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Abstract: Alcohol, which can easily be obtained in the same way as ordinary beverages, is harmful enough
to cause death due to excessive drinking and chronic alcohol intake, so it is important to maintain a proper
amount of drinking and healthy drinking habits. In addition, the incidence of behavioral disturbances and
impaired judgments that can be caused by chronic alcohol drinking of more than adequate amounts of alcohol
is also significant. Accordingly it is very useful for forensic science to check whether the person involved is
drunken or is alcoholism state in various accidents. Currently, in Korea, alcohol consumption is determined
by detecting the level of alcohol or alcohol metabolism ‘ethyl glucuronide (EtG)’ in blood or urine samples.
However, analysis of alcohol or EtG in blood or urine can only provide information about the current state
of alcohol consumption because of a narrow window of detection time. Therefore, it is important to analyze
the EtG as a long-term direct alcohol metabolite bio-marker in human hair and to investigate relationship between
alcohol consumption and EtG concentration for the evaluation of chronic ethanol consumption. In this study,
we established an analytical method for the detection of EtG in Korean hair efficiently and validated selectivity,
linearity, limits of detection (LOD), limits of quantification (LOQ), matrix effect, recovery, process efficiency,
accuracy and precision using liquid chromatography tandem mass spectrometry (LC-MS/MS). In addition, the
assay performance was evaluated in Korean social drinker’s hair and the postmortem hair of a chronic alcoholism.
The results of this study can be useful in monitoring the alcohol abuse of Korean in clinical cases and legal
procedures related to custody and provide a useful tool to evaluate postmortem diagnosis of alcoholic ketoacidosis

in forensics.
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o o]& F U TF Fallet =B AT FFEFE AL &HlE & FsdE THE 2]
T3tk Rt ofuel AT o)de] LRSS VI AFTeEM opE F e Al B A
A= sl dofubs AR B9 AREIER, 2k AR, AbaLold bR S5 e leAl, aeal &
dzre] d3E F5 oS ks Zlo] WA oR v Fasith dA fevetelr s ot
oA &g TE & &I AAIQl ethyl glucuronide (EtG)E A&Ed= Aoz &3 HF o
sk Sk, AR ot ol dFEolu EGE AEdshs A AFE 7he ARkl &V o
o WA H Sl g RS o F Slvke AIVE itk 2eER o HEet dEE tAITE

AT e BdolX EGE AEst, 4717k &5 et 3 AeE BAsaL 43s o5
et RS e, I

12 2

94 AYshs BANS FRSGOR, Bh SFE she AR LA A s vy dne

o e WARKS RS tIOR BGE $As) B o] AT Aas dEelY dne F

AT R Az ol FFE FUHY S o 458 B ohijeh P37 B WY Axht o

S A 2, - % Qg Aolth Ee MARIEY 95e dE
o

.M B O 2 Rl ERlFAE SFFHolY dEZE o
F4& 5o xlolvt glomg 0o UHL e W
dAEE)S P A 7+E F e F58 %= FE WHE VIS, Q1] RN dEE
2A AR e Fo YAk Bk ofue) 7P &, AAIQl EtGE F&313L 2Aste AW, f&
AEET e G EA Y HFR S Aol 9 9 I3E HFH A= BE JFEA T 7E
otk Folo] AR Y 5o fFHMe E2E 55 e 93 A7 e En
2 A7 235 BUHHS AA &7 44asS A Al HYAPArATDoM = dE T AS
A7) flste] RtoA S DAIAIR] dEEFF #dste] oFE s dln =, aE3 B0 H
2o = (ethyl glucuronide, EtG) &% o] dg] 20| WHARARS] FHo|i} bibayr 2 A 9 2F F
Ao, F5d #Hd PHA dx E S5 Al AN BN GZE S L AR EGE A
H ozt LW B4l 55 AT 22 BEo| she Zo R dFg HH AF-E Adsta ot &
A AEAHR EG F48S o3 & = vk 2 ol &, b e A g x2F YA A
i GHE FEATL FF00 o3 P EFE S YAt oA g Lol AL YAAE HAEde A2
e A%, FsiAl ol e VIES AT o 59 F3 kAol dow &g A7 AW
A A Bt dRE FEAY S5 AT 5 EAE + Ae AZE 7Fs Azl &7] W& o
AEE F2 & o 2oA EGE HEAT7} 7= A AL &5l e ARvkS ¢ 45 F dve
o] Az A& et o)=L Yk A7 Qoh* ayEE B Axs A st Koo
olAH oo FFEAHRA FF A g FFS LA Fon P dEE AT &
A B o3 M EH S A A Et] flste] F g 7 A= A AEQ B EGE AEdHA,
o) zpe] Ryt A UF-E AR E A8 5 B 77k &F AR 9 g E F&I TH ARE
EE votets 5 &gt A7 JPEI o] & A AT & F == LC-MS/MSE o] &3 A|F A
Abdell A-gshs AHZE Bol o E oA = = gyt shdth 3 o] AIFEMY S EdE
GIE F&o g G FAE AT F A= DG GeA AEHA FFE st =9l ARBEF
ABA A5zl gk A7} ngek AR ol AA A A AL FH 7FsA0] B2 B Rk
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EIGE B goss By 22 dg A 2 Al
N A% WAL AER B8 P 0] 9

21. REAE

B A7 AFEAY S4EES AF blank 2
E.T: ‘E‘—r’.:-: OI’X] %—}-‘:— 13“] U]‘?}O] Oi ‘_O]
2 Foly g =9 shskxz]7} otw E_‘?a‘
AlE olr] ARSI dFdol Ha 25 51 ©]
FASHLR FFE e el /\}ﬁl w4k 2
o] Rty FYHFAATY ZH o AE oA A]

Pk B = Uy g4I 2= T

o ©
i
fo
T
fo

T AEE A4E FHE T4 3 emoll oH% =
kS A3 ste] A3 THIRB 561 & 906-180118-
HR-001-02).

22, Alol: I:LI xHE

EtG (ethyl glucuronide)9} A HHAS 93k 785
E (S, internal standard)E AM&-¥ d5-EtG (penta-
deuterated EtG, IS)™= Medichem diagnotics (Steinen-
bonn, Germany)AFollA FJstH e, 2 9] formic
acid 98-100 % (Merck KGaA. Darmstadt, Germany),
DI water, methanol (Avantor, PA, USA), acetonitrile
(Avantor, PA, USA) 59 &= HPLC & SFA1F
o] ARG AT B 2] HGol| AHEEe EE
Empty SPE catridge (Agilent, with two 20 pm frits)
ZEZEH S ARSIt

23. A8 7171 % 2M=A

Eko A EG g H A HEAE 8 A"
LC-MS/MS 7]17]+= Thermo Scientific TSQ EnduraTM
triple quadrupole mass spectrometer (Thermo fisher
Scientific, Waltham, MA, USA)7} <424 % Agilent 1260
Infinity II (Agilent Technologies, Santa Clara, CA, USA)
HPLCE A}43}th. HPLCE binary pump<} auto
sampler, ~22] 3L temperature-controlled column oven®]
Z2kE]o] 9131, mass spectrometer®l] = heated electro-
spray ionization (H-ESI)7} Z&t=|o] Qi) mutelA| &
#4<2 EtG HE2 $18] HypercarbTM column (100
mm x 2.1 mm, 5.0 pm particle size; Thermo fisher

scientific, Waltham, MA, USA)E A3l oH, 7]7]
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Table 1. LC mobile phase composition over time

Total time (min) B solvent (%) A solvent (%)

0.00 10 90
3.00 10 90
6.00 55 45
7.00 90 10
9.00 90 10
10.00 10 90
13.00 10 90

Table 2. MRM parameters for EtG

Q1 Q2 RF Collision
Compound (m/z) (m/z)  Lens energy (¢V)

EtG 21 75 87 17

EtG-d5 226 75 86 17

Aol & dloly #A2 BAZ 273 Xcalibur software
(version 3.0, Thermo fisher Scientific, USA)=S ©]-& 3}
Aot ol F 4L AL E 0.05% aqueous formic acid
DI water?} B-EU]Z 100 % acetonitrileS A&} T
< FH(injection volume) 20 uLZ F3Y3}taL, o4
£+ 04 mL/minZ 10 % BE&Z A]Zsle] 13827
gradient modeE 2] -3} th(Table 1). Column oven
LEE 50 °CE A8t

HAZE o] 2L negative mode®l A multiple reaction
monitoring (MRM)S A8 s} T} o] AXE negative
spray voltage static 2500V, ion transfer tube temperature
315 °C, vaporizer temperature 400 °CZ A = A} A
&S 53| collision gas pressure= 1.5 mTorrZ, dwell
time<> 100 msec & A Y ¥ ATt Table 2914 MRM
transition ions, collision energy 2 RF lens %< R ¢
F3 JTH(Table 2).

24. EEANER % QC AE
EtGS} d5-EtG= DI waterdll =] 0.01 mg/mL 5=
stock solutiong A %3}, ©]= DI waterZ 3|4
5 2a AR spikedte] EFAIE B QC ARE
WEA T 74 (calibration) & XFAIEE 50 mg] &
°ﬂ EtG 50 pLE spikedt™d EtG #HF =7} 5, 10,
, 30, 50, 100, 200, 500 pg/mg°] E == EtG X%
% zﬂ;o} I, 29 QC AlRE e W C’i
Z gdo aﬂalt EtGe] HF F=7t 5, 50,
400 pg/mgOl HEE THEATh YR EEEE d5-
EtG= DI waterZ 3413} 100 pg/uLZE A 23k &

PUOPmm“rerL‘LO

mE 2
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Fig. 1. LC-MSMS MRM chromatograms m/z 221/75 (target, top) of EtG (50 pg/mg) and 226/75 (IS, bottom) of d5-EtG (100
pg/mg) in a blank hair sample. (a) A blank hair sample was analyzed with only IS (left). (b) A blank hair sample

was analyzed with IS and EtG (right).

50 mgoll d5-EtG 50 pLE spike dFo] AH&-3kA T}

25 =g Fxz| H HEFLH

HIZORRE 3 cm Hol9 RS FH|gY B
& A ASG . SPE catridge ZE|Z ol 23 50 mg
S Y3 o}A| E(acetone) DI waterE ©]-&3}e] 3¥
A WHzbol71 ™ vortex mixingdte] A &3 F A4 7}
25 BojFo ARAA FA. Bl Eod=

i

SPE catridge ZE1Z Hol| WE-2(methanol) 3 mLE ¥
o] & ¥l &9 (rinsing) ST}, SPE catridge ZE1Z
Hel 3] 24wt HEE mEsS A F, 7R
REHERS oF | mm o]3} Aol A ZA ZeFa vt
9|8 H}E SPE catridge ZEZAH Qo] Y& & o
S&2 §F ¥ Y rinsing 3 AT} SPE catridge ZE
Y §& FES wiIE 2a, Bdo] Eoi9l= SPE
catridge ZEIZ &l DI water 2 mLe} WHEFEZQ
d5-EtG(100 pg/pL 89 50 uLE YojFai(o]
AR =ML 28]7] Y3 calibration &S A Z3t=
73 WH-EEEZ d5-EGoF 7 calibration 33 &
T AEsls BG E589S 4 Holat), A2
(25 °C)oll A 16 A7+ &<t stirringdFHA] incubation 3l
Fol mitdl Sl EGE FF 3l FUh 167417 &
SPE catridge BE1ZH ¢t 284S HEE FHI
e sta, 24%Z7|(EYELA MGS-2200E)E o]-&3}
o] 40 °Colx Hi 7tER FEEWE

FAh v gtz AxAZ] H2E FH 0.05%
formic acid 100 pLE ¥o] 7AxE AEE & &3
AA F F, LC-MS/MSOll F4 8] =43t}

¢

2 AxAA

=3

=
=

T

ol
32

3. 41 4 E9|

3.1. &8} A& (Vaidation test)
A (selectivity) 1S 913 o] Ho)ZHE A

2 AJ§E o] &3} blank 2R A Fof
WEEEZEZ(S)S d5-EtGE Eol= Z(Fig. 1(a))
blank 24 A 89l d5-EtGe} ¥FE2F EtGE ¢4 ¥

= 2 A B(Fig 1(b)E B st g vjEg A
(matrix)o| A EFEZ EtGeF WHEFEZD d5-EtGY]
48 Wl shs ARol JdeA 28l EBGrF Ad

o2 AEHeAE Ayt 2 23 HA blank

2k A FollA EtGe d5-EtG(IS)e] RTd F3Fe F&
Eo] ZMEA glo] BGrt Agd ez AEHE AS
3}o)

Z__ =
& SIATHFig. D).
Blank 2% 50 mg A&l IS d5-EtG 50 pL (100
pguL)S YWolF I EG XF8&Y F=7} S, 10, 15,
30, 50, 100, 200, 500 pg/mg®] E|=ZE calibration &
ANBE TEo] 43t 8-FEoE thit A A
(calibration curve)2 -3t A 5~500 pg/mg &=
M FZrelA 1 > 0.999= 2 A A (linearity)S 291
SHATHFig. 2).

A4 AFE A AFEA SAE FA35H7] sl
EtG 5 pg/mg X8 NS spike $F blank & 7 7]
E 9htE Agetdnh. 2 43, A& %A LOD (limit of

i

oo
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Fig. 2. EtG calibration curve (concentration: 5, 10, 15, 30,
50, 100, 200, 500 pg/mg).

Analytical Science & Technology



Analysis of ethyl glucuronide (EtG) in Hair for the diagnosis of chronic alcohol abuse of Korean 155

Table 3. Summary of validation data for matrix effect, recovery and process efficiency (D; EtG 5, 50 and 400 pg/mg neat
standards, @); The extracts of three blank samples spiked with EtG(5, 50 and 400 pg/mg) before extraction, ®); The
extracts of three blank samples spiked with EtG (5, 50 and 400 pg/mg) after extraction

Concentration

Matrix effect (%)

Recovery (%) Process efficiency (%)

Analyte
Y (pg/mg) (n=3) (=3) (0=3)
©/0) ©)©) @D
5 97.1 99.5 96.2
Ethyl glucuronide 50 104.5 97.6 101.3
400 100.3 100.2 100.2

detection)= 3SD/s (7171) = ¢F 1.5 pg/mg, & ZFEH|
LOQ (limit of quantification)’= 3SD/s (71 71)=<F 5.0
pg/mg IS F3}3L, CV=RSD (relative standard
deviation) = (SD/Mean) x 100 =10.25 %% LOQ H
AEE7} 20 % o HE FAIES gl

BA BGE AEshe B4 vEg X 93
(matrix effect), 3] 4=&(recovery), 33 & &4 (process
efficiency)S A E7] 93, 49 W& A 258 &
v 3t ok 28 1(D) EtG F8&9, 2E2(®) blank
zb| BGE 7 & FE23 &9, 283 153B)
blank B9 WA F& tGS 71 oot} o]
of 2kel] H7HE EG §9-2 Al 7HA] % low (5
pg/mg), medium(50 pg/mg), high (400 pg/mg)Z 7 3
34 whE A3ste] FPEHAT WEHE JIF
(matrix effect) = @/D, 3] & (recovery) = /3, ZH
& & (process efficiency) = @/D Z+ Z&F9] H|Z I
Be Y F Jdon, o] ZEL Table 39 YERNS
tH(Table 3).

iR eto 2 o] AWl A=A e HASE g
83} Alg o2 ABE (accuracy)$t A E % (precision)
= H31A AT Al 7HA] QC AR E EG T &
low (5 pg/mg), medium (50 pg/mg), high (400 pg/
mg)E FHIst] A A AL shFo T2
7 stfA 4t sx 9 33 s SAsta, 5Y
W g 2dstolA dFd AR 3 v &
&tel Bias(%) = (57 #k-ol 2%hy/el &3k < 100 7%
CV(coefficient of variation) %2 2 7 &% (accuracy)
o} = (precision)E H7SFATH 1 3k Table 4
% Table 591 Yo= AA™ 74 s=oA Cvi
15% B (LOQ =3 FEoME 20% ©]T), bias
+15% PITH (LOQ <A FEolAM e 20 % 1] who] =

=

>
‘6‘
<

oo BN

g et A 8= (accuracy) 9 A D= (precision)S F53

S & AATHTable 4, 5).4 20
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Table 4. The intra-day run precision was determined by
analyzing, on the same day and in the same conditions,
three aliquots of each type of sample (n=3, Low QC:
5 pg/mg, Med QC: 50 pg/m, High QC: 400 pg/mg)

Concentration (pg/mg)
Low QC Med. QC High QC

Ethyl glucuronide

5.00 50.0 400

Mean 5.27 49.88 396.41

Intrarun 1 SD 0.23 3.96 10.18
(n=3) CV, % 443 7.94 2.57
Bias, % 5.41 0.23 0.90

Mean 5.06 50.45 369.61

Intrarun 2 SD 0.23 5.07 12.68
(n=3) CV, % 4.57 10.05 343
Bias, % 1.17 0.91 7.60

Mean 5.64 50.49 400.76

Intrarun3 SD 0.59 1.75 2.76
n=3) CV, % 10.46 3.47 0.69
Bias, % 12.81 0.98 0.19

SD: standard deviation
CV: coefficient of variation

Table 5. The inter-day run precision data were obtained from
analyses of nine replicates of the samples performed
on three different days (n=9, Low QC: 5 pg/mg, Med
QC: 50 pg/m, High QC: 400 pg/mg)

Concentration (pg/mg)
Low QC Med. QC High QC

Ethyl glucuronide

5.00 50.0 400
Mean 5.32 50.28 388.93
Inter run  SD 0.29 0.34 16.87
n=9) CV, % 5.53 0.68 434
Bias, % 6.46 0.55 2.77

SD: standard deviation
CV: coefficient of variation
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Table 6. Information and the results of EtG for Korean social drinkers
Case Gender Age Height (cm)/  Average alcohol consumption AUDIT-K EtG
(years) Weight (kg) per lweek (based on Soju) score (pg/mg)
1 Woman 35 160/55 5 bottle 23 23.80
2 Man 57 168/73 5 bottle 10 20.53
Table 7. Information and the results of EtG for alcoholics autopsy case
Case Gender Height (cm)/Weight (kg) Medical history and Autupsy records EtG (pg/mg)
Alcoholism. Depression.
1 Woman 158/50 Diabetes medication. 1,244
Drinking on an empty stomach.
2 Man 170/63 Rarely eats. Drinking every day. 54
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< S50 AH(Table 7).
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