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Abstract

Methanol, ethylene glycol, and diethylene glycol intoxications can produce visual disturbances,
neurological disturbances, acute renal failure, pulmonary dysfunction, cardiac dysfunction,
metabolic acidosis, and death. Metabolic acidosis and an increased serum osmolality are important
clues to their diagnosis. The former reflects the organic acids produced by metabolism of the parent
alcohol, while the latter is due to accumulation of the offending alcohol. However, neither the clinical
nor the laboratory findings are specific for toxic alcohol ingestions.

The definitive diagnosis of the alcohol intoxications is commonly based on detection of the alcohol
or its metabolites in blood. Early diagnosis is important, because initiation of appropriate treatment
can markedly lessen their morbidity and mortality.

At present detection of the parent alcohol in body fluids is inferred from its measurement in blood.
This measurement is often performed by specialty laboratories using expensive equipment, and a
long delay between obtaining the specimen and getting the results is not unusual. In this report, we
describe liquid- based tests that detect methanol, ethylene glycol, diethylene glycol, and ethanol in
saliva. The tests are sensitive and they have different specificity for each of the alcohols facilitating
distinction among them. The relatively high sensitivity and specificity of the tests as a whole will
facilitate the rapid diagnosis of each of these alcohol intoxications.
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Introduction

Toxic alcohol intoxications including methanol, ethylene glycol, and diethylene glycol can
lead to altered mental status and other neurological abnormalities, severe visual disturbances
including blindness, acute renal failure, and death (1,2). Intoxications with one of these alcohols
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may be suspected in the presence of one or more of these clinical findings; however, none of
the clinical findings are specific (2).

The coexistence of a high anion gap metabolic acidosis and hyperosmolality, producing a so-
called osmolal gap are findings which can further support the diagnosis of a toxic alcohol
intoxication (3). However, a high anion gap metabolic acidosis or hyperosmolality are not
specific for these intoxications (2). Furthermore, patients with any of the intoxications can
present with either a high anion gap metabolic acidosis or serum osmolal gap alone (2).

Definitive diagnosis of toxic alcohol ingestions is usually made by detection of the parent
alcohol or one of its byproducts in blood (2,4,5). These studies often use sophisticated
laboratory techniques such as gas chromatography (4,5,6), which are labor intensive and
relatively expensive. Because of their cost, they are often not available in many hospital clinical
laboratories (6,7). As a consequence, even when the diagnosis of one of the toxic alcohol
ingestion is suspected, confirmation of the diagnosis can take as long as 48 hours, placing the
patient at risk for many of the complications including death (2,8).

This delay in diagnosis is important, since early initiation of treatment such as hemodialysis
to remove the alcohol and its byproducts and/ or administration of inhibitors of the critical
enzyme alcohol dehydrogenase to prevent generation of its toxic byproducts has been shown
to be one the most important factors in determining the clinical outcome (2,9). Given, the
potential for high mortality with these intoxications and the difficulty in identifying them, it
would be valuable to have available a screening test which is simple to use, relatively
inexpensive, and the results of which can be obtained relatively rapidly.

The Alco-Screen (Chematics Inc, North Webster, IN) dipstick uses alcohol oxidase and
peroxidase to detect ethanol in saliva. It is rapid and simple to use. However, although it can
detect ethanol and methanol in blood and saliva (6,7), it cannot detect ethylene glycol at low
enough concentrations to be clinically useful and presumably can not detect diethylene glycol,
although this has not been examined.

In the present study, we report a group of liquid-based methods using easily obtainable reagents
capable of detecting methanol, ethylene glycol, diethylene glycol, and ethanol in saliva. Using
saliva eliminates the trouble of obtaining blood. Since the alcohols are lipid soluble, not protein-
bound, non-ionized and have relatively low molecular weight, their concentration will be
relatively close to that of blood as has been demonstrated for ethanol and methanol (10).

Thus, it should be possible to estimate the concentration of these substances in blood from their
concentration in saliva. However, most importantly once identified in saliva, treatment can be
initiated while awaiting results of more sophisticated tests to determine the precise
concentration of the alcohols.

Materials and Methods

In preliminary studies serum was utilized. However, factors in the serum interfered with several
of the determinations requiring processing of the serum before further study, a step which
significantly extended the time required for completion of the study. In addition, it has been
shown for several of the alcohols that their concentration in saliva approximates that in blood.
Therefore, all subsequent studies were performed using saliva. Saliva was purchased from
Innovative Research, Inc (Kalamazoo, Mi). All reagents used were of analytic-reagent grade
or higher and were purchased from Sigma-Aldrich (St Louis, MO.). Distilled water and saliva
served as controls. For studies examining detection of the alcohols in saliva, each of the alcohols
was added to the saliva at known concentrations.
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The studies described above were performed in accord with the ethical principles of research.

Methods for detection of alcohols

Identification of each of the alcohols in saliva is based on the detection of a product formed
from reaction of the particular alcohol with either the enzymes alcohol oxidase or alcohol
dehydrogenase or the oxidizing agents sodium periodate, or potassium permanganate as
described below. The products formed from these reactions were readily detected by visual
inspection and/ or spectrophotometric analysis after addition of one of the following
colorimetric agents: (E) 2-hydrazone-3-methyl-2,3 dihydrobenzo[d]thiazole, HMDT; MBTH,
3- methyl-2-benzothiazoline hydrazone, or Purpald®, 4-amino-3-hydrazino-5-
mercapto-1,2,4-triazole. For most of the methods, HMDT was used. In addition, Purpald was
used as an alternative colorimetric agent with the alcohol oxidase method. Intensity of the color
formed with all the methods was proportional to the concentration of the reaction product as
described below. In all studies, color was examined separately by two individuals and the
relative intensity scores were based on at least two separate observations.

Alcohol dehydrogenase method (ADH method)

B-Nicotinamide adenine dinucleotide (NAD) and yeast alcohol dehydrogenase (ADH) were
purchased from Sigma. For each experiment, distilled H,O, or 0.1 ml of saliva, or 0.1 ml of
saliva containing the appropriate alcohol at concentration ranging from 1 mg/dl to 100 mg/d|
was first added to 0.7 ml of 20 mM sodium phosphate buffer (pH 8.8) followed by the addition
of 0.1 ml of 15mM NAD. To this mixture, the enzyme alcohol dehydrogenase (ADH)(45 units/
0.1 ml) was added, incubated at room temperature for 20 min followed by addition of 1 ml
0.4% 3-methylbenzothiazolone hydrazone and a further 10 minute incubation. Finally a 1 ml
of a solution containing 1% FeClz and 1.6% sulfamic acid was added. After 10 minutes the
sample was examined visually and its absorbance was measured at excitation wavelength of
620 nm using a Shimadzu UV-VIS spectrophotometer model UV-1601. With this method, the
total time from addition of the sample to completion of the analysis was approximately 40
minutes.

Alcohol oxidase method (ALOx method)

Alcohol oxidase (EC 1.1.3.13) prepared from Hansenula sp. was purchased from Sigma.
Distilled H,0, 0.1 ml of saliva, or 0.1 ml of saliva containing the appropriate alcohol at
concentration ranging from 1 mg/dl to 100 mg/dl was added to 0.1 ml of 20 mM sodium
phosphate buffer (pH 7.5). To this mixture, 0.01 ml of the enzyme alcohol oxidase (0.046 units)
was added and incubated at room temperature for 5 min. Deionized water (1 ml) and 0.4% 3-
methylbenzothiazolone hydrazone (1 ml) were then added and kept for 5 min. Finally, 1 ml of
a solution of 1% FeCls and 1.6% sulfamic acid was added and the reaction mixture was kept
at room temperature for 10 min. The solution was then examined by visual inspection and the
absorbance at an excitation wavelength of 620 nm was measured. Total time required for
completion of analysis was 20 minutes.

Sodium periodate method

Distilled H,0, 0.05 ml of saliva sample, or saliva containing 0.05 ml of the appropriate alcohol
was combined with 0.74 ml of water and added to 0.01 ml of 16 mM sodium periodate. The
samples were kept for 10 min in the dark, followed by addition of 0.4% 3-
methylbenzothiazolone hydrazone (0.1 ml) and incubation of the mixture for 5 min. A solution
of 1% FeCl3 and 1.6% sulfamic acid (0.1 ml) was then added and the reaction mixture was
kept at room temperature for and additional 5 min. The sample was then examined by visual
inspection and the absorbance of the mixture was measured with the spectrophotometer at an
excitation wavelength of 620 nm as described previously.
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Potassium permanganate — PA method (KMnO4-PA method)

Results

Distilled H50, 0.1 ml of saliva, or 0.1 ml of saliva containing the appropriate alcohol at
concentrations ranging from 1 mg/dl were combined with 0.2 ml of water. This mixture was
then added to 0.1 ml of 2% potassium permanganate solution and 0.05 ml of 5% phosphoric
acid. The samples were mixed by vortexing and kept at room temperature for 10 min. The
samples were then decolorized by adding 0.16 ml of 2.5% sodium bisulfate solution in water
followed by addition of 1 ml of 0.4% 3-methylbenzothiazolone hydrazone and incubated at
room temperature for 10 min. One milliliter of a solution of 1% FeCl3 and 1.6% sulfamic acid
was added and after 20 minutes at room temperature, the samples were examined by visual
inspection or the absorbance at an excitation wavelength of 620 nm was measured with the
spectrophotometer.

The results of typical experiments in which the alcohols were detected in saliva using the
different methods are depicted in Figure 1 — Figure 4. The results of experiments using the
alcohol oxidase method, the same method used by the ALCO-Screen are illustrated in Figure
1. As can be seen, addition of only 1 mg/dl of methanol to saliva resulted in a blue hue, while
in the absence of the alcohol, water or saliva gave no detectable color change (Figure 1, panel
A). Ethanol could also be detected with the alcohol oxidase method, but in contrast to methanol,
in our hands significant color was detected only when the concentration was above 10 mg/dl,
more than 10 fold greater than that seen with methanol. Ethylene glycol, diethylene glycol,
and isopropanol were not detected with this method at concentrations up to 100 mg/dl (Figure
1, panel B).

Methanol and ethanol were also detected with the alcohol oxidase method when Purpald was
used as the colorimetric agent (data not shown). As with the alcohol oxidase method when
HMDT was used as the colorimetric agent, the sensitivity for detection of methanol was much
greater than for ethanol.

A common method of detecting ethanol is the alcohol dehydrogenase method. As depicted in
panel A of figure 2, with this method, a blue hue is visibly perceived at a concentration of ~
10 mg/dl and color intensity increased perceptively as its concentration rose to 50 mg/dl. A
little difference of the color intensity could be detected on visual inspection between 50 and
100 mg/dl. By contrast, as shown in panel B, the presence in saliva of methanol at a
concentration up to 100 mg/dl or isopropanol or diethylene glycol at a concentration of as much
as 200 mg/dl produced no visually detectable color. When ethylene glycol was present at a
very high concentration, ~ 200 mg/dl, there was some detectable increase in color intensity;
however, this was considerably less than that observed at a four-fold lower ethanol
concentration.

As depicted in Figure 3, ethanol, methanol, ethylene glycol, and diethylene glycol were all
detected with the potassium permanganate method. However, this method was most sensitive
in the detection of methanol with an order of sensitivity of methanol > ethylene glycol >
diethylene glycol > ethanol. It is noteworthy to mention that at concentration >10 mg/dl, both
methanol and ethylene glycol produced a detectable color; whereas, at this same concentration
ethanol and diethylene glycol revealed little or no color. Isopropanol even at a concentration
of 100 mg/dl was not detected by the permanganate method.

As depicted in panel A of Figure 4, with the sodium periodate method, the presence of ethylene
glycol in saliva at a concentration as low as 1 mg/dl provided a blue hue, the intensity of which
increased with increasing concentration. With this method, no color was detected in the

presence of ethanol till its concentration was above 20 mg/dl. By contrast, as depicted in Panel
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B, the presence of methanol, isopropanol, or diethylene glycol could not be detected even at
concentrations as great as 50 mg/dl In addition to visual inspection of color which can be
observer dependent, a spectrophotometer can be used to get a semi-quantitative assessment of
the concentration of the individual alcohol in saliva. A typical concentration- absorbance curve
for ethylene glycol is depicted in panel C of Figure 4. As can be seen, there is a linear
relationship between absorbance and the alcohol concentration when the color intensity was
under absorbance 1. A similar relationship is anticipated for the other methods as long as the
absorbance is maintained below 1. Maintaining the absorbance below 1 can be achieved by
dilution of the samples.

Table 1 summarizes the relative sensitivity and specificity of the different methods for detection
of the major alcohol intoxications. The alcohol oxidase was most sensitive in the detection of
methanol (> 1mg/dl) followed by the potassium permanganate method; whereas, the alcohol
dehydrogenase and sodium periodate were the least sensitive being negative at relatively high
concentrations of 50 mg/dl. The alcohol dehydrogenase method was most sensitive for the
detection of ethanol followed by the potassium permanganate, alcohol oxidase, and sodium
periodate methods.

The sodium periodate method was most sensitive in the detection of ethylene glycol followed
by the potassium permanganate method. Both the alcohol dehydrogenase method and alcohol
oxidase method were insensitive in the detection of this alcohol. Diethylene glycol could be
detected by the potassium permanganate method, but it was not detected with any of the other
methods even at a high concentration.

Isopropanol most commonly found in rubbing alcohol is often considered in the differential
diagnosis of the toxic alcohol syndromes (1,2). Addition of isopropanol to saliva was not
detected with all the tests even at a concentration of 100 mg/dl.

Discussion

Methanol, ethylene glycol, diethylene glycol are toxic alcohols which are important causes of
poisoning of children and adults alike (1,2,11,12). The reported mortality in the United States
arising from methanol and ethylene glycol intoxication is relatively low ~ 1% (12). However,
the mortality rises strikingly if there is a significant delay in initiating proper treatment (13).

The mortality of diethylene glycol is greater (as high as 70%) reflecting difficulty in making

the diagnosis in a timely fashion (2,11).

In the absence of a history of ingestion of any of these alcohols, the diagnosis of these
intoxications can be suspected in individuals with changes in mental status associated with
visual disturbances as with methanol intoxication (2,4), or acute renal failure with ethylene
glycol and diethylene glycol intoxication (2,5). The laboratory findings of an increased serum
osmolality and high anion gap metabolic acidosis can also suggest the presence of these
intoxications (1,2). However, the clinical findings described above are not specific for any of
these disorders. Moreover, the presence and degree of hyperosmolality and metabolic acidosis
may depend upon the time after ingestion blood is obtained for analysis (2,3). Early after
ingestion, the serum osmolality may be elevated with little evidence of metabolic acidosis
(3). Consequently, as the alcohol is metabolized to organic acids, serum osmolarilty can fall
appreciably while the acidosis becomes more profound. The characteristic combination of
hyperosmolality and metabolic acidosis may not be present in some cases (2,3). Moreover,
measurement of serum osmolality is not done on a routine basis in clinical laboratories, even
in patients with changes in mental status or suspected poisoning making the diagnosis of these
alcohol intoxications problematic.

Transl Res. Author manuscript; available in PMC 2009 October 1.
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Fluorescein is commonly added to some brands of antifreeze containing ethylene glycol to
make detection of leaks from cars more visible (14,15). Examination of the urine with a Woods
lamp to detect the fluorescence has been suggested as another method of diagnosing this
intoxication (14,15). However, false positives and negatives have been reported with this test
lessening the value of the urine examination (14,15).

Actual confirmation of one of these intoxications is generally accomplished by measurement
of the alcohol or its toxic metabolites in blood. A test for blood ethanol or saliva levels is
inexpensive and easy to perform. However, measurement of methanol, ethylene glycol, and
diethylene glycol or their organic acid metabolites is usually done with blood and requires
sophisticated equipment such as gas chromatography (4,5). As a consequence, this test cannot
be done in many clinical laboratories and blood has to be sent to a specialty laboratory. As
reported by one of the authors, it can take 48 hours or longer to get the results (8). A long delay
before recognition is important because treatment of the intoxications to be effective should
be initiated within several hours or less after ingestion to prevent serious adverse consequences
(2,4,5,13). Therefore, there is a need for a rapid screening test to diagnose these intoxications.

A simple saliva test for semi-quantitative determination of ethanol is available, the ALCO-
Screen (6,7). The method is based on the alcohol oxidase method. The dipstick has one reactive
area impregnated with alcohol oxidase and a dye that allows a colorimetric determination of
ethanol concentration in both blood and saliva. can also detect in blood concentrations of
methanol as low as ~ 5 mg/dl (7). However, it can only detect very high concentrations of
ethylene glycol ~ 300 mg/dl (7), whereas toxicity is reported at blood concentration < 10 fold
of this concentration. Also, based on our studies using the alcohol oxidase method, this would
not detect diethylene glycol at concentrations that would require treatment. Finally, the AICO-
Screen test will be positive in the presence of either ethanol or methanol, and therefore would
not be useful in cases of coingestion of both moities.

In the present study, we combined two enzyme-based methods (alcohol oxidase and alcohol
dehydrogenase) and two that used oxidizing agents (sodium periodate and potassium
permanganate). The inclusion of these methods allowed us to detect all three important alcohol
intoxications: methanol, ethylene glycol, and diethylene glycol, and also ethanol and
isopropanol. The latter two entities often need to be excluded in evaluating patients with
possible toxic alcohol intoxications (2,8). Therefore, utilization of the separate methods
substantially improves the specificity and sensitivity for detection of all the important toxic
alcohol intoxications.

The methods utilize easily obtainable and relatively inexpensive reagents and no sophisticated
equipment. All the studies can be completed within 40 minutes and thus can be performed
either in a clinical facility or even outside the facility as the patient is being transported. Thus,
these studies can be done at little expense in many areas without access to sophisticated
equipment, including undeveloped countries. This is important as outbreaks of several of the
intoxications are reported in third world countries (2).

In preliminary studies, blood was utilized. However, substances in blood interfered with some
of the methods requiring special processing of the samples. Utilization of saliva eliminated this
problem.

Although we did not examine all possible interfering substances that might be present in saliva,
other reports have shown high glucose concentrations interfere with the sodium periodate
method. Therefore, in patients with significant hyperglycemia, a positive test with this method
would have to be confirmed by other methods.

Transl Res. Author manuscript; available in PMC 2009 October 1.
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For the purposes of these studies, each of the alcohol was added to saliva in known
concentrations rather than obtaining saliva from animals or patients with known toxic alcohol
intoxications. Based on studies of the relationship between salivary and blood concentrations
of ethanol and methanol, salivary concentrations of these alcohols have been found to be close
to or slightly less than that of blood (6,10). The other toxic alcohols, ethylene glycol and
diethylene glycol are also lipid soluble, not protein-bound, and non-ionized. Movement into
saliva from plasma will therefore occur by simple diffusion. The only factor that will affect
the rate of diffusion and therefore the relative concentrations of substances in blood and saliva
will be their molecular weight. Moreover, ther molecular weight of ethylene glycol 62 daltons
and diethylene glycol 106 daltons are sufficiently low so that transfer from blood into saliva
should be rapid and their concentrations should not be much dissimilar from that of blood.
(10,17).. However, the precise relationship between blood and saliva concentrations for
ethylene glycol and diethylene glycol will have to be established.

Importantly, very small quantity of saliva was required for these studies, namely 0.1 ml. This
quantity of saliva should be easy to obtain even from an unconscious or impaired patient, by
swabbing the mouth with one of the saliva collection systems (6). Secondly, each of the tests
has different sensitivity and or specificity for the detection of the various alcohols. Therefore,
by combining the results of the 4 methods, the clinician should come up with a reasonable
determination of which alcohol is present.

In a substantial number of patients, ethanol and one of the other toxic alcohols might be present
in body fluids if the intoxication results from ingestion of adulterated ethanol (2,4,5). In these
cases, examining the results of the tests should enable the clinician to document both the
presence of the other alcohols and ethanol.. Except for ethanol, toxic alcohol intoxications are
often treated with dialysis to remove the offending alcohol and/or addition of fomepizole a
specific inhibitor of the alcohol dehyrogenase to prevent generation of the toxic organic acids
(2,4,5). Treatment is recommended when blood concentrations are ~ 20 mg/dl and dialysis has
been recommended with values of 50 mg/dl or greater (2,4,5). Based on the sensitivity of the
methods, these levels should easily be detected with the methods described.

In some instances, the parent alcohol is completely metabolized to its organic acids. Under
these circumstances, methods described here will not be able to diagnose any of the
intoxications. Of course, the same conclusion holds for most of the methods using blood to
detect the parent alcohol. Examination of the literature suggests this is a relatively rare event,
but is a limitation of the present methodology (2,3,4)..

As noted, each of the methods has a different sensitivity and specificity for the various alcohols.
Therefore examination of the results of all the tests should allow the clinician to suspect which
of the intoxications is present. Quantitation of body fluid concentrations then could be
accomplished with the more sophisticated techniques. Appropriate treatment could then be
initiated.

In summary, we describe 4 liquid-based methods to detect the major alcohol intoxications that
use extremely minute quantities of saliva, can be performed with easily obtainable and
inexpensive reagents, and can be completed within 30— 40 minutes. Since a colorometric
method is utilized, documentation of the presence of the alcohol in saliva can be established
by visual inspection alone. Subsequently, estimates of actual concentrations of the alcohols
could be obtained using a spectrophotometer sufficient to initiate therapy, since intensity of
the color formed is proportional to the concentration of the alcohol. Once the screening test
suggests the presence of one of the alcohols,, more precise measurements of the alcohol
concentration can be obtained.
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Figure 1. An example of typical experiments using the alcohol oxidase method to detect the different
alcohols in saliva

Panel A) A light blue hue develops in the sample containing methanol at a concentration of 1
mg/dl. The intensity of the color increases proportionately with the increase in methanol
concentration from 1 mg/dl to 100 mg/dl. WB, water negative control; SB, saliva negative
control. Panel B) The alcohol oxidase method was used to detect methanol (MeOH), ethanol
(EtOH), isopropanol (i-PrOH), ethylene glycol (EG), and diethylene glycol (DEG) in saliva.
A strong blue hue was noted with methanol as before. A blue hue developed with ethanol at a
concentration of 50 mg/dl. Isopropanol (i-PrOH), ethylene glycol (EG), and diethylene glycol
(DEG) were not detected by this method even at concentration of 100 mg/dI.
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Figure 2. An example of typical experiments using the alcohol dehydrogenase method to detect the
different alcohols in saliva
Panel A) A light blue hue develops in the sample containing ethanol at a concentration of 1
mg/dl. The intensity of the color increases proportionately with the increase in ethanol
concentration from 1 mg/dl to 100 mg/dl. WB, water negative control; SB, saliva negative

control. Panel B) Comparison of the results with methanol (MeOH), ethanol (EtOH),

isopropanol (i-PrOH), ethylene glycol (EG), and diethylene glycol (DEG) in saliva. The
method was most sensitive for ethanol. Some slight increase in color intensity was detected
with a ethylene glycol concentration of 200 mg/dl.
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Figure 3. An example of a typical experiment using the permanganate-PA method to detect the
different alcohols in saliva

The concentration of the individual alcohols was varied from 10 to 100 mg/dl. Methanol and
ethylene glycol produced a blue hue at a concentration of 10 mg/dl which increased in intensity
at higher concentrations. A blue hue appeared with ethanol and diethylene glycol at a
concentration ~ 50 mg/dl. No color was detected with the water (WB) and saliva (SB) controls
and isopropanol.
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Figure 4. An example of typical experiments to detect the alcohols in saliva using the sodium
periodate method
Panel A) A light blue hue develops in the sample containing ethylene glycol at a concentration

of 1 mg/dl. The intensity of the color increases proportionately with the increase in ethylene
glycol concentration from 1 mg/dl to 100 mg/dl. WB, water negative control. SB, saliva
negative control. Panel B) A light blue hue was noted with 50 mg/dI of ethanol, but methanol
(MEOH), diethylene glycol (DEG), and isopropanol (iPrOH) at this same concentration were
not different from the saliva control. Panel C) Relationship between ethylene glycol (EG)
concentration and absorbance measured with a spectrophotometer. There is good linear
relationship between absorbance and ethylene glycol concentration when it is < 10 mg/dl.
Absorbance at 620 nm = 0.222 x EG (mg/dl) + 0.181 (R2 = 0.999)
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Relative Value of Methods for Detection of Toxic Alcohols
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Alcohol Alcohol Alcohol Sodium Potassium
Dehydrogenase Oxidase Periodate Permanganate Method
Method Method Method

Ethanol ++++ ++ + it

Ethylene glycol + - ++++ ++++

Diethylene glycol - - - +++

Isopropanol - - - -

Methanol - e+t - e+

Transl Res. Author manuscript; available in PMC 2009 October 1.



