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Abstract

Today, antibiotics are routinely fed to livestock, poultry, and fish on industrial farms to
promote faster growth and to compensate for the unsanitary conditions in which they are
raised. However, excessive use of antibiotics may encourage specific germs to develop
resistances to them. The use of low doses of antibiotics by the modern food animal
industry is responsible for drug-resistant bacteria emerging on farms which reach the
general population through human or animal carriers, and through the food consumers eat.
Antibiotic-resistant bacteria are a growing public health crisis because infections from
resistant bacteria are increasingly difficult and expensive to treat. The intensive animal
farming and mass breeding system makes animals more vulnerable to infection. Therefore,
it is important to monitor the levels of veterinary drug residue in foods to protect public
health. In this study, we reviewed the recent trend analysis of veterinary drugs in various
food matrices. Important point in the monitoring of veterinary drug residues is the
analytical quality assurance with efficiency. Our review found that current trend of residue
analysis is a fast multiresidue method for the determination of veterinary drug residues in
food samples using QuECheRS(Quick, Easy, Cheap, Effective, Rugged and Safe) base
method with highly sensitive devices such as LC-MS/MS and LC-TOF/MS.
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89 oFE (Veterinary drug)< 71, 7},
Ao 2 A5, &5 2 AL

s
AAE A8 A AAHeE AREHIL 9L

TUlA A AMEEE A B2 HEZA ol E
2 A (tetracyclines), #FU-A ¥ Al(penicillines),
A 3} 4) Al (sulfonamides), #Y =4l (phenicols),
o] 2. 1 o Al(ionophores), nla 2 gfo] = A
obn] = F @] FALO] EA
(aminoglycosides), &= &4(quinolones), =
42593 A (pleuromutilins), ZHelo]l=
Al(polypeptides), MIAl(cephemes), ©ZA}}
o] =A(lincosamides) & °lt}. =ulelA 7HF
ol AMRHE SE&FES F4A 4 FA
Gt Alela, 2007d FAYA ALEH AALE AT
A=7b wpE e ot 1,5008 ez AREH
d FAA Q] AMEFE 2014 634ECE A&
Hog A FAE Hola vk 20114 wig
ALE W A H7bEAR QL FAAA A9
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YA Al AARE F8l v RA sEAA FF
A QEs =T 7HeAel Ao, FHFoR
213 U golsl Al "t (Clarke et al., 2014).
2012 v)= AW EA AL AE (centers for
disease control and prevention, CDC)& F4
AR A vl W AE el S3A8A Ao
o= oF 430,000 HWAld 7l HAs)
2 Eoly FYAFoR FEd vekAl WA
Tl uid ¢F 100,000719] AWAEHE
b . oldl CDC = WA A+t
T 83e ¥ B9 A
(public health issue of some urgency) = H.il
ATHCDC, 2014).
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Escherichia coli (E. col) |4 E|Eg}rle]Ed
(tetracycline), 2 E=@Emn}lo]Al(streptomycin),
&y A (ampicillin) 9] Wlide] Egkon A=
a&a7)e] e =HAar)et garleA A4
Bt B3 ASSAAel ARdaite] A
WAES JAA 2 SFEE o Zo)e I
oy gARZ o FEl #FFAA A HErsew
Al 3EE] o] (ceftiofur)®] WA HH(37.8%) R &
LA(50.9%) A =A HEbSTHEE -, 2015).
olA® A FHAS A FAYA U
A BEAE A ol FoEvF 2 A
2] F1 A 919 3] (CODEX
Commission) ol A=

Alimentarius
H 73] 874
(maximum residue level, MRL)Z A #3}o] 2]
Foll EA8E sE&YgF AFFE FASH
3 ok A gl ME 147F9 =89
Foll gt 278 &7 AAT ] AHH o=
dAREE FHHLT Y2 A, 2015).
AA s, B o st sE
ook, A7 Ao QlF HAHoR
s EgokFdd g 7ol dAALL U
om 23%e hHE AsE A8 JHFEA
o] JRAde] o] FofA|aL it ole] 2F
FEGoFF U HE BAVE F

Fe AMES AFAS L BAIAA AAH=

AlZHlag time) ®WiEell F83ith ojH MAELS

HAYAAS #Fallste] S48 A2 AE 249

penicillinase & AAdsted A%< AYyAdda F

EE BT %8s @0 aYER RS A
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< W ftem Y
Ao s IREEgooFEdd d IR
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B2 zAbsl7] ga AQHes AEe 2.5A0R QuEChERS = Azo] z-a3h, dAAe= Azt
2 NFEEA, e, HE 58 IS v} 9= BAEE 2 oA wel B4yl 43
= 3 kg AES AEoR AMEEHE MR o] 7hedt A wiol FHTo] Bo] AMEEI 9l
dFm 7t mA Ay H(ES, 7, A%, AW t}. QUEChERS & LLE ¢ #4F nAd5E9
2 F93lo] polyethylene bag ol 71 X33} (dispersive SPE, d-SPE)S ZAdar wow
o ofo]zulro] whol APAR FFFle] 244 AE R FAE FRIE TS WEA 23

2 gdstr] 9lal AEEATH (Anastassiades et

al. 2003). QUEChERS = #Z M Zel #7]47)
o 4@ (- v, dSER S
S 9ol e d3 S wa=de 23t
= 7 EdS 299 &uFe vt
o]

H2h £ EuiSols ddEd Qe v

u!

2AEL gAE, 53 vl (matrix) 2 o] F L
ojzglel A5t st giFEde] tE & =4 wElEdo] ¥ESERE d-SPE tube(C18,
Ao 7tEA Holx FAY ¢ EEUr HA C859 A= F3eE FH)E SHAA W
B 497t Bob #4387 ZitkEth adER HEdE AA % AAFTE. dF QUEChERS
gdEds I1PER AEsta JZFstr] HaEA T F= WA HHE Frrer. A 7H
gdEde 248 Wt 548 AAse Akl 2714 WHE FEo| AN WH
Zo] ZF 83 2 AME3lE European  Committee  for

AHow AE F IFT=&IFES - Standardization (CEN method 15662) ¢} o}A]

ol =W (liquid-liquid extraction, LLE)®} L EX #¥E AFE3dE= Association  of
AFFZ Y (solid phase extraction, SPE)S %3 Analytical Communities (AOAC  method
NAEAS FE3taL AA|ste] A3tk LLE 2007.01) o]t} 4839 DisQuE dispersive
E dAdEd] AR 4olx e F &uizt & AR AAHE F2F AFS IAEAHY 228
Al zfo]l & o] &3] AEAS FEI= ZFo uet FAe WHAYE HESA pre-
Aolil, SPEE FdA7F AHA e AW = package o] glo] =] 7T A A
& FtE A &AFE Y] HMES EHAA e o5 FHE 7ML
NAEdS Adadoz ¥ & §7)|8u=2
FEote Aotk dWrFom AREHE 3
FEHE MHEAS g AdEAY AR #+AMZ 10g + 10mL
545 7H wA 9 gEEEolnE tdEAET Acetonitrile
=AY 2 dES Fol7] AEA dE + YEEEEd
59, LLE § SPE 402 Az o o 99 POmL (137 voltaxing)
2 H8RcHA ek, 2014), et LLE & A tube ]
g9d2 s 244 EANE, B2 244 4g MgS0O4 + 1g NaCl
e, B 3as 59 dHoeE I (1&3F voltaxing &, g4
oz AR LA GEAI ¥ (matrix solid-phase 1 A= 1ml
dispersion, MSPD)# QuEChERS (Quick, Easy, d-SPE 150mg MgSO, + 25mg PSA
Cheap, Effective, Rugged and Safe)2] AF£-9] cleanup + AFSon
ERAEIE tube (5% voltaxing 5, ¥4 &)

MSPD & A&7t de] sty Aes g 1 A= 0.8ml
v‘f—’&iﬂ(c_l&‘CSO )= A}%_S}j *‘13—%% *_ﬂ&jdi | LCvial | | LC-MS/MS &4
D U I o Figure 1. QUEChERS

Ho = {718vi7t AA A8, g A
WA R dAEE dAVE B aste]l dAE Al a2 QuEChERS 7} 7F4 =& AAg W
de =9 g sle Al ABarker et al, e gjusiz Ae ohuh. Perez-Burgos et
1989)
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al. (2012) o ATtell oJstH Aary] ZFellA
AZ 22 F P A (cephalosporins)E #4317 ¢
3l SPE ¢ QuEChERS & wHug ZA¥ 3¢&
£ QuEChERS (65~100 %) 7} SPE(18~87 %)
B} o F9ow LOQ & SPE0.1~10 ug/kg)
7} QUEChERS (1.5~50 ug/kg) BT+ H W&
He Bl

HIZd = AFTELAFES ZUEHT &Y
A A=A AETY] WA=
SAE B deAFer FIUdHn
(Pérez et al., 2013; Tezzi et al., 2014;
Dasenaki & Thomaidis, 2015; Furlani et al.,
2015) 7|EEAYHo 2 HEIA oY IAF
EA7MA Aol Thssl A A EUER Sfof
st A% 2 did=de F7F A A
g oot olel wel Al=AdwE £ 3A
o Aol AzE H Al HGm FaIAIL Uk
oled dQAo we} - on-line SPE A-&53}
Al2=®E /|HE AT} on-line SPE + GC %
LC o] @z ste] SPE MAE F nf& Alg F
A7HA d2=F(one-stop) 0.2 AFPHIL AZTE
Aols S8l 71 524 SPE oA AAE&
Absstate] =& IeEd ARdL de ARE
AFst= A wZol on-line SPE ¢ ARgo]

h=4
Z7ksa Q.

2) 717184

23] FFdE TELYLE FFA uE
A4S FHsy] HelAe gt A=A
AT Aol Fasith JHEESFES
BA317] 9lAE= MRL ol8tE 23] 7HA&3
T e AR =2 Are B4 AUt gy
T FETY HHoE AEHIEE 22 AIFIHS
e, AE T FFTELLE FEY
Fo fgF 0.0001~20 mg/kg Heolx, BA=
o] wgt By 7Ee i Aolshy A A
o2 AZEA 0.01 mg/kg ©sF == MRL ¢

H
~
[,\'J\
o
Ju
L
o

71%0°] 0.05 mg/kg |8+ 5,
3¢& 60~120 %, ¥4 23k 20~30 % ©]3}e]
tH(2] 2FA, 2014).

BA 7171 F dubrog LC-MSE Ad9
A, o)Fde] 23 Fol osted oy 71A

Heo golatA A
Mol Fhsste]

(e}
JEZ Be HHE

(o3
ne ot op I Mz

2 5 gtk olo] Aol e FEsh AUA
=2 Zt= LC-MS/MS, LC-TOF/MS,
UHPLC/ESI Q-Orbitrap, HPLC-MS/MS,

UHPLC-MS/MS & Al&3to] Al w=e] o
AES TA 4

7ME 4 HES Ao 3 ATs Aund
Fan et al. (2014) & Za37]dA 10F¢ ~H
Rol= 32RAE MSPD & F& % AA 3
% UPLC-MS/MSZ #A3}gitt. 1 23, LOD
= 0.01 pg/kg % RSD = 10 % ol
Schneider et al. (2015) ¥ A2a7|oAq 131&
(13419) 9] FF-sEEoFEdd 3l filter-vial
d-SPEZ A Ad 3 % HPLC-MS/MS & #4
sttt Filter-vial d-SPE ¥ LC %+ GC vial
otoll HE7} E07F Qo el oz ]l
AE A8 ol B4 A Ao BE A
ZoA LOQ ¥ 10 ng/g ©ldg L 3-day
validation FHAMIAE 100709 thAEZe of
& 3g&o] 70~120 % k. Wei et al. (2015)
= A, &, Farld EAeE 128%9 @)
AEA =L gQAAZE 2389 37 s d-
SPE & A d9a HPLC-MS/MS = 24
silch. 1 A¥ diy-Eel didEdY g
LOD ¢ ®9E= 0.5~10 ug/kg ¥t} Kang et al.
(2015) & #HIA, A&, Fa7]dA 55%F (GAD)
o RFRTELGES HEIHV A8t
QuEChERS 2 #x]gst: HPLC-MS/MS =
BA89t. 1 A3 89.1 % & wiAddA 35
&8 70~120 % i, FH WEAAN fPAA S
94.1 % <} 90.3 %, 7t W@ L0OQ + =:Ax2

7] @ %ur]E 0.1~18.4 ug/kg, AI7|E
0.1~20.0 ug/kg ©]1t}. Donna et al. (2015)
©  &avleA 8% 9] AE2H Zo|=

(ketosteroid) TE2EALS 4317 2 v
e d4ks o] &ste] FE3SaL SPE JHEd
A2 AA F, UHPLC-MS/MS 2 #4353 th
I A3 LOQE 0.25~0.47 ug/kg, 3)F&S
60~70 %, intra RSD + 6.84~13.54 % Sit}.
Yunin et al. (2015) 2 A&3tollA 6F<9 T2&
S B3 98 4N Za 7F5EEl, Methyl
tert-butyl ether (MTBE) & F%, SPE 7}E ¢
AR A F, LC-MS/MS = #4313t 34
£2 85~118 % 3 wHdadN= du-=24
2~E2H 2(a-nortestosterone) S A&t
1~5 % & FA8 Arz Zgkrd, w3 A3y
A S FAFACF3 A2 Aav|et 3
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(serum)s #Agt Ay 35S Aa)
100~122 %, 8% 95~119 % =
Z—]iﬂ—}ﬂ—c—’— E_Oﬂl;}_

FAHES Yo R JIFTELGES 4
3k ?i:rLf‘i AR, Sun et al. (2012)= FAF %
oA & Q.i—:rq%%ﬁ](ﬂuoroqumolones)g‘r
Folulol = A|(sulfonamides) S #2481
2, a8t stelA FaEE AA FEHA As
Accelerated solvent extraction (ASE) A]2H
o7 AAYZE 3}, 3D CE systeml = #4135}
At LOQ £ 70~100 ugksg 3IFEe
83~106 %, intra RSD % inter RSD & Z+7}
2.3~4.9 %, 3.1~6.5 % 1t} Lombardo-Agiii
et al. (2015) & &°, &of, |7, Aol
A 8T FAEEAE B4 HsiA
QuEChERS # #A st UHPLC-FL & &
Atk 1 A% LOD & 0.1~4.7 ug/kg, 3
FE&2 72~108 % ©lth. Dasenaki &
Thomaidis (2015) & w9} FojolA 115
T FAAE A=Y AAYTHeRZ =

-NZFZ (solid-liquid extraction, SLE)S A}
893 LC-MS/MS &= EAeiity. o1 A3}
3 =&2 Al }=(Fenbendazole)¥} 3@k
(Tolfenamic acid)& A8l 54.9~101 %,
LOQ = Fr2EFRE X oA &
(hydrochlorthiazide) ¥} Ch=Z =141
(danofloxacin)S A ¢)staL 5 ug/kg ©] 38T,
SFol A AFEsESFES B4 AF
#H ® 9, Ehling & Reddy (2013) & 3 2%
438t7] 918l QUEChERS 2 Az 3 % 1L.C-
MS/MS = #4310tk 2 43 RSD + 2
ol3l, 71AGFE 15 % ©l3}, tddeu~
& (diethylstilbestroD & Al€8ta LOD & 0.1
~ 0.8 ng/kg °13lt}. Freitas et al. (2014) &
5% A EAS B A
QuEChERS = @ﬂaﬁ}_ﬂ LC-TOF/MS = &
At A3, H 3582 83~92 % 3, intra
RSD & 9% o|g}, inter RSD = 11% °]3},
LOD &= 0.0075~1.92 ug/L % th. Wang et al.
(2015) & 125% (12A19) o AFEELF
< BAs7] #8748 salting-out
supported liquid extraction (SOSLE) W3}
SPE & AHgsted FF 2 AHAE g F
UHPLC/Q-Orbitrap & FAst9ct. 1 A3}
olv] =] Ao = A (aminoglycosides) S Al
9latil LOQ & 1 ugkg & A¥F 2 234

oo [l o

[eZ]
P
-3

o mlm
>
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o] 7}s3 Aoz BWuEY T

94z s didez 3 dAgE AEEd,
Moloney et al. (2012) & &z 92 7}&
gdoz 20%9] FIAFAE A5 98
o}xﬂib} 1EYR FE3au A9x HE R o3
= UHPLC—MS/MS B A A3, 5749 v
EAL 68~ 129 %, AL 75~123 %, A=
AL GZoA 23~197 %, 7FE 37lelA
2.6~23.6 %, LOQ + °]v]=%}(imidocarb) 10
ug/kg, EEZFH(toltrazuriD¥} T thAA] 50
ug/kg & A9star 1 ug/kg ©lt}. Bilandzi¢
et al. (2015) & 743 AyradEL
(sulfamonomethoxine, SMM)%} EgvAxd
(trimethoprim, TMP)9] &3 5= 8 g/l ¢} 12
g/L & 72t =l AlojA Hol wAA & &
< gz wExet AR JFae 247
55 A= dAHY= LLE & F&5%
SPE 2 AA, 0.45 um AHX FHZ o143}
I, LC-MS/MS& EAslgt. o 23 =2z
o] SMM #& =d ¥ 16%°] =& ¢ LOD
(1.9 ug/kg) v} wrobxlal, TMP 9] g2 37¢
o]Fox= LOD (03 ug/kg) Huk =& gho] %

171E

o o o

590t o] 9FE ME FdEEst wEnd
FFE YA w SMM3t TMPS] Feo]
© olabe wojop 9k Ul FAA FFFEe]
ALY 5 Aee HolFi AT

=]

HEs dgdez 3 dA4E  ATuEd,
Aguilera-Luiz et al. (2013) = 40%<9] A A
g ZA357] 98 dES 0.1M Na2EDTA (pH
Yz M §, AE SPE MIUE o] &3]
A8l & 483tal UHPLC-Orbitrap/MS = &
At A A3, I4Ee 68~121 %, Al
A4 2 AL nE AN 25% o]st
%tk LOQ ¥ 5~50 ug/kg, LOD + o 1~50
ug/kg ©]%t}. Shendy et al. (2016) < 4%
UEZF& A (nitrofuran metabolites) €
L}o] E & o] 1| t}Z(nitroimidazole) <

QuEChERS = HdA¥star LC-MS/MS = &
233tk 1 A%, CCa, CCB, 34&, CV (%)
= 27} 0.12~0.74 ug/kg, 0.21~1.27 ug/kg,
90.96~104.80 %, 2.65~12.58 %
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Table 1. 4F 5 AFSELIFE B4y

Food Target compound Preparation* LC analysis Limits of
detection (ug/kg)
Livestoc 10 steroid MPSD UPLC-MS/MS LOD: 0.01~0.05
k, hormones Sorbent: Florisil, BEH C18 column LOQ: 0.05~0.2
Poultry” Solvent: Mobile phase: (Chicken,
ACN/EA (4:1) (A) ACN; Pork, Beef,
(B) 0.1% FA Sausage)
131 veterinary Filter—-vial d-SPE HPLC-MS/MS LOQ: < 10
drug residues Sorbent: C18 Core-shell C18 with injection of
Solvent: column 0.17 mg of
ACN/H20 (4:1) Mobile phase: equivalent
(A) 0.1 % FA; sample
(B) 0.1 % FA in ACN (Beef)
128 veterinary QuUEChERS HPLC-MS/MS LOD: 0.5~10
anti-parasitic Solvent: Hypersil C18 column (Pork, Chicken,
drugs and ACN/EA (1:1) Mobile phase: Beef)
metabolites Absorbent: (A) AF;
anhydrous MgSO4 (B) AF in
Sorbent: ACN/MeOH (1:1)
ODS+ MgS0y4
55 multi-class QuEChERS HPLC-MS/MS LOQ: 0.1~20
veterinary Solvent: SB-C18 column (Pork, Beef,
drug residues 5% HAc in ACN Mobile phase: Sheep)
Q-Sep Kkit: (A) 0.1% FA;
NaCl+ NazS04+ C18 (B) ACN
8 ketosteroid LLE + SPE UHPLC-MS/MS LOD: 0.25~0.47
hormones Solvent: Hypersil Gold C18  LOQ: 0.21~0.45
MeOH/H20 (8:2); column (Beef)
n-hexane Mobile phase:
Sorbent: C18 (A) MeOH;
(B) 0.1% FA
6 veterinary LLE + SPE LC-MS/MS The method
hormones glucuronidase/arylsulfat C18 column validation level:
ase Mobile phase: 0.5~30 (Beef
at pH 5.2 for 4 h (A) H20 liver);
Solvent: MTBE; (B) MeOH 0.05~5 (Beef);

hexane/acetone (9:1)
Sorbent: Silica gel

0.1~30 (Serum)
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Fisheryz Fluoroquinolones; Online ASE+ filtering

)

sulfonamides

3D CE system

Solvent:

ACN

Oven temp. : 80T
Pressure : 10.3 MPa
0.22um syringe filters

running buffer:

0.1 M NaOH; H20;
25 mM borate buffer
at pH 8.6

LOQ: 70~100

8 quinolones QuEChERSH filtering UHPLC-FL LOD: 0.1~4.7
Solvent: 30 mM Poroshell 120 EC-  (bass, trout,
NaH3POy; C18 column panga, sturgeon)
5% FA in ACN Mobile phase:
DisQuE kit: (A) 0.1% FA;
MgS0O4 +C18 (B) ACN
0.2um syringe filters

115 Veterinary =~ SLE+ filtering LC-MS/MS LOQ: 5

drugs residues Solvent: Atlantis T3C18 (Gilthead sea
0.1% FA in EDTA column bream, bass)

0.1%/ACN/MeOH(1:1:1) Mobile phase:

Clean—up solvent:

(A) 0.01% FA in

hexane ACN;
0.22um syringe filters (B) MeOH
Milk” 17 veterinary QUEChERS LC-MS/MS LOD: 0.1~0.8
hormones Solvent: 1% FA in BEH C18 column except for
H20/MeOH (9:1); ACN  Mobile phase: diethylstilbestrol
DisQuE Kkit: (A) 0.1 % FA; (3.8ug/kg)
MgSO4+ PSA+C18 (B) 0.1 % FA in
MeOH
5 veterinary drug QuEChERS LC-TOF/MS LOD:
residues Solvent: ACN C18 column 0.0075~1.92
DisQuE kit: Mobile phase:
NaCl+ MgSO4+ C18; (A) Hz0;
MgSO4+ PSA (B) MeOH
12 multi-class SOSLE+ SPE UHPLC/Q-Orbitrap LOQ: 1
veterinary Solvent: Hypersil Gold C18 except for
drug residues OA+EDTA at pH3 column aminoglycosides

Sorbent: HLB Plus

Mobile phase:
(A) 4 mM AF;
(B) 0.1% FA in
MeOH/H20

The Korean Journal of Public Health
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Egg 20 coccidiostat LLE+ filtering UHPLC-MS/MS LOQ: 1
residues Solvent: ACN BEH C8 column except for
0.2um syringe filters Mobile phase: imidocarb,
(A) 0.1 % FA; dinitrocarbanilid

(B) 0.1 % FA in ACN e and toltrazuril
and metabolites

Sulfamonomethoxi LLE+ SPE+ filtering LC-MS/MS LOD: 1.9 (SMM);
ne(SMM), Solvent: Acetone/ Terra RP18 Waters LOD: 0.3 (TMP)
Trimethoprim(TM dichloromethane(1:1); column

P) Absorbent: Mobile phase:
NaCl+ Na2S0y (A) 5 mM AF at pH
Elution solvent: 3.5

2.5% NH3 in MeOH
0.45 um syringe filters

(B) 5 mM AF in
MeOH

UHPLC-Orbitrap/MS LOD: 0.1~50
Hypersil Gold aQ C18LOQ: 5~50

Honey5) 40 veterinary Online SPE

Online Sample

drug residues

Extraction column
by TFC Mobile phase:
Cyclone-P column (A) 4 mM AF/H20 in
0.1% FA;
(B) 4 mM AF/MeOH
in 0.1% FA
4 nitrofuran(NF)  QuEChERS+ filtering LC-MS/MS The method
metabolites; Solvent: ACN(2:1); Eclipse XDB C-18  validation level:
2 nitroimidazole ~ACN+ dichloromethane( column 0.5~1.5(NF)
(NMZ) residues  4:1) Mobile phase: 1.5~4.5(NMZ)
Absorbent: NaCl+ (A) 5mM AF in
MgSOy MeOH/H20(1:9) at
0.45 um syringe filters pH 3
(B) MeOH

Zuia: 72+ Yrow)soz Ud

1) Fan et al. (2014); Schneider et al. (2015); Wei et al. (2015); Kang et al. (2015); Donna et al.
(2015); Yunin et al. (2015)

2) Sun et al. (2012); Lombardo—-Agiii et al. (2015); Dasenaki& Thomaidis (2015)

3) Ehling & Reddy (2013); Freitas et al. (2014); Wang et al. (2015)

4) Moloney et al. (2012); Bilandzi¢ et al. (2015)

5) Aguilera-Luiz et al. (2013); Shendy et al. (2016)

* Abbreviation: Acetonitrile (ACN); Ethyl Acetate (EA); Formic Acid (FA); Ammonium formate

(AF); acetic acid(HAc); Methyl tert-butyl ether (MTBE); Oxalic acid (OA)
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AFE W EAes dd ARsEgo ek
A7) f8 g e A A% &
el ggolry, AfFEE-goE A 44
Algol whel FEE 8, YalEde] TR/ 3%
o] mjg- Aolste] AFEadel wel 535hd
2 AAY o] AMgE= A9 g 2
o

= =
HEEd Ad 3 FdT AEEAS

s

b EAsoF dhoh(2] kA, 2014). 1A
b Sl wA A EAgow g3d

r® Mo

M T O Ml O % omb fe b E o 2o o |d A o2 do o

o 1 H— 73
7F @l ey A e U
AL ZiA e ankE B4 A3E 477t
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