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ABSTRACT

Objectives: The purpose of this study is to enhance the application of analytical method of polar solvents(alcohols) by GCOTC
(gas chromatography open tubular column) through the system suitability test(SST) to estimate the whole chromatographic system
performance(integral part).

Methods: To perform the SST, carried out repeatability(n=6) as analytical method of polar solvents by GCOTC, got the retention
time(tr), standard deviation(0y.1) of tg, baseline width(w,=40,.) and calculated dead time(t,) by vadZnL(f/4) and v=t, x flow
rate.

Results: In this experiment, obtained the basic data, there were t,=2 min, methanol(tg=3.569, 0,,=0.01, wy=0.04), ethanol
(tr=3.892, 0,.,=0.004, w,=0.016), isopropanol(tg=4.209, 0,.,=0.004, w,=0.016). By using these data, calculated the corrected
retention time(tr"), capacity factor(k), separation factor( & ), number of theoretical plate(n) and resolution(R;) for SST and got the
good results.

Conclusions: Through the SST, could reconfirm the whole chromatographic performance system(integral part) for analytical
method of polar solvents by GCOTC. Therefore, this analytical method expect to be widely applied at the related areas.

Key words: integral part, repeatability, system suitability(SST)
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auto sampler & FID

Column : HP-5(5% diphenyl-95% dimethyl polysiloxane),
OTC(open tubular column),

length 50 m, i.d 0.32 mm, film thickness 0.25 /m
Temperature :

Injector 200°C

Column 45T 4 min, 15C/min to 180C(gradient)
Detector 250C

Flow rate :

N, 30 m¢/min(column 2 m¢/min, make-up 28 mé/min)
H, 35 ml/min, Air 350 m¢/min

Injection volume : 2 uf

) HE A XA

MeOH] 33 N2 2gehd 59 =& 7|H(TLV
4 STEL)E #sto] F7] 10 L& et e
0.1~2vf He] & oF 1H]e] Fez 2As3Ich o] He
oAl A7e] &ol/de §I5te] MeOH, EtOH, IPA 2t
1 ¢S DMSO 1 mi7} E019)= 2 md vialo]] Y11 11-Hua}
A= 3t % oretulgo s A7 (Capping) S o] A7
% ST Wakao] mkshuAl AMgelalc.

w)e TR W O] © T ESR)S
Tohe dl ARESHATE A Adde Al 24 =
A Fo|A o5 TE £EE 1.0~3.0 ml/min7}A]

L 35-65Co A 10T 2.

2) &F ARk H &2 AR Q)9 A4

| Ak (trtw)/tn} = AR 23] HFEF A
M) =3 AHtw) ol A oF 72 = ok 1
Hup 2 Ao A eF o] GCOTCOlA AHE-EE &1f
(DMSO)7} 28 EA(EZET)FHANA §E=+ AL
o= e FBH717F o "k &3 AIRE A
of HEZX] ¢k &2 (Unretained marker)2] ™4

i o2 |

Journal of Korean Society of Occupational and Environmental Hygiene, 2017: 27(2): 123-129



GCOoTCH|

AlZHE ou|gte 2 R W o] X¥k HPLCO| AHE-

ZFerst W {v,=d*nL(f/4)}(Agilent technologies)
|4 2 A-gskelct e A a
o3t ZHY MEE BHE floA A
ARE ARERE #ht =t HEE ARKE

Hl(a=tro/tr) S O &7 AZ TSl sl

3) A 2" AgA A3
HPLCO A= dA 4 2d& AHgst
o 2 1‘1} w2tk HPLCE ARE-3ho] ¢
TFE I t,, tr, Wps SQUOE HIL J,ﬂr%
= AER A3 HFEH AL 9] B 71%:% 2}
sto] WRE AAE(k, «, R, n, Ty ete.)S AAFSH]
7F golstrt. 1Eu 2 ALY GCOTCollA doj7|
UAESFO ARVEIHLS FHFE AL o] 9
FUCZ = b, tr, B AL 571 QU WA
FEO oo dojzl Fdet FEQ wikE o] &
gho glemg 2 AFoAs MR WHORE ¢,
3 tr', k, A& FEHAL trl woE ]85 n, R,

TR Tey we TR A% W2 v
Q1 ZH(As , peak asymmetric factor ; Ty, tailing factor)+=
Figure 10|49} Zro] = 7hx] Wbwo] glont & A+t
oo ARMEIHS o]gstois= AT 47t
o] AeFshgich HPLCo|| ot A5k A" A%
4 AR AA=9 M Table 134 ZTHCDER,
1994). CDEROJ A= GCo] A2 A3Hd Aol of
o) FAHel B2 e gick ujehd B Aol A
CDER®] HPLCO| 3}=of &5ko] AAI5H3ATE

Al
=
=

< i
o =
m,d i rﬁ

OIDiEHUE

mlo tlo » ¥ 2 rlr

ot YISF 2l YU AlAY MEMof| e 947 125

=

r=X3

D)\ 5 10%H As=b/a
d-—b\\—b 5% H Ti=(A+b)/2a

Time

Figure 1. Comparison of calculation method for asymmetric
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Table 1. Comparison parameters between validation and system suitability test

Parameters
Validation System suitability test Remarks
1. Accuracy 1. Capacity factor, k k=(tr-tm)/tm=tr/tm
2. Detection limit and quantitation limit 2. Precision ; injection repeatability n=5 or 6
3. Linearity 3. Relative retention, O a =ky/ki=tgr,'/tr1'
4. Precision ; repeatability, reproducibility 4. Resolution, R RS: ;gﬁ;&lﬁ%&wm
5. Range 5. Theoretical plate number, n n = 16(tg/Wy)*
6. Recovery 6. Tailing factor, Ty T=(atb)/2a
7. Robustness
8. Sample solution stability - -
9. Specificity/selectivity
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Table 2. Standard deviation(0y.1), r.s.d and baseline width(w) according to tg of MeOH, EtOH, IPA and DMSO by repeatability

No. Retention time Remark
MeOH EtOH IPA DMSO
1 3.580 3.888 4205 9.565
2 3.558 3.888 4205 9.580
3 3.560 3.888 4207 9.567
4 3.585 3.895 4212 9.570
5 3.563 3.893 4208 9.580 wy was used fo
6 3.570 3.900 4218 9.582 calculate n and Rs
Average 3.569 3.892 4.209 9.574
On-1 0.010 0.004 0.004 0.007
rs.d, % 0.28 0.10 0.10 0.07
Wi(=40y.1) 0.04 0.016 0.016 0.028
R Column flow rate ; iml/min — Zotglom B 2%olstE 7|EE ThESHTh AlA
-1 @ - = A3 0 9 RE T 9 71EA Ewdo
- 5Aas§§=6292 gnm - 1) Figure 39] Gaussian curve®] EA41% 7fde] <
. , - .-:‘.-'" - — = 3 ket ZF 4789 7]EA S MeOH 0.04,
o e EtOH 0.016, IPA 0.016 mino|¢Jt}. z} 229 3} wy
| (B) - £ AFgste] n 9 R AAFSHSIT
- 35‘73;752; ass dii - XA AL ol 54 5 =9 2H 25 |
. il [§ . ot AstiAl Akl o5 35 HX& 1.0-3.0
L A L I I ml/min7}H2] 054, ¥ &%= 35~65C7H4] 10T 744

Figure 2. Chromatogram of MeOH-Ethanol-IPA each 1 ul/DMSO
1ml, column flow rate 1 ml/min and 2 ml/min
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HA}= MeOH 0.28, EtOH 0.10, IPA 0.10%= uj<- oF < 7]stolof gtk
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Table 3. Robustness test according to flow rate change and column temp 45C

ml/min MeOH EtOH IPA DMSO
tr 5.488 5.908 6.292 11.813
1.0 1.08 1.88
a
- 1.06 -
R 4.253 4.620 4.970 10.433
1.5 1.08 2.10
a
- 1.08 -
R 3.547 3.872 4.193 9.612
2.0 o 1.09 2.29
- 1.08 -
tr 3.100 3.383 3.668 9.030
2.5 o 1.09 2.46
- 1.08 -
tr 2.800 3.055 3.312 8.593
3.0 1.09 2.59
a
- 1.08 -

Table 4. Robustness test according to column temp. change and flow rate 2 ml/min

T MeOH EtOH IPA DMSO
tr 3.672 4.118 4.545 10.350
35 1.12 2.78
a
1.10
tr 3.547 3.872 4.193 9.612
45 1.09 2.29
a
1.08
tr 3.462 3.703 3.943 8.747
55 1.07 2.22
a
1.06
tr 3.390 3.573 3.752 7.895
65 1.05 2.10
a
- [ 1.05 [ -
3.AIAE AMEH AE by stationary phase but available for mobile
Aol A QAEE= t, ', k, @, n, Ry, Tr=0] phase; default value for f = 0.68(for Hypersil)
WE BT E Aot 1o 489 o) @
oAU ' ki= tn0] YPOW A4FE 27t Ho te 2 Aol ARE-E AHS o] 50 m, 717 0.32 mm,
Sep] flal HPLCS] 41 Adel AHSeHs WM WS £1025 m 2 0TCe] 29 vel Aol A
(agilent technologies)S #Fil 4 WA} t,S AHY sk g H1(0.000025%3.14-5000=0.00001 cr’):= A
steict. o] zeroo]m, A2) BE A o] F1ko] o] FAe] o]
£5]= Hujo|2 g Eo]3) 7Hdefault value, ) =12
Void Volume(Vi) = d*niL(f4) X galo] ALtedet. weba OTCe] ule) B3 2l
(7 Hu))= 4 aro] Hch
d = diameter of column [cm]
T = constant, ratio of circumference to diameter of Void Volume(Vy,) = d*nl/4 = r’uL
a circle = 0.016” x 3.14 x 5000 = 4 cm’
= length of column [cm]
f = fraction of column volume that is not taken up Vi = tm X F(flow rate=2 ml/min)of |3} t, = 4/2
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Table 5. Comparison of separation factor( @ ) value calculated by capacity factor(k) and retention time(tg)

Classification MeOH EtOH IPA Remark
3.569 3.892 4.209
tr 1.09 _
0._78 0.95 LE 110 General criteria ; 1<a<2
k 1.22 .
- [ 1.16

Table 6. System suitability test(SST) criteria for HPLC

SST CDER(guidelines) Hsu and Chien(recommendations) Remarks
Repeatability of peak response <1.0% for 5 <1.5% general r.s.d ; <2% for 6
. >2 general _
Resolution, Ry >2 general >1.5 quantitation R&=1.5
Capacity factor, k >2 2~8 1<k<10(20)
Separation factor, - - 1<a<2
1(ideal)
Tailing factor, A,,=(at+b)/2a <2.0 <1.5~2.0 09~1.1(acceptable)
1.2 <(problem)
. . - for packed column
Column efficiency, n >2.000 Not available - 300,000< for OTC
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|5= k9 7]EE 1<k<100] A7t o 7]%—
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kMeOH = (3569-2)/2: 0.78 kEtOH = (3892-2)/2
= 0.95 kpa = (4.209-2)2= 1.10

el Slf(aciok = ol 120 43 e
B A, 2 /)% £ 1<a20]1. i ol
A= Slolx Talz kgke] uloh 4t BEE AI%HO)
Ml A gk wlastel, B l7e} o] GCOTCE

Table 7. System suitability test results

& A QoA 327} Aot oo Ash] o
719 A o] $at WA MEE Ao
Qe A= HES}CE o] v data= Table
so} 2t} = g7ke] A7t okb AA|TH1.09-1.22,
1.081.16) OTCE AF&-3t Aol A vjRS Al7ho =
Telolz | Ao A .

Stz asuels dojd g9 4 7= (symmetric
peak)o] That o] £ et Hel5Rs)S the 4]
olalAl AE 4 glom, B o] whEA Ao A
Bo12] 4 w2 o] Aof Yol AAkE ni} RGES the
3 2},

a

[}
agrs

O]%lﬂ- ilk", n = 16(tR/Wb)2
s, Ry = 2(tro-tr1)/(Wort W) = 2 A1/( W1+ W)

nveon = 16(3.569/0.04)° = 127,377

Factors MeOH EtOH ‘ IPA Remark
ty, Min tm=vm/F=4cm’/(2cn’/min)=2 min
tg, min 3.569 3.892 4209
tr'=tg-ty, Min 1.569 1.892 2.209 L va = L)
K=(tr-tm)/tim 0.78 0.95 1.10 s toxF
1.22 - 22H=1Lh
A=helk) - 1.16 = 50,000/n, m
n(H) 127,377(0.39) 946,279((0.05) 1,107,230(0.05) = (atb)/2a ; skip
115 -
R
} 19.8
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ngon = 16(3.892/0.016)> = 946,729
npa = 16(4.209/0.016)° = 1,107,230
RS pommeon = 2(3.892-3.569)/(0.04+0.016) = 11.5
RS pamon = 2(4.209-3.892)/(0.016+0.016) = 19.8

B Qo) dojn Arpe ZE HPLCO| X4
L 7]%(CDER, 1994; Hus H., et al., 1994) 2z}113}
ol W@kt (Table 6). W] ma] Br] <z}

(T=(atb)2al = Heojg ZzufEgdoss Hrjat
4= glo] AjeFalgith. & ATo) A GCOTCE AMg- Al
ANEE A AE AT AT A Ho kFs 2

= LAt} (Table 7).
v.zg B
GCOTCE ol gs}o] 24 Bul5S HAshe Wy
7Wrsto] KAtk wp o, Al 5(validation)
of mHIgE o] Qlof & AF-E F3ll ARSE 24 el
3t 232491 HE (whole chromatographic performance
system ; integral part)S B7}5ko] 7] B % EA Hby
o 848 2l 57] $isto] AL gy
(system suitability test ; SST)E A A|5}¥ ) H7
2t ), k, @, n(H) RE ot A4S ¥
A3} AHHE 7]FS WSSk oF%st A3k
o8 BalA 7] wugh o] 24 wlo] o
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o >
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