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Validation of LC-MS/MS Method for Analysis of Paralytic Shellfish Toxins
in Shellfish and Tunicates

Sung Rae Cho, Dong Wook Kim, Hean Jae Yu, Seong Hae Cho, Ara Ryu, Ka Jeong Lee and Jong Soo
Mok*

Food Safety and Processing Research Division, National Institute of Fisheries Science, Busan 46083, Korea

The mouse bioassay has been used widely for the monitoring of paralytic shellfish toxins (PSTs) in many countries.
However, this method shows low sensitivity and high limit of detection (LOD), as well as it cannot confirm toxic pro-
files. Recently, LC-MS/MS method was studied for the quantitative of PSTs, however, the method has any problems
with unstable retention times by ionization suppression caused by high salt concentration in shellfish extracts. To
establish an alternative method for PSTs analysis, we tried to original LC-MS/MS methods adding desalting opera-
tion using amorphous graphitized polymer carbon solid-phase extraction cartridges. The method validation was con-
ducted to determine linearity, limit of detection, limit of quantification (LOQ), accuracy, and precision in quantifying
PSTs. The correlation coefficients for all tested PSTs maintained over 0.999. The LODs and LOQs for all PSTs were
about 0.19-1.05 pg/kg and 0.58-3.18 pg/kg, respectively. The accuracies for PSTs were 95.4-107.7% for saxitoxin
group, 97.1-100.9% for gonyautoxin group, 99.0-100.8% for N-sulfocarbamoyl toxin group, and 96.8-104.6% for
decarbamoyl toxin group. These results indicate that the modified LC-MS/MS method was appropriate for analyzing
the PSTs in shellfish and tunicates.
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1)) 75 2~ (amnestic shellfish poison) 5-¢] x4 o], o] &]o]
7= ol sdol AY L HolgsS ojad Ao g B T the o] A AdEo] &l A ¢lth(Noguchi, 2003; Mok et al.,
frobe EYEE 5= AR Aottt of 1ol A 3R 2012; Lee et al., 2017). opH]A HjEEAl dof QHAs}0] 7}
A5 EFAE] kel 545 AlWol Z45HA HDL + d ZE3t Y75 AFHS F F5H AR BaE] o] It (No-
UehE HIRSE A AlA Aol A o 7 A o] vl B guchi, 2003; Toyofuku, 2006; Mok et al., 2012). uju] A &
15|31 QTh(Hall, 1991; Tuner et al., 2019; Park et al. 2000) EAR QI3 2] APy Alal= e ATo| A 1790 B A|o}

ol & 7S50l Alexandrium spp., Gymnodinium sp. 5
o] WSS A0 55 A| DI st vl 4 54
(paralytic shellfish poison), @AY 2521 Dinophysis spp.<}

o] g5t 7} S3H Mytilus californianus)= ®31 1000] 5 o] A
et Ablolw, 1 % sjute] oAt e FeF AQtoll A
Astlar, f-eutete] ol ubelel Y&, Fat 3 o] 2 QIgh

Prorocentrum spp.©ll 3l A== Ao R HAE Gl
AAMA] 9l 7= (diarrhetic shellfish poison), Pseudonitzschia

AFYARL7} 2 1% o] QI eH(Noguchi, 2003). $-2]uhete] 74-9-of
= 1986 FAF 7HA ghof| A JFER| (Mytilus edulis)s A F
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S}l 2rg o] APYE ARILT} 2| 2 9] 7] Folu, o] Fof| = e ¢
ote] Ak SoAE el NHEH o 2 vl 5L} 7
=517 Qtk(Chang et al., 1989; Mok et al., 2013). & UetE
HIZ3E A|A ol 2] Uetel A= mlRbollA| bHRE 37 Al
915 w92 MAFAS ol §5 FHATUL il 4}
gL glom, f-ejuhet AFF 4 (KMFDS, 2019a)0] A= 1t
W HREAY] 5871212 0.8 mgkgO 2 Astel phelst
1! QJtk(Chang et al., 1987; Murakami et al., 2000; Jang et al.,
2005; Toyofuku, 2006; Mok et al., 2013; KMFDS, 2019b). &
EAEHE AESHAI7E oF 40 pg STX eqgivalent/100 g= &+
24 Qlom(Hall, 1991), H| WA 128 HEJMA ol = E--6kaL
cheo) RS A B4 THst T AR § 5 B E
Ao Zget o & 1965 AOACe] A E 0] ok 504
oA} A|&A o2 o]gr o] e al Qlth(Barbera-Sanchez et al.,
2004). el AREE A AL FAH gelol
ol glon, 2t7te] S 24l tfe ARE 9 4 ¢l
+ S0l R a1 Qlch(Mok et al., 2013). A wie] 4 97
A5 2055 o) AR E A4 ] o] Qltk(Oshima, 1995;
Luckas et al., 2003; Song et al., 2013). B2 JFA =2 5=
AR S A o Qlom 7}7he] 4] A ghelol A 7
3 A T2 urE i 5 HEH (pre-column oxidation,
post-column oxidation)S S5 3} 2. L(Turner et al., 2019),
O MHSS 8 FHES AR AT AR HA R 9 AR
7ol 71 ©S 71431 Qth(Dell'Aversano et al., 2005; Song
et al., 2013; Yang et al., 2017;). 3+, hydrophilic interaction
liquid chromatography-mass spectrometry-&- -2 E-A4 A| 7k
I FAREA 0] 7Hs stk Aol A B A7) o] Fof x| AL 9l
A9 Quilliam et al., 1989; Dell' Aversano et al., 2005), =2
of oJa o] 2317t Al th= Aol Jlrkal BiE o,
oo whet 14 =& WS Foto] E= AAT = E45k=
vl o] &% 31 QJcK(Turner et al., 2015; Yang et al., 2017).

2 Aol A= S-eutet uiel g iRm0 SRl ARl 5
SAERE AT o ole A 717124 e st flst
o] liquid chromatograph-tandem mass spectrometry (LC-MS/
MS)E o] 83t 1ol tfet AITE AEslo] 2] 3t
A2 AL AA8FE THQuilliam et al., 1989; Song et al., 2013;
Turner et al., 2015). 12|31 o] B Hof tjst G842 745}
1, $-2fue oiok 70 o7 8 W) AAES B4 2
sh=n) 1 el AEsA ST

up| A T REA BAE 95 BREAL AFEEE (cor
tified reference material) 5 2] saxitoxin (STX), decarbam-
oyl-saxitoxin (dcSTX), gonyautoxin (GTX) 1 & 4, GTX 2 &

3, GTX 5, decarbamoyl-gonyautoxins (dcGTX) 2 & 3, neo-
saxitoxin (NEO) % protogonyautoxin (C) 1 & 2E National
Research Council (NRC; Halifax, Canada)of|A] -5} &
Kol Abg5tei). 123 AlB o] A4S 2 Aok analytical
EL LC gradeZ AHGSHAOH, g SHREL S g
acetic acid (Merck, Darmstadt, Germany), 25% ammonium
hydroxide (Sigma, St. Louis, MO, USA)& ARE-5F Tt a4k
ZF2(solid phase extraction, SPE) 7}E 2] Z|(cartridge)+= EN-
VI-Carb SPE cartridge (250 mg/3 mL, Sigma, St. Louis, MO,
USAYS A3, 12 e B4eh A7 ¥ 2522 F
ZHAA A= A= Aol A= ek Aol A8 &l
+ acetic acid, acetonitrile (Merck, Darmstadt, Germany) 2
ammonium hydroxide (Sigma, St. Louis, MO, USA)S A5}
&} o] 5AF A Zofl+ formic acid (Fluka, Buchs, Germany),
ammonium hydroxide (Sigma, St. Louis, MO, USA), aceto-
nitrile (Merck, Darmstadt, Germany)2 AR-51%.0H, & o]
L= Milli-Q water purification system (Millipore, Bedford,
MA, USA)of| A ZA|5}o] ARG5S

52 9 A

wASE HFAR 5 g& 50 mL Zejz2 L AJFH ¢
a1, 5 mL 1% acetic acidS 7}5Fo] &8st 3 water bathof 4]
100°C, 587t 7k F&3F9aL, A2ollA YZstelet. &3t
Al B4 5,000 rpm (2,750 g)oflA] 557 141 el aglct. £
H AN 1 mLE #3355 ul 25% ammonium hydroxideS-
H3fl pH 5.0-6.02. % F-3}A|A ARSI

TAFZEZ 7FE 2] 2= 3 mLe) 20% acetonitrile (0.1% acetic
acid $1)2}F 3 mL2] 0.025% ammonium hydroxideS <24
© &2 g 36T A5 59 400 uL-& &3k 71E
2ol 3 mU/ming &% F 700 uLo| S5 A H5tgct
71831 2 mLe] 20% acetonitrile (0.1% acetic acid &)= &
Zoto] A F-8H o= ARG
LC-MS/MS 2MEH

LC-MS/MSE o]-g3t npH|/d s 754 BAH g5 fIs)
o] Xevo TQ-S tandem quadrupole mass spectrometer (Wa-
ters, Milford, MA, USA)%} Acquity UPLC H-class (Waters,
Milford, MA, USA)E AME-5}%1L, columne Acquity BEH
Amide UPLC column (1.7 um, 2.1 mm X 50 mm; Waters,
Milford, MA, USA)& AR5t olgAtoa A goo
0.015% formic acid®} 0.06% ammonium hydroxide”} %=
= A xslo] ARSI, B 292 70% acetonitrile2} 0.01%
formic acid7} H| &2 A|2dlo] AFg-31eith ulu|A &2 EA
9] ReFRA 2 electrospray ionization (ESI)H 2] positive E+=
negative ion modeE ARE-51%12. ™, multiple reaction moni-
toring (MRM) 240 & B A3} tl(Table 1, 2).
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A
LC-MS/MS #A479] f-a4 152 flste] 21417 (linear-
ity), A&%HA(limit of detection, LOD), =3HA|(limit of
quantitation, LOQ), A& (recovery), U A (precision) 5=
Codex Alimentarius Commission (2014)2] 3o ujet HE
SETh Ao e FEAS HR(ER)ol & 1252 vp] /gy
FE=4 3F5A[NRC, CRM (certified reference material) ]2
VA w2 A F A5l Glok BUT o 25 9

= YUi(intra-day)dUdS 1Y 53] 9 UZK(inter-day) g2

AETA 10815 57 ghell 71
2 Asto] Grkslarl.

3, LC-MS/MS H44o] $eluteh gk 32 15 2w
2 AEFE 0] BoR=A] olol n HAe Al
3l o] gle= Ao 2Q1H Tx](Mussel Mytilus gallopro-
vinciallis), =(Oyster Crassostrea gigas), U} 2H(Short-necked
clam Ruditapes philippinarum), 7}27l(Butter clam, Saxido-
mus purpuratus), 7] 2 7l(Comb pen shell Atrina pinnata), 7}2
H|(Scallop Argopecten irradians), M =7}|(Ark shell Scapharca
broughtonii) 5 35 752}, "7 (Sea squirt Halocynthia ror-
etzi), 0| B & (Warty sea squirt Styela clava) & I 252] A
7o F 1259 nhalg Hiisa #2wdS st 9195
Aok o s 25 3 % oas Eelskiinh

Table 1. Mass spectrometry parameters

- ZA

o - folet - ol7by - B4

Zn Y o
LC-MS/MS 24 &4 4%

Y LC-MS/MS A% a5 flskod
12%S A2 mixtureE 67]2] S EH = AR5}
HESIGUTE AIE Al 2291 E2l1sl7] 913f 53] BHE
g Adp 1239 Be 252 AR = 0.99014
FrAlghE =& A A4S e Stk Table 3).

STX group (STX, NEO)?| AZ3H= 72t 0.19 € 1.05
ng/kg, AT A= 0.58 2 3.18 pg/kgollem, GTX group
(GTX1,2,3,4)°] A=E3H= 21240.62,0.50,0.34 2 0.22 pg/
kg, A3 = 1.88,1.52, 1.03 2 0.65 pg/kge] k. N-sulfo-
carbamoyl toxin group (GTX3, Cl1, C2)9] A&+ 0.42,
1.03 % 0.23 pg/kg, J5eHAl=1.26,3.11 9 0.69 pg/kgel 22
1, decarbamoyl toxin group (dcSTX, dcGTX2, 3)2] HAESH|
+0.27,0.53 9 0.23 pg/kg, A=FetAl= 0.81, 1.61 2 0.69 pg/
kg 2 YElITH(Table 3). T3 Rey et al. (2017)= HPLCE
0]-8-5}¢] pre-column oxidation, post-column oxidation®=5 2.
2 HE3HA|, A E 43 21} pre-column oxidation®]]
A AEDA7E7.31-51.08 pg/kg, 7= 13.23-102.03 pg/
kgo] o™, Z128] 37 post-column oxidationof| A+ HE3HA 7}
0.91-29.92 pg/kg, A3 = 1.47-64.77 pg/kgolqlch o=
Hghe u) 2 Al Anke ot 4202 SelEglc),

AEle] 4eS 1)) 98] -2 uet o ol el %

shel gXI8 Aeisheln Sol §ee Stelska A 19
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Table 2. LC-MS/MS operating condition for the analysis of para-
lytic shellfish toxins

Toxins' Prel\c/:lbjzrsor Pr&(/i ;ct Mode Cone (V)2 CE (eV)® Parameter Condition
(M/Z) (M/2) Column Amide column (2.1 mm 1.d.x50 mm, 1.7 pym)

STX 300 204 ESI+ 10 22 Column temp. 60°C
NEO 316 126 ESI+ 10 26 Injection volume 2L
GTX1 410 367 ESI- 10 15 Time Flow Mobile phase
GTX2 394 351 ESI- 10 20 (min) (mL/min) A (%) B (%)
GTX3 394 333 ESI- 10 20 Gradient initial 0.4 5 95
GTX4 410 367 ESI- 10 15 4.0 0.4 5 95
GTX5 380 300 ESI+ 10 16 75 0.4 50 50
C1 474 122 ESI- 10 28 9.0 0.5 50 50
Cc2 396 298 ESI+ 16 20 9.5 0.5 95 5
dcSTX 257 126 ESI+ 10 20 9.8 0.8 95 5
dcGTX2 351 164 ESI- 10 30 10.6 0.8 95 5
dcGTX3 353 255 ESI+ 10 18 1.0 0.4 95 5
ISTX, saxitoxin; NEO, neosaxitoxin; GTX, gonyautoxin; C, pro- lonization Electrospray ionization mode
togonyautoxin, deSTX, decarbamoyl-saxitoxin; dcGTX, decar- Desolvation temp 450°C
bamoyl-gonyautoxin. *Cone (V), cone voltage in volts. 3CE (eV), ] '

Capliary voltage 3kV

collision energy in electron volts.
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SiSIEh ) el el Wislel 591 v 2l
%37 di(intra-day) L 7&(1nter day) A& S AT}
AUAS g5kt STX group?] U Ak Adae

Z¥7} 95.4-107.7% 2 1.34-3.30%2] ¢S YER AL, GTX
group®] A et A48 22t 97.1-100.9% L 0.78-
4.47%% YERH T} N-sulfocarbamoyl toxin group] AU
A AU 99.0-100.8% 2 0.86-3.53%E LFEFU L
11, decarbamoyl toxin groupof| A< U] H&Adx} HUAdLe
96.8-104.6% 2 0.58-2.20%2] A7}-5 LEf 2 th(Table 4). E
oF, U7 A W A2 397 53] vhE S5k} LERl 9l
. STX group2] U7H A e 3} UL 712} 96.7-106.6%2]
e} 1.89-3.85%9] /e HERH LA, GTX group?]
UA7F At AU Z2H2E 96.6-101.3%2] 241} 1.40-
5.23%2] A& e It} N-sulfocarbamoyl toxin group
o] U7t Ay UL 98.7-100.5%2] A2 1.06-
3.53%2] AUAS YER 1Al Decarbamoyl toxin groupo|
Ao] A7t A2 it HDAE 98.1-103.5%9] A e
1.04-2.93%2] A4l A= e ItH(Table 4). Codex
Alimentarius Commission (2014)3} AOAC (2013)9] 1+&
A A7} el we gaby U guse] B2 shelsty
S u, AL 10 pgkgol A 60-115% 12|32 100 pg/kgoll
A1 80-110%5 K5t glom, 4u/d ] %9 10 ng/kgol A
21%Ech e AW @ 7ab] 123 100 pgkels 15%5
D}‘*o JE/de 8-SHAL QlTh whEhA] AT S o] of £

sk ke trepyolet.

Table 3. Linearity, limits of detection (LOD) and limits of quantita-
tion (LOQ) of paralytic shellfish toxins (n=5)

Toxins' Concentration  Linearity LOD LOQ
(glL) () (ug/kg)  (uglkg)
STX 1.2-49.0 0.9986 0.19 0.58
NEO 1.0-41.0 0.9995 1.05 3.18
GTX1 1.2-47.0 0.9993 0.62 1.88
GTX2 2.0-81.0 0.9997 0.50 1.52
GTX3 0.9-34.0 0.9993 0.34 1.03
GTX4 0.4-14.8 0.9958 0.22 0.65
GTX5 1.1-42.0 0.9998 0.42 1.26
C1 2.7-108.0 0.9993 1.03 3N
Cc2 0.8-32.0 0.9997 0.23 0.69
dcSTX 1.1-43.0 0.9996 0.27 0.81
dcGTX2 1.8-71.0 0.9995 0.53 1.61
dcGTX3 0.5-21.0 0.9998 0.23 0.69

I'STX, saxitoxin; NEO, neosaxitoxin; GTX, gonyautoxin; C, pro-
togonyautoxin; deSTX, decarbamoyl-saxitoxin; dcGTX, decar-
bamoyl-gonyautoxin.

Table 4. Accuracy, intra-day repeatability and inter-day reproduc-
ibility of analytical method for paralytic shellfish toxins (n=5)

Spiked Intra-day Inter-day
Toxins'  concentration  Accuracy RSD? Accuracy RSD
(Mg/kg) %) (%) (k) (%)
49.0 95.4 1.34 96.7 213
STX 245 104.6 2.1 102.6 218
12.3 107.6 2.36 106.6 1.89
41.0 95.9 2.34 98.1 2.36
NEO 20.5 103.7 3.30 102.2 277
10.3 107.7 3.30 104.8 3.85
47.0 99.9 1.93 98.8 343
GTX1 235 99.6 1.98 98.9 1.85
11.8 100.9 2.90 100.5 2.34
81.0 100.1 0.78 100.4 1.40
GTX2 40.5 99.1 1.50 99.1 1.76
20.3 100.8  2.33 100.5  2.55
34.0 100.7 1.68 100.8 2.37
GTX3 17.0 99.1 1.71 99.0 2.53
8.5 97.2 2.36 99.6 3.24
14.8 1004  3.21 1005 3.7
GTX4 74 97.1 4.34 96.6 4.06
3.7 99.5 4.47 101.3 5.23
42.0 100.8 0.86 100.2 1.85
GTX5 21.0 99.0 0.93 99.3 1.06
10.5 99.1 0.96 99.5 1.49
108.0 100.2 1.13 100.5 246
C1 54.0 99.0 3.53 98.7 2.38
27.0 100.5 3.36 99.2 3.53
32.0 100.3 1.12 100.2 1.38
Cc2 16.0 100.0 1.33 99.4 1.52
8.0 99.3 1.23 99.8 1.33
43.0 96.8 1.63 98.1 2.75
dcSTX 215 103.4 0.87 1021 1.77
10.8 104.6 1.95 103.5 1.65
71.0 98.8 1.10 99.8 293
dcGTX2 35.5 101.8 1.06 99.6 2.53
17.8 101.5 2.20 101.2 244
21.0 101.0 058 100.7 1.46
dcGTX3 10.5 98.9 1.06 98.9 1.04
5.3 99.1 1.36 99.6 1.98

ISTX, saxitoxin; NEO, neosaxitoxin; GTX, gonyautoxin; C, pro-
togonyautoxin; dcSTX, decarbamoyl-saxitoxin; dcGTX, decar-
bamoyl-gonyautoxin. 2RSD, relative standard deviation.
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Table 5. Recovery of paralytic shellfish toxins in shellfish (n=5)

A3

- gofet - o]7bg - BES

Mussel Oyster

Spiked

Short neck clam

Ark Shell  Comb pen shell Butter clam Scallop

Toxins' conc. Recovery RSD? Recovery RSD Recovery RSD Recovery RSD Recovery RSD Recovery RSD Recovery RSD

(Mgka) (%) (%) (%) (%) (%) (%)

(o) (%) () (B) (k) (%) (%) (%)

STX 1225 1034 143 1123 250 1053 095 875 232 1007 158 103.8 3.07 100.6 1.06
NEO 1025 11567 220 1268 288 1175 273 956 1.02 1165 348 1069 468 1075 0.76
GTX1 175 957 205 83 112 880 201 885 068 861 246 880 201 854 3.04
GTX2 2025 947 093 912 250 949 113 930 197 897 133 911 119 940 095
GTX3 8.50 969 184 859 168 911 252 845 3.02 774 347 833 337 774 329
GTX4 370 1038 233 107 3.83 1043 142 919 208 1005 350 1065 526 935 259
GTX5 1050 1065 0.75 994 129 1105 202 1120 114 1124 060 1048 422 1150 1.08
c1? 2700 915 402 468 319 824 294 749 549 773 373 700 234 811 421
Cc2 800 105 172 973 211 1065 098 973 168 755 148 843 133 843 133
deSTX 10.75 1057 289 112 126 1087 1.12 852 124 1068 143 1087 112 977 0.67
dG(EI:XZ 1775 952 173 872 226 915 177 89.0 142 842 102 885 211 858 142
g;cil:x3 525 1101 077 1036 164 1150 091 1082 193 998 171 964 225 994 3.15

ISTX, saxitoxin; NEO, neosaxitoxin; GTX, gonyautoxin; C, protogonyautoxin; dcSTX, decarbamoyl-saxitoxin; dcGTX, decarbamoyl-

gonyautoxin. RSD, relative standard deviation.

F ¥ OdRol et Az MEH

ekt Aot =8 3R 7E E 9 250l disto] &
%l LC-MS/MSE o]-8-3t mh|/g ol s A1) o]
I S HESIAL, 98 R 8N Alx T AR
of A7tsto] flef L2 o r & 3 ¥ 53] vt t
o F5 ¥ &S st R 78 S 9X Y e
91-115%, ol A 46-126%, B}R| 2ol A] 82-117%, A Z1a}o]| A]
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o
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Table 6. Recovery of paralytic shellfish toxins in tunicates (n=5)

Spiked Sea squirt Warty sea squirt
Toxins' concentration Recovery RSD? Recovery RSD

(Mg/kg) (%) (%) (%) (%)
STX 12.25 81.3 1.14 744 3.33
NEO 10.25 93.3 0.94 87.8 3.04
GTX1 11.75 89.5 0.80 90.2 2.75
GTX2 20.25 99.6 0.98 92,5 1.39
GTX3 8.50 95.1 4.05 96.2 2.79
GTX4 3.70 98.4 4.17 1211 3.67
GTX5 10.50 111.2 0.72 11.2 1.65
C15 27.00 77.3 5.52 70.6 5.65
C2 8.00 138.8 1.56 141.8 1.01
dcSTX 10.75 82.6 2.01 76.7 1.38
dcGTX2 17.75 86.2 1.39 85.3 0.89
dcGTX3 5.25 119.6 1.74 116.6 1.37

ISTX, saxitoxin; NEO, neosaxitoxin; GTX, gonyautoxin; C, pro-
togonyautoxin; dcSTX, decarbamoyl-saxitoxin; dcGTX, decar-
bamoyl-gonyautoxin. 2RSD, relative standard deviation.

74-112%, 71270l 4] 75-116%, 7 Z 7)ol 4] 70-106%, 7}2]H]
ol A= 77-115%2] A2H= H IthTable 5). ¥'d-F+
A2 3|88 77-138%, n|E Eof| A& 70-141%2] A= o}
B} CH(Table 6). 1 A Ao W= =0 A C1 gho] 46% =
2 I Helon, oy 250 A C2 4ho] 138-141%=
=2 388 Btk Turner et al. (2015)2 95+ A| 25 SPE
cartridge s ©]-&3l 92 A|# 3] LC-MS/MSZE 243+ Au}
C19] Zh2 45%, NEOQ] gh2 155%0]lrhal Haiste] 2
AT} FASFATE 3FA]9E, Turner et al. (2015)0] 4] PSP -+
4= 40] B =42 STX group % STX, NEO 242} 1.00, 1.00
01911, GTX group 3 GTX 1, 2, 3, 4914 2+2+ 1.00, 0.40,
0.60, 0.700]%131, N-sulfocarbamoyl toxin group % GTX 5
oA 0.10, C1, 2914 Z+2F 0.01, 0.100]%1.2.™, decarbamoyl
toxin group % dcSTXoJA 1.00, 12|32 dcGTX 2, 30l|A] Z+z}
0.20, 0.400] 3}, Al vl54 2stsls o, C1, C29] 4
=42 2421 0.01,0.10 ©] 3L, W 2] opu|A] sl f-54
/37823 Hlasf oA o2 e ghE vEh AL sl =
oflA C19] 3]g=go] v 2] HQkal, a7 2F o A C29 3]
o] Bl 4] AR A = thu]ote] HolE uf & F7F
S UAA] & A o' Bt whehA 2 A-tol| A ghet LC-
MS/MSE o83 nhu] A g 54 BA S f-2|uhet =2 1
F D i EA oA A7 e Ao detEr ®
g, LC-MS/MSE o|-g-gh upu] g ol 754 £4]
2 AEeA} oF 127}A] o] upu] A s {54 A
= Q= Aol Atk Yok SEuke A7 E

£ vhHg s AR A e
& Ao ghE

=z =
>3

=2 o

30
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