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Study on the new approaching method to determine limit of detection by gas chromatography
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The purity methods to determine LOD/LOQ usng sandard
deviation of the residud, intercept and blank by TUPAC and
ACS describe many of the pitfalls and pose significant
chdlenges to andyticd chemids. Therefore, the aim of this
sudy is the development of the Smple, essy, convenient and
gatidicaly sgnificant method to determine LOD in quantitative
analysis of organic solvents by GC. The new gpproaching
method by linearization in the given concentration range used
coefficient of variation ; on/S(tandard deviation, o+ and
average, S) of sensitivity(Response/concentration). The
comparison of results among the purity methods(|UPAC and
ACS) and the linearizetion have been fulfilled the F-test for
sandard deviations and t-test for LOD range vaues. The results
of Ftest and t-test are satified within 95 % confidence level,

repectably. The LOD values determined by the new procedure
are n-Hexane 0.0116 mg/n¥, Toluene 0.0807 mg/n?, and o-
Xylene 0.0494 mg/nre.

Because the standard deviation of the residud, intercept and
blank and the dope of cdibration curve are not caculated and
the new gpproaching method use the coefficient of variation of
sengtivity by linearization, this new method is Smple, easy,
convenient and Satiticaly sgnificant. In future, many chemicd
andyss will expect to goplicate and routingly use this method
inthed| quartitative analysis
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AdtA © 7 F-AE7 o] 71%-3H7(LOD, limit of detection) 2}
A 2k31 A (LOQ limit of quantitation) 2 #|AsH= W o 2
IUPAC(International Union of Pure and Applied Chemistry) 2}
ACS(American Chemical Society)2] 7 2](J Mocak, A.M. Bond,
S Mitchdl and G. Scallary, 1997)°] w2 2 So] AEH o)1
7|22 07 F7 AR-H 11 QT IURACY A = LODE “4] &
B EA oA e Ao AEE T e HAT
OFFH FrHE Y B 0F, ACSIHIA & " 2
o] A A AET 5 Qe BAELY M e FE
2kl A oJskitt. 18yt o] o FF WEAHA Kot
LAk 4o 9ed(WilliamR. Porter, 1983)0] 9lo] 4 5}t
A A= 98 =2 FAo]tlzydor Apostal e, 2009).
Tejgkel| = ET-atal IUPACH ACSS] 7 &) 9 W& & Al
i o A ISR = = P B e TR e M L G A
Ae g &7 AFOZHH AU H 0T 22 F2 0] 54
ot dgtor Ayt xrt AHE 4§, b) Al 9
(domain) & &= Y902 WFhshs SO 2 AATLE A
4224, o LODFk] /iE A 3 A5 50 A2 AlEF
F(@)ol AT 238 4= Q1= A % gholl 71 28t o] 8| E 9
547} AgEth= Aol oo w537 K3 (EPA,
Environmental Protection Agency)ol| 4= o] & xfo] 2 Q141 1o
AT ZARE B8l 2 7] 1 314 7] EPA website(http:/Avaw.
epa.gov/ost/methods/det)oll A & 7+ ¥ 2l o}, T3 ICH
(Intemational Conference Harmonization)ol| 4]+ <] ok} Ay -
8t ARoll A LODE “H&o] Bt & g gst gho = s}
A G AlmeA 9 EAELL P A FoR A
8t LODE Atete Al 7H4 o A 3l 74 2
AL AT of 3], AR 718719 7HEA] (varability)S Al
oksl9l o, A R vpE Tl ¥ W ol A] o] A 7}A] Wi o] &
AR A3E HQlthal AE2|]tiVid. A, Jady, 1999). ICH
quiddine Q2R1(ICH, 2005)°]| 4= LOD/LOQ AAHHH 0. 2 o}
o} -2 ol 71X & A1 A 02 A askoith

1 A3 9] 3] 24 0 2 HE] o] yA H(interoept) O] 5
Azt

2. 7379 37 0 2 HE 9] alreddud) 2] EF
Azt

3. FA 8 (blank) Q) A}

4. F-7-2]-5-7-2] 3= (pesk-to-pesk noise) = ©]-&-F SN ;
ICH guiddlinel| = 7154 35 (besdine noise) = H.o]+=
A 3 efnt g8 o itk dsskSith

5. Root mean square(rms) =< o]-&3F INH] ; Su=(Spy-

p2/2)]/2

&, Ak 37 Fofol A NIOSH(National Institute for
Occupationd Safety and Health), OSHA (Occupationd Sefety and
Health Administration) 2} MSHA(Mine Safety and Health
Adminigtration) 5 1970 tl] T HHAE A 5 A 9} A
o] 42 7153 F7tell el 224 EEE stoi st ©]
o] 1ISO GUM(Guide to the Expression of Uncertainty in
Megsurement)> ©| & 54 3tetal 549 B2 & TA13)
2 %38 8k QItHNIOSH, 2003).

Jed #A vk 2935, Al
2 718 SR HAA T SA7) B B dls 24
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1) Ao
ATl AHE ¥ xFE vl = CS(Kanto, 99 %), n-
Hexang(Kanto, 96 %), Toluene(unsd, 99 %), o-Xyleng(dunsd, 985
%), Trichroloethyleng(TCE ; Internd standard, Kanto, 99%0)=- A}
£k
A& ZA
nHexane, Toluene, o-Xylene?] 37] & =%7]5(TLV)E= 2+
2} 50 ppm(180 mg/¥), 50 ppm(188 mg/n¥), 100 ppm(455 mg/n)
S8 3715 0L AP ] 5= 0120 = A5
th 7t g o) =29 Bl 55 218 51o] nHexane 4 ml, Toluene
5 ml, o-Xylene 6 m-= 20 ml volumetric flaske]] o] & 9(stock
solution) ©. 2 &}37 o] g-B-5- 10 ¥ 20 ul syringe= 212t 1~16
pE A3 1ml CS7} S0l ol ato] o] wEgote
xwﬁﬂﬂ3WHﬁW@§§%ﬂ%ﬁ§h#ﬁ
F g9 F=Talel, 20 B.of A},
7171 H X x4
Gas chromatograph ; Thermo Finnigan Trace GC, FID detector
Column; TR-V130m, 0.25mm, 1.4 im
Temperature;
Injector 200 C
Column 60 C 5min, 25 C/minto 160 C
Detector 250 C
Howrae;
N2 ;30 ml/min
H2; 30 ml/min
Air; 300 ml/min
Injection valume; 2 110

AT-ellA LOD AP oz AER A
A “@4 4 FrUYAF AT FHo7 AE
(S sendtivity) S LERATE
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AFAZ7];SAW A 552 |2
A, mg
FE A% SARW F; 58 QE, mf/sec
@xérﬂ_/\qoﬂ/q ;d)d I:HA E
A 07 TAsto] dojzl 71 3 -E— L% 2] H(figure
L AZ ZAEH dibd oz FA oL 7)A| 9] e
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Hol ﬁlT onlav. of sens)= AHE-sto] &3S AlAtsh=
PO ARSE Q1S Ao Alm ) o] My gle W
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Table 1. Purity, specific gravity(s.g.) and TLV in airborne of n-Hexane, Toluene and o-Xylene.

TLV,

Compd. Purity,% sg,gm  MW. TLV,ppm —_—

FolA Az 2380 HA TR #3hd LODE 74t
mg/10L -
01 025 05 1 2

nHex 0.9 0.66
Tol 099 0.866
o-Xyl 0985 0881

86.18 0 180
9214 0 188
106.17 100 455

018 0.36 09 18 36 36
0188 047 0% 188 3.76 3.76
0435 1088 2175 435 8.7 8.7

Table 2. Preparation of standard solution of n-hexane, toluene and o-xylene.

o Sockoln, g, g ST.0in.; Stock.soln.¢/CSml, mg/10L oz
ml 1 2 4 8 16

nHex 4 0.96x0.66=0.6336 01690 03330 03380 13517 27034

Tol 5 0.99x0.866=0.8573 02858 05716 05716 22862 45725  ST.totd

o-Xyl 6 0.985x0.881=0.8678 03471 06942 06942 27769 55538 vo.l ml

Totd 15 -
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Fig.1 Linear response ranges(A) and sensitivity(B) for detectors.
Table 3. Comparison of standard deviation and LOD calculation methods.
Clasdfi. Cdculation procedures Remark
Clasdfi. 1. Preparation of ST soln. ; ST, n=1~5 - Contribution of background variahility to the determi-
om Of 2. Andysishy GC,; (X, yn), n=1~5 nation of aresponsefor an andyted different
resdud 3. Gt cdibration curve; y=ax+b concentrations.
a; dope(9), b; Intercept - LOD=3.3/s; ICH(1996)
4. Cdculdion of resdud ; ya=axi+h, -s; dopedf cdibration
Yires=Y1-Yica curve
5. Celcul@ion of on1 fOr Yveryse - Background noise &fter
6. LOD=3.30m/S=A mg/ir? andyte concentrationis
1. Preparation of ST soln. ; ST, n=1~5 extrapolated to zero.,
om of 2. Andlysishy GC; (X, yn), =1~5
intercept 3. Get cdibration curve; y=ax+h
a; dope(9), b; Intercept
4. Cdculaion of intercept ; Yiw=axat+h, b=yia-ax:
5. Cdculaion of g for i~
6. LOD=3.30»/5=A mg/m?
1. Andysisof blank(5~20 times) - Thevarighility of the back-
2. Caculation of average(b) and ot for ground response directly.
om Of blank - LOD=b+30m:
blank 3.1) LOD=b+35=A - b; average of blank
2) LOD=3.30»/5=A mg/m?
1. Preparation of ST soln. ; ST, n=1~5 - CV,, 0w/S; Thevaridbility
2. Andlysishy GC; (X, yn), =1~5 of the background regponse
cv.of 3. Linearization ; yWx=S, -LOD=33(0~/9x:;
sengti- 4. Cdculaion of average and averagefor D.SOH(2002)
vity S~S - S; average of sengtivity

5, LOD=3.3(0+/Sx:=B mg/rr?

- X1; Min. conc. of ST soln.
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Table 4. Calculation of standard deviation and LOD using n-Hexane ST solution.

ST No. Conc., mg/m? y Yed Resdud, y-y=  Interoept, b S‘;mty’ Remark
STl 0.1690 10922 0.9942 0.098 -0.03%4 6.4627 1 109957
ST2 03380 22311 21218 01093 00242 6.6009 T

2y=6.6725x
ST3 0.6758 43124 43758 -0.0634 -0.1968 6.3812 0135
ST4 13517 8.6056 8.8857 -0.2297 -0.3632 6.3665 3 S'_ q
ST5 27034 18041 17.905 0136 0.0026 6.6734 4’ Lfm?e
. Lineari-
av. 0.0100 -0.1234 6.4969 )
zdtion;
on 0.1552 0.1552 0.13%6
S=ylconc.
LOD 0.0768 0.0768 00116
AREA
:;g — T 0.1690 10922
100 - 0.3380 2.2311
8.0 __— 06758 4 3124
el | — 13517 8 6056
ol | _ e 27024 120410
0.0 . &
0.0000 0.5000 1.0000 1.5000 2.0000 2.5000 .",“;‘21’0‘;
Fig.2 Calibration curve for n-Hexane(three replicates at each concentration).
sSens
an [~
70 - -
&0 - v v = RAORQ
S0
4.0 0 1690 G 462 /7
0.33280 &.6009
29 06758 6 3812
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1.0 2.7024 8.6724
an m g} w
00000 OS000 1, 0000 1,5000 20000 Z,.5000 20000

Fig.3 Linearization for n-Hexane calibration curve.

&k 4= Q1 THLOD=3.3(gw/av. of sens)x:=B mg/n?)(Figure 1. B).
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Table 5. Average and o using blank(CS:) and internal standard(TCE).
Area 1 2 3 4 5 6 7 8 9 10 av. Oom

CS 1810 2603 2063 1520 2132 1830 1771 2847 3763 2048 2299 647
IntST 21850 2345 27564 19876 20766 18785 22345 2470 20985 26572 22699 2728

Table 6. Comparison of o1 and LOD(mg/m?®) of residual, intercept, blank test and linearization using n-
Haxane, Toluene and o-Xylene ST solution.

Compd Cdibration curve Blank test Serifvi
X VI
Resdua Interoept cS CS/NST b
- Hex On1 0.1552 0.1552 - - 0.1356
LOD 0.0768 00768 0.0031 0.0036 0.0116
To Ont 01272 01277 - - 05793
LOD 0.0684 0.0686 0.0026 0.0026 0.0807
Xl On1 04516 04523 - - 0.2717
/ LOD 0.2567 02571 0.0031 0.0031 0044
F=explained variance/unexplaned variance=o:%o7*
Ftable 25%, F4,4)=9.60
Remark 1) n-Hexane ; F=(0.1552)=(0.1356)*=1.31 -"- 1.31<9.60 Sgnificant
2) Toluene; F=(0.1272)4/(0.5793)=0.045 .- 0.05<9.60 significant
3) o-Xylene; F=(04516)/(0.2717:=2.76 .". 2.76<9.60 significant
Table 7. Calculation of 95 % confidence level using each standard deviations.
Classfication n-Hexane Touene o-Xylene
LOD data; resdud, intercept,
Hark(CS 0.0768,0.0768,0.0031,0.0036,  0.0684,0.0686,0.0026,0.0026,  0.2567,0.2571, 0.0031, 0.0031
a ,
00116 0.0807 0.04%4
CS/TCE)andcv,
of sengtivity
0.0344 0.0446 01139
Average
0.0389 0.0386 01319
o 0043401122 0032601218 0.1499-03777
Range; 95 %(Re)
R20) (@ 0.0000~0.1122) (ca 0.0000~0.1218) (ca 0.0000~0.3777)
+:20 -0.0139~0.0827 -0.0033~0.0925 -0.0498~0.2776
o (ca 0.0000~0.0827) (ca 0.0000~0.0925) (ca 0.0000~0.2776)
(=Ttgnt?

Remark t(, ¢) ; 1(0.05, 4)=2.776, g=n+1




Table 8. Guidelines for reporting data

GCellM HEEA 245 I3 A2 A el vish A 223

O Region of religbility Remark
<3on, Not detected(ND) ; Region of
330m/s=A, and questionable detection(and s; dopeof cdlibration curve
33(e-/Sx:=B therefore unacceptable) S; av. of linear sengtivity
3,A&B LOD; Limit of detection on/S; coefficient of
30n110 100m1, A~ Tracg(T) ; Region of less- variation of sengtivity
3A & B~3B certain quantitation Xt; min. conc. of celibration
105-1,3A & 3B LOQ; Limit of quartitation curve
>100», 3A & 3B Region of quantitation
Total sianal(S1) N
o *30 - 30
Test Ro Response
\ 0 zero (Lop] LOQ
L smmad N | S\ S,
‘ (-c Datected \ (trace : [
20 E \
S . y %
% > o -
Fig. 4 Guideline for ND, LOD, T and LOQ of ACS.
HE AT BEBAS TS WHOZ CS 3N 8 V. 4 8
& 2o BA A4 108] uHE RG] AN BEH
ZF& o]&-3to] nHexane, Toluene X o-Xylene®] LODE A4t Ao BAgske 772N o7 F2 B s F
3t Axtol U =54 2 TCE(trichloroethyleng) S &-3}5} = 01 21= 4M(men, materid, method, meching)o] t}. o] 4Mo] &
o CSRAMCERZ M2 o §33 2 WA LODANT BA= 4 pgeoa] 22 0242 Y 07):= 91910] H11 0158 o] %
Table5, 67 Zom, A &N Y FBFE4& o8 Al Al EA SRl whzbA] 71Z8HA|(LOD, limit of detection)©]
AR Aiks 2 ARl wheb AR Al R REY © Ak QJEkS u)ATh o] F 39 9919 AleHman)ol 3

(external standard method)©] L} W 53 =1 (internd standard
method) % o] = W 0.2 LODE AXtetol & £& 20 A}
SEh e, AL A, FAE 9 G sl oaljA] dofx
LODZHS A qF 2419 95 96Ul ¢ X+ 26m:9} t-test(p=X =
) S E3l 95 % A= 7E el A o] M E AAre A
T gho] AlE 2 Yol Eoizkom 1 A= Tale 72 2
o}, 123t SlellA] Al7|| WS Aol o] dAf A
2 IAIE Y FEHEALSL B Aol A E AE3E

el 41 83p7] Slsteli 20E, UE
Sy 1) 3 (ACS 1989) 2] 4%HA| 2 T-E-310] A}
%’8]—1—‘:— Z—l O] H]’%}Z} S}E}i /\]'JEJ_%E]'(TEHeS E-l Figure4).
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ARG 5 Gl L ek sl 1 A9k ofd

o} 2.

1) 7122 IUPACZ} ACSS] LOD AP el A4 214 9]
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(coefficient of variaion ; on/7H e B S 430 2 A 71ks



A REs A 0= o] & 74 = ol
2) Aslsto g A =141e A}, AH S AXtsA ¢
obfz Hth wpebA EAAHE0] 4 a1 1hdkshe A2 sk LOD
£ AXre 4= gl
(1) IUPAC, ACS?] LOD A|AHH
LOD=3.30n/s
o A 2HH 2] 7}
XA}
5,713 o™ Lv/] 7]37]
(2 A& s}l 25t LOD Alnk
LOD=33(0n/Yx:
o ; A3 FHE ] BFEAL
S+~Sin, 7H=9] B4, 35
Xt 7474-]51)44 ﬂﬂ e
3 A=A Ak, dH, AP xEHatel A3
(linearization) 3 7+ % (sengitivity) @] SE=Hx}of| tial] EAHEA
{(Ftest; Ftable 25%, F(4,4=960}2 3+ A1} 5% A1 2| 5HA) 1)
oA frofstalom, 219 4714 (AL, A, AP 2L A
F3ho = Fojxl LoDFkel thal -4 £20m) 7 t-
t&it{t(OOS A=2776, (=X TtID 5 3+ A3} 95 % 41 7] 7} Lﬁoﬂ
7 29 Tk A=A of] &g 2o} CS blanke] £
i}—"é 0|43t LOD+= n-Hexane 0.0768(0.0031) mg/n¥, Toluene
0.0684(0.0026) mg/n¥, 0-Xylene 0.2567(0.0081) mg/me] ¢l 11, 41 8
3} & 7 o] Wol A4 0]-2-3F LOD+ nHexane 00116 mg/n,
Toluene 0.0807 mg/n?, 0-Xylene 0.04%4 mg/neo] 1t
4) d¥ s} § o] Wo] AlE Aokl LODE Alhtst
=S A Y B HoHEdE, d718ke), Av)
E:HM o)l Aed TS AR AR
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