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Abstract 

The use of il l icit substances for the purpose of drug-facilitated 
sexual assault (DFSA) poses a significant problem. There has been 
an increase in public awareness of this problem, and a recent 
invention in the form of a drink coaster claims to detect whether or 
not a beverage has been spiked with a so-called date rape drug. A 
person is instructed to place a drop of the suspect beverage onto 
two spots of the test, smear gently, and wait until dry. If either spot 
turns to a darker blue color, then a possible date rape drug has 
been detected by the coaster test. In an effort to determine the 
effectiveness of the coasters, various drugs that have been 
associated with drug-facilitated sexual assault were tested at 
different concentrations in a variety of common alcoholic and 
non-alcoholic beverages. It was found that although the coasters 
do detect the presence of GHB and ketamine, two drugs that have 
been associated with DFSA, there are limiting factors such as the 
high concentration of the drugs required, hindrance of the reaction 
due to beverage matrix, and extensive time requirements for 
ketamine analysis. 

Introduction 

The use of illicit substances for the purpose of drug-facilitated 
sexual assault (DFSA) poses a significant problem. There has 
been an increase in public awareness to this problem, and an in- 
expensive, fast, colorimetric test for the detection of date rape 
drugs in beverages has recently become commercially available 
for use at a bar setting. The test comes in the form of a drink 
coaster with test spot areas (1). A person who believes his/her 
drink has been tampered with is instructed by a paragraph on 
the front of the coaster to place a drop of the beverage onto both 
spots of one test, smear gently, and wait until dry. If either spot 
turns a darker blue color, then a possible date rape drug has 
been detected. 

The coaster itself is labeled as a "date rape drug detector" and 
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does not specifically state which illicit drugs it is capable of de- 
tecting. Early news reports (2-7), which are available on the 
drink safe technology website and a radio interview given by a 
co-inventor of the coaster (8), suggest the coaster is capable of 
detecting the "most abused date rape drugs" including fluni- 
trazepam (roofies), gamma-hydroxybutyric acid (GHB), and ke- 
tamine. However, more recent publications, including several 
from the coaster manufacturer, indicate that the coasters were 
only designed to detect GHB and ketamine (9-12). An article 
available on the company's website states that the coaster (ver- 
sion 1.2) is capable of detecting 3 g of GHB complexed with ei- 
ther sodium or potassium ion and 1 g of ketamine HCI dissolved 
into an 8-fluid ounce beverage (~ 12,690 ppm and 4230 ppm, re- 
spectively) (9). The article also states that some beverages are 
not recommended for testing, including very acidic beverages, 
wines, milk products, and any drinks containing quinine. The 
instructions on the coaster itself only state that the test should 
not be used to test drinks containing milk products, cr~me, or 
oily liquors. 

Over 15 million of these coasters have been sold to date, and 
plans to make them widely available in convenience stores are 
underway (12). In an effort to determine the effectiveness of the 
coasters, various drugs that have been associated with DFSA 
were tested at different concentrations in a variety of common 
alcoholic and non-alcoholic beverages. 

Materials and Methods 

Materials 
All alcoholic and non-alcoholic beverages were purchased 

from a local Publix grocery store. Deionized water was ob- 
tained from a Barnstead-nanopure infinity purification system. 
Absolute ethyl alcohol (200 proof, reagent quality) was pur- 
chased from Florida Distillers Company (Lake Alfred, FL). 
DR-3 Drink Safe Coasters (version 1.2) were purchased di- 
rectly from the Drink Safe Technology website (1). GHB 
sodium salt, gamma-butyrolactone (GBL), and ketamine HC1 
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were purchased from Sigma Chemical (St. Louis, MO). 1,4- 
Butanediol was purchased from Eastman (Rochester, NY). Flu- 
nitrazepam, alprazolam, and MDMA were obtained from local 
law enforcement agencies and identified by GC-MS in our lab- 
oratory prior to use on this study. 

Sample preparation 
Solutions were prepared by weighing out the appropriate 

amount of illicit substance (according to desired concentra- 
tion) and then diluting with deionized water. For those sub- 
stances that yielded a positive result when tested in deionized 
water, various concentrations were prepared in a variety of bev- 
erage matrices. 
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Analysis protocol 
A glass pipet was used to spot the sample onto the two test 

spot areas for one test. The blank beverage was spotted onto the 
other two test spot areas on the same coaster. The drops were 
rubbed gently and allowed to dry, and then results were 
recorded. 

Visualization and documentation 
The coasters were placed on a bench-top beneath fluorescent 

lighting to dry under ambient conditions. The reaction was ob- 
served for 30 min, and the results were recorded. A digital 
camera with 3.34 megapixels and 2048- x 1536-pixel resolution 
was then used to visually record the results. 

Table I. Results for Analysis of GHB in Various Beverages 

Concentration Matrix pH Result Color 

0 ppm DI water 6.38 - Darker green 
1000 ppm DI water - Darker green 
3000 ppm DI water - Darker green 
5000 ppm DI water + Blue-green 
8000 ppm DI water + Blue 
10,000 ppm DI water + Deep blue 
20,000 ppm DI water + Deep blue 

0 ppm Orange juice 3.86 - Yellow-green 
10,000 ppm Orange juice Darker green 
20,000 ppm Orange juice + Blue 

0 ppm Sparkling wine 2.90 Yellow 
10,000 ppm Sparkling wine Green 
20,000 ppm Sparkling wine + Blue 

0 ppm Lemonade 2.59 Yellow 
10,000 ppm Lemonade Darker green 
20,000 ppm Lemonade + Blue 

0 ppm Tonic water 2.50 Tan 
10,000 ppm Tonic water Green 
20,000 ppm Tonic water + Blue 

0 ppm Cranberry juice 2.55 - Pink-red 
10,000 ppm Cranberry juice - Darker green 
20,000 ppm Cranberry juice + Blue 

0 pprn 5% EtOH/H20 5.76 - Darker green 
10,000 ppm 5% EtOH/H20 + Blue 

0 ppm 12% EtOH/H20 5.91 - Darker green 
10,000 ppm 12% EtOH/H20 + Blue 

0 ppm Coca-Cola 2-3 - Brown-green 
10,000 ppm Coca-Cola + Deep blue 

0 ppm Corona 4.28 - Darker green 
10,000 ppm Corona + Blue 

0 ppm 7-Up 3.09 - Darker green 
10,000 ppm 7-Up + Deep blue 

0 ppm Lemon iced tea 2.84 - Light green 
10,000 ppm Lemon iced tea + Blue 

Results and Discussion 

The coaster consists of two test areas per 
coaster, one in the bottom right-hand corner 
and one in the bottom left-hand corner of the 
coaster. Each test area has two test spots. A blue 
color change on either test spot indicates a pos- 
itive reaction. A picture of the unused coaster is 
shown in Figure 1 (see page 7A). The test spot 
that reacts with GHB starts off as a green color, 
and the test spot that reacts with ketamine be- 
gins as a light pink color. 

GHB analysis 
GHB, a drug that is being associated more fre- 

quently with DFSA cases, does react to give a 
blue color change when high concentrations are 
tested in deionized water as shown in Figure 2 
(see page 7A). A deionized water blank reaction 
is shown along with each of the figures as a 
reference. 

A dose of approximately 3 g of GHB can lead 
to a deep sleep and therefore would be a rea- 
sonable amount of drug to expect for the pur- 
poses of drug-facilitated sexual assault. Consid- 
ering a 12-fluid ounce and an 8-fluid ounce 
beverage, this would result in concentrations 
of 8640 ppm and 12,690 ppm, respectively. Both 
of these concentrations would result in a blue 
color change if GHB were dissolved in pure 
water and tested. 

The matrix into which GHB was spiked was 
found to have an effect on results. At con- 
centrations that may reasonably be found in 
cases of DFSA (5000-10,000 ppm), a blue 
color change was detected in water, Coke, 
beer, 7-Up, lemon iced tea, 5% EtOH/H20, 
and 12% EtOH/H20 (Figure 3, see page 7A). 
However, it was found that if GHB was spiked 
into a drink containing fruit juice (orange 
juice, cranberry juice, lemonade), tonic water, 
and certain wines, no blue color change 
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resulted even at 10,000 ppm (Figure 3, see page 7A). Similar 
interferences are reported by the coaster manufacturer as 
noted earlier (9). 

GHB analogue analysis 
Since the ban on GHB in 1990, the trend has been to develop 

analogues such as GBL and 1,4-butanediol that produce the 
same effects as GHB but do not carry the same legal ramifica- 
tions. Both GBL and 1,4-butanediol are rapidly bio-transformed 
in the body to GHB. These analogues are used extensively in 
chemical manufacturing and are therefore much harder to 
control than GHB, which is not used in industry. Neither of 
these analogues reacted to form a blue color change even at very 
high concentrations (20,000 ppm). 

Results for analysis of GHB in various beverages are tabulated 
(Table I). The pH values of beverages are included because of the 
effect of pH on the interconversion between GHB and GBL in 
solution (13,14). The results of the color test for each of the bev- 
erages (given as a negative or positive test) is indicated in the 
table along with the final color of the GHB specific test spot 
after 30 rain. 

Ketamine analysis 
Ketamine, another drug associated with date rape, is also 

detected at very high concentrations in deionized water. A 
strong dose of ketamine (-500 mg) can lead to extreme dif- 
ficulty in breathing, nausea, and complete disassociation. 
Considering a 12-fluid ounce beverage and an 8-fluid ounce 
beverage, this would result in concentrations of 1410 ppm 

Table II. Results for Analysis of Ketamine in Various Beverages 

Concentration Matrix pH Result Color 

0 ppm DI water 6.37 
500 ppm DI water 
1000 ppm DI water Inconclusive 
2000 ppm DI water Inconclusive 
3000 ppm DI water + 
4500 ppm DI water + 
10,000 ppm DI water + 

0 ppm Beck's (beer) 
5000 ppm Beck's (beer) 

0 ppm Orange juice 
5000 ppm Orange juice 

0 ppm Cranberry juice 
5000 ppm Cranberry juice 

0 ppm Tonic water 
5000 ppm Tonic water 

0 ppm Lemonade 
5000 ppm Lemonade 

0 ppm Coca-Cola 
5000 ppm Coca-Cola 

4.17 

3.86 

2.55 

2.50 

2.59 

2-3 

Pink spot with purple rim 
Pink spot with purple rim 
Pink spot with blue rim 
Pink-blue spot with blue rim 
Light-blue spot with dark blue rim 
Blue spot with dark blue rim 
Dark blue spot 

Pink spot with purple rim 
Blue spot with dark blue rim 

Light pink 
Blue spot with dark blue rim 

Pink-red 
Pink-blue spot with blue rim 

Light pink 
Blue spot with dark blue rim 

Pink spot with purple rim 
Blue spot with dark blue rim 

Tan-pink 
Blue spot with dark blue rim 

and 2115 ppm, respectively. At these concentrations, results 
are difficult to interpret, especially in the dim lighting avail- 
able in most bars (Figure 4, see page 7A). A purple ring 
around the perimeter of the ketamine spot is seen with a 
water blank. At concentrations of 1000 ppm (1 mg/mL) and 
2000 ppm (2 mg/mL), a blue ring is seen around the 
perimeter after a period of time (approximately 5 min). How- 
ever, the inner part of the ketamine spot remains pink for the 
most part even after 30 min. 

The matrix in which ketamine was spiked did not have an 
effect on results (Table II). The final color change of the 
ketamine-specific test spot after 30 min is indicated in the final 
column of the table. The color change in all beverages tested 
coincided with the results in pure water except cranberry juice 
where the color of the beverage affected the final color of the 
test spot. 

It was noticed, however, that when analyzing ketamine, the 
reaction that resulted in a color change was much slower 
with ketamine than with GHB. The results for a 3000 ppm so- 
lution of ketamine in deionized water were photographed 
over time to record this phenomenon and the results are 
shown in Figure 5 (see page 7A). No color change was devel- 
oped until after 1�89 min. At 4.5 min, only a faint blue ring, 
which slowly darkened over time, could be seen. By 17.5 rain, 
the outer ring was quite dark and the inner part of the pink 
spot began to turn blue as well. It took 30 full minutes for the 
entire spot to turn blue. 

The instructions on the front of the coaster state to "wait 
until dry to interpret results". The instructions on the backside 

of the coaster state that the test can take a 
few minutes to dry. After a "few" minutes and 
enough time for the spot to dry, however, 
only a small color change was detectable, 
even under good lighting conditions in the 
laboratory. 

Other illicit substances 
A number of other substances that can be 

classified as used in cases of DFSA were also 
tested. Alprazolam, MDMA, and Rohypnol were 
tested as per the instructions on the coaster. 
Each substance was tested at a high concen- 
tration in deionized water (5 mg alprazolam/8 
fl oz; ~150 mg MDMA/8 fl oz; 4.7 mg Ro- 
hypnol/8 fl oz), considering the amount typi- 
cally abused to ensure that concentration was 
not a limiting factor. The amount typically 
abused was determined by the dosage section 
on the Erowid website (15). None of the other 
substances tested reacted to form a blue color 
change. 

False positives 
The coaster, being a colorimetric test, 

would be expected to suffer from incidences of 
false positives. Milk causes a blue color 
change in both test spots. Therefore, any 
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drinks containing milk products would be expected to yield a 
positive result regardless of whether they contain any illicit 
substance. 

Deionized water, tap water (from lab), and Dansani bottled 
water resulted in a slightly deeper shade of green for the 
GHB test spot. However, other waters tested, including Evian 
bottled water and Perrier mineral water, did cause a slight 
blue color shift that remained even upon drying. 

Conclusions 

Based on results of analysis, it was found that the use of the 
coasters may lead to a false sense of security because the coaster 
was able to detect only GHB and ketamine, which are only 2 of 
the more than 20 drugs that have been detected or suspected in 
cases of DFSA (16). 

The coaster does detect GHB in water and some other ma- 
trices at concentrations that would be expected in DFSA cases. 
However, many substances that may be found in alcoholic 
drinks such as tonic water, fruit juices, and certain wines can 
hinder the GHB reaction so that no color change is seen even 
at high concentrations. Also the fact that the GHB color change 
goes from green to blue, two similar colors, can make deter- 
mination of results difficult. 

In the case of ketamine, at concentrations that may reason- 
ably be found in cases of DFSA, the blue color change is hard to 
determine, especially in the dim lighting available in most bars. 
Additionally, the time it takes for the ketamine reaction to 
occur could hinder the proper interpretation of the test. If the 
results of the reaction are expected within a few minutes, then 
a person may determine the test to be negative when, in reality, 
the reaction has just not reached completion. 
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