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Abstract

The objectives of this study are to (1) develop a rapid color test kit for the screening of gamma-
hydroxybutyric acid (GHB) and its precursor, ggmma-butyrolactone (GBL) in beverages and (2) examine
the suitable condition and the effect of beverage color on the detection of GHB and GBL. The colorimetric
method was employed to detect the purple-color complex from the reaction of ferric hydroxamate test
of GHB and GBL. The samples studied prepared by adding GHB and GBL into the beverages.
The beverages included water, green tea, 5% alcohol and variety of soda pops of difference colors. The
research results were found as follows;

1. The test kit is capable of detecting both GHB and GBL.

2. The detection limits (LOD) were 0.47 mg/mL and 1.05 mg/mL for GHB and GBL respectively.

3. The test results were free from interferences of alcohol, dissolved CO2, sweetener and color
of the beverage under the analysis condition.

The test kit is a rapid method, simple to use and convenient to carry around. The results from
this study have demonstrated the potential of the test kit in forensic examination of GHB and GBL

present in beverages.

Keywords: Test Kit; Gamma-hydroxybutyric acid (GHB); Gamma-butyrolactone (GBL); Forensic Science
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Mesmer et al. (1998) WHHIN1TA999T L ATIEN Gamma-hydroxybutyrate (GHB), Gamma-
butyrolactone (GBL) WA aIWHANYaSaNTaBIia 1neA% HPLC/UV-VIS spectrophotometric &13Un15
LEALAZANTISHIMEEY GHB uaz GBL TuseensfidainssnuuRangnuneiifansey lunainile
Falwaniamsaanuiisngalagazannie 50 ng.

Ciolino et al. (2001) TpvinnnsAnunaiassn GBL iiu GHB TnaAnuinaznsan pH uaziaan
Y99ANTazANEAiRn9IAN GHB ¥i3e GBL mbfmfm%qw%mzmmmwﬁLﬁuﬁ’wW\Iﬂ% n1afialiFen
Hydrolysis 92 A NHINAYBIE NN TURTLIRT Fipsrzvinalnelynadn High performance liquid
chromatography (HPLC), Chromatography-mass spectrometry (GC-MS) Wae infrared spectroscopy (IR)
9INNIFANEINDLT pH Leaiazg unndnafusnuniuladedAyd fnanodnaiuaznis
\{finUfji381 Hydrolysis ﬂ’]?_ITGTNﬂ’YJZ:‘ﬁLﬁuéﬁﬁﬂillﬁ\‘]‘gmﬁ\‘i (pH 12.0) GBL %gﬂm?ﬁ'ﬁmﬁu GHB 8819
anysoinsuszezinanidu

Alston et al. (2002) An¥A5nanAraun1siUa suddmsulynseadinazy Gamma-
hydroxybutyric acid (GHB) Tnsinnsnaaeydi ferric hydroxamate 7iladmiLnismanaRgaiandnuo:
yaleames fvfinisdnulaniionsaadinane GHB Tusihesnaasizansndeifquamiuag
dunmeifiguaind annmessuamanvinlinaiely 5 uift Tnananiamaass 6HB hulasas
0.3 ml. Tﬁm@mﬁmwwuﬁﬁqqmmﬁ’u 0.5 mg/ml uaz GHB Tulaanaz 1 ml. Tyiwa detection limit
WD 0.1 mg/ml. aMnnanAsaLRTes GHB fimduanas uazannniamaanslul interference 910

alcohol, #15U5¢NAY phenolic WATANTANTININEU
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LAzENIRIANAS gamma-butyrolactone (GBL) @vsinwuTuenii anasuatstunssnainuasleu
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AT ITwAT B aaass %qmimﬁﬁ?ﬁumﬁﬁwmmwmﬂﬂmﬁlwéw Usznauy
ﬁyfm Gamma-butyrolactone (GBL), Sodium hydroxide (NaOH), Hydroxylamine hydrochloride (NHzOHCI),
Ferric chloride (FeCls), Sulfuric acid (H,SO,) LL@:@T’mﬂI’N 10 #fia As ‘Lf”lLiJ’ﬂl’], Lﬂ%‘l@\‘]ﬁlNLLﬂﬂﬂﬂﬂﬂ’&(
5%, wlaan, Wimiden, Wdnandnng o Aa dax, Funs, Midea, Ao, Bdena uaslalufid Taed
MMsuLTHRaNMTAsEenny 3 i nausel

ilgumﬂuﬁl 1 ﬂﬂ’iﬁﬂﬁmﬂ’ﬁmﬁlﬂu Gamma-butyrolactone (GBL) gy Gamma-hydroxybutyric
acid (GHB) ifiavanansiad Gamma-hydroxybutyric acid #ae GHB Lﬁumimu@Nﬁﬁ?uﬁqvfsimmm
wnge vl Aempeiinisdoiasneilnefananaanfa Gamma-butyrolactone W38 GBL S9&1NA5aYIN
TalngBuannsinansazanslnfonlgnsanlonsiAumsew 6 Tuans Usnnns 47.80 Aadans i
drinasuaninfumauauigomnfegheag 70-75 °C anshufinansazans GBL Usn1ms 2.20
AaRANS uAZAln 30 Wil ez lnansazany GHB

IrnuRTIeaLEuTunemAilA Gas Chromatography — Mass Spectrometer (GC-MS) TagTaf
Lﬁ%m Gas Chromatograph @I‘V;/@ Thermo scientific ‘S;u Trace 1300 ﬂﬂﬁuﬁﬁléf%ﬁ@ TG-5MS (30.00 m x
0.250 mm ID x 0.250 pm) Tinedides (He) uumaadonil dadnginisadl 1.0 mUmin goumgf
paRNIIENAY 70 °C A19(a 2 W17t waaiinEnaniegomgR 100 °C Tnalednan 15 °C /min waaufinds
auivgoumg 300 °C Taalrdnen 35 °C imin uaam1slaft 300 °C iwaa 3 wnft aAAsIzRTs

12.750 W71 Wa¥EIH Mass Spectrometer &%a Thermo scientific 94 1SQ 7000 %@ Single Quadrupole
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%wﬁudqwﬁlﬂmﬁ (Transfer Line) ﬁﬁg@qmmqﬁﬁﬁ 250 °C LLN@MMQ@?%@Q lon Source 1113 250 °C
Ynnsvinlnansusnsaulslenannas Electron Impact lonization (EN) uwaszts5Uy Scan Mode Tneidn
N[ m/z 17‘} 42, 56 LAy 86

Fumand 2 N19ANEIAMNENTN USHIAS ‘ﬁ'mmmmfm%’uw Test Kit 91AN19NARDY
ANSANEWNENT GHB WAz GBL AeA Colorimetric test TnfinnslaAnnuianaungn-wua Aganan A9
TAY N9 AR A BT ATIHUALAINIINYWIBY NaOH UAY H,SO, TIMNIZAN WLANAINHIEHNY Y
299 NaOH WAz H,S0, 7iMuIzanf® 2 M H,50, uaz 3 M NaOH Taganiazit mnnzanlunis
m3998@L GBL A1eAR colorimetric test Aa THLARBIANTARES GBL mumgjm 1.0 mL AN 2 M H,SO,
0.5 mL WAIANE1382878 0.5 M NH;OHCI 1.0 mL a1nssuu5u pH Daus 10 Aaeni5ifis 3 M NaOH
1.0 mlL wan1l4y pH Pt 2 Aranaifin 2 M H,S04 0.5 mL qmﬁmﬁu 0.7 M FeClz 0.5 mL

Sumauit 3 A13rnYA Test Kit NARDUULASBIANLTAAN AN q ADATITFDUNITIUNIY
PDIRUAHIUNANAN T

wﬁa@ﬂﬂTﬁTﬁmwmﬂﬂULLgfa YN AEaUTULAGEIANA88 1A 8 A5I9EBUNNTIUNININNS
A3IANURMINIAABSANTENS GHB 3 GBL Tnansnesaudunaieancin Ussnnasassasin Tnoly

1 P v v
AINIENINLASILATIZAATAITHIDNA RGB @’JﬂTﬂiLLﬂ‘jN Image)

NAN15398

FagUazaeAil 1 nan19aTENUINITR MU ANAFEL D 19918 U1 97599 LATIZN
&19 Gamma-hydroxybutyric acid (GHB) L@ Gamma-butyrolactone (GBL) L‘lj"y'ﬂﬂ GlyuTuﬂ’]i'JAf%/ﬁ
Tavinnaaasn GBL Tniiln 6HB Tuantediuug aseinans 6HB ifuasnuandannda
Tagnn Sanannsiad euwlawinle lngshansazanslsfenlgnsenlany Aanuiane s 6 luais
Usnms 47.80 Aadans tadninesuanifulianensigomafi ogtumas 70-75 °C sansiuin
A1382a1Y GBL U519 2.20 fARANT WAz 30 W1dl ¥innMsasaasaunadi i lagmafla GC-MS
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AT 2 A: TASHAIVLNTHLAASALIAWIRA GHB 7inan 4.810 Wit
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snn it 2 uanslasanlnunasaes GHB filaaninaia 6C-Ms Taedariinistingnzinis
uansaafeuiugenya nafilaannlassnlnunsuein SIM Mode szwuRAges GHB 71 4.810 1l
LAZUAAINTELTUNGT LA lAERaIn N TuANEIaIas STl ufug Dy aLaAINIW 1B Beazny
1aaft 56 uaz 86 m/z WBuduantiu GHB 439 91nhulminans GHB uaz GBL ulrluniamagaLiile
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A1eeft 1 AnanTLA IR saIaIARAsnzanTuN19R 999 B UNIa1S GHB way GBL Auds

colorimetric test fidmulasiiuganagay (Test kit

ﬂ’litﬂﬁ U3n1ms NARNIFVNANBY
Sample 1.0 mL
2 M H,SO, 0.5 mL
0.5 M NHzOHCI + 3 M NaOH 2.0 mL

0.7 M FeC|3 +2M H2504 0.5 mL
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9INATNA 1 DMINATITNUATT GHB UAz GBL (Positive) 935100819 vaalnwaninia

Trg A NI AL ANTUANUS NI GHB Uaz GBL AinnnZu amnnunuas GHB waz GBL (Negative)

1
aaa a

arUangRmaAesesuyssa19azany FeCls lagUfjAseniifistnuansisnng 2

0
0 H,SO. i]\ 0
2 4 (0]
HO ——————= HO _OH
\/\)I\OH 1. (NH;OH)*Cr MN
GHB GBL 2 NaOH H
FeCly
H,S0,
/Ok- ;Fe3*
ac
o--H H
H 3

Ferric ion complex

i 3 ANNILAANU T8 Ferric hydroxamate dmsulgnanaiiaanz GHB
?jyﬂﬂ@dmﬂ “Rapid colorimetric screening test for gamma-hydroxybutyric acid (liquid X) in
human urine,” Tmes Alston and Ng, (2002). Forensic Sci Int, 126(2),114-117
(https://doi.org/10.1016/s0379-0738(02)00050-6)

Am5unng197t 2 Tans GHB uay GBL fimansanauan I Fnastinuanfilaluild uas
Tufigaunanog19dn e lslunsmeasunialasuulaseesfeesmsazateiiUfswulaslans
ANHINTWYBIENS GHB Uay GBL Fifinaaly
A15197 2 NM9AFEY GHB uA GBL AIAHIINYNANS I hyfmﬁmwmmu (Test kit)
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0 mg/mL 1 mg/mL 3 mg/mL
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4
v ' ATTHLITHNTYR
AIBEIN NaUNaNaU

1 mg/mL 3 mg/mL

GBL

9na15197 2 wuanTunslegenaaeulunisnsaanians GHB uay GBL Tuipdasdia flad
Usnnnuasansiifnas[Ugelniensanaazansd (rasifuduianaluendens upnainiilunis
naapsdafiniamasaulszAninnensanaaay (Test kit lnsnianeninansazatefila warinld
Famd RGB maeilUsunas Image) WAINABANTIWRIAIH AN WELB98N3RID8 19T AT09N LT A9
IHTHAN I WUINTINTNNITATHANNUETZNINATR RGB FLANIIHIHIES GHB Wae GBL 7LAx
NI %Thyfalql,s’f"lﬂﬁﬂfﬂmmmwL%N%W‘i"]@ﬂﬁ&ﬂﬁ%ﬁﬁ? LOD (Limit Of Detection) Tngiann5197t 3

M157197 3 A1 LOD (Limit Of Detection) VNYANANDUBDE IS

Analyte LOD (mg/mL)
GHB 0.47
GBL 1.05

TROUITAIAT 2 HANTITITENUIINITANYINGTBIN1TTUNIURDBIATRTAE AL HNanaNS
mafindeasansaransilasdsnlslunisdinseiaaaaaey (Test kit) TULASBRNUITANANS
viv 10 il TneAnundoaaiad oafin SauRaNANeT 1wH 1IANa una CO, BINANITNAREINNIS

WEUIAEUAITAY AN AUILAZAAILAN GHB LAY GBL a4l WAl (ALandsisng1ei 4
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A197199 4 N19NAFBU GHB AT GBL ULAZBIANLSHANANG 7 AeganANeL (Test kit)

GHB GBL

fapene | nawnaNau 0 mg/mL
1 mg/mL 1 mg/mL

LBNNBIDRN

5%

v
W leen

¥ o
HIBAAN
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¥ o
HUIBAAN

a ¥
AUTINTIR

¥ o
HUIBAAN

dy
ANN

¥ o
HIBAAN

A9




698 | 115819uIRNTINNNITANEILAZN9I9Y T9 8 AUUT 2 weneu - Hguieud 2567

GHB GBL

1 mg/mL 1 mg/mL

¥ o
HIBAAN

MaAua

¥ o
HUIBAAN

AN

v
WA

fap81e | naunaNay 0 mg/mL
1“ o|

IINAITNTA 4 NUIUTLANVBILAS BIFH ARRIUNAHIBIUIANE Lazuna CO, Aazany iy

D

ANTAZANY LAY FUDIRITAZANLAUANANTH NATNatUNITLaAIRID9819a AL EaRTIaNL RS
GHB %38 GBL 91 1 mg/mL »38f ninluesesiinians GHB wia GBL WeUuagazan1sndanaiu

T 91nF2898719 82 A8 UANANAUANAUTA I 19 AaaL

afls1eNan1sI9y

NaaNeATEIRgUazaeant 1 numbamadetdniunacly 6HB lunmsvinnnamaassun s
awnsavdnlaiasannidusisrsuns faladnuinisuwaenain 6BL iu 6HB aelnaniasiiiin
wa nensaeaauen pH LL@mmTuﬂf]‘sLﬁmﬂg’jﬁ%m Hydrolysis BINANNTNARDIT P SUNUINEIHITA
\wWaew GBL 1iu GHB Tnlpgandanisfuduainmain GC-MS tagfia19:1971nNIsUANNIRY B9
mass spectrum lpsnnsiiiguanguaayanuatasiaenlaelsuUfasen Hydrolysis Tanaid GHB
939 Bem5iAew GBL 1W GHB Anwneneudseaas Ciolino et dl. (2001) uazeMAdeaas Bodson et
al. (2008) tsmAfia GC-MS tunsmanaraudusuantuats GHB Alatuntamagay uaztunisvinge

wmmusfw;jﬁ%m Ferric hydroxamate test lagnan1snAaesii (naaaAaadfiUIuidaae9 Alston et



Journal of Educational Innovation and Research Vol. 8 No. 2 April-June 2024 | 699

al. (2002) fivnaEeIEN3AZANEMINNL GHB uay GBL e lnasazansiindinaiaannas wandnag
FaiirsasmesdtueyfuANssILes GHB vide GBL Mifteglusdasiindaneng
w@mﬂmﬁﬁﬁﬂffmqﬂi:mﬁﬁ 2 wuéq"fuﬂ’ﬁwmmef%ﬁmmﬂﬂumq“ﬁLm‘m:ﬁmi GHB uaz
GBL Tupdasfutazianang q Aflaaunasrasiinns uoaneses wna CO, uazATiuAnA1siuwu
LPRRIANTISIUBHND GHB waz GBL fiwmniulinasnsaasdinanannsavdeduienlnaldeei i
ANLANAN IR EEnUeY S9lnaniraasAne RS aunanTiTuinaavEanis Sansannsn
A3I9BLATIZA LA BRI WTLTWAS 89 Haller et al. (2006) i lnAnun15x104299 GHB Uay GBL
finasmdnny lulaannzansoraaias (a5 GHB wie GBL nann1sualansanduind oefs
waanagea neldnAfla GC-MS Wuasfad T aa AR UNaI9 NS INAILNIRF993 1A (A

uHgN TE L IRTANNT 12 F9 M9 LL@:TNﬁN@m'ﬁfiumumnmﬁf;é’mqw I

L4 9 ' o
@Qﬂﬂ‘?”m:ﬁi’iﬂ’?’]ﬂﬂ’]‘i?@ﬂ
nani1s3deTunsainidelavmuigaaaausnneiy (Test Kit) Iun19m3993LA1znnNans

GHB uaz GBL BupSasfiNLaznynang T Tmmgmwmﬂ@uﬁf@ﬁﬁﬂwm:ﬁqmwﬁ 3

AT 4 TAVIAFEUBYNSNEFINSLATI93LATIZIMNETS GHB uay GBL Tuimsashinszinmans o

a4 ﬁmwm@m:m:ﬂ@ﬂﬂﬁyfmm@mﬁmwmﬂﬁﬂﬂmﬂ 1 {af897 viaan A U999
a19 2 M H,S0, Uawms 0.5 Haddns viaam B U999819 0.5 M NHz0HCI waz 3 M NaOH Uannnag
99H 2 HaAART uaznaan C U999 0.7 M FeCl; uaz 2 M H,SO, Uan1m3998 0.5 Rafane A3ty
sminlalag Gf%mmmmwmﬂﬁﬂ@mﬂ%qﬁuﬁ’qmjwﬁmmdqﬁﬂﬁ GHB %38 GBL NNN?J%I: Taasln

WaeA A USH199 1 S8RAMT 9INUHIEITVAEA B A9IHNAA A LAZATNAYWIEITIINAGDR C



700 | 91981FUIANTINNTANEILATN13398 07 8 AUl 2 w1eu - Rguieu 2567

A UARDA A IR RUNARTIAATN NnAasaITarae i faneisluinaaanng U

FUTINIILAAIITE GHB 1158 GBL

wN5U

9

1 1
aaa

NIRRT AN ATE LN D 511N 19799931AS1E0 GHB uay GBL BelniffAzen
Ferric hydroxamate test #1915 Un19ms9aaaUnyHINFuoanes u1lalun19ma99aUnIa1T GHB
uaz GBL Tngezifmiinanstsznaufingg dsluniseanuuugavaseuasuaslninafia Colorimetric
method xzastuntsdnanIs AL asREAILLAN %@@ﬂﬂﬂq‘awm@@oﬁqﬁﬂﬁaﬁwmmméwéw
fiflannn uazUFuinanes azaanunnIananIesnuanaai lwansiaiialutmesd§iiinns
uazloBunomes A Rosasiafl uazaInnIARaIARELTLLASBIANNaTETANAAANLAN
gunsoigANAREUT dAvind uannnsanseasaulnu A 09f naz A7 uana1iY fusanagea
flmasuouanansii viafn1asauna Co, a8n9lafmuiAIEHNTRTI9BLINEIT GHB

uwas GBL lasuund

4
BN HBLUS

v
o/ [ %

a =y = ¥ o Aiy
IINNANITITY NAITEHVBLAUBULY Al
v ° a o 4 o
1. aaanaunsiunsianantsive iUtz s Taaw
Ha9INN19iTedngUszasai 1 wuanlunisleawmaila Colorimetric method #larTunns
A3I9FaUNNE1 GHB uay GBL lnesnulasinganaaeulneleuffizen Ferric hydroxamate 113591
a8 grAdn uazgans mezunnisnUTrdena i dedimnnassniswanvisesin(Ulraunse
wEe (e aamuaaiiasaniduansia(Ualtslumesfisins
NR9INNIFATEINNUTZENAT 2 WUAYANAFDUBYNNENAALUAIAINNIINIY URTUTHNAS
s e manisaly lnvisuazazaon arnnsaleane lanainnanemssfuLAS 89R Nannane
Uszny Hiesann@naatasinnaainaasiu (NEINanITnUN1TRTIARZ W
¥ 0 a v A’S '
2. a@iEBLKE RSN ASIaa (1]
TR IAANNUANENTHE UaTUTNIRTEe9AYINU 5812 89N TR ANARB LB Y
978 WaeTENIT Test Kit IR1ATY mm‘mﬁfﬁﬂm:qﬂmTﬁﬁ’mmmqmuﬁﬁﬁwmmmﬁm Falmiln

qUnsnInTesauidasaudmsu e i Uassaninfinisuaans uasfinnaaede

1701915815 GHB way GBL amisulazifulunisdqansenalUansvindss suifufgadunig



Journal of Educational Innovation and Research Vol. 8 No. 2 April-June 2024 | 701

Waunganagaulnaiuisananiene azaan W endmsuyanaiallamisnsinls lnane

BRCNCAINABNTITNANI Tﬂﬂﬂﬁ@ﬁ"llﬁuﬁﬂ‘vmﬂﬂﬂ BUUNFSATM %GZ\TWN’]‘iﬂWﬂW"ILL@ZT%@’]HT@NZ@QTT

finfnssnilsesnie
2YBUA D “NgANHUN133T8lAsen1anangastimdinfdny a1219A3neaans
ANNDIHHAHINANINI AU AAUINT IHEIUIBIAANNFNERS FENWARINEFEAT " 9NADY

ANENPNERT WWTIVENARARUNG Foytyaail SC-FS-2564-01

References

Alston, W.C. & Ng, K. (2002). Rapid colorimetric screening test for gamma-hydroxybutyric acid (liquid
X) in human urine, Forensic Sci Int, 126(2), 114-117.

Bangkok Business. (2019). Warning for toxic drugs (GHB) that is very powerful and can be fatal.
https://www.bangkokbiznews.com/social/847976

Bodson, Q., Denooz, R., Serpe, P., & Charlier, C. (2008). Gamma-hydroxybutyric acid (GHB)
measurement by GC-MS in blood, urine and gastric contents, following an acute intoxication in
Belgium. Acta Clin Belg, 63(3), 200-208. https://doi.org/10.1179/acb.2008.033

Ciolino, L.A., Mesmer, M.Z., Satzger, R.D., Machal, A.C., McCauley, H.A., & Mohrhaus, A.S. (2001).
The chemical interconversion of GHB and GBL: forensic issues and implications. J Forensic Sci,
46(6), 1315-1323.

Elliott, S. & Burgess, V. (2005). The presence of gamma-hydroxybutyric acid (GHB) and gamma-
butyrolactone (GBL) in alcoholic and non-alcoholic beverages, Forensic Sci Int, 151(2-3), 289~
92. https://doi.org/10.1016/j.forsciint.2005.02.014

Haller, C., Thai, D., Jacob, P. & Dyer, J.E. (2006). GHB urine concentrations after single-dose
administration in humans, J Anal Toxicol, 30(6), 360-364.

Kiatburanakul, S. (2016) Get to know "GHB", a drug that loses a young man, loses a woman.
https://www.romo.mohidol.Gc.th/romachonneI/Grticle/fgﬁ/ﬂ—ghb—il’lLﬁ'ﬂm‘ém—lﬂ/

LeBeau, M.A., Montgomery, M.A., Miller, M.L., & Burmeister, S.G. (2000). Analysis of biofluids for
gamma-hydroxybutyrate (GHB) and gamma-butyrolactone (GBL) by headspace GC-FID and
GC-MS. J Anal Toxicol, 24(6), 421-428.



702 | 919613HIRANTINANTANEIUAZA1939Y 71 8 aUuil 2 wrneu - Aguied 2567

Mesmer, M.Z., & Satzger, R.D. (1998). Determination of Gamma-Hydroxybutyrate (GHB) and Gamma-
Butyrolactone (GBL) by HPLC/UV-VIS Spectrophotometry and HPLC/Thermospray Mass
Spectrometry. Journal of Forensic Sciences, 43, 489-492.

Musikatavorn, K. (2020, September 24). Entertainment drugs life threatening. https://chulalong
kornhospital.go.th/kcmh/line/m‘jmwﬁmL‘ﬁ'@mwﬂ’uw

Narcotics Control Division Food and Drug Administration. (n.d.) Gamma-butyrolactone (GBL) and 1,4
butanediol. https://mnfda.fda.moph.go.th/narcotic/?p=6211

Rosi, L., Frediani, P. & Bartolucci, G. (2012). Determination of GHB and its precursors (GBL and 1,4-BD)
in dietary supplements through the synthesis of their isotopologues and analysis by GC-MS
method, J Pharm Biomed Anal, 74, 31-38.

Sirisupakritku, N., Muangchum, Y. & Phanburananont B. (2017). Detection of Gamma-butyrolactone
(GBL) and 1,4-Butanediol (1,4-BD) in lllegal samples in Thailand. Journal of Health Science,
26(3), 644-653.


https://chulalong/

