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ABSTRACT —

This study was conducted to evaluate the MSPD and HPLC method about simul-

taneous determination for residual synthetic antimicrobials of sixteen species such as sulfonamide
etc. in livestock products. Elution solvent used in HPLC was ethylacetate : acetonitrile (4:1), and
mobile phases for solvent A and B were water : methanol : acetonit rile : phosphric acid (700:250:
50:0.2) and 100% acetonitrile respectively. The detector and absorbency used in HPLC was UV
266 nm. This study showed the reduction effect of 99.1% for organic solvents, 94% for experimental
steps, 95% for analytical time and manpower and 98.9% for costs compared with korea food
standard method. The average recovery rates for chicken, bovine, pork and milk were 67.7% 96.2
%, 67.7%~96.6%, 70.0%~96.2%, and 13.8%~97.8%.
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Al —HPLC 2 & £0)Z A= acetonitrile(HPLC grade
Baker, USA), water(HPLC grade Baker, USA), methanol
(HPLC grade Baker, USA), ethylacetate 300(ZHF5oF8,
WAKO), n-hexane 300(zHi-5F4, WA KO), C18(40 um
prep LC paking Baker, USA), phosphoric acid(Sigma, USA)
g AHgstaTt

g Al E5E-2 Sigma Chemical(U.S.A)2] sulfadi-
azine(SDZ), sul fatiazole(STA), sulfamerazine(SMR), sulfa-
methazine(SMT), sulfachloropyridazine(SCP), sulfamonome-
thoxine(SMM), sulfadimethoxine(SDM), sulfaquinoxaline
(SOX) 5 8%¢] MulA¢} thiabendazole(TBZ), oxolinic
acid(OXO0), carb adox(CA), furazolidone(FZ), clopidol(CP)
Wako Chemical(Japan)2] olaquindox(OLA), Nanogen Chemi-
cal(USA)9] zoalene(ZOL), ethopabate(EPB) 5 & 16%&
A&,

YA 5892 TBZ, OLA, CP, CA, FZ, ZOL,
0XO, EPB, STA, SDZ, SMR, SMT, SMM, SCP, SDM,
SOXE 717} 100mgg A &3}A &o} SDZ, SMR, SQX&=

water=, TBZ, CP, STA, SMT, SCP, SMM, SDM, OLA+
methanol 2, CA, FZ= N'N'-dimethylformamide 2, OXO-&
Z~2Fo] 0.01N-NaOHo| £3)5}ld methanol®Z 100 mi7} =
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Ex| — A7 el Aaglo)E= homogenizer(Janke & Kunkel
D-2300 Kile, U.S.A), dry block bath(Torika, Japan), vortex
mixer(USAY2 AHE-SITh S 3T Al #2490 AHEE 717]
£ spectrophotometer(DU 650, Beckman, U.S.A)¢} HPLC
system(Waters 510 pump, Waters automated gradient con-
troller, Waters 746 data module, WatersTM 717 plus auto-
sampler, Waters 490E multiwave length detector, symmetry
C8 column(4.6 x 250 mm)o] i t}.

HPLC £ 2742 Table 13 o] Z#l2 symmetry Cq
(4.6 250 mm, Waters)o|3 o1 o] FAS ALu]Z water
: methanol : acetonitrile : phosphoric acid(700:250:50:
0.2)5 BE7E 100% acetonitrile2 A&t 28x
AR A3 FPF2 20 pojew UV 266 nmol| M &
sttt

Table 1. Conditions of HPLC

Waters 510 pump
Waters automated gradient controller

Instrument WatersTM 717 plus autosampler
Waters 490E multiwave length detector
Waters 746 data module

Column Symmetry Cg (4.5X 250 min, Waters)

Injection volume 20 p/
UV 266 nm

Detector

Mobile phase
A-water:methanol:aceto nitrile:phosphric acid(700:250:50:0.2)
B-acetonitrile

Time (min) mi/min A (%) B (%)
0 0.45 100 0
8 0.45 100 0
16 0.6 85 15
25 0.7 85 15
26 0.7 90 10
30 0.7 90 10
31 0.6 95 5
35 0.6 95 5
40 0.5 100 0
50 0.45 100 0
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Fig. 1. Procedures of MSPD method for antibacterium in
muscles of bovine, pork, chicken and milk.
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Fig. 2. Absorbance spectra of TBZ, OLA, CP, CA, FZ, ZOL, OXO, EPB, STA, SDZ, SMR, SMT, SMM, SCP, SDM and
SQX.
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Table 2. Recorvery data for the determination of sulfona-
mides in chicken

Table 4. Recorvery data for the determination of sulfona-
mides in pork

level (hg/)) g 0.5 10 tevel (Hge) o 0.5 10

antibacterial antibacterial

Thiabendazole 72.3+3.8 756+34 77.7E£52 Thiabendazole 79.3+5.3 80.6+47 80.1+=49
Olaquindox 70.2+39 73.2+38 73.5+42 Olaquindox 71.2+3.6 73.2+5.1 755%55
Sulfadiazine 83.6+3.6 856+44 85.1£49 Sulfadiazine 84.3+3.8 825+63 875+48
Sulfatiazole 73.9+3.9 72.7+39 76.8+4.5 Sulfatiazole 73.6+43 723+46 76.2%5.1
Sulfamerazine 91.7t43 89.7+5.1 90.3+4.0 Sulfamerazine 90.6+4.2 90.1+£3.7 90.5+5.6
Clopidol 90.8+4.8 90.1+3.9 92.1+4.8 Clopidol 88.6+52 91.2+4.6 90.7£59
Sulfamethazine 87.2+4.2 86.7+35 89.3+38 Sulfamethazine 87.6+4.6 87.1+39 88.6t54
Carbadox 88.0+4.2 89.3+3.8 90.1+4.1 Carbadox 88.9+39 90.6+6.1 90.8+54
Furazolidone 96.8+3.4 958+4.6 96.1£39 Furazolidone 96.5+52 94958 97.2+43
Sulfachloropyridazine  79.1+3.7 77.9%+4.1 81.1+38 Sulfachloropyridazine ~ 81.2+4.8 81.5+4.5 83.64+39
Sulfamonomethoxine 822+52 833+34 83.6x4.2 Sulfamonomethoxine 81.5+3.9 804+3.8 81.7+4.6

Zoalene 859+3.7 888+4.1 87.5+49
Oxolinic acid 67.7+3.7 68731 70.1£3.9

Sulfadimethoxine 76.3+3.8 751£38 7711442
Sulfaquinoxaline 67.8+39 674+39 681142
Ethopabate 89.7+52 873+45 887144

Zoalene 89.4+52 90.0+52 90.7+4.8
Oxolinic acid 705+45 71.2+46 73.5+4.6

Sulfadimethoxine 776139 804+45 81.2+54
Sulfaquinoxaline 70.1+£4.8 69.5+39 704+53
Ethopabate 859+55 884+48 895+53

Table 3. Recorvery data for the determination of sulfona-
mides in bovine

Table 5. Recorvery data for the determination of sulfona-
mides in milk

level (hg/®) g 0.5 1.0 level (hgfe) 0.5 10

antibacterial antibacterial

Thiabendazole 80.4+44 747+£38 777133 Thiabendazole 50.84+4.8 52.7+53 53.5+36
Olaquindox 66.5+53 72.6+43 724436 Olaquindox 539442 56.24+3.7 55.8+t4.1
Sulfadiazine 849+45 855439 87.9+43 Sulfadiazine 90.6+4.5 89.84+3.8 91.8+5.1
Sulfatiazole 76.9+5.1 72.8+43 79.7+38 Sulfatiazole 774+53 80.2+48 80.5£3.6
Sulfamerazine 91.3+29 87.7+3.8 89.3+29 Sulfamerazine 89.9+3.8 88.7+39 91.9+4.1
Clopidol 89.4+4.6 884435 932+45 Clopidol 95.74+3.6 99.1+3.6 98.7+2.5
Sulfamethazine 88.3+53 858+39 89.3+35 Sulfamethazine 899+35 88.61+43 91.6+4.5
Carbadox 80.3+5.6 889+43 929146 Carbadox 94.3+32 964+41 959438
Furazolidone 97.7+43 962+39 96.0+3.9 Furazolidone 96.8+3.5 97.8+3.9 97.6+4.6
Sulfachloropyridazine ~ 80.7+£3.9 789145 81.7+4.9 Sulfachloropyridazine ~ 81.24+3.7 83.6£43 843+52
Sulfamonomethoxine 83.8+5.1 87.7+54 86.7+£53 Sulfamonomethoxine 86.9+3.9 87.7+4.6 88.4+5.6

Zoalene 86.1£3.4 90.6+23 90.7+5.1
Oxolinic acid 69.5+4.8 675+54 703+47

Sulfadimethoxine 752+£38 73.6+5.1 757441
Sulfaquinoxaline 659138 679151 693147
Ethopabate 88.8+4.3 853+47 89.7+52

Zoalene 912431 89.6x42 90.7L£3.5
Oxolinic acid 12.6+3.4 133143 154433

Sulfadimethoxine 76.9+29 769+37 79.8+39
Sulfaquinoxaline 69.94+3.8 66.9+52 724+54
Ethopabate 94.1+£37 972438 96.5+35
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tibacterial by MSPD method.
=4S 9073, §4 ohEe Qo7 hsie] wobH A
AR A7 2% 2dd q3 AF3E SAZ Agstel
MEe] by BRE 753 ek ole] SEetlAE
ZHNES Fel2 HURFHEIAZ HAs A
skl ok siell A Al FA AT oA of9fell=

N‘

i

7} AAEZ BASHA Hof ded A, Setass, &
AR™”AL FMaE 2, o Exbdo uz_b HPLC-UVH, E]o}uich

&2 HPLC-fluorescence™, $et&el=, zd, Zavsa

du ot
K=}

X
o
=
ol
-
rir

o 2L o mo o

2o mu Jek

Journal of Food Hygiene and Safety, Vol. 13, No. 4



352 Jae-Kwan Kim, Young-Sook Do, Jun-Jo Park and Hea-Jeung Whang

288 7 Soltk. olo] E AEe Al g o
BFEo 9= HPLC-UV detectorE o]-&-3l5 08 A&
| 2AA F22d, 7Y B Cy 7HERR] 55

]*P‘q-"} PH}—QQ *@‘}F?}QEH A 91

=
2B, N14E T B LAEE HRE A ST

o H
U gadEAe Laisiey

A st A EA el
Zo] /\}%— = %%HH—‘: aceton, acetonitrile, chloroform,
ethylacetate, dichloromethane %-2] 7| &v)7} @5 E=
EFE AHREHT 3 X o Rs SuiFEya
octadesilyl(Cg)¢} 28 A2 A 9] Y& FTHAL o] 843
matrix solid phase dispersion(MSPD)H o] o] o]-£-5] 11 )
o griEEHe 71 80hE ALgstod Algvlel Zsek
3 FENE =9 U8 thAn-hexane/water
s A B2E AAS I tA] EF0 A
ArEste] aie B EF
At A|FEA0Z 3h= WHo| ol o]
el AP AE AX HAFE A8 AA
2] Alzte] ‘5%01 A7) Bl oo AgE Al B4

2 9
X,
oo

Ll

Abgage] ol vl go] Bol= wgol 9

MSPDYE 718 Cul Al Exfetel Mz
MBI B cthyl acetate 59 718702 27§35
WHoR Ame EFA 7IAH G350 Yol 3
AR A&sh Cuol NS $YshA wrstel Aol 13

3330l Hg] & Al 27
28 ml, 507 §7])4ulE 99.1%, A|FEELE 84.8% =Y
2 gjglon AFTAL oF 2008 AN A 12942 94% &
A o) BAAZE AL 95%, u] 8- 98.8% HzhE
T R

ole} o] ZF YA HAY WHe /M 1t
st AA| Aol w7 A o] &8 F U= e A

Balol & Zo2 BHA AoAS NEE FYFTAE
H]% Ao oolakE QAN Ae] FAP O RN ALY
St A8 F 7] el olF WAFEL FAH

Fo) BRE) U S Fusp] ARME uo
47140l 21429 AF7} glojok Sk E ]2 oAl
£& A e SFBAE A} o] FoA7] mte]
ofA] Aol kel A§u) UALEALIEN R g g
MRS} & Ao Az

olabe] el Qolal Asks Aol B 1639 B4
Yl AR wBA B A 9 gos
ZAAEF) S BFe FYFTA FRFL 1D
S e el A2 A3eln AR
Ak 123 o]el@ ATl ekt olg 74X BAHE
& RY W BF 204E] ARBLENT by

o = 7] & 5 9RO Z ArEn

2
=]
liJ
x
N

220

A8 W Se=o AP Ao 5 1620] FA3F

S HE3AT. MSPDY o2 A

£ HPLCE FAloll B4, FFE T sle A48

g AAEE 0}93\—‘11 £Z 80| 2= ethylacetate : acetonitrile(4 : 1)& A}&-81

t}. o]EA o 2= A 28Ul water : methanol : acetonitrile : phosphric acid(700:250:50:0.2)¢t B -£w] 24 100%
acetonitrile-2- A=) sle] 1P tIAE AEZ 2 E ARl UV 266 nmoljA] HPLCE E4310t}. & 2] FF- A

BlE &7 8ns 99.1%, A%

o 7t N Re| BEH e RN E 67.7% 96.2%, &

2 % 28|31 $GolA = 13.8% 97.8%= eyt

GAE 94% EY & 3lol EMAIF Q12 95%, B8 98.8% HAE = U

17N E 67.7% 96.6%, A a17] ol A= 70.0% 96.

Journal of Food Hygiene and Safety, Vol. 13, No. 4



10.

11.

12.
13.

14.

Analyisis of Synthetic Antimicrobials by MSPD Method

=-—
Hu=d

JILA

. Schwartz, D.P.: Quantitative colorimetric method for sul-

famethazine in swine feeds. J. Assoc. off Anal. Chem.,
68(2), 214-217 (1985).

. Ashworth, R.B., Epstein, R.L., Thomas, M.H. and Frob-

ish, L.T.: Sulfamethazine blood/tissue correlation study in
swine. Am. J. Vet. Res, 47(12), 2596-2603 (1986).

. Theo, I.S., Henk van L., Gertjan de G. and Lowie, P.J.:

Liquid chromatographic determination of olaquindox in
medicated feeds and in contents of porcine gastrointes-
tinal tract, J. Assoc. off Anal. Chem., 71(6), 1106-1109
(1988).

. Blood, D.C.: Veterinary medicines, “practial antimicrobial

therapen tics”, Bailliere Tindall, Sth ed., 87-90 (1979).

CubE, A, 190, W, ol ek dE 2 9 A

ol & ehEelEe] shddiAtell #ek A, g
TR AR, 19(1), 81-88 (1995).

. Austin, R.L., Lily, C.H., Marsha, S.M., Charles, R.S. and

Steven A.B.: Matrix solid-phase dispersion(MSPD) iso-
lation and liquid chromatographic deternimation of fura-
zolidone in pork muscles tissue, J. Assoc. off Anal.
Chem., 74(2), 292-294 (1991).

. Booth, N.H. and Mcdonald, L.E.: Drug and chemical resi-

dues in edible tissues of animals: Verterinary pharmaco-
logy and therapeutics, 6th ed., lowa State University
press, Iowa, 1149-1201 (1988).

. Doull, J., Klaassen, C.D. and Amdur, M.O.: Toxic res-

ponses of the kidney. Toxicology, 2nd ed., Macmillan
Pub., New York, 168-243 (1980).

. Gilman, A.G., Goodman, L.S., Rall, T.'W. and Murad, F.:

Antimic- robial agents. The pharmacological basis of
therapeutics, 7th ed., Macmillan Pub., New York, 1104-
1102 (1985).

Jose, E.R., Robert, KM. and Wilbert, S.: Liquid chro-
matographic of carbadox residues in animal feed, J. As-
soc off Anal Chem, 68(4), 653-657 (1985).

Walker, L.V., Walsh, J.R, and Webber, J.J.: High-per-
formance liquid chromatography of sulfonamides extract-
ed from bovine and porcine muscle by solid-phase disp-
ersion, J. Chromatogr, 595, 179-184 (1992).

HABAH: 2E34, F9A), 313-333 (1996).

Deborah, E. Dixon-holland and Stanley, E.K.: Competi-
tivedirect enzyme-linked immunosorbent assay for detec-
tion of sulfamethazine residues in swine urine and muscle
tissue, J. Assoc. off. Anal. Chem, 71(6), 1137-1140 (1983).
Michael, H.T., Karen, E.S. and Sahron, H.T.: Quanti-
tative thin layer chromatographic multi-sulfonamide scre-
ening procedure. J. Assoc. off. Anal. Chem, 66(4), 881-
883 (1983).

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

S & A~
CEWE, AR &4

353

g4,
S 18} 2,3,5-triphenyltetrazoliumchloride(TTC)

A A AN, ST EER AR, 17(1), 77-

86 (1993).

Tsukuru, O., Masakiyo, U., Toshiki, O., Toshitaka, O.,

Kaoru, T., Hiraokatasu, A. and Eigo, T.: Gas chromato-

graphic determination of ethopabate in chicken tissues us-

MEY: 443 R A

ing flame photometric detector, Shokuhin Eiseigaku, 22
(4), 279-284 (1981).

Keigo, T.: Gas chromatographic/Mass spectrometric de-
termination of oxolinic, nalidixic, and piromidic acid in fish,
Journal of AOAC Internation., 75(6), 982-986 (1992).
Martin, J.L. and Richard, B.: Confirmatory identification
of carbadox-related residue in swine liver by gas-liquid
chromatography/mass spectrometry with slected ion mon-
itoring, J. Assoc off Anal Chem, 65(1), 66-70 (1982).
Herman, H.J. and Kevin, M.K.: Matrix solid-phase disp-
ersion isolation and liquid chromatographic determination
of oxolinic acid in channel catfish(Ictalurus punctatus)
muscles tissue, Journal of AOAC Internation., 75(3), 428-
432 (1992).

Robert, K.M., Sherri, B.T., Allen, P.P., Jose, E.R., David,
C.H. and Austin, R.L.: Determination of residues of flu-
mequine and nalidixic, oxolinic and piromidic acids in
catfish by liquid chromatography with fluorescence and
UV detection, Journal of AOAC Internation., 78(2), 343-
352 (1995).

Lyse, L., Mary, S., Stephen, S. and Andrea, W.: De-
termination of oxolinic acid and residues in salmon mus-
cle tissue by liquid chromatography with fluorescence de-
tection, J. Assoc off Anal Chem, 74(4), 608-611 (1991).
Tomoko, N. and Masanobu, S.: Determination of ola-
quindox residues in swine tissues by liquid chromatogra-
phy, J. Assoc off Anal Chem, 70(4), 706-707 (1987).
Rene, V.A. and Neslon, A.J.: Liquid chromatographic flu-
orescence method for multiresidue determination of thi-
abendazole and 5-hydroxythiabendazole in milk, Journal
of AOAC Interna Tion., 78(3), 642-646 (1995).

Susas, S.-C. Tai, N.C,, Charlie, J.B.: Determination of thi-
abendazole, 5-hydroxythiabendazole, fenbendazole, and ox-
fen dazole in milk, J. Assoc off Anal Chem, 73(3), 368-373
(1990).

Dwight, M.L. JR, Robert, T.T. JR, Floyd, E.Q., and
Clarence, L.F.: High pressure liquid chromatographic de-
termination of carbadox and pyrantel tartrate in swine feed
and supplements, J. Assoc off Anal Chem, 66(3), 602-605
(1983).

Milter, G.L., Carl, L. and Merete, J.: Determination and
depletion of residues of carbadox, tylosin, and virginia-
mycin in kidney, liver, and muscle of pigs in feeding ex-

Journal of Food Hygiene and Safety, Vol. 13, No. 4



354

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

Jae-Kwan Kim, Young-Sook Do, Jun-Jo Park and Hea-Jeung Whang

periments, J. Assoc off Anal Chem, T1(5), 921-925 (1988).
Gerrit, J.de G. and Theodorus, J.S.: Liquid chromato-
graphic determination of carbadox and desoxycarbadox
in medicated feeds and in porcine gastrointestinal tract, J.
Assoc off Anal Chem, 68(4), 658-660 (1985).

Agnes, ILM., Ginette, L., and George, A.N.: Liquid chro-
matographic monitoring of the depleton of carbadox and
its metabolite desoxycarbadox in swine tissues, J. Assoc
off Anal Chem, 68(4), 665-671 (1985).

Edward, A.S., Agnes, LM. and Arost, B.V.: High pres-
sure liquid chromatographic determination of nitrofura-
zone and furazoldone in chicken and pork tissues, J. As-
soc off Anal Chem, 66(4), 874-880 (1983).

Hoener, B.-A., Lee, G. and William, L.: High pressure li-
quid chromatographic determination of furazoldone in tur-
key tissues, J. Assoc off Anal Chem, 62(2), 257-261 (1979).
Wray, W., Gregory, H. and Charles, M.: Ultra trace de-
termination of furazoldone in turkey tissues by partition-
ing and high performance liquid chromatography, J. As-
soc off Anal Chem, 64(5), 1055-1059 (1981).

ol E3, UMY, Fed, &4, U Bajagol 1t
235} oxolinic acid®) HPLCE o]&% H&H, 3=
Z 4 A8rs] A, 8(3), 147-150 (1993).

Virginia, A.T.: Sample preparation of carbadox, furazol-
done, nitrofurazone, and ethopabate in medicated feeds
for high pressure liquid chromatographic, J. Assoc off
Anal Chem, 63(5), 981-985 (1980).

Owen, W.P.: Liquid chromatographic-elctrochemical de-
tection screening procedure for six nitro-containing drugs
in chicken tissues at low ppb level, J. Assoc off Anal
Chem, 72(4), 567-569 (1989).

Steven, A.B., Austin, R.L. and Charles, R.S.: Isolation of
drug residues from tissues by solid phase dispersion, J.
of ch romatogr, 475, 353-361 (1989).

Robert, L.S.: Liquid chromatographic method for determ
ination of furazoldone in premixes and complete feeds:
Collaborative study, J. Assoc off Anal Chem, 68(5), 1033-
1036 (1985).

Owen, W.P.: Liquid chromatography-electrochemical de-
tection of furazoldone and metabolite in extracts of in-
curred tissues, J. Assoc off Anal Chem, 73(4), 526-528
(1990).

38.

39,

40.

41.

42.

43.

44.

45.

46.

47.

48.

Austin, R.L., Lily, C.H., Marsha, S.M., Charles, R.S.
and Steven, A.B.: Method for the isolation and liquid
chromatographic deternimation of furazolidone in milk, J.
Agric, Food Chem., 38, 430-432 (1990).

George, W., Paul, D.D. and Leonard, G.: HPLC for the
simultaneous analysis of sulfadimethoxine and ormeto-
prim in tissues and blood of cattle, chickens, and catfish,
J. Agric, Food Chem., 35, 905-909 (1987).

7382 HPLCOl| & 2§24 %5 e] FRAuhal TA%
A, =) E 9 ke A, 9(1), 37-42 (1994).

HeF, &, 1EE, AT, 45 HPLCE o]&3
H£2 & F SulfonamidesEAHAF, 715948
31#], 16(1), 11-19 (1993).

Michale, D.S.: Liquid chromatography deternimation of
multiple sulfonamide residues in bovine milk : Collabora-
tive study, Journal of AOAC Internation, 77(5), 1112-
1121 (1994).

Michale, T.C., Scott, B., Mehdi, A.-K. and Larry, T.T.:
Quantitative recovery of sulfonamide from chicken liver,
beef liver, and egg yolk via modified supercritical carbon
dioxide, J. Agric, Food Chem., 45, 1779-1783 (1997).
Reginald, F.C., John, L.E. and Bruce, E.R.: The su-
percritical fluid extraction of polor drugs(sulphonamides)
from inert matrices and meat animal products, Journal of
Chromatographic Science, 31, 162-169 (1993).

Owen, W.P. and Robert, J.M.: Isolation of sulfonamide
from fortified chicken tissues with supercritical CO, an-
din-line adsorption, Journal of Chromatographic Science,
32, 290-293 (1994).

gz, olitE, nEH: AEHHA ARvETV 9
& 4%% 4 AAVF BAAT, dRFlTTRAL
2], 18(4), 317-324 (1994)

Calvin, C.W. and Steven, A.B.: Extraction and liquid
chromatographic analysis of sulfadimethoxine and 4-N-a-
cetyl sulfadimethoxine residues in channel catfish(Ictalurus
puncatus) muscle and piasma, Journal of AOAC Interna-
tion, 77(6), 1460-1466 (1994).

Long, A.R., Hsieh, L.C., Malbrouch, M.S., Short, C.R.
and Barker, S.A.: Multiresidue method for the determin-
ation of sulfonamides in pork tissue, J. Agric. Food Chem,
38(2), 423-426 (1990).

Journal of Food Hygiene and Safety, Vol. 13, No. 4



