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Determinations of Toltrazuril and Toltrazuril Sulfone Levels in Olive
Flounder Paralichthys olivaceus Samples Using Liquid Chromatography-
Electrospray Ionization Tandem Mass Spectrometry

Do Hee Hong, Ah Hyun Kim, Ka Jeong Lee, Minchul Yoon, Kwang Tae Son, Myoung Sug Kim',
Na Young Kim!, Sung Hee Jung' and Mi Ra Jo*

Food Safety and Processing Research Division, National Institute of Fisheries Science, Busan 46083, Korea
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Several studies investigating the prevention and treatment of external parasites in farmed olive flounder Paralichthys
olivaceus have found that the anticoccidial agent toltrazuril sulfone is an effective antiparasitic. Prior to undertaking
a full-scale study, we developed analytical methods to detect the levels of toltrazuril and toltrazuril sulfone in farmed
flounder samples using liquid chromatography-electrospray ionization tandem mass spectrometry (LC-MS/MS).
This analysis showed that LC-MS/MS changed the mobile phase and collision energy of toltrazuril and toltrazuril
sulfone. This was validated using established conditions. Sample pre-treatment for this process involved extraction
with dichloromethane and purification by liquid—liquid extraction in formic acid, acetonitrile, and h-hexane, followed
by determination of all compounds by LC-MS/MS. Separation was achieved within 10 min by gradient elution us-
ing a Capcell Pak C18 (3.0 um, 100x2.0 mm) analytical column (Shiseido UG 120V) with a mixture of 0.1% (v/v)
formic acid and acetonitrile. Multiple reaction monitoring was used for selective detection of toltrazuril and toltra-
zuril sulfone. This method yields satisfactory results for linearity, precision, and limits of quantification. Therefore,
the method established in our study will serve as a basis for further research on parasite control by toltrazuril and
toltrazuril sulfone.
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o] = #e|5}7] 9J5+o] EU (European union):= 5-59f tf5to]
2|t} 3]-8-7](maximum residue limits, MRLs)¢| A& & o] Q)
tH{Regulation (EC) No. 1831/2003, 2003]. =, 7}2-5of th3t
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Maes et al., 2007; Kim et al., 2010; Olsen et al., 2012). 53| &
Ee}5Y A E(toltrazuril sulfone, ponazuril) S T2 EETS
Anrh 4o o T Fi} gl A0R WU s}

25187124t 24 0.1 mghkg, AH(ALEF) 0.2 mghe,
ZF0.6 mg/kg W A% 0.4 mgkg® Fo] 9L, Are] A%
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A, 57 9 7FER()0] 0.1 mgkg, 4 9 57]9] 7] 0.5 mg/
kg, A2 0.15 mg/kg E A2 0.25 mg/kgo|™, 7H+72] 7+
0.6 mg/kg, A% 0.2 mg/kg, A2 0.4 mg/kg o 2 #e| =1l Q)
O}, AR ti Rk 775187152 A A w] o] QUA] Yt
e, EEY AZ2 EEASTY Y iR ZHRuta
(residue maker)ZA] ©]-§%w o] AR ZFd o= pK
7F oF 74% 439 S AU AL glen, Bl A9 &l
Al e 5/ 7HA AL QitK(Table 1). 0|23t SE+E 9
o= olsf o] Mo AldHES XA B pK ik 55 °l&
W02 o] FolA Gl of et tf o] HAkEol 3
o] R Eo] gl A o]t(Li et al., 2006; Moloney et al.,
2012; Clarke et al., 2014). T3t 2|2} 255740 A5
o] = AT FANES TA 0 & o] SAHEL AR5 §
71%20] glo] &89k s AlRA o2 SAE] Sl=
dRolt PAES SAET thE A A& A T B AR
ol B2E o] QlojA EE Y HE EA4of Yol 84
& 2-gs7] ol Azl thet Al RS vz vide de
7F okl HetE|Sleh A SEgTE Aol 7tEoA= &
I F5o] Hold 7|5 FAA = AR E AL Sl EE RS
| Al A FA F Aol WA Sk 71485 HAIA| = A
B7F A= Ashr]ol dA AESS A=Es] S8l 9+
Zasirhal wohE| Qloh weba] 2 Aol A= AlEE Ao Al
o 0k ofl gl of 8] HilES harste] EESTY HES
e ARt A VI 3 SHsto] o] & B = 7|8
AAZA 25 PR/ B7He] 7|22t m 2 E-g-okarat gt

ool (4
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A2k e AR
FAYA o] FEF O R SESTE-2 SigmaiK(St. Louis MO,
USA)9] Al&S, EE&SY A E-2 Toronto Research Chemi-

g

calsAH(North York, ON, Canada) A& A8-3}5th 284
FZA|9F O 2 water, acetonitrile, methanol, dichloromethane
(DCM), formic acid, n-hexane 5= Merck (Darmstadt, Ger-
many)®| A& ARE-SFl o, 7B |9k HPLCHol U &
2 ARSI} Aol A8-St | X (Paralichthys olivaceus)
AR BT WS AR (A ES Agstel
A il & Aol ARgaEaL, AF 7R 20°Col) Est
et

HEEM X

7220 BEE 10 mg2-S 100 mL £ e} AT 0] Hala
methanol®f] %] 100 mg/L 52| TAYA| T o (standard
stock solution)& A8} At} FF3]4-8-9l(working standard
solution)2 standard stock solution 10 mL2 A2}+s] F3}of
100 mL §3 Eetaze] §717 o540 HAMAA
& FZ 89220, 50, 100, 200, 500 pg/LE 3|4 5}e] AMEE
¢t} Standard stock solutionS 4°Cof| A 37) &7 eFA 5 2,
working standard solutionS A|g wjujch ZA|sto] ARE-SHS
k.

INEEXSPS ]

X2 5 g0l DCM 25 mLE A71ste] #23H10,000 tpm, 10
)3k % 5,000 rpmof| A 1587F A4lie]shal, A4S 7]
stelom o] AL F ¥ HHESIIT) 515 45°ColA A
A2 A A A0S A= 0.2% formic acid 2 acetonitrile &
F8-9l(1:1, v/v) 20 mL} n-hexane 20 mL-& & 7}5ko] 257F
1A S= o 5,000 rpmof| A 227t 42 skar thA] 4
HL |7]5F3 ) sEHo] DCM 25 mLE 7lshe] SEZF
<= %, 5,000 rppmof| A} 2427t A4l e akarl AFH ¢l 48
S A|ASEA 45°Col| A AAsEE Soll & Aok 2
ZFAF= water W acetonitrile Z§-8-H(1:1, v/v) 2 mL
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Table 1. Chemical structures and physicochemical properties [molar mass (M, ), acidity constant (pKa), and intrinsic solubility (S, )] for

toltrazuril and toltrazuril sulfone*

Name Structure M, (g mol) PK, S (mg mL")
CHs
© O
Toltrazuril FaCog NJJ\N,CHg 425.38 7.42 0.000102
o}\ /&o
CHg
Toltrazuril sulfone FO-5 NJ\N’CHS 457.38 7.42 0.000741

*, http://www.chemicalize.org.
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2 Agsfko] 892 (.2 um PTFE (polytetrafluoroethylene;
Sartorius, Hannover, Germany) syringe filter= ¢{3}3+ & LC-
MS/MSZ H4J3}i T},

77124 =

HPLC 7]7]+ finnigan surveyor (Thermofisher, San Jose,
CA,USA)E A3 C18 column (Shiseido UG 120V, 2 mm
ID % 100 mm, 3 um)°]| 0.1% formic acid/water -8-243} 0.1%
formic acid/acetonitrile -&-20-2- 50:502] v &2 d}o] Z2cir}
65 7HA] 5:95 W& gradientA] 7] & THA] 27| 0]54H(50:50)
O & 3lo] & 1087F B4} o]u column &%= 40°CE
SRR O, §42 (.25 mL/min® & }%ich MS A|A~H]
2 triple-quadrupole mass spectrometer (Finnigan TSQ Quan-
tum, Thermofisher, San Jose, CA, USA)ZA4] LCA|2AH1}
electrospray ionization (ESI) interface® -4 &|of Qlt}. o] &
Eofd 9 EE g5 AE 240 9lo]4l= negative mode
2 31141, spray voltage+= 3,000 V, nebulizer ¥ collision gas
L 220} of2 3o 2 Al Wl o] 28bA| 700 capillary 2%
£ 350°C= stof 1A skoiTt 5 A2 et 242 915kl SRM
(selected reaction monitoring) mode= %] 4 9] fragment ions
= 4hEsto] A 9 AR skglon, o] 7| A AHE <= data
52 Xcalibur software (Version 2.0.7, Thermofisher, San
Jose, CA, USA)E A5} thH(Table 2).

BZTMO| KA o 7t

E)

7t 5o EESY Y EESTY AE 258920
100, 200, 500 ng/mL)< 10 uL¥ F¢l5}e] 33] HHE 2
chromatography 255 2F7}o] Ao gt w = 3
Ae JLelo] XE2 S Bk, Y& WA o7 alo] HHgAS
SFoATH A8 FA] ol A &2 chromatogram © 25
Hof| thsto] WEE Al7ke] YA == 2H2+o] peake] tiEt %
HAE 5 vhe AR e Yool 54U 4h2 A
o] gtk AN Wt HollA 208 X3t thi=
AE-GN | Fre & a1¢let o] Fieof AFH-8-H ] 3] Aula(%t
FEof| 715t o] 5 A Ru)E Fokal A|lRFA R Lol 2%
A& 5 7 R0 =5 A

U
=

o o
o Rl MY ox ox rH ok

p
ox
i

3l4E, A2 H et

Al S 0] 3] 8-2 2 AB}7] 9]5+e] Causon (1997)2] WY
of ufehd) Y Alo] EEeREY W ek A% 554 50,
100 % 200 pg/keS 7Fste] 43} 20jzl chromatogram©]
peak WA H|E o]gslo] L5}t Sensitivityof] tgt LODs
(limits of detection)2} LOQs (limits of quantitation)2] AlAF
k23 2} &, LODs+= spiked A & 25 signal-to-noise H]
7} 3:10] &+ level 2 731% 1L, LOQs+ signal-to-noise H| 7}
10:10] == level = sF3ith /g 2 Aol thgh AleS
spiked A 252 WHESo] HARS o) U2 e S3l A=A

ol Al Aol Ql=A] BH18E 4 oIk whebA o] o] AARE T
29] 54102 Lhehdl 5 glet.

Precision, C.V. (coefficient of variation, %)=
(standard deviation/mean) X 100

Accuracy, Bias (%)=
[(measured value-true value)/true value] < 100

1 EEglEY AEL benzene ring RS AU
3 QA 7171 B 2 1S B etaa) 3 o) st RS Y
A= o EAES dotof gt B A= EES

Table 2. LC-MS/MS analytical conditions for the separations of
toltrazuril and toltrazuril sulfone

Content

Finnigan TSQ Quantum Discovery MAX
(Thermofisher, San Jose, USA)

Condition

Instrument

LC parameter

Column Shiseido C18
(2.0 mm ID%100 mm, 3 pm)
Mobile phase A: 0.2% Formic acid/Water
B: 0.2% Formic acid/Acetonitrile
Gradient system
Time (min) A% B%
0.0 50 50
6.0 5 95
6.1 50 50
10.0 50 50
Flow rate 0.25 mL/min
Oven temp. 40°C
Injection volume 10 L
Run time 10 min
MS/MS parameter
lonization ESI, Negtive
Il;ls?g#ligz:;ion and col- N, Ar
Spray voltage 3000V
Capillary temp. 300°C
Sgsef)tgg:‘jr:”d AUX 20, 10 (Arbitrary units)
Tube lens 45V (Toltrazuril)

72V (Toltrazuril sulfone)
LC, liquid chromatography; MS/MS, liquid chromatography-elec-
trospray ionization tandem mass spectrometry.
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Fig. 1. Mass spectrums of toltrazuril (A) and toltrazuril sulfone (B) (as scan mode from m/z 300 to 500).

2 g e AE 25 ESI (-) mode2A] FAA7T Eo
A U7bAA [M-HRE et o] 2852 A AHE
Holl A EAAQ fragment ionsS A9 LA 4= gl7] W&
of HEARE ARFEASz Hilso] WATHAI et al., 2011;
Moloney et al., 2012; Buarelli et al., 2017). ©]& #alsto] &
Ao &= EEZFHL precursor/production ion (m/z) Zk
O 2 424.0/423.9, 41.82 4] collision energy”} 22 0 V &
18 Vol¥lon, EEaEd AZL2 precursor/production ion
424.2 (m/z) 2.2 456.0/445.9, 41. 824 0 V} 22 VE LEHY
SItk(Fig. 1). ©]+= Moloney et al. (2012)8] HioAxE EE
gtd 4 EE g A E 9] precursor/production ionof o gt
424.2/423.9 9 456.2/456.22] collision energy+ 25 0 VO]
.01, Ai et al. (2011)% precursor/production ion®]| tfj 5}
424/424 4 456/456 2.2 collision energy+= 5% 0 V&2 0]
skskeict.
71718424

2 Hsel] L B2BES AT
e ST

E3 23} formic acidE base® 3] ace-
tonitrile ! methanolZE 77+ 7}ste] £e)319] 21, methanol
2 acetonitrileo] |5} peak®] height valueZ} At A o2 £
2] oo A= vl o] o] EARS formic acid@} acetonitrile
2 Algato] B89 TE Al et al. (2011)2 o] 54O & acetic
acid& ARMgato] Ea]al%l oL, I Ao A= acetic acid:.ct
+ formic acid®] height value”7} ©f &7 YERY formic acidE
Aeistgl o, AZ2HKMFEDA, 2019) 2 Li et al. (2006) Bt
HE 2 Ate} v HA| & formic acidE ARE-SFo] 41550
T}(data not shown).

Az Hxz| gy =g

ek o 7 FFAA| 222 37| LLE (liquid-liquid extrac-
tion)¥ 2} SPE (solid phase extraction)f] 2.2 Us 4= Q1=
2 AFolA= liquid-liquid e EE2E 50 44
sk3lTt. o] = liquid-liquid B Sofl FAlg o] Sl= A&Es4
(KMFDA, 2019) o] §lom, ol:= EE 254 9o 44
2 PHSPHA = &5 24 0] Bl S AU AL 3l7]
ofjZolet. o]of i A= AE5 A (KMFDA, 2019) W&
ol A-gsto] SEeTE A& A4S g At o] Foll st
chromatograme]| 4] noise”} 7| Yeh A EETE AEE
o] F2 FroH= HEHA 2 A o= At gt gk, Li
et al. (2006) 2 Buiarelli et al. (2017)2] ¥ SPE o=
cartridgeS 0]-4-31] EES T JEES £ ERIEA A
A 2] dA o theFet Sl S AFERFOZ A - EAgskal AJE
o Wol 28 A 0 & o AFHTh B3 B2 O A= E AlES
Al A oF ol 2 A HA o= WA g Ao & Tt of
liquid-liquid W2 A &3}t

kA 2 ol Al liquid-liquid Rl 4155 (KMF-
DA, 2019)2] noise F-5-& 2 &ksto] ZHASHAAE 7| 7]of F-
27} glis(noise7t W) WS HESHITHFig. 2). 1 A3,
liquid-liquid HH 02 EECE 7ol 274 H5 e
sto] A YA 2o DCMO &2 EEe T 9 SEe Y 4
AL FE 9 FFIAE AR $, formic acidS 715k AF
BEO T HA AwE SHHSAIFH o] WFFEH-E acetoni-
trile Y n-hexanes ©|-8-5o] 2|2} Tl A E-S H/AJA|7
AA, A& AZ 5, A (8 HF)S THA| DCMF&

2
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Fig.2. Chromatograms of standard solution (A, 100 pg/L), Korea Food Code method (B, fortified sample 100 pg/kg) and modified method
(C, fortified sample 100 pg/kg) as comparison of noise to LC-MS/MS. LC-MS/MS, liquid chromatography-electrospray ionization tandem

mass spectrometry.

2P0 #2524 10 mge AEs] 2ol 100 mL
methanol®f] = 100 mg/L 522 =
A|SFATE o] F289H2-50% acetonitrile= 20, 50, 100, 200,
500 gL 5= 845}o] 245 Ak, BEekrd B See)
= AE9 A AQR*EHE 22 0.9954 2 0.9990-2 e

100000
L 4
. 4
Toltrazuril >
80000
60000
©
o
<
40000
20000
0
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o] o} FT 3 Ao & Il QI ri(Fig. 3).

B ojLo] S84 H5E Causon (1997) AL K aA|of wh
2hA] ALbelglom, AtEA o] EEeEY £A4 o thet *Hi
& 7ike] ofuzh, Ao thet 7|8 FAIA| ] A g R E T
ofs7] fgt Aoz A H52 1HEskAl e gl “4’ u}
A BEEgSE W EEgSE AX 9] 7&3H|(limits of de-
tection, LOD)+= Z+2} 1.0, 0.5 ug/L ©|™, AZFsHA|(limits of
quantitation, LOQ)+= 22} 10, 5 pg/kg= tiA&E29] 2%
(S/N H]) 50| Hojrom, Lo parts per billion (ppb) ¢
o] Fulgk EA Alolle AA 0] 7Fe e & o= AU TH(Fig.
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Fig. 3. Calibration curves of toltrazuril (R>=0.9954) and toltrazuril sulfone (R*=0.9990).
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(A) Standard solution (100 ug/L)

Fig. 4. Chromatograms of standard and fortified samples.

4). 92 A 7o) FEZEHS 717} 50, 100 2 200 pg/L H=7}F
HE s Hriete] slaegs 2 Ay YAARY 3eg2 50

ughkg Al@LoA s EECFY W EEglRY AEo| Z_]]—z}—
B 90.5% 2 94.1%0] 1L 100 pgkg Al@LoA= 247

2 110.7% 9 92.6%0]9, 200 pg/kg A Lol A= 2k} %
98.6% 4 96.4%= VFERRQICE Eak AU U sy
Eg}Ego] 1.3-11.7% 9 -0.09~0.11%0] 11, EE2}FY HE
2 3.1-6.7% 2 -0.04~-0.07%2A] HE +15% <] (Causon,
1997)0]] &3}0] QF4 A Q1 BAH 0 2 LR 9tk Table 3). Bt

1 SPE 259-& 083t Ai et al. 2011)2 7125 28.9] 3]

KN
T

HZ=

Table 3. Results of recovery, precision and accuracy of the method

B e
L] &

Tia (min)

45 50

(B) Fortified samples (10 pg/kg)

£0] 2-500 pg/kg o4 95.8-99.7%2] = A Yk i} vl
Wl & o] 2 A} 3)ggo] Blu A HlskGl o, A
T ol A A7ko] ol Ak k= o] Q1SITt. Buiarelli et al.
(2017)% SPE F+&H O 2 ol thsto] A2 7fdsto]
FEAAS AT A, 348 2 AP o] 5-15 pgkg s=ol
A Z¥7F EECFYo] 85-95% W 6.4-14.1%, EECIFY AE
2 81-88% U 8.6-11.6%= 2 AL ATIE C}i= T Lo 3]
& WA UEtH I} ol+= SPE 5% -l washing 7
oA EELHFE FEE0| HAE 0] F|go] tha wolxl A
© & e e} E3t Kim et al. (2010) E7]o] tjale] EEg}

Analyte Fortified samples Experimental concentration Recovery Precision Accuracy Linearity LOD LOQ
(Hg/kg)® +RSD (ugrkg) (%) (%) (%) (R?) (Mg/kg) (Hglkg)
i y=181.51x-747 .5
| 50 4527+2.87 90.5 6.4 0.09 (0.994)
Toltrazuril 100 110.7412.9 1107 17 01 y=1471x24509 0 20
e 200 19724255 . 86 13 -001 (0.9954)
50 47.043.15 94.1 67  -0.06 y=1576696§“;;94'31
Toltrazuril (©. ) 05 25
sulfone 100 92.615.3 92.6 57 -0.07 y=168.68x-2565 ) )
200 192.96 96.2 3.1 -0.04 (0.9990)

2n=7 replicate samples. RSD, related standard deviation; LOD, limits of detection; LOQ, limits of quantitation.



LC-MSE o] &3t 4y

Y9 EERY HES 5142 W AU vl
89.5-98.8% & 3.3-11.5%°.2 H|1A FF st Holu, AA
o] westel AlRPo] B A9 7171 Rel2
e 02 R AR noier} ot 1K A4 o
AR BAORE Holx] e

£ Aol AHHE B %—5" g g, R 5
Tefs A Aok BAMOR /)% PAAEA YH AR £
ol ot 7| 2422 A2 Sl

Al AL

o] 1R FYRAUIY AT ATAY 455
AN L B RANR2019050) 2 U4 3
ARl QHAT SARE BT WA FEokE A8 ALY
o Ao S gpolo] A7l Ao ZA= YU e

References

Ai L, Sun H, Wang F, Chen R and Guo C. 2011. Determina-
tion of diclazuril, toltrazuril and its two metabolites in
poultry tissues and eggs by gel permeation chromatogra-
phy-liquid chromatography-tandem mass spectrometry.
J Chromato B 879, 1757-1763. https://doi.org/10.1016/].
jchromb.201104.021.

Buiarelli F, Filippo PD, Riccardi C, Pomata D, GiannettiL,
Neri B and Rago D. 2017. Liquid chromatography tandem
mass spectrometry analysis of synthetic coccidiostat in
eggs. Separations 4, 1-12. https://doi.org/10.3390/separa-
tions4020015.

Causon R. 1997. Validation of chromatographic methods in
biomedical analysis viewpoint and discussion. J Chro-
matogr B 689, 175-180. https://doi.org/10.1016/S0378-
4347(96)00297-6.

Clarke L, Fodey TL, Crooks SRH, Moloney M, O’Mahony J,
Delahaut P, O’Kennedy R and Danaher M. 2014. A review
of coccidiostats and the analysis of their residues in meat and
other food. Meat Sci 97, 358-374. https://doi.org/10.1016/].
meatsci.2014.01.004.

EMEA (The European Agency for the Evaluation of Medici-
nal Products Veterinary Medicines Evaluation Unit). 1998.
Committee for veterinary medicinal products, toltrazuril,
Summary report (1). EMEA/MRL/314/97-FINAL. EMEA,
London, U .K.

Frank RP, Mackay RJ, Gillis KD Tanhauser SM, Ginn PE
and Kennedy TH. 2003. Effect of a single dose of pona-
zuril on neural infection and clinical disease in Sarcocystis
neurona-challenged interferon-gamma knock-out mice.
Vet Parasitol 114, 23-130. https://doi.org/10.1016/S0304-
4017(03)00127-4.

Furr M, Kennedy T, MacKay R, Reed S, Andrews F, Bernard B,
Bain F and Byars D. Efficacy of ponazuril 15% oral paste

A2 A 2] FEEE 24 467

as a treatment for equine protozoal Myeloencephalitis. Vet
Therapeu 2, 215-222.

Kim MS, Lim JH, Hwang YH, Park BK, Song IB and Yun HI.
2010. Plasma disposition of toltrazuril and its metabolites,
toltrazuril sulfoxide and toltrazuril sulfone, in rabbits after
oral administration. Vet Parasitol 169, 51-56. https://doi.
org/10.1016/j.vetpar.2009.12.011.

KMFDA (Korea Ministry of Food and Drug Safety). 2019. Ko-
rea food code. Chart 8. General methods 8.3.3 Nicarbazine,
decoquinate, dicyclanil, diaveridine, diclazuril, robenidine,
roxarsone, amprolium, ethopabate, imidocarb, zoalene, clo-
pidol, halofuginone, toltrazuril. Retrieved from https:www.
foodsafetykorea.go.kr/portal/safefoodlife/food/foodRvlv.
do?menu_grp=MENU NEWO04&meau no=3101 on Apr
8,2019.

Moloney M, Clarke L, O’Mahony J, Gadaj A, O’Kennedy R
and Danaher M. 2012. Determination of 20 coccidiostats
in egg and avian muscle tissue using ultra high perfor-
mance liquid chromatography-tandem mass spectrometry.
J Chromato A 1253, 94-104. https://doi.org/10.1016/j.chro-
ma.2012.07.001.

Li H, Kijak PJ, Turnipseed SB and Cui W. 2006. Analysis of
veterinary drug residues in shrimp: A multi-class method by
liquid chromatography-quadrupole ion trap mass spectrom-
etry. J Chromato B 836, 22-38. https://doi.org/10.1016/].
jchromb.2006.03.025.

Lindsay DS, Dubey JP and Kennedy TJ. 2000. Determination
of the activity of ponazuril against Sarcocystis neuron in cell
cultures. Vet Parasitol 92, 165-169. https://doi.org/10.1016/
s0304-4017(00)00280-6.

Maes D, Vyt P, Rabaeys P and Gevaert D. 2007. Effects of tol-
trazuril on the growth of piglets in herds without clinical
isosporosis. Vet J 173, 197-199. https://doi.org/10.1016/].
tvj1.2005.07.002.

Olsen J, Bjorklund E, Krogh KA and Hansen M. 2012. Devel-
opment of an analytical methodology for the determination
of the antiparasitic drug toltrazuril and its two metabolites in
surface water, soil and animal manure. Analytica Chimica
Acta 755, 69-76. https://doi.org/10.1016/j.aca.2012.10.015.



