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A simultaneous analysis of four nitrofurans (NFs) and chloramphenicol (CAP) in seawater and water for
aquaculture, was performed using solid-phase extraction (SPE) and liquid chromatography-tandem mass spec-
trometry (LC-MS/MS). The detection of NFs and CAP in seafood is prohibited by the Agricultural Products
Quality Control Act and the Food Sanitation Act in Korea as well as in the EU and USA. Types of SPE car-
tridges, optimal pH conditions in water samples, and mobile phases of LC were tested and selected. Target anti-
biotics were ionized in positive mode for furazolidone and furaltadone and in negative mode for nitrofurantoin,
nitrofurazone, and CAP. The HLB cartridge showed more stable recoveries (81-89%), compared to WAX and
MCX. The extraction efficiency of the target antibiotics was more than 80% between a pH of 3 and 8. Lower
the pH of the water samples, the more stable was their recovery. The mobile phase of ammonium formate and
MeOH enhanced the resolution and sensitivity by five times compared with those in previous reports. More-
over, the retention time of the target compounds was accelerated, and the overall analytical time was reduced
by 1/2. The accuracy and precision of the analytical method were 85-93% and 3-19%, respectively, and the
recovery of internal standards was 83-88%. Instrumental detection limits were 0.18-1.02 ng/L, and method
detection limits and limits of quantification were 0.60-3.99 ng/L and 1.92-12.7 ng/L, respectively, which were
20 times higher than those reported in previous studies. The optimized analytical method in the present study
can be used as a proactive method for the detection of banned substances in water for aquaculture farms and
seawater in coastal areas.

Key words Simultaneous analysis, Nitrofurans, Chloramphenicol, Seawater, LC-MS/MS.
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Table 1. Molecular structure and physical properties of four nitrofurans and chloramphenico

< Faslgen] o] WA E NFs, CAPS= UE
Zolu|t}& (nitroimidazoles) FAYAE EgslaL Ut o]
AAe) WS g o' Qasis HLB 7HEA S 43
3l MeOH, ACN, AA 5¢] % &vl=2 SPE &&%
HI2ESI9 9™, o] 3 1% AA in MeOH:ACN = 8:29]]
A 7V B 88S B olF & &WE 3tk &£
Aol M= Ardsoongnearn 5272 Aol & g
= a2 A&aty] 7tEFA v} pH 248 53l
ER 55 gk o= HAslstarat sigi.
Z59 200 mLel] sl pHE 3-102] SHAIZ 3l
33] RHE AFES Sk pH7F 2AE AR 55
TE AAE 98 2M Bl M EF ImLE 59 3
T 307 A & e WEEFEZ 0.0 pgml
(ISTD. FTD-ds, NFZ-3C,°N,, CAP-d;) 100 uLZ 37}
Stal 108 &<t WAEST. SPE F&0 oAM=
Oasis HLB, MCX, WAX 7IEZA|E H|wslgom,
FIEZRA S F37A] (vaccum manifold)dll 25}
MeOH 5mL, 255 5mLE 22 E3AA 71EF
A& AtIMY (conditioning) 33Tt FHETA| 7} A3
AZHA] BEF FASHA AEE 4mL/min $E=2
AR st AE7F FE JFEEAIE 5% MeOH7}

130)

Compound Structure Content
J@\ Formula CgH,N;O4
Furazolidone N=""0" "NO2 Water solubility 40 mg/L
/
(FZD) (N K, 4.9
O)§o Log K, —0.04
[\ Formula C3H;6N4Oq
Furaltadone N= o~ “NO. Water solubility 750 mg/L
(FTD) o/\ M(N K, 5.0
LN O/Eo Log K,, 0.25
A Formula CgHgN,O;
NO o
Nitrofurantoin {\l O 2 Water solubility 79 mg/L
(NFT) N~ K, 7.2
OINAO
H Log K, -0.47
Formula CeHgN,O,
Nitrofurazone /&N j?\ Water solubility 210 mg/L
(NFZ) O2NTSo7" ™>S=""N" “NH, PK 10
H a
Log K, 0.23
OH OH Formula C;;H;,C,N,O5
Chloramphenicol cl Water solubility 2500 mg/L
(CAP) Osy HN g PK, 11.03
(e o Log K, 1.14
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Table 2. Instrumental conditions for the analysis of the five target compounds using LC-MS/MS

Parameter Condition

Column Phenomenex Prodigy ODS-3 Cig (150 x 2 mm, 5 um)

Mobile phase A : 10 mM Ammonium formate ; B : Methanol

Gradient Time (min) 0 0.5 7 12 12.1 15
Solvent A (%) 90 90 10 10 90 90
Solvent B (%) 10 10 90 90 10 10

Flow rate 400 pL/min

Injection vol. 5uL

Column temp. 40°C

Tonization mode

FZD, FTD : Positive ion electrospray

NFT, NFZ, CAP : Negative ion electrospray

Source temp. 450°C

Capillary temp. Positive : 4500 V ; Negative :

-4500 V

Table 3. Mass spectrometer parameters for determination of four nitrofurans and chloramphenicol

RT  Precursorion Productions (m/z) CE (V) CXP(V)
Compound . 5 5~ DP )
(min) (m/z) Quan.”  Confirm. Quan.  Confirm. Quan.  Confirm.
Furazolidone
(FZD) 4.86 225.8 208.6 138.9 66 21 21 14 10
Furaltadone
(FTD) 5.70 324.8 281.0 252.0 41 17 23 18 16
Nitrofurantoin
(NFT) 4.77 236.8 151.8 123.9 —60 -16 -20 —11 -9
Nitrofurazone
(NFZ) 5.01 196.8 149.9 123.7 -5 -10 -12 -7 -9
Chloramphenicol
(CAP) 6.42 320.8 151.9 256.7 -75 -22 —-14 —11 -15

DQuan.: Quantification, ?Confirm.: Confirmation
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Fig. 2. The results of elution recoveries of four nitrofurans
and chloramphenicol in the three SPE cartridges
tests (n=3).
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Fig. 3. The influence of sample pH on the recovery of four
nitrofurans and chloramphenicol using HLB cartridges
(n=3). The standard deviations of the recoveries
were less than 5%.
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Table 4. Accuracy and precision of the five target compounds and recoveries of three surrogate standards using the optimized

analytical method

T T HERF 2 S=eUE A 4

J

T

Spiked amount

Result (ng/mL)

Accuracy Precision

Compound (ng/mL) 2 3 4 5 6 1 % (%)
Furazolidone (FZD) 2 189 1.8 153 171 151 192 149 84.9 11.0
Furaltadone (FTD) 2 189 183 153 171 151 192 149 85.6 2.9
Nitrofurantoin (NFT) 2 164 216 145 149 162 160 228 87.4 18.9
Nitrofurazone (NFZ) 2 189 199 208 1.8 150 1.88  1.89 93.2 9.8
Chloramphenicol (CAP) 2 158 184 152 177 167 189  1.66 85.2 7.9
FTD-d; 10 9.3 9.0 7.6 8.2 7.4 92 7.4 83.0 10.1
NFz-Bc, PN, 10 9.4 9.2 8.0 8.7 8.1 9.3 8.2 87.1 7.1
CAP-d, 10 8.5 8.9 7.9 9.0 9.2 8.7 9.1 87.6 5.0

FE0] 80% ©l3tE ZhhdEeE AS I
ojslZ ZHsh= Wre] o] Was Zlo= wigkH),

3.3 MY ZEWMethod validation)

A 4ol HLB 7HEE] X9} -3 pH(B-8)=
AAsIN o, o2 ulEo g 3l s W AR = 4
<] NFse} CAP Wit TAEAEE AHsAth(Fig.
4). =4S A7Ks sl 2189 45 pHZE 79011
a2, olof] uwlel ¥xe] pH 2de F3skR] ko,
JEN@ FollA] A|F7F W2FQ H(cross contamination)
S HrKs7] 9%t HlEA S (procedural blank)s pHE
792 A 2eTE ARSI T AR WA E

Water Sample 0.2 L (Filtered, 47 mm GF/F)

- 2 M Sodium thiosulfate 1 mL
- ISTD 0.1 pg/mL (NFZ-13C, 1N, FTD-ds CAP-ds) 100 uL

SPE (Oasis HLB 200 mg, 6 cc)

- Conditioning : MeOH 5 mL / Water 5 mL

- Sample Loading : 4 mL/min

- Washing : 5% MeOH in Water 5 mL

- Drying : 30 min

- Elution : 1% acetic acid in MeOH : ACN (8:2) 2 mL (2 times)

Concentration

-40°C, N, gas
- Make up : 20 mM ammonium acetate (at pH 4.5) : MeOH (8:2)
- Nylon syringe filter (0.45 mm)

- Final volume : 1 mL

LC-MS/MS Analysis

Fig. 4. Optimized flowchart for the simultaneous analysis of
four nitrofurans and chloramphenicol antibiotics in
seawater and fisheries water.

Table 5. Instrumental detection limit (IDL), method detection
limit (MDL), and limit of quantitation (LOQ) of the
five target compounds

IDL (ng’L) MDL (ngL) LOQ (nglL)

Target compound

Furazolidone (FZD) 1.02 2.25 7.16
Furaltadone (FTD) 0.18 0.60 1.92
Nitrofurantoin (NFT) 0.91 3.99 12.7
Nitrofurazone (NFZ) 0.64 2.26 721
Chloramphenicol (CAP)  0.30 1.37 4.36

A}, vlRA RN E tdEde] AEHA wskor,
e F3rs Ht 85-93%, JUEE 20% ©)
3H3-19%)= 9=F3 Aews}l AUeS Ui}, it
3*«1 WREFEH] 348 T3 83-88% oo R =
Al VEFTHTable 4). 2 Aol 223k Ardsoongneam
523 v WS o, A (88-110%), FLE(3-27%),
8l 3)5E(60-106%)= frAIAY B 24 Yelkdc.
FEAE IDLS 0.18-1.02 ng/LE YERES ™, MDL
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