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ERIUFLEE 20. 40, 60. 80 PZ"Hg. “HESKIN
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AIORBBAHEK, FERSHEEIE AR ILFES 20, 40, 60, 80 h 2, —HEEHIT TN, ERETRESBERIF.
BN RBENFESHEEK

K25

RILAEE; 28F; —HER; GC

SIS

2. “HEEHEEEEPREZIDEIERNYIR, FEEHAKBAE. HHEPEHELZES 20, 40, 60. 80ITTF
hlERIZAIREATT, TN _HERIYAREIT 0.01 %, AIRAFEIE Trace 1310 SHEBEEIL T LARIIFER
SR B2 R — HERReNTTE .

LI5S

1 {XE 5

Trace 1310 SAABIZY, A1310 Bahiftess; 2 "B; —HE; AfY; 1,3- T &
2 [FikmcHl

Nina RIS

W13 T fEiEE, BRIHRESR 1M &8 4mg BER, ERARINAR
XRRRIERAECE

o —fe, —HigiE=, BEWE, EFE—1 100ml £+, IREEHEZZE, S, BZ=E10ml 2 100ml 2R+,
BEIMARINE 1ml, ARIHERZEZIE, ES, (EANBRIER.

ERVE )
®BigiE. TG-17MS 30mx0.53mm, 1um (PN:26089-2980 )
WS SSLHEN, 270 °C; DM, #HF 1L, AR

RS, 40 CHIM4, 10 C/min FHEZE 60 C, {## 5min, BLL10 C /min FHEZ 170 °C, LL 15 °C /min FHEZE 280 C,
{R$F 60min, BiREZ 6 mL/min

eillges%y. FIDAMISE, 290 C, WIS IE 40 mL/min,
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1 XTBR A R E A EE

4.2 UKL R

IZIRAEMERET 7O, SNRIAERIE 1.

fREBHTiB) - I€@FR LOD(ppm) LOQ(ppm)
T2=x7) RSD%  IEHRY n 24 PRME
SN ) . ok RSD%  (SN=3)  (SN=10) PR
Z"E 4002 0.08 20071 4058  1.9388  2.24 5.0 16.8 40
13TE 9533 0.05 56412 2132 15359  2.38 9.4 31.4 40
—HEE 12443 004 195162 n.a. 19416 245 5.1 16.9 40
&ig

RXRERERTEHEHHAER, ERTRIFERIER PN SRS IENTE,



ERIUZEE 20, 40. 80 IR AR Z KIS
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RIGRBHMENK, FEASMEEEENERILZES 20, 40, 80 FMHAIKHIT TN, ERETREDBERIF (59) |
EMMHER RYPEIIFEHHEEN

K25

RILAAE; REI; —8-H; GC

SIS

BRI BR LLBLER 20, 40, 80 N FAYMA LRGN, MASIRAEIT 0. 0001%, A /SNHMAFIT 0.001 %, HF"H
NNEEHEYIR. ARAZREE Trace 1310 SHEEIEVEY T EARRILIEBRERY R PRI E 2k — S/ RS
Ak

XIS ERSY
1 X5

H'l>1

Trace 1310 SAEBIEY, Triplus300 TR BaNiHESE; MEIk; —F K, I,
2 BikBECH
DB R T =1

BEEslNAZRMNBRESRES, BT, MERWIBITHIERS A2 400 (£60°C, 1.5-2.5Kpa etk 6 /BT, B
KBRS ) BBFHRBRHASE 1ml P43 1ug AR [EAMESIEXIBR. SRS HNEE, BERE, BRI
B 1ml 495 10ug BYER, (ERZESHXTEE, 250%E 0.56ml {ERE X IBARK.

RRERMLER
ERRE I REIER 0.5m BEIR=SHEA, MIFACAY 0.001% JBEEER 0.1ml & _& 7R
MIBRIAR 0.5ml, i, ES,
TWEMZIRER
MK LT, RENRRIRERSIAIMENBRIGKREN 4. 2. 1. 0.5 0.2 % 0.1 &,
3IXERE
B, TG-1MS 30mx0.32mm, 3um (PN: 26099-4840)
OIS, SSLHFEO, 150 °C; s, A 1uL, 2RkL: 201
HRSEL. 35°C 014, fRIF 5min, 5 °C/min FHEZE 180 °C, BLL 30 C /min FHEZE 230 C, &%KF 5min. 1E5ET 2.5mL/min

HilIZES40. FID MilI2E, 250 °C, BRIFSIRE 40 mL/min,
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4.2 Wit45R

IRIREBHEBRIT TN, SNURMKERIE 1

R EBBTia) IEEFR I2m@FR LOD(ppm) LOQ(ppm)

M L) RSD% WM SEE G o0 e eneig R
ZBE 2.095 — — 9.66 — — — — —

7=l 2.528 0.16 38970 99.12 0.0056 4.81 50.7 169 0. 0001%

s/ 11.86 0.05 110377 n.a. 0.0458 3.12 3.7 12.4 0. 001%

T PBE na NER—NEETEDBE; RSD MG 8 (AR

RRELRERTEBEHHAENR, BRATRIRERIEHPIIARR IR — A A EW RIS TN TR,



ERWIINES 20 I T RS AAER B4
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AIERSEBIEENR IR 20 BXCKRPER. FRPE. XBRPE. BERTPEE. ASERTE. SI9RME | 2
FEERFREE | HERRERESICHRREHTRN, SREGHHREK,

K25

RIELES 20; AEARER; GC

SIS

BREL R B ERR LLEER 20 NFZEAMM IR . HHPREMERILZEE 20 I FHHES BHEERN A 40.0% ~ 600 % , & B
FEEA N 9 14.0% ~25.0% , SEMEMEB N A7.0%~150%, S CH. £ 2B @Ek. i 5 T
23 AEBXKF10% . 10.0% . 10.0% .7.0%. 11.0% 5 3.0 % . AXETF Trace 1300 SHEEIL{N K Al 1310 Bzl
EENEAVEIEPS oy B

M Bkl gR
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rEls)
1 X E 51

¥

Trace 1300 SHEBIEIY, Al 1310 Boh#iFes
CERAAE. FIRFNE. RKRFLE. BERFPLE. NSEREAS. SIIREEE \ EISRE 68 . HRFEESI HERRES
2 BB E

NCKRPARE. FRPA. XRPME. BERPE. ASERPE. FHERPME | BIERPE. MRFRESIHERPEETR
mEE, MIERGEHFHNE 1m PO CREAL | FRPME. XA, BERPE 0.1mg, AZERFAL. iR
ERFRRE. TERERRFREE. MR . WHERARESLIS 1mg RSB K.

it e MR 5 2 EPRE AR R B BRI R B HI BT R R ATRERY 2, 1.6, 1, 0.8, 0.5, 0.2 15,
3IXERE

BiZiE. TG-WaxMS 30mx0.25mm, 0.5um (PN: 26088-2230)

HEEOS%. SSLFFEO, 190 °C; o ifdttE, B 1uL, 2ifkL. 20:1

RS %, 90 °C 414 ,20 °C/min FHEZE 160 °C, 1®%F 1min, BLL2 C /min FHEZE 220 C, {#31F 20min, BRE
TmL/min

fM2E2% . FID #&NIZE, 250 °C, IS FE 40 mL/min



4 SLIRESR
4.1 VBB &R
MR mEIEERITE,

168 9= = —

5- P SREBRFE - 13.255

120 6 - 17 I B R BK - 19.205

7 - 9B RN »2T180
80 (0 - I HBR AR - 28.902

o 12-F BIEE - 4200
|- O R ERRE -5042
4-BHEEEE -8 788

L] | |

04 25 50 75 100 125 150 175 200 25 250 275 300 25 350 359

4.2 LS R

IRIRHEENRET TN, RHARIHEIERI TR,

BE fREBBTiE] RSD 3117 4 & e &3]

LOD(ppm) LOQ( ppm)

(min) (%) BEE  (amin) (mg/ml) R (SN=3)  (SN=10)

)izl 3.072 0.11 77538 27.50 0.9185 0.02-0.2 0.9997 1.14 3.79 1%

FERFAEE 4.190 0.10 200388 39.42 0.9978 0.02-0.2 0.9999 0.66 0.83 10%

ZERFAEE 5.932 0.07 215101 42.76 1.0404 0.02-0.2 0.9999 0.15 0.04 10%
B RS AR 8.780 0.05 181582 42.49 1.1244 0.02-0.2 0.9996 2.00 0.03 40%-60%
NEEE RS 13.243 0.05 170596 40.06 10.5931 0.2-2 0.9995 2.64 0.02 14%-25%
T=HIES B B 19.278 0.04 196763 36.86 11.3988 0.2-2 0.9996 3.56 0.03 7%-15%

g iv=elis 26.313 0.03 253804 3.90 10.3197 0.2-2 0.9993 0.70 0.01 3%

HES S 27.123 0.03 272835 8.52 10.4150 0.2-2 0.9994 2.02 0.00 11%

I ER FR S 28.895 0.03 305589 n.a. 9.2528 0.2-2 0.9994 4.50 0.01 7%

T PEEna ASE—NFETESEE; RSD AELUHIE 8 (AR, 1BiRNZ5H 0521 BIE

&
it
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ERWIINES 60 I T A AAER BIAS

(=2
A fERSEEIEEXERLEES 60 BATRIRER ARG P EHTRN, SRTEHHEEN,
X##is

ERII5EE 60; AEALER; GC

E1E]

BERRER FR A 25 LLIFYAE 60 IVEZAMMIGR., ZWEPERERILEES 60 TN~ HIESEISEAR 9 40. 0% ~60. 0 % , TEAE
ESFNAEHIES 2 FIARE DT 90.0% ., ANET Trace 1300 SHEEIEN R Al 1310 B FSE@E T BA I %.

}
okt

SH

B4y

1 {45t

Trace 1300 SAEEIEY, AI1310 Ba#HFE

TEREERFREE . ARHABRFR AR

2 B E

7 B FREERSER R SR EER B R IS, MNERITSREFHIRE 1ml PRLUS 1mg ANER .
MR MRS IR A X BRIRE BBl i /XS BRmAYRERY 2, 1, 0.8, 0.4, 0.2, 0.1 &,

3 XERiE

I, TG-WaxMS 30mx0.25mm, 0.5um (PN: 26088-2230 )

EHEOSE. SSLFE, 190 °C; i, A 1uL, 2imkt: 201

HRS#. 90 °C ##8 , 20 °C/min FHEZE 160 °C, {#¥F 1min, HLL2 C /min FHEZE 220 C,
R¥F 20min, BRI 1mL/min

SIS, FID KMSE, 250 °C, WIS, A& 40 mL/min



4 SLIRESR
4.1 VBB &R

MR mEIEERITE,

; (1 - 15 fER AR B - 19.225

80 2 -1 R B% BB - 26.230

204

43

05 5.0 10.0 15.0 20.0 25.0 30.0 350 40.0 45.0 50.0 54.8

\ - LoQ
fREBEFIE] RSD i — [1E47:7F {2 S5 7 3715 "
(min) (%) BRE »NBE (pAfmIRN. Cmg/ml) (pp:o)) ZiBaRE
s £ Sm@isie
IR EREE  19.233 0.04 173796 35.83  16.5876 0.1-2 0.99985 2.87 9.57 T 00%
TERERSFRES  26.227 0.04 257303 n.a. 11.6061 0.1-2 0.99967 1.36 4.54 40-60%%

it PBEna AERE—NEETBHDBE; RSD ELLHF 8 (4R, IR AZ5H 0521 BUHE.
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RWHRE 80 (Il ) I TASARERBIIG I
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AXERSHEEENRLAE 80 (I ) AEERFAE | HRIERPE. RIQHMKRAE. EERPE. WHRPE. AR
FRARERLAN MR R ERATION, SERGEHHER,

K25

EWZEE 80 (II) 5 AEARER; GC

SIS

FERNERFREER R ILEEE 80 ( Il ) MEZEMMR. HHEPHEHERLEE 80 (I ) INFhEHEREEREET 98.0%,
HhWEER. PR | HImER. istR. ImER. IWHRRSEIARET 0.5% .

IS E
1 X5t
Trace 1300 SHEHEIEY, Al1310 BalifiFas

SRERARS  IRIIRRFREE. IRISHER RS, TERSER RS . WmBR A TWARER AR AELAK: MR R AE

2t

2 Bk E

PHINAZERTE . SGHERTE. SIORRTEE. SERTE. WHERPE. TARBRT BN MERFEEXREESE, M
ERRARASINE 1ml 82 1mg BER.

3XEETE

i, TR-FAME 100mx0.25mm, 0.2um (PN: 260M238P )

EEEOSE. SSL#EMEO, 340 °C; oimidtE, #HAEF 1L, okt 50:1

HHES#0. 90 °C #J84; 20 °C/min FHEZ 160 °C, &£F 1min; 2 C /min FHEZ 220 °C, {®£F 20min, 1Ef&Ez 1mL/min

tilIEE 24, FID fillgs, 330 °C, KHSMER 40 mL/min
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4 SLREER
4.1 WiBESR

MR mEIEERITE,

M eV IWEG T TV LG UGy TSy AiEuy ' wianis_t

pA 1- ASSEMEPE - 17.897

100] 2 - 17 fE RS - 21,003
3 - 1% f8 N BR B e - 23.127

|5 -H BB - 27 960

804
4-18 BEB3 R BE - 26.870 ‘

min

23
16.17 17.50 18.75 20.00 21.25 22.50 23.75 25.00 28.25 27.50 28.75 30.00 31.25 32.50 3375 3453

4.2 WitESR

IRRAHERFT TN, SHAFERERITR,

P = e R A S 17.896 0.01 752123  44.37 5.3405 2.98 9.94 SIREE 0.5%
IRHSES FR BS 21.992 0.01 735138  10.94 5.6361 1.71 5.70 SIREE 0.5%
KRN MER FAEE 23.126 0.01 773912  33.40 5.5046 1.84 6.14 E%DNSQ 0.5%
TBASER FAER 26.869 0.01 807738  9.03 4.7449 3.43 11.42 BB 0.5%
MBS ER 27.959 0.02 834313 14.58 5.6774 2.69 8.97 98%
WimER RS 29.753 0.01 919247  17.47 5.9748 1.59 5.31 SFIET 0.5%
U FRES FR B 31.936 0.02 1019002 na. 5.9265 1.77 5.89 SIS 0.5%
i pBEna AEE—INEETESBEE; RSD NEEHF 8 FHAR, IEIRAH 0521 BUHLE: A EAERIA—IE, BBk,
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FeNHRE

BESABEHNENEEFRS, SKEER, ERNIMEEE. RERRLEDTHERAREME, ETXLTIFERR
BRES, BRCFEATLGASE, FRT-LEEHR, AIRABENQINEE (CAD) #HITHREESTAR. BS
TEETRIENRSMBHRRIINRES, ADBNLTRERNA,

Orbitrap Exploris 240 (8

R e
Y /5

SRS

“TAWEN
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Vanquish Core 55 CAD 1%l 22 518 iU E B AE =X s & & 157 cp BB i3 2 18 188 #001iE 80

5=

ARIBISZFRECEHAY Vanquish Core SRURIERIENESREBEAECNE - BEENEE (CAD) BT —MEBEBZH
AIHPLC 73i%, TTLABRIEXRES (AAV) HRGIFIGIAIEIDIE 188 FIMLIE 80 BITNENTER, AmEiEMF. R
HES, RENKICEEERTAREIKREFRIGNE, JERRIEIDE 188 FIMLIE 80 LML BIEHAIENFR.

Xigin)

Vanguish Core; CAD tilllgs; (RI%IPME 188; MtiE 80

sIS

ITLEESR, EEERETIVENAR, FDA BeEHUE 3 RERIATF ™M, BIIRLUISEXRS (AAVY) REIK, iRE

HNPHRBATEEBANTERENR, [A%PE 188 E—MRELE / REAKERY, BT S5MENsEs FIEBSFE
ELEMER, EEES AAV FIFIPI—FRI0R, BRBRIE, IRIEEBESFRFMNZENEEE. 118 80 AMLF A
SRR 80, CR—MIFEFREREEMR, BIEAMER. AMFFRER, 7 AA ST ZHERBRIFERS,

BrtiE 80 EEIAMEIER. Fit, TR 80 EAMARN, R iRRERIME, HHIITE 80 FAE. B M\ 188 funt
im 80 I EIMRIL, BRIERNEHFIFIAELE 188 AL, TERRBAIHIRAER ~ERE K CHENEE. 2
FRERNESWEREFMA, TEAREBELR, IEER; MARLCEEHONEEETER, SARMELNEAE
18 188 MR T rERNEE —EREMNES, BNRERBEEKRERRDE 188 FEEBIKRINFZEK . mEBIUEMSR 80
R REERNZEAN AL, FEMNNEAEDE 188 BIFMNM, BENRNES (CAD) fEA—suEBRENRERNZS,

BESREEMZSISTENGE S, EUERE L1 188 FIMLE 80 ZLL/MRiELEIET, BEEENRIFMNE ., AXEIT
—# HPLC-CAD %, SJEITSERAIZIPIE 188 FIMLIR 80 AUIE, FHiAiEE, EEMT, RYES, IIEAEKBR
AT FEL

rEls)
=St

¥

-

Y

Thermo Fisher Vanquish Core S3URIEEIE Y BcEB = =0IMIES Vanguish Charged Aerosol Detector H;
EERG. LT8R Chromeleon 7.3;

SWES; Zf; AR 188 8Kk ((RE. 100mg/mL), M8 80 &K (MKEE: 100mg/mL)

2 Bk H R Al LI

T RRIB R ECH «

FIAIEILM8 188 IBRFILIE 80 iBRIES, FAKFESEI 1000, 500, 250, 100, 50. 25ug/mL BSMETIERR;
R FREE N,

3 {UE;TIE

®i%tE. ChromCore SAAFE, 5um, 4.6x150mm

MoE: A: 2% ZERIKIBIR, B: 2% ZERRAEE

MEE. 0.9 mU/min, BEEFELE .

WIS 5L

8. 25°C

iMgs. CAD, EWIEE 50 T, REMK. 5Hz, IEESE . 3.6
14



®1.BEARER

Time, min A, % B, %
0 80 20
0.9 80 20
1.0 66 34
2.8 66 34
2.9 0 100
6.5 0 100
6.6 80 20
11 80 20

4 SEIREER
4.1 PrfERB IR ITNELS R

£ CAD #2ilIZEXTiRi&IVME 188 MIILIE 80 HITHMTES, BTHERWR, BMEHENZHESLIRRE, BEZHS
HMHRFRIEELR 80 HIFMEB T (NE 1 i) , MFEETHNREAANEREETRNEEENERZR, &5
ERNERSIREE, HRNFHERERTOEIEE, S4I2fE, HE 80 BRI Faa2NEEX (B 2 k) .

4 1-20210804VC 236 we 4R-100ppm CAD 1
70.0 B 2. 20210804VC n.'..g ; ; CAD 1
. 8 -
60.0+ : @© it
. « - 4
| . 3 8
— 40.01 - 2 =3
-1 | S ~ sug -
E . 2 <e &
D - l w
£ 200 2 | L% -
3 ] & Wlag §
3 vlJl = 0
o \ l\
00 l,lik, IN Lt g
00 20 40 60 80 100 110

Time [min]

E 1. =EKER (F) MnaR (L) eigE (Rk=a )

15



§ 20210804VC #36 J% $7-100ppm CAD_1

40.0 -
>
&
™ ~
' &
30.0 - 8 <
» z S
g Z 2 =
=200 : § =
g : v
-
O -
100 G
=
0.0 ’Ul — n . A
40L , , . . . ]
0.0 20 40 80 80 100 110
Time [min]
2. BRETEBSREIEE (REaE)
4.2 RIEMZENES R

MEEISEINE 3, WIEMZERIE 4 ME S, NERTA, (HiS M 188 flitim 80 /£ 25-1000ug/mL ik EBEIANED
TIREMIE, BRREIF, BXRHRKTF 0.999.

$ 1-20210804VC #30 i 15-25ppm CAD_1

& 2 - 20210804VC #32 % b1-50ppm CAD_1

3 3-20210804VC #35 /K Ar-100ppm CAD_1

@ 4-20210804VC #40 i 47.-250ppm CAD_1

3 5-20210804VC #42 /i 47-500ppm CAD_1

282 @ 6-20210804VC 244 i $7-1000ppm CAD_1
200] i
8 8
-3 T

Current [pA)
8

=== |
| = o~ ;
-68 - : ‘
0.0 2.0 40 6.0 8.0 100 11.0

Time [min]

E 3. RIS 188 FIILIRE 80 IRIENNEIEE

16



HiA vl uig 188 External CAD_1
P rmin

18.0

12.5

10.0

7.5

5.0

n
o

0.0 ! - - - - - - - - - - —er)
0 500 1000 1200

4. 3H&018 188 FRIE#hEL

u 3 2 =] - . ~

16 0 - =80 External CAD_"1
pATMIN

15.0

12.5

10.0

00 v
0 500 1000 1200

5. IR 80 1R IE/LE
4.3 ENRER

SHRELS/9 100 pg/mL A& P18 188 FIMLIR 80 X IRIARELEEHIT 6 £, EEUEERANREMBR. EE6HEE
HEFEIEEILE 6, EEMEIRERIZE 2T0EK 3. NERTILIES, &L 6 HHEEHE, REBATE RSD 7 0.10% 5BHE
A, EmEmFE RSD £ 1.10% SCER.



urrert [pA)

-
~

4 1-20210804VC %33 [ Fr-100ppm CAD 1

3 2-20210804VC #34 i 4p-100ppm CAD
& 3-20210804VC #35 R 45-100ppm CAD
2 4-20210804VC #36 iF15-100ppm CAD
3 6 - 20210804VC #38 K R-100ppm CAD 1
50.0 = L
| g 8
40.04 - .
' o o
= 2
| oy =
20.0 ! 5y r=
!
1 Jﬁ -
0.0 20 40 60 80 100

Time [min]

[E 6. &4 6 HrESHFEIEE (IRE 100 pg/mL )

2. L 6 HEEHFER (IBBIVE 188)

i8> 18188 B (pA*'min) tREBE7i8) (min )

2.5734 3.363
2.5517 3.365

100 pg/mL 2.5834 3.367
ELHAFFOE 2.5370 3.364
2.5812 3.363

2.6089 3.360

RSD(%) 0.99 0.06

3. &L 6 HEEHFER (112 80)

@R (pA*min) tREBEF8) (min )

1.9471 4.896

1.9242 4.890

100 pg/mL 1.9257 4.892
ELLHFFOE 1.9756 4.887
1.9292 4.899

1.9190 4.888

RSD(%) 1.10 0.10

18




4.4 EERNESR

iH&ILIE 188 FNNLIRE 80 7£ CAD 1&ilIz8 EEEMR (LOQ) 1A 2ug/mL, SiZENE 7 FE 8, HIEERI 4.

5.00-  20210804VC 288 PF&8-2ppm CAD_1
3751
< 250] g
= ' x
e | z
] =
S 1.25 -
v
0_00.:__...,..J
-1.00

o0 20 40 80 80 100 110
Time [min)
7. iRI%IL1E 188 1A (2ug/mL)
10.0- % 20210804VC #83 TW80-2ppm CAD_1
8.0/
|
-
T s.oi
S | -
= 1 S
£ 40- -
- ; i
20/ =
I o
; -
0.0/ LY, STPEPUORrY |
L S —
0.0 2.0 4.0 6.0 8.0 100 11.0

Time [min]

[ 8. i 80 &iEE (2ug/mL)

19



* 4. EBRNES

LOQ ERINE S S/N
RigiLi8188 2ug/mL 10yl 9.9
11280 2ug/mL 20pl 15.1

4.5 SKPriF G T E LS R

BERARNTGES AAV FHRFIFIEFERIT IV O, NELEREREIE 9, XA 3.1.2 FRIEMEEREMEES, WEHFER
FH&D R 188 IKE S 23.3ug/mL, MR 80 FRiGH .

0.0 % 20211104 #41 LE T CAD_1
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A highly sensitive high-performance liquid chromatography charged aerosol detection
method for the quantitative analysis of polysorbate 80 in protein solution

Goal

To describe the development of a highly sensitive charged aerosol detection (CAD) method for the determination of
polysorbate 80, also known as Tween™ 80, in biopharmaceutical products.

Keywords

Biopharmaceutical; polysorbate 80; Tween 80; protein; charged aerosol detection

Introduction

Polysorbates, such as polysorbate 20 and polysorbate 80, are non-ionic surfactants. They are commonly used in
biotherapeutic formulations to prevent surface adsorption and stabilize proteins against aggregation induced by stress, such
as agitation and shear. For quality control purposes, it is important to determine the concentration of polysorbate in the final
products.

However, the quantitative analysis of polysorbate is challenging—polysorbate is a complex mixture of many different species,
which lack natural UV chromophores, and is therefore difficult to analyze by UV detection. Also, chromatographic separation
often leads to peaks or peak groupings that consist of many unresolved components and poor peak shapes, thus making
accurate and sensitive quantitation problematic. Chinese Pharmacopia 2015 introduced a derivatization method for the
quantitative analysis of polysorbate 80, which is used by manufacturers of protein-based therapies. Such a preparation
method can improve the sensitivity of the detection of Tween 80 (Figure 1). However, reagents that are commonly used for
the derivatization of Tween 80, such as cobaltous thiocyanate and dichloromethane, are toxic. In addition, the derivatization
method is time-consuming, because the pretreatment of the polysorbate takes more than three hours. Further improvements
are also needed in terms of sensitivity, accuracy, repeatability, and selectivity versus non-Tween 80 substances in a
formulation.

0 (OCH,CH,)xOH

(OCH,CH,); O
HOW(HZCHZCO (OCHzCHZ yOH %C17H33
@)

Figure 1. Structure of Tween 80 (x +y + z + w = 20).

CAD is a universal detection technique that can be used to detect non-volatile and some semi-volatile compounds with or
without a strong UV chromophore. Shi, Fekete, and Dixit developed CAD methods for determining polysorbates in protein
formulations. Compared to methods developed with evaporative light scattering detection (ELSD), CAD, as widely reported,is
significantly more sensitive and its response its less dependent on analyte chemical structure. The latter is particularly
important to achieve accurate quantitation of Tween, since it consists of many different chemical species whose relative
concentration can vary widely between manufacturer and lot. In this study, a previously reported method10 was adapted
for the quantitative analysis of Tween 80 using a new generation CAD, the Thermo Scientific™ Dionex™ Corona™ Veo™
detector. The quantitative parameters, including limit of detection (LOD), limit of quantification (LOQ), linearity, and precision,
were systematically investigated, and then the method was used for the determination of Tween 80 in a protein formulation.
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Experimental

Equipment and software

The Thermo Scientific™ UltiMate™ 3000 Dual Rapid Separation LC (RSLC) system

Thermo Scientific™ Dionex™ Corona™ Veo™ RS charged aerosol detector

Thermo Scientific™ Chromeleon™ Chromatography Data System software, version 7.2

Reagents and standards

Deionized (DI) water, Isopropanol, HPLC Grade, Formic acid (FA), MS Grade, Polysorbate 80, MP Biomedicals (Sigma)
Preparation of standard solutions

Stock standard 1

Dissolve 10.0 mg of Tween 80 standard in 10 mL of DI water. The concentration of Tween 80 in stock standard 1 is 1000
mg/L.

Stock standard 2
Dissolve 1 mL of stock standard 1 in 10 mL of DI water. The concentration of Tween 80 in stock standard 2 is 100 mg/L.

Mixed standard solutions for calibration and sensitivity For calibration, prepare 10, 20, 30, 40, and 50 mg/L of Tween 80 by
diluting 100, 200, 300, 400, and 500 pL stock standard 2, respectively, with water to 1 mL. Prepare the standard solution for
measuring the LOD by diluting 50 pL stock standard 2 with water to 1 mL.

Sample preparation

Dilute 1 mL chimeric anti-EGFR mAb solution (sample 1) to 5 mL with formic acid solution (formic acid/water, 2:100, v/v). All
samples were provided by customers.

Sample solution for repeatability

Dilute two batches of protein samples (samples 2 and 3), which contain about 600-700 mg/L tenfold with formic acid
solution (formic acid/water, 2:100, v/v), resulting in a Tween 80 concentration in the range of 60-70 mg/L.

Chromatographic conditions

Column: Mixed-mode anion exchange
(2.1 x 20 mm, 30 pm)

Mobile Phase: A: Water (containing 2% (v/v)
formic acid)
B: Isopropanol (containing 2%
(v/v) formic acid)

Gradient: Time, min A % B %
0 90 10
1 80 20
34 80 20
35 0 100
45 0 100
46 90 10
10 90 10
Injection Volume: 30 pL
Flow Rate: 1.0 mL/min
Temperature: 30°C
Detection: Evaporative temperature: 35 °C;
collection frequency: 10 Hz; filter 5 s.;
PFV1.0
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Results and discussion
Chromatographic condition optimized

A chromatographic method reported previously for analyzing Tween 20 was used for analyzing Tween 80.The resulting
chromatogram for Tween 80 is shown in Figure 2. A step gradient was used for the elution of Tween 80 to achieve a sharper
peak and higher response due to peak compression. However, a step gradient also contributes to a baseline artifact (Figure
2, red trace). To account for this artifact, a baseline subtraction was used (Figure 3). Except for Figure 2, all figures in this
manuscript were obtained with baseline subtraction.
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Figure 2. Chromatogram of 50 mg/L Tween 80 (blue trace) and blank (red trace).
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Figure 3. Chromatogram of 50 mg/L Tween 80 with chromatogram subtraction.
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Sensitivity and linearity

For the detection of Tween 80 in a narrow concentration range (10-50 mg/L), a linear model can be used to fit to the
calibration data. As shown in Figure 4, CAD can provide good linearity (R® > 0.999) for the detection of Tween 80 with a
concentration range from 10-50 mg/L. The LOD and LOQ were taken as the minimum level at which the S/N ratio was

above 3 and 10, respectively.

The LOD and LOQ of the current method were 5 mg/L (S/N 5.6) and 10 mg/L (S/N 13.6), respectively.
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Figure 4. Calibration curve of Tween 80 (10-50 mg/L).

Repeatability

The repeatability of the current method was determined by evaluation of the RSD values of peak areas, which were obtained
with five repetitive injections. Two concentrations of polysorbate in protein samples, 67.5 and 70.5 mg/L, were used for
testing the repeatability. As shown in Table 1, the RSD values of these two concentrations were no more than 0.7%. This
indicates that the current method can provide good repeatability for determining Tween 80 in protein samples.

Table 1. Repeatability (n = 5) of the current method.

Concentration Peak Area
Sample (mg/L) Repeatability (%)
Sample 2 67.5 0.60%
Sample 3 70.5 0.63%

Sample analysis

Chimeric anti-EGFR mAb sample (Sample 1) was analyzed with the developed method. It can be seen from Figure 5 that
Tween 80 can be well separated from the matrix of the protein samples. Aimost the entire protein matrix can be eluted close
to the dead time of the column due to ion exclusion interactions, since both protein and the column have a cationic group
when 2% FA is used as a mobile phase additive. Small molecules such as sorbitol and phosphate, which are commonly used
in protein samples, were also eluted close to the dead time due to the very weak hydrophobic retention and ionic repulsive
interaction. Thus, many protein formulations can be analyzed by the presented method without any pretreatment. For high
concentration samples (greater than 100 mg/L), only dilution was needed before HPLC analysis. The amount of Tween 80
was 105.1 + 0.06 mg/L in sample 1, which was calculated by the calibration curve described previously. It should also be
noted that several complementary approaches using CAD have been described, which provide additional specificity and
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profiling of polysorbate subspecies. These are particularly useful for analysis of more complex formulations, for formulation
development and in stability / forced degradation studies.
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Figure 5. Chromatograms of Sample 1.

Conclusion

An HPLC-CAD method has been developed for the quantitative analysis of Tween 80 in protein formulations. Compared
to the ChP 2015 method, the developed method was faster, less toxic, and of higher accuracy. No derivatization and
pretreatment was needed and only nine minutes were used for the separation. Thus, the developed method had no

pretreatment error. Furthermore, it was more accurate than the ChP 2015 method, since a column separation was used in
the current method and there was less matrix disturbance.
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Polysorbate 80 profiling by HPLC with mass and charged aerosol detection

Goal

Provide an HPLC method suitable for fingerprinting of polysorbate 80 samples and detect variability between different
suppliers, grades, and production batches.

Keywords

Vanquish Flex; Vanquish Duo; I1SQ EM, CAD; inverse gradient; Tween, polysorbate; surfactants; formulations; charged
aerosol detection; single quadrupole; mass detection; ultra high performance liquid chromatography; excipient

Introduction

Polysorbate (PS) is a non-ionic surfactant widely used in pharmaceutical, biopharmaceutical, cosmetic, and beverage
formulations. Several types of polysorbate are available, with PS 20, PS 60, and PS 80 being most frequently used in
pharmaceutical products. All commercially available PS are complex mixtures of several hundred molecules, including low-
level components. This complexity is a consequence of the inherently heterogeneous raw materials used for the synthesis
and the synthetic pathway that leads to the final product.

Considering PS 80, the product is obtained by esterification of oleic acid with sorbitan polyoxyehthylene (POE) (Figure 1).
The oleic acid originates from natural sources and contains other fatty acid impurities including, but not limited to, palmitic,
linoleic, and stearic acids. These impurities will participate in the esterification reactions, thereby increasing complexity. The
additional presence of the precursor and side product of sorbitan, respectively sorbitol and isosorbide, along with different
degrees of ethoxylation of main and by-products, results in a mixture of hundreds of components.
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Figure 1. Structure of POE sorbitan (top) and POE isosorbide (bottom).

The control of PS as chemical raw material for (bio)pharmaceutical formulations is difficult because of the complexity
described above. Nevertheless, such control is needed since variations from lot to lot are expected to occur. Variation of the
relative population of esters, and polyoxyethylated polyols, can affect the behavior of PS 80 as an excipient in biotherapeutic
formulations. The link between the composition of PS and its properties is still not fully understood, although there have
been hypotheses put forth that attempted to shed some light on this topic. For instance, a variation in the ester population
may affect the critical micelle concentration, which in turn can affect the solubility of free fatty acids present in the PS as
degradation impurities. More often, the different behaviors resulting from lot-to-lot variability of PS cannot be easily explained.
Nonetheless, understanding the quality of PS 80 by analyzing the raw material is a potential time- and cost-saving approach,
as it would decrease the need of costly root-cause analyses when formulations obtained with a particular batch of PS do not
meet the required standards. A full quantitative characterization of a PS sample is, with the current standard approach, an
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extremely complex task that consumes considerable analytical resources. While quantification of every component of a PS
is not required, a simple analytical technique capable of profiling the main features of the PS sample and enabling lot-to-lot
comparison is highly desirable.

In this work, we propose an HPLC-based approach to monitor the characteristics of PS 80 samples that provides operational
simplicity while generating a high degree of information. The reversed-phase method is highly optimized to ensure sufficient
separation of different compound classes within a reasonable run time. For detection, the Thermo Scientific™ Vanquish™
Charged Aerosol Detector, which is the instrument of choice for detection of PS and other surfactants, is used.

The Thermo Scientific™ Vanquish™ Duo UHPLC System for Inverse Gradient seamlessly incorporates two independent
flow-delivery systems that simultaneously deliver the analytical and compensation gradients. Setting up the compensation
flow is facilitated by a user-friendly wizard in Thermo Scientific™ Chromeleon™ Chromatography Data System (CDS). The
inverse gradient option allows CAD-based quantitation without standards even under gradient conditions.

The Thermo Scientific™ ISQ™ EM single quadrupole mass detector features intuitive setting of the detection parameters
through the AutoSpray algorithm. It provides a mass range up to m/z 2000 allowing for the mass detection of high-molecular
weight PS species such as singly-charged di-ester and doubly charged tri- and tetraester ions. Obtained masses of the
variety of PS species allows the deduction of the identity of main components, complementing the quantitative, mass
selective CAD analysis with qualitative information.

Experimental

Equipment and software

Thermo Scientific™ Vanquish™ Flex UHPLC system

Vanquish Duo for Inverse Gradient Kit

Thermo Scientific™ Vanquish™ Charged Aerosol Detector H

Thermo Scientific™ ISQ™ EM single quadrupole mass spectrometer

Thermo Scientific™ Chromeleon™ Chromatography Data System software, version 7.3
Chemicals

Deionized water, Acetonitrile, Optima™ LC/MS grade, Formic acid, Optima™ LC/MS grade, Isopropanol, Optima™ LC/MS
grade, Ammonium formate, Optima™ LC/MS grade Three PS 80 samples were purchased from Croda Inc. and one sample
from Avantor (Table 1).

Table 1. PS 80 samples

Identification
Product name used in
Vendor Productname code the document
Super Refined™ Polysorbate
80-LQ-(MH) SR48833 SA1
Croda Su ~
per Refined™ Polysorbate
Inc. 80 POA-(LQ)-(MH) SR40925 SA2
Tween™ 80 HP-LQ-(MH) SD43361 SA3
Polysorbate 80, N. F. Multi-
Avantor Compendial J.T. Baker 4117-02 SB4

TWEEN 80 HP-LQ-(MH)

Sample and solvents preparation

PS 80 samples were prepared in 25 mL volumetric flasks diluted with deionized water at a final concentration of 2.5 mg/mL
for sample SA1, which was used for the dilutions, and at 1 mg/mL for all the other samples.
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Method parameters

Table 2. LC method

Thermo Scientific™ Accucore™ C18
Column 150 x 2.4 mm; 2.6 um, P/N 17126-152130
. A - 5 mM ammonium formate, pH 4.8
Moblle phase B - 50/50 isopropanol/acetonitrile (v/V)
Time (min) %8 Time (min) %8
0 e} 26 85
3 9 35 100
Gradient 10 22 45 100
10 57 46 9
21 69 56 o
21 84
Flow rate 0.4 mL/min
Autosampler temp. 6 °C
50 °C forced air mode, fan speed 5
Column temp. 50 °C active pre-heater
Injection volume 10 L
Injection wash solvent 10/90 water/isopropanol (wv)

Table 3. CAD detector settings

Evaporator temperature 50 °C
Data collection rate 20 Hz
Filter 3.6s
Power function 1.5

Table 4. 1ISQ EM mass detector settings

lonization mode HESI

Easy mode. Setting for sensitivity was 1;
Source setting setting for mobile phase volatility was 3;
setting for thermally labile sample was 1

Method type Scan mode, profile

Polarity Positive
Mass range full scan myz 350-2000
Source CID voltage oV

Dwell time 0.5s
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Results and discussion

The HPLC method was developed and optimized using CAD to maximize the number of observed peaks while maintaining a
reasonable run time below one hour. The profiles obtained by CAD for PS 80 from different vendors and batches are shown
in Figure 2 and Figure 3, where both standard and inverse gradient methods were applied. The chromatograms clearly
showed four different groups of peak clusters. This grouping will be used for further discussion and comparison of elution
profiles.

Even though the profile of the different PS 80 samples is similar, differences in the relative intensity are present. For both
inverse gradient and standard gradient, the main peaks in Groups 2 and 3 differ in height depending on the sample: the peak
heights for SB4 and SA3 are the lowest, and quite comparable to each other; the most intense peaks in Group 2 and Group
3 are detected for SA2. More differences between samples are present. For instance, one peak in Group 3 and two peaks in
Group 4 are detected only for samples SA2 and SA1 (Figure 2).

10.5- Group 1 Group 2 Group 3 Group 4
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Figure 2. Overlaid chromatogram of the PS 80 samples described in Table 1.

CAD detection with inversed gradient. Sample concentration 1 mg/mL. Other conditions are described in Table 2 and Table 3. Signals are
corrected by matrix injection (matrix: 10 pL water). Orange trace: sample SA1; blue trace: sample SA2; pink trace: sample SAS3; black trace:

sample SB4.
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Figure 3B. Detailed view of Figure 3A
Zoom in Group 1. Orange trace: sample SA1; blue trace: sample SA2; pink trace: sample SA3; black trace: sample SB4.

The ISQ EM single quadrupole mass detector was used to elucidate the nature of the species eluting in the different groups.
Figure 4A represents the total ion chromatogram (TIC) obtained in positive ionization mode. The peak annotation is based
on the analysis of the averaged spectra across selected time windows (Figure 4B to Figure 4F). Identified species based on
the annotated mass spectra are consistent with the main species expected in a PS 80 sample, namely POE sorbitan oleic
acid esters, and POE isosorbide oleic acid esters. The components were detected as singly, doubly, or triply ammoniated
adducts, depending on the species. The expected mass differences of one ethylene oxide unit for the singly, doubly, and
triply charged ions are m/z 44.0, 22.0, and 14.7, which fit to the mass shifts observed in the spectra. In Table 5 some of the
observed ions are listed and compared to the expected m/z based on calculated masses.
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Figure 4A. TIC of PS 80 0.5 mg/mL (SA1). Conditions are described in Table 2 and Table 4
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Table 5. Examples of detected ions with tentative identity assignment

Theoretical Theoretical Theoretical Am/z
m/zbasedon m/zbasedon m/z based (observed -
Detected mostabundant monoisotopic on average Observed theoretical

Component ion isotope mass mass average)
Sorbitan-oleate-POE,, C,H.O,  [M:2NH} 826.5 826.5 8274 826.8 -0.3
Sorbitan-oleate-POE,, CoHuOs  [M+3NH 645.1 645.1 8455 645.3 -0.2
Sorbitan-di-oleate-POE,, (65 (7L ro) [M+3NH J** 7335 733.2 7336 733.5 -0.1
Sorbitan-di-oleate-POE,, GO == [M+2NH J* 937.2 936.7 937.3 937.0 -0.3
Isosorbide-oleate-POE,, C,H.0, [M+NH_J* 956.7 956.7 957.3 956.7 -0.6
Isosorbide-oleate-POE, (el o) [M+2NH J* 575.4 575.4 575.8 575.6 -0.2
Isosorbide-di-oleate-POE,, CeH,.0, [M+NH J* 1220.9 1220.9 1221.7 12211 -0.6
Isosorbide-di-oleate-POE,, C,H,.0,, [M+2NH J* 685.5 685.5 686.0 685.7 -0.3
Sorbitan-tri-oleate-POE,, CroHonOse  [IM#2NH P 1133 1112.8 11135 1113.6 +0.1

Sorbitan-tetra-oleate-POE,, C,_H, O, [M+2NH J* 12234 1222.9 1223.7 1223.7 +0.0

248

Since six ethylene oxide repeat units are isobaric to one oleate unit, it should be noted that the spectra alone could not
provide any information on the degree of esterification. However, it was assumed that the hydrophobicity within a class
of component increases with oleic acid content. Based on this assumption, higher order esters would elute later in the
chromatogram relative to lower order ones. In Group 1, free POE, POE sorbitan, and POE isosorbide are detected; the
identity assignment for most of the peaks of Group 1 is straightforward since most of them represent single components,
and consequently the spectra are easy to interpret with confidence (data not shown). Comparing the TIC in Figure 4A to
the CAD chromatograms, it is clear that the peaks were clustered in groups based on degree of esterification. All groups
indeed include species with the same degree of esterification, apart from Group 4, which combines tri and tetra esters. TIC,
CAD with standard gradient, and CAD with inverse gradient are all suitable for profiing PS 80. When the CAD detection is
considered, the substantial difference between standard and inverse gradient is the fact that the quantitation with the latter
provides the real mass-balance across all components within each sample. When the standard gradient is applied, the
profiling is valuable for distinguishing one sample from another, but the method overestimates the amount of late eluting di-,
tri-, and tetra-esters while underestimating non-esterified components.
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Figure 4B. Mass spectrum representing the averaged spectra across the retention time window 17.3-19.1 min, capturing the peak with
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apex at 17.9 min (Figure 4A).

The signal ions are inferred as sorbitan-oleate-POEN doubly and triply ammoniated adducts. For doubly charged adducts polymer
distribution, the detected species contain number of oxyethylene units n between 22 and 35; for the triple charged adducts polymer

distribution n is between 29 and 35.
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Figure 4C. Mass spectrum representing the averaged spectra across the retention time window 19.4-20.3 min, capturing the peak with

apex at 20.0 min (Figure 4A).

The signal ions are inferred as isosorbide-oleate-POEN single and double ammoniated adducts. For singly charged adducts polymer
distribution, the detected species contain a number of oxyethylene units n between 11 and 17; for the doubly charged adducts polymer

distribution n is between 13 and 19.

1.666- [Sorbitan-di-oleate-POEn + 3(NH )J* [Sorbitan-di-oleate-POEn + 2(NH )]
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1.2e6 10032
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Figure 4D. Mass spectrum representing the averaged spectra across the retention time window 26.9-28.3 min, capturing the peak with

apex at 27.2 min (Figure 4A).

The signal ions are inferred as sorbitan-di-oleate-POEn double and triple ammoniated adducts. For doubly charged adducts polymer
distribution, the detected species contain number of oxyethylene units n between 23 and 36; for the triply chargedadducts polymer

distribution n is between 27 and 37.
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4.0e5 [Isosorbide-di-oleate-POEN + 2(NH ) [Isosorbide-di-oleate-POEN + NH_J*
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Figure 4E. Mass spectrum representing the averaged spectra across the retention time window 29.0-30.4 min.

The signal ions are inferred as isosorbide-di-oleate-POEn single and double ammoniated adducts. For single charged adducts polymer
distribution, the detected species contain number of oxyethylene units n between 12 and 17; for the double charged adducts polymer

distribution n is between 13 and 18.

1.066 [Sorbitan-tri-oleate-POEn + 2NH J*
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Figure 4F. Mass spectrum representing the averaged spectra across the retention time window 33.9-35.0 min.

The signal ions are inferred as sorbitan-tri-oleate-POEnN doubly ammoniated adducts. The detected species contain a number of oxyethylene

units n between 20 and 31.
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Figure 4G. Mass spectrum representing the averaged spectra across the retention time window 36.9-37.7 min.

The signal ions are inferred as sorbitan-tetra-oleate-POEn doubly ammoniated adducts. The detected species contain a number of

oxyethylene units n between 20 and 31.

The sum of the area of all peaks measured in inverse gradient varies with the sample (Table 6). Since the detector response

is independent of the species, and the concentration of PS used for the test is the same, this observation points to different

purities of the PS standards.

When comparing relative areas of the peak groups for inverse gradient analysis (Table 6), it is observed that SA1 and SA2

contain the least amount of non-ester species (Group 1). Interestingly, these samples are those with the highest main peaks

in Group 2 and Group 3. Combining this insight with the information obtained by the mass detection, we can now conclude

that those peaks contain the POE sorbitan mono-esters and POE sorbitan di-esters.

Thus, for the samples analyzed in this work, it appears that the amount of the polyols of Group 1 inversely correlates with the

amount of oleic acid esters of sorbitan. On the other hand, the correlation with isosorbide esters is not evident.

Table 6. Overview of the relative areas of the peak groups (standard and inverse gradient) and sum of all peak areas (inverse gradient).

Gradient type Peak group

CAD detection: 1 mg/mL samples, and ISQ EM detection: 0.5 mg/mL. The data is the average of two injections.

SA1 (with MS detection)

Gt
G2

Standard

Inverse

G3
G4
Gi
G2
G3
G4

7.89
26.04
36.50
20.58

Sum area all groups

38

SA1
1.58
20.09
38.77
39.59
8.72
33.69
35.09
2251

10.23

SA2

1.66
20.46
38.60
39.30

8.40
34.09
34.90
22.62

SA3
231
26.04
36.58
29.59
11.35
34.95
33.98
19.73

Area (pA x min)

10.44

9.7

SB4
2.16
21.34
39.84
36.67
10.89
33.87
34.80
20.45

9.43



As shown in Table 7 and Figure 5, peak group area measured for the sample concentration range between 0.5 and 2.5 mg/
mL showed good linearity, for both standard and inverse gradient analyses. This observation, proves that the assessment of
the groups’ relative abundance is consistent across the investigated concentration range. The sum of the area of the four
groups also correlates linearly with the amount of injected sample (Table 7). Utilizing the separation of groups based on the
level of esterification, quantitation can aid in monitoring trends in ester and polyol population. This is useful for stability studies
of PS-based drug formulations.
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Figure 5. Group area measured at different PS 80 concentration in SA1 (0.5-2.5 mg/mL with 3 injections for each level). Standard gradient (A)

and inverse gradient (B).
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Table 7. Results of linear regression for the plots in Figure 5. (0.5-2.5 mg/mL with 3 injections for each level)

Rel.
Std. Dev. Co C1
(%) (Intercept) (Slope)
Group 1 2.30 0.9985 -0.1895 0.8083
Group 2 0.94 0.9997 -1.6252 0.4848
Standard o3 130 09995 -37318 18.8525
gradient
Group 4 0.82 0.9998 -3.9703 19.2355
All groups 0.92 0.9998 -9.5167 48.3811
Group 1 2.40 0.9982 -0.1907 1.1080
Group 2 1.16 0.9996 -0.6553 41464
Inverse
gradient Group 3 1.66 0.9992 -0.8064 4.4371
Group 4 1.77 0.9991 -0.5396 2.8892
All groups 1.36 0.9994 -2.1920 12.5809
Conclusion

e An HPLC-CAD method for fingerprinting of PS 80 raw material capable of resolving the components based on the degree
of esterification was developed.

e The method enables monitoring of different productions, thereby providing a simple, albeit reliable, tool to ensure the
consistency of PS 80 raw materials and contribute to consistent drug formulation production.

e Thanks to the uniform response, CAD with inverse gradient provides the real mass balance between species with different
degrees of esterification.

e Confirmation of the identity of the main components of PS 80, namely POE, sorbitan POE, isosorbide POE, isosorbide and
sorbitan POE esters of oleic acid, is easily achieved by LC-MS with the ISQ EM mass detector.

¢ The total ion chromatogram based on Full MS scans is available alternative to CAD for PS 80 fingerprinting.
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EF HPLC-CAD BXRHRBZ A P i I 73 1

e

ARSI HPLC-CAD BRI AN RSB ER . AEER. SR, mRMERER, pBES, BEERE.
Xiin)

fERRER; CAD

E1E]

FERNER 2 —FhE WA AR, FARRIEH RN, ENAFSED ‘RS . 2 NEXARERUMRRET R ENERE,
IEFRRERIR, BEREREKINRINSS, RESR UV IIALEGN, A7 5ER CAD /illlZF45 5 Hamilton AI—FREIEHE,
XS EMEREITHITON, PBRES, BEENTF, BREXANE.

I ER S

1 XRS5

Dionex Ultimate 3000

ZR. ISO-3100SD

EahiiEes: WPS-3000TSL

HEIRfE: TCC-3000SD

#iNEE. Corona Ultra

BIZERE. Chromeleon Chromatography Data System

ZB5. TUSKR. BERR

2 Bk E

BERN—EENAER. NEER. FIER. HRFISEERNRR, PSR, T8, S,
3IXERE

BIEtE. PRP-1,4.1x250mm,7pm (Hamilton, PN: 79422)

feiM2E. CAD, Nebulizer temp: 15°C; Gas (N2)pressure: 35.0psi;
imatl: ZBE - TUERKIE -60mM BARRIA IR =60:5:35, 15min ZR{LE] 90:10:0
im: 45°C

ERFAIURAEAIR . BalidiEes, 2500
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4. TRER

RERNERIC ISR I T E .

120+ ] CAD_1
PlacigliieRlla
100 4 Stearic Acid
80+
Myristic Acid
= 60
=
=
e
3 40-
20 4
|LauricAcidJ J U L
[oF 'A| T T |I T
_20- T T T T T T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 225 25.0
) 18] [min]

i s P A 53 B FR fREFETIE min  IREFR pA*min  EBIEI Plates 433 E Resolution EREEF USP Tf
PR Lauric Acid 6.463 0.886 13070 8.11 1.11
NEEF Myristic Acid 8.5 10.771 15153 6.86 1.06
BT Plasmatic Acid 10.597 22.388 15989 1.81 1.09
HER Oleic Acid 11.213 22.478 16794 3.91 1.07
TEREER Stearic Acid 12.543 20.818 22488 n.a. 1.05
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BEASRBHNBENEERTRS, SKEEHR. BEESNEHEERDZ2KEME, BT 2020 W2 HEILZER
HikEk, ERRWHBRRBLEENATEN, BEREEERE. BIMSERNUESTEIE, AXWRTEX
& CMD B8 IR — LBy hE S BRWBCNNBEAT RNA, UETAAHBBFERSE.
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iCAP RQ ICPMS MEhZM P hfMPEEEITE

5=

A KA ICAP RQ ICPMS MEFAMPHAMESELE, WENRNELERIIEARER, HEwHRERELEHER
RFEENR, 1z ERBRE—SHERIGATUES DM FE. 8. . k. BFTx, BUEROTRE, =S
IN7TEER, BT ICAP RQ BEEEFAMEBAEORA, aEREORE, RIeSFRRKPRES T, ERTHE
EST={PSEL [

Xiin)

ELETE; ICPMS; iCAP RQ

E1E]

2020 AR (P ARHINIEZA ) (LITER (BHR) ) EEEMFAELE. #hR (258 ) —SBEMFIREHIETAE.
BIR. HA. #B. A2, =t 2. WEKE. 7. BRE(Z. SREESEELENTEX, FETLE. #2.
5. A%, m¥s. £RE. 97, ERESRLERENE, B R IREEM 0.3mg/kg 18178 1mg/kg, HETE
IREFRIFALE, 2020 HrZ 8 ( 9302 FAE EXEVIREFIEIESREN ) 81T ‘EEEREELE—SHREESE" EXK,
BRATREFEIESUNE. AMNESBREETERNAGIZRA. 8. . K. WlUEXE (B 2321 BRFRIKED KHE
ERBEEEEETHRRES L) NE. HY, BEEEEEFAEE X (ICP-MS) NEMETREBIREER. THIOE
i, MEBYZTZENUE. RBES. sIXCERE. TENEAICAP RQ ICP-MS ittt h R E S E TR,

I E5

1 (U 5iH

Thermo Fisher iICAP RQ FBBEBEE B FIREIEY

Thermo Fisher £li7K#]

s EARAY ( milestone )

4% ( ThermoFisher Trace Metal 4% )

As. Cd. Cu. Pb, Hg. Au: 1000g/mL BtEIiNERR (ExRBEEEMFTR) - Ge. In. Bi: 1000~g/mL £
TERNVERR (EREEEEMRR)

2 Bkt E

2.1 B#l 2% BB AV RS IRERIBR, HF Po, As 250, 1. 5. 10, 20, 50 pg/L, CdEZEH0. 0.5, 2.5, 5.
10, 20 pg/L; Cu&E 0. 10, 50. 100, 200. 500 pg/L.

2.2 FieHl 2% TEEAHY Ho FERFIAR, 2250, 0.2, 0.5, 1, 2u-g/L , BHIMASIERREN 209/L,
2.3 BLE 2% 1EBEHT Ge. In. Bif9 10 pg/L BIWRARA R, EZL=EMNA.
3 U HmR SR

FRENAERR 0.2g (#5HZE 0.0001g) , ETFRMUEAIGHEMEET, NN 5mLIEE, ZIRR 1 (KBRS IHHTHERE, Hifx
fa, 115CHER, RBESE 50m FEMhF, #EHTIRE LN,

1. KBRER

FHigB1 i8] (min) BinigE (°C) fRiFETE) ( min )
1 5 120 5
2 5 150 10
3 5 190 20
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4 {XERE

KA Thermo Scientific iICAP RQ ICP-MS # 1T ERINIE. FTAMNERERFSERZENE, ARROEAEFOTIRENA
HIEE (2.5mm AR, AERGPOLE) . IOEMEREEMETGE. (EHERMDSIENTHESK, LIBE—HIaIsEEI (KED)
TiEERIELT, ICP-MS (Y888 TE 2,

X 2. ICPMS T1E&#

INESH e
RF I (w) 1550 Cell 54K (mL/min) He 4.9
ZES (LU/min) 14 KED EBJE (v) 3
= (L/min) 0.8 R HAE (mm) 35
EWS (Umin) 1.0 FLERR (mm) 2.5
FKERE (m” m) 10 REUEEBE (V) -300
HAEE (v) -450 CCT focus lens (V) -2
5 LIWER

5.1 KfETERE

KIBERTETRSESRE, RHAREENIMERIIEGAR, Hb CuiRESEE 10ug/L El 500ug/L, As. PbikESE
0.5ug/L & 50ug/L, Cd iRESBE 0.5ug/L &l 20ug/L, Hg iRESBE] 0.2 ug/L & 2ug/L. £tEE]IH R2 BTLUAE] 0.999 LA L,

63Cu (KED) 75As (KED) 111Cd (KED)
z
§ I I
] L .\Uc .....:.. - aw wy . b ) g......-..‘... - 0 — -"a- " » 0
f(x) = 15688.3183" + 677.5501 f(x) = 984.1439"x + 9.6097 f(x) = 4648.4275"x

R? = 0.9996
BEC = 0.043 ppb
LoD = 0.0045 ppb

202Hg (KED)

ety fepu] (19°3)
- 3 @ ¥

(1] 10 5
Corcermaton pps!

f(x) = 9822.9845"x + 82.9453
R*=0.9993

BEC = 0.008 ppb

LoD = 0.0032 ppb

5.2 BRI EN

R? =0.9996
BEC =0.010 ppb
LoD = 0.0001 ppb

208Pb (KED)

ety jopn] 1046

" » »
Concertranen (3g0]

f(x) = 70069.2025"x + 503.0208

R = 0.9999
BEC = 0.007 ppb
LoD = 0.0059 ppb

1. AP TERMP TR

R? = 0.9999
BEC = 0.000 ppb
LoD = 0.0000 ppb

YERIE IR (LOD): WiE 7 =B miaiR, MELENETAFMARIMNE 3 (SiRERZE (3SD) XM AIFNTRIRE

TERNERIEIURR .

T35 HBR (MDL): (X8t EIRSRLMF mm R EHIT B PR IR, 77AQEIR (MDL) 90T (258 ) YK,

BN AR NENRER(GBW10028 )#ITEE DT, KIFNDENEEN. 7 XEEDITEERIFINEEN!,
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METERIRSD < 4%,

3R 3. (UG HIRFNTIEG R

LOD (ng/mL) MDL (ng/g) ZisupRE (ug/g) RSD% (n=7)
As 0.0001 0.025 2 35
Cd 0.0001 0.025 1 2.3
Hg 0.0032 0.800 0.2 3.0
Pb 0.0059 1.475 5 3.6
Cu 0.0045 1.125 20 2.0
5.3 BiAIERE

PRI AZ (GBW10027 ) . &= (GBW10028) . fHIEMH (GBW10020) thimEMRETIIE.

x4 NEER

He s AZ (GBW10027 ) i€ (GBW10028) fH#E0t (GBW10020)
FtEfB pg/kg  IGEME pg/kg  MRiEE po/kg  MEE po/kg W pg/kg TEE pg/kg

63Cu 5.9+0.4 5.7 8.5+0.7 8.5 6.6+0.5 6.45

75As (0.03) 0.022 0.57+0.05 0.54 1.1+£0.2 117

111Cd 0.033+0.005 0.036 0.042+0.001 0.041 0.17+0.02 0.19

202Hg (10-9) 4+0.8 3.2 (12) 11 150+20 141

208Pb 0.12+0.04 0.14 1.44+0.1 1.45 9.7+0.9 9.19

HFRASETHTHERERES, #FA. WESIN. HS[LUKE / RNSFHRRSFZSHEZZMN, iCAP RQ B
& autotune —HEEENMINGE, RIEMILNEESE, LIAABITRIRA KED B ([S10E ) Wik, JBEMERES
RFBEFFI, BMERIORIENT 1 9. IMUENRIHERSERENECER, BixkEH, SHEE,

5.4 FRE Pz

BEYEFAOMPEERRIERS, MESESE2ME ppb. BTHENSHEREFR, EXUREERSNREEN
MIEEIERE. £ ICPMS FHIRIKAD, SJ5B/EIE T 2%HNO,, FillltFmm, 2%HNO, ELLARF 20min A, JH#OZHEBK
B EUIR A RESRIFERIF RIS EM . EENMFRA IR R NEXHNEIFIEXERH s, B 2 imRizisd
BRHRRIFESHEL, £1T 80 hiFRINUIK, WIREGe. In. B IKEBIZTEINETIE 90%~115% Z (8], ZHAES
EFRME .

[ _726e xeD) o 115in (KED) 20961 (KED) |
140
120 _ ............................ 0 ............................ ............................ ............................. ......
€ o Joseg88egB8oelses $33088°88398820932883 :88830988980800823022%3
: : : : : : :
8 w0 oo e aas SRS e AR s e mE S Mo s e n e e s S Lsrin s e s SN L
« : : : : : :
80 Frcss s Sueuns it St i s S i i i i R e ST s A e e A S SR " s e e SR e R R & e
B S oo szt o s e o amem mns s osesem somn -
30 40 50 :a 70 80
Sample Number
2. 7311 80 M HEFmAIREIERL
ifie

iCAP RQ ICP-MS EEEFIHI Qcel AR MR ATHREIE & i, H KED BXE S MIERE A6, TBHRER
40Ar12C* 3 35CI1B01TH" Xf Cr FHL. ArCI™ X 76As" lIFHL. AFEARFA—ME KED MEMBTR, TaEEXSAL)
HERAIRTEIRER, BRSO TRE, Bl ZFRE. BiTICAP RQ BEEMMERAEORKA, aJauR /I HE
O, RIESHFERKBRES .
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ALWEITUET Hg 7TRNE, Hg MEREBIFERANCIZHN, EREATNRET R IRMESHESFERED
73, BERERIHFSEETE], ICAP RQ EFRIRFELINEE, &SFIERIX 100rpm, EFRERFMTEIEFTLIENDIRAIRE,
IR KR YEFZ B IR E] .

SIOHIERBT, | EH/RATICAPRQ ICPMS BB 2il B LSRRI Dl EK
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IC-ICP-MS ZifiaiiliEtE RS As BIE&

5=

A7 IC-ICP-MS Ai%, XABPBEFEILH Dionex lonPac AG7 AS 7, HERIRIENMENE, BEERAT, X 107
RS D BRERYF, BE7E 900s 586k 10 FIRAVRIBER ST, f—HEN T IMER RETHAZSHOTE A,

K25

i#; IC; ICPMS

SIS

WMABESEITEZ—, ZTRIERNSROMARSEEN. FESEHINHINREHT T g ENE. B2, BaicH
WSV AR 30 ML E, MMNSHESEMEHRAERE LEATEES. ANE, 28R EFFRTER
FEN R SEEARIMERA: As( Il ) > As(V) > DMA = MMA > AsC > AsB, Ithol, HLehbik SYIaNEEEIRES
PIBIER .. M. BRIPHE ZEARSNEREHASHERFNEE ., BRiREEBERITE . AMRIEESHT,
E5lEMzxE, FERERERCZRFTSIERXRPURBCEMNRE, fll. HASEIIRFNANBE R
R EERAN AR E R AR BRAYPR =82 508 0.15 F1 0.20 pg/ g; FEAIER 2002 £FF 235 SNE, I ERPELRELE
RE. MEEREIIG T MRSV HIREE. R, WEMEBASHTIN. TE. HERNDBED, NmiitsE
NERNSHENRIFEEIEESE,

SR ps)

1 B 5

iCAP Q/RQ ICPMS  ( Thermo Scientific )

ICS 5000+ ( Thermo Scientific )

#B4t7Kk#1, ( Thermo Scientific )

BEFKF ( Metler-toledo )

20~100 pL. 20-1000 pL iH=E#Hi&=s ( Thermo Scientific )
TEH SR A AT EYIRIEER AsB ( ERIMEDRF L)
—REMARIVEYIR DMA (ERIVEDRESL)
BRI A RIVEDR Aslll ( ERARED RS )
BT A RIMEY R AsC ( ERIMEDRP L)
—BREMARIVEYR MMA ( BRFEYRFL )
HERISRIMVEYR AsV ( EFAEDRF L)
PalE B ASA ( Aladdin )

TEERRER NAPP ( Aladdin )

£ B KAB ( Aladdin )

i&5eiL AR ROX (Aladdin )

2 Bk E

15 10 TR RBECHIAL blank. 1. 5. 10, 20, 50, 100. 200 ppb B&trEER, MAITIEL.
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3 XERE

£ A Thermo Scientific Dionex ICS5000+ B F&1%4> B, L Thermo Scientific ICAP Qc/RQ ICP-MS{ERNE RBUE T NSE,
S IC FERRAVRRZES . IS RIABE AS7 [BEEFHESLIN 10 ML SHIIRE. SWHS B .

% 1. iCAP Q/RQ iB17&#4

1NESH iZEE
RF I (W) 1550
EES (L/min) 14
A= (L/min) 0.8
ES (L/min) 1.02
Q Cell 5K (mL/min ) 4.0 (He)
KED 8% (v) 3
JFERATIE) (ms) 100
DIFREE 75As

% 2.ICS 5000+ BF EIZIE TS

FF Dionex lonPac AS 7(4 X 250 mm)
s E

mahtE AR : KBF7K BHH: (NH4)2CO3
IR 1.0 mL/min

HEARIR 20 pL

LAY (E) 900 s

4 LR
4.1 BigHEREE

FRIERRAVAZ MR, 16EY Dionex lonPac AG7 AS 7. Dionex lonPac AG16 AS16. Dionex lonPacAG19 AS19 =ZREBIEHE,
KEWRE. JBRW. BIRTE% / BRRARETN, SLIRLERZER Dionex lonPac AG16 AS16. Dionex lonPa AG19
AS19 21 T ARIRENMBEFIA B EE M ROX 8B AHIE, RZEFEBEF&iE+E Dionex lonPac AG7 AS 7, KB AEE
BFK, BIREREEELN, BIEFTE 1.

Compound Intensities Graph

Trace(s) of Analysis No 4 : "std3-10"

Intensity [cps) (10%3)

100 20 300 400 500 60 70 800 90
Time [s]

1. 10 7R [E As LS BIE D B E

ME 1 D EEIEEFRA Dionex lonPac AG7 AS 7 BJLA 10 FIAEIAIEAZS, STLAUAREIREEELD BRINR, TEHTMN
THEREEDBYR, SEBHELmOTER,

4.2 KifEmh e

REMZINTE 2 7w
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Ml

Inen Ut Bpd (10%6)

Parameter Value Confidence Delta StdErr Rel. StdErr Value Confidence Delta StdErr Rel. StdErr

+-11,858.894

Parameter Value Confidence Delta StdErr Rel. StdErr Parameter Value Confidence Delta StdErr Rel. StdErr

4,652.390)

2.363.251
1.000)

LA el

neaut bpd (10°6)
Invaut Bpd (19°)

b*x +

| Parameter Value Confidence Delta ~ StdErr  Rel. StdErr

Parameter  Value  ConfidenceDelta  StdEr  Rel. StdErr

2 - 4. b| 7178597 +-67.020 40523 0570,
R?2 | a 3462262 +67354%2| 4112775  118.789)
R2 10w | | l

Napp | ()

Calibration Properties

warng  [hen |E
i

b*x+a

f(x)=b"x+a

Confidence Delta StdErr Rel. StdErr

Value Confidence Delta StdErr Rel. StdErr

8574984 1
a| 3514517 .621.
R2 100 T [

Bl 2. 10 7 As AZSRIBUERZ

Parameter
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4.3 ¥ opiRE

HFRIEDIIRETRARE - KE®R (11, VV) . KESENERF BT ERERFRIRIGE, BRETEDNRERS
ESHR. FEUBTRENENBESMNEES, EaBFelkE, BAIRLLEHIKS, Ri-/KER (111, VW) T
REFSUEYRAE, 1 0.45 um IBIEEER EIUE.

4.410 7 As SRS B IR

BRmBERSIVERR, WE 38 1.0 ug/L i BETNESTREIEE, 1B 10 N As IESEKIRSHELLIES (N*3=45
counts) WNLRE(EAEHIR, IHHS As FISRIGHIR, NRSLGFHEFE 2 g, REESEI 50 mL, iHE7TEEE, WITFES.

% 3.10 fih As LI IR (LOD&MOQ)

LOD (pg/L) MOD ( pg/kg)
AsB 0.03 0.75
DMA 0.04 1.0
Aslll 0.06 15
AsC 0.04 1.0
MMA 0.05 1.25
ASA 0.05 1.25
AsV 0.06 15
CAB 0.05 1.25
NAPP 0.05 1.25
ROX 0.06 15

45 HREEMR

Wiip—iER, REFRIEDND ARRFR. EEAFERT, N 50 ug/L inEMER, ELNE 7 XEANMIE 50 pg/L
MESM, RSDE 1.8 2 4.2% ZjE), BEARIFNEEM. WTHE 4.

Compound Intensities Graph

Traces of selected compounds
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4.7 REAF@IMTEEMSEEINE

4.6 ¥ 5l R NIFREIIL

P RMEHIHIZE— TS AFI—IPIER , IREF MIZED SR G AR M, DHHIIAR 5. 25, 50ug/L T EINFREME,
FERITE 4,
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pa/kg AsB DAM Aslil AsC MMA ASA AsV CAB NAPP  ROX

PETEN| ND ND 18.9 ND ND ND ND ND ND ND
BN ND ND 18.9 ND ND ND ND ND ND ND
M +5ug/L [BIUTER % 108 117 86 111 94 96 84 92 95 94
JEPY +25pg/L BIIE % 110 106 87 102 91 93 85 97 94 91
YW +50pg/L IR % 108 110 85 109 96 99 84 93 87 89

iE: ND ARFAECHR, Red

EBAMIEAEmPIR T H D ENTHERRLISL, HERAZSEHIRERE, EEAFRINTREINERTE 84 £ 117% (4],
BEREFMEMEE,
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A CHIRER

L 8
EmERMX I ERg2753,6, 7514
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EBiE 021-686545882570

X &

B ERT IR L8 1 SR IERAE 1406 =
HB4m 610041

FB1E 028-65545388*5300

=R

FERMPRE201 SERER HRiE1103=
#B4% 210000
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JIERBRBEXIE=IARIEI6 SRR Z L CEET B/8 R
Hp4w 100000
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B9 110013
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K X
HINMRASTIRATFRXSHAEEYEE
Y EFECIRoTE

#B4% 430075

HiE 027-59744988*5401

I

INEREMSEF =836, 38SEREE
174t#5204-206 E7T

iB4% 510000

F8i% 020-82401600

g3

PR XL s SHEEIRKE
1006-08527T

B4R 710075

F3iE 029-84500588*3801

B B’
ZHEERET AR =HH6SHEE H5F
90888 7T

R4 650021

FHi% 0871-63118338*7001

BTHESER, BRB_EBRXIRINMEARKS

£ =L FRERAE L
BIHIE

CHina Service Training Center

#2800 810 5118
g 400 650 5118
www.thermofisher.com

FACHRERAEEEEH2AMIEL. AR
HERE. RBAIRAREITIARE, BABTE M.



