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TECHNICAL NOTE

Criminalistics

Smartphone-based colorimetric determination of
gamma-butyrolactone and gamma-hydroxybutyrate
in alcoholic beverage samples
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death. As a result, legislation has restricted its availability leading to GHB, consum-

growing need for methods capable of their determination in complex samples such as

determine both GBH and GBL by the formation of the lactone and its reaction with
hydroxylamine and ferric chloride to give a purple-colored complex. In this present in-
vestigation, we have shown the possibility of using this approach to both quantify GBL
and GHB using both UV/Vis spectrometry and by the application of the camera of a
smartphone to record images of the purple color developed. Via subsequent use of a
downloadable free App, to extract the numerical values of the Red, Green, and Blue
(RGB) color components, it was shown possible to construct a calibration curve and to
quantitatively determine the concentration of the drugs present in fortified alcoholic
beverage samples. It was found that by simple mathematical normalization of the RGB
values the effects of camera distance and elimination could be readily overcome. Using
the smartphone approach, GBL determinations on a sample of lager beer gave a mean
recovery of 103% (%CV = 0.70%, n = 5) at a concentration of 0.56 mg/ml indicating the

method holds promise for the determination of GBL and GHB in such samples.
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Highlights

e Colorimetric method to determine gamma-hydroxybutyrate and gamma-butyrolactone in
beverages.

e Quantified by RGB color component using a free, downloadable app on a smartphone.

e Quantitative determination in a beverage sample is reported based on the RGB values.

e Canbeapplied without the need for alaboratory, at the point of need in criminal investigations.
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1 | INTRODUCTION

Gamma-hydroxybutyrate (GBH) is a popular recreational drug and
due to its strong sedative and amnesic effects it has been con-
nected to drug-facilitated sexual assault cases, poisoning, overdose,
date rape, and death [1-5]. The National Drug Intelligence Centre
has affirmed that GHB has surpassed Rohypnol as the most com-
mon drug implicated in sexual assault cases [6] and as a result, it is
now designated as a Class C drug in the UK [7] and is prohibited for
sale as a supplement in the USA by the FDA [8]. As a result of these
restrictions on the purchase of GHB, consumers have switched to
its pro-drug, gamma-butyrolactone (GBL) [9,10]. As GBL products
are commercially available, being commonly utilized as an industrial
solvent and as a precursor for the synthesis of other chemicals [11] it
is easier to obtain than GHB, and justifications for its possession can
be made. However, GBL can be readily converted to GHB, either by
relatively simple chemistry such as pH adjustment, with GHB being
the predominant species at pH values >12 [12] (Scheme I) or enzy-
matically in vivo by peripheral lactonases with a half-life of less than
1min [13]. Under acidic conditions, the particularly stable lactone,
GBL is formed, playing a significant role in the solution chemistry of
GHB [12,14]. Gamma-lactones reportedly [15] form from the corre-
sponding hydroxy acid so readily that is often not necessary to add
acid to catalyze the intramolecular esterification. Mere traces of acid
in the solvent or on the glassware can be sufficient to bring about
lactonization (Scheme I). Chappell et al. [16] have made investiga-
tions of the pH behavior of GHB and GBL and showed an increase in
the speed of the rate of conversion of GHB to GBL with decreasing
pH; and found an equilibrium of 2:1 GBL to GHB achieved at pH 2,
similar to that seen in pure water [12]. Significant deviation from this
gradual change in the GBL:GHB ratio at pH 1.0 has also been re-
ported [16]. LeBeau et al. [17] showed that the addition of 0.15ml
of concentrated sulfuric acid added to 1.0 ml of the sample was
sufficient to convert GHB to GBL to allow for its extraction in the
nonpolar solvent, dichloromethane. A recovery of 96.5% of GHB as
GBL was reported, demonstrating the high conversion rate of GHB
to GBL under these conditions.

Gamma-hydroxybutyrate overdose is relatively common, due to its
narrow therapeutic index and synergistic effects reported with com-
mon drugs such as ethanol [18]. A study undertaken by Carter et al.
[19] showed that accidental overdose was more likely when using
GHB than other common sedative drugs, such as triazolam, pentobar-
bital, partly due to the steep dose-response curve seen with GHB [20].

basic pH

acidic pH

pH <2

pK, =4.72

Nevertheless, illicit recreational users of GHB reportedly take
relatively high concentrations of GHB. One or more “capfuls” of lig-
uid, equating to ca. 5g of GHB, or an approximate concentration of
1 g/ml of pure GHB solution 1-6 times per week, 1-3 times per day
[21]. In a recent toxicology study [22] into the metabolism of GHB
in humans, doses between 33.1 and 60.1 mg/kg body weight were
given in a series of 250 ml orange drinks, and levels as high as 80 mg/
ml GHB [23] have been reported in a near-fatal incident after the
consumption of a so-called “health drink” in the UK. Recent studies
of electronic cigarette vaping fluids showed some to have GBL levels
as high as 0.37 mg/ml [24].

A number of different methods for the determination of GHB
and its analogs have been achieved for both clinical and forensic
analyses [25]. However, these generally require a well-equipped lab-
oratory and trained staff for their implementation. In an attempt to
meet the demands by members of the public to be able to check
their own drinks a number of different commercially available col-
orimetric spot test devices have been developed. However, these
are mostly qualitative. Notably, both Alston and Ng [26] and Zhang
and Huang [27] have reported on the utilization of a qualitative col-
orimetric method for GHB and GBL based on the formation of the
purple-colored ferric-hydroxamate complex [28]. This approach is
based on a two-part chemical reaction. First, the addition of acid
to the sample is undertaken to convert the GHB present to its lac-
tone, GBL (Scheme ). Following this, the solution is made basic by
the addition of sodium hydroxide. Under these conditions [29], in
the presence of hydroxylamine, the lactone can then be converted
to the corresponding hydroxamate. The addition of ferric chloride
results in the formation of a purple-colored complex allowing for its
qualitative detection.

Smartphones have become increasingly more commonplace,
and awareness of the large number of functions and various appli-
cations (Apps) that can be downloaded is widely understood [30].
Smartphones have a range of sensors allowing for numerous applica-
tions, including; cameras, barometers, accelerometers, gyroscopes,
luxometers, magnetometers, among others, that can be used to take
a variety of measurements with good precision [31,32]. Previously, it
has been shown possible to colorimetrically determine the number
of different drugs [33-39] and either qualitatively or quantitatively
determine these using the camera on a smartphone. These previous
investigations have utilized subsequent processing of the images ob-
tained, with a readily available, downloadable free App, to examine

the red, green, blue (RGB) color balance of the colorimetric reaction.
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SCHEME | Solution pH behaviour of
GHB and GBL
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Different formats for photographs taken with smartphones are
available; however, most cameras give an 8-bit jpeg image. The 8-
bit picture provides 256 variations (28) for each color channel (red,
green, and blue) expressed as a numerical value between 0 and 255.
These recorded RGB numerical values can be plotted against known
concentrations of the analyte to construct a calibration curve.
Analyte concentrations of unknown samples can then be found
following simple interpolation or rearrangement of the equation of
a straight-line plot (y = mx+c). Such an approach offers a number
of advantages including the possibility of point-of-need or care use
[40]. The application uses technology available to virtually every-
body, outside of a laboratory setting and is operable without profes-
sional training or complex laboratory instrumentation.

This present investigation represents the first example of this
approach being applied to the possibility of determining GBL and
GHB in a beverage sample. Initial studies were made to ascertain the
possibility of quantitatively determining GBL via the formation of
hydroxamate derivative by UV/Vis spectroscopy. The possibility of
developing a simple quantitative smartphone-based sensor utilizing
the RGB color model was then explored for the determination of
GBL in an alcoholic beverage. To our knowledge, this is the first ex-
ample of the application of this colorimetric procedure for the quan-
titative determination of GBL and GHB, and also the first employing
smartphone technology.

2 | MATERIALS AND METHODS

2.1 | Materials

All chemicals were obtained from Fischer Scientific Ltd. unless oth-
erwise stated. Deionized water was obtained from a Purite RO200-
Stillplus HP System (Purite Oxon). Separate solutions of 12M NaOH
and 0.5 M hydroxylamine HCI were prepared by dissolving the ap-
propriate masses in deionized water and were found to be stable
for up to 2weeks at room temperature. Primary GBL stock solutions
(Sigma-Aldrich), of 10 mg/ml were prepared by dissolving the re-
quired mass in deionized water. These were then diluted with suf-
ficient deionized water to give working standards solutions over
the concentration range 0.1-1.2 mg/ml. Beverage samples were ob-
tained from local commercial outlets.

2.2 | Gamma-hydroxybutyrate and
gamma-butyrolactone hydroxamate derivatization
procedure

Scheme Il shows an overview of the reaction mechanism to give the
purple-colored complex. A 0.3 ml aliquot of sample was taken and
added to a 30ml Universal glass vial with a 24mm polypropylene
screw cap. The sample was then adjusted to pH 1 by the addition of
H,SO,, to convert the GHB (I) present to the lactone, GBL (Il) via in-
tramolecular esterification. A 1.0 ml aliquot of a 1.0 M hydroxylamine
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HCl solution and 0.2 ml of 12 M sodium hydroxide solution was then
added. The resulting mixture was then mixed gently by hand to form
the hydroxamate derivative (lll). Upon the addition of 0.2 ml of fer-
ric chloride, a purple-colored complex (IV) is then formed instantly.

2.3 | UV/Vis spectrographic investigations of the
ferric-hydroxamate derivative

Spectrophotometric investigations were undertaken using an
Unicam UV 500 spectrophotometer (Thermo Electron Corporation)
using Vision 32 software for data acquisition and processing.
Behavior of the GBL derivative was studied over the wavelength
range 200-700nm with a bandwidth of 2 nm and a path length of

1 cm. Single wavelength analysis was undertaken at 499 nm.

2.4 | Smartphone RGB sampling of colorimetric
GBL standards and samples

The image of the samples and standard solutions were obtained
using an iPhone SE 2020 running iOS 14.8.1, with an Apple A13
Bionic Processor. The smartphone used the standard fitted 12 MP
(rear-facing) camera with a six-element lens and a sapphire crystal
lens cover, with a f/1.8 aperture. The glass vials containing the sam-
ples and those containing the standard solutions under investigation
were placed on an A4 sheet of white paper. Individual smartphone
images of the standard and sample solutions were taken after 2 min
at a distance of 10 cm under ambient lighting conditions. The images
were then processed using Color picker and helper, version 1.1.6
software obtained from the Apple app store (https://apps.apple.
com/gb/app/color-picker-and-helper/id1555136705). The effect of
distance of the smartphone camera to the subject was investigated
using a modification of the calibration method described by Merli
et al. [37]. A rectangle was drawn in Microsoft Word® and filled
with color (R 181; G 83; B 111) using the “other filling colors” option.
This was then displayed on the screen of the computer and using the
smartphone camera, photos of this were taken at varying distances
between 2 and 120cm in triplicate. The RGB values of the resulting
images were then recorded using the Color picker and helper, ver-
sion 1.1.6 software.

3 | RESULTS AND DISCUSSION

3.1 | Visible spectroscopy investigation of the
ferric-hydroxamate iron complex of GBL

Initial studies were undertaken to investigate the possibility of quan-
titatively determining GBL and GHB as their purple-colored ferric-
hydroxamate iron complexes. Previous studies had shown it possible
to qualitatively show the presence of GBL and GHB using a similar
approach [26]. We initially studied a 0.5 mg/ml solution of GBL and
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were able to form a purple-colored solution, in agreement with pre-
vious studies, which gave an absorption maximum of 499 nm. The
color was produced instantly following the addition of ferric chlo-
ride. The resulting color was found to give a linear response with its
absorption at 499 nm over the range 0.1 to 1.12mg/ml GBL using
visible spectroscopy. A slope of 0.246 absorbance units per mg/ml
(R? value of 0.9994) was recorded using a 1 cm path length. Figure 1
shows the resulting solutions obtained in (a) in the presence of
1.12mg/ml of GBL and (b) in the absence of GBL. The developed
color was found to be stable for over 2weeks for a 1.0 mg/ml GBL
solution. However, previous studies have shown that the color de-
veloped immediately [41] remained unchanged for at least 5 min, and
decreased to 76% of its original value at 25 min [42]. Figure 1C shows
the image obtained via the color picker and helper. The crosshairs

show the area of the image sampled to obtain the RGB data.

3.2 | Smartphone RGB investigations

Little correlation with the concentration of the GBL color product
was observable for the raw RGB data collected (Figure 2A). However,
there would appear to be some pattern, which like the red and green
diverge from each other, after 0.2 mg/ml GBL. The blue values also
run parallel to red. Nevertheless, simple normalization of the RGB
data was found to overcome this problem. A number of different
methods have been reported to achieve this [43]. The simplest, and
most readily achievable approach, which we have employed here, is
to normalize the individual R, G, and B values as a percentage of the
total RGB (Equations 1, 2, and 3). Normalizing the RGB data in such
a way corrects for variables such as local illumination, viewing angle,

(0]
(o] (o]
H' HONH,.HCI Fe¥ H*
H “ Ps —,>
O\/\)J\OH ? HO\/\/”\N OH
2 NaOH H /

(0] (1)

and distance. Once corrected, as a percentage, plots of %R, %G, and
%B all showed good linear relationships (R? of 0.996 for the % R)
with the concentration of GBL over the entire range investigated
(Figure 2B).

R

G
%G—<m)“°°
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_ B
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In further studies of this approach, we investigated the effect of dis-
tance that the smartphone camera was from the color source had on
the resulting percentage normalized RGB values (Figure 3). Using a
color rectangle generated in Microsoft Word® [37], we acquired a se-
ries of images at increasing distances from the source. Once corrected
using the equations described in Equations 1-3 we were able to show
that the relative percentages of red (%R) did not change for up to at
least 40cm from the color source (%CV between 0.30% and 1.43%).
Both the percentages of green (%G) and blue (%B) remained relatively
constant for up to over one meter (%CV between 0.12% and 2.94%).
The color of the beer sample in the absence of GBL was found
to be yellow, similar to that generally reported in the literature for
this colorimetric test in the absence of the target lactone [26]. The
%RGB values obtained from this solution were then subtracted from
the sample values to blank correct the results, in a similar manner to
zeroing with a blank solution for the spectrophotometer approach.

()}

SCHEME Il Reaction mechanism for GHB and GBL to form the purple-colored hydroxamate Fe(lll) complex

©

FIGURE 1 Colordeveloped in the
presence (A) and absence (B) of 1.12
mg/ml GBL, (C) 0.56 mg/ml GBL solution
showing crosshairs of color picker

and helper highlighting area where

color was recorded. GBL, gamma-
butyrolactone[Color figure can be viewed
at wileyonlinelibrary.com]
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FIGURE 2 Plots of the relationship between the red (R), green
(G) and blue (B) with GBL concentration as its hydroxylamine/
ferric chloride derivative. Before normalization (A) and (B) after
normalization. GBL, gamma-butyrolactone [Color figure can be
viewed at wileyonlinelibrary.com]

In further investigations, we focused on the use of the R values
for the determination of GBL as this was the most sensitive, giving
the largest slope of the RGB values studied (Figure 2B). A limit of
detection, based on 3¢, of 73.9 mg/L for GBL was found. Coefficient
of variations of 1.90%, 1.10% and 2.28% for %R, %G and %B were
obtained for a concentration of 0.56mg/ml GBL. This is notably
better than that reported by some other spectroscopy-based tech-
niques applied to beverage samples [44,45]. Recent reports have
also shown that similar results could be gained using cheaper camera
devices [46].

3.3 | Analytical application

The possibility of determining the concentration of GBL in an alco-
holic beverage was investigated. A 0.3 ml aliquot of the beer (Tyskie,
alager beer produced by Gronie) was taken and treated as described
above using the optimized conditions. The concentration of GBL
was determined by external calibration following blank correction
using the normalized %R as part of the RGB color model. A mean
recovery of 103% with an associated %CV of 0.70% intraday and
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FIGURE 3 Plots of the relationship between the %red (%R),
%green (%G) and %blue (%B) with distance of the smartphone
camera from the color source. Each point is a mean of three of
separate images [Color figure can be viewed at wileyonlinelibrary.
com]

1.5% interday (n = 5) was obtained for the beer sample fortified at
0.56 mg/ml GBL. These data demonstrate that the proposed method
has promise for the determination of GBL in such samples. It should
be also mentioned that GHB can also be determined using the same
approach. The analytical performance characteristics compared
well with that obtained by a standard UV/Vis method utilizing a
laboratory-based instrument. Using this approach, a mean percent-
age recovery of 82.4%, with an associated %CV of 12.7% (n = 5) was
obtained for the same beer sample, fortified at 0.56 mg/ml GBL.

3.4 | Possible interferences

The method has been shown to be successful for the determina-
tion of GBL and GHB in a larger type beer. In future studies, we
will explore the possibility of determining these and other drugs
in a range of beverages. As with all colorimetric methods, the nat-
ural color of some beverages would prove to be a challenge. A
number of other color models have been developed, such as the
cyan, magenta, yellow and black (CMYK), and the hue, lightness,
and saturation (HLS) models. However, these have generally not
been applied analytically [47]. The possibility of determining more
strongly colored beverages will be explored using technologies
such as wavelength filters [48] and microfluidics [39], which could
be used in combination with other detection systems such as elec-
trochemical [49].

Beers, such as the lager we have studied here are reported
[50] to contain a number of naturally occurring esters; principally
ethyl acetate, at levels between 10 and 30mg/L; with smaller
levels of long chain and aromatic esters present. The levels of
these are below the limit of detection of our developed method.
Consequently, these levels will not interfere with our method
when applied to such samples. The total ester content of distil-
lates is reportedly notably higher and dependent on the spirit
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in question [50]. Whiskies, depending on their origin, can have
ester levels from 360mg/L up to 1010 mg/L. Rums and brandies
are also notably higher than beer, at 44 to 643mg/L and 300
to 6000 mg/L, respectively. Bartos [51], has shown that the Fe-
hydroxamate colored complexes of both ethyl acetate and GBL to
have nearly equal molar extinction coefficients. As a result, our
developed method will successfully work when applied to beer,

but challenged by distillates such as whiskey and brandies.

4 | CONCLUSIONS

A simple and rapid method for the determination of GHB and
GBL in a beverage sample using a colorimetric procedure and a
smartphone has been successfully developed. Using the camera
function of a smartphone and a free, readily available, download-
able App, forensically relevant concentrations could successfully
be determined in beer. The method gives reliable results using an
external calibration method with a mean percentage recovery of
103% (%CV = 0.70%, n = 5) obtained for a sample of beer forti-
fied at a concentration of 0.56 mg/ml. The determination of GBL
levels required only a simple calculation of the percentage red
component of the overall RGB determined. A theoretical detec-
tion limit of 73.9 mg/L was found and the developed method was
shown to give similar performance to that gained by conventional,
laboratory-based UV/Vis spectroscopy. To our knowledge, this is
the first example of the application of this colorimetric procedure
for the quantitative determination of GBL and the first employing
smartphone technology. In future studies, we will investigate the
possibility of using this technique to determine other drugs and

compounds.

ACKNOWLEDGMENTS
We would like to thank the Faculty of Applied Sciences, University
of the West of England, Bristol, UK. Alun Truscott-Owen is thanked
for his technical assistance.

REFERENCES

1. Berretta P, Vari MR. The overwhelming issue of Drug Facilitated
Sexual Assaults (DFSA): the case of GHB. Clin Ter. 2020;171(1):e44-
5. https://doi.org/10.7417/CT.2020.2187

2. European Monitoring Centre for Drugs and Drug Addiction.
EMCDDA thematic papers — GHB and its precursor GBL: an
emerging trend case study. Lisbon, Portugal: European Monitoring
Centre for Drugs and Drug Addiction; 2008.

3. Varela M, Nogué S, Orés M, Miré6 O. Gamma hydroxybutirate
use for sexual assault. Emerg Med J. 2004;21:255-6. https://doi.
org/10.1136/emj.2002.002402

4. Leung S, Tamm W, Cheng W, Chan F, Hung C, Wong T, et al.
Toxicology. In: Daeid N, Houck M, editors. Interpol's forensic sci-
ence review. London, UK: CRC Press; 2010. p. 281-351.

5. LeBeau M, Montgomery M, Morris-Kukoski C, Schaff J, Deakin A.
Further evidence of in vitro production of gamma-hydroxybutyrate
(GHB) in urine samples. Forensic Sci Int. 2006;169(2-3):152-6.
https://doi.org/10.1016/j.forsciint.2006.08.007

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Lyman M. Identification of drug evidence. In: Bowden J, Manning
V, editors. Practical drug enforcement. 3rd ed. London, UK:
Routledge; 2006. p. 65-72.

The Misuse of Drugs Act 1971 (Amendment) Order. 2009. http://
www.opsi.gov.uk/si/si2009/draft/ukdsi_9780111486610_en_1.
Accessed 22 Mar 2022.

Savino JO, Turvey BE. Rape investigation handbook. Waltham, MA:
Academic Press; 2011. p. 335.

Mason PE, Kerns WP 2nd. Gamma hydroxybutyric acid (GHB)
intoxication. Acad Emerg Med. 2002;9(7):730-9. https://doi.
org/10.1111/j.1553-2712.2002.tb02154.x

Weng T-I, Chen L-Y, Chen J-Y, Chen G-Y, Mou C-W, Chao Y-
L, et al. Characteristics of patients with analytically confirmed
y-hydroxybutyric acid/y-butyrolactone (GHB/GBL)-related
emergency department visits in Taiwan. J Formos Med Assoc.
2021;120(10):1914-20. https:/doi.org/10.1016/j.jfma.2021.03.030
Gamma-butyrolactone (GBL): Critical Review Report, Agenda
item 4.3. Expert Committee on Drug Dependence, World Health
Organisation. 2014. https://www.who.int/medicines/areas/quali
ty_safety/4_3_Review.pdf. Accessed 24 Dec 2021.

Ciolino LA, Mesmer MZ, Satzger RD, Machal AC, McCauley HA,
Mohrhaus AS. The chemical interconversion of GHB and GBL:
Forensic issues and implications. J Forensic Sci. 2001;46(6):1315-
23. https://doi.org/10.1520/JFS15152)

Roth RH, Giarman NJ. Preliminary report on the metabolism of
g-butyrolactone and g-hydroxybutyric acid. Biochem Pharmacol.
1965;14:177-8. https://doi.org/10.1016/0006-2952(65)90073-0
Chappell JS. The non-equilibrium aqueous solution chemistry of
gamma hydroxybutyric acid. JCLIC. 2002;12:20-7.

Streitwieser A, Heathcock CH. Introduction to organic chemistry.
2nd ed. London, UK: Collier Macmillan Publishers; 1981. p. 859-60.
Chappell JS, Meyn AW, Ngim KK. The extraction and infrared
identification of gamma-hydroxybutyric acid (GHB) from aqueous
solutions. J Forensic Sci. 2004;49(1):52-9. https://doi.org/10.1520/
JFS2003175

LeBeau M, Montgomery M, Miller M, Burmeister S. Analysis
of biofluids for gamma-hydroxybutyrate (GHB) and gamma-
butyrolactone (GBL) by headspace GC-FID and GC-MS. J Anal
Toxicol. 2000;24(6):421-8. https://doi.org/10.1093/jat/24.6.421
Roberts D, Smith M, Gopalakrishnan M, Whittaker G, Day R.
Extreme y-butyrolactone overdose with severe metabolic acidosis
requiring hemodialysis. Ann Emerg Med. 2011;58(1):83-5. https://
doi.org/10.1016/j.annemergmed.2011.01.017

Carter L, Richards B, Mintzer M, Griffiths R. Relative abuse liabil-
ity of GHB in human: a comparison of psychomotor, subjective and
cognitive effects of supratherapeutic doses of triazolam, pentobar-
bital and GHB. Neuropsychopharmacology. 2006;31(11):2537-51.
https://doi.org/10.1038/sj.npp.1301146

Couper F, Marinetti L. y-hydroxybutyrate (GHB) - Effects on human
performance and behaviour. Forensic Sci Rev. 2002;14(1-2):101-21.
Carter LP, Pardi D, Gorsline J, Griffiths RR. lllicit gamma-
hydroxybutyrate (GHB) and pharmaceutical sodium oxybate
(Xyrem®): differences in characteristics and misuse. Drug Alcohol
Depend. 2009;104(1-2):1-10.  https://doi.org/10.1016/j.druga
lcdep.2009.04.012

Abanades S, Farre M, Segura M, Pichini S, Barral D, Pacifici R, et al.
y-hydroxybutyrate (GHB) in humans, pharmacodynamics and phar-
macokinetics. Ann N Y Acad Sci. 2006;1074:559-76. https://doi.
org/10.1196/annals.1369.065

Dupont P, Thornton J. Near-fatal gamma-butyrolactone intoxica-
tion - First report in the UK. Hum Exp Toxicol. 2001;20(1):19-22.
https://doi.org/10.1191/096032701666142043

Holt AK, Poklis JL, Cobb CO, Peace MR. Identification of gamma-
butyrolactone in JUUL liquids. J Anal Toxicol. 2021;45(8):892-900.
https://doi.org/10.1093/jat/bkab067


https://doi.org/10.7417/CT.2020.2187
https://doi.org/10.1136/emj.2002.002402
https://doi.org/10.1136/emj.2002.002402
https://doi.org/10.1016/j.forsciint.2006.08.007
http://www.opsi.gov.uk/si/si2009/draft/ukdsi_9780111486610_en_1
http://www.opsi.gov.uk/si/si2009/draft/ukdsi_9780111486610_en_1
https://doi.org/10.1111/j.1553-2712.2002.tb02154.x
https://doi.org/10.1111/j.1553-2712.2002.tb02154.x
https://doi.org/10.1016/j.jfma.2021.03.030
https://www.who.int/medicines/areas/quality_safety/4_3_Review.pdf
https://www.who.int/medicines/areas/quality_safety/4_3_Review.pdf
https://doi.org/10.1520/JFS15152J
https://doi.org/10.1016/0006-2952(65)90073-0
https://doi.org/10.1520/JFS2003175
https://doi.org/10.1520/JFS2003175
https://doi.org/10.1093/jat/24.6.421
https://doi.org/10.1016/j.annemergmed.2011.01.017
https://doi.org/10.1016/j.annemergmed.2011.01.017
https://doi.org/10.1038/sj.npp.1301146
https://doi.org/10.1016/j.drugalcdep.2009.04.012
https://doi.org/10.1016/j.drugalcdep.2009.04.012
https://doi.org/10.1196/annals.1369.065
https://doi.org/10.1196/annals.1369.065
https://doi.org/10.1191/096032701666142043
https://doi.org/10.1093/jat/bkab067

PROCIDA ano HONEYCHURCH

1703

JOURNAL

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Andresen H, Aydin BE, Mueller A, Iwersen-Bergmann S. An over-
view of gamma-hydroxybutyric acid: pharmacodynamics, phar-
macokinetics, toxic effects, addiction, analytical methods, and
interpretation of results. Drug Test Anal. 2011;3(9):560-8. https://
doi.org/10.1002/dta.254

Alston WC, Ng K. Rapid colorimetric screening test for y-
hydroxybutyric acid (liquid X) in human urine. Forensic Sci
Int. 2002;126(2):114-7. https://doi.org/10.1016/s0379
-0738(02)00050-6

Zhang S, Huang Z. A color test for rapid screening of gamma-
hydroxybutyric acid (GHB) and gamma-butyrolactone (GBL) in
drink and urine. Fa Yi Xue Za Zhi. 2006;22(6):424-7.

Goddu RF, Leblanc NF, Wright CM. Spectrophotometric determi-
nation of esters and anhydrides by hydroxamic acid reaction. Anal
Chem. 1955;27(8):1251-5. https://doi.org/10.1021/ac60104a012
Jencks WP. The reaction of hydroxylamine with activated
acyl groups. Il. Mechanism of the reaction. J Am Chem Soc.
1958;80(17):4585-8. https://doi.org/10.1021/ja01550a041
Mallinson K. Smartphone revolution: technology patenting
and licensing fosters innovation, market entry, and exceptional
growth. IEEE Consum Electron Mag. 2015;4(2):60-6. https://doi.
org/10.1109/MCE.2015.2392954

Majumder S, Deen MJ. Smartphone sensors for health monitoring
and diagnosis. Sensors. 2019;19(9):2164. https://doi.org/10.3390/
s19092164
PongnumkulS,ChaovalitP,SurasvadiN. Applicationsof smartphone-
based sensors in agriculture: a systematic review of research. J
Sens. 2015;2015:195308. https://doi.org/10.1155/2015/195308
Hlaing WM, Kruanetr MS, Ruengsitagoon W. RGB colorimetric
method for the quantitative analysis of levocetirizine tablets. Isan J
Pharm Sci. 2020;16(3):78-88. https://doi.org/10.14456/ijps.2020.19
Silva TG, Paixao, TRLC. Development of a colorimetric array to dis-
criminate cutting agents in seized cocaine samples. In: Proceedings
of the 2019 IEEE International Symposium on Olfaction and
Electronic Nose (ISOEN); 2019 May 26-29; Fukuoka, Japan.
Piscataway, NJ: IEEE; 2019. p. 1-3. doi: https://doi.org/10.1109/
ISOEN.2019.8823260.

Koesdjojo MT, Wu Y, Boonloed A, Dunfield EM, Remcho VT. Low-
cost, high-speed identification of counterfeit antimalarial drugs on
paper. Talanta. 2014;130:122-7. https://doi.org/10.1016/j.talan
ta.2014.05.050

PhadungcharoenN, PatrojanasophonP,OpanasopitP,Ngawhirunpat
T, Chinsriwongkul A, Rojanarata T. Smartphone-based Ellman's co-
lourimetric methods for the analysis of D-penicillamine formulation
and thiolated polymer. Int J Pharm. 2019;558(10):120-7. https://
doi.org/10.1016/j.ijpharm.2018.12.078

Merli D, Profumo A, Tinivella S, Protti S. From smart drugs to smart-
phone: a colorimetric spot test for the analysis of the synthetic
cannabinoid AB-001. Forensic Chem. 2019;14:100167. https://doi.
org/10.1016/j.forc.2019.100167

Choodum A, Kanatharana P, Wongniramaikul W, NicDaeid N. A
sol-gel colorimetric sensor for methamphetamine detection. Sens
Actuator B Chem. 2015;215:553-60. https://doi.org/10.1016/j.
snb.2015.03.089

Musile G, Wang L, Bottoms J, Tagliaro F, McCord B. The develop-
ment of paper microfluidic devices for presumptive drug detection.
Anal Methods. 2015;7:8025-33. https://doi.org/10.1039/C5AY0
1432H

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

FORENSIC SCIENCES $2ee

Shen L, Hagen JA, Papautsky I. Point-of-care colorimetric detec-
tion with a smartphone. Lab Chip. 2012;12:4240-3. https://doi.
org/10.1039/C2LC40741H

Kringstad R. Detection of unstable lactones by means of thin layer
chromatography and the ferric hydroxamate test. Anal Chem.
1975;47(8):1420-1. https://doi.org/10.1021/ac60358a064
Wollish EG, Schmall M. Colorimetric determination of panthenol
and pantothenates. Anal Chem. 1950;22(8):1033-7. https://doi.
org/10.1021/ac60044a020

Zickler T, Mallick SP, Kriegman DJ, Belhumeur PN. Color sub-
spaces as photometric invariants. In: Proceedings of the 2006 IEEE
Computer Society Conference on Computer Vision and Pattern
Recognition; 2006 June 17-22; New York, NY. Piscataway, NJ: IEEE;
2006. p. 2000-10. doi:https://doi.org/10.1109/CVPR.2006.77.
Brewster VL, Edwards HGM, Hargreaves MD, Munsh T.
Identification of the date-rape drug GHB and its precursor GBL by
Raman spectroscopy. Drug Test Anal. 2009;1(1):25-31. https://doi.
org/10.1002/dta.11

Zhai D, Agrawalla BK, Eng PSF, Lee S-C, Xu W, Chang Y-T.
Development of a fluorescent sensor for an illicit date rape drug
- GBL. Chem Commun. 2013;49:6170-2. https://doi.org/10.1039/
C3CC49603A

Jégouic SM, Jones IM, Edwards AD. Affordable mobile microfluidic
diagnostics: Minimum requirements for smartphones and digital
imaging for colorimetric and fluorometric anti-dengue and anti-
SARS-CoV-2 antibody detection. Wellcome Open Res. 2021;6:57.
https://doi.org/10.12688/wellcomeopenres.16628.1

Paciornik S, Yallouz AV, Campos RC, Gannerman D. Scanner image
analysis in the quantification of mercury using spot-tests. J Braz
Chem Soc. 2006;17(1):156-61. https://doi.org/10.1590/S0103
-50532006000100022

Kersh KL, Childers JM, Justice D, Karim G. Detection of gunshot res-
idue on dark-colored clothing prior to chemical analysis. J Forensic
Sci.2014;59(3):754-62. https://doi.org/10.1111/1556-4029.12409
Jiménez-Pérez R, Sevilla JM, Pineda T, Blazquez M, Gonzalez-
Rodriguez J. Comparative study of g-hidroxybutiric acid (GHB) and
other derivative compounds by spectroelectrochemistry Raman
(SERS) on platinum surface. Electrochim Acta. 2016;193(1):154-9.
https://doi.org/10.1016/j.electacta.2016.02.041

IARC Working Group on the Evaluation of Carcinogenic Risks to
Humans. Alcohol drinking. 3. Chemical composition of Aalcoholic
beverages, additives and contaminants. (IARC monographs on the
evaluation of carcinogenic risks to humans, No. 44). Lyon, France:
International Agency for Research on Cancer; 1988. https://www.
ncbi.nim.nih.gov/books/NBK531662/ .

Bartos J. Colorimetric determination organic compounds by forma-
tion of hydroxamic acids. Talanta. 1980;27(7):583-90. https://doi.
org/10.1016/0039-9140(80)80183-4

How to cite this article: Procida A, Honeychurch KC.
Smartphone-based colorimetric determination of gamma-
butyrolactone and gamma-hydroxybutyrate in alcoholic
beverage samples. J Forensic Sci. 2022;67:1697-1703. https://
doi.org/10.1111/1556-4029.15042



https://doi.org/10.1002/dta.254
https://doi.org/10.1002/dta.254
https://doi.org/10.1016/s0379-0738(02)00050-6
https://doi.org/10.1016/s0379-0738(02)00050-6
https://doi.org/10.1021/ac60104a012
https://doi.org/10.1021/ja01550a041
https://doi.org/10.1109/MCE.2015.2392954
https://doi.org/10.1109/MCE.2015.2392954
https://doi.org/10.3390/s19092164
https://doi.org/10.3390/s19092164
https://doi.org/10.1155/2015/195308
https://doi.org/10.14456/ijps.2020.19
https://doi.org/10.1109/ISOEN.2019.8823260
https://doi.org/10.1109/ISOEN.2019.8823260
https://doi.org/10.1016/j.talanta.2014.05.050
https://doi.org/10.1016/j.talanta.2014.05.050
https://doi.org/10.1016/j.ijpharm.2018.12.078
https://doi.org/10.1016/j.ijpharm.2018.12.078
https://doi.org/10.1016/j.forc.2019.100167
https://doi.org/10.1016/j.forc.2019.100167
https://doi.org/10.1016/j.snb.2015.03.089
https://doi.org/10.1016/j.snb.2015.03.089
https://doi.org/10.1039/C5AY01432H
https://doi.org/10.1039/C5AY01432H
https://doi.org/10.1039/C2LC40741H
https://doi.org/10.1039/C2LC40741H
https://doi.org/10.1021/ac60358a064
https://doi.org/10.1021/ac60044a020
https://doi.org/10.1021/ac60044a020
https://doi.org/10.1109/CVPR.2006.77
https://doi.org/10.1002/dta.11
https://doi.org/10.1002/dta.11
https://doi.org/10.1039/C3CC49603A
https://doi.org/10.1039/C3CC49603A
https://doi.org/10.12688/wellcomeopenres.16628.1
https://doi.org/10.1590/S0103-50532006000100022
https://doi.org/10.1590/S0103-50532006000100022
https://doi.org/10.1111/1556-4029.12409
https://doi.org/10.1016/j.electacta.2016.02.041
https://www.ncbi.nlm.nih.gov/books/NBK531662/
https://www.ncbi.nlm.nih.gov/books/NBK531662/
https://doi.org/10.1016/0039-9140(80)80183-4
https://doi.org/10.1016/0039-9140(80)80183-4
https://doi.org/10.1111/1556-4029.15042
https://doi.org/10.1111/1556-4029.15042

	Smartphone-­based colorimetric determination of gamma-­butyrolactone and gamma-­hydroxybutyrate in alcoholic beverage samples
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Materials
	2.2|Gamma-­hydroxybutyrate and gamma-­butyrolactone hydroxamate derivatization procedure
	2.3|UV/Vis spectrographic investigations of the ferric-­hydroxamate derivative
	2.4|Smartphone RGB sampling of colorimetric GBL standards and samples

	3|RESULTS AND DISCUSSION
	3.1|Visible spectroscopy investigation of the ferric-­hydroxamate iron complex of GBL
	3.2|Smartphone RGB investigations
	3.3|Analytical application
	3.4|Possible interferences

	4|CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES


