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Simultaneous determination of 7 kinds of Alternaria mycotoxins in fruits by
dispersive solid phase extraction combined with ultra performance liquid
chromatography-tandem mass spectrometry

WANG Hong-Kang, GAO Meng-Feng, SHEN Si-Wen, WANG Xia, WANG Min, TONG Jin-Rong,
MEI Bo, HUANG Yi-Wen, DENG Bo, YU Ben, ZHANG Wei-Yi'

(Shanghai Center of Agri-products Quality and Safety, Shanghai 201708, China)

ABSTRACT: Objective To develop a rapid and accurate method for the simultaneous determination of 7 kinds of
Alternaria mycotoxins by dispersive solid phase extraction combined with ultra performance liquid
chromatography-tandem mass spectrometry in fruits. Methods Samples were extracted with acidified acetonitrile,
dehydrated by anhydrous magnesium sulfate and salted out with sodium chloride, and the supernatant was cleaned up
by dispersive solid-phase extraction with Cg and graphitized carbon black. Then determined by ultra performance
liquid chromatography-tandem mass spectrometry, quantitatived by substrate matching and external standard
calibration method. Results The linearity of the method was good in the range of 0.005~0.500 mg/L (*>0.99) and
the limits of detection were 0.005 mg/kg, the limits of quantification were 0.01 mg/kg. The recoveries ranged from
77.30% to 114.34% with the relative standard deviation within batches from 0.65% to 14.81% and the relative

standard deviation between batches from 0.03% to 18.59%. Conclusion The method is simple, efficient, precise
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and accurate and can be used for the determination of the 7 kinds of Alternaria mycotoxins in fruits.

KEY WORDS: Alternaria mytoxins; dispersive solid-phase extraction; ultra performance liquid chromatography-

tandem mass spectrometry
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BEAG T RE W (Alternaria species)f&— P VZ A 1E TR
e TR A PR T e SR R R A T, ABSE A R R |
WAl R AR TS YRR, R . BRSEAEAR AR
TS s A R s | AR R R R 2 1 B
B 8 F (Alternaria mycotoxins) EHERS ALER R ™ A 1A
e, BETE KB 70 AR EE R LHATA P, Hoe A sk
YeE A AEME . BUR A SO S B Stk E AR
FAEO, L5 3 £ 9 1 o SR AT P SR Aok,
Bi . KR TP EEAR T R O B BOR B E R E
T, ENAME TR 8 8 R T M 0L A AR K
B 1, 1 R R L A KU PR A OB S A
XF/NAZ | B AR SRR 7 A R i B AR L R RO
Jo& T KU I R PEAL, DLVE RS O R R KRS . AT
B AR, R IR E KR, H AT R X 6
A8 1 R T 2 PR BRI, AR 55 #E R S
SREG RSS!, R, R A — AR Ty R
AN E HEAK R R BT A T A E RO, R
EYiO)ie o

FRT, B RS 10 5 75 R AR DU 32 A il K O v 1
(enzyme linked immunosorbent assay, ELISA):! 19 3
JRETEEUT SR G AU AT RIEA Y
MR RO IS L 25 k. ELISA ik
PRAER R PO, (R 2 BUER A PESS S, 2 A5k
B, (HEE GRS UM R AU 3 Tk R A
JEPR S, (G SAT AR, SRR 8, S PE2E, FERT HoiA
7, YRR T RROR €T - H K B v AR A 1
B 8 R W T AIE 5 s, (HAEAC AL BID 3R A 2% . B,
ANIE A HUE A . QUEChERS AhBRIL 3T JLAE 246 T 4
BV —FHTAE PREOR, PR R R s, i
R4, SRR A, [ A A IBCSEAE: i 1AL L
ARAALE, SIE AT R D B SR R
BLEL IR HERR I R AR, AR L
| OREZGER R SESURA T T P, Rk, A
PE454 QuEChERS Kb 3R AH (0 3% 5T 315 V2 SR AG I e
B R, KOKGEM T AbFRAS () Ao A et e] o [ s A A
T HETHAB AR Ty vk, ABETER YT S TR X G 2 L Fi
KR, AR X IS U (ELAS: H 45 22 O AR SC A TR R R . A
WE . WMAEER 1 E—RNAKN Hz.

A FE DL 4 AZ 5 76 1 [ R (tenuazonic acid, TeA) | 384

i B (alternariol, AOH) . ¢ % 7t iy # B fif (alternariol
monomethyl ether, AME) . Zl#% & % (altenusin, ALS) ., 3%
%54 (altenuene, ALT) ., 532 (tentoxin, TEN) , #HTE &
I(altertoxin I, ATX-1) 7 FPHEMSAIERTER Woaixi4, ik
QuEChERS Ab38lid 72 b iy s AR B B A Ak 01, e
R 1 AR A 6 T - B IR O TR Y A 0N, A ST — R R] A
AR 7 FhEEAR AR TR 2 Ay v, DU R i
PRIt — e B SR

1 MR5ERZE

1.1 w5 EE

TeA. AOH., AME. ALS. ALT. TEN, ATX-I FpifE
A (100 pg/ml, KHEPT/RBRHEARA R, 0 HER(EE
afi, 18R Merck 2AR]); JKBRMREE. Afbih. IRALEL (G
Prat, 258 E R T A RA R, o\ bk ik ket AR
FE(Crg). A1 24k B (graphitized carbon black, GCB). Hi/K
P4 2R VU 36 2 H E B (polytetrafluoroethylene, PTFE, A HLAH,
0.22 pm)( L FE SR A BR ARl . ACQUITY™
UPLC BEH C5 (100 mm x2.1 mm, 1.7 pm)(3& EREFIA ),

Qtrap 6500 R €633 - H3 B 5 1A (AT HEL I 257 11U,
X E Sciex A HE); AT RF(EGE 0.01 g, Kl Mettler
Toledo /3 )); STD. MINI VORTEXER i it iR & f8 (F Jokt
4 10000 r/min, [ Talboys 2\ F]); Multifuge X1R 5.0
WL KA 3R 10000 r/min, 3%[E Thermo Fisher Scientific
23 al); Milli-Q #B4li7K A% (32 B Millipore A Al),

1.2 e HE
12,1 R ik 6 Bub)

FRUEI FiR: AERRIRIR 1 mL ARvEE T 10 mL &5
wil, CREEZ, B 10 mg/L MFRHER & W, 6
—18°CLA T A ORAT o IR A AR e AR HERRIR 1 mL 45
FRUE 43T 10 mL 58P, ZIEES, Bk 1.0 mg/L
B AR e TR, #E-18°CLL R A RAT

FL BT VG LR o R R VA T K s I RE S SR ISR R
Sb PRy AR FR, 43 A A5 R S A TR, AR JE R
B— mIR AR TAER W, Fs AERB RS IR RE
0.005, 0.010., 0.020, 0.050., 0.100, 0.200., 0.500 mg/L
) 2R 51) 5 JoR DG TR s o T 2R VA
122 #ik b

1% M 2G5 10 mL R T 100 mL Z g,
IR AE 1000 mL, JR%J .1 mmol/L BRIR S BV FR
I 0.0791 g IkIR &L, HIKEMFIFFHRBEZE 1000 mL,
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123 HFibi

FREXL 10 g iXFECH I 2 0.01 )T 50 mL B B4 055 o,
JIA 10.0 mL 1% B2 Z %, BIZURS 1 min, TA 6 g
JOKBRREE . 1.5 g SALEN, IZIP%P 1 min, 10 000 r/min
B0 5 ming WRHR—E & BRI AG AR (R THE I
TWIMA 10 mg Cyg, XTI E TR AR B 22 TR OB 55
A 1 mg GCB), WEIEA] 1 min, i PTFE JEE 5 S 4
T - H R A
1.2.4 &R An

il 40k @ik ACQUITY™ UPLC BEH Cig
(100 mmx2.1 mm, 1.7 pm); AR 40°C; FEREAR: 2 uL;
W 0.4 mL/min; #ahtH A: 1 mmol/L BRER ALV, i
Bt B: NG, BREEVEME S I0ER 1.

®1 RENBRBERBRFN

Table 1 Mobile phase and gradient elution conditions

i B] /min T A/% TBlAE B/%
0.00 95.0 5.0
0.50 95.0 5.0
3.50 5.0 95.0
6.00 5.0 95.0
6.10 95.0 5.0
8.00 95.0 5.0

B A B U S B R, P e
T4 = 2RI, B 4.5 kv 5
TALIREE: 450°C; WiZ%E<: 55 psi; FBIIAS: 55 psic Wi
TS 7%, kL R HE R RIE 33 P R L 36 2.

F2 MUETI. HFLEEMMHESERESH

Table 2 Monitor ions, cone voltage and collision voltage for mass

spectralparameters
o TREE/, BET P HLRE  fEEdE
=
min (m/z) (m/z) A% A%
111.9 =75 -31
TeA 2.47 196.0
139.0 =75 —28
245.0 -60 -22
ALS 3.23 289.1
230.0 -60 -28
229.0 -67 =20
ALT 391 291.1
247.1 —67 -23
215.2 -80 -36
AOH 3.97 257.0
213.1 -80 -32
315.0 -110 -19
ATX-I 4.16 351.1
305.0 -110 -26
141.0 -140 -24
TEN 4.30 413.4
271.2 -140 22
256.1 -80 =30
AME 4.65 271.1
228.1 -80 —40

1.3 HiRATE
IR P A AR R R R AR ML o 31, AN

mg/kg, FRALIEIEIL AR SbrE i Lb L A Q)
o= AXV y 1000

1

A;xm 1000 Y

o 22XV 1000 @
m 1000

P o AR RIS 5 BB, mg/ke; py 0 FESIT
B o T A 0 B 2 0 14 Jo e e JEE A S, mg/L; oy
NI S5 D CAR v A 2 b A5 ) A iR VA v i 2 4
JE R B B BE, mg/L; A: AR W B I 2 23 1) o
@O EIRETEAR, As: KLUV BOAR HE TR I W0 e 41 3
JE Y o i T A v SRIBORA AL (EL, mL; m: 1K
BT 1, 2.

2 HER5SH

2.1 BIE-FUERHREL

22 B0k B TR B B R AR TR RS I rh B TT DA OE B 4,
] PGB, AR I R 0 AT, AR A
BT SR T, IR S AR, BB ATXAL 7E
I B e R AR, BT AR LG P S
T

FEA TR ShAH 2 W TR R i 7 {25 57 K o ARHIFE L
7 K-ZNERE 2 mmol/L HEREE(F 0.01%H R)-Z Gk
. 5mmol/L ZIRE(F 0.01%&EK)-ZHEIRZER . 0.1%H iR
-CIEVRZFT 1 mmol/L BRIR E 8k - LR R slAH . 255
W, FEIK-2 05 . 2 mmol/L B EREL (& 0.01%H R)- Z A 4%
TR, TeA B R K IERIRAE, 1§58t K HAT ™ B R, 2%
24, JoEREYE; 16 S mmol/L ZFREE(F 0.01%%/K)-
CHEEMER, TeA S5t RGgME S5k A s, HAE (st 1
TR, TEBCIE] H 06 7E 0.1%F 8- Z 5 #1 1 mmol/L %
TR A -G RET, SG WAy, (R Xt
B FEMA —EMEEA, /A 1 mmol/L MR A Fhf
(945 B AR PR (642 0.1% R 5, Ir LA 1 mmol/L ik
R S5 - GV TS AR R, I AR 0 W I 8 - o) i [
WL 1.

2.2 REL BHERESTKT

TP IR R AR A LS RS AR, TOOK R
TR EE bR K, AALBNER AT SR . AR S HH W
QuEChERS /i, 3 i T 2 1% R G WA 1%
LR REVERAREL, R RILE 2, 1% L8R ME%T ALS
Fo TeA AL, N TeA HIBCERME, 1% 8 20
X 7 Pl % A0 2 7 3R [ SRR ALAT . BRTEIR RIS T TeA
HIRLES M, (2 BRI, AT ARG e Bl 1%
1% G WA R BRI
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1.1e6¢ 1.1e6
jie
» 8.0e5t 3.97 « 20000 2.47 » 8.0e5 391
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| 6.0e5 a 15000 F a 6.0e5
= .05 = = 5.0e5
= 4.0e5 = 10000} = 4.0e5
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%.862 5000 %.862
.0e .0e
0.0e0 0 0.0e0
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Fsf 1] /min Fisf 1] /min Hs} [] /min
6e5| 1.2¢7
TEN 3.0e5 ALS 1.0¢7 AME
. 0% 4.30 . 2.5e5) 3.3 2 4.64
5%5 5 2005 gﬁi
3e5} 2 ses e
> = =
g 2e5} § 1.0¢5 j=37 4.0e6
leSt 5.0e4 n 2.0e6
0e0 0.0e0
T 2 3 4 5 6 7 000 =3 45 6 7 T 2 3 405 6 7
Fs} /8] /min A5} 8] /min i} /8] /min
6e5
5e5 ATX-I
" 4.16
g 4e5
@ 3eS
E 2e5
le5
0e0 .
1 2 3 4 5 6 17
5[] /min
Bl 1 1 mmol/L BRIRASEL-LIERRT 7 FREAS P25 75 R Mol B 1t @ ik &
Fig.1 Chromatogram of 7 kinds of A/ternaria mycotoxins in 1 mmol/L ammonium bicarbonate-acetonitrile system
120.0 OTEN 120.0¢ O TEN
:ﬁfg o BALT
- 100.0 3 N\ SALS
v § § L, 0 AME
BTeA 80.0 \ \ o] §AOH
" HATX- SO \ \ 2! B TeA
\ - \ \ 2 DATX
§ gmo § § % )
| \ & \ e
‘ \ 40.0 \ \ %
\ \ g
N\ \ \ N
§ § 20.0 § § %
\ \ 0 ES
V% Z RN 4 gJUKTBREE 6 gTUKBIRREE 6 gJKIRAREE
ZBL 1 g A5 L5gZ Bt 1.5 & Ak
PR IR K G

P2 SRIGRIXT 7 Rhe i 76 25 7 3% [ 1 52 )
Fig.2 Effects of extraction solvents on the recoveries of 7 kinds of
Alternaria mycotoxins

QuEChERS J5 k8 FIJCKGREREERR /K, fhEhdhpr, fiff
A YHERE ZEH P A5 S % % W QUEChERS ik,
Fea T 3 AHERIT R, 4 g TOKBREREE . 1 g EALEN . 1 g ATHE
FREN KA. 0.5 g ¥R —ahER Ak kAR 6 g Tk
BREREE ., 1.5 g ZI4N; 6 g UKBRRREE. 1.5 g EAkdh. &5
RILE 3, HE C MRS KR, 446 B X ALS
TeA FISCRRMRREAG . AR Z TR BN N 555 E )

1
0.5 gFP IR — S ok &9
il

B3 BRAGR] ., EhATFRIXE 7 Fheak 25 6 K ImIER Ay 52
Fig.3 Effects of dewatering or salting agents on the recoveries of 7
kinds of Alternaria mycotoxins

Jit, X T AR B PR ER I TeA A7 — 2 AR A,
T TeA [FIICREEAR . P AABIFER T 6 g ToKBREE |
1.5 g SALSIE A BRAKER 57

TP IRPE L i AL 22 C g IR I S AR AR T4
Yo, PSAWGRMHESS . Fei. G ERFHAMRIEAHLR; GCB



26 B 2 4 R AR I 2 4l

FH15E

WG T S5 R 2 0T . R AN S RS AR (ALOs, HE
N. Mtk AL Btk BYW N . ARETHY . LK%
B, R, REILTA, 1500 i fb 0 x4 % 7 8
BER MK, MAER S REILT D, GG
WIS 2, FRHERS & TR Y IICR PG TR, ER
e L Trh, RS 0 T 2R )T 0 2% 5 oAb R S 4 e
AL B 2% TR ELARR, T DA X BEAK T B B 2R RN R
AR T fRT B i T AR A A, e fb A I B 42 B A oA
T, FFER TR M EEAR AR R, WA IR N, s
RFH, Cig X TeA TR FHE R E K, PSA X ALS 1 TeA W ff

120 —=— TEN
—— ALT
—— ALS
—— AME
—e— AOH
—o— TeA
—a— ATX-I

100 -

80

40

20

/%
3

0 25 50 75 100 125 150
C A iE/(mg/mL)
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—— AME
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= 60 F
g@r
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0 I 1 |
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—— AME
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40
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L

1A /%

J

b é &
0 50 100 150 200
ALO,-A¥N I/ (mg/mL)

YRR, GCB %t AOH Hl AME WE R FHE R, ALO; Mt
ALT. ALS. AME., AOH. TeA. ATX-I #545 #em g fifEH,
RIGEE SRR 4. H, EREAFZTHRBORMA 10 mg Cig
YA, R AR, BZFHRBURSI FIA 1 mg
GCB ¥+t

BEAb, AR LT H LA HLAR JE i 8 I A g
I PTFE UEREXI S5 R 52 0 . 455 &3, PTFE JEREXT 7
FEEAR 25 35 2K WA R, JE R IBMEXT ALS . AOH F1 TeA
HRAT BT B, BRI IA 2 95% . S0%AN 40%, AR
5% )5 2 B K P PTFE JE Rt e R AR VS 1

120 - ol
L —— ALT
100 —+—ALS
| Mtgﬁ\. % AME
L —o—TeA
NS —a— ATX-I
S 60
=
m 40F
20+
0
0 25 50 75 100 125 150
PSAVR I E/(mg/mL)
120 —=—TEN
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100 - ——ALS
—— AME
80 - —e— AOH
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0 50 100 150 200
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> 60
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Pl 4 BEsRIxT 7 R i 76 25 7 3% [ e 1 5

Fig.4 Effects of purifying agents on the recoveries of 7 kinds of Alternaria mycotoxins
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2.3 EFRMBITEN

PR 28, & Kt IEML &), TEI)
R0 1% - H BT 1 1 6 v, RIS S AR — )
HEANGTERE, T4 HARALG PRk, D8 F5 00 3 o
ROV HEATRIFSE ), S T R AR 7 K AE H AT M
FAFTT, AR ST AR R S, A5 KRB
PRI IR R AT A I A5 A A R R, 2
R LKL R 10 ng/mL AFEFRARMEIR TR, R 1%
T2 2 Tt % 0 T S A [ S VA JBE PO AR MV W, ) B 2% 1R R
A5 MU GE, e A e ) 4% 28 43 Wi 17 AP F) S5 i), 300 4%
PR 3, FETANITRE AR FE AN (%)=B/4x100%
(A: AR LAY R (E, B B 5L s i 4 A
Al & AL AP W AR, 43N AETE 80%~120%2 [A] A,
T2 BH JE RN S AN K, SR T 120% 0 ) 3 B A5 3k
JEHESRAON, Y HAR T 80%H M| e/ 3 BTkl 2 B 4%
BB, ZHEA T R SE AT — a2 iy 3L Tk
N, ALS 7E 22 50 5 i A 5 i) S ST S AL, ALT LAME
AOH il AME WA 45 B3 MBI R0 . e, A i 2
JO RN, Ko 235 SR (R S, AR 2R FH 28 1 R S A T
BRI T ik o

R3 TEERPEERESROERBL
Table 3 Matrix effects of Alternaria mycotoxins in different
substrates

JEffi TEN ALT ALS AME AOH  TeA

800 550 1145 765 44.8 118.0  108.2
HiE 851 839 1389 846 80.3 109.2  100.3
WRE 794 375 1186 774 66.0 122.6 101.9
HBE 811 586 118.6 762 36.0 99.2 117.7

TR 754 552 1085 774 429 1136 1045

ATX-1

24 FFEFFMN
241 &MEE. AEBR, ZEMR

MR 1.2 PR R A ECH, ZhlbrrEhsk, Lok
FEFE 0.005 mg/L & 0.500 mg/L, 15 FIA [ 55T i 7 Frkit
MR BE R LM R A OE R B FBAME A AR, &
AN AL RS AL, DL e RT3 fHEMR
PEAR T EATFERRE R, KT 10 f5EM e 45
EWE R, 7 FhEEis R R R IER . RS
KR abBange 4 fon. 5 EoR, 7 PR
RERMR AR, LMAHRRZEFRRT 0.99, K thBRAT ik
0.005 mg/kg, EHFRM 0.01 mg/kg.

F4 TEERDERABSENEIMEERE

Table 4 Linear range of Alternaria mycotoxins in different substrates

20 iasg?] R PSS #6; tH BR/(mg/kg) JE TR /(mg/kg)
AOH Y=17203.56954X+9365.63948 0.99883 0.005 0.01
TeA Y=1516.85410X-151.24358 0.99816 0.005 0.01
ALT Y=3.68897e¢4X+7043.48202 0.99976 0.005 0.01
FLEf TEN Y=13509.89997X+8312.98931 0.99945 0.005 0.01
AME Y=3.38114e5X+4.68680¢e5 0.99257 0.005 0.01
ALS Y=6.28462e4X+4.43262e4 0.99898 0.005 0.01
ATX-1 Y=19158.54044X+5865.62929 0.99865 0.005 0.01
AOH Y=16963.72823X+3435.53208 0.99883 0.005 0.01
TeA Y=1374.84070X-1505.24418 0.99707 0.005 0.01
ALT Y=3.03014e¢4X+11760.00949 0.99958 0.005 0.01
Was TEN ¥Y=12961.12931X+6180.17071 0.99807 0.005 0.01
AME Y=2.98624e5X+5.01076e5 0.99787 0.005 0.01
ALS Y=3.68178e4X-10322.49156 0.99969 0.005 0.01
ATX-1 Y=16208.89670X+3005.15634 0.99873 0.005 0.01
AOH Y=21202.78739X+11268.03525 0.99848 0.005 0.01
TeA Y=1683.68650X-896.13348 0.99964 0.005 0.01
ALT Y=3.85668e¢4X+20786.47786 0.99920 0.005 0.01
k] TEN Y=13833.45342X+10247.49847 0.99914 0.005 0.01
AME Y=3.90747e¢5X+4.24462¢5 0.99666 0.005 0.01
ALS Y=6.67873e4X+25881.66683 0.99835 0.005 0.01
ATX-1 ¥=19922.17671X+11097.99854 0.99751 0.005 0.01
AOH Y=3.46489e4X+23769.02493 0.99754 0.005 0.01
W TeA Y=2969.00036X-490.66316 0.99226 0.005 0.01
ALT Y=6.06021e4X+27438.56403 0.99532 0.005 0.01
TEN Y=26426.82732X+16268.17133 0.99747 0.005 0.01
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FAE)
R &Y R HHEFREL(7) 4 tH PR /(mg/kg) ERBR/(mg/kg)

AME Y=6.07871e5X+6.63884¢5 0.99769 0.005 0.01
ALS Y=7189.46750X+10050.97987 0.99509 0.005 0.01
ATX-1 Y=3.25183e4X+21120.42089 0.99800 0.005 0.01
AOH Y=16022.39449X+13574.67524 0.99717 0.005 0.01
TeA Y=1360.44890X-1296.50616 0.99632 0.005 0.01
ALT Y=28114.36598X+3.04862¢4 0.99901 0.005 0.01
PRk TEN Y=17774.44449X-33.28573 0.99953 0.005 0.01
AME Y=2.63036e5X+2.39360e5 0.99769 0.005 0.01
ALS Y=25613.26518X-3.71385¢4 0.99383 0.005 0.01
ATX-I Y=14864.90991.X+10783.44624 0.99797 0.005 0.01

242 MEERELEHE 1, DARIERS 2 B S, 25 R AR 5. S AR, Dl

A2 AEFRAHILL 0.01, 0.02 F1 0.1 mg/kg 3 1 FAE 77.30%~114.34% 2 [7], Ht N AH X F5 s 22 0
BINACE, BEABINACEEATIE 6 WK, ombr 5, 0.65%~14.81%, HLIB]FHXT A5 HEM 224 0.03%~18.59%, 4+
I B R AR AR R 22, JF43 3 d EEA kR ARG I R R

#z5 TRERTHBOESENETESERE

Table 5 Precision and accuracy of Alternaria mycotoxins in different substrates

JE &Y S35 [ R /% ik P AR SRR 22 /% B AR AR v T 22 /%

TeA 83.60~92.42 3.86~12.00 2.06~9.50

AOH 97.45~114.10 1.32~8.63 0.39~10.12
AME 104.07~114.34 0.97~5.84 0.99~2.11
AR ALS 103.91~113.68 3.92~11.50 0.59~6.70
ALT 98.85~103.40 2.28~8.64 0.31~1.88

TEN 96.18~104.33 1.61~4.45 0.56~4.27
ATX-1 100.73~108.36 2.15~14.08 1.81~2.78
TeA 82.52~89.09 5.10~14.59 0.62~7.41

AOH 101.70~112.08 2.28~6.49 3.29~5.52

AME 89.39~111.45 3.85~7.02 5.98~17.11

Pk ALS 79.22~97.84 4.06~13.11 10.09~17.24
ALT 100.48~109.59 1.28~4.28 2.89~7.38

TEN 88.66~101.88 2.42~10.05 5.45~11.62
ATX-1 101.40~109.73 0.83~4.85 2.70~4.88

TeA 94.34~97.32 4.58~9.07 0.25~2.67

AOH 105.45~113.97 1.82~5.15 0.03~3.94

AME 105.92~112.64 1.66~5.60 0.49~1.69

AT ALS 91.21~112.09 1.49~12.62 1.02~14.48
ALT 100.28~107.71 1.42~4.23 0.20~5.04

TEN 92.95~107.80 2.18~10.35 2.41~14.80
ATX-1 104.37~110.62 1.10~5.12 0.07~2.83

TeA 86.76~100.64 8.50~13.90 6.79~10.96
AOH 101.62~112.38 1.61~3.28 0.53~4.47
AME 96.55~113.35 1.42~2.83 1.54~2.68

ikl ALS 82.16~97.94 2.45~14.81 2.87~11.63
ALT 102.37~105.93 1.03~3.91 0.14~1.33
TEN 97.62~106.03 2.07~4.21 1.60~3.38
ATX-1 102.16~108.89 0.65~3.12 0.54~1.53

TeA 77.30~90.37 5.76~13.77 7.57~14.85
AOH 98.58~103.36 2.63~8.78 0.33~2.69

AME 96.46~111.02 1.31~6.13 6.10~11.77

Bk ALS 86.11~109.58 4.27~13.78 2.06~18.24
ALT 94.94~103.61 1.75~6.09 0.69~8.00

TEN 82.29~102.26 3.10~12.66 15.00~18.59

ATX-1 96.52~103.62 2.21~4.72 3.45~5.33
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