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Abstract Methanol has a widespread commercial use as a solvent in paints, varnishes, anti-freeze

solutions and denaturant for ethanol. Exposure may occur due to accidental, suicidal ingestion or

as a result of consuming adulterated liquor. Fatalities were reported in Pakistan in an incident after

consuming methanol-tainted liquor. Postmortem specimens of eight deceased males, ages ranged

from 16 to 40 yrs, were submitted for toxicological analysis. Presence of blurred vision, severe meta-

bolic acidosis with decreased serum bicarbonate level, increased serum osmolality and mean anion

gap before death strongly suggested methanol toxicity. Headspace gas chromatograph coupled to

flame ionization detector was used to quantify volatiles in blood and stomach contents of victims.

Lethal levels of methanol in addition to ethanol were detected. The most probable mechanism of

methanol-related deaths was sudden cessation of respiration due to inhibition of cytochrome oxi-

dase that led to histotoxic hypoxia.
� 2016 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by

Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Methanol is a common component of paints, varnishes, sol-
vents, anti-freeze solutions and is utilized both in denaturing
ethanol and as an alternative fuel source.1 Pure methanol is

colorless and has a faint, slightly alcoholic odor with molecular
weight of 32 g/mol.2 It is easily absorbed through the skin, res-
piratory tract or gastrointestinal tract causing toxicity. Normal
blood concentration derived from endogenous production and

dietary source is 0.00015 g/dL or less.3,4 Dietary sources

include fresh fruits/juices, vegetables and dietary products con-

taining aspartame. Minimum lethal concentration in blood is
0.04 g/dL and the smallest amount of methanol reported to
cause death is 15 mL of 40% methanol.5 Methanol is formed
in very small amounts during fermentation, the process by

which ethanol is made from plant products like grape juice
or cereal grains but can cause hang over even in these small
amounts. The potential for its presence in drinks made from

home-distilled spirits is a serious health risk. Home distillation
to make spirits like gin or rum concentrates the levels of both
ethanol and methanol and is not technically advanced to sep-

arate methanol from ethanol. The methanol content of 20
commercial wines was found to range from 50 to 325 mg/L6

and of 24 distilled liquors from 13 to 106 mg/L.7 Methanol
poisoning most commonly occur due to accidental, suicidal
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ingestion or as a result of consuming adulterated liquor in spo-
radic or epidemic circumstances.1,8

The consumption and sale of alcohol, irrespective of age, is

illegal in Pakistan but still dozens of people lose their lives
every year after consuming home-made liquor tainted with
methanol. In this article an incident that occurred in July

2013 in Faisalabad, a city in Pakistan’s eastern province of
Punjab was presented, which resulted in fatalities after ingest-
ing locally distilled methanol-tainted moonshine. An investiga-

tion was launched to probe the incident and an inquiry
committee was also constituted under the Punjab Home
Department to look into the matter. The alleged supplier of
the toxic liquor told the police that he had mixed a chemical

(methanol) into liquor to make it taste better; he further con-
fessed that he had bought methanol from a homeopathic doc-
tor. A case was then registered by the police registered against

brewers and suppliers.

2. Incident report

Eight patients age ranging between 16 and 40 yrs were
admitted to the emergency departments of local hospital in
Faisalabad, Pakistan after consuming toxic liquor. All the vic-

tims were resident of Faisalabad and belonged to labor com-
munity. In an attempt to hide the incident from the police,
the victim’s relatives first took them to private hospitals but

when their conditions deteriorated, they were shifted to gov-
ernment hospitals. At the time of admission, they all com-
plained to vertigo, dizziness, nausea, vomiting and visual
disturbances. Available clinical laboratory findings of these

patients on hospitalization are shown in Table 1.
Victims were kept in the intensive care units but they could

not survive. The victims died within 2–3 h of admission in the

government hospital. Autopsies were conducted and post-
mortem specimens of fatalities9 were submitted to forensic tox-
icology department of Punjab Forensic Science Agency Lahore

for analysis.

3. Materials and method

3.1. Materials

Commercial grade methanol, ethanol, isopropanol, acetone
and n-propanol were purchased from Sigma-Aldrich, USA.

Hydrochloric acid was purchased from Fisher Scientific (Fair
Lawn, NJ, USA). Synthetic drug free blood was obtained from
Immunalysis Corporation, USA.

3.2. Method

An Agilent 7890A gas chromatograph coupled to flame ioniza-

tion detector with split injector and Agilent G1888 headspace
auto-sampler was used for the analysis of volatiles in post-
mortem blood and gastric content specimens. The loop, oven

and transfer line temperatures of headspace auto-sampler were
set to 80, 70 and 90 �C respectively. Injection time was set to
0.5 min whereas oven stabilization time was 1 min with loop

equilibration time of 5 sec. Loop fill time and vial pressuriza-
tion time were set to 0.2 min with vial equilibration time of
7 min. The separation in gas chromatograph was accomplished
on an HP-Innowax (PEG) capillary column (30 m length,

320 lm internal diameter, 0.5 lm film thickness). Injections
were made in the split mode with the split ratio of 1:1. The
injector was held at 200 �C at a pressure of 4.7543 psi. An

Agilent split liner without glass wool was used. Septum purge
flow was 3 mL/min and split flow was 0.09479 mL/min.
Nitrogen carrier gas (99.999% pure, Noor Chemicals Private

Limited, Pakistan) flow to the column was set to 1.4 mL/min.
The gas saver mode was turned off in order to allow more
nitrogen to run through the liner to displace any residual
vapors, hence reducing the carry-over. The initial GC oven

temperature was 40 �C which was then ramped at a rate of
16 �C/min to 120 �C and held for 0.3 min. Maximum oven
temperature was set to 265 �C with equilibration time of

0.5 min. The FID heater temperature was set to 300 �C. The
hydrogen gas (fuel gas in FID produced from HydroGen
PH200 H2 generator by Peak Scientific, Scotland UK) and

air flow rates were set to 30 and 400 mL/min respectively with
a make-up flow of 25 mL/min. The run time was 5.3 min and
the retention time of methanol was 3.4 ± 0.1 min. The method

was validated according to criteria established by the SWG-
TOX guidelines for linearity, limits of detection and quantita-
tion, precision and accuracy.10 The calibrated concentrations
(10, 50, 100, 200 and 500 mg/dL) were chosen to encompass

the toxic and fatal methanol and ethanol concentrations.

4. Results

Limits of detection and quantitation for both methanol and
ethanol were set at 5 and 10 mg/dL, respectively. Method
has shown good linearity up to 1000 mg/dL (r2 = 0.998).

Intra-assay (5 calibrator concentrations, 5 replicates) and
interassay (5 calibrator concentrations on 5 different days) pre-
cision was evaluated and determined to be within acceptable

parameters (coefficient of variation was 1.8–6.3%). Accuracy
was assessed with four different concentrations (analytical
variability ranged from �3 to +8 mg/dL of the target).

Postmortem blood and stomach contents specimens of
eight deceased males were analyzed as shown in Table 1, tox-
icological analysis of postmortem blood and stomach contents
revealed the following methanol concentrations was 0.04–

0.25 g/dL in blood and 0.014–0.06 g/dL in stomach contents;
whereas, ethanol concentration was 0.018–0.072 g/dL in blood
and 0.025–0.099 g/dL in stomach contents as shown in Table 2.

In addition to methanol, ethanol was also detected in blood

Table 1 Clinical laboratory findings of the eight patients on

admission.

Clinical parameters Normal lab.

ranges

Ranges obtained

in patients

Serum potassium level (mEq/L) 3.5–5 2.1–6.3

White blood cell count

(WBC/lL)
4500–10,000 7600–14,200

Mean corpuscular volume

(fl/dL)

80–100 80–104

Mean arterial bicarbonate level

(mmol/L)

22–30 5–19

Mean arterial pH value 7.35–7.45 6.95–7.39

Serum amylase level (mg%) 30–110 30–384

Mean serum osmolality (mOsm

per kg of water)

270–290 325

Mean anion gap (mEq/L) 12–16 25
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