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Abstract

The sulfonamide is one of potentiative antimicrobial agents which is being used widely in veteri-
nary medicine for control of several animal diseases such as mastitis as well as for promoticn
of growth. However, the misusages of sulfonamides in food producing animals, especially cattle
produce several considerable problems in human health caused from residues of this antibiotic
in milk product.

To determine the most effective anaiytical methods for residual sulfonamides in raw milk,
this study was performed comparatively using by some applicable screening detecting method
such as TTC, Charm II test (sulfonamides), and Lactek tests (sulfamethazine kit). The positive
result from screening tests was confirmed by HPLC method. Milk samples (540 raw milks) were
collected from dairy farms.

Results of this study are summariezed as follows 3
1. All samples (540 raw milks) showed negative response from TTC test, however, 18 raw milks

of those samples responded positively to Charm II test.

2. By Lactek test, residual sulfamethazine was detected from 4 raw milks. Fifteen raw milks
of 18 samples which were classified as positive one by Charm II test, showed positive response
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3. Retention time of sulfonamides added at the level of 100ppb into skim milk was ranged from
1.55 minute to 23.3 minute. Recovery rates of sulfonamides were variable from 6.7% upto
94.2% depended on the types of sulfonamide.

. Single type of sulfonamides was detected from 10 raw milk samples, 2 types of sulfonamides
from 3 samples and 3 types from 2 raw milks by HPLC.

. Sulfonamides was detected in this study were 5 types - 11 samples for sulfisomidine, 5 samples
for sulfamethazine, 3 samples for sulfadimethoxine, 2 samples for sulfathiazole and 1 sample
for sulfadiazine.

. The highest levels of residual sulfonamides was 210.3 ppb of sulfamethazine but the lowest
concentration of residue was 2.2 ppb of sulfamethazine and sulfisomidine, respectively. Number
of samples detected positively in this experiment were belows : above 100 ppb for 1 sample
(45%) (sulfamethazine), 50 ~100 ppb for 4 samples (18.1% ) (each 2 samples for sulfametha-
zine and sulfisomidine, respectively), 25~50ppb for 6 samples (27.1% ) (2 sulfisomidine, each
1 sample for sulfadiazine, sulfadimethoxine, sulfamethazine and sulfathiazole, respectively),
10~ 25ppb for 3 samples (13.7%) (3 sulfisomidine), and below 10ppb for 8 samples (36.4%)

(4 sulfisomidine, 2 sulfadimethoxine and each 1 for sulfamethazine and sulfathiazole).

Key words . Sulfonamide, Antibiotic in milk product, Mastitis
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2. BEA&k

1RZ TTCEFE Ztats 2 Charm II testE
EFEstg o™, Charm 1T test fEtatklo) 3ha)
—20C AEE 3t Lactek test 2@ HPLCE
EESTS BHESIA .

1) TTCAA ZBITHEE(TTC test).

BEAOKEES &R 551993-13%80 k3t HEY
e Fikoll o3 EsIITY.(Fig D

Raw milk

&
9m¢ distribution in sterile test tube
&
Sterilization for 5Smin in 80C water bath
&
Cooling in 37T
{} <adding in 1m{
(Streptococcus thermophillus ATCC.511)
Incubate for 2 hrs at 37C in water bath
{} «-adding in 0.3m{
TTC solution
Incubate for 30min at 37C in water bath
&

Observation in colors

Fig 1. Flow diagram for TTC test in raw
milk

2) Charm II test
AN
Charm test™ AY SHE HITELEA
27588 AgEo] mmE o Bkl BRE HE
WES WY TFEY ey, [4Cl v
CHIZF 8358 piEEcel A #ede
A& pEID A [*C] == PHIZ &
#HE VEWEC B 2ol #asid &
F5 HEpole HEWHC BESIA <t
fE7} Brpeo,
Lh EEbhe
Test tube, scintillation fluid, tablet reagents
(pink : markedsulfa, white : binding rea-
gent), positive control standard, zero control
standard, ¥4EY7], I, STFHF, WE,
oln], YA4FH(50mL).



. BT
Charm sciencesiitoll A #3&%+ Charm I
7600 system FIA3IAch(Fig 2)

Add white tablet to empty test tube.

Add 300u¢ D.W. and mix 10 seconds
to break up tablet.

Add 5.0mf sample, using new tip for
each sample.

&

Add pink tablet. Immediately mix
by swirling milk up
and down 15 times for 15 seconds.

&

Incubate at 85C 3 minutes.
&

Centrifuge 3 minutes and immediately pour

off milk.
If necessary break fat ring with cotton swab.

&

While draining test tube, remove fat ring and
milk residue from sides of test tube with

swabs.
Do not disturb pellet.

Add 300u2 D.W. and mix
to break up pellet.
&

Add 3.0m¢ scintillation fluid. Cap invert(or
shake) until mixture has uniform clondy ap-
pearance.

&

Count in analyzer 60 seconds. Read cpm
(count per minute) on [*HJ channel. Cpm
can be approximated after 10 seconds. Com-
pare cpm with control point to determine
positive or negative.

Fig 2. Fliow diagram for Charm Il test in raw
milk

3) Lactek test(Sulfamethazine)
7b RO
Enzyme {#/H3F immunoassay 50 24
43 e BETTEDE | AEE 2 Nl

F2E pigst JiES dha, um A sl
BEot fEacteE BOR A Gl

AojA o= HFIE .

1}, Lactek test kit

. Antibody coated tubes, Standard(liquid),
Tracer and Diluent, Stop solution, Wash
solution, Color developer.
o BRI

. Idetekittoll A $#3 Lactek systeme &
st cH(Fig 3).

[Standard solution 0.25m2_]
+

[Milk sample 0.25m¢ |

| Tracer 0.25m¢
&

Mixing 3 min & washing
&
Color developer 0.5m{
&
Mixing 3 min
&
Stop solution 0.5m{

&

Absorbance measurement

(+)0.D. of the sample{O.D. of sta-
ndard

(=)O.D. of the sampley O.D. of
standard

*O.D. . Optical density

Result :

Fig 3. Flow diagram for Lactek test in raw
milk

4) HPLC(high performance liquid chroma-
tography)
7} E%23 A (Apparatus)

A. Liquid chromatograpy
—Pump(P4000) : spectra— physics
—UV/Vis detector . spectra— physics

-8 —



—Integrator © spectra—physics datajet
. Evaporator : Turbo Vat(Zymark)
. Microfilter system(Millipore)
. Vortex mixer(Charm Sci.)
. Column : Nava—pak C18(3.9mm X150
mm, 4um)
Separatory funnel
. Acrodisc © 37 0.45um)
H. Ultrasonic cleaner(Bransonic)
1}, A% (Reagent)
A. Distilled water : LC grade, J.T Baker
B. Solvents(HPLC grade, J.T Baker)

. acetonitrile
methanol
methylen chloride

C. Reagent : KH.PO.(GR, Junsei), HiPO.
(GR, Junsei)
D. Sulfonamide standards(Sigma)

. Sulfachloropyridazine(SCP), Sulfadia-
zine(SDZ),  Sulfadimethoxine(SDM),
Sulfamerazine(SMR), Sulfamethazine(
SMT), Sulfamethoxypyridazine(SMP),
Sulfamonomethoxine(SMM), Sulfaqui-
noxaline(SQX), Sulfathiazole(STZ), Su-
lfisomidine(SSD), Sulfisoxazole(SSZ),
Sulfanilamide (SNM).

‘?’r BiRe S

o]54} % #z(Mobile phase)

. Potassium phosphate(KH.PO,) 1g&
FRIRK 1@0“ =a 0.1 KHLOBK=S
e 5 o] 89 840ml 9} acetonitrile
160m{E E&3FH T phosphoric acid
(H:PO) 2 pH7} 3571 A =R x
microfilter system% FIH 0.45um =
HZ JE#ste olsi B s (HHs
Aot

B. Ao BEEERK
~Stock solution(100um) : Z+ A sHE 10
mg-S IERESHAl Eol 100ml-8-& et~
Ao FH oS W2 FiFst 100
me7t B2 S o2 S (RE S

—Intermedlate solution(1uf) : stock so-

o oW

o=

— B % ) =

lution 1méE 100m¢ HiE ST
3l ol B R FfEste] 100me7}t
HEE st {EASIATH

—Working solution : Z} intermediate
solution Y HE Hole ol B
2 2f%(500ng/ml), 10£%(100ng/mé), 20
f=(50ng/me) 2 kst EASAT.

C. HPLC ##rigtt

P& EEgolA el HPLC 4#r &He o
=3 2o

- Column : Nova—pak Cis (3.9mm X150
mm, 4um)

—Wave length . 270nm

— Absorbance unit full scale(AUFS) : 0.
005

—Flow rate : 1.0m¢/min

— Attenuation : 8

— Chart speed : 0.5¢m/min

—Injection volume : 50ué

—Mobile phase : Potassium phosphate
(1g/€) : Acetonitrile(840 : 160, V/V
pH 3.5; V : Volume)

D. EUER B

DBl EELE Charm 11 test®
3] et AR S MRS F o3
ol Z+ HIHIE 100ng/ml 2 FRinsHS
Fig 4 o HEo=Z FEEE 3 § [E
YR g katATh

Fbel A Ee s
Sl IS 29EE

X100

— ) ASHE Sl

FEAH peak areaX BERTY BEX RIHER(D
EHERHE S peak areaX ¥ (10g)

Take 20m¢ of methylen chloride into a
separatory funnel( I)
{JeAdd 10m¢ milk sample.
®Shake 2-3 times.
{}<®O0pen plug and vent gas.
©Close plug and shake 2-3 times.
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{O®O0pen plug and vent gas.
®Close plug and shake thoroughly for 1 minute.
{b<wait for minutes.

Take the lower layer into a separatory funnel(1l)
0
Add 20m{ of methylen chloride into a separatory funnelt)
0
Repeat ®, ®, ©, ® and ® procedure.
{b<wait for minutes.
Take the lower layer into a separatory funnel(Il)
&
Add 20mé of D. W.
&
Shake thoroughly for 1 minute.
d{b<wait for minutes.
Take the lower layer into a evaporating dish.
{y<Evaporate.
Residuum.
{3<-Add to 1m¢ mobile phase so-
lution.
Dissolve residuum in ultrasonic cleaner for

10 minutes.
&
Filter(Acrodisc)
&

Inject 50u¢ to HPLC.

Fig 4. Flow diagram for HPLC procedure for
the residual sulfonamides in raw milk.
B R

1. TTC test, Charm II test, Lactek test,
HPLCAO! {4St MUlE BE kis

540142 HglEFL o Ul 3ted TTC test, Charm
II test, Lactek test, HPLCE: 0. 2 A ubH| B8
BES BEid &2 TTC testS &8 [&kol
2o, Charm MtestollA 1885 (3.3% )7}
BT HHE 18/ dishke Lactek
testZ LB A3 A7 4fFol SMT BBitol
Romn, HPLCEC 2 FE WA &R 158
Foll A szt #it s Ack(Table 1).

Table 1. Comparison of analytical methods
for detecting residual sulfonamides
in raw milk

Analytical method

Number of TTC Charm I Lactek* HPLC*
tested sample  test test test
positive  (210ppb)
540 - 18(33%) 4 15

TTC : 2,3,5 -Triphenyl- 2,1,3,4 -Tetrazolium-
Chloride reduction test

Charm II test : Total sulfonamides

Lactek test . Sulfamethazine only

HPLC : High performance liquid chromatog-

raphy
% ! Test for suspect samples of Charm II
test

2. Charm 1I test@} Lactek test2] Lh#

Charm II test®] 73-9- 2 SREE<] | 28 lotel]
th3}] control point (C.P.), zero, positive ave-
rage (Pos. AVG)E M flEste] Astodok
3o}, & EEgOl A zero G2 zero control stan-
dard milk

Powder(free sulfonamide) & fHIRAIA 3¥
A S FHRIES el ™, Pos. AVG.T positive
control standard(sulfamethazine 10ppb) = 8
FAIA 6H HES Ho HlEgtelth

C.P.& Fkihol PiEwE] HHRAASAES
sty 98l FEREE BfEEA Pos. AVG.
el ¥ FlEWHE RFle REE g ol
ke CP.EY flEdtel =4 veht,
suspectii¥te CP.EY HiEge] 2A vehd
t} K EEOIAME Pos. AVG. kol b e
wRZEQ 15% 9] &S vlsty CP.ats Estivh
Lactek teste] Z-¢ 19 EENA 5671 #
B o] REE HAEY 4 I standardE viH
B @ o FHEe 2ol &St standard9]
O.D.#ET Akt 0.D.gke] BS %9 Bk
o2 ¥FE9ch Charm II test®] 7% # 540
o] Fptoll A 18££2] suspectidFt7T #H A
o e kR g RS 546, &N



Table 2. Comparison of analytical methods between Charm II test(suspect samples) and Lactek
test for detecting residual sulfonamides in raw milk

Analytical method

Charm 1II test

Lactek test

Sample (Sulfonamide) (Sulfamethazine)
Pos AVG CP Zero  Sample Result  Standard Sample Result
52 963 1107 2487 746 Suspect 0.423 0.544 -
53 963 1107 2487 654 Suspect 0423 0.427 -
54 963 1107 2487 748 Suspect 0423 0.553 -
56 963 1107 2487 679 Suspect 0.423 0.493 -
57 963 1107 2487 790 Suspect 0423 0.185 +
58 963 1107 2487 667 Suspect 0.519 0.600 -
59 963 1107 2487 702 Suspect 0.519 0.115 +
60 963 1107 2487 875 Suspect 0.519 0.633 -
61 963 1107 2487 676 Suspect 0.519 0.091 +
62 963 1107 2487 591 Suspect 0.591 0.615 -
63 963 1107 2487 629 Suspect 0.518 0.593 -
64 963 1107 2487 546 Suspect 0.526 0.153 +
65 963 1107 2487 1075 Suspect 0.526 0.756 -
66 963 1107 2487 754 Suspect 0.526 0.730 -
67 963 1107 2487 621 Suspect 0.501 0.664 —
68 963 1107 2487 912 Suspect 0.501 0.755 -
69 963 1107 2487 762 Suspect 0.501 0.671 -
70 963 1107 2487 681 Suspect 0.501 0.588 -

Pos AVG : Positive average(10 ppb), CP : Control point(Pos AVGX1.15), Zero : Free sulfonamide

WEF-S 10752 Jeldth Lactek testoll A
o 2 VERd 4¢Fe] Afolle &k BiER)
(0.D.) o] 0.091°11 21, F/)v FIEZ(O.D) )
0.1852 ‘tebstth(Table 2).

3. EYE

Azt HEA &8 4FLol sulfanila-
mide(SNM), sulfisomidine(SSD), sulfadia-
zine(SDZ), sulfathiazole(STZ), sulfamerazine
(SMR), suifamethazine(SMT), sulfamethoxy-
pyridazine(SMP), sulfamonomethoxine(SMM),
sulfachloropyridazine(SCP), sulfisoxazole(SSZ),
sulfadimethoxine (SDM), sulfaquinoxaline
(SQX) 9] 127}A] MduHZ 100pphs] BE=Z
& #inste] Fig 49} £ HEo =2 il 2
geBst & HPLCE fp&ste [EES K3t

HE X A=20IET0A9| fER

-85 -

A9 ®} Table 3 ¥ Fig 63 skl A, SQX,
SNM, SSZ, STZ, SSD+ %4 6.7%,9.8%, 16.7
%, 17.0%, 193% 2 A Jeldon, SMR,
SMP, SMT, SMM & %% 94.2%, 87.3%, 86.0
%, T14% 2 BN 2 BERS 2Y . Fig.
b€ k&0 127FA] A otfle] BERKS 50pphE
HPLC®) 50ulF Asted &2 Chromatogramo]
o} 127}R] A3 &9 WS 1555~
233145 2.2 Vel (Fig 5, Fig 6).

4. 181#
254

Lactek test it 4fko] thdle] HPLC &&E
BE &R SMTe] =5 HHER o™, Lactek
test® R A FE 669 KN SMT7}
i =Rk 2y 668 BElE  Lactek

0l CHet Lactek test@t HPLCES]



Table 3. Recovery data for 12 sulfonamides
in raw milk fortified at 100 ppb

Sulfonamide Retention Recovery
time(min) *Mean(%)+**CV(%)
SNM 1.55 9.8+ 0.3
SSD 2.04 193+ 1.7
SDZ 2.38 678+ 3.3
STZ 2.61 170+ 1.2
SMR 312 942+ 35
SMT 3.94 86.0+ 54
SMP 448 87.3+ 158
SMM 6.38 774+ 4.1
SCP 7.11 447+ 29
SSZ 11.74 16.7+ 34
SDM 21.02 530+ 87
SQX 23.31 6.7+ 24

*Averages of 3 analysis

**CV . Coefficient of variation
SNM :
SSD
SDZ : Sulfadiazine
STZ : Sulfathiazole
SMR :
SMT :
SMP
SSZ : Sulfisoxazole
SMM:
SDM
SCP
SQX

Sulfanilamide
: Sulfisomidine

Sulfamerazine
Sulfamethazine
. Sulfamethoxypyridazine

Sulfamonomethoxine
. Sulfadimethoxine
. Sulfachloropyridazine

. Sulfaquinoxaline

fr

test2] RS 10ppbol] E4 & 1]
ppbE YERRTH

w3, HPLC && & &R A9 25
162K A 558 22¢F0] = A (Table 4).

5. HPLC:AO!| k&t Ani#E

HPLCE 18K REE & as #X 15
Exd A duEirt it sl S, SSDE 114,

AR

A= 2.2

—_ 86 p—

SMT 5#, SDM 3ff, STZ 2, SDZ 142 &
1 22fo] REHEAT B— Al KK B
£& SSD, SMT7F 22ppbellom, &k il
£2 SMTelA 210.3ppbolith. B-- kol
A RN HE R Ak 529
oA 22ppbolRor, KK HiHES &K 61
Wl A 290.8ppbE WHEM A TH(Table 5).

Fig 5. Chromatograms showing the peak se-
paration of 12 sulfonamide standards
Flow rate : 1mé/min, Wave length :
270nm, AUFS : 0.005Mobile phase :
Potassium phosphate(1g/£)/Acetoni-
trile(pH 3.5, 840/160, V/V)

g

- Recovery Rate in % -

o 38858823383
- Retenton Time in Minute -

Fig 6. Comparison of recovery rater and re-
terntion time of sulfonamides in milk

6. HPLCAO!| &t =R #a

2240 gk Ad b R E-2 100ppbLl kol
1#4:(4.5% —SMT), 50~100ppb7} 4{£(18.1%
—SSD, SMT %% 2#+), 25~50ppb 7} 6{4(27.1



% —SSD 2#, SMT, SDM, STZ, SDZ #% 1
#), 10~25ppb7}t 3£:(13.7\—SSD 3#), 10
ppbEHol 81:(364% —SSD 44, SDM 24,
SMT, STZ %% 1#F) °l &= A cH(Table 6).

Table 4. Comparison between Lactek test
and HPLC for detecting residual su-
lfonamides in 18 raw milk

Method
Sample Lactek test HPLC
Detect i
(only SMT) Sulfonamides
Total 4 15 22
52 Negative + SSD
53 Negative + SSD
54 Negative  N.D.
56 Negative + SSD
57 Positive + SMT
58 Negative + SSD
59 Positive + SMT,SDM
60 Negative  N.D.
61 Positive +  SMT,SDM,SSD
62 Negative + SSD
63 Negative + SSD
64 Positive 1 SMT,SSD
65 Negative  N.D.
66 Negative +  SMT,SSD
67 Negative + SDM
68 Negative + SSD
69 " Negative + STZ
70 Negative +  STZSDZSSD

HPLC ' High performance liquid chromatog-
raphy

N.D. ! Not detected

SSD  { Sulfisomidine

SMT : Sulfamethazine

SDM : Sulfadimethoxine

STZ : Sulfathiazole

SDZ ' Sulfadiazine

Table 5. Results of determination of sulfona-
mides in raw milk by HPLC

Sulfonamides(ng/mé) Total
SSD SMT SDM STZ SDZ (ng/mé)
52 22 7 / / / 1(2.2)

Sample

53 325 / / /] 1(325)
4 / / / / |/ ND.

56 187 / / [/ / 1087
57 / 364 / [/ /] 1(364)
58 32 / / / / 1(32)
59 / 912 88 / / 2(100.0)
60 / / / / / ND.

61 745 2103 60 / / 3(290.8)
62 514 / / / / 1(51.4)
63 262 [/ / [/ / 1(26.2)
64 128 596 / / / 2(724)
66 [/ / / / / ND.

66 63 22 / / / 2(85)
67 / / 325 / / 1(32.5)
68 88 / / [/ / 1(88)
69 / / / 32 / 132
70 169 / /396 39.7 3(96.2)
Total 11 5 3 2 1 22

HPLC . High performonce liquid chromatog-
raphy
N.D. . Not detected

Table 6. Detected number of residual sulfo-
namides by concentration(HPLC
analysis).

Concentration{ppb)
Total {10 10~25 25~5050~100 100
Total 22 8 3 6 4 1

Sulfonamides

SO 11 4 3 2 2 -
SMT 5 1 - 1 2 1
SDM 3 2 - 1 -
STZ 2 1 - 1 - -
SDZ 1 - - 1 -
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7. RE T AR

B—Aaf e SSD7F 7#o2 13 B
k3l STZ, SDM, SMT7F &4 1{4°] fHE
Ak

2fE9] EAHHS SMT-SSDo] 24, SMT-
SDMo] 1#Fe = velom 3fEe] BEHHS
SSD-STZ-SDZeo] 144, SSD-SDM-SMTo°] 14
© 2 Jepsiti(Table 7).

Table 7. The number of detected sulfona-
mide according to mixed type in 15
raw milk.

Sulfonamides Number Total
Total 15
SSD 7
STZ 1
SDM 1
SMT 1
2
1
1
1

Singl
ingle 10

SMT,SSD
SMT,SDM
SSD,STZ,SDZ
SSD,SDM,SMT

Double

Triple

£ E

2 vty A$ Bt Fx FEIE Ho
BERREE #E3HA o, /MK BRE
Hogol Kisrolct ol EiFaA KES
BhECE #hET Uk (RS #iE 2 MEk
B2l haiEe B BRI R AR FEEI}

gE FHYE Zo] HEot

-2 Yol A 19943 9 FLEA BEEY
BE BRS A9Ed KE 2 @AER (Pt
W BT, TIEE R, H) 7t 45(837008 ¢
(1907.85kg) ©] HEHAH"?. BN AHEE &
P REE = datEe] JE $52 794399
739 sulfisomidinetd: s> 84 (8fEERY), sulfa-
methazineth: 587 (4{€82¥), sulfisomidine,
sulfamerazine, sulfathiazole E-&HE (258
Do gz WE HIAUP,

X BEHNM= HPLC E& &F sulfisomi-
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dine 11#F, sulfamerazine 5#F, sulfadimetho-
xine 3, sulfathiazole 2¢:%2] IHO 2 HHIT
A= oleg KB BRE el B ABE%
mEE E B BRaES 2 Aoz B
k)

=3 K BEOIA S40BKS Jtsie] 182
Kol A AEPZE Mol 33% 9 HHERS
B, o2& MUtk 1990 10
ERi52] sulfamethazine #H FEHCBHER 5
ppb)ollA] 6.7% 9] HES Bl AT HiEgA
e WS Eait} Avttel F9= 54
ppb~114ppbe] W& BEE EJL K
ol M= 22ppb~2103ppb77}1]-4 ER
UER I o, o3 Flvitte) ﬂ% il
BAESAT & ERIAME ¥ FAS
37 WEo R AZtEC

oj 9} HMIZ MEE Bady® Katz®= w&
oA HELY 40% 9 sulfonamides?} 12.5
ppbllk EFH AT AT

e ZA$ 19921 Idexx Incitte) FEBIW
Aol BDHE R ostd 371950k
WAASR 1060871 Rt (BHR A 10ppb) X
=4, sulfamethazine®] 7744, sulfadimethoxine
1544, sulfathiazole 114, sulfapyridine 24, su-
lfadiazine 1fF0)3lct. 1986'd FSIS(Food Sa-
fety and Inspection Service ; EBIE#HE 2
BMBEHER) Bt #kstH Map 108
& 1V} 4,96342 18 49,6301 HAFER 108
#(0.218% ) 0] ®HEHAE=H, sulfamethazine
784(1.57%), sulfaquinoxaline©] 8#£(0.161
%), sulfathiazole 2{£(0.040% ), sulfadiazine
1{4:(0.020%)§ W StET. 28 ey

% 19943 ~199513 8] #A BRIl A A s

/l 73 sulfamethazine®] B2 23] KEH

r:’ras’ Ao At o] AEIS 3%+ sulfa-
methazine®] BH7l 7MY MEHEE Aoz
YERSTH

Idexx Inciitell #3F Lactek test (sulfame-
thazine test kit) 2] sensitivity= 10ppb2E &
A Qo I FhPY 4kshH 5ppb B
E71A] SensitivityE Y F T st ch
K ERAME 1@ k7 HPLCAA sulfa-

=
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methazine©] #H¥ K Lactek testol A<=
[eo g HEHRoU o] AL Lactek teste]
B "R & 9|x]= 2.2ppb KEE| AT
* B SRS 29 HPLC EEFHE 98 B
Skt A sulfisomidine 51.4ppb, sulfadiazine
37.7ppb, sulfathiazole 39.6ppb7} BREZ #
=l o, Lactek test (sulfamethazine kit)
ANME oz ¥Eso] Lactek test(sulfa-
methazine kit): sulfamethazineol] FB3lod #
HES & 5 I BE FiLT vEk wE
HAEe 2 ol fiEstAA diEtte] U
ERFl 22 & HHE BEY & Jon,
A SRR 2 #E$E TTC testY disc as-
sayih 22 £48n kel 2 AL U
16,37,38)

TTC teste] 745 Aupflol] i g taitl RES
Z¥ = sulfamethazine, sulfadiazine, sulfaqui-
noxaline, sulfachloropyridazine”} 500”5000
ppm F%E LlEe]l &F Hejok i s, 72
sulfamethazine¥] 7-% 3000ppm©°l|’d<] &%
A BT Bisigoh v £diA #his
35 o] TTC testoll e oo i BREZ
o9 e Aol

Delvo teste AW {FH BLESZA B-la-
ctamsZ| = penicillin G 7-% 4ppb7tA] #EH
EES 2=t} Delvo test P 2% 50~100
ppm, Delvo test SP9 4% 0.25~1.0ppm<]
AT i RES 2o Aok 2ehv 43
BEH| el BA(00ppmLlE) Al false po-
sitivef5R7F AT wiEREE AT

Penzyme method= B-lactams H14:7(pe-
nicillin, ampicilline) & Bl 23] A&38A
B SIE A SFEC 2 A penicillin-Go
A 0017 TUREAA BES Yepdo™e.

Charm II test2] 7-$- Zomere sulfametha-
zine-< 10.5ppboll Al 100%, sulfadimethoxine<
4.5ppboll A 90%, sulfathiazole 10.6ppbeil A1
80% , sulfadiazine-& 5.75ppbell A1 100% <] &xH!
BEES 1393 $id 9. Food Animal
Residue Avoidance Databank (FARAD) &k}l
©]3} R sulfamethazine Sppb, sulfadimethoxine
5ppb, sulfadiazine 5ppb, sulfapyridazine 12ppb,
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sulfamerazine 5ppb, sulfachloropyridazine 1
ppb, sulfathiazole 5ppb, sulfamethizole Sppb,
sulfanilamide 25ppb 5 4-FLolA KBy A=t
#e] Charm II test it BREZS SpphiEE=
AT,

Charm II test®] 73-%- tetracyclines2%} ma-
croridess%, aminoglycosidess%, p-lactams’%,
A s o) EME ST AIRESH (@RISR E
(Aol 739 sulfamethazine, sulfamerazine,
sulfamonomethoxine, sulfadimethoxine, sulfa-
quinoxaline) 7} o131, T& kel 3t
B BEV sthe Fodl AR o g,

TLC(thin-layer chromatography)& 4K
fEo] EI1 EBAEFMIC] Aol il W2 e
kS ffEste HEsIA screeningdtedle
FREE & Jdoy @I o oo,

GC, GC/MSTol 9% Hirke B 2
RS Jon, B—fss & & she
dle o9 IERESh iRt st Rl
SRS N F JT FHikS o EHANA
ER =HA &S BiHSE HPLCECl ol
HFe- K= 3L glepeses,

R &) Ao £ S FIERIT S &KX
#7 FRA(maximum residue limits 5 MRLS)
= FURELERE RRE 29 Al M
BE HAERS 0.1ppmlE  FEeQ e
FAO/WHO(Codex Alimentarius Commis-
sion 5 CAO)AIXE 439 A9 sulfametha-
zine< 0.025ppme 2 1 B HEES R
don HEHT £ B[EINA 01ppme = HifR
3lal QAP KB FDASY 73¢- BEYHES
R T58S 280 e BEHAEE (tolera-
nce) 9} BRIEH FK#EQ REK#(safe level)
o2 BHEAL ok 43N BEFARE
(tolerance) = sulfadimethoxine2 10ppb=Z !
Rald 1, ZE/K#E(safe level) A= sulfa-
methazine/} 8% <] A IEIE 10ppbE FE AT
36,80"’52)'

2 kel Ze WA sulfadimetho-
xine, sulfamethazine, sulfamerazine, sulfamo-
nomethoxine, sulfaqunoxalineol th3+ FZER

E 0.1ppm/KESZ EIFRAY, FHNAE

=
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HT O 3BS BRAE &8s #3382 doh

HPLC ##mkd] AiEEE kS Liquid-Li-
quid extraction(=solvent extraction ; ¥&HK-#&
dthi), Solid phase extraction(FEdk ¥k #h
), MSPD(Matrix Solid Phase Dispersion ;
e B HEr stk Sl £ FAHR
AT

MSPD* ol o3t A oM ik 352 sul-
famonomethoxine 78.5%, sulfamerazine 90.0
%, sulfamethazine 89.2 %, sulfaquinoxaline 91.
0%, sulfadimethoxine 90.8% & [HRS
b al, HH50& sulfamethazine 78.1% & A
KRS Yebdth Smedley 52 extraction
sol& FlHH st 5 B3 Hikol A< sulfame-
thazine 83.3%, sulfamerazine 80.5%, sulfadi-
methoxine 70.2%, sulfaquinoxaline 55.6% 2
Ty BEERS YE oy, chloroformS FI
3t fhie 4152 20ppboll A sulfanilamide
58.2 %, sulfathiazole 92.7 %, sulfamerazine 86.9
% , sulfamethazine 95.1%, sulfamonometho-
xine 65.2%, sulfaquinoxaline 72.7%, sulfadi-
methoxine 86.5% 59 [EEE YetRith Me-
thylen chloride® FIH #B3 & BERIM=
sulfamethazine, sulfamerazine, sulfamonome-
thoxine, sulfamethoxypyridazine, 52 ks
94.2~770% LA ol & EHERS 2 K
sulfisomidine, sulfathiazole, sulfisoxazole, sul-
faquinoxaline, sulfanilamides2 19.3~6.7%
o] v [gE-S Yet] o] sulfisomidine, sul-
fathiazole, sulfisoxazole, suifaquinoxaline, sul-
fanilamide 5 9] 4 3| il S M E vl &
rrest Bed Aoz Atgdn)

LibEe] BB fRANA ASEIt WidE
mElet fEvet BiTEE REE HA
e 28y dozo KERFES Qg B
o2 FEgsl B Aotk ¥ Uete] HiEFE)
Aoyl AElMeE & o AR &R 4
FE Aol & Aolth, AT HigiolA
Va3t 3 PIERIE FRASIA &1, [#HsHH
PREEHARS 2 RIS FHRES 2439 A
3, AEBAME oS BES BES 7
e HES #rsteol stilth

ey
A

Xow

T

s ]

AaE ABKoIV Z1EE iR 2 RRE
Ao s g FIAER ok e i
Ae] Aot R ERS RN EYE BYE
ket ARRERNOE o MBS U
R itk olel] #5 REL] BEEE Hat
ol HEES 95t 540B HBERIAE TTC
test, Charm Il test (sulfonamides), Lactek test
(sulfamethazine kit) 2 HPLCZ LH#EEs3I
7 22 BRE vk

1) #8540 B FIE BES HF TTC
test A && B, Charm II test ©
1825 (3.3% ) ol A A THEI7E ik = A
Charm II test #HaEIl [R8} Lactek
test @ HPLC KFE#ER Lactek test &
4K NA sulfamethazine©] HHE 3,
HPLCE 1585 AA daE7E =
o}
sulfanilamide,
zine, sulfathiazole, sulfadimethoxine, su-

2)

3) sulfisomidine, sulfadia-

lfamerazine, sulfamethazine, sulfame-
thoxypyridazine,
sulfachloropyridazine, sulfisoxazole, sul-
faquinoxaline®] % A3H|E 100ppbe
BEZ F30 e o il EEstA
S dapglel fEH wet 59 Bl
RS 15597 ~23.31% ollem, [Eik
RE 94.2~6.7% ATt

HPLC & ooz #HiHa 4938= 1
B 10K, 26 3ER, 3 282K 26
LA be) Asgizh sERAA = Aok
Ao B 2 1218 U IS sul-
fisomidine 1144, sulfamethazine 5#, su-
lfadimethoxine 3ff, sulfathiazole 24,
sulfadiazine 1£f IHo 2 5fio] #HES
=3

e Aa#EiEe ik sulfamethazine
210.3ppb, &) sulfamethazine, sulfiso-
midine°) %% 2.2ppbo]$1th. 100ppbli
kol 1##(4.5% -sulfamethazine 173),
50~100ppb7}  44(18.1% -sulfametha-

sulfamonomethoxine,

4)

5)

6)
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zine, sulfisomidine &% 2{), 25~50
ppb7} 644£(27.1% -sulfisomidine 273, sul-
fadiazine, sulfadimethoxine, sulfametha-
zine, sulfathiazole %% 1fF), 10~25
ppb7} 31£(13.7 % -sulfisomidine 371), 10
ppb Kol 8#4(36.4 % -sulfisomidine 4
#:, sulfadimethoxine 24, sulfametha-
zine, sulfathiazole %% 1#F) ] KL= A
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