt B A
d &<¢toz g FyAHS #EI
%t

At 2 AT NS A
HlX) 2+ Legionella agar base®] Legi
onella supplement(L-Cystein 0.4g, Fe
rric pyrophosphate 0.25g) 713 BC
YE -a X & AlEstHoh

Wik 3¢ FH e s colony

establishments and water jets

. Hotel & Government -
Water Jets Hospitals . Unclassified Total
Mart office
37 37 96 128 73 371
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Ho] vetuw guAozm AFAA A
A EE 54 9 A8 VA H4E B
o]aL Azte] g wiEt o] AR
wA Fy AArE BESFYAE Ay
Q) e Hekg BCYE-aghduj
2ol Al wjeksHA FAlo] B
AR B2 vl sl
BCYE-a A ulx) e AS3A
@ HufA A= A @
¥ T2 Legionella spp.® —7}—1-13}_0;‘
gd3ea $3AE 2 PCRAES

r

(2) 383 gH%e Ay

Legionella spp.B FARAHE TF9
8l Legionella O antisera(Denka
Seiken Co)E AH&ste] 8ol &3
WHo=R Tegionelln spp.% Legionella
pneumoplila®) A E& &l
BCYE gAux|elA Ao} vidd &
A 1¥golst Zpzel ¥FH I
(30ut) e T3t 30 A2 45x Alo]
o &Rl Uoue AL P Hkge
z #Rsag”

TFo E¥e PBS(PH7.2)ol A
g @93ty -70Cq 52 nEFUL
o, A #FE BCYE &Hu|A o) A
el AT

3. Legionella spp. ¢ A& 33
54

(1) W¥d 4

Legionella spp. #3T& A
(GVPC supplement)7} H7+5 A &
BCYE-a #dujAld] =2ate] 90%

Sample(water)

l

Concentrate on 0.45ym Membrane filter

l

Resuspend in 20m¢ of original sample

l

Heat treatment at 50°C for 30min

l

] |

1:10 diluted

undiluted |

100,44
l

Culture on BCYE agar with antibiotics
(GVPC)

|
Incubation at 35C for 10 days
l
BCYE-a agar medium Blood agar

l

PCR Test, Biochemical Coagglutination

Test

Fig.1. Method for the isolation of
egionella spp. from samples
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(2) L-cysteine 874

88 Legionelln spp.& L-cyst
eine°c] H7t¥ BCYE-ad3wiz| e} L
~cysteine®] £ A &L FAFH
iAol Al FESA 9%l Fx,
~5%°] CO& FAgt 37C ujgr]ell
X A8AIZE oA Hlk T R wlRlo)A]
o] A% FH=Z L-cysteinef T4&
2l st o

4. PCR(Polymerase Chain Reaction)
< o]4£3% DNA 5%

FHaL A4982 ELITE Gradien
t(Helena Biosciences.USA)E o] &3}
of APt}

ella #49 & A% 44 dFc
THHEAYSZREY L pneumophila A
TCC33152 9L pneumophila KP-1%
HoFitol BCYE-aghd uj#|of] Aoiujk
stHA Al

(2) MNg2 HAe 2 chromosomal
DNA %
BCYE@H iAol A @Aty $3
AN A3}t Legionella spp.B 2R3 HE
colonyE 1950l H3to FHF 200
ol AEAZ

Cid

T 3024 % vortexing
100Col A 30%3F boilingste]
DNAE F&33it

10,000rpmell Al 4CT= 10237t 94 3

o #A 2 ANAZE AAAZN F 3
Z0e 23lo] template® AFE 819

(3) Oligoneucleotide Primer & H]
2 Age)] ARE-E primere Table 29}
o] Fgste] ALE-SFATE
, primer= Legionella spp.ol] £ 9|
¢l 16S rRNA2} L. pneumophila®l
ol& ¢l mip genedl W3 primerE
AF-&-3F AT

L. pneumophila® 739 L. pneumop

BN me

=

4

hila®] macrophage infectivity poten
tiator(mip)r A A2} 853 ~872bpell ¢
A3 F-mip9t1465~1484bpol] ¢ =] gk

Table 2. DNA sequences of primers for Legionella spp.

. . . Amplified Target
Primer set Oligoneucleotide sequence Target gene
product(bp) species
F5-AGG GTT GAT AGG TTA AGA GC-3 Legionella
16SrRNA
165 R5'-CCA ACA GCT AGT TGA CAT CG-3 386 r Spp.
. F5'-GGT GAC TGC GGC TGT TAT GG-3 L
mip 630 mip

R5'-GGC CAA TAG GTC CGC CAA CG-3'

Pneumophila

- 13 -



Table 3. PCR conditions used to detect Legionella spp. and L. pneumophila

initial denaturation
denaturation
Annealing
Extension

last Extension

95°C/5min

95C/60sec
62T /60sec 30cycle
72°C/60sec

72°C/10min

R-mipE AH&-aAth o1& F49 pr
imerZ o]-&3stod L pneumophila®l C
hromosomal DNAE %3Z3%¥ 630bp
Z7]2] DNA fragment?] & i &
3ot

(4) TFELAANS(PCR) o
DNA Z%

%Z3% DNA template 309) 10xbuff
er 2540, ANTP 2u4(2.5mM), primer
set?! 16S, mipE Z+7z} 10(10pmol), t
aq polymerase(1U/ud Bioneer), /<
£ E¥ste FFo 07t HEE 3
t+2 ELITE Gradient(Helena Bioscie
nces, UK)E AH&-3t4 DNASEH S 4
A3t Aot

PCR %Z12 Table 33 zto] 95Tl
A 187r denaturation, 62CdlA 18
7t annealing, 72ColA 187t extensi
ondty 30 Cycle2 Ald3tty, A4
A cycleZ 95ColA 587} predenatur
ation ¥-&&, AT cycled A= 7
27ClA 10¥7t post-extension®r-$-&

A A s ek,

(5) PCR product?] &9

k2ol F4 PCR productE 05xT
BEE &3 12% agarose gel& A}
43t PCR product 108 48 A
7194 %2 (Mupid-2, Japan)Z o]&3}
o 100V, 4083 A719%5 S HAso
©]E3 DNA bandg #A9JA FAl7]
Aol UV photographic apparstus(T
CP-20M,Helena, Bioscience.UK)& o]
&3le] DNASHFAARYE &<, 43
At

m. A= 9@ 23

4

1. 9 E YRS 2 25
CEEEEEEEEIE

dEd AR dHFe Ydel F
Legionellazt o] w3t A7 I=W oid
E d4gs 2 &5 2949 2
T E =27 98k 37149 AR
e wMY HAFE dAE 23 Table
49 Zo] WA 97, FA =
J Ead s 112 F 204
(54%)9] AlgdA A Ldedo] A
= A

s Uy
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ol¥ =Rzl 2003 6¥€HE 7
47tA A dEHEY WIETE
AF At o AE8& 39%<
2002 %ud HE=& 3 %l"i.‘jrb o}
< dEAEY
7HE A 7]
EEHA

=]
=

a9 #HAdeTe
pneumophilaZ} 8712 2 90.0% % 3L 9]
Eo ¥ serogroup 1°]
771(85.7%), serogroup 67} 173(11.3%)
otk AHEE FEHo T FIHZA
£ Legionella like organismo] 17
Rz

ol 19851 4 Vo] G A
L dEH68T F 6359 942%71 L.
E9 ¥HYPL
serogroup 1°} 285(41.2%), serogroup
27} 25(2.9%), serogroup 3,56°] Z+Z}
1F(15%) 902 2ud Azet F4}
stFon 3k 1994 H-E 1998 77
A 53z LA G EEHE HAL
=16 g

. pneumophila

A=)
TEXc

ok
=]

B
AN

pneumophila$ 2%, ©°]

=13
=

serogroup 1°¢] 83% =% el on,
=B I pneumophila serogroup 1-4
o] 87.3%% UYEh 2 XA
AdE BHGoY olE A
¢t= 9] L pneumophila®l 33 &
st A YEethAl gt

FAANES Ed AN Fd
1179 #A e debae] L. pne
umophi~-la7t 10122 90.0%8 3L °)
59 g3y E¥E serogroup 1°]
97(85.7%), serogroup 57} 17(11.3%)
ojth, AMEE FFH o2 IAHA &

=)
sxIE

< Legionella like or-ganismo] 171
A

o] Fields. %] 3%, 7, &#
9 AQFBANA  EHHE L

pneumophila®l B3 8o} serogroup 1
o]  63.8%, 47y 27.7%,
serogroup 2,6°] 4.3%, serogroup 39|
21% 2 o8 714 3L Bad
e 2y

gi—]ﬁi,}
o] 3t A tt.
gz AAFer SAHL UE
A dets e el L pneumop
hila® 93 2R8I o]F 95%0] <

serogroup

A

& o
a7 da

serogroup 1< A9
B

L

L=y SN

=
iy R ghs ol iy
A}
[}

Table 4. Distribution of Legionella spp. in sample by Public Establishments

. Hotel government .
Water Jets Hospitals . Unclassified Total
&Mart office
No. of sample 37 37 96 128 73 371
No.of isolated 11 2 2 2 3 20
% 29.7 5.4 2.1 1.6 4.1 54
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e,
'

L. pneumo-phila serogroup 1°] ¢ Whgsoe 28 JFEHd A1 %
[o]

AR
A Etdo] AZdo] oW

Aoz adx o Eg cg Aoz dojg 7hsAel g =
B7A4ANX L pn-eumophila7t E& ] & Aoz vehyg

I gl o] ¢ol aerosolFHZ EYH

o] g dFE ofr|dde Hgx 2. A8 YRedade #5 X
At

277k gol mus s Jepi =
=]

TAANAM L A7z d¥gAdAE Y4dds € F
pneumophila ¢} & &7 53 o 2 #HAdE dFe BX
serogroup 1°] & ¥ Z e 2 X Table 58} 2t}

e B o dP¥AEY W4"Es % AzoA Eg dALdgdse
9 5AY Ead FEL #Hxed AFrEe A2 AastE 712 10°~
BEs FEE F JdE 9] 2 F 10°CFU/100m¢ W gto] 107442 743
dqor 53 EAHoR JMEHE 3§ gtoen A7 2% 2 AAH 59

Arzlde AZAdel $EHL de 4 Ag FFeor e 4T HANA
Holth, wEts Yo gl o 10°~10°CFU/100me & 6714, =93
A&HQ TR A HALdEF ZX7F 92 ¢ 10°CFU/100me ™ Tt
< JHEETTYE AALAE 2 BEE 2 AN Lot 53] AFH Aol o
HA 3B sty R LdEHTE FAAT 2 Bxe B9 29 FA$ 37719
£ Aol dasitty dddArh A F 11Add4A gAedetdo] A
£3 FAEFN A$ dIAE Z=59om 10°~10°CFU/100mS 574

Table 5. Distribution of Legionella spp. in water of cooling tower and
water jets
Classification(C  less than 10°~10° 10°~10° over than
FU/100m¢) ~ 10°CFU/100m¢  CFU/100mé CFU/100m¢  10°CFU/100m¢

Water Jets - 5 6 -
Hospitals 1 1 -~ -
Hotel &Mart 1 1 - -
government office 1 1 - ~
Unclassified 1 2 - -
Total 4 10 6 -
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WY 4 3d #AFAME 10°CFU/100m
ulgro] 42+ 1702, 10°~10°CFU/100md
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o 39l
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L
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Fig. 2. PCR products of L. pneumophila
M:100 bp ladder P1:.ATCC33152, P2:KP1

[e)

FEANGAL 17744 L. pneumophil
a 9 Eo}3 <l 630bpe} 386bp bend”}t
U EHs TH(Fig. 2).
vt dAst4 3
serogroup 1 A S¥&E& e

T 147 AESH EHS U
F 2742 L pneumophila |
o}& el bend’l S A &gt

V.2 £

o

AAGelA 20038 685 1097
AAD WY, BEA, 34 5
o WAgsst 4 B2
oz dxedsEe ¥
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N oo A 2 o
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_|>L
e
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::1‘
i
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odehie AEHA 54, ¥3%
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2ol dx e detite] AEHYT

2. HEdEY dagTY #HAed
g BXE 33479 AlsoA 91
(29%)o0 A AR dEto] HEFHA
omw o] Z [ pneumophila 7} 8%
(90.0%), Legionella
o] 17 o]t

i)

like organism

3. @AARY U F49 49
Sdet ExE 3719 AlEdA 111
(29.7%)°] #lA| L dzdo] HEHU

4. L. pneumophila® 9% 207
% serogroup 1°] 187(90.0%)0] A2
W serogroup 56°] Z+zt 1A 7
1237422

=] t— 2
g A3 A= AEA 10~
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A Evaluation of Safety in Colored Plastic Kitchenwares

Mi-Hye Yoon, Mi-Na Eom, Young-Sook Do, Hong-Rae Jung,
Il-Heoung Jeong and Hoan-Uck Ko

Sanitary Chemical Team

Abstract : This study was performed to survey and evaluate the contents of Pb,
Cd and styrene in colored plastic kitchenwares by Korea Food Sanitation Act. The
tested samples were 32 polyethylene, 65 polypropylene, 35 melamine-formaldehyde
resmn, 10 polystyrene and 18 acrylonitrile-butadiene-styrene resm colored plastic
kitchenwares m Gyeonggi-Do area. Pb and Cd contents of 2 polyethylene, 1
polypropylene, 2 melamine-formaldehyde resin, 2 polystyrene and 1 acrylonitrile-
butadiene-styrene resin were above legal limits. Pb and Cd contents of 2
polyethylene were 140.8 mg/kg and 123.1 mg/kg. Pb contents of 1 polypropylene, 2
polystyrene and 2 melamine-formaldehyde resin were 123.1 mg/kg, 283.4 mg/ke,
134.0 mg/kg, 357.1 mg/kg and 218.3 mg/kg, respectively. Cd content of 1
acrylonitrile-butadiene-styrene resin was 376.6 mg/kg. The color of legal limit over
plastic kitchenwares were yellow and red. For illegal samples, migration test of Pb
and Cd i various simulant were not detected. Simulant for n-haptane and 4%

acetic acid were tested at 25Cand 60°C, water was at 60C and 95C.

Key Words : Plastic kitchenwares, Pb, Cd, Migration test
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o] AL A A o]
(polyetylene, PE),
(polypropylene, PP),
(polystyrene, PS),
(melamine-formaldehyde

i
2 i N owe o

KON T}
2o o 2

resin,

N oo 19

MF),

ABS<= A] (acrylonitrile-butadiene-styrene

resin, ABS)¢l A F 16074 &
AsR o
PP 657, MF 3574, PS 1074, ABS

oAt
2. B9
(D) A2

A A5 7 A AT AHEA

HAETAY 71T ¢ 47
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Q134
AdE2E PE 327,
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Z1Et Al o8ttt wEkA PE, PP,
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AENE £ BOST, 302 Sgich

@) Aok
g3 =R EZEES AAEFEA

4 1000ppm ZA| 8 A(Sigma, Japan)S-

AgSEn HeHEd 2N 9
e, EF4, AP, oLz

A, 239 FFFLS Supelco
AHUSA), Z ¢ AFe EFS AL
9.

@ €4717
g3 =g dAFR=A (Spectr-
AAB00, Varian, Australia)E ©o]&3}$51
g Ede JlaAmguiEdy (HP
5890 Hewlett Packard, US.A)E A3l
om BEXz7AE Table 1, 23 7).

Table 1. AAS operating conditions for
the analysis of Pb and Cd

Condition Pb Cd
Analysis type Flame Flame
Wavelength(mm) 283.5 228.8
Background D, D,

Gas type Air/Acetylene Air/Acetylene

m. 23}

%&,

by
i

1 ARAY

BN FEDD Qe FHFA
A

A FHEE T Aol A A

2t =

Table 32 ZAMO AFS AAA
o ok Aoty PEY duldt A
A& A3 Fo] ND.~140.8 mg/kg, T}
o] N.D.~123.1 mgkge AZH o] 32
A F w14, 7l=F 14 F 239]
&2 100 mg/kgs Z#HT o=
ehgton PP} MFE o] ND.~
283.4 mg/kg, N.D.~357.1 mg/kg, Jt=H
o] N.D.~12.5 mg/kg, N.D.~56.6 mg/kg
o] AEHHE Ho =g EF 7V
F ooy &2 PPl = 654 F
17, MFI A E 358 F 240 71&&
=7k

PS¢} ABSO|A 9] g =g TF
& PSe AS ¥ ND.~3292 mgke,
7l=H ND.~04 mgkgo 2 107 F 2
AoA Fol 71FE 29 RoZ JE

_J..lﬂnl
e )

N

Table 2. GC operating conditions for the analysis of volatile materials

Column
Carrier gas & Flow rate

Temperature

DB-1301 capillary column (30 mx0.25 gmx0.25 ¢m film)
N; 1.0 mé/min(constant flow)

Injection port : 280°C, Detector : 280C

Oven temperature programming 150°C(3 min)}= 15C/min= 270°C(15 min)

Air/H, 11/1

Injection volumn

1.0 pf (split ratio 10:1)
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%1 ABS¢] 4§ ¢ N.D.~74.6 mg/ke, Fr1a8E fr1gs4d vlE e,
J}=H ND.~376.6 mg/ke, 08 187 w4, dold o 23le] A
T 1444 =gl JVIEE 2#HT P FA A 2 LA AHEE I
Ao degt =¥ g4 Fgx 9o
g dxje €de] HE HUAHEHL Table 4= ZAMUAY AF 5 A
PS, ABS EF gz HEHJoH Ao FAFE & e
aFe 175.7~938.3 mg/kg, 172.5~831.2 2AM PE 2A, PP 14, P =5
ng/kg 2 7]E32] 5000 mgkeo] EH B ZUAAEE o] ABS 17, MF 24
X kA FEol A 3L FRFINUY. PEE miEoly
9 A A FHEE 1607 N & e A7TE 4o AFA
T AES AT FAFT AF 9l AEL 1231 mg/kge] Ft=FO|, ¥
< PE 274, PP 17, MF 27, PS 24, T AZTL 1408 mgkgol Wol AE:
ABS 171 5 87ojloem EF Hi HRom PPE B ‘FHFOR ol
Fl=g dFo) JIFEES 2IFH e 2834 mg/kg AEHJ PSe FAH

Table 3. The contents of Pb, Cd and styrene in tested samples

HANMAZR 2ole <&
71ot 24 7]¢lEtE

=gl <3207 134.0 mg/kg, 329.2
mg’kgel Fol AEHAY. ABSE 42
AeS AE u AL ASAENE

Contents(mg/kg) Remarks”
Material g&pﬁa 2

Pb Cd Styrene Pb Cd

PE 32 N.D.~140.8 N.D~123.1 - 1 1
PP 65 N.D.~283.4 N.D.~12.5 - 1 -
MF 35 N.D~357.1 N.D~56.6 - 2 -
PS 10 N.D.~329.2 N.D.~0.4 175.7~938.3 2 -
ABS 18 N.D.~74.6 N.D.~376.6 172.5~831.2 - 1
Total 160 6 2

N.D. : Not detected
Y Number of samples above the legal limits

- 24 -



Table 4. The contents of Pb and Cd in illegal plastic kitchenwares

Sample Contents(mg/kg)
No. aterial Pattern Color Country
Pb Cd
1 PE Mortar Pink 140.8 0.5 Korea
2 PE Mortar Purple 63.7 123.1 Korea
3 PP Spoon case Green 283.4 0.2 Korea
4 PS Bowl Yellow 134.0 N.D. Korea
5 PS Bowl Yellow Green 329.2 0.1 Korea
6 ABS Egg cutter Yellow 7.3 376.6 China
7 MF Rice scoop Yellow 3571 0.2 Vietnam
8 MF Pan spoon Yellow Green 2183 0.5 Vietnam
N.D. : Not Detected
zzo A GE A A Eo|gon 7} EE 97 AF AAeo] 2uAe]
=Fo| 376.6 mglkg AEHYI MF:= A AAo] & dsg 'O

MERE FA4 FAR 53
HAAE A2 el 3571 malke,
2183 mglke PEH JEAE A
z ek,

BAY AFY Age ypol
83 Gl o AFEE

AAAZA FAL THIE FA, J)
EEdzes HAg vdeye =g
A= 5 g3 S=EA Fress
AEE Aoz F49n

FHEEA old HANL AFe
nistel tlEo ALdxdor  lgh
AEe) nEqd 7 2 Adel FAw
o F4 5 A kA 6 Fe
k™ v go] Aol BEEPA U2

.25 .

/\}\'41“ “;F‘HJ'%E % "*Ol 10 mg/kg ©]

2 AEE AF 412

mg’kg ©1%

Biol 3
251___', ‘f‘:g‘
Al el At
= 93 7=
2 w@ax|

o4 A3



Table 5. Detected distribution of Pb

contents in colored samples

cotents
/kg) Total 10~50 50~100 >100
color

Total 44 30 8 6
White 5 5 - -
Yellow 12 7 3 2
A
Orange 1 - 1 0
Pink 4 3 - 1
Purple 3 2 1 -
Red 4 4 - -
Green 5 4 - 1
Sky Blue 1 1 - -
Blue 1 1 - -
Brown 2 1 1 -
Black 2 - 2 -

Table 6. Detected distribution of Cd
contents in colored samples

cotents
/kg) Total 10~50 50~100 >100
color

Total 6 3 1 2
White 1 1 - -
Yellow 3 1 1 1
Purple 2 1 - 1

- 26
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FAA FHEE 16080 T AFE
AAFA B2 AF 8
o & AFELS FF0 3
2 vEEt aev Be
w3 St=Ee] AEEHAR EAF
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Table 7. Results of migration test in illegal samples for Pb and Cd

Material test

Migration test

Sample (ng/ke) Pb(ng/ ¢) Cd(mg/ 2)

P W DW dae " DW. Dw. A nHep
I 637 1231 ND. ND. ND. ND. ND. ND. ND.
2 140.8 0.5 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
3 2834 02 ND ND. ND. ND. ND. ND ND. ND.
4 1340 ND. ND. ND. ND. ND. ND. ND. ND. ND,
s 392 01 ND ND ND ND ND ND ND ND
6 73 3766 ND. ND. ND. ND. ND. ND. ND. ND.
7 3571 02 ND. ND. ND. ND. ND ND ND. ND.
§ 2183 05 ND. ND. ND ND. ND ND ND ND.

D.W. : Distillation Water,

b a271gAEFY Abgdle wrEA]
A AEE A g AxY
AL A AFY AT A F
g A HRE 2uAdA AF
t3 R E ol Ygt TH % H
g2 HJIALLE Eolv =¥ o
g Aotk
V.2 &

ANFeA FEHL AE FEHEF
T FAFAAY AP E ZAEL
Aol 9l AEFosA PE 327, PP
6571, PS 1073, MF 3571, ABS 187

T F 1601e ez AFEA

2

HAc.: Acetic Acid,

n-Hep.: n-Heptane

o AFANEE AASAT. £33 A
A F &3 Ft=Fo°] 100 mgke ©]
F FHd AEA dstd HEFY FF
ALEgE nE Jd1 =gy §
g 23 get 2ok

S

= (o] =]
EFe &

1. A2AE Az PE 27, PP 17,
PS 274, ABS 17, MF 27 % 870]
g3 St=Fel AETH V1Ed 23
3t HAES A2 ety

2. PEx ‘AT 27044 @3 St=F
o] z}Z}+ 140.8 mg/kg, 123.1 mg/kgoe] 4
Z5%3 PP ‘FAEFH PS ‘OR 24
o) = 283.4 mg/kg, 134.0 mgkg, 329.2
mg/kge] Fol FEHJD. T34 ABS
‘AFAE7I'E JFl=Fo] 376.6 mglke
ZEHAL, MF 272 HEGL ‘F

2’3 ‘FHZAAE 357.1 mglke, 218.3 mg
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A Study of Acrylamide in Cooked Foods

Yang-Hee Kim, Jong-Sung Son, Kum-Chan Yong, Moon-Seok Oh,
Bum-He Kim, Jin-A Jeong
Food Analysis Team

Abstract :  Swedish National Food Administration reported that acrylamide was
detected m heat treated starch rich food products. The discovery of acrylamide in
foods 1s a concern because acrylamide is a potential human carcinogen and
genotoxicant, based on high-dose animal studies, and a known human neurotoxicant.
FDA scientists have developed a method to measure acrylamide levels m foods.
Development and performance of an LC/MSD method for the quantitation of
acrylamide in a wide variety of foods.

This study was performed to survey and evaluate the contents of acrylamide in
several foods such as bread, coffee, breakfast cereal, potato product(french fries, fried
potatoes) and biscuit. These analyses were carried out one smngle randomly selected
samples from supermarkets and fast food markets. Acrylamide was assayed the range
of 108~990(ug/kg) m french fries, 145~627(ug/kg) m fried potatoes, 28 ~70(ug/kg)
mn breakfast cereals, 15~265(ug/kg) m coffees, 30(ug/kg) in breads and 13 ~304(ug
/kg) in biscuits.

Key Words : acrylamide, LC/MSD method, starch rich food

I. N8 5 Az E AHSET. 27t HYE}
A A AEY zIAAF F

o} & & o}m}o) E(acrylamide)= T4 & ¥ AEY 2L g53E

o] B AAAE EolaYoluiol= o] FHT AES VMG T4 2
Az A AHEEHE FHEEAo|t. & A A7 AHEH o)Al vtE of
44 2 HAeAee g4 2 JE B APojuol=ojr}, 2002 2| A
£E AA AN ALEY HEYW 5 Z Z344% (Swedish National Food
glagolu} dgda] Fo| IHYE Authority)& 7td3tx] €& 4 A=

- 29 -



4 AA BE HEAE okaBopvtol
=} A&94 ¥v 54 4FL 1e
2 @ A% 2 ssAel de of
agolutelest e $FE0Z 44 Y
e AMde Ra@ w gt oz
Yolrtol=ol YR L 83| v
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Z A ¢4 7] #(International Agency
for Research on Cancer)o] w=2¥
A EFA AAA opZEolntol=E
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(probable human carcinigen)e] &%
Hol AA] g FFHEd ARE ofF
datHez UezHA Ay’ HF
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Az ERHFENE 259 ofmdelnt
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Fig. 2. proposed pathways for the
formation of acrylamide
from the Maillard reaction.

2. Ak R x4

o Acetonitrile, Methanol, 2-Propanol,
Water - HPLC grade

o Formic acid 99%, Glacial acetic acid
99% - Sigma Chemical company

o Acrylamide (Sigma, USA)

0 *Cs-labeled

Isotope Laboratory)

o Maxi-Spin filter tube, 0.45um PVDF
(Alltech Associates, Deerfield, IL)

o B0 ml polypropylene conical tube

acrylamide(Cambridge

with cap (Becton Dickinson)

o Hydro-RP 80A HPLC column (2 x
250mm),4 micron packing
(Phenomonex, Torrance, CA).

o OASIS HLB 6 mL solid phase
extraction cartridge, 200 mulligram
packing
(Waters Corporation, Milford, MA).

o Bond Elut ~ Accucat (mixed mode, C8,
SAX and SCX) 3 mL solid phase
extraction cartridge, 200 rulligram
packing (Varian Inc., Harbor City, CA).



3. sample AAZ Y

FDA/CFSAN(Center for Food Safety
and Applied Nutrition) 24 H< A&
e o #AL Fig 33 72t}

sample 3
homogenize
. 15mE OASIS
sample 1g + SPE cartridge®]
1S 1md loading
) 4 4
Water 9ml
vortex mixer water 0.5mé
Shaking
¥ ) 4
rotating :hakmg water 15
20+
L 4 L 4
Centrifuge Varian SPE
(9000rpm/20+) cartridge 1m{
) 4 4
FE5 A bmd
Maxi-Spin
filter tubedl I;Sfl\gssg
Centrifuge
(9000rpm/20+)
Fig. 3. Sample preparation for
Acrylamide
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JNEAEF oA dotujol= el U
A

g B 2 LC/MSDE o] 4319
o BAx718 Table 13 7t}

V. 23 2 uz

1. 2349 A4

standard Acrylamide ¢} internal
standard (“Cs-labeled acrylamide)&
10, 20, 30pg/kg ©] HEE EFsto
0.1% Formic acidZ 3|43}l W&
t}. o]u}  Acrylamide: Positive ion
SIME&  m/z 72, “Cs-labeled
acrylamide® m/z 972 E4319 .00
olm] dojzxl A HFAL Fig. 4 L Fig.

sefgk o] e A,

Table 1. Operating conditions for Acrylamide by LC/MSD

Agilent 1100 series LC-MSD SL

Mobile phase
Column

flow rate

Inj. volume
Ionization Mode

Positive 1on SIM
Nitrogen flow rate
Nitrogen gas Temp.

Fragment

Aqueous 0.1% acetic acid, 0.5 96 methanol
Synerge 4u Hydro-RP 80A(2 x250mm), Phenomenex

0.2 mé/min
50 b
Positive ion

m/z 72, m/z 97

12 ¢ /min
350C
30

- 32 -



Area 1 correlation: 0.99741
Residual Std. Dev.:  32.98250
m-i‘ormula y=mx +b 3
m: 28940.34393
700 b: 14.02772
600
500 2
400 1
300 5 }
200
100
0 F—re—y -
0 002
Amount[PPM]
Fig. 4. The standard calibration curve
of acrylamide by LC/MSD
Area 1 correlation: 0.99987
35000 4 Residual Std. Dev.: 301.08145 3
] Formula: y =mx + b
30000 3 m: 1.19528e6
] b:  ~122.63789
25000 4
20000 .
15000 1
10000 ]
5000
0 i . :
0 0.02
Amount{PPM]

Fig. 5. The internal standard calibration

curve of
LC/MSD
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Fig. 6. Minimum and maximum levels
of acrylamide in various foods.
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Table 2. Detection levels of acrylamide
foods.(FAO/WHO,

in various
2002)

Acrylamide levels Min.-Max. (ug/kg)

Food/Product
Group

Other

Japan country

Chips, potato

French fries

Biscuits, crackers 53~302 <30~3200
Breakfast cereals 113~122 <30~1346

Crisps, corn 117~535 34~416

Bread, soft
Chocolate powder 104~141 <50~100

Coffee powder 151~231 170~230
Beer <9 <30

467~3544 170~2287

512~784 <50~3500

<9~<30 <30~<162

Table 3. Detection levels of acrylamide
in various foods.

Food/Product  Acrylamide

Group levels(ug/kg) sample
Chips, potato 145~627 5
French fries 108~990 10
Biscuits, crackers <13~304 10
Breakfast cereals 28~70 5
Bread, soft <30 10
Coffee <15~265 10
E oo 108 ~990pph A= ¥
8 Aoz ZAHT HaA, ZYA
o Ags olANAE MY, A,
Zwo] AT 39 HA|HelA
HE FREHT B AN 2
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Table 4, Detection levels of
acrylamide in various foods.
(KFDA, 2002)

Food/Product Group 13%?571(%/13;)
Potato, Rice ND
Donut <30~36
Fried foods 598 ~1709
French fries 341~1896
Biscuits, snack 115~241
Breakfast cereals 51 ~283
Bread <30
Coffee, Chocolate 47~220
Hardtack 854~ 1081
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BA7EEAE

Removal Efficiencies of Residual Pesticides by different washing

in Agriculture Products

Ok—Kyung Choi, Jong—Hwa Kim, Sun—II Hwang,
In—Suk Kye, Myung—Gill Kim, ki—yu kim
Health Task Force

Abstract: In order to determine the removal efficiency of pesticide residues
(Chlorpyrifos, Procymidone, Acephate, Endosulfan, Chlorothalonil, Hexaconazol) on
eulgari, spinach, bachusocum were artificially treated by different washing method.
As the results are as follows
1. The removal efficiency of pesticides by tap water was 4.7 ~ 88.4%, the
removal efficiency of pesticides by neutral detergent appeared 13.9 ~ 78.0%.

2. The removal efficiency of pesticides by vinegar water was O ~ 84.0%, the
removal efficiency of pesticides by ultrasonic cleaner appeared 22.5 ~ 49%.

3. Washing effect method compared to recording which the number of washing
possibility will imcrease, and the difference of the washing ratio to be effective
with the outer surface where 1t attaches i the surface appeared with because
the amount which permeates to the inside is different.

4. The maxmmum removal efficiency of pesticide residues was spinach of all
others, and the maximum removal efficiency of pesticide residues was

chlorpyrifos of all pesticides.

5. The fruit type it was not detected from the inside contents water the remaining
pesticide residues to be mainly detected from the shell part.

Key words : pesticide residues, washing effect, agriculture products
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Table 1. Phyco-chemical properties of pesticides

Pesticides | Synonyms Physical chemistry
M.W 350.6 M.f CoH;;CsNO3
Chlor organo  |solubility in water 1.4mg/L(25°C)Stability Rate of hydrolysis
-pyrifos | -phosphorus |increases with PH and in the presence of copper and
possibly of other metals that can form chelates
M.W 284.1 M.f C;3H,CINO,
) MP 166-166.57TC Solubility in water 4.5mg/L(25C) /Slightly
Procym di . .
i . .. |soluble in alcohols,in acetonl180, xylen 43, chloroform 210,
-idone |-carboximide| i )
dimethylformamide 230, methanol 16/Stable to light, heat and
moisture
M.W 183.2 M.f C;H1oNOsPS MP88-90TC
organo
Acephate g solubility in water 790g/L(20TC)in acetonl51, ethyl acetate35
-phosphorus
bezenel6, hexane 0.1
cyclodiene |M.W 406.9 M.f CoHNCLs03S MP >80T
Endosulfan | organochlori'| solubility in water a-endosulfan0.32,B-endosulfan0.33 in ethyl
ne acetate, dichlormethan, toluen200
MW 26592 M.f CsN.ClLy
Chlore - organo o . ) )
) . solubility in water 0.6mg/L(25°C) aceton, dimetyl sulfoxide
-thalonil -chlorine
,cyclohexane s.s, xylen s.s
M.W 3142 M.f CiHi,CLN;O MP 110-112°C
solubility = in  water 0.017, in  dichlormethan336,
Hexa aorgano
methanol246,aceton 164, ethyle acetate 120, toluene 59,
-conazol -chlorine . .
hexane 0.8 /Stability Stable for at least 6 years at ambient
temp.stable to hydrolysis and photolysis in water

o AN L LS SAT 239k
Zrzke]l BAx72 Table 2, 33 2
(2) 487171 }.
GC+= Hewlett PackardAl2] 6890 NPD ZAZ7)9 AS XAz Ao t}
series(U.S.A)=Z 4 HP 7683 automated E 27FA1 Y %}ea(Hp_35 HP-5)& A}&
sampler® Ax Al43l9 3, GC-ECD 31943 ECD HZ7]9 A$odE M=
(Electron  capture  detector) ddo] & 2714 ¢|(HP-1701, HP-5)9]
GC-NPD(Nitrogen phosphorous 2y o2 cross checkdtow, HF
detector) HE7]8 Alg3dlo] IEEF 2> 5973 series mass
oF B AR AWML oL selectivedetector GC/MSD = 3¢t}
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Table 2. Analytical conditions of GC/MSD%71& o}z} Table 49} 7

g HL =
CCPD FoR emE 250Co| 1 A%
Model Hewlett-Packard 6890 GC ojsl wWEE Yoz AYRA
Detector NPD - B
HP.35 HP.S Scan mode& A}&35}3lch
Column (HP.Co, 30mx (HP.Co, 30mx o A
250,m<0.25m)  250mx0.25,m) () 24
Carrier Gas N, TA AR EAH ojste #
Camier G251 o iymin 1.1 mo/min f.e.v Figlst 2
Flow Rate
H, Flow .
Rate 3.2 mYmin m. as 2 u3
Air  Flow 60.0 m¢/min i o
Rate 1. 82% 9 93 A3
120°C(3min)-8 C/min-180C
Oven Temp. , . B oA UM ANG ouaY B
(program)  (0.5min)-4 C./mm-2010 C(3min) 3 HExcte] AZH HAEd
-10C/min-280 C(3min) ) )
Injection o AAdatA oiysti A4H Y=
Temp. 20T 250 F9E 2Aste] AFTFLIE
sde W 24 Az ot o
Detector 280C 280 M= ) R o o1 o o
Temp. 2 Z202 Ao/t & 4 7 UM
Split Ratio Splitless e A4 2 AT BRos F
Table 3. Analytical conditions of Table 4. Analytical conditions of
GC/ECD GC/MSD
Model Hewlett-Packard 6890 GC Model Hewlett-Packard 5973 GC
Detector ECD Detector MSD
HP-1701 HP-5 ol HP-5MS
olumn
Column (HP.CO, 30mx (HP.CO, 30mx (HPCO,}OmXZSO/thOZSﬂm)
250/mx0.25m)  250;mix0.25 um)
Carrier Gas N, Carrier Gas He
Flow Rate 1.0 m¢&/min 1.0 md/min Flow Rate 1.0 m¢/min
Oven Temp. 150°C(3min)-5C/min-240°C Oven Temp. 100 C(2min)-10 ‘C/min-
(program)  (5min)-10 C/min-270 C(10min) (program) 280 °C(5min)
S Injection
Injection . o 250C
2 2
Temp. 50C 50C Temp.
Detector
Detector . o 280°C
Temp. 20C 300C Temp.
Split Ratio Split Split Ratio Splitless
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weigh 50.0g of Sample
| acetonitr1l 100ml
blend 2min at high speed

} add 10g NaCl
shake vigorously for least 1min.
& allow phase separation (30min.)

I
aliquot 10.0m¢{ CH3CN(top phase) for

each class of compounds
l
evaporate to near dryness at 50C
with gentle steam of air or nitrogen

l

re-suspend 2.0m¢ hexane — re-suspend
2.0m¢in aceton—filter(GC/NPD,GC/MS)

l
into precondition FLO SPE

5.0mf aceton/hexane followed by 5.0ml
hexane

!

elution 10% aceton/hexane 5.0mf twice

!

evaporate at SO0C with gentle air

!

final volume 2.0m{ hexane filter 0.2um
PTFE

y
GC/ECD,GC/MS

Fig.1. Flow chart of treatments in

samples.
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Table 5. Change of pesticide residues after washing with water(unit:ppm,(%))

Initial Remained amount
Argricultures Pesticides
Conc Ist washing 2st washing 3st washing
eulgari Chloropyrifos 0.130 0.076(58.5) 0.071(54.6)  0.064(49.2)
spinach Chloropyrifos 0.050 0.014(28.0) 0.011(22.0)  0.009(18.0)
bachusocum  Chloropyrifos 0.191 0.158(82.7)  0.109(57.1)  0.104(54.5)
Aster scaber Chloropyrifos 0.328 0.273(83.2) 0.258(78.6)  0.186(56.7)
eulgari Procymidone 2.390 1.310(54.8) 0.910(38.1)  0.774(32.4)
quarrt pepper Acephate 3.256 2.222(68.2)  2.992(91.9)  3.105(95.3)
lettuce Endosulfan 0.131 0.066(50.4) 0.058(44.2)  0.050(38.2)
eulgari Chlorthalonil 1.896 0.312(16.5)  0.185(9.8) 0.220(11.6)
Aster scaber Hexaconazole 0.356 0.359(100.8) 0.316(88.8)  0.293(82.3)

Table 6. Change of pesticide residues after washing with detergent(unit:ppm,(%))

. . Initial Remained amount
Argricultures Pesticides
Conc 1st washing 2st washing 3st washing
eulgari Chloropyrifos ~ 0.130  0.053(40.7) 0.046(35.4) 0.040(30.7)
spinach Chloropyrifos 0.050  0.014(28.0) 0.012(24.0) 0.011(22.0)
bachusocum  Chloropyrifos 0.191 0.132(69.1) 0.126(66.0) 0.118(61.7)
Aster scaber Chloropyrifos 0.328  0.190(57.9) 0.188(57.3) 0.152(46.3)
eulgari Procymidone 2390  1.100(46.0) 0.741(31.0) 0.732(30.6)
quarr1 pepper  Acephate 3256 2.943(904) 2.727(83.7) 2.805(86.1)
lettuce Endosulfan 0.131 0.04(30.5)  0.03(22.9) 0.03(22.9)
eulgari Chlorthalonil 1.896  0.372(19.6) 0.261(13.7) 0.288(15.2)
Aster scaber Hexaconazole  0.356  0.359(100.8) 0.277(77.8) 0.261(73.3)
Ao ARl ele e AASL 4 FA, MRS, AU gt 4z
BT Az UE % %% Ade o A8 A el o FFEte
oA HA] 93l FEE 26.7% e AT 234 521 ~ 84%7}
o AALE YERAH AAHLZ YEth(Table 7). A5 4
oM Aze] o MFHoZ 84% i
3. Az @ AF Hol 7t &2 AAEE JEHE
LB o A %—iéfﬂal_—‘?_z:% 52.1% =
Eravgzart HEd 920, A 7bd A AAE Aoz YEw
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Table 7. Change of pesticide residues after washing with acetic
acid(unit:ppm,(%))
Initial Remained amount
Argricultures Pesticides
Conc  1st washing 2st washing  3st washing
eulgari Chloropyrifos  0.130  0.044(33.8) 0.045(34.6) 0.038(29.2)
spmach Chloropyrifos ~ 0.050  0.011(22.0) 0.010(20.0) 0.008(16.0)
bachusocum  Chloropyrifos 0.191  0.132(69.1) 0.089(46.6) 0.081(42.4)
Asterscaber  Chloropyrifos 0.328 0.242(73.8) 0.221(67.3) 0.157(47.9)
eulgari Procymidone 2390 1.100(46.0) 0.74(30.9) 0.732(30.6)
quarrl pepper Acephate 3256  3.711(114.0) 3.490(107.2)  3.434(105.5)
lettuce Endosulfan 0.131  0.048(36.6) 0.04(31.3) 0.03(22.9)
eulgari Chlorthalonil 1.896  0.674(35.5) 0.575(30.3) 0.543(28.6)
Aster scaber Hexaconazole 0.356 0.277(77.8) 0.214(60.1) 0.201(56.5)
dzole BE HAEdE ZEATE] osto] 1.28ppmo 2 e} 464% 7
Az olste] 69.4% 7+A A AHN 28 Aoz FAHAY. dzoldA
. HEaFdi HEd ofAdolE Zz2g2yg o] 1.89 ppmAZH Al
= AANTAY IA g Ao Y 59 B¥ a3 osto] 49.0%
Bty Aol o)A dxdae] Y 2¥ 0.966ppmo 2 54 = U0t
Zo] A% AAZTE T7.1%2 ey
o . 5. 429 AA e 53
dZold A FZ=2elzdo] 71.4%A|
ARl Hzd A3 2 AA&E Y ol 2 Abdte) tiste] dtHo=
gl gatavEe] AEd HAUE 7H3AAM ARse W o] A=
o A5 Az st FFF o £ o83ty AEE AT F AR
43.5%9 AAHE Aoz YeExy. s AAdd gt 44 IFFEFe F

4. 2Eq &7 A

zetol 9% AP BEE AU
ANBAAN AEEH HALZYZ.356ppm
B} 225% ZA4% 0.276ppmoE e
o
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EEREE
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A Study on the Distribution Characteristics of VOCs
in Banwol and Sihwa Industrial Complex Area

Kyung~Ho Na, Eun—-Ah Jang, Jong-Hyun Shin, Soon-Mo Hong,
Ki-Bong Song, Pyung Heo, Suk-Je Ree, Ju-Yul Kim
Environment Monitoring Team

Abstract . This study was conducted to investigate the distribution
characteristics of VOCs in Banwol and Sihwa Industrial complex sites and to
use as a fundamental material for management of VOCs in the areas.

As a result, thirty nine of forty three investigation components were detected
and eight components of Chloromethane, Chloroform, Toluene, etc. were
detected constantly in Banwol Industrial Complex, twenty six of forty three
investigation components were detected and five components of Chloroform
and Freonll, FreonlZ, Freonll4, etc. were detected continuously in Sihwa
Industrial Complex. And it is found that VOCs emitted from the two
industrial complex decrease 79% in Banwol, 64% in Sihwa respectively
traveling to residential area and it indicates the diffusion effect of Banwol
Insustrial Complex is better than that of Sihwa.

The results suggest that continuous investigation into VOCs of industrial
complex sites is demanded and VOCs monitering system needs to be
established to manage VOCs effectively.

Key words : VOCs, detection, Banwol and Sihwa Industrial Complex,
concentration distribution.
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Table 1. Status of the discharge
amount of VOCs in Republic of

Korea. (unit : %)
. . Ol
Tt Pt Dl\(n)fn Costli | stora Printi Road Laun
g e |ge& ng pave &y
SOUees car |staion| treat ment
ment
% | 462349153 |46 | 36| 32| 22

% Total discharge amount of VOCs(1997)
: 611,000ton.
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Fig.1l. Sampling sites in Sthwa & Banwol area
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Table 2. Operating parameters for GC &
ATD
Parameter Condition
ATD ge}l‘il%n elmer Turbo Matrix

Absorption flow 20mil/min
Absorption time 50min(total volume 1L)
Trap temp -30C~325C

Air monitering trap for

Trap type Method TO14

Trap hold time 5min
Qutlet split 3:1

FID(Perkin  elmer,  Autosystem
Column 50m*0.22mm=*1.0m(BP1)
Carrier gas He at 1.25ml/min
Injector/Detector oane .
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Fig.2. Chromatogram of the VOCs standard substance.
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Fig. 3. Status of business type in
Banwol industrial complex
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Fig. 4. Status of business type in

Sihwa industrial complex
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Table 3. Detected VOCs concentration in Banwol and Sihwa industrial compiex.

(unit : ppb)
Banwol complex Sihwa complex Daebudo
Conc.

Compon Mean |STDEV| Max | Mean |STDEV| Max | Mean |STDEV| Max
Total VOCs 5952 | 711.6 - 2159 | 184.6 - 611.8 |1187.1| =~
Freonl2 41.0 | 95.2 | 563.1 | 189 | 457 | 323.0 | 105 | 174 | 56.8
Chloromethane 72.0 | 205.3 |1521.9| ND N-D N-D 25.8 | 61.8 |192.9
Freon 114 7.2 8.3 42.9 8.9 25.7 | 189.1 | 4.6 6.1 19.1
Vinyl chloride 0.9 1.6 9.7 0.7 1.6 6.4 1.4 2.0 5.7
1,3-Butadiene 3.7 3.5 15.3 5.1 146 | 1065 | 25 3.9 12.8
Bromomethane 0.1 ND 6.0 N-D ND ND N-D ND ND
Chloroethane 0.1 N.D 7.0 N-D N-D N-D N-D ND N-D

Freon 11 75.7 | 10.8 |3887.7| 29.7 | 46.1 | 253.0 | 365.5 | 1168.7|3887.7
Acrylonitrile 157 | 168 | 745 | 170 | 23.3 | 79.7 8.0 127 | 32.4
1,1-Dichoroethylene 0.8 1.3 10.0 0.6 1.5 5.3 0.1 0.1 0.2
3-Chloropropyrene 6.8 296 | 2244 | 2.9 7.4 475 0.5 1.6 5.5
Methylene chloride 0.9 1.6 12.0 0.9 2.7 16.1 0.8 1.3 3.4
Freon 113 1.2 2.3 13.0 0.1 0.6 4.3 N-D N-D N-D
1,1-Dichloroethane 8.4 213 | 121.1 ) 0.7 1.5 5.5 0.5 1.7 5.8
cis-1,2-DCE 5.8 32.5 | 248.0 | ND N-D N-D 0.2 0.8 2.7
Chloroform 181.2 | 233.6 |1042.6] 110.1 | 143.3 | 555.6 | 170.0 | 183.7 | 569.9
1,2-Dichloroethane 12.1 | 28,6 ]169.8 | 1.2 2.4 11.3 1.1 2.1 6.7
111-TCE 0.9 1.8 18.0 N-D N-D ND ND ND ND
Benzene 0.3 N-D 19.0 0.1 0.6 44 N-D N-D N-D
Carbon Tetrachloride 3.7 7.2 39.4 0.5 1.4 4.7 0.2 0.8 2.5
1,2-Dichloropropane 4.7 125 | 74.2 0.1 0.7 5.1 N-D N-D ND
Trichloroethylene 2.8 6.9 42.9 N-D N-D N-D N-D N-D N-D
cis-1,3-DCP 9.5 25.6 | 1595 | 05 1.8 7.6 N-D ND N-D
Trans-1,3-DCP 3.5 8.9 57.2 N-D N-D N-D N-D N-D N-D
1,1,2-TCE 1.6 3.3 25.0 N-D N-D N-D N-D N-D N-D
Toluene 52.1 | 120.3 | 863.6 | 9.1 12.1 | 57.1 | 145 | 18.1 | 56.2
1,2-Dibromoethane 3.9 9.9 56.4 N-D ND N-D ND N-D ND
Tetrachloroethene 13.1 | 36.3 | 208.7 | 0.3 1.6 11.7 N-D N-D N-D
Chlorobenzene 1.9 4.0 29.0 N-D N-D N-D N-D N-D N-D
Ethylbenzene 3.3 6.5 34.0 0.5 1.4 45 0.1 0.3 1.0
m-Xylene 3.8 9.8 54.9 0.5 1.1 3.3 0.6 1.3 3.4
p-xylene 3.1 4.7 32.0 1.4 3.0 11.9 0.5 1.3 4.0
Styrene 3.2 6.2 33.0 0.2 0.9 5.8 0.5 1.7 5.8
o-Xylene/1122-TCA 9.7 243 | 126.1 | 0.7 1.6 4.3 0.5 1.2 4.1
1-ethyl-4-methyl ben | 2.4 4.3 35.0 0.2 1.0 4.2 N-D N-D N-D
1,35-TMB 2.3 4.6 36.0 ND N-D N-D N-D N-D N-D
124-TMB 3.6 6.6 37.0 0.2 0.7 4.0 N-D N-D N-D
14-DCB 2.9 3.5 38.0 0.9 2.1 7.2 N-D N-D N-D
1,3-DCB 11.1 | 20.1 | 1128 | 1.4 3.0 9.4 1.4 2.7 9.1
1,2-DCB 2.8 4.3 40.0 0.2 1.0 55 0.5 1.7 55
1,24-TCB 2.9 4.0 41.0 1.6 6.0 39.5 1.4 3.1 8.6
Heza-1,3-butadiene 12,8 | 39.6 | 301.7 | 0.7 2.7 16.1 0.2 N-D 1.8
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Table 4. VOCs distribution status between domestic cities'®""
(unit : ppb)
Com ponentl;ng sites Banwol| Sihwa [Daebudo| Daegu | Daegu | Seoul | Seoul |Yeochun| Ulsan | Gumi
1,3-Butadiene 31 5.1 25 = < = = - 155 =
Acrylonitrile 17| A0 8.0 = = 5 . 4 = o
Chloroform 181.2 | 110.1 | 170.0 = 5 = = = 042 | 064
1,2-Dichloroethane | 12.1 1.2 11 = = = = = = 0.05
111-TCE 0.93 5 3 % = = = 5 5 o
Benzene 0.33 | 0.08 " 2.5 29 2.2 0.8 2.1 115 103
Carbon tetrachloride| 3.7 | 052 | 0.23 = = = & = 7 0.00
Trichloroethylene 2.8 2 = = 5. = = ¥ 0.18 2.8
Toluene 52.1 9.1 1455, [ 13,7 41255 M08 {=11.8 2 10171 <123
Ethylbenzene 33+ 055|013 L 1A 1 0.8 1 0.3 24 12
m,p-Xylene 69083 . 087 | 36 2.9 2.2 1 0.7 10i7: | 218
0-Xylene 97 | 070 | 048 | 18 15 13 = 14 341092
Styrene 320 0d5. 2068 | 109 7 0.3 0.2 i} 116 | 0.64

“_”

means no detectable.
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MEa o] 3= Toluened 7%
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A FTL FHFzke g2 32.0ppbol $
o AgTHE 9l1pphES YEHEE
W Zo| fEAd] dEl ZAMG FE

13.7~255ppb, W, ¥ To] ZAMSE A
£ A9 108~11.8ppb 2 Y Bo] A}
g oA 2.0ppb, £4HA1Y 10.1ppb,
E 59 v 123ppbet HmE wf o
A2 =& A%s YeEPHATH(Table 4. )
TS Table 4.914 AAStEL A= =
Y AYs] s=EFXEAS Eof ubg,
A 8tA 9L Chloroform, ©T, A<,
Tl XYL Tolueneo] ©] & BIFS
ehlz g ¥wE 43, 4L
Benzene, Toluene, Xylene, Stylene©]
Bod FTEE 2R SE Qs
e} s axde Fddy] EAS
g7 MeAgL EAY7IEES HEh
3 e Ao = Fetdrk(Fig. b)
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W Styrene -

VOCs

Fig. 7. , composition
characteristics  between  domestic
cities.

Table 5. VOCs status of two industrial
complex by EPA, WHO guide line*

(unit : mg/m'’)

Substance EPA |WHO |Banwol |Sihwa

acrylonitrile 01 ] - 1003|004
chloroform 04 | - 1082|055
1,2-dichloroethane| 0.4 | 0.7 | 0.03 | ND
dichloromethane| 20 | 3 | ND | ND

1,3-butadiene | 0.04 | - | 0.01 | 0.01
benzene 1.0 = | ND.|. ND
TCE = 1 [001| ND
PCE = 5 1006 | ND
Toluene = 8 1012 | 0.03
styrene - |08 ]0.01]0.00

EPAS} WHOIA 7187 7tol=zt
Joz AAFL YT FA HUE
Ae =A4¥" HaFE(ppb)E 20T,
171 27404 mg/mE s
Bl H 9ktH(Table 5).
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A Study on Emissive Characteristics of Odor
Pollutants from Various Facilities

Yong-Ki Lee, Kyu-Seok Kim, Jong-Mu Won, Jong-Bo Kim, Se-Kwang
Kim, Woong—-Soo Kim, Jae-In Yoo, Chan-Won Hwang, Jung-Sik Woo,
Ki-Jong Lee, II-Seok Song, Jae-Sung Lee, Joo-Yeol Kim

Atmospheric Chemistry Team, Industrial Air Team

Abstract : Public concern over odor emitted from various source is

increasing. But facilities which produced odorous compounds didn’t maintain
properly. This is no easy task as response to odorous compound is subjective
and researches which identified odorous components emitted from various
source are lack, also it is difficult to relate analytical measurements to the
odor intensity as perceived by human observer.
To solve this problem, this paper identified components of odorous compounds
from emission source, outlet and border of emission source and estimated
odor intensity which corresponds to concentration odor in outlet and source.
Also it evaluated that odor intensity is reasonable to use of regulatory
standard.

The results obtained were as follows :

Dimethyl Sulfide among odorous sulfurous compounds showed high level in
all pollution sources. Odorous sulfurous compound was emitted the highest
level in the food manufacturing.

The concentration of each component obtained from instrumental analysis.
Each excess rate of permission level in the outlet and border of emission
source showed 0.8, 2.3%. Excess rate of odorous intensity was 4.0% in border
of emission source.

Among of Odorous VOCs, Toluene was dominated in all facilities, exception of
Automobile manufacturing. The highest concentration of toluene was 15 times the

ambient concentration of Toluene. In automobile manufacturing, Xyrene was dominated
and showed 0.25ppm
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Table 1. Categories of investigation

and analytes

Categories No
Food 2
Food & etc Perfume 1
manufacturing Feed 1
Etc 3
Inorganic Chemical| 2
Chemical Chemical Textile 1
manufacturing Synthetic Resin 2
Etc 1
Artifical Leather 1
Leather & Paper thea
. Leather 2
manufacturing
Paper 1
Automobile part Automobile parts | 1
Manufacturing manufacturing 3
Waste Treatment& | Waste Treatment | 2
Sewage Treatment |Sewage Treatment| 2
Total 25
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g% Ame WHE AWy A4 @

] Canister Auto CleanerE o]&
5~83 Ax AAY F YEAHE
100 mm Torreldte] AFFHE A
stal AFHAFANA ValvedE 7131
Grap Samplest= A& 9302 349
o A3 AFAA AAS dHAFE
7b Adigta AdEHE AR RAA
At AXFTH v FLPNE F
Aszst M4 =& 9Ad, a9
Ao RE wWEEHE GFHEH
HAANEE FHst WEdHE FE
O

T 3AHLE I

FA M8 As 2

A o7 Alm Fo FuFeR &
Aste AHAGEES EAo] Lol
9= Markes Inc.7} #A|Z&UNITY €
&2 7] (Thermal desorber)®t 7}~ &
w7l (Air server)’l ZTE GE3 A
2% (Thermal Desorption Unit; TDU)
< B8 & AT Alr severg
EFota] F&o] o]F0z AEE 330C
9 o Fe o] o] FolX
i, olgA gFo] olFqx AlEE
2 W RoA tal GCO Column
TR UNITYE °] &3 A
x A

VARIANALS] Saturn 2200 GC/MSA]|
28-.g 2289 on Sulfer 33ES

Gas chromatography with Pulsed
Flame Photometric Detector
(GC-PFPD, Model: VARIAN
CP-3800)& Z-&atith. EAd A&
g 71719 218 #3 9 49 gt

I A Y s

L A EAY R 4952 oA

= =
=54

7b. 3 E MEEA
S e a= e P R R
gdAdEZd=E AAHY e
dES AIGAEE WiEEHE =
A7 dFod WMEHAE BT
71 #ol 2
Dimethyl Sulfide(DMS) 2 &5
532ppm& YEFHI thE-o] Dimethyl
Disulfide(DMDS) = 0.346ppme] ™,
H:S¢+ Methyl Mercaptan(MM)&  j

2~ e
BEE TE ¥ TEE R

Table 2. Operating condition of

UNITY
Model MARI,(ES
TDU & Air server
S li
arr'1p ne 25 mé/min x 4 min
Time
Cold trap low : -15C high :
Temp 280°C
Hold Time 5.0 min
~ 1 10.0 m¢/min(10:1 split
Outlet split .
ratio)
Flow path .
1007C
Temp
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Table 3. Operating condition of 3
=
=

%] =
GC/PFPD = Aoz I dHA ok ol
NERLE B DMSE AT
Model VARIAN CP-3800 FRE A= 3 a2 23y

Detector PEPD A" (global atmospheric sulfur cycle)
of FF2 AES gists Aew &

i, kA DMSs s o
Carrier Gas He 1.0 mé/min 713183 e ApFEe Z1AEA

Column CP-5(60mx0.25 mx1.0 pm)

Air-1 Flow Rate 17 mi/min e Awshed 9"10‘]/‘15’ 7+ 71

29l dEdg st AxE LA gl

Air-2 Flow Rate 10 mé/min E]-‘” QrEes & AnTAzYo|

Hz Flow Rate 13 wé/min 1 L AEFEE HYoew, &

Oven Temp | 60TG min-10C/min-zo0c  °1 A FEAZAIA, A5 =

FolAz 7Ed, HAEAYY &0l

Detector Temp e Atk AN FaAFEY WEFYL

EE Mg w27 w2 ol 34

A7 G389 #d F FFEE FANA A, o] WiEF, FAL &£o)A

%, 53 DMS$}t 22 IFEL 3¢ oy @R YG wWiETY FEIF &

o TYAEoRFE HAFH, HY < X2 FAHA AR 2LFE AN

AA R ok WMAAAMY A& &o

Table 4. Operating condition of o @AY oy FEAA AYAA

GC/MSD < 93 JE Aoz AEHUL

S B HAYo| Y v ETFoME HEH

Model Saturn 2200 GC/MS A ot RAAAMANAN HEHE

Detector MSD AL F9 5Ty B A 9%

Cp5 S BHe Aoz AdHH, wgIfA F

Column (60 mx025 smx1.0 (m) AAY ZFe AT EZHAGAAN F

Carrier Gas He 10 mt/min AL AdETEE AATIEL

60C 2 431 e v wE387

Oven Tem |5 min)-10t/min-200c  E€ A Y Ansior @ Aoz

Detector Temp 220°C dedEt. £ dTeM z2AE 3t

Ionization mode EI' 29 WiEss=e BAEALD 2 W

Ionization 70 ev EToAe] wEEAEdE H1% 19 1
energy R ™2 YT

Source Temp 250°C
MS Scan range 50~300 amu Y. gaa §713832(VOCs)Y Wl
54
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Table 5. Emission characteristics of odor pollutants from various

facilities
Type SITE s CHs-H DMS DMDS TOLU XYLE STYR
Border 14.0+17.3 0.0£0.0 399.4+823.9 4.0£9.6 108.7+135.6 42455 1.2+0.2
Food Emission | 77.5¢117.2 0.0£0.0 744.4+1316 210.4+330.5 340.84523.2 24124 9.8+0.1
Stack 5261460 11.2£4.8 322.5+605.2 162.5+294.7 118.0£100.8 26123 94151
Border 0602 0.020.0 0.6+0.2 44%6.3 54.8+44.6 6.945.0 42128
Leather &
Emission 24.3£1.0 195+15 1.7¢14 4.626.4 1348.0+2067 17.1220.5 2.0£05
Paper
D Stack 39.62454 3518 6183 77+10.8 203542777 56.9:81.8 1.9+0.3
. Border 0905 0.0£0.0 1107 1.7+0.8 2325+852.6 6.2152 2.1#05
Chemical
Emission 1.6+1.7 1.5+0.6 1.2£1.1 6.016.1 3219.746489 | 835.7+918.7 61.94548
Products
Stack 0.7+0.5 0.7£0.1 1.4+0.8 712113 1717242881 | 310.6+624.3 47162
. Border 0.0:0.0 0.0£0.0 5.3+8.0 59+6.3 69.9180.8 16.0£154 3.0£0.0
Automobile
Emission 0.0£0.0 0.0£0.0 64196 0.8+0.3 1150.4+1735 | 1754.6+2295 35.8452.2
Parts
Stack 0.0£0.0 0.0£0.0 9.0+11.1 1.1205 1949.4+2552 | 2464.2+2384 68.3£49.6
Waste Border 0.4+0.2 0.3£0.2 3.316.5 1.1+0.9 100.6+130.9 43114 0.0£0.0
treatment | Emission | 03301 0.7£0.5 21.8+28.8 1.7¢1.2 2728843516 | 233.4233.1 80.8+70.5
Stack 0.40.2 0.4x0.0 5.04.1 15¢1.1 157.7+¢220.2 58164 2408
& Other
Mean + SD
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Table 6. Odor concentration of
odor pollutants from
various facilities
H,S |CH3SH| DMS | DMDS | TOLU| XYL [STYR
Food 30| 26 | 67 | =1 | 1 0 0
It & ol onl e b gl am e ]
Paper
Chemical
Products 2 13 1 14 32 42 1
Automobile 0 0 10 1 18 16 4
Parts
Waste
treatment &| 2 7 5 1 2 0 0
Other
‘ Errission 1
| |
: VS
06%
DVDS
02%

Fig 3. Distribution characteristic
of odor concentration from

the source
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Table 7. Ordor concentration of
sulfur compounds from

various facilities(Border)

H»S |CH3SH | DMS |DMDS
Food 240 0 333 8
Leather & Paper 5 0 0 3
Chemical Products 15 0 0 1
Automobile Parts 0 0 2 )
‘g:z:;e treatment & i 106 9 .
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The Removal of Phosphorus in Sewage by

Bioelectrochemical Reaction

Seung -Seok Chei, Yang—-Hee Chei,Yeon-kook Sung,Cheon-hwan Oh,
Ji-Young Kyung, Moon-Jeong Kim, Tae-Young Kim, Song—-Hee Han
and Young-ho Jang

Water Quality Conservation Team

Abstract : A pilot scale aluminum electrochemical reaction coupled with a
HBC process for removal of phosphorus in sewage achieved the stable
effluent, less than 2.0mg/L and 49.4% removal rate of phosphorus. In case
of SS, the coupled process had the better removal rate. 3.3% for a residual
soluble Al"™ than the HBC process alone.

Because the organic and nitrogen contained in SS were also removed with
SS, the removal rate of these immproved by 7.9% and 16.3% respectively.
The electrochemical reactor was operated with SS concentration below
20mg/L. and the formations of hydrated metals such as Al(OH); were
inhibited by installing the reactor in a reactor having low alkalinity for an
enough nitrification to maintain Al/P in 0.8-2.0 range.

The formation of oxidation film was prevented by installing an electrode
conversion device and decreasing a replacement interval of aluminium by 2
times.

Key words : Hanging Bio-Contactor(HBC)
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Table 1. Analytical methods for target
items

Items Analytical Methods
COD KMnOs Method

BOD Winkler's azide modification
SS Filteration Method
T-N 1V absorption

T-P ascorbic reduction Method
Alkalinity Standard Method
Aluminium 1cP

1. 47153 35 o] &3 A AA
1.1 &7vE 254 92 Ad4A

HBC #HZEAE °l
AGAAL AHEHN 2 AA &
o] 5-10%8 1, GAEHA THY
= 10-25%AH =olt}.  o]A
Hol A& T Bl &7
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Table 2. Characterstics of aluminium
electrochemical treatment

Alz %= (A& ALH
(mg/L) (g) (g)

4(0.2) 4.46 2261 22.38
6(0.4) 8.37 42.43 4477
8(1.0) 18.10 91.76 111.93

V(A)

[e)
of mAEAAA AT Zow

e o

HE HolF3 9t
Table 3. Al/P reaction ratio

TP Al/P

A WFT| ratio

V(A) | Al eff

402y 12 | 657 | 237 | 077

6(0.4) | 3.1 717 | 048 0.78

8(1.00| 46 | 702 | 037 | 2.06

Table 3.2] Al/P®] EWi7} 10]3l=

1.2 &Fvw A7128 AAA 5

Bench TR ¥H87] d3A¥ A

Pilot ®¥H871(30&/4)e] Ax%
o

oo ™ ook

[=)
T8 AAARE Table 49 Zo}.

Table 4. Design factors of electroche
mical treatment

Design factor value | range
9 F(m*/day) 30 -
9 FJds=(mg/L)| 5 4-6
& FUsEmg/L)! 15 [70%AA
AFH=(mA/cm) 3 3-6
Al/P ratio 5 3-6

15,500 -

#+ FA(Kg) 254 -

A=
A7 2AF7(day)| 654 |50%AHE

A= 174 3z ~
(180cm*47cm)

e AFEA) 9.3 -
44 F o BE7) Sme/lolm AE
A THFT AATE ddEHE O FE
& Img/L20%A )= 7H88 H4 A
7188t wrgo @ AAKE ¢ F=
= 25mg/L(75g/day)®  AFFET.
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oK e flr

- 75 -



$9¢ FYHH, $39 AYRT B
ste] WABAPOFEE P43t o

Removal characteristic of phosphorus in electrochemical
treatment
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A study on the Characteristics of Distribution pollutants in Soil of
Gyonggi—do Area

yong—chul Park - bo-yeun Kweon - bog—joon Kim - yong-soo Bae - han-su
Leem - chae-kook Lim - gyun—-hee Kim
Soil Analysis Team

Abstract : This study was carried out to investigate the actual pollution
state in soil of Gyonggi province. A total of 1,036 samples of 165 sites was
collected and analyzed. The results obtained were as follows :

The content of Pb, and Cu showed a wide range concentration. Comparing of
Ministry of Environment data [express in mg/kg @ Cu:3.8, Pb:6.0] which was
investigated from 1998 year to 2002year in soil pollution, the content of Cu and
Pb [express in mg/kg :Cu:4.4, Pb:4.0] of this study showed similar range.

The PI (Pollution Index) suggested by Kloke is applicable to soil pollution
limit, most of the sample was shown PI<1. But the industrial Complex area
was PI=22.9, 175 and 6.2, it is necessary to remediate the industrial Complex
area as soon as possible.

Distribution Pb and Cu concentration according to depth of soil was
investigated.

In case of industrial area, Cu and Pb showed 60.1mg/kg, 39.8mg/keg in top layer
soil and 29.2mg/kg, 24mg/kg, in depth of soil. Most of concentration Cu and pb in
top layer soil is higher than depth of soil.

There were performed relationship between Cu : Pb, Ni : Zn. Because it is
considered that Cu and Pb coexisted in polluted soil, correlation coefficient
between Cu and pb showed high (R : 0.932)

These results show that the concentration of Heavy metal in soil is tending
downward. But especially it is necessary to maintain pollution source in the
area which exceeded the Environment regulation

Key words : soil. heavy metal, pollution source, pollution index(PI),
depth of soil
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A 9 lﬂ%& FHEYG =58 3t ¥ HAEE A HotdgF UEFH
989 Egodd @ iAol A EFedd £E5L AF2A EAF
o} 19969 1 J—‘?*Eﬂ EYSAdn Ay = 29X4% ( PI - pollution index)
of AlgiEe] wet 7 o] guE o] 2 o4dedE A% do] EX ALE
219z Eged *H7Es 27 24 2 383 ol&S VddH, ¢
g A Gl disiae AldEE, 29 A oY PeE By FAtn 22
EFAAAY 5L B oW Adz  5AKGE A9 die gddel o
EAses FAAE 7 JA HA g 2R E B 2do Y
ol EATFAMNE ZU AIHFES E HoE AAsY odd F55 94
Fedadd 2 §xd=E B39 £ ARAFE 24} AT
Table 1. soil pollution level of the Environmental Protection Law”
unit : mg/kg
standard of | Standard of
soil me_asures.l
pollutant | pollution c%%l%lalr’lr?igla?:%n remark
I o 1 I
1. 1T Area : farm field paddy field
gi 152 2(1)3 12;1 588 orchard stock farm land forest land
A 6 20 15 50 a site of school a site of stream, water
HS 4 16 10 0 supply park physical training site
Pt% 100 400l 300! 1000 recreation ground religious area
't 4 12 10 20 historical site
7n 300 &800| 700| 2000 .
. 2. O Area : factory area road rail
Ni 40 160! 100| 400 road area
F 400 800; 800| 2000
Ség 1? :i(Z) : SE) 3. In case of inclusion following items, it
CN ol 190 5| 300 should be applicable Concern criterion.
Phenol 4 20 10 50 (1) In case of emplacement soil pollutant
Oeirll source facilities.
_BTEX I 1 200 (2) In case of causing soil pollution
TPH | 2000 | 5000 accident by PCB or oil in I the area.
TCE sl a0 20 100 (3) Exception of 1 the area., in case of
PCE a2 100 60 occurring soil pollution accident.
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Table 2. No. of Sample according to pollution sources.

Inflow | Collection | Incinerati )
Factory Area of |Industria
area of | area of on .
and Traffic | popular 1 Play
Item | Factory | raw ore | area of Total
industry : area compla | complex |ground
waste & iron Waste )
area ] -int area
water scrap | & landfill
sitel 54 10 5 21 28 5 32 10 165
no. (486) (90) (15) (189) (84) (45) (96) (30) |(1035)

() Including of sampling No. according to depth of sampling site.

I =A13

21
=

oy

(Macro-Core Sampler-MC)< ©] &3}

1. ZAHAH A3 2 AH

Geoprobe
System o] &3}
AARE 72+ A9 3IAAHE FEO ~
Im), TE0 ~ 2m), AE(@2 ~ 3mo]d)

of &m 2o (Vinyl Liner)oll A3 3}
Aod, AFH Al5Ee @FdA ELL
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Table 3. A kind of equipment and Experimental condition of the equipment

Production
Equipment company Specification Analytes
and Model
-40MHz free running RF generator
ICP Perkin-Elmer  |-0.007nm resolusion Pb,Cu,Cr,Cd
optima-3000 |~Demountable design quick change|Ni,Zn
torch module
v Beckman —uv/vis dual systgm FCN
Du-70 —symultaneous mirror system
A g 11l e n tl control of seven heated zones TCE,PCE, T
GC G C689 0N ,-two channel of singlecolumn baseline|PHBTEX,P
Tekmar XPT |~built-in diagnostics and self test henol
Perkin-Elmer —grating . 1800lines/236~597nm
AA —-grating area @ 64%72mm Hg,As
AA-800 —-Automic 8-lamp selection
Mettler -Omv *35mv
pH meter Toledo 340 —probe slope : 90~100% pH
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the concentration of heavy metal in pollution source I

Fig. 3. The concentration of Heavy Metal in pollution source
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Table 4. The concentration of Heavy Metal in pollution source

unit : mg/kg
pollution sources limit | €d | Cu | As | Hg | Pb | Cr® | Ni | Zn
Factory and industry max 1.915 |871.500] 1.217 | 1.293 |680.500| 3.160 | 51.000 |11426.7
min ND | ND | ND | ND | ND | ND | ND | 0.039
ared ave | 0.030 | 19163 | 0.077 | 0.045 | 14.820 | 0.082 | 11753 | 223.17
Inflow area of Factory | 12X ND | 7580 | 1796 | 1.646 | 5550 | 1.265 | 30567 | 119.73
min ND | ND | ND | ND | ND | ND | 0024 | 0211
wastewater ave | ND | 1936 | 0184 | 0086 | 1997 | 0.040 | 11.760 | 42.762
Collection area of raw |_MaX ND | 5060 | 0551 | 0006 | 9245 | ND - -
. min ND | 1.000 | 0044 | ND | 0930 | ND - -
ore & iron scrap ave ND | 2378 | 0225 | 0001 | 3932 | ND - -
Incineration max | 0.800 | 23.900 | 0.885 | 0035 | 25315 | ND | 10033 | 1684
area of Waste & min ND ND | 0014 | ND ND | ND | 0002 | 0018
landfill ave |0.015| 3312 | 0136 | 0010 | 3032 | ND | 33572 | 45.372
max ND | 12430 | 4205 | 0.009 | 11785 | ND - -
Traffic area min ND ND | 0014 | ND | ND | ND - -
ave ND | 2187 | 0307 | 0001 | 2093 | ND - -
Area of popular max ND | 8700 | 0405 | 0092 | 4925 | ND | 38333 | 79.600
. min ND | ND | ND | 0003 | ND | ND | 001l | 0.101
complaint ave ND | 2075 | 0121 | 0027 | 2016 | ND | 16041 | 2279
max ND | 34240 | 4920 | 0.082 | 16670 | ND | 40000 | 1079
Industrial complex area| min ND ND ND | ND ND | ND | 0002 | 0.009
ave ND | 1.975 | 0219 | 0009 | 3032 | ND | 11757 | 44.146
max ND | 4220 | 0561 | 0002 | 3340 | ND - -
Playground min ND | 0295 | 0017 | ND ND | ND - -
ave ND | 1.827 | 0182 | ND | 1.295 | ND - -
max | 1.915 |871.500| 4.920 | 1646 |680.500| 3.160 |100.333|11426.7
Total min ND | ND | ND | ND | ND | ND | ND | 0.009
ave | 0.006 | 4357 | 0.181 | 0026 | 4.027 | 0.015 | 10610 | 47.280
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Fig. 6. Realationship between Cu and Pb
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relationship between Zn and Ni
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The efficient uses of domestic water purifiers

Eun-Ah Kim, Jong-Su Kim, IlII-Woo Choi, Sang-Hoon Kim,
Phil-Kweon Choi, Tae~Hyun Kim, Kyong—-Hee Lee, Soo-Moon Lee and

Hyoung-Soong Shin

Environmental Task Force Team

Abstract - This study was to provide efficient ways of uses and
maintenances of domestic water purifiers, such as choosing proper water
purifier with water quality, preventing microbial contamination and dealing with
leaking substances with changing a filter by finding out the water quality
characteristics according to purification methods.

While an ultra filtration type, which removes turbidity and chlorination
by-products, was for tap water, a reverse osmosis filter type, which can
remove nitrate-nitrogen and heavy metals, was for contaminated groundwater.

An overall disinfection of purifier including tank and line was required for
the microbial contamination of itself, and through flushing was necessary for
the reuse after disinfection.

It is necessary to set up the effective purification water amount for the
timely filter replacement because ammonium-nitrogen would be generated when
the filter were being used without change. Moreover, it was desirable to wash
the filter to prevent certain substances from leaking when installing a new
filter.

Key word : water purifier, ultra filtration type, reverse osmosis filter type,
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Fig 1. Schematic diagram of the water purifier.
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Table 1. Water quality of before and

after the water purifier with
purification methods.
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Itemn Water U/F R/O
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turbidity | 0.25~0.61 ] 0.06~0.25 | 0.06~0.14
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setel £3 A-F9 Aol7t g,
GAF g AL F=ol 0001 m
2 Al A i AAHE A
°2 YEyt
ZUAFES A AABANT T
F Ee RBOE AR Faz Astel
Al AA He ALoE HoHW H
ARG YA GRS B AA
7V AR g2 AR AA &30t )
of F3A MAuT FUARE ¥
%7l 2 gass Aoz yehid

- 96 -



04 ~1.7 mg/ 24 o1},

/4 2 e

Ar

W
W
s

Ao] 7}

o3
T

3 -

H

W

FAA

=
o

2. BT Aol o

= ZA HA.

el A o

sy
e
4
&
o
o))
o

AAr
Ko

(

g

&

Gl

T

Table 2= 2003

s

=k

TEAM A2 0.02~0.38 mg/ 4,

oA 0.04~078 mg/ ¢ 2 A

il

B OEr
o o
]
W
ron
B
NS il
o .
_ %
mn ny
of &
i)
T
o]
o) nr
A
o
=
by
=
o
™
No =5
s 2
<
mmO 5
o W
)
I
i

bl A+ H

S

_?4

=
=

7
s Fol

i+

A THMse
HAAs 00116~

shol

53}

EdE
0.054~0.089 mg/ 2,

e

23z &

ki3

=2
=

Aol A%5A
D]-QE]— 4),15)

E 0~

& o]

0.007 mg/¢, DCAN 0.013~0.026 mg/

eRY

0.0278 mg/ 7,

i
iR

)

BN
—tee

A

a7t

5 2ZR4E AA

X

e

FrTslolmgo)E,
A ¢kgkal, THMsS
0.002~0.016 mg/ ¢ = 80%°)A A7 =

HAAs,

o]

Z 3} Table 33%

6{1.

=
ES

2 AFHasE 4

=
=

DCANZ A

]

Table 2. Water quality status from
water purifier surveyed in the 2003

Elo ofsf i A

53]
=

H T #4d

3

of mg

-

4

of
o

WA} ol%o]2

Sl

X

7]

i S
| © W
S
= w
B | w =
B R s
7 s
uT .x.mo
L 3
T g8
= | S8
o >
ot )
R
o+ w - g
I
A mﬁ ©
~ i
+ 5 -
o N
0| RS
hs AR
w%o ™N
A CRENGS
2y B oo w
= B <
= A By
=~
o BRI
w o ¥
. —
Wo i zﬂ 3
e
TR W
T ® o R
T a <
oo F
Mmoo W de
M e

ol
=y

- 97 -



A2EGFE g8 AERAES YW= Aoz Atgdrt.
EFAVIEE st 52 AL
W, 254 At 9 A 42 V&S . A47] A4 F Filter: Q% &
Z33 $87t Joenz Ak F 33 4 w3}
ol Aol Hastw, ojistgivt
AFERAES HE HAA AAse A A7) AHE F HEHE Q3 53
o2 ZAF A, W3E YolR7] $E 4,600 7R A
A7l A 29 2As 9ed] 2 T A3 AHRE AA F A THEA
B mAves: 2R3 Eiu H4 30002 7€ HFdA HEHA &+
T AAHA & FEYold ALt HEel HIl AF

il

ARAH, 457 S9rh Ry Aae) ML
= $R4 BHl FAE §7]2]

waHe] A4dEHE Aoz eyt

P

32,

e

i

=]l

O~

)

N

=

(T

Rl

2

e

ok ok
P

Table 3. Change of by-product concentration with the disinfection chemicals
and number of the flushing times.

(F9mg/2)

ES A£ERA4E| CHC | THMs | HAAs | DCAN | DBAN | DBCP | /44

FEFAZ| 00240 | 00315 0.0570 0.0060 | 0.0022 | 0.0003 7.98

Asto)anery | 1A | 00045 | 00045 ND | 00009 | 00011 | 00003 | 0.2

PHEE | omaa | 00043 | 00043 | ND | 00008 | 00003 | ND 022

33 A 0.0043 0.0043 ND ND ND ND ND

FEFQZE| 00210 | 00310 0.0120 0.0027 | 0.0044 | 0.0002 9.87

Rpoped At 1844 | 00079 | 00130 | 00410 | 0.0015 | 0.0007 ND 2.02
JEF s

28|43 | 00066 | 0.0066 ND 0.0010 | 0.0003 ND 0.11

338 A5 ND 0.0042 ND ND ND ND ND

FEHEFYF| 00120 | 0.0160 0.0080 0.0009 | 0.0004 | 0.0001 1.98

1344 00053 | 00053 | 00113 | 00009 | 0.0002 ND ND
oliksl g &

2343 | 00044 | 0.0044 0.0043 | 0.0004 ND ND ND

3343 | 00043 | 0.0043 ND ND ND ND ND

*FEFUAF Ftol Aot EAEFS0% = 0.6g
ot I DAV EF 12%E % 2ml
o) A+ 3+ A 14% 2mb
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A Study on the Polychlorinated Dibenzo-p-Dioxins and Dibenzofurans

in the Atmosphere of Gyeonggi-do, Korea

Dong-Gi Kim, Yoon-Ki Min, Jong-Seng Kim, Ju-Yong Jeong,

Jin-Kyoung Lee, Gu Hwan Kim, Joo-Yeol Kim

Environmental Research Team

Abstract : This study was carried out to investigate and evaluate the concentration level,

the distribution characteristics of PCDDs/Fs and the correlation analysis between PCDDs/Fs

and common air pollutants in the atmosphere for the categorical area such as residential,

commercial and industrial area.

The mean concentrations of PCDDs/Fs in Gyeonggi-do ambient air according to the

categorical sites were found to be 13.51 pg/m'( 0.49 pg-TEQ/m’) for residential , 8.07
pg/m'(0.34 pg-TEQ/m’) for commercial and 34.61 pg/m'(1.14pg-TEQ/m’) for industrial

area. The distribution characteristics of the isomers by hierarchial cluster analysis(HCA)

showed two patterns at about 0.5 of R-square. The distribution characteristics of the target sites

were classified by two patterns of fall & winter and spring, and summer showed the

simularity with the two patterns.

Key Words: PCDDs/Fs, atmosphere, concentration, hierarchial cluster analysis(HCA)

I. INTRODUSTION

The polychlorinated dibenzoprdioxins(PCDDs)
and dibenzofurans(PCDFs) are being
released mto atmosphere from various
emission sources such as waste incinerators,
chemical facilities and fossil fuel etc.
Gyeonggi-do, 10.2%(10,184 km’) of South
Korea area, has 10 million populations,
7,800 air pollution exhaust facilities(Jan.

2001), and 2.5 million

vehicles, and thus many air pollutants have
been released mnto the atmosphere in
Gyeonggi-do. However the monitoring of
PCDDs/Fs 1n atmosphere air has been
started in Gyeonggi-do recently. This study
was carried out to investigate and evaluate
the concentration level and the distribution
characteristics of PCDDs/Fs 1 the
atmosphere for the categorical area such as

residential, commercial and industrial area.
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II. METHOD AND MATERIALS

1. Sampling sites and sample collection

Three sites(S-1, S-2, S-3) in Gyeonggi-do
were selected as the sampling sites.

Samples were also collected from
residential(S-1),  commercial(S-2) and
mndustrial(S-3) areas m the city. The
mformation related to each sampling site is
described in Figure 1. Ambient air samples
were collected approximately 1,800
m'/sample (suction flow rate; 320 L / min)
for each sampling period(96 hrs) and were
collected once per month between August
2001 and July 2002 using a high volume air
sampler. with polyurethane foam (PUF)

plug (HV-1000F, SIBATA, JAPAN).

S-1(residential area, over one million persons)

S-2(commercial area, 0.6 million persons)
S-3(industrial area, 0.63 million persons)
Fig. 1. Geographical situation of the study

area.

2. Experimental Procedures

The sample analysis was performed
according to the modified US EPA method
1613"2. Glass fiber filters and PUF plugs
were extracted for 24 hrs with soxhlet by
600 ml of toluene. Sample clean up was
performed with disposable silica gel

- aluminum oxide column(FMS, USA)
continuous clean up according to HPLC
column clean up method®’. The samples
were analyzed for 2,3,7 8-substituted
congener usmg a HRGC/HRMS on GC
8000 series(Fisons Instruments, Italy)
equipped with a CTC 200S auto sampler
and coupled to an Autospec Ultima
Mass Spectrometer

(Micromass, UK). SP2331 column(60 m,
0.32 mm LD, 025 ¢m film thinkness,
Supelco) was used for analyzing the
samples. In this analysis, The average
recovery rate was 86%(65 ~ 108%) for each

internal standard.

. RESULT AND DISCUSSION

1. The concentration of PCDDs/Fs in

atmospheric air

PCDDs/Fs concentrations in atmosphere air

samples were given in Table 1.
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Table 1. Summary of PCDDs/Fs conc. of atmosphere air by the categorical sites.

. S 1 S 2 S 3 Average

Seasons / Periods S T TE e/ T TE b/ 1 TE pe/m' 1 TEQ
Summer 2001.08 1.78 0.13 0.77 0.05 5.70 0.31 2.75 0.17
2001.09 9.27 0.29 9.25 0.21 24.23 0.66 14.25 0.39
Fall 2001.10 20.13 0.73 8.67 0.30 63.24 .77 30.68 0.93
2001.11 19.10 0.94 16.09 0.93 24.13 0.90 19.77 0.92
Average 16.17 0.65 11.34 0.48 37.20 1.11 21.57 0.75
2001.12 6.28 0.43 5.24 041 4.26 0.24 5.26 0.36
Winter 2002.01 6.96 0.41 3.99 0.25 28.33 1.45 13.09 0.70
2002.02 68.91 1.76 25.98 0.83 87.17 2.48 60.68 1.69
Average 27.38 0.87 11.74 0.50 39.92 1.39 26.34 0.92
2002.03 6.82 0.22 9.11 0.36 58.01 2.27 24.65 0.95
Spring 2002.04 7.16 0.32 4.51 0.18 1743 0.70 9.70 0.40
2002.05 6.99 0.25 5.82 0.24 65.30 1.51 26.04 0.67
Average 6.99 0.26 6.48 0.26 46.91 1.49 20.13 0.67
2002.06 7.10 0.28 5.41 0.23 26.68 0.99 13.06 0.50

Summer
2002.07 1.68 0.05 2.03 0.09 10.91 0.42 4.87 0.19
Average 3.52 0.15 2.74 0.12 14.43 0.57 6.89 0.29
Average(year) 13.51 0.49 8.02 0.34 34.61 1.14 18.73 0.66

Reference concentration for ambient air : 1.39 pg/m’(n=4)

The mean concentrations of PCDDs/Fs in
Gyeonggi-do ambient air according to the
categorical sites were found to be 13.51
pg/m’'( 0.49 pg-TEQ/m’) for residential, 8.07
pg/m'(0.34 pg"TEQ/m’) for commercial

and 34.61 pg/m’ (1.14pg-TEQ/m’) for
mdustrial area. PCDFs to
PCDDs ratio was 0.7 to 0.3, and the

In general,

concentrations of PCDFs were over two
times higher than those of PCDDs. The
seasonal concentrations were found to be
0.67 pg-TEQ/m' for spring, 0.29 pg-TEQ/m’
for summer, 0.75 pg-TEQ/m' for fall and
092 pgTEQ/m the

for winter, so

concentration of winter showed over

three times higher than that of summer.

In seasonal isomer distribution variaion,
PCDFs showed higher concentration than
PCDDs, and high chlorinated OCDEF, and

1,2,3,4,6,7,8-HpCDF of PCDFs were
especially high.

2. The characteristics distribution of
PCDDs/Fs in atmospheric air

For the understanding of PCDDs/Fs isomer
distribution, the data normalization by
relative concentration comparison method
of 23,78 and

substituted isomers,

hierarchial cluster analysis(HCA)4 was
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and multivariate statistical
by SAS

statistical package (8e, SAS institute, USA).

executed,

analysis was accomplished

The data normalization and hierarchial
cluster analysis(HCA) were conducted to
identify the characteristics of 1somer
distribution of the target sites by months.
The data normalization was carried out by

equation (1).

2,3,7,8 = TCDD(or TCDF)
Total conc. of 2,3,7,8 — substituted PCDDs/DFs

through

QCDD(or OCDF)
Total cone. of 2,3, 7,8 — substituted PCDDs/DFs --(1)

The result of HCA for atmospheric air

samples(n=36) was shown Figure 2.

The distribution characteristics of the

1SOmers by hierarchial cluster
analysis(HCA) showed two patterns at
about 0.5 of R-square. The 47%(n=17) and
53%(n=19) of total samples(n=36) showed
the distribution characteristics of Figure 3
and Fig. 4 respectively. By the seasonal
characteristics, spring zero, summer 4, fall
6 and wmter 7 times showed the
distribution characteristics of Figure 3(3-1),
and spring 9, summer 5, fall 3 and winter 2 times
showed the distribution characteristics of Fig.
4(4-1). Thus, the distribution characteristics
of the target sites were classified by two
patterns of fall & winter and spring, and

summer showed the similarity with the two

patterns.
0.5} semi-Partial
0.4 R-Squared
0.3
0.2
0.1 . |
i 1 I
O-Oq.-cf—lrﬁ.-lq—b-.lr':lcl—g—lrl.r"b-.r"r:l—. =S §
SSS585S5S8S8S5S558S5S5558538358538S8S 55855385888
11223821322729123212333523 6111141213
3536 42201 2 065 4934 80 7568 1791
Name of Observation or Cluster
Site Periodl 02 01102.02]02.03{02.04 ]02.05 [02.06 ] 02.07{01.08{01.09]01.t0}01.11}01.12
Site~1 S—1 S21S3|S84|S5]|86]S7]|S58]S9|sS-10)sS-111S-12
Site—2 S—-13]S-14§S-15}S-16 | S-17 | 8-18|S-19|S-20]S-21{S5-22}S-23}8-24
Site~3 {8-2518-26]5-27|5-28|5-29|5-30|S-31|5-32|S5-33]5-34|S-35]5-36

Fig. 2. The result of HCA for atmospheric air samples(n=36)
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Fig. 4. The isomer profile which is in the right side HCA results in samples(n=19)

3. The correlation PCDDs/Fs concentration

versus common air pollutants.

Table 2 represents the results of correlation
analysis between PCDDs/Fs and common
air pollutants such as CO, SO2, NO, NO2,
NOx and PM10.

The common air pollutants were sampled in
the same period with the PCDDs/Fs
sampling and correlation analysis was
accomplished by S-Link statistical package
(Base, S-Link co., Ltd, KOREA) at 0.05 of

significance level.

In the -correlation of PCDDs/Fs and
common air pollutants, Site-1 showed the
0.6 of correlation coefficient between
4,5-Ds/Fs and common air pollutants of
CO, SO2, NO, NO2 and NOx except
PM10, and Site2 which had the highest
concentration of air pollutants showed the
0.7 of correlation coefficient between
4,5,6,7-Ds/Fs and common air pollutants
because Site-2 was located at inland and had
a stagnated air system. However Site3

which had high PCDDs/Fs conc. but low air

pollutants conc. showed no correlation
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Table 2. Results of correlation analysis between PCDDs/Fs and common air pollutants in the

same sampling period.

(Average conc. of yr.)

Pollutants CcO SO2 03 NO NO2 NOx PM10 T PCDDs/
Sites (ppm) (ppm) (ppmy) (ppm) (ppm) (ppm) (ug/m’) Fs(pg/m’)
0.935 0.007 0.021 0.034 0.035 0.071 94.47
2.
§1 P =055 ' P r=06 r=
(=12) F=06 r . 06 = 0.6 . =06 124 13.513

456D/F 4567DF 456DF  45DF

4,5D/F 4,5D/F

0.798 0.006 0.018 0.056
§2 £=08 =077 = =07

(n=12) e

0.032 0.088 4.7
=06 =07 =07 141 8.017

456TDF 4AS56TDF  456TDF 4567DF  45670F  4567DF  45670F

$3
0=12) - =
4.56,1DF

0.557 0.008 0.020 0.017

0.025 0.042 1239
12.8 34.614

* NOTE : 0.6 shows correlation coefficient between 4,5-Ds/Fs and CO.

between PCDDs/Fs and common air
pollutants because Site-3 was located at

coastal area and had the diffused air system.
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Isolation and Identification of Pathogenic Bacteria from
Salads of Fast Food Restaurants.

Yong-Bae Park, Jeong-Bok Kang, Jung-Beom Kim, Jong-Chan kim

Microbiological Inspection Team

Abstract : On the purpose of epidemiological survey relate to food poisoning, a total
of 114 samples of different salads collected from fast food Restaurants in Gyeonggi-do
were for the presence of pathogenic mucroorgamsms. Microbial assessment of salads
revealed that TPC(1.1x10 ~ 8.4x10° CFU/g) and coliforms(0 ~ 5.4x10* CFU/g) exceeded
the standards by Solberg et al(TPC:10° CFU/g, coliforms:10* CFU/g).

Two pathogenic bacteria were 1solated from salad samples, and identified by
biochemical methods, including API identification systems.

Isolates from PALCAM agar and MYP agar media were in 98.6, 99.8% agreements
with Listeria monocytogenes, Bacillus cereus at the species level, respectively. All 7

strams of Bacillus cereus isolates produced enterotoxin as revealed with CRET-RPLA.

Key words: salad, pathogenic bacteria, identification, CRET-RPLA

g g4t FREY T2
& AAge g AU’
AdAtels IR AAGEH AHg AR S WEAA AHadde

2z7} Wt ulel o= B sle] 497 2 1980 5-H FES Frhet e
A7 BF B WA 2w o4y oIF

o AF S B W NFEZo A A EF = A (fast food restaurant)O]E}4)
Zoz AqEorA W AT A B e AF5E Aae 7 7HA
W7 9ot Wk FuEo) 94 AN &frE FAUE A=
o o&sE HEst "X =sEA H 7 FHT ool 7N3YF Frhekel weE

I.A

.
32
L
o
i

|

4 JFAZAE B Aol A

- 111 -



N

GAFs Bao] A
Rqoem, 2 FERE dFFHIL Ue
Zaj o)}

St F AFs FALA
A4E 200198 9374 64069 ©],
200239 &= 787 2980 #HxA7h
S A AT 20033 F 13570 &

_1

==

_{

Aste] F@AFE 7,909F Y &
WEAL, JaFAs, 240 1137
o 75718 AA s A, A
3 QAo mekd AFe] kR4
FAol AFAH EAR A WFHIL
pom oo g tH o] AFTE =
7tH AR wdsta T

Az AEZANAY FAZ wHozm
olate] AH|AE o Zﬂ%“ﬂ He a4

o

Z7hgel wah Q9
= Aze ﬁiﬁ}ﬂl =t

9
P32
al

HE oot )

o
do 2
fl

o 1
FOay Pﬂ
N
ik
32 oy Hu

lo

D

)

fu

>

i

fu

[T L N
>
(o3

N
N
ol

obAlFE ZdIA Fa,
w7, siA ZEpd, Al¥ F

AHEE BHEOA T SAFL X
st JFAZE sirh. ol
(ready-to-use) kAl H = |
g FAE AA del wAEE
Rom AFS kA AT

o
ok
o.}i rE oY
o wo my B

Proro
=
=
c

IoHT N ol
2 ke

g o7l A7le AFETE XFH
art”.
qFEe] okAlFeE EE IR
Aopz vYEo] FH&7| T3}
7] W ] AAZ B BTl
) .

e ok M B

cereus, Aeromonas hydrophila,

Yersinia entero- colitica,

Clostridium botulinum <& WA RHA

A AED Ao A dEE YAw
g wmed FA wE A AFE P44
Zold whgAsa St B3l x
Ae 4 Ak oo AF) FAH
Ao B Az gaslee] e
Hol e78x guk aYF 7)o

microbiology)8l FT&A°] dFHA
HAath HE £ v5# FH1E F
Aer ds U ATt o] F
AL ok ARG A Az
J8 g AUt AaHE HAE
HEAY 2 2EANFES dAlstod 4
Fo dAREFE Aulo o]27]|71A
o HA#AAF wgoug n A Eo] A
o] tisle] #3A RAE o]&g o=
F A7t byl Wi i AE
o #HY nAEY AEH 9F=H
7HQuantitative risk assessment)&
AT ArjLo FE FEor AAH
)
T AF tAANE FHE7H
X]:”]}Z]Q] dukd Ay 7ETe
2 R E35vh gEgA olE Hs]
A = A A 7| Eo.2A
HACCP(Hazard
control point) Al2=#e] melsle] &
BAola Bata e A AN 2
A E 7 ol 2Fot.
a3y HACCPS &dAvith o A3
Zl

30{

analysis critical

o SA FEG SR o]0l
F Rt BB} d=g WA

7y A zZtzrolsr HACCPo #3k 7
AaY ARl ¢Ho] ojf e A
27b B FygE e e 19909 o)
E°| HACCPE #&, dAse At
QA= Agpd oz Frhsigl oy S
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< A% 7z Ane &
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o
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30
f
it
B <Y
In
o o (m

=
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o
£
=2
&
Ae
Ao
>

D A AAY

A= 25 g & FoAoR Ao
Hadedds 225 m B 7hskd
stoma- cher(Bagmixer 400,
Interscience, USA)Z T2 &3 F A
HAegdoz 39

2) MAE AA

(1) $# 4 (Total plate count)
ANFgEde 10 G4 FHHA w}
gAste] 7} g H-g HF Petri dish
2ol 4z 1 W & RBF3T T Plate
Count agar (Difco, USA)E FwHo
2 EFEe] AgedAn wiAlE & &

Wz A7l wAE F
e wAS HAAZ
T A1) Petri dishe 35T 9
A A8AIZE Mk & 1) e 9 30~
300709} = (colony)s AHT BB

Yol g F AG5E AL

oft

(2) WA 4 (Coliforms)
ANdgds 1094 A wet
slAsto] Z+ s dS Petri dish 29

o ZAzZt 1 W ¥ O EF% ¥
Desoxycholate Lactose agar(Difco,

USA)E FEAez BFde AYe
dn wjxE 2 EES O WH ¢
TAFIL A FHAA FaPEe
2ae AN F @F e:AR
Petri dish® 35T oA 22A1F w3t
%, 449 AAF A9 294 A
of h Ww @ 30~3004e M

g4 @ Ane W g

O
9 Qg AdFAT

(3) A3+ (Escherichia coli)
ANPEB 1 m¢ & EC broth(Difco,
USA)9) BZF3ta 445°C oA 2441z
v FEted ZhARAE QAT TR A
A1 WFelE EMB  agar(Difco,
USA)sl =3tz 35T oA 2443
ulekste] AL FFgE i
aZgg A APL 20E  test kit(bio
Merieux, France)E o]&3lo 33}
AEg do] Tt AL BRI

(4) WA AT ¥

Listeria monocytogenest= HEl=
% g & FoAdez Fsle] Listeria
Enrichment broth(Difco, USA) 225 m{
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£ 7}8t3 stomacherZ TA33 F
30C oA 24713k wiekste] PALCAM
agar(Oxoid, Eng- land)oll A =%
3le] 35T oAl 24412 wgFe & A
g M&gs A3k

Bacillus cereusw A¥ = 25g & F
dHoz FHote HFEJAALZT A
225 m & 7}t stomacherZ &3}
1 & MYP agar(Oxoid, England)l A
BN =ate 35T oA 2441z bl ¢
F A¥AQ A S ddaqrh
Salmonella, Shigella, Vibrio para-

o o

haemolyticus, Yersinia enterocolitica,
Staphylococcus aureus, Clostridium
perfringens, Campylobacter jejuni=
NEFAYH AL BARC

of wht At

(5) FITALY 3

L. monocytogenest  PALCAM
agarol Al 49 S 7 A A
Age A9 06% yeast extract’t
7F8 Tryptic Soy agar(TSA-YE)<}t
Blood agardl streakingﬂ" 35T NA
24717k wj kg & B-hemolysisE e}
e #F9 dsty Gram stain,
Catalase, Oxidase test® A AdHOo
W CAMP test®} API Listeria test
kit(bio Merieux, France)& o]& A3}
gt AldE Bt FAEAT

B. cereus= MYP agarolAd E%
g e zteE BEA ATEES Adet
Tryptic Soy agar(TSA)¢}t Blood agar
o] strea- kingdte] B-hemolysisE
eBuyE #Fd s Gram stain,
Catalase test® AAlstow, APl
50CHB®} APl 20E test kit(bio

Merieux, France)& °]& A3st A3

< st TASAH

3) T &84 A (Polymerase
Chain Reaction : PCR)E& o] &3t

#5 ZANY

(1) 59 9|

g 77 A€ EC broth
A 1 HFolE H3td MacConkey
agarol A m=wdla 35T oA 244
b sl Ao AP A HEE
Aeste] TSA wiA]o} 35T oA 24
ALz At vl ¥t A ot
monocytogenes®  BREH TF
TSA-YE WA & B. cereus® &7
5T TSA HiXIE 35T oA 244
A wj sk

ol

(2) DNA S} 24

TSA-YES TSA wjxle] #5 1 9
Fo]l& TE buffer(10 mM Tris-HC],
01 mM EDTA ; pH 76) 1 ¢ o] #
2l TS 95C oA 1083 €43

A2
—a}oq @@k A1zl F 10,000 rpm o) A
10870 A8 3t FFHE ALE
st

(3) PCR SEW3

Fo A AEE HAsted L
mono— cytogenestT lap genedlX =
Z3 DNAZF 454bp ¢l LM primer
(Kogenbiotec, Korea), B. cereust
Bece T genedl* F3%d DNAZH
303bp 91 BC primer (Kogenbiotec,
Korea)& A8 PCRE AAN3H o,
PCR mixtures= 10 mM Tris-HCI, 1.5
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mM MgCl,, 40 mM KCIl, 0.001%

gelatin, 250 pM dNTP, primer 30 -

pM, 1 U Taq polymeraseE 3515
E ZASte AbgsTh ghg e 5
w2 target DNAE 718k & 94T 2
&, (94T 30%, 60C 30%, 72C 30x)
35 cycle ¥HE314 0 72C oA 58
r BA s

(4) A714d%

ZZ% DNAT loading buffers} &
33l 2% agarose geld] TBE £+
B (100 mM Tris—HCl, 83 mM boric
acid, 1 mM EDTA; pH 83)& Al&3}
o 110 voltZ 5083 A7|FE A7)
i, ethidium bromide®Z ¢ 23l =}

A FZ7] elA Polaroid filmo &

AAE Ao Baaso.

4) 543N

B. cereus? enterotoxin AT
CRET-RPLA (Denkaseiken, Tokyo,
Japan)& AR&3le] A 23 A}e] A4
HAo] W enterotoxing 334
t}. Enterotoxing &£43%7] )39 B.
cereusv- Brain Heart Infusion broth
(Difco, USAYulAI Al 32T <A 64
v A el %k (rotary shaker 110 rev/
min, Universal, Korea)3t*] 45 A&
# 3 ¥ enterotoxin A% Al gl A}

STk

R
s

m. A3}

wa,

1. W] AEAA

1) T4+

HNAE FHZAY dAge Fd5E
1.1x10' ~ 84x10° CFU/g o3& Ay=
of FHel Wt & Hole YU
t}. Solberg!” Fol AAIGH ujalgtA
=49 71EAY FCEF 107 CFUg
ojstE WA oU HA dET
U BFET, AYAA JFAE T
o2 wAdEe SALAN =l

sta .

2) WFETLT

Ae=o] PAFEFE 0 ~ 5.4x10°
CFU/g 02 SreEFcdd ZJ
w2t & alolE YEhglon, Ay
7171(62.3%)0l Al g ato] AEHA
=3

Solberg'” To] AAE wjAeA &
21l J1EXQ dAFTF 107 CFU/g
I vawstd ZAFAA 1147 F 3270
(28%)AFol 71EAE 23
3 54 x 10° CFU/g 9 AFTSF
7} AEH A

Bl i Escherichia coli,
Klebsiella pneumonia= = o]
o, Entero- bacter aerogenes,

Enterobacter cloacae= Y 2 ¢
Al B5F A= Folth'®. oaba
geEr AQzHA glol AH

T AFdes YAdIol dEd A
€ AFY ddAd fgel "Hux
AtgEH

3) 7 (Coliforms)

B B faddon 5k,
A Ad R GEFTE Sl =
’d 0} 4+ 2 EPEC(Enteropathogenic

b

/%M

o BY
e 8
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E. coli), ETEC(Enterotoxigenic E.
coli), EHEC(En- terohaemorrhagic FE.
coli), EIEC(Entero- mvasive E. coli),
EAggEC(Enteroaggre- gative E. coli)&
o B{ AP 2 AddAME
A AA 1147 F 197(16.7%)°l
A el AEHAeB PCR
(GENECHASER™ E. Coli  Test,
RapiGEN, Korea)'§ o2 WA+
S 7AMS A3 EAEC, ETEC, EHEC,
EPEC, EIECE ZAZHA oty stdit

4) BE4 Az ¥4 £ T3
grrel s B& #Han 9

omz mAEo FAEs|d HFs
2o WO Aol AEE ok

oA EAHAAGY. metd B A7

Ar 4F5d @ rage Fusl
7 98 AFs ddwy ¥ =

Absaiet.

L. monocytogenes= Bl HluZd A
Geo) st ALY Lo
A £ glo] <tHAsita BAEHE
3G A HAEE T3 AT Y
AANZIAA A7 ALl Al
5] 30%, =%Fztet WY Yol
ALl Al E 70% 2 AN A8 =40
e gF2A A g d¥s
1704 B= @ L mono- cytogenes™
Table 1.3} Zo] 23 9FA, Motility
okAl Catalase G4, Oxidase =4,
Esculin  7}F#3, Hemolysis 4,
Rhamnose %A, CAMP test YA F
API Listeria test kit& ©]-23) 543t
27} 98.6% o 4EHE EH. vl=
olu} gl L monocytogenes7}
AEHAME & v wAHs o #

oL

gata Q. B zAbA =g
E3} listeriosis?’} TAE ZHsAdo]
o)

ol Wzl weA AFUE7t o
|

B. cereuss 24, FE, EXAH
ArE dodle 2F5e Hdddte
29 2 zalel e 1147 AF F 7
A AEO6.14%)2] A =olA Z
Ak

B. cereus’= Table 2.9} 7ol 139
A ZAYAP TR Catalase UA
Motility %4,
FHATOR

Fructose, Starch, Lactose® ®3l3t1

Lecithinase %A,
Hemolysis Glucose,
Lysine, Omithine, Xylitol 5 =4 &
Table 1.
mono- cytogenes 1solation from
salads using PALCAM agar

Characteristics of Listeria

Characteristics Results
Gram stain +0
Shape rod
Motility at 25 C +
Catalase +
Oxidase 2
Hemolysis +
CAMP test +
Esculin hydrolysis +
a-Mannosidase +
D-Arabitol +
D-Xylose -
Rhamnose +
a-Methyl-D-glucoside +
Ribose -

Glucose-1-phosphate -
D-Tagatose -

D positive ? : Negative
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Table 2.

cereus

Characteristics

isolation

of  Bacillus

from salads

using MYP agar

Characteristics

Results

Isolation 1 Isolation 2

Gram stain
Shape
Motility
Catalase
Egg-yolk lecithinase
Hemolysis
Glycerol
Erythritol
D-Arabinose
L-Arabinose
Ribose
D-Xylose
L-Xylose
Adonitol
B-Methyl-D-xyloside
Galactose
D-Glucose
D-Fructose
D-Mannose

+) +
rod rod

‘ot o+ o+ 4+
+ + + + +

Table 2. Continued

L-Sorbose
Rhamnose
Dulcitol
Inositol
Mannitol
Sorbitol
a-Methyl-D-mannoside
a-Methyl-D-glucoside
N-Acetyl glucosamine
Amygdalin
Arbutin
Esculin
Salicin
Cellobiose
Maltose
Lactose
Melibiose
Saccharose
Trehalose
Inulin
Melezitose

+ + 4+ + + o+
A I

.
+ o+

Raffinose - -
Starch +
Glycogen +
Xylitol - -
Gentiobiose + -
D-Turanose - -
D-Lyxose - -
D-Tagatose - -
D-Fucose - -
L-Fucose - -
D-Arabitol - -
L-Arabitol - -
Gluconate + -
2-Keto gluconate - -
5-Keto gluconate - -
Ortho-nitro-phenyl-
galactoside
Arginine + +
Lysine - -
Ornithine - -
Simmon's citrate - -
Hydrogen sulfate - -
Urea - -
Tryptophane - -
Indole - -
Voges-Proskauer - -
Kohn's gelatine + +
NO, production - -

) Positive, ” : Negative
Vel 28y B cereus
o Azt A
Amyg- dalin, Saccharose, Gentiobiose,
GluconateE #3338t &3 &E3lst
dEoR yveyon, APl
S50CHB® 99.8% ¢ 4545 HSith
B. cereustt2 A AAHR oz ¥
5o lE AFEe], cook-chill
oA Foll A AHiA < FI|HHLE
BuF: Yo 10T 9 20T oA
A &3t cook-chill AFANME ZF23}
RO 4T oM AHF AEL B
cereus7t HAEHA EYtE B
7t mEkA 48 opflFol e

ez F2E AF 2 IT A

7

D-Mannose,

A e
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g9k sColstz W A 4F
52 o stol ol uh.

2. PCR& 9] &3 L. monocytogenes
¢} B. cereus® EAAY
PCR% L Eo FAFY WAE
st=d 28HQ =FE ALE
Cﬂ Az JuP. =3 23 JaAES
&3] HEsta A=Y o §Hn
ZAMAE AEEH AES
sl &% L. monocytogenes<t
B. cereus®| ™3l PCRE ©o]&3}o]
gl o
L. monocytogenes= Fig. 1.3} Zo]

rE ¥ > mlo
tlo £ I
OHﬂ rl,E

Iap geneS %3l LM primerE A}
€ 454bp bandE FAsP3, B
cereust™ Fig. 2.9} %] Bce T gene
< 5%l BC primerE AHE 303bp
band& <2133t

3. Enterotoxin ¢l

A=A #28¥E B cereus THF
+ E5 enterotoxing AAsIIt. A
244 B, cereus® 91% 7} cytotoxin
£ AAdsm  CRET-RPLAS} ELISA
immunoassayl Al 51% ¢ 8 %7} =
AF AT Hag
Fig. 1. Agaros gel electrophoresis(2.0

%
agarose) of PCR amplication
products of
isolated L. monocytogenes from

salads.
Lane 1 : size marker
Lane 2 : L. monocytogenes positive control
Lane 3 : L. monocytogeness from salads
Lane 4 : L. monocytogenes negative control

454bp

* lde

303bp

Fig. 2. Agaros gel electrophoresis(2.0
%
agarose) of PCR amplication
products
of isolated B. cereus from salads.

Lane 1 : size marker

Lane 2 @ B.cereus positive control

Lane 3 ~ 4 : B.cereus from salads

Lane 5 @ B.cereus negative control

26)

vl JowW® B cereus AF=
T
B

EF AEd A} del F}

2

Lx

S

& rlo
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of B¢, §AE A5 wo}, T3}
enterotoxing A4e o 4 o’
3 3o}

B ZANAME B cereus T4F7F B
T enterotoxing A+l B. cereus
AFEo] dido]l E & UFE I

3]
sttt

™ >
Hed el Fa, AT, iR
T 2 1022 HAAATFY EAAR
& &dsant

1. &#4E= 11x10 ~ 84x10°

CFU/g, d13 L4 0 ~ 54x10* CFU/g
92 Solberg 5Ol
Z7F 10° CFU/g ©l3}, Ad T
10> CFU/g ©)3t¢} ®xstd 3
NEAE wSAZL, AT

71*?134&@@

Q
listeriosis &% 7F5A o] Q= L. mono-
cytogenes?t 171(0.9%), T4 AFH

A2l B. cereus 773(6.1%)°] HEH
Row, APIE o|&3% Asts Algy

PCR ZA Aoz Fx U
B. cereus 7H T CRET-RPLA Kit

oA B5 enterotoxins A

L e7g, &4, %76‘3'54, °1°*Z} %
%

W #Ee

&

10.

11.
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A Study on safety of functional foods.

Myung-Ki Park, Hea-Ken Hong, Seon-Jae Bang , Jeung-Hwa Park,
Kwang—Hee Park and Jong-chan, Kim

Division of Food Analysis

Abstract : This study was evaluated about functional foods. Functional foods
were investigated of 100 items in Health supplement foods(33 items), Special
nutritional foods(32 items), Tea products(16 items), Miscellaneous foods(19
items). Analysis items were based on Moisture, Heavy metal, Protein, nutrient
ete.

The obtained results were as follows :

1. Moisture contents were showed as follows : Health supplement foods were
1.6~9.6%, Special nutritional foods were 1.9~8.7%, Tea products were 1.0~
5.0%6, Miscellaneous foods were 2.0~7.1%.

2. Heavy metals(Cadmium, Arsenic, Mercury) were not detected at functional
foods, but Lead of Tea products and Miscellaneous foods were detected 2.3~5.0
mg/kglat 4 items of 100 items).

3. Protein were showed as follows  Yeast foods were 16.3~45.1%, Pollen
products were 26.9~74.6%, Algae products were 17.8~62.6%, Chitosan products
were 4.0~26.3%, Propolis extract products were 45~18.1%, Aloe power
products were 6.5~25.1%.

4. Micro component of special nutritional foods were showed as follows :
Calcium were 1.1~52,430.0mg/100g, Iron were 1.3~217.4mg/100g, Zinc were 1.0~
3,897.0mg/100g.

5. Indicatied items were showed that exaggerative advertisement was 6 items
of 100 items, Indicatied nutrition content was short at 11 items of 100 items.

key words : Functional foods, Moisture, Heavy metals, Protein,
Micro component.
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¥ 2 FF5(Pb, Cd, As, Hg)&
ol disiA zAbstgoH, o
AR ZAFAA, 7 ZFAdE(Ca,

Fe, Zn)2 SFQ 4 FAM A &

1. &% (Moisture)

2e AF Frtdl QoA AF 7
B Frozs 4F Fd Bl
o}
A

o oA Fed eiw FALEH,
53] dAx AFAANE FETH =
2 AS PAETY A4S 21E FF
ANA AF e 9T T T
olffZ FATAY WM ZRAEISA

ABRZNE 16~96%, EFF 34
%— 1.9~87%, & 1.0~5.0%, 7]
EF 20~71%= JEbRTH(Table 1).
AutA o2 AxAFAN F& 7&E
Al 10%0°]38tel A&t AGdd i
& #A & Aoz AlzdTh

[*]

Table 1. The Contents of moisture

in functional foods

Food groups Amounts of

moisture(%)
Health supplement foods 1.6~9.6
Special nutritional foods 1.9~87
Tea products 1.0~5.0
Miscellaneous foods 20~71

2. 9% (@Pb, Cd, As, Hg)

#3 F85% 9(Pb), HEFCA),
M2(As), #e(HpE AAe @t 7
=5(Cd), H]é’:(As), =(Hg)2 A&
Bl @EHA wston, wPhe

EHA ggov, oF 9 JE HF
FolA 4FEo] 23~50mg/ke AEH
%k (Table 2).

F(Ph)e F2 ATE HFHAH" ¥
4 19 100~500ug°] FHES F9
ANz Eol9k 5~10%7F A3 =
A" A$olE 30~40%7F %—T— L
o]F ¢k 90%E W] EATTE EF
g4 JYFo FHE dFAIY
18 2 FIEFUAA a2 T
R, FFHA RS EF
Aaso] 8L doyEes?
EZEZQN oL AAGE A7t
H, o] #EdH AFEY AS
TFd dARE A&t
2 AR FAS 4
"ad Aoz Ag )

i:l

of
4

o

B

=

Al

s
b

Z

&
O

2 2% e do % oox 1o
oo
oo S

ozl ko 2 ox o
o

o s

7

.,d
e

Table 2. The Contents of heavy

metal in functional foods

No. of Contents(mg/kg)
Food groups

samples Pp Cd As

Health supple- 33
ment foods

Special nutrit- 39 Np ND ND ND

ional foods
ND ~

Tea products 16 50 ND ND ND
Miscellarleous 19 ND~ ND ND ND

foods
Total 100

3.0

ND ND ND ND

ND : Not Detected
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AZRZAE BEEST EERYFE
16.3~45.1%, SHEIIEAE 269~
746%, ZHF2E 17.8~626%, 71EAL
AEAZE 40~263%, TREYUEFE
EVFAE 45~181%, Y EA7TFA
£ 65~ 251% HE=HAHTable 3)..

Table 3. The Contents of protein in
Health supplement foods.

Food it No. of Amount of
ood items samp- ]
les Drotein(%)

Yeast foods 6 16.3~45.1
Pollen products 3 269~746
Algae products 7 17.8~62.6

Chitosan products 11 40~26.3
Propolis extract 3 45~18.1
products
Al d
o¢ powder 3 65~25.1
products
Total 33

4. vl FAA¥(Ca, Fe, Zn)

e SRR Yrse A

JFIEL UFOE BE

(Ca), E(Fe), o}9(Zn) FE& A3}
o] ZA}sH tHTable 4).

Nt

ZA4(Ca)e F7IEHEHR
J52o 2EFFo wo] ¥
AA 7 wid BE I

2
FaARolt Fo

Wep Aokl ¥4, A
8§31 Age
F5Fel 7o, Ao

3715 49 Ax AA]
gol BAFH, Soxd

1 ;g"r‘

e o
fo
[
O TR H P

o W
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I
o o
ox

1 J% Oé m\o

2
=
w M
}ﬁ_‘m
o

=
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off
oft BN &

J

w8

Z(Ca)e] FAb
52,430.0mg/100g . 2 v}EFRET).

H(Fe)Z AWolr A3ty ouA

U D439 H(Fe)dtdEo] nadH
gl Z7rsle W", m23, ohH e
TEZTFY A dold dx
ez Yo

H(Fe)o =AY AFAE 1.3~217.4nmg
/100g 2. 2 eyt

ol (Zn)e <A W Dad Ao
Sfold Qe A7 #Be] &3t
o 07Me] 47t o] F&S We
st ow, AEEd, ¥

o HAoJdla 1 o] FAHE 7o
AE A}, 1 - Hd HE 5 3
g 7AA " 19 "L Fe ]
0~3omge 2 A= o 20~30%

2
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>
>
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mg/100g .2 bt}
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Ex o2 =

1.0~

e
20~71% 2 ‘&

FRZAE 1.6~9.6%,
1.9~8.7%,

=
e

3X
=3

Amount of
nutriment(mg/100g)
1.1~52,430.0
1.3~2174
1.0~3,897.1

-nent in special nutritional foods

Item
Calcium
Iron
Zinc

Table 4. The contents of micro compo

5. XA

A %ok

=
=

oM A

o
o

%]

. o))

e

(Hg)=

A1=(F A EA

FHAHE

EEoAM 23~50mg/kg &2 HERNTH

K

7t

E__
17.8~

1 16.3~45.1%, 3}
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o
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o

e

ol

3L
=3

y}

=
Al

TAE 269~746%, &

10055 5

[
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24125

Jout, ®n

kvy

62.6%, 71EA7FEAEF 4.0~26.3%,

|

el

0

X8 S &dst

L
=0

o

ki
o

Kb

o)
=

F 45~18.1%,

2 7FAE 65~251% & vERRTH

Al
2]

Ho

17}

<
B
ol

—

1.1~52,430.0mg

Za(Ca)
d(Fe) 1.3~217.4mg/100g, °}A

=

F3om,

o

(Zn) 1.0~3,897.0mg/100g ©.= JEFRITH

A
/100g,
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Hauy 7 T 3Ed 771333EA(VOCs) 54

The Concentrations of Volatile Organic Compounds
in the Air of Road Tunnels

Hee-11 Song, Ju-Hyeong Byeon, Jin-Guil Kim, Tae-Yeul Kim,
Heung-Bin Im, Jong-chan Kim

Atmosphere Preservation Team

Abstract : This study was performed to mvestigate six VOCs concentrations
(Benzene, Toluene Ethylbenzene, m,p-Xylene, Styrene, o-Xylene) for the 5 road
tunnels in the northern area of the Gyeonggi-do from March to November in 2003.
Canister and GC/FID was used for airr sampling and VOCs analysis respectively.
The concentrations of total VOCs m the awr of the road tunnels were 7.278ppb
(Cheonghak), 6.592ppb (Jeondochi), 29.141ppb (Machi), 5.887ppb (Bongan),
26.174ppb (Wondang) respectively. The ratio(%) of mside to outside mean
concentration levels were 150.1% (Bongan), 122.0% (Wondang), 118.5% (Machi),
116.7% (Jeondochi), 116.6% (Cheonghak) respectively. In case of seasonal
concentration of VOCs, autumn showed highest levels and followed by spring and
summer. The mean concentrations of benzene were 0.733ppb (Cheonghak), 1.025ppb
(Jeondochi), 2.668ppb (Machi), 0.932ppb (Bongan) 1.963ppb (Wondang) and Machi -
Wondang tunnels showed about 2-~3 times of the environmental quality standard of
Japan. Moreover, the concentration distribution of VOCs in road tunnels was found
to have close relationships to the length of the tunnel, the number of passing cars,

the ventilation of the tunnel, and the environment of outside.

Key words : Road tunnel, Volatile organic compounds(VOCs), GC/FID
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Az FAiAE SAAY04 o Ethylbenzene,  mp-Xylene,  Styrene,
A AYNY de AEA - S - H o-Xyl- ene 5 678 3&ol dig) 7tz =
g3 FHd JEd 2 ARI3EE AL Etith ol R 5AS Aup
o] Wol #x¢ vwixgd 1 T4 A Be- nzene2 7HEH Q] Lehrl gAbA
o ol L= =& Ao oAtE 24 FdH F 03% (FAEF, 2003
v dAAdAEEHETNE 44 A Y4E7] = HARAL Hd) T Ho 9
A3 AEAH = 2003 3EHE v Id BHE dEA glen, A
1147k2 4 18] o) AHs Az A W72 dEd F etk Toluened-
daee 4973 -d4=x - 3gEHEE 7 g 7)1 8Ale] dRmoldA 7i&ERe
ZF 478 ARE (M 47 1008 = S AR AR EY, iy F ot
29, B2 g7 100m HE(A), Z Bel daEHe ¥EoE oA 9

HEFB), HE FolA 100mA( th Eg HRgGS doZ 4 glomA
C)} Ast-uxede 27 A (Y%, A eEA Aoy o] 4FS &
Ha3he zhzk AFsgs. A3 F e 24 g4 9o
A 2 EEE 32 Table 19 Yeh XyleneS @uof ofokF Tof Uit
ATk ZAMY HY BEF #HE 2xpA SA % MFAALEA FoE ALY
olm FHIIAAML BMEZ HAFH gl L 3y =2A FF, 87 S 9
A @ AAEUA HEFZREA A o F& Ald oy AlA Fd &
3 - ASAEAL FH Fygg, 1 9ge Ae Fe 242 994 9P,
oFke] 3 FEE 7R Hejolth °|E VOCs B2 d7ld #&Hd
Ndow EAste FHor 44
2. VOCs XA g+ 3 =E2A oz vkEIA E3
Z+71% Benzeneo] 13.4Y (NOx

=AVE VOCs 3

= = SO, So] ®e] 2d¥ &7 ZoA
24 #7447 2 2dNEs) 21 % 4

~6A17H) o] i Toluened 3~24A)7F

A #AAA7E =& Benzene, Toluene, 283 Xylened 1~20]c}®,

Table 1. The status of sampling sites. (unit : m)
. . . L Sampling
Tunnel Location Length Width Height Ventilation
points

Cheonghak Byeollae Namyangju  Going down 202.5 7.5 6.6 natural 2
Jeondochi Jin%\?ggl,yfngzl]ae Going down 7455 7.5 6.6 natural 4

Machi ~ Hopyeons, fwado o0 goun 27626 988 685 natural 2

Namyangju g : ) )
Bongan Joan Namyangju Going down 770 10 6.5 natural 4
Going down

Wondang Wondang Goyang 8.8 4.7 natural 4

Tunnel section 550
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EPA Method TO-14AoA
Cani- sterg o]-&3 A8 2J
AbgEtginh o] WHE dnk g
Z VOCse] Ay 2 BAwog
AFAA GE fAE AXA 3
g AH 2RsE Aol

AN =2E71=64 872 Canister(ENT-
ECH INSTRUMENT INC, SILONITE™
Coated)= Z}Z} X3 3lo] Preconcentrator
(ENTECH INSTRUMENT, INC 7100)2

oY o
> 2ok ool Yo

>
Mo N do @ rir

Table 2. The operating parameters for pre-
concentrator and GC/FID

Parameters Condition
<Pre-concentrator>
Modulel concentration -150C
Modulel desorption 10C
Module2 concentration -30TC
Module2 desorption 180C
Module3 concentration -160T
Module3 desorption 50~90C
Sarmple vol. 100cc
M1-M2 transfer vol. 40cc
<GC/FID>
Colum HP-1(S0rm<0.32nmmmx1.05¢2m)
Carrier gas He, 1.5mé/min
Inlet tenp. 250°C
Oven temp. 3505)(21(?[&13:_7_)2%/31&%;58(:
Detector termp. 280°C

Axlg] 8 ¥ GC/FID(Aglient 6800) & &
At om BAzHL Table 29 %
otk g gk FU1AS gotry] 9
3] CO, NO;, NOx¥ 10 # Tedler bag(H
A, Zpo 2 AHMA A2 JAHFA
of Axd di7led AsF5AHAL A
=

[o]
o)gatel 7tz AL AA

-~

1. €149 VOCs ¥ B¥

)

G2 ARG VOCse] & w=2 3%
B vl e g A 29.141ppbE 7+
=A Jebsta, HoEd 7.278pb A E
zl El'd 6592ppb, B¢tEld 5837ppb <«
o2 747k velygoh =3 dPRA
AME viXEd#} =3 26.141ppbE
Uelgon A ZA1= Table 37 2.
VOCs &7} 7Fd =4 2A1E vixH
4e 10022 B o 93X 3A%(89.8)
> A3Ed(25) > AEAEIE(@26) >
EAEEQ022 EA 2 5 fled,
Fig. 1914 ®HE ZAAY HdE @ ugF
o] Bx QT FHd %1% 5 e9geql
=24 JepE
< ¢ F °‘2it‘r. %%Xl o}z} = a
Hefrk v }644 AL Qi HhE
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Table 3. The average concentration(ppb) of
VOCs(inside/outside) in tunnel

Cheong- Jeon- Machi Bong- Won-
hak  dochi an  dang

0.752/ 1.025/ 2.668/ 0.924/ 1.911/

B 0.697 0.813 1207 0.535 1.338

T 5.527/ 4.573/ 21.432/ 3.952/ 19.672/

4.847 4.008 18.621 2.924 17.007

E 0.296/ 0.338/ 1.516/ 0.358/ 1.676/

0280 0.294 1.970 0.198 0.999

mp-X 0.288/ 0.375/ 2.179/ 0.325/ 1.802/
’ 0.284 0.332 1.730 0.182 1.261

g 0.248/ 0.069/ 0.225/ 0.074/ 0.127/

ND ND 0.148 ND 0.119

o-X 0.167/ 0.247/ 1.120/ 0.254/ 0.986/
0.312 0.201 0921 0.089 0.727

VOCs 7.278/ 6.592/ 29.141/ 5.887/ 26.174/

6.224 5.647 24.596 3.928 21.451

B ! Benzene, T : Toluene, X : Xylene, £ :
Ethylbenzene, S : Stylene

A GeEhd Ao Royh 2y
A 8HE14(2025m) % A =X B9 (745.5m
) HEE B ow 2% ggdzdols 2
A5 SUte vd@da B 4 glAg
Fig. 1914 2 wlel o] g ol
A @ mEgel o He Fored

ez VOGS

5]

Bo»

Conc.(ppb)
5]

Chenghak  Jeondochi  Machi Bongan  Wondang

Fig. 1. The concentrations of VOCs in tun--

nels and cars/hr passing tunnels.

Foll of Hrh Axx oA VOCs
gol o % Al YEwed, ol H
Hd Q2o oF 50004 el g of
HEGA S} A 77 el LA
Aol $AF 2oz AZrEY F ¥
9 27k AAYelo) dole) w3
A zbel ok BHE U VOCse £
o =27 o AzbETh

Fig. 2 528 VOCs wj&gde=s ¢
27 xpkel] olgh FEgS dolry] ¢
g VOCso] AujulE ARG Az o)rh
Scheff 7o <3twl wFu AEx
A8 S BTEXY #4HI=3:7:1.
5 A% & 3. old AEFAR A8
o W& 29 Ayl A Sl
2 5 DAHEE )9 /’\HZ‘S’%)X}"*J
Tail pipedl A A4 2 FGEZLS AF 3
o] BN FEHl:= Benzene, Toluene,
m,p-Xylene, Styrene, o-
Xyleneo] 35:51:10:16:06:0.9
2 veiwt v Ei”“ﬂ ER343%
e HE 221381111 1028 ¢
066 22 tha i}O}—% Holi glo] 2
doglo] A ¥ vk ofE} F9

Ethylbenzene,

Touvene Bhylberzene mpXjene  ere O-Xdere

Fig. 2. The ratio of VOCs to Ethylbene-

zene 1n tunnels.
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B Eae Zolst AWA
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Zol B(C) ANAANA A 2v9 =&

e
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i)
W moas 30
tlo
>
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0 100 200

Fig. 3. The ratio(%) of inside to outside

mean levels,

debd Bdel A3

FEE HYo TR g 298

#AZE AEE ¢ 5 AU

Table 4% oA 23 BdeF 9
T BT g o Hro
Holex EAste] vEhd
2 g g 294
&

Bl

Table 4. Correlation coefficients of VOCs
between mside and outside of
tunnels

Cheong- Jeon- . Bong- Won-
hak  dochi Machi an dang

0.97 092 036 051 0.69

T 0.98 098 1.0 098 0.98
0.97 099 079 061 0.86

mp-X 091 1.0 0.51 0.89 0.97
o-X 0.75 097 0.53 032 0.97
Mean 0.92 0.87 0.64 0.66 0.89

B : Benzene, T : Toluene, X @ Xylene, E :
Ethylbenzene

g EAW VOCs 3 =RIE BV
A8 e =AAGew HHg A
X, Behe uAq aE3m vhAH
4 IAdFAGer ER &
A7 FEHAFAG(A]) > EHNAY
(92) > zgAI(HI, AEHA, ¥
Mo Foz FRI A YERY F
Hooddn dXste FAEARE o
< 4 U HEHoE VOCs &
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AN BE
vpep ol Zhgel=  15290ppb, &
14322 ppb 283 o FolE 12647

ppb 2 7t& > B > 9§ ¢o2 4
13373 ol V& EL AFH
HUt} 7]2o] wE Jd =5 =4 Y
Bue e B 4 JEd, 257 =
< &34 g7l F VOCsrt widF%
A3 FstEhabge T oE F

2% A2 Aol mMEHA dojut
A Ao aHA Yo, A

BB 2gAse AdER 8
= =R

2
0 Simg
10 B Smoer
_8 RAmm
a
=
F
g
C4
2
0 [FH Eg — i
Brme  Thee Bhybome npXkee Slae  OXlae

Fig. 4 The seasonal concentrations of

VOCs in tunnels.

2. VOCs9] 5=

HN

gZd VOCs % E 2¥ Benzene
£ 1.458ppb, Toluene 11.024ppb, Ethy-
Ibenzene (0.837ppb, m,p- Xylene 0.995
ppb, Styrene 0.149ppb 18] o-Xylene
2 0555ppbe] FEZ  ZzZt ey
VOCs9] 2.9 B¥EE Tolueneo| 7}%
F2 67.1~748%°]% 31, Benzene2 6,
9~151 % 1)1 mp-Xylene 4.2~8.8%,
Ethyl- benzene 4.0~6.5%, 0-Xylene 2,
5~45 % 18] Styreneo] 0.6~4.7%
2 AL Aoz 4 F YU oe=
H71gA7Ee] AAES e Y&
(Benzene 3.0ug/m’, ¢ 09ppb)e] 7%
# vias] B o, H3Ed 0.733 ppb,
%< 0.932ppb, AZX 1.025ppbZE 7]
F ol olAY EE 2L FFoy
ulx = 2668 ppb, ¥wo] 1.963pphb=E
npx)o} 4FE o2~3u) L Ae=
Uety old o #Est 243 o) F
of Aok & How AZtET. EH
U BEriEer A4AY dugEa
Hlas] R Table 594 #Zo] CO&
600~1,700ppb, NO=  52~381ppb,
NOx+ 213~1,080 ppb s+ o2 FA}
gof 71&x 2 AR de £
TO2 Ued AL & £ AN

H o

8}

Table 5. The concentrations of CO,
NO;, NOx in tunnels

Cheong- Jeon- . Bong- Won-
hak  dochi Machi an  dang

NOx 213 891

CcO 600 1100 1,700 1,100 1,200

NO, 52 301 381 111 81

1,080 481 434
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1. Blgd VOCso] T=& vlAE L
A1 20.141ppbE 7} =g3 A sEgd
7.278 ppb, A= EHE 6.592ppb, B QHE
d 5887ppb o2 UElgon 43X
statzold v Eldt H]zgk 26
141ppbE ZtZ ettty T3 59
2+ Tolueneo] 67.1~748%E 7174 &
%til, Benzene 6.9~15.19%, m,p-Xylene
4.2~8.8%, Ethylbenzene 4.0~65% O3
vehgon 19 o-Xylene 25~45%,
Styrene 0.6~4.7%% 7t7t eyt

2. AAY VOCsEEE 7120 15290
ppboZ 7HF =43 #ol 14322 ppb
aE5 gl 12647ppb o2 712
o] thah W& A" VOCs 37} =
2 Aow eyt

3. e t7187371% " Benzene 30
pg/m’, °F 0.9ppb)¥t wlns) & o
El'd 0.733ppb, &<+ 0.932ppb WEH
1.025ppb 2, 71F oW oAV EE F

°2~3

2)

3)

4)

5)
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[e]

GEA wAaAo] Bl 3lo]
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Asw, AFD, A5, %8, 7
B, HuA, E3HA, o] &7, o
T (2001). A71= &7 97 F 3
HFA]

ATE A (2000).
A B FA4 #d Jx

7
AT,

194, A9E, 245, &4, ¥
AF, AEE, WGE Ads 199
g FaEd 0 7A% 2dE
AEE 24, BTy R



6) WS, g, FAERE (1998). e FE BEEIAS o) &% gy
i xR EEUE Fr) F oF =T L F71EEE Az #d
A R7EREY v FF. ¥ AF. Eoldm MALE 9| wmi

3~717. 9) Scheff, P. A., R.A. Wadden, B. A.
Bates, and P. F. Aronian (1989).

7 HEE, A3E2001). IR Source fingerprints for  receptor
o] &3t VOCs A 7ol thdt x 7 mod-eling, Journal of Air & Waste
AT, gistHdb]Eets] ShA e Mana- gement Association, 39, p.469
F 3= Fpp. 534-590.

10) HAERE (2003). www.env.go.jp
8) AAE (2002). UV 343} - Fv)
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Abstract :

metal concentrations

A Study on the Distribution Characteristics of Heavy Metal

Concentrations in Environment around Abandoned Mines

Kang-Hyuck Lee, Yeon-Hoon Jung, Byeong-Lok Kim, Jin-Ho Park,

Jong-Pil Jung, Hyun-Goo Park and Yo-Yong Kim

Water Preservation Team

This study was mvestigated the distribution characteristics of heavy

in soils around abandoned mines in Pochon city. The

abandoned mmes were Youngjung, Yongsog and Pochon. The results were as

follows:

1) Heavy metal mean concentrations i minewastes were detected Cr 100.119

2)

The mean concentrations m soils which 1s around mines were

mg/kg, Cu 189.400 mg/kg in Youngjung mine, Cr 198.440 mg/kg, As 160.480
mg/kg m Yongsog mine and Cr 84.680 mg/kg, Zn 50.280 mg/kg m Pochon

mine.

Cu 62.351

mg/kg in Youngjung mine, and As 95.024 mg/kg, Hg 11.279 mg/kg in Yongsog

mune. All materials in Pochon mine were detected low level.

3) The concentrations of heavy metal showed low or not detected in water system

Key words :

9

i 1o

s
2
S

( groundwaters, streams and sediments).

abandoned mines, heavy metal, minewastes, soils, water system
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Table 1. The history of research mines®

. . abandoned
mines minerals
year
Youngjung Au, Ag 1997
Pochon Au, Ag, Cu, Pb 1979
Yongsog Au, Ag, Cu, Pb, Zn 1996
2. A=AF
B 2AdTANE 43R, 44
B3 XHHEEFS 3 M9 HAFAS O
Ho stel Ynl R FAUEY 193
FA%, AUE 2 A4S A5
S P AT YTEHE U
AAY 1AL F1 BAS o g3
o REE %?Oﬂ/‘i 1 Km o]Wj7}A]
AAFG e, sl 2 AYEE F
2ol ﬂﬁamaq ol FEi=
AAE QYo R T2 AHS

Table 2. The number of samples and the kind of samples

AREEE R R

DEG R AYE

AAE B¢ 4L AYE ArE 7Y
3tA EF8e] HAlFAlo] Ex] =
Ao A AxA1Z1 3 8 mesh A
2 9% R ESS BN
A8k 3

BAae zA"E A& 500 mg & A
&3] @stel  Suj(FEAr 10 m)e}

microwave digester(Questron,130~1707C,
25 min, 750 W)E o] &3t A
o2 o] % (Advantec, 5% C)Z o %43k
T I A4S ICP Mass(Agilen)= +F
A ahet.

g8 A3 Bk n%@’\]ﬂ‘%}%‘»
S AlBe A wio]l dAtEH0.1
N) 50 ml ] 9—%}\]2_1 5 BASA

(unit : each)
mines soils(minewastes) sediments streams groundwaters
Youngjung 96(3) 3 3 5
Pochon 89(3) 3 3 3
Yongsog 85(3) 3 3 2
ARsAY. 2g3 AsrE 4 B oot 20034 AFFEN, Znmo]
o PgHor WuHE FW sl ARF Agwwez sFusow,
A Agstda b AlEAE 9 20040l = A Al FAol wet, A
B Table 2 9t 2 FHoz o - A4 AYoH.
HEREGE 2FAdQ Frjrte] & &g B 7= microwave digester =
2 1 AA we Aom @EHE o] AT APYPRoE Fu5
74 giEz 1 Ay AYFEFE 4 99

in environment of around mines



- 2) AT R A
g B A5 AEE GFC-4
Az EaEde AT & 2 99E

ICP Mass(Agilent)Z #2435} 3]t}

ATFdigdel disl EF Tl &)
HA &3 2AFL AF}E ALY
Cd, Cu, As, Hg, Pb, Cr, Zn 52

w439l
m. A3 49 323

L H33 FHEF TS ¥

it
ot
ofN
ol
4B
o,
A
19

e £ 9 mo
ol

Zete ARl B
e Ho] 100% =
PR
WA A B
CERRE

3
|7r &2 8t
5

Mr 1o o poh

o

g_}dOH‘o::I,O o
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CS : contrast soil, YJ : Youngjung mine

Fig. 1. Comparison of heavy metal mean
concentrations beween minewastes and a

contrast soil in Youngjung mine.

150

100

conc(ma/kg)

50

| Cr i Zn As~.Cd Hg Pb ‘

items

YS : Yongsog mine

Fig. 2. Comparison of heavy metal
mean concentrations between
minewastes and a contrast soil in

Yongsog mine.
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items

PC : Pochon mine

Fig. 3. Comparison of heavy metal mean
concentrations between minewastes and a

contrast soil in Pochon mine.

Table 3. The standards of cultivated soil

in Korea (unit : mg/kg)“)

classification

Cd Cu As Hg Pb Zn

the apprehension 15 50 6 4 100 300

standards of
soil pollution
the counterplan
standards of
soil pollution

4 125 15 10 300 700

FEo Hus] Ew, G53ANA Cr
100.119 mg/kg, Cu 189.400 mg/kg =
Hg 8492 mgkg®z, £4%34to]x Cr
198.440 mg/kg, As 160.480 mg/kg, Hg
77240 mg/kgol, EHHFA Cr
84.680 mg/kg, Zn 50.280 mgkg S =

AEH A

Cu, Hgo] &34 As, Hg o] ES
cd$HrES 24 ¥z, TIE
e EF EFLGEAE o=
Uelgth 3 Egedudr|Fes
B 94534 2 43449 e
HE @A o] HEFoF &
Aoz FadET
2) 933 FAEYG] FTES FE
Fo At JFE wE ZAAY F
HEGS d2EdY FTF5 Hds

== Fig. 4, Fig. 5 2 Fig. 6 o] Y&t
gt G 2= 9F34 8537
mg/kg, &4344F 13.568 mg/kg, T3 A
3 5328 mgkg o2 ZAME Y. Cu
d=34 62351 mghkg & E
TH7IE(EBA) 50 mgkg =
A3 e = HAEHIG. &
B2 HdEEFHEOE
HA-H7E(EAEADE

4 7o)t

off

r 32 o A fo i

o

N l =
ft
o2

o2
o? rr

3z
s 28

o)
N

fo

oo > 1e
&

N
N
3
R
“OO
)
Sy

BCS

BPC

Conc(mg/Kg)

ed

0 l,, J J — —— -
o Qu Zn A «Od H  Pb
ltems

Fig. 4. Comparison of heavy metal
mean concentrations between soils and
contrast soil in around Pochon mine.
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Fig. 5 Comparison of heavy metal
mean concentrations between soils and

contrast soil in a round Yongsog mine.
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Fig. 6. Comparison of heavy metal
mean concentrations between soils and

contrast soil in around Youngjung mine.

Zn T2 95 F4F 8.027 mgkg, &
A332F 12.364 mglkg, XA F 19.241
mgkg 2 ZALHUSH, EXLFFH

71E(CE A A H] &l
ZALE AT

As =& 94534 1.208 mgkg, &
A3k 95.024 mgkg, EHEF 1.968
mgkg® ZALHA=H], 4340l
2 FAbo] BlEte] As7} o}F EA A
ZHJ. o= E“O‘H%aﬁﬂ%%
AANES 16 v %
Cd 55 3 7] FAEE gzEL
H=stAY 4 HEI}T FE=E Y

Ebsk ot

o}

rlo

TR

2
18
=2
=
O
5
&
3
N
M
L)
o
o,
=

LAHA & AAHYA FHFRENA ]
Z34 5= Cd 0.6 mgkg, Cu 45 mgkg,
Pb 34 mg/kg, Zn 75 mgkg o]tk
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57k 0dF4 23 YE AoE B
R
V.2 &

A7) EHA YA HF 3 ANAi
g YYeR FE4 ¥EE =AY 4
e ge 2.

LRl FEE Wi vEE 959
Ake] A9 Cr 100.119 mgkg, Cu

189.400 mg/kg, Hg 8.492 mg/kg ©] 7
=5 AR, 8AFFeA Cr 198.440
mg/kg, As 160.480 mg/kg, Hg 77.240
mg/kg, £ 2 Z|A Cr 84.680 mg/ke,
Zn 50.28 mgkg = HEHUT

2. #AFFH BT 1 km oo ok
EYY FEH vE 2AY 29 o
Zgako) Al Cu7b 62.351 mglkg, &4
Bkl A As7F 95.024 mg/kg, Hg
11279 mgkg o= vlud =4 7

3 SEAAE L

Al Zn ©o} Z}Zk 0.386 mg/#, 0.219 mg/
sHoloH, sHFe 74
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A Sudy on the Water Quality of Ground Water
in Non-Public Water Service Areas

jo-gyo Oh, eun-hee Jung, gyeong-su Park, sun-min Hwang
and kyung-ahn Kweon

Drinking Water analysis team

Abstract : The results were investigated about water quality of 330's ground
waters distributed at the north of Gyeonggi province for contaminants in Korean
Drinking Waster Standard from April to October in 2003. 31.1% of investigated
water samples were inadequate to drink and it was higher than the inadequate
rate(21.6%) of samples which were controled by related regulations as long as
above periods. Nitrate-N had the highest inadequate percentage(50.0%) to drink
among the 46's analysis substances. The next inadequate contaminant was total
colony counts and coliforms(37.2%) which was criteria concerning microorganism.
And according to the order, Turbidity, odor, zinc and aluminium were bad articles.

1,1,1-Trichloroethane was the only inadequate contaminant among the volatile

organic compounds and it was found in Yangju district.

Key Words : ground water, non public water service area
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o 9l& pH
Ao,

Table 29} o] HE=E SV |E 2 4
AL ol #e R(BAEE)Y HEE
FAAANEY ) mel Y stk

Table 1. The number of sampling by

district
Districts No. of sampling
Goyang 11
Uijeongbu 55
Namyangju 15
Paju 73
Dongducheon 15
Pochun 54
Yangju 32
Gapyeong 37
Yeoncheon 38
Total 330

T Fd-or uFHo
Fhol2 5 T FE
szt gt

AEo] U&=
= B dA,
FE¢s F
T2 Xt

|
Had pH,
date] 7=

4 gae {718 239 AER] o]
et arh #o] §sld =2 oy
& YEha, A Ee dFY Tt
(IHCOs), BAHCOM)ol &g 73 4

Sl E FeTEAA S .
T FAPE A FH7]EA p
~ pH 85% 273 X AA=
4 330 4 Fd slgler, =AM A
o] FholZEE HY

Table 2. Contaminants & methods

iv
o
es)
i)

> oo

A

Contaminants Analysis Instrument

X total colony counts
Micro

organism

total coliforms Incubator
Fecal Coliforms
Lead
Cadmium

Arsenic
Selenium ICP/MS
Hazardous Mercury
Inorganics Boron
for health Cyanide
Chromium(VI} U.V.Spectro
Ammonia- N
Nitrate-N
Fluoride
Phenols U.V.Spectro
Diazinon
Parathion
Phenitrothion
1,1,1-Trichloroethane
Tetrachloroethene

IC.

Trichloroethylene

Hazard.ous Dichloroethene
Organics . GC
1,2-Dibrom-3-chloropropane

for health
Benzene
Toluene
Ethylbenzene
Xylene
1,1-Dichloroethene
Carbon Tetrachloride
Cabaryl HPLC
Hardness Titration Method
KMnO, Consumption ‘Water Bath
Odor
Sensible Method
Taste
Copper ICP/MS
Color Colorimeter
ABS U.V. Spectro
Aesthetics
. pH pH meter
affecting )
Zinc ICP/MS
materials
Chloride 1.C
Residues on evaporation Drying Oven
Ire
_om ICP/MS
Turbidity Turbidimeter
Sulfate 1.C.
Aluminiom ICP/MS




i

pH 59 ~ pH 842 Ygyx, A
Hzhe pH 682 A E ¢ o)

X
=

N
-

Aol (CN)

Hao]&(CHE FFol Fo} U=
dalEe CI'e Ton. d3Ee A
AA de EE3H,

KCl, CaCl9 ez &3t =4
A g dgES s

B daelee AFe IYsHE B
ot el TP FRFe} gon,
e e Q2 AE] AEF
Agrolt B4 thae faeled
ot gk gxolee meE
FAIEE 250 ng/ £ 0] Sholm], Gol
=°] 200~300 mg/ ¢ Fx ol HW
Bol £FUe =/ @du LA
AT, Paolgel B BE FHE ¥

o

A7) o) glom, e Hel Fr)¥,
B Ao ZAA G A Gaol
Wo= 1 mg/l ~417 mg/ 4 2 JEIGS

o GFEAA X85 g o] 417 mg/

LR 7E2FH HYed A2y 75
SEdAY dFer FAAT AHA
FEFe 160 meg/l 2 ZAFEY oW,
A9 Hadrol29 e 24 g
s~ 53 ng 2 ZAHAY.  2A AT
Gaol&d FEE HEE FEHIIES
A X WA vEten, o] Fof
A FFA o] Hat 232 mg/ 4 E MY
A 2AE A

3) F4tol2 (S04%)

12(S0/)e AdFFd
™ F2 AFdA 718y
w4, vE, BAEE S

A
ToE HiEHo L9HV=E

O

o &

2
A
)

i

T S i
:OL_II

o

o AHA AAY dAde] HU| %
{i_q_l()).

Q) FelA MEEHE SO=2 EFT
29 SO E AR st1, BE
71 Zel Fapeubgof s SOzl A
SO:& A, +F719 2t
HoSOuE Hof, A2 "7 %
@_qll)-

HEE 7SS 200 my/ oy, x
A Aol FEWsle 0 meg/
¢ ~284 mg/ ¢ 2 VeI oH, FFAY
g oA 284 mg/ 42 7T 2HEHG
o A Fatolge] HuwEE 14
mg/ ¢ 2 ZAEHAY. ANGERE FF

&

FEAY F Fol

v
834 mg/ 4 & 715 =HHJAY, AA #A



TEEE 9 mg/lE ZAEYT. A 3, ARFY HRrt SUtEE 99
s AR Hol HT 112 my/ 4 < FE A g AoARE FAl
2 7 EA ZAF HA>, 95 107 s, AT, FAE WA FAE S
mg/ ¢, FF 103 mg/¢ 9 wo= e TAAY 2dde] EQHE A& &
wom, @FekFEAe] 83 mg/l = Ml oH, Bxg AA] gside oy, &
2 @A 2AE AT ARE V)Ee AR A S A 5 g
2 o] #3F FF3 FFL ey B Ao AT A A0 FE
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