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ABSTRACT 

The hip-flask defence is a common claim in drunk drinking cases. In Sweden and Norway 
two different models are used to determine these cases. In Sweden one blood and two 
urine samples taken 60 minutes apart are used for analysis. In Norway two blood samples 
taken 30 minutes apart are used. Sweden focuses on the rise or fall of alcohol 
concentration in urine (UAC), and the ratio between UAC and blood alcohol 
concentrations (BAC). Norway focuses on the rise or fall of the alcohol metabolite ethyl 
glucuronide (EtG) and the ratio between BAC and EtG. The aim of this study was to test 
the models for multiple intakes and with different alcoholic beverages. Thirty-five 
participants ingested two doses, first 0.51 g/kg of beer and later either 0.25, 0.51 or 0.85 
g/kg of beer, wine or vodka. Blood and urine samples were obtained before and after 
alcohol intake. Alcohol was measured by HS GC-FID, and the alcohol metabolite by UPLC-
MS/MS. The results showed that there are kinetic differences between single and repeated 
intakes, that there are no significant differences in kinetics from different alcoholic 
beverages and that the Norwegian model appears to be the stronger one in hip-flask 
determination.   
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ABBREVATIONS 

Abv  Alcohol by volume 

ADH  Alcohol dehydrogenase 

ALDH  Aldehyde dehydrogenase 

BAC   Blood alcohol concentration 

Cmax Peak concentration 

E. coli Escherichia coli 

ESI Electrospray Ionization 

EtG Ethyl glucuronide 

EtOH Ethanol 

EtS Ethyl sulfate 

FID  Flame ionization detector 

GC  Gas Chromatograph 

HPLC  High Performance Liquid Chromatography 

HS  Headspace 

IS  Internal standard 

MS  Mass spectrometer 

MS/MS  Tandem mass spectrometer 

MEOS  Microsomal ethanol-oxidizing system 

P-value  Probability value 

RMV  Rättsmedicinalverket, National Board of Forensic Medicine 

RP  Reversed-Phase 

SD   Standard deviation 

SULTs  Sulfotransferases 

Tmax  Time to reach peak concentration 

UAC  Urine alcohol concentration 

UGT  Uridine 5'-diphospho-glucuronosyltransferase 

UPLC  Ultra Performance Liquid Chromatography 

UTIs  Urinary tract infections   
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1 INTRODUCTION 

1.1 Ethanol, Ethyl glucoronide and ethyl sulfate 

Ethanol (CH3CH2OH; Figure 1), also known as ethyl alcohol (EtOH), but commonly called 

alcohol (in this text, the terms alcohol and ethanol will be used interchangeably) is a 

flammable, volatile, clear and colorless liquid with a boiling point at 78.3° C. It is miscible 

with water, which makes it a useful solvent. It can also be used as a disinfectant, 

preservative and as fuel for motor powered vehicles, although it is most known as the 

active substance in alcoholic beverages. (1, 2) 

Ethanol in the body is mainly eliminated by the liver and the kinetics follows the Michaelis 

- Menten equation, which describes a saturating function of liver enzymes due to the 

substrate concentration. The three major elimination pathways via enzymes in the liver are 

alcohol dehydrogenase (ADH), the microsomal ethanol-oxidizing system (MEOS) and 

aldehyde dehydrogenase (ALDH). (3, 4) 

Ethyl glucuronide (EtG; Figure 2) and ethyl sulfate (EtS; Figure 3) are two non-oxidative 

metabolites of ethanol that are formed by glucuronidation and sulfonation of ethanol and 

reach a maximum blood concentration 3 to 5 hours after intake of ethanol. Comparing the 

results from analysis of ethanol, EtG and EtS is standard in Norway as evidence in hip flask 

defence cases. (5, 6) 

 
 

 
Figure 1 The chemical 
structure of ethanol. 

 
 

 
Figure 2 Chemical structure of ethyl 

glucuronide. 

 

 
 
 
 

 
Figure 3 Chemical structure of 

ethyl sulfate. 

 

1.2 Driving under the influence of alcohol in Sweden and 

Norway. 

According to Swedish law ”Lag (1951:649) om straff för vissa trafikbrott”, 4 § driving under 

the influence is when a person drives a motor-powered vehicle with a minimum of 0.2 per 

mille (‰) of alcohol in the blood, or a minimum of 0.1 mg/l in the exhalation air. 

According to 4 a § the crime is considered aggravated if the suspect has an alcohol 

concentration of a minimum of 1.0 ‰ in the blood or 0.50 mg/l in the exhalation air. (7) 

Driving under the influence of alcohol first became illegal in Sweden in 1941, and the limit 

for legal punishment was at first 1.5 ‰ of alcohol in the bloodstream. The limit has been 

lowered over the years to 0.8 ‰ in 1949, 0.5 ‰ in 1957 and in 1990 the limit was lowered 

to the current limit of 0.2 ‰. And in 1994 the limit for the higher punishment of 
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aggravated drunk driving was lowered from 1.5 to 1.0 ‰ alcohol in the bloodstream. (1, 8, 

9) 

In Norway the law “Lov om vegtrafikk (LOV-1965-06-18-4)”, chapter 4, 22 § 

”Ruspåvirkning av motorvognfører” says that a person is considered to be driving under 
the influence of alcohol if the blood alcohol concentration is higher than 0.2 ‰ or 0.1 mg/l 

in the exhalation air. With limits for higher punishment set at 0.5 and 1.2 ‰ in blood. 

Norway was the first country in the world with a set limit for driving under the influence at 

0.5 ‰, which was the limit until 2001 when it was lowered to the current limit of 0.2 ‰. 

(10-12) 

1.3 The hip flask defence 

In drunk driving incidents, the suspect sometimes has, or claims to have, consumed 

alcohol after driving in hopes of a lighter punishment. This could be after a traffic accident 

when waiting for law enforcement or rescue services. This phenomenon is sometimes 

called “after consumption” or “the hip flask defence” and involves a more resource-

intensive analysis with the need for more evidence than a regular drunk driving incident 

without claimed after consumption. This in turn may lead to the risk of the suspect 

avoiding criminal liability for the crime they have committed. The Swedish model of hip 

flask defence assessment involves taking one set of blood samples and two sets of urine 

samples, taken 60 minutes apart.  (13) 

Meanwhile in Norway the act of “after consumption” has even been outlawed, with the law 

saying that it is illegal to ingest alcohol, or any other intoxicating or anesthetic substances 

during the first six hours after driving, if there could be a police investigation as a result of 

driving. Though this prohibition does not apply after a blood or exhalation test has been 

taken, or the police have decided that such a test should not be taken. However, the 

punishment for after consumption is lower than the punishment for driving under the 

influence (14). So, for the drunk driver there is still much to be gained by after 

consumption, if this could challenge the analytical results and potentially lead to a 

sentence of after consumption instead of driving under the influence. The Norwegian 

model involves taking two sets of blood samples a minimum of 30 minutes apart. (10) 

1.4 Analytical and interpretive strategies 

In Sweden, ethanol concentrations are measured in blood and urine samples. By 
comparing concentrations in blood and two different urine samples collected at separate 

times, a toxicologist can determine if the blood alcohol concentration (BAC) is due to 

recent intake or not. This can be determined due to the kinetic differences of ethanol 

absorption in blood and urine. (1, 15) 

In Norway ethanol concentrations are measured in blood samples as well as 

concentrations of the ethanol metabolites. The metabolites measured build up slowly, so if 

the concentrations are high or low compared to the BAC, a toxicologist can determine if the 

BAC is due to recent intake or not. (5, 6) 
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1.4.1 Assessment of the Hip flask defence 

During the elimination phase, urine alcohol concentration (UAC) is always higher than 

BAC, with ethanol concentration peaking at around 20 % higher in urine (figure 4). If the 

ratio between UAC/BAC is lower than 1.3, it indicates that the suspect has ingested ethanol 
within 1 to 2 hours of sampling. During the first phase of absorption, ethanol concentration 

will always be higher in blood, since UAC peaks 1 to 2 hours after BAC. If the ratio between 

UAC/BAC is above 1.3, then it can be assumed that BAC has been declining at the time of 

sampling. Results from a previous study (figure 4) shows the distribution of ethanol in 

blood and urine after repeated intakes, with the first intake being 0.5 g/kg distributed in 

beer and the second intake 0.5 g/kg distributed in whiskey (16). 

The current Swedish model of determining “after consumption” in hip flask defence cases 

is analysis of one blood and two urine samples. One blood and one urine sample taken as 

soon as possible after law enforcement arrives, and an additional urine sample is taken 60 

minutes after the first. If ethanol has been consumed within two hours of sampling, the 
second urine sample should show a higher ethanol concentration than the first one. Then 

“after consumption” cannot be disregarded, and UAC/BAC ratios can be used to estimate 

when the latest intake could have taken place. And by comparing claimed intake with time 

passed from intake to sampling and the sex and body weight of the suspect, experts can 

estimate BAC at time of after consumption, and if the suspect can still be prosecuted for 

driving under the influence of alcohol. (1, 15) 

 

Figure 4 Example graph of ethanol distribution in blood and urine over time after intakes of 0.5 g/kg, first of beer and 
later of whiskey at 0 and 120 min. Picture taken with permission from author from examination report of a previous 
study in multiple intakes (16). 
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The Norwegian model instead uses two consecutive blood samples, 30 minutes apart and 

focuses on the increase or decrease of EtG and EtS as well as the ratio between ethanol and 

EtG in the first sample. Since ethanol can be completely absorbed in blood within 30 

minutes, the BAC in the second sample may be lower than in the first one. But if the 
suspect has consumed ethanol within the last 1 to 2 hours, the second sample should have 

a higher EtG concentration than the first. Though this could occur even if the last intake 

was 3 to 4 hours ago, since EtG peaks at around that time after last intake. Though the 

ratio between ethanol (mg/g) and EtG (mg/l) in the first sample will be higher than 1.0 if 

the latest intake was within 1 to 2 hours of sample collection. If the ratio is less than 1.0 

this indicates that ethanol has had time to start elimination from the bloodstream, while 

EtG has had enough time to start building up. This is an indication that ethanol has not 

been ingested within the last 1 to 2 hours. (5, 17, 18) 

1.5 Purpose 

The purpose of this study was to improve the understanding of the kinetics of ethanol 

during repeated intakes, by studying the connection between ethanol concentrations in 

blood and urine, as well as the ethanol metabolites EtG and EtS, in order to better 

determine when a person has most recently ingested ethanol. 

1.6 Aims 

1.6.1 Determine how the kinetics of ethanol, EtG and EtS are affected by repeated ethanol 

intake. 

How will the UAC/BAC ratio change and how will the distribution of EtG and EtS be 

reflected in blood and urine over the following hours after repeated ethanol ingestion?  

1.6.2 Determine if the kinetics are affected by different types of alcoholic beverages. 

Can different types of alcoholic beverages affect the absorption of ethanol in blood, and can 

the formation of EtG and EtS differ, even if the total amount of ethanol per kg of body 

weight is the same? 

1.6.3 Determine if the current model of EtG analysis is useful for repeated intakes?  

In Norway, analysis of EtG and EtS has become standard to determine the probable time 

for last ethanol consumption for a suspect claiming the hip flask defence. Their model, 

however, is based solely on single intakes of ethanol. Can the results from this study say if 

this method is viable for correct statements in hip flask defence cases where the suspect 

already had ethanol in the blood or urine before the claimed secondary ethanol intake?  
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2 PROCESS 

2.1 Main Activities 

Five main activities are identified as follows: 

1. Preparations  

2. Experiments 

3. Writing Report 

4. Opposing 

5. Final Presentation 

2.2 Milestones 

M1: Planning report to be handed in to supervisors, then the examining teacher 

M2: Half time check 
M3: Sample collection finished 

M4: All analysis finished  

M5: Handing in of the final report to the examining teacher 

M6: Final presentation and opposing 

M7: Final handing in of the report 

2.3 GANTT-Chart 

A timetable is set up in the form of a GANTT-chart (Appendix A). The project is set to 

proceed at 50 % over 20 weeks, divided into 10 weeks in the autumn term of 2017 and 10 

weeks in the spring term of 2018.  

2.4 Plan for Follow-Up 

Another GANTT-chart is used to plot the actual working hours for each activity on the 

project. Parts of the plan can be modified as the work proceeds to ensure that the main 

activities and milestones are completed. 
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3 THEORY 

3.1 The metabolism of ethanol 

The dissemination of ethanol in the body can be divided in to three separate phases; 

absorption, distribution and elimination. Ethanol quickly starts absorbing in the stomach 

and the small intestine, and measurable amounts can be present in blood within five 

minutes of intake. About 20 % of the ingested ethanol absorbs in the stomach minutes 

after intake, and the remaining 80 % absorbed in the duodenum and small intestine. 

The rate of absorption can vary dramatically depending on factors such as rate of intake 

and if consumed with food, with peak BAC potentially reaching twice as high if ethanol is 

consumed during fasting rather than during a fed state. The type of alcoholic beverage and 

its strength can also affect the absorption, with reports of diluted vodka (from 40 to 20 %) 

faster reaching a higher peak BAC than white wine (12,5 %), which reaches a higher peak 

BAC than beer (5,1 %). (1, 19) 

Peak UAC is reached within 1 to 2 hours after peak BAC and is always higher than BAC (1). 
This is due to the higher water content in urine compared to blood, making ethanol more 

soluble in urine. This means that during the absorption phase after a single dose, the 

UAC/BAC ratio is lower than 1.0.  

After absorption, ethanol is distributed all through the tissues, organs and fluids of the 

body. The amount of ethanol distributed through the body depends on the BAC, blood flow 

and the water content of the tissue, with only small amounts of ethanol being distributed in 

fatty tissues due to ethanol being poorly soluble in fat. Women generally having a lower 

percentage of water in the body than men, means that the different genders distribute and 

absorb ethanol differently. Leading to the same amount of ethanol per kg of body weight 

being distributed in less water in women and resulting in a 10 to 20 % higher BAC than for 

that of men. (20-22) 

From the bloodstream, small amounts of ethanol are dissolved in the lungs, leading to the 

concentration of ethanol in exhalation air being proportional to the concentration in blood, 

and a small part of the elimination of ethanol from the body. The major part of elimination 

(90 to 98 %) occurs in the liver and the rest is excreted unchanged through exhalation air, 

sweat and urine. The liver first breaks down ethanol to acetaldehyde through oxidation and 
via the enzyme ADH and is then transformed into acetate via the enzyme ALDH. Muscle 

tissues (with help from the liver) then, through the citric acid cycle breaks down and 

transform acetate in to carbon dioxide and water. 

The rate of elimination depends much on the individual, with heavy drinkers having a 

higher rate than casual or occasional drinkers, but a good rule of thumb for the rate of 

elimination in a moderate drinker is 0.1 g/kg body weight per hour, or 8 g/h for a person 

weighing 80 kg (22). Since the enzyme ADH is saturated at low BAC levels, elimination of 

ethanol follows zero-order kinetics, until the concentration drops to 20 mg/100 mL, after 

which the elimination tends to follow first-order kinetics. (21, 22) 
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3.1.1 Formation and properties of EtG and EtS 

EtG is a non-oxidative phase II metabolite of ethanol formed after conjugation with 

glucuronic acid catalyzed by Uridine 5'-diphospho-glucuronosyltransferase (UGT) 

enzymes. 
EtS is another non-oxidative metabolite of ethanol and is formed by sulfonation and 

catalyzed by sulfotransferases (SULTs). Less than 0.1 % of ingested ethanol is metabolized 

as EtG and EtS, which is excreted through the urine. (5, 23-25) 

Both EtG and EtS are stable, non-volatile and water-soluble. Their blood level 

concentration reaches a maximum at around 3 to 5 h after intake of ethanol and may be 

detected in urine until 22 to 48 h (or 40 to 130 h in heavy drinkers after withdrawal) after a 

single intake. Permitting verification of ethanol intake long after ethanol itself is 

detectable.  

EtG has been observed to be unstable in blood at temperatures around 30 to 40° C due to 

bacterial degradation. Though stable in room temperature if potassium fluoride is added as 
a preservative. Bacterial degradation has also been observed when urine samples with EtG 

were combined with Escherichia coli (E. coli), which is the most common cause of urinary 

tract infections (UTIs). 

EtS however showed no indication of bacterial degradation from E. coli in the same study 

that observed degradation of EtG. This indicates that analysis of just EtG could possibly 

lead to false-negative or falsely low EtG results. Though this is easily avoided if EtG 

analysis is combined with EtS analysis, which is possible with LC-MS/MS. (23, 24, 26, 27) 

3.2 Analytical methodology  

3.2.1 Ethanol analysis by HS GC-FID  

The principle of chromatography is to separate a mixture of compounds into separate 

components, making them easier to identify and measure. Gas chromatography (GC) is 

used to separate volatile compounds and small molecules with one or more high-purity 

gases. A carrier gas (usually helium, nitrogen or hydrogen) flows into a hot injector, where 

the volatile sample is vaporized and transferred through the inlet and to the column, which 

is placed in a temperature-controlled oven. The column is a long capillary tube made from 

silica or glass and contains a viscous liquid, usually a wall bonded organic phase. This acts 

as the stationary phase as different solutes travel through the column at varying rates, 
depending on how much they interact with the organic phase of the column, as well as the 

oven temperature. The oven temperature is adjusted on a computer that has 

programmable ramping segments. A temperature program can be isothermal, meaning 

that the oven stays at a set temperature through the whole separation, or it can be 

programmed to start at a lower temperature, and steadily rise to a set end temperature. 

The least interacting solute elutes the column first, followed by the remaining solutes in 

corresponding order and are transferred to the detector. A schematic presentation of a gas 

chromatograph can be seen in figure 5. (28, 29) 
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Figure 5 Schematics over a gas chromatograph system. Figure made by author using pictures and information from 
“Laboratory techniques in organic chemistry” by Jerry R. Mohrig, Christina Hammond, Terence C Morrill (30). 

A flame ionization detector (FID) is a common detector that responds well to 

hydrocarbons, but is unresponsive to gases like helium, nitrogen, carbon dioxide and nitric 

oxide. The eluate is transported with helium gas from the column to the detector where it 

is mixed with hydrogen and air. A voltage is applied between the collector (positive 

electrode) and the flame tip (negative electrode), this burns the eluate in the hydrogen/air 

flame to produce CHO+ ions. The current carried through the flame by these ions is 

proportional to the concentration of detectable compounds in the eluate. (29, 31) 

A GC instrument with FID is a capable analytical instrument used for both quantitative 

and qualitative analysis. Combined with Headspace sampling GC-FID can be used to 

analyze alcohols and other volatile compounds in bodily fluids without extracting the 

analytes in to an organic compound. Instead the analyte is dissolved in an aqueous 

solution and placed in an airtight headspace vail, placed in an autosampler to drive the 

desirable sample components into the headspace for sampling while leaving the 

undesirable components behind in the vial. An autosampler that perform equilibrium 

headspace sampling enact three fundamental steps for sample injection:  equilibration, 

pressurization and sample transfer. The vial is placed in a heat block and warmed to an 

appropriate equilibration temperature and allowed to equilibrate during an optimal time. 

When the vial is heated, sample components partition between sample and headspace, and 

equilibrium is reached after their concentrations attain constant values. Each sample 

component migrates at its own temperature-dependent rate, so the slowest-moving 

component of interest determines the minimum equilibration time. When equilibrium is 

reached, the headspace gas is ready to be transferred into the GC inlet. The most common 

method for this transfer involves pressurization of the headspace in the vial with inert gas 

via a hollow heated needle, followed by release of the pressure back into the sampler 

pneumatics via the same needle. A carrier gas transfers the sample in to the GC inlet where 

it is then transferred onto the GC column. A presentation of the process of headspace 

injections can be seen in figure 6. 

(32, 33) 
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Figure 6 Schematics over headspace injection. Showing standby, pressurization, sampling and withdrawal mode (34).  

3.2.2 EtG and EtS analysis by LC-MS/MS 

Liquid Chromatography (LC) is used to analyze non-volatile compounds and accomplishes 
high-resolution separations using high pressure to force solvent through closed columns 
containing fine particles that separate compounds in the solvent. An Ultra Performance 
Liquid Chromatography (UPLC) system is a modern version of the High Performance 
Liquid Chromatography (HPLC) system. It uses sub 2µm diameter particles instead of 5 to 
3 µm, and pressures above 6000 PSI, which is typically the upper limit of a conventional 
HPLC system. The sample is solved in a liquid solvent and injected in to the UPLC-system 
by an autosampler via a looped injection valve, which holds a fixed volume and transforms 
the injected sample from atmospheric pressure to the high-pressure flow of the LC. The 
sample is transported to and through the column by the mobile phase, which itself is 
pumped through the LC-system by a piston pump able to produce a constant flow rate at 
high pressures. This study used Reversed-Phase (RP) UPLC, meaning that the stationary 
phase is nonpolar, and the mobile phase is polar. Columns for RP-UPLC often consist of 
nonpolar carbon chains bonded to silica particles packed tightly to withstand the immense 
back pressure of the column. The mobile phase for RP-UPLC is water which can be 
buffered to a preferred pH and can also be mixed with methanol, acetonitrile or 
tetrahydrofuran. Higher amounts of organic solvent lead to a decreasing fraction of water 
in the mobile phase, which increases the solubility of solutes in the mobile phase and the 
eluent strength is increased. A high eluent strength lead to lower resolutions and faster 
chromatography and is optimized to suit the compounds being analyzed. A schematic 
presentation of the main components in a UPLC system can be seen in figure 7. (29) 
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Figure 7 Schematics over an ultra performance liquid chromatography system. 

Figure made by author using picture from LaboratoryInfo.com (35). 

After the separation of analytes in the column the solute is returned to atmospheric 
pressure and transferred to a detector for identification. A common and highly accurate 
detector is a Tandem Mass Spectrometer (MS/MS). A mass spectrometer (MS) is made-up 
of an ionization source, mass analyzer, ion detector and a computer. A MS/MS instead 
introduces two mass analyzers with an interaction cell in between (see figure 8). 
The eluate from the LC is transported to and interface, where analytes go from 
atmospheric pressure to a high vacuum. Ionization occurs via Electrospray Ionization 
(ESI) where electric fields create charged micro droplets that charge the analyte molecules. 
The solvent is then evaporated leaving only the ionized analyte ready for mass analyzation. 
In the ionization source, ions are sampled by a sampling skimmer cone and are then 
accelerated into the mass analyzer. A common mass analyzer is the quadrupole that 
consists of four charged metal rods where the opposite rods have the same potential. A 
change of potential allows differently charged ions to pass through the quadrupole and 
reach the detector with a specific mass to charge ratio.  
In MS/MS, the ionization source produces molecular and fragment ions. These ions are the 
input to the first mass analyzer, which selects a particular ion (the precursor ion) and 
sends it to the interaction cell. In the interaction cell, the precursor ion is fragmented in to 
product ions. These ions then pass on to the second mass analyzer that select the ions to be 
detected by a photomultiplier detector. In a photomultiplier the ions strike a dynode, 
resulting in an electron emission. The electrons then strike a phosphorous screen which 
releases a burst of photons. The photons then pass into the multiplier where amplification 
occurs, and a signal can be detected. A mass spectrum is obtained and presented on the 
computer, which displays the mass to charge ratio of the selected ions. (29, 36-39) 
 

 
Figure 8 Schematics over a tandem mass spectrometry detector. Figure made by author using picture from 

NeoReviews article “Neonatal Screening by Tandem Mass Spectrometry” by Tina M. Crowan (40). 
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4 MATERIALS AND METHODS 

4.1 Study Protocol 

A total of 35 healthy volunteers (21 male and 14 female) with a mean age of 23 years (range 

20 to 28) were recruited via advertising on campus. The criteria for participation were to 

be a minimum of 20 years old and to have previous experience of drinking alcohol. 

Exclusion criteria were alcohol dependence, taking prescription drugs (excluding 

contraceptives), pregnancy, breast feeding or if participating in any other scientific study 

during the time of the study. The study was approved by the regional ethics committee in 

Linköping, Sweden (#2015/41-31). 

The volunteers arrived in the morning. They were instructed to lay down on a bed to relax 

and have their pulse and blood pressure taken by a physician. An intravenous cannula of 

the model BD Venflon (USA) was inserted in the arm of the participant. Both blood and 

urine samples were taken before the first intake. Participants were given sandwiches and 

yoghurt for breakfast and beer with 5.2 % alcohol by volume (abv) at a fixed dose of 0.51 g 
of ethanol per kg of body weight. This beer was to be consumed at an even rate during the 

next 60 minutes. The second dose, two hours after initial intake, consisted of the following 

alternatives: 

• Beer (5.2 % abv) at “low” and “medium” dose, fixed at 0.25 g/kg and 0.51 g/kg 

• White Wine (12.0 % abv) at “low” and “medium” dose, at 0.25 g/kg and 0.51 g/kg 

• Vodka (40.0 % abv) at “low”, “medium” and “high” dose, at 0.25 g/kg; 0.51 g/kg and 

0.85 g/kg 

Low doses were to be consumed evenly within 15 minutes, while medium and high doses 

were to be consumed evenly within 15 to 30 minutes. 

During the 7 to 8 hours of the study, blood samples were collected 17 times, and urine 

collected a total of ten times. Duplicate samples were collected at each time point, with the 

intention of one set being analyzed for ethanol at Rättsmedicinalverket (RMV) in 

Linköping and the other set being sent to the Norwegian Institute of Public Health in Oslo, 

Norway for EtG and EtS analysis. Blood was collected in 5 ml BD Vacutainers from BD, 
Belliver Industrial Estate (Plymouth, UK) and contained 143 IU (0.286 mg) heparin and 

20 mg fluoride. Urine was collected in 500 ml plastic bottles and transferred in to Nunc 

screwcap sample tubes from Thermo Scientific (Roskilde, Denmark). During the hours of 

the study, blood was collected at 0, 30, 60, 75, 90, 105, 120, 135, 150, 165, 180, 210, 240, 

270, 300, 360 and 420 minutes after start of initial intake of ethanol, and urine was 

collected at 0, 30, 60, 90, 120, 180, 240, 300, 360 and 420 minutes after initial intake. All 

blood samples were placed on a blood sample rocker for 5 to 10 minutes to make sure that 

the additive had been dissolved. Later, all samples were fridge stored at temperatures of 2 

to 8 °C. Blood samples were analyzed for ethanol later the same day and urine samples 

analyzed at the end of each study week (within 5 days).  
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4.2 Materials 

4.2.1 Solutions for Ethanol analysis 

All solutions and controls used for ethanol analysis were prepared by staff during routine 

analysis in the alcohol lab at RMV and borrowed for this study. Following solutions were 

used: 

• Ethanol (99.5 %) from Kemetyl (Jordbro, Sweden), used for calibration solutions: 

0.1; 0.2; 1.0; 2.5; 5.0 mg/ml. 

• Ethanol (95 %) from Kemetyl (Jordbro, Sweden), used for control solutions: 

K1: 0.20 mg/ml, and K2: 1.00 mg/ml. 

• N-Propanol (800 g/l) from Merck (Darmstadt, Germany), used for Internal 

Standard (IS), diluted to 0.08 mg/ml. 

• Acetone (0.792 mg/ml), Iso-Propanol (0.784 mg/ml) and Methanol (0.793 mg/ml) 

from Merck (Darmstadt, Germany) used as a mixed control solution BLK: Ethanol 

(1.0 g/ml), methanol (1.0 g/ml), acetone (20.0 g/ml), iso-propanol (20.0 g/ml). 

• Certillant® Sigma Aldrich E033 (ethanol 300 mg/dl) from MGC Standards AB 

(Düsseldorf, Germany), used as control solution K3: 3.0 mg/ml. 

All solutions were diluted with filtered and deionized water from a Milli-Q water purifier. 

4.2.2 Solutions for EtG and EtS analysis 

All solutions and controls used for EtG and EtS analysis were prepared by staff at the 

Norwegian Institute of Public Health in Oslo. The following solutions were used: 

• Formic acid (98-100 %) from Merck (Darmstadt, Germany), used as a buffer and 

mobile phase (0.1 %) for blood method, and as mobile phase (25 mM) for urine 

method. 

• Acetonitrile (ACN) from J. T. Baker, used as Washing solution (30 % ACN). 

• Redissolving solution, consisting of 0.2 % ACN and 0.1 % formic acid. 

• Methanol from Honeywell used in “Strong washing solution” (90 % methanol) and 

“Weak washing solution” (5 % methanol). 

• Ethyl glucuronide for Standards in the range of 0.4-100 µM in blood, and 2-200 µM 
in urine. 

• Ethyl sulfate for Standards in the range of 0.2-50 µM in blood, and 2-200 µM in 

urine. 

• Ethyl glucuronide-d5 used as IS for EtG in blood and urine methods. 

• Ethyl sulfate-d5 used as IS for EtS in blood and urine methods. 

All solutions were diluted with filtered and deionized water from a Milli-Q water 

purifier. 
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4.2.3 Instruments for ethanol analysis 

All instruments used for ethanol analysis were borrowed from the alcohol lab at RMV and 

used after ordinary work hours. The following equipment and instruments were used: For 

sample preparation, a Rotator Drive STR4 from Stuart Scientific was used to homogenize 
blood samples before dilution. A Microlab 503A from Hamilton, used to dilute blood and 

urine samples into glass vials with air tight caps from Scantec Nordic AB (Langerwehe, 

Germany). The vails were sealed with a 20 mm Crimper Jaw Set from Thermo Fisher 

Scientific (Waltham, USA). For analysis, a TurboMix 110 Headspace sampler from Perkin 

Elmer was used to inject samples in to an Autosystem XL Gas Chromatograph with FID 

detector from Perkin Elmer, with an Agilent J&W - DB-ALC2 (30 m, 0.53 mm inner 

diameter, 2.0 µm film) column used to analyze and detect ethanol in samples. The software 

used to calculate and print results from analysis was TotalChrom Navigator 6.2.1 from 

Perkin Elmer. 

4.2.4 Instruments for EtG and EtS analysis 

All instruments used for EtG and EtS analysis were the same used for routine work at the 

Norwegian Institute of Public Health in Oslo. All preparations and analysis were made 

during normal work routine. For sample preparation, the following pipettes were used: 

Multi pipettes form Eppendorf/Gilson were used to pipette blood, IS and solvents for 

blood analysis, a mLine/Finnpipette from Biohit/Labsystems was used to pipette 

standards and controls for blood analysis, 96-Format equalizer pipettes from Thermo were 

used for transfer to Phree plate. A Multi pipette stream from VWR/Bergman was used to 

pipette urine and Biohitpipette/Dispenser from VWR/Biohit/KeboLab for solvents in 

blood analysis. Samples were prepared in the following containers: 5-ml plastic tubes from 

SARSTEDT, used for blood and urine analysis. A 1-ml Phree 96-well filter plate (30 

mg/well), with 96-well collection plate and 96-square well silicone sealing mat from 

Phenomenex, used for blood analysis and Mini-Uniprep filter vials (0.2 µm) from 

Whatman, used for auto sampler in urine analysis. Equipment used for sample preparation 

were a Reax control/MSI Minishaker from Heidolph/IKA Works, INC. A Baxter Multitube 
Vortexer from Scientific Products and a Turbo Vap 96 Nitrogen vaporizer from Zymark, 

used for blood analysis. For urine analysis a Multitube Vortexer from IKA/Heigar/VWR 

and a Allgra®X-15R/Megafuge 1.0/Function Labofuge 400R table centrifuge from 

VWR/Medinor/Heraeus was used. Instruments used for sample analysis was an Acquity 

UPLC from Waters, with an Acquity UPLC® HSS C18: 1.8 µm, 2.1 * 100 mm column, and 

an Acquity UPLC® HSS C18: 1.8 µm, 2.1 * 5 mm guard column, connected to a Xevo TQ-S 

MS/MS Mass spectrometer from Waters. The software used to calculate and print results 

from analysis was TargetLynx Lab-data system. 
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4.3 Methods 

4.3.1 Preparation and analysis of ethanol 

Blood and urine samples, along with calibration and control samples were taken out from 

cold storage and allowed to reach room temperature. Blood samples were mixed for a 

minimum of 10 minutes on a rotator drive before dilution. Urine samples were simply 

shaken before the caps were removed. Vials were marked to show what calibration, 

control, blood or urine sample it contained, with each sample having a designated position 

and vail. Calibration occurred at the beginning of every week, and every series started with 

three control samples (K1, K2 and K3), with every tenth sample an alternating control. All 

samples were diluted 1:11 (100 µl + 1000 µl) with the Hamilton diluter and the vials were 

sealed with the crimper, and all samples returned to the cold room for storage. The GC was 

programmed with TotalChrom for the specific positions and identity of each sample before 

being placed in the HS carousel, with each vails position being double checked by a second 

person. The GC was then allowed to go through the night and all results were evaluated the 

next morning. Instrument parameters used for ethanol analysis can be seen in table 1. 

Table 1 Instrument settings for gas chromatograph (GC), flame ionization detector (FID) and headspace (HS) module. 

Instrument Parameters   

GC-FID:  
GC Oven Temperature 40 °C 
Detector Temperature 200°C 
Injector Temperature 100 °C 
Carrier Gas Velocity  65.0 cm/s 
Splitflow 10.0 ml/min 
  
Headspace:  
Thermostat Temperature 50 °C 
Needle Temperature 80 °C 
Transfer-Line Temperature 90 °C 
Carrier Gas Pressure 19-21 psi 
Thermostat Time 18.00 min 
Pressurization Time 1.5 min 

 

A chromatogram was received for each sample and they were all organized in to sets of 
calibrations, controls and participants blood or urine samples. The concentration of 

ethanol was computer calculated by comparing the peak height of the chromatographic 

peak for ethanol with the peak height for the IS. Every chromatogram was evaluated for 

deviations, such as unidentified peaks and leaks. All results were collected in an Excel 

chart, and calibration and control samples were checked for significantly divergent results. 

4.3.2 Preparation and analysis of EtG and EtS 

Blood and urine samples were sent to the Norwegian Institute of Public Health in Oslo 

where preparation and analysis of EtG and EtS occurred. To an extract of 200 μl blood, 

50 μl IS solution (12 mg/l) and 1000 μl cold methanol was added. The samples were 

immediately agitated for 1 minute and thereafter subjected to a temperature of −20 °C for 

a minimum of 10 minutes, followed by centrifugation at 4500 rpm for 10 minutes. From 
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the methanol layer, 750 μl was transferred to a 5-ml glass tube and evaporated until dry at 

40 °C under nitrogen. The residue was redissolved in 100 μl of water, then centrifuged at 

4500 rpm for 10 minutes and the supernatant was thereafter transferred to autosampler 

vials. Urine samples were prepared by extracting 100 μl of sample, added with 100 μl of IS 
to 400 μl of 10 % acetonitrile in water. Samples were shaken for 10 minutes and then 

centrifuged at 4500 rpm for 10 minutes. The clear liquid phase was transferred to 

autoinjector vials.  

The samples were then analyzed with the UPLC–MS/MS obtained from Waters (Waters 

2690 Separation Module and ZQ 2000 single hexapole mass spectrometer with an ESI 

interface, Waters Corp., Milford, MA, USA). Instrument and gradient parameters used for 

metabolite analysis can be seen in tables 2 and 3. 

Table 2 Instrument settings for ultra performance liquid chromatograph (UPLC). 

Instrument Parameters  
UPLC:  
Injection Volume 0.5 µl (blood) and 0.3 µl (urine) 
Injection Loop Volume 1 µl 
Weak Wash 5 % Methanol 
Strong Wash 90 % Methanol 
Mobile Phase A 0.1 % Formic Acid (blood) and 25 mM (urine) 
Mobile Phase B Methanol 
Flow Speed 0.4 ml/min 
Column Temperature 65 °C 
Run Time 4.00 min 

 

Table 3 Gradient settings for ultra performance liquid chromatograph (UPLC). 

Gradient Parameters    
Gradient: Time (min) % B Curve 
1 0.00 1.0 1 
2 2.00 20.0 6 
3 2.01 90.0 6 
4 3.00 90.0 6 
5 4.00 1.0 (blood) and 99.0 (urine) 1 

 

A total run time of 45 minutes was used to wash out compounds from the biological 
matrix. Quantitative results were obtained be peak height measurements. 

4.4 Statistical analysis  

To interpret the results of this study, two-sample t-tests were used. Two-sample t-tests are 

used to determine if means of two independent populations are equal. The null hypothesis 

was that there was no significant difference between the different means (H0: μ1=μ2). 

Two-sided tests were used, with a significance level of 0.05, leaving a 5 % risk that the null 

hypothesis was rejected when it was true, and the means of the two samples were assumed 

to be equal. (41) 

All calculations were made in Microsoft Excel Office 365. 
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5 RESULTS 

5.1 Controls and Calibrations 

Calibrations for ethanol analysis were made for the blood and urine methods once a week. 

The regression coefficient for the calibration curves of both blood and urine methods had a 

mean R2 of 0.9999, with the lowest for blood being 0.9998 and 0.9997 for urine. In figure 

17 a calibration curve for the blood method, with an R2 of 0.9999 can be seen. 

 

Figure 9 Calibration curve from blood ethanol method. 

The results of the controls for both blood and urine methods can be seen in table 4 and 5. 

All results were within 2 SD (standard deviation), which is the limit for routine analysis. 

Table 4 Theoretical values, standard deviation and coefficient of variations for controls in blood 

Control in 
Blood 

Theoretical 
value 

Theoretical 
value±2SD 

Measured 
mean 

Standard 
Deviation 

Coefficient of 
variation (%) 

K1 (n=51) 0.1896 0.1782 - 0.2010 0.1881 0.0019 1.03 
K2 (n=51) 0.9479 0.8910 - 1.0048 0.9573 0.0064 0.66 
K3 (n=37) 2.8436 2.6730 - 3.0142 2.8173 0.0276 0.98 

 

Table 5 Theoretical values, standard deviation and coefficient of variations for controls in urine 

Control in 
Urine 

Theoretical 
value 

Theoretical 
value±2SD 

Measured 
mean 

Standard 
Deviation 

Coefficient of 
variation (%) 

K1 (n=27) 0.1896 0.1782 - 0.2010 0.1887 0.0029 1.55 
K2 (n=26) 0.9479 0.8910 - 1.0048 0.9593 0.0119 1.24 
K3 (n=23) 2.8436 2.6730 - 3.0142 2.8229 0.0362 1.28 

 

Calibrations and controls for EtG and EtS analysis were made during routine analysis at 

the Norwegian Institute of Public Health in Oslo and the results have not been made 

available for this study. 
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5.2 Ethanol concentrations 

5.2.1 First intake 

Results showed that after the first intake of ethanol (0.51 g/kg beer for all participants) 

gave a mean peak blood concentration (Cmax) of 0.41 ‰ in the range of 0.29 to 0.64 ‰. 

The mean time of Cmax (Tmax) was at 90 minutes, with a time range of 60 to 120 minutes 

(Tmax) after start of intake. For urine the mean Cmax was 0.58 ‰, with a range of 0.35 to 

0.84 ‰. The mean Tmax was at 94 minutes, with a time range of 90 to 120 minutes after 

start of intake.  

5.2.2 Second intake 

The second peak blood and peak urine concentration and time range differed between 

doses and type of alcoholic beverage and can be seen in tables 6 and 7. One participant 

(number 43) drinking medium dose of beer could not finish the drink during the set time, 
resulting in a dose equivalent of 0.35 g/kg. This participant’s results are not used after the 

first intake for any dose related calculations. 

Table 6 Peak blood alcohol concentration (Cmax), time of Cmax (Tmax) and ranges for the second intakes (120 min). 

Group n 
 

Cmax �̅� (‰) Cmax Range 
(‰) 

Tmax �̅� (min) Tmax 
Range(min) 

Beer Low Dose 5 0.57 0.45 - 0.74 162 150 - 165 

Wine Low Dose 5 0.54 0.49 - 0.59 168 165 - 180 

Vodka Low Dose 5 0.66 0.52 - 0.77 180 165 - 210 

Beer Medium Dose 4 0.97 0.82 - 1.27 187.5 180 - 210 

Wine Medium Dose 5 0.86 0.62 - 1.07 177 165 - 180 

Vodka Medium Dose 5 0.95 0.79 - 1.18 174 165 - 180 

Vodka High Dose 5 1.30 1.26 - 1.37 192 180 - 210 

 

Table 7 Peak urine alcohol concentration (Cmax), time of Cmax (Tmax) and ranges for the second intakes (120 min). 

Group n 
 

Cmax �̅� (‰) Cmax Range 
(‰) 

Tmax �̅� (min) Tmax Range 
(min) 

Beer Low Dose 5 0.73 0.64 - 0.92 204 180 - 240 

Wine Low Dose 5 0.66 0.58 - 0.78 192 180 - 240 

Vodka Low Dose 5 0.80 0.68 - 0.91 240 240 

Beer Medium Dose 4 1.22 1.07 - 1.50 240 240 

Wine Medium Dose 5 1.05 0.82 - 1.15 240 240 

Vodka Medium Dose 5 1.20 0.93 - 1.51 240 240 

Vodka High Dose 5 1.68 1.59 - 1.74 240 204 
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By combining BAC for the different beverages at every sampling time, a comparison can be 

made to see if there is any difference in BAC between the beverages. The results from 

vodka high dose was excluded from the calculation of the mean for vodka. This was due to 

the fact that vodka was the only drink that was consumed in high dose, and therefore 
would give a mean not comparable with the other two beverages. 

Using the concentrations of ethanol in blood and urine, a comparison can be made with 

the ratio of UAC/BAC. A low ratio is considered to indicate recent ethanol intake, since 

BAC peaks before UAC. If the ratio is 1.3 or higher, this indicates that the suspect is in the 

elimination phase, according to the Swedish model. As can be seen in Figure 10, this is not 

the case for beer (low dose) where the mean ratio is higher than 1.3, and wine (low dose) 

had a mean just under the cut off, with a ratio of 1.26 at 180 minutes, which might imply 

that some of the results are over 1.3. 

 

Figure 10 Graph of mean UAC/BAC ratio for different groups. 

By combining the results of the different beverages into means of UAC/BAC, a comparison 

can be made. A visual representation of the similarities and differences can be seen in 

Figure 11. All doses were included for the three beverages when calculation the means of 

UAC/BAC, since vodka high dose did not affect the overall mean. 

 

Figure 11 Graph of mean UAC/BAC for beer, wine and vodka at every sampling point. 
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Comparing Tmax, Cmax and UAC/BAC for the different beverages in sets of two sample t-

tests (see table 8) shows that there is no significant difference in the absorption and 

distribution of ethanol from the different beverages. 

Table 8 Two sample t-tests made from ethanol results in blood, with a confidence interval of 95 %. Where high dose 
results have been excluded for Cmax comparison. 

Comparison p-Value 
(Tmax) 

Significant 
Difference? 

p-Value 
(Cmax) 

Significant 
Difference? 

p-Value 
(UAC/BAC) 

Significant 
Difference? 

Beer – Wine 0.777 No 0.473 No 0.802 No 
Beer – Vodka 0.237 No 0.546 No 0.515 No 
Wine – Vodka 0.308 No 0.184 No 0.443 No 

 

5.3 EtG and EtS concentrations 

Results from analysis of EtG and EtS in blood in the different intake groups are presented 

as ranges and means of Cmax and Tmax in tables 9 and 10. Results from urine analysis can be 

found in Appendix B. 

Table 9 Peak blood EtG concentration (Cmax), time of Cmax (Tmax) and ranges for the second intakes (120 min). 

Group n 
 

Cmax �̅� 
(mg/l) 

Cmax Range 
(mg/l) 

Tmax �̅� (min) Tmax 
Range(min) 

Beer Low Dose 4 0.50 0.38 - 0.70 307.5 270 - 360 

Wine Low Dose 5 0.43 0.29 - 0.54 300 270 - 360 

Vodka Low Dose 5 0.54 0.48 - 0.64 312 300 - 360 

Beer Medium Dose 4 0.74 0.57 - 0.97 315 300 - 360 

Wine Medium Dose 5 0.71 0.37 - 0.96 336 300 - 360 

Vodka Medium Dose 5 0.83 0.59 - 1.03 384 360 - 420 

Vodka High Dose 5 1.28 0.88 - 1.54 408 360 - 420 

 

Table 10 Peak blood EtS concentration (Cmax), time of Cmax (Tmax) and ranges for the second intakes (120 min). 

Group n 
 

Cmax �̅� 
(mg/l) 

Cmax Range 
(mg/l) 

Tmax �̅� (min) Tmax 
Range(min) 

Beer Low Dose 4 0.50 0.17 - 0.45 232.5 210 - 270 

Wine Low Dose 5 0.20 0.18 - 0.25 240 210 - 270 

Vodka Low Dose 5 0.29 0.25 - 0.34 258 240 - 300 

Beer Medium Dose 4 0.33 0.30 - 0.37 277.5 240 - 300 

Wine Medium Dose 5 0.34 0.27 - 0.37 276 270 - 300 

Vodka Medium Dose 5 0.38 0.33 - 0.44 270 240 - 300 

Vodka High Dose 5 0.58 0.44 - 0.88 318 270 - 420 
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A visual representation of the results for the EtG and EtS analysis are presented, along 

with ethanol as means in graphs (see Figures 12-14) for low, medium and high dose in 

blood. 

 

Figure 12 Graph of mean ethanol, EtG and EtS i blood after intake of low second dose. 

 

Figure 13 Graph of mean ethanol, EtG and EtS i blood after intake of medium second dose. 

 

Figure 14 Graph of mean ethanol, EtG and EtS i blood after intake of high second dose. 
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Comparing ethanol concentrations with EtG and EtS gives the EtOH/EtG and EtOH/EtS 

ratio that is used to interpret results using the Norwegian method. These results are 

presented in graphs (see Figures 15-16) as means for all separate groups and separated in 

to EtOH/EtG and EtOH/EtS in blood. If the ratio is above 1.0 for EtG, this is according to 
the Norwegian model indicative of recent ethanol intake. As can be seen with EtG and EtS 

in blood, the ratio drops below 1.0 between two and three hours after last intake for EtG 

and between three and five hours for all but “vodka high dose” for EtS. 

 

Figure 15 Mean EtOH/EtG ratio in blood for different beverages and doses. 

 

 

Figure 16 Mean EtOH/EtS ratio in blood for different beverages and doses. 
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Comparing EtG and EtS Tmax, Cmax and mean EtOH/metabolite for the different beverages 

in sets of two sample t-tests (see tables 11 and 12) shows that there is no significant 

difference in metabolite kinetics between the different beverages. 

Table 11 Two sample t-tests made from EtG results in blood, with a confidence interval of 95 %. Where high dose results 
have been excluded for Tmax and Cmax comparison. 

Comparison p-Value 
(Tmax) 

Significant 
Difference? 

p-Value 
(Cmax) 

Significant 
Difference? 

p-Value 
(Mean 
EtOH/EtG) 

Significant 
Difference? 

Beer – Wine 0.693 No 0.107 No 0.943 No 
Beer – Vodka 0.079 No 0.553 No 0.911 No 
Wine – Vodka 0.135 No 0.238 No 0.843 No 

 

Table 12 Two sample t-tests made from EtS results in blood, with a confidence interval of 95 %. High dose results were 
excluded for Tmax and Cmax comparison. 

Comparison p-Value 
(Tmax) 

Significant 
Difference? 

p-Value 
(Cmax) 

Significant 
Difference? 

p-Value 
(Mean 
EtOH/EtS) 

Significant 
Difference? 

Beer – Wine 0.838 No 0.052 No 0.996 No 
Beer – Vodka 0.531 No 0.991 No 0.786 No 
Wine – Vodka 0.591 No 0.065 No 0.774 No 

 

By combining the results from the ethanol and metabolite analysis and applying the 

criteria used for assessment of the hip flask defence, a comparison between different 

methods, and the Swedish and Norwegian model can be made. The results can be seen in 

tables 13 and 14. 

Table 13 Subjects failing to fulfill criteria for recent intake using the Swedish model when assessment was made in 
blood and urine samples (BEtOH and UEtOH) collected after 180 min (60 minutes after start of last intake) and 240 
min (120 min after start of last intake). UEtOH/BEtOH shows the UAC/BAC ratio at 180 and 240 minutes after initial 
intake. 

Participant UEtOH180 
(mg/l) 

UEtOH240 
(mg/l) 

Indicative of 
recent 
intake? 

UEtOH180/ 
BEtOH180 

Indicative of 
recent 
intake? 

UEtOH240/ 
BEtOH240 

Indicative of 
recent intake? 

24 (low) 0.92 0.86 No 1.34 No 1.73 No 

25 (low) 0.82 0.68 No 1.34 No 1.60 No 

26 (low) 0.88 0.88 Unclear 1.21 Yes 1.46 No 

29 (low) 0.62 0.53 No 1.32 No 1.79 No 

34 (low) 0.79 0.71 No 1.37 No 1.51 No 

43 (meduim) 0.75 0.74 No 1.21 Yes 1.47 No 

46 (low) 0.64 0.58 No 1.32 No 1.57 No 

52 (low) 0.66 0.65 No 1.17 Yes 1.58 No 

57 (low) 0.64 0.65 Yes 1.36 No 1.77 No 
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Table 14 Subjects failing to fulfill criteria for recent intake using the Swedish model, assessed with the Norwegian 
model. Assessment was made in blood samples collected after 180 min (60 min after start of last intake) and 210 min 
(90 min after start of last intake). EtG210-EtG180 shows if the EtG concentration is increasing, while EtOH180/EtG180 
shows if the EtG to ethanol ratio is above the 1.0 cut off limit.  

Participant EtG210-
EtG180 
(mg/l) 

Indicative 
of recent 
intake? 

EtG240-
EtG210 
(mg/l) 

Indicative 
of recent 
intake? 

EtOH/180 
EtG180 

Indicative 
of recent 
intake? 

EtOH/210 
EtG210 

Indicative 
of recent 
intake? 

24 (low) 0.14 Yes 0.03 Yes 1.44 Yes 0.97 No 

25 (low) 0.08 Yes 0.02 Yes 2.20 Yes 1.44 Yes 

26 (low) 0 No 0.06 Yes 2.27 Yes 2.09 Yes 

29 (low) 0.1 Yes 0.05 Yes 1.27 Yes 0.82 No 

34 (low) 0.08 Yes 0.11 Yes 2.27 Yes 1.61 Yes 

43 (medium) 0.1 Yes 0.06 Yes 2.29 Yes 1.57 Yes 

46 (low) 0.07 Yes 0.02 Yes 2.92 Yes 1.95 Yes 

52 (low) 0.4 Yes 0 No 2.23 Yes 1.35 Yes 

57 (low) 0.08 Yes 0.05 Yes 2.41 Yes 1.54 Yes 

 

By comparing the EtOH/EtG results from this study with previously published results from 

a single intake study (17), a check can be made to see if the current Norwegian model for 

determining hip flask defence cases using EtOH/EtG ratios, which is based on single 

intake studies, applies to cases with multiple intakes. This is made by comparing 

EtOH/EtG for ten participants from a single intake study, with five participants from this 

study. The participants in the single intake study consumed one 0.50 g/kg dose of vodka, 

while the results from participants chosen from this study were the five consuming a 

second dose of 0.51 g/kg of vodka. Start time for multiple intake results were set at start of 

the second intake (120 minutes) and non-matching test times were removed. The results 

from these comparisons can be seen in table 15, and they suggest that there is a significant 

difference in the mean EtOH/EtG ratios for the first three hours after start of the last 

intake. This might imply that there is a problem with the criteria set to determine hip flask 

defence if the suspect have taken multiple intakes. 

Table 15 Results from two sample t-test comparing EtOH/EtG ratios for matching blood samples between a single 
intake study and this study. Single intake results are taken from “A pharmacokinetic study of ethyl glucuronide in 
blood and urine: Applications to forensic toxicolog” by Høiseth, Gudrun; Bernard, Jean Paul; Karinen, Ritva; Johnsen, 
Lene; Helander, Anders; Christophersen, Asbjørg S. and Mørland, Jørg (17). 

Time after 
last intake 
(min) 

EtOH/EtG �̅� 
Single Intake 

EtOH/EtG �̅� 
Multipe Intake 

p-Value  Significant 
Difference? 

60 6.17 2.87 0.001 Yes 
90 3.64 1.85 0.004 Yes 
120 2.44 1.35 0.001 Yes 
150 1.60 1.05 0.012 Yes 
180 1.11 0.80 0.044 Yes 
240 0.59 0.57 0.852 No 
300 0.39 0.37 0.872 No 
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Further comparisons can be made by comparing the times for when the first sample ratio 

drops below the 1.0 limit for participants from the single and multiple intake studies. The 

mean time for the first sample ratio below 1.0 from single intake was 225 minutes after last 

intake with a range between 180 and 300 minutes. Multiple intake had a mean time for 
first sample ratio under 1.0 of 180 minutes, with a range between 150 and 240 minutes. 

The graph in figure 17 shows that the actual mean time for when the EtOH/EtG ratio drops 

below 1.0 is even earlier for both single and multiple intakes. Comparing these results 

using a two-sample t-test resulted in a p-value of 0.039, which indicates that there is a 

significant difference in when participants cross the 1.0 limit after drinking a single or 

multiple intakes of ethanol. 

 

Figure 17 Graph of mean EtOH/EtG ratios from a single intake study (17) and this multiple intake study. 
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6 DISCUSSION 

6.1 Determine how the kinetics of ethanol, EtG and EtS are 

affected by repeated ethanol intake. 

The most noticeable difference from repeated intakes, apart from the increased 

concentration of ethanol, EtG and EtS in blood and urine are the ratios UAC/BAC, 

EtOH/EtG and EtOH/EtS. 

6.1.1 Ethanol 

As can be seen in figures 10 and 11, repeated intakes of ethanol drastically lower the 

UAC/BAC ratio for a brief time after the second intake. Within 20 to 60 minutes of intake 

the ratio drops below the cut off limit of 1.3. This happens because UAC from the first 

intake has surpassed BAC and both concentrations have started decreasing before the 

second intake. When more ethanol is ingested it soon starts to dissolve in the blood. This 

means that the first minutes after the second intake, BAC is increasing while UAC is still 

decreasing. Within 30 minutes, ethanol from the second intake has started to dissolve in 

urine as well and the UAC/BAC ratio will increase again. 

This confirms the same observations made during the previous study (16). 

6.1.2 EtG and EtS 

In figures 15 and 16 showing the ratio EtOH/EtG and EtOH/EtS in blood, a clear rise in the 

ratio can be seen between 30 and 60 minutes after the second intake. And comparing the 

ratios from single andmultiple intakes in table 15, shows that for the second intake, the 

ratio has dropped much closer to 1.0 compared to single intake participants. This is since 

EtG and EtS has had 120 minutes to be produced and dissolved through the body for 

multiple intake participants (17). 

And looking at the comparison between times when the ratio EtOH/EtG drops below 1.0 

for single and multiple intakes shows that multiple intake participants ratio drops below 

1.0 significantly earlier than single intake participants (figure 17). This could be a problem 

when determining hip flask defence cases, if the first of the two required blood samples are 

taken too long after claimed intake. 

6.2 Determine if the kinetics are affected by different types of 

alcoholic beverages. 

6.2.1 Ethanol 

The results seen in table 8 shows that there is no significant difference between any of the 

beverages for any of the three chosen parameters, Tmax, Cmax and UAC/BAC. This is very 

reassuring from an analytical perspective. If there had been significant differences between 

beverages, more studies might have to be made and different cut offs and criteria set, 

depending on the beverage the suspect claims to have ingested. 
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6.2.2 EtG and EtS 

Results in tables 11 and 12 showing t-test results for EtG and EtS respectively it also show 

that there are no significant differences between the beverages. Though some parameters 

are closer to the chosen significant level set at 0.05, with Tmax (EtG) between beer and 
vodka being 0.079, Cmax (EtS) between beer and wine being 0.052 and Cmax (EtS) 0.065. 

As with ethanol, no significant difference between beverages are reassuring results. With 

potential differences having the same consequences as for ethanol. 

6.3 Determine if the current model of EtG analysis is useful for 

repeated intakes. 

To evaluate the Norwegian model for multiple intakes, it was compared with the Swedish 

models for determining hip flask defence, which have been tested for multiple intakes. 

Nine participants gave results that would according to the Swedish model suggest that 

there was no indication of recent intake at 60 to 120 minutes after start of last intake. All 

nine participants were drinking low doses (except one who drank a medium-low dose 

roughly equivalent of 0.35 g/kg) of beer and wine. Only four out of 27 results indicated 

recent intake, with no participant being indicated of recent intake from both increasing 

UAC and the UAC/BAC ratio. When analyzing the results using the Norwegian model all 
but four out of the 36 results indicated that there had been a recent intake. Since the 

Norwegian model compares samples taken with 30 minutes difference instead of 60 

minutes as the Swedish, the EtOH/EtG results presented are only from 60 to 90 minutes 

after start of last intake. A further EtOH/EtG comparison was made at 240 minutes after 

last intake, and the only participants not indicating recent intake were the same two from 

EtOH/EtG at 210 minutes after last intake. 

Results indicate that the Norwegian model is more accurate than the Swedish model when 

determining lower doses of beer and wine. Comparing EtOH/EtG ratios from the previous 

single intake study with results from this study, results from the t-tests (table 15) show that 

there is a significant difference. The difference can be seen in the mean ratios between 

single and multiple intake participants for the first three hours after start of last intake. 

This is due to the ratio for multiple intake participants being lower, since some ethanol has 

already been eliminated as EtG in the bloodstream. The EtOH/EtG ratio also drops below 

the 1.0 cut off ratio significantly earlier for multiple intake participants than for single 
intake participants, meaning the after consumption decreases the total time for when the 

1.o ratio would implicate recent intake. However, the mean time for when the ratio drops 

below 1.0 is three hours after start of last intake for multiple intake, instead of three hours 

and 45 minutes for single intake. In practice, this should not, under normal circumstances 

make a difference in determining hip flask defence. Also, the ratio below 1.0 is only one of 

two factors taken into consideration, the other being increasing EtG concentrations in 

blood. And three hours should be long enough for law enforcement to arrive, apprehend 

the suspect and take them to a medical facility to leave two blood samples with 30 minutes 

in between. 
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6.4 Additional observations. 

To the knowledge of the initiators of this study, there is no published data of EtS analysis 

for multiple intakes of ethanol. And the published data from controlled ethanol intake 

takes place during longer periods of time (up to several days), with more focus on how long 

it can be detected in blood and urine. So, the results in table 10 and in figures 12 to 14 

showing the kinetics of EtS compared to etanol and EtG might be the first of their kind. 

Moreover, the graphs in figures 12-14 showing EtS being detected after just 30 minutes 

might be a new finding that was not anticipated. EtS was initially thought to appear at 

around the same time as EtG. 

EtS seems to have a higher ethanol ratio compared to EtG. It also takes longer for 

EtOH/EtS to fall below the 1.0 cut off ratio than it takes for EtOH/EtG. However, since 

samples stopped being collected soon after Tmax was reached for EtS it is impossible to say 

how the kinetics of EtS in blood appears compared to ethanol and EtG as concentrations 

decrease. 

6.5 Potential sources of error 

During intake, participants were given their doses separately depending on beverage. Beer 

drinkers were generally given their whole dose and encouraged to drink at an even rate for 
15, 30 or 60 minutes. Wine and vodka drinkers were often given their doses in smaller 

batches, to ensure that they drank with an even pace. These precautions were taken to 

ensure that all participants drinking rate stayed roughly the same, though it is impossible 

to ensure all participants kept the same exact rate. Participants were also allowed to eat 

snacks and drink water, tea or coffee during the whole experiment, which might have an 

impact in absorption of ethanol. 

Since the analysis of EtG and EtS were not planned from the beginning, and added to the 

study later on, the information and guidelines given to the participants before the 

experiment was never changed. According to this information, the participants were told 

not to drink any alcohol the day before the study in order to make sure that their blood and 

urine were not positive for ethanol before the first intake. However, EtG and EtS can be 

detectable much longer, particularly in urine, and three participants showed positive 

results of EtG and EtS in urine before intake. Had the participants been told not to drink 

any alcohol for 48 hours before the test, this could have been avoided. But it did not affect 
the study, since the main focus of the study is related to ethanol, EtG and EtS in blood and 

ethanol in urine. 

The samples sent to Oslo were packed in cool boxes with ice clamps and sent with express 

post. However, it took roughly one week for each delivery to arrive. Hence, it is hard to 

know if there were any degradation of EtG and EtS before the arrival of the samples in 

Oslo. 
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6.6 Process analysis 

The initial plan of working 50 % on the project for ten weeks during the end of 2017, ten 

weeks during the beginning of 2018 (with three of those being designated to the 

presentation, opposition and completion of the project) did not work out as planned. Four 

sets of samples sent at the end of the human tests disappeared with the post somewhere in 

Norway and did not resurface until several weeks afterwards. The samples were deemed 

not suitable for analysis. So, the first set up of the lost samples stored at RMV were taken 

to Norway for the visit to the Norwegian Institute of Public Health. The EtG and EtS 

results from these last samples did not arrive until six of the seven weeks planned for the 

beginning of 2018 had passed. This meant that result analysis and comparisons could not 

fully begin until much of the time initially planned had already passed. Further, result 

analysis and compilation took far more time than anticipated. This lead to the ten weeks 

for 2018 being distributed in to 20 weeks instead. 

During result analysis of EtG and EtS it was soon realized that EtG and EtS concentrations 

and ratios in urine were of no interest for the aims of this project. It was decided to move 

EtG and EtS urine results to appendix instead. 

6.7 Societal and ethical consequences of results 

The results of this study will probably be used to better understand and interpret results 

from hip flask defence cases in both Sweden and Norway. The results will eventually be 

published in a scientific journal and could have an impact on the policies in other countries 

dealing with the hip flask defence. 

All participants have agreed to have their samples analyzed and results published, and all 

results are anonymous and can only be traced back by people involved in the study. 

The results of this study could eventually be used by people trying to figure out ways of 

fooling the system to avoid prosecution. However, with the increasing knowledge of the 

kinetics of ethanol, EtG and EtS during multiple intakes, it will become harder and harder 

to fool the system.  
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7 CONCLUSIONS 

7.1 The kinetics of repeated intakes. 

For low doses of beer and wine, some participants UAC/BAC ratio never dropped below 

the cut off ratio, or did not have increasing UAC between one and two hours after the 

second intake. This implies that there is a weakness in the Swedish model, where it fails to 

notice an after consumption when there has been one. This means that the alcohol 

ingested from the second intake would increase the BAC while not appearing to be from a 

recent intake. The implications of this might result in that a drunk driver, having an 

accident and then drinking a small dose of beer or wine before law enforcement arrives 

and then claiming the hip flask defence have slightly increased his or her BAC in time for 

sampling. This could lead to the suspect inadvertently placing themselves above the 0.2 or 

1.0 ‰ limit and revives a ticket, or higher punishment for driving under the influence of 

alcohol, while not appearing to have any signs of after consumption. 

For EtOH/EtG and EtOH/EtS ratios a second intake first increases, but then appears to 
lead to an earlier crossing of the 1.0 cut off ratio than for single intakes. This however 

appears to still be hours after last intake of ethanol and should under normal 

circumstances not be a problem when determining if a recent intake has taken place or not. 

7.2 The kinetics of different types of alcoholic beverages. 

It appears that for analytical purposes, the ethanol kinetics is independent from which type 

of alcoholic beverage is consumed, as long as the dose (g/kg) is the same. As for EtG and 

EtS, there were no significant differences between beverages, but Tmax between beer and 

vodka for EtG, and Cmax between beer and wine, and wine and vodka for EtS were much 

closer to the significance level of 0.05 than any other factors. Tests with a larger number of 

participants should be able to tell if this is a statistical error or not.  

The findings showing no significant difference are reassuring. This means that 

toxicologists will not have to direct any extra focus on which beverage a suspect has 

consumed to determine hip flask defence cases. The important factor is how much alcohol 

(in grams) have been, and how much is claimed to have been consumed. And is it possible 
for the claimed dose to represent the BAC present. 

7.3 The current model of EtG analysis is useful for repeated 

intakes 

For single and multiple intake there were significant differences in EtOH/EtG ratios for 

the first three hours after intake, and for time of first sample below the 1.0 cut off ratio. 

However, these differences do not seem to practically affect the results of hip flask 

determination. The Norwegian model appears to be the stronger model of the two used.  
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7.4 Observations for future perspectives 

The fact that it takes roughly 30 minutes for EtS, and 60 minutes for EtG to be detected in 

blood is important. If a suspect claims hip flask defence and the first sample finds no trace 

of EtS and more importantly EtG, then this is a clear indication that the suspect has 

actually not been intoxicated before the after consumption took place. 

The fact that the EtOH/EtS ratio drops below 1.0 much later than EtOH/EtG indicates that 

either, it is not useful when determining recent intake via ratio, or more likely, that the cut 

off ratio needs to be lowered for EtOH/EtS to make it useful for determining hip flask 

defence. 
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Appendix A: GANTT-Chart for Planning 
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Appendix B: Urine data – EtG and EtS Analysis 
Table 1 Peak urine EtG concentration and peak time ranges for the second intakes. 

Group n 
 

Cmax �̅� 
(mg/l) 

Cmax Range 
(mg/l) 

Tmax �̅� (min) Tmax 
Range(min) 

Beer Low Dose 4 78.36 44.58 – 105.49 315 300 – 360 

Wine Low Dose 5 50.97 23.59 – 87.82 312 240 – 360 

Vodka Low Dose 5 85.87 26.85 – 137.03 348 300 – 420 

Beer Medium Dose 4 101.38 69.87 – 130.96 405 360 – 420 

Wine Medium Dose 5 96.22 38.28 – 173.52 384 300 – 420 

Vodka Medium Dose 5 84.96 42.36 – 124.28 408 360 – 420 

Vodka High Dose 5 94.92 33.99 – 144.62 384 360 – 420 

 

Table 2 Peak urine EtS concentration and peak time ranges for the second intakes. 

Group n 
 

Cmax �̅� 
(mg/l) 

Cmax Range 
(mg/l) 

Tmax �̅� (min) Tmax 
Range(min) 

Beer Low Dose 4 25.39 14.51 – 43.55 315 300 – 360 

Wine Low Dose 5 13.24 9.58 – 17.99 312 240 – 360 

Vodka Low Dose 5 25.44 7.01 – 39.32 336 300 – 420 

Beer Medium Dose 4 22.19 19.32 – 24.29 405 360 – 420 

Wine Medium Dose 5 25.47 12.79 – 39.99 384 300 – 420 

Vodka Medium Dose 5 22.14 12.34 – 40.42 384 300 – 420 

Vodka High Dose 5 24.06 14.88 – 44.63 384 300 – 420 

 

In the urine samples results show that the concentrations of EtG and EtS are much higher 

than in blood samples. This is due to the fact that EtG and EtS are excreted through urine. 

 

Figure 1 Graph of mean ethanol, EtG and EtS i urine after intake of low dose. 
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Figure 2 Graph of mean ethanol, EtG and EtS i urine after intake of medium dose. 

 

Figure 3 Graph of mean ethanol, EtG and EtS i urine after intake of high dose. 

 

Figure 4 Mean EtOH/EtG ratio in urine for different beverages and doses. 
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Figure 5 Mean EtOH/EtS ratio in urine for different beverages and doses. 
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Appendix C: Gantt-chart at the end of the project 
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