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Abstract 

In order to evaluate the effectiveness of a wash procedure using 
isopropanol followed by multiple extended phosphate buffer 
washes as compared with a methanol wash procedure previously 
reported, a contamination experiment was designed involving the 
soaking of human head hair in cocaine-contaminated aqueous 
solutions. Fourteen negative human head hair samples were soaked 
in a solution of cocaine HCI (1000 ng/mL) at room temperature for 
1 h, then rinsed with distilled water and dried at room 
temperature. Using the extensive wash procedures (15-min 
isopropanol wash, followed by three 30-min phosphate buffer 
washes and then two 60-min washes), in no case would any of the 
samples be reported out as positive at a cut-off of 5 ng cocaine/ 
10 mg hair. With the methanol procedure, 8 of the 14 methanol- 
washed samples exceeded a cut-off of 5 ng/10 mg hair. Extensive 
washing was shown to he far more effective for removal of external 
contamination than the methanol wash procedure reported. In all 
cases, the extensive aqueous wash protocol would allow the 
differentiation of ingestion versus external contamination, as 
defined by this soaking experiment. All samples underwent 
solid-phase extraction and derivatization followed by liquid 
chromatographic-tandem mass spectrometric analysis. Analysis 
was performed on a triple quadrupole API 2000 PerkinEImer Sciex 
mass spectrometer (MS) equipped with an atmospheric pressure 
ionization source via an ion spray interface. The MS operated in 
the positive CI multiple reaction mode. 

Introduction 

The issue of environmental contamination of human hair 
with cocaine when hair is the matrix for drug testing has been 
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heavily debated. Many experiments have been designed to study 
such contamination and its removal (1-6). It is certainly pos- 
sible that certain drugs such as cocaine can contaminate a non- 
user's hair, and when hair is tested under workplace standards, 
the result must be able to differentiate between external con- 
taminatJon and ingestion of the drug (6,7). In order to help re- 
solve some of these issues, we utilized a protocol modified from 
a previously published paper that attempted to remove cocaine 
contamination with methanol washes (t) and compared it with 
the more extensive isopropanol and phosphate buffer washes. 
Hair was contaminated by soaking in a solution of cocaine, and 
the cocaine present in all of the washes and the resulting di- 
gested washed hair samples was determined. Although the 
soaking of hair in a cocaine solution may represent a severe con- 
tamination event, wash procedures effective with this level of 
contamination would likely more than suffice for less severe 
contamination scenarios. In the present communication we 
simply demonstrate the effectiveness of the phosphate buffer 
washes in removing cocaine contamination under the condi- 
tions described. In practice, workplace samples are washed, the 
drug content of the last wash is measured, and the digested hair 
samples are confirmed for the presence of cocaine, benzoylec- 
gonine, cocaethylene, and norcocaine. The presence of cocaine 
in a concentration at or above the cut-off and the presence of 
one or more of these metabolites were used to interpret a co- 
caine-positive sample as being due to cocaine use or to envi- 
ronmental contamination. Metabolite criteria are not addressed 
in this paper because the hair was soaked only in cocaine. 

Materials and Methods 

Sample preparation 
Fourteen confirmed-negative human head hair samples were 

soaked in a solution of cocaine hydrochloride (1000 ng/mL) at 
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room temperature for i h, then rinsed three times with distilled 
water (DW) and dried at room temperature. All samples were 
cut into approximately 5-mm pieces to facilitate mixing of the 
hair and to ensure homogeneity of the sample. Because a com- 
parison with the methanol wash procedure of Wang and Cone 
(1) was being performed, the phosphate buffer washes were 
performed in the filtration cartridges used by Wang and Cone 
(1) instead of the usual 12 x 75-ram test tubes. Chopping the 
hair into small pieces is not ordinarily recommended for the 
isopropanol and phosphate buffer washing procedure. After 
mixing, three aliquots from each hair sample, weighing ap- 
proximately 15 mg each, were placed into three filtration car- 
tridges. One aliquot was washed using the methanol wash 
procedure of Wang and Cone (1) before digestion. One aliquot 
was washed using a wash procedure of one 15-min isopropanol 
and three 30-min washes in 0.01M phosphate buffer (pH 6) all 
at 37~ and with 100 cycles/min shaking. The third aliquot 
was digested without washing in order to measure the total 
drug content of the sample. Ten of the 14 also had an additional 
aliquot weighed and tested using the described wash procedure 
of one 15-rain isopropanol and three 30-min washes in 0.01M 
phosphate buffer (pH 6) plus two additional 60-min phosphate 
buffer washes, all at 37~ with shaking. 

Methanol wash procedure 
The filtration cartridges containing the hair aliquots were 

bottom-sealed with Luer plugs. One milliliter of methanol 
was added to each cartridge. The hair inside the cartridge 
was cut with surgical scissors into very fine pieces and vortex 
mixed for 1 rain. The bottom seal was removed from the 
cartridges, and the methanol was collected into a test tube. The 
cartridges were resealed. One milliliter of methanol was again 
added into the cartridge, the sample mixed, and the methanol 
then collected into the same test tube. This rinsing procedure 
was repeated once more. The wash and two rinses were corn- 
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bined into one tube. The methanol was evaporated under ni- 
trogen to dryness, and the residue was reconstituted with 2 mL 
of 0.5M phosphate buffer (pH 6.0) for instrumental analysis. 

Phosphate buffer wash procedure 
The filtration cartridges containing the hair aliquots were 

bottom-sealed with Luer plugs. Two milliliters of dry iso- 
propanol were added to each cartridge. The cartridges were 
placed inside glass vials which were then placed into a shaking 
water bath (100 cycles/min). The temperature of the water 
bath was adjusted to 40~ in order to maintain the temperature 
inside the cartridges at 37~ The cartridges were incubated for 
15 rain. The bottom seal of each cartridge was removed, and the 
isopropanol was collected into a test tube for analysis. The car- 
tridges were resealed, and 2 mL of 0.5M phosphate buffer was 
added to each cartridge. The hair was incubated in the shaking 
water bath for 30 rain. The bottom seal of each cartridge was re- 
moved, and the buffer was collected into a test tube for analysis. 
The buffer wash step was repeated two more times, and the 
buffer was collected into separate test tubes for analysis. The 
isopropanol was evaporated under nitrogen to dryness, and the 
residue was reconstituted with 2 mL of 0.SM phosphate buffer 
for analysis. 

Ten of the 14 samples were subjected to a wash procedure 
consisting of the isopropanol wash and the three phosphate 
buffer washes plus two additional 60-rain phosphate buffer 
washes. (Four samples had insufficient sample for this proce- 
dure.) All washes were individually collected for analysis. The 
isopropanol wash was evaporated under nitrogen to dryness and 
the residue was reconstituted with 2 mL of 0.5M phosphate 
buffer for analysis 

Digestion of hair 
The bottom of each cartridge containing unwashed hair, 

methanol-washed hair, or the phosphate-buffer-washed hair 

Table I. Effect of Methanol Washing on Hair Contaminated with Cocaine by Soaking in Cocaine Solution 

Sample # Hair color 

Cocaine and BE Cocaine* and BE* 
in Combined Methanol in Digested Washed Hair 
Washes (ng/lO mg hair) (ng/lO mg hair) 

Cocaine BE* Cocaine BE* 

Total Drug in Percent of 
Washes and Digest Contamination 

(ng/lO mg hair) Removed by MeOH 

1 brown 
2 brown 
4 brown 
5 black 
6 blonde 
7 blonde 
9 blonde 

10 blonde 
11 brown 
12 black 
16 black 
17 brown 
19 black 
20 black 

4.5 0 4.4 0.4 
4.1 0 2.0 0.2 

22.6 0.5 24.2 2.2 
1.1 0 1.2 0 
1.9 0 7.8 0.7 

18.8 0 7.7 0.7 
4.4 0 6.7 0.6 

13.1 0 12.4 1 
7.7 0 8.9 0.8 
3.3 0 15.3 1.2 
2.4 0 5.0 0.65 
5.9 0 2.9 0.4 
8.6 0 2.3 0.2 
3 0 2.1 0.3 

* LOD for BE and cocaine is 0.2 ng/10 mg hair. 

9.3 48.4 
6.3 65.1 

49.5 46.7 
2.3 47.8 

10.4 18.3 
27.2 69.1 
11.7 37.6 
26.5 49.4 
17.4 44.3 
19.8 16.7 
8.05 29.8 
9.2 64.1 

11.1 77.5 
5.4 55.6 
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was sealed with a new plug and digesting solution (I mL digest 
per 10 mg hair) was added to each cartridge. The digest solution 
consisted of proteinase-K, dithiothreitol, and detergent (8). 
The cartridges were incubated overnight in the shaking water 
bath at 40~ after which the cartridges were vortex mixed and 
the digests were collected into test tubes for analysis. 

Analysis of samples 
All samples were extracted using Isolute TM SPE columns and 

derivatized followed by liquid chromatographic-tandem mass 
spectrometric (LC-MS-MS) analysis. Analysis was performed 
on a triple quadrupole AP12000 PerkinElmer Sciex (Thornhill, 
ON, Canada) MS equipped with an atmospheric pressure ion- 
ization source via an ionspray interface. For LC, a binary pump 

with an autosampler ISS 200 PerkinElmer was used. The mo- 
bile phase was a mixture of water and acetonitrile containing 
0.1% HCOOH and 2ram of HCOONH4. The proportion of 
water/acetonitrile was 80:20. MS setting was optimized for co- 
caine metabolites to give optimum ion yield. Ionization of an- 
alytes was obtained in positive mode. Fragmentation was 
obtained using nitrogen as the collision gas. The MS was oper- 
ated in the multiple reaction monitoring mode (MRM). The 
high-performance liquid chromatography (HPLC) column was 
a Keystone Scientific BETASIL C8. The target ions for cocaine 
and its internal standard cocaine-d3 were m/z 182 and 185, re- 
spectively. Ions m/z 210 and 213 were monitored for ben- 
zoylecgonine and its d3 internal standard. Method validation for 
cocaine and benzoylecgonine included linearity, precision, and 

Table II. Isopropanol and Three Phosphate Buffer Washes of Cocaine-Contaminated Hair Samples 

Cocaine* in Washes (ng/10 mg hair) BE* in All Washes 

Sample # IPA t 1st PO 4 2nd PO 4 3rd PO 4 (ng/10 mg hair) 

Cocaine and BE in 
Digested Washed Hair 

(ng/lO mg hair) 

Cocaine BE* 

Total Drug in 
Washes and Digest 

(ng/10 mg hair) 

Percent of 
Contamination 

Removed 

1 0.3 7.7 0.9 0.3 0 1.3 0 10.5 
2 0.5 6.3 0.7 0.1 0 1.1 0 8.7 
4 0.3 36.7 9.4 2.9 1.2 3.5 0.3 54.3 
5 0 1.9 0 0.0 0 0.6 0 2.5 
6 0 9.0 1.5 0.3 0 1.1 0 11.9 
7 2.5 23.5 2.0 1.2 0.5 3.2 0.3 33.2 
9 0 10.3 0.7 0.4 0.3 1.7 0.2 13.6 

10 2.5 24.3 2.6 0.8 0.4 3.3 0,2 34,1 
11 0.4 15.0 1.7 0.8 0.3 1.7 0 19.9 
12 0.2 15.1 1.3 0.7 0 4.0 0.3 21.6 
]6 0.3 6.2 0.4 0 0 0.7 0 7.6 
17 1.3 5.9 0.3 0 0 1.0 0 8.5 
19 2.1 6.9 0.4 0 0 1.0 0 10.4 
20 0.4 3.8 0.2 0 0 0.5 0 4.9 

* LOD for cocaine and BE is 0.2 ng/10 mg hair. 
IPA = isopropanoL 

87.6 
87.4 
93.0 
76.0 
90.8 
89.5 
86.0 
89.7 
91.5 
80.1 
90.8 
88.2 
90.4 
89.8 

Table III. Isopropanol, 3 x 30-Min, Plus Two Additional 60-Min Washes of Cocaine-Contaminated Samples 

Cocaine* in Washes (ng/10 mg hair) BE* in All Washes 
Sample# IPA t 1stPO4 2ndPO4 3rdPO 4 4thPO4 5thPO4 (ng/10mghair) 

Cocaine and BE in 
Digested Washed Hair 

(ng/10 mg hair) 

Cocaine BE 

Total Drug in Percent of 
Washes and Digest Contamination 

(ng/10 mg hair) Removed 

2 0.9 4.3 0.4 0.1 0.2 0.1 0.0 
4 4.7 13.3 3.1 1.2 0.9 0.4 0.5 
7 3,6 12.6 2,4 0.8 0.7 0,4 0.3 
9 0.4 6.7 1.1 0.5 0.5 0.2 0.0 

10 4.2 7.5 1.7 0.9 0.9 0.5 0.0 
11 1.3 8.2 1.5 0.6 0.6 0.6 0.0 
12 0.4 8.3 1.4 0.7 0.8 1.0 0.0 
16 0.3 4 0.2 0.1 0.1 0.0 0.0 
17 1.1 5.9 0.3 0.1 0.0 0.0 0.0 
20 0.5 5.8 0.4 0.1 0.1 0.1 0.0 

* LOD for BE and cocaine is 0.2 ng/10 mg hair. 
IPA = isopropano]. 

0.6 0 
0.7 0 
0.7 0 
0.6 0 
1.5 0 
0.7 0 
2.4 0.2 
0.8 0 
0.8 0 
0.5 0 

6.6 90.9 
24.8 97.2 
21.5 96.7 
10 94.0 
17.2 91.3 
13.5 94.8 
15.2 82.9 
5.5 85.5 
8.2 90.2 
7.5 93.3 
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carryover potential studies. Calibrators and controls were 
spiked in negative hair before digestion and analyzed along 
with contaminated donor samples. Linearity of the assay was 
determined to be from 0.2 to 150 ng/10 mg hair for cocaine and 
benzoylecgonine, respectively. Precision studies at the cut-offs 
for cocaine (5 ng/10 mg) and for benzoylecgonine (0.5 ng/10 
mg) showed less than 10% CV. 

Results 

Washing cocaine-contaminated hair with methanol 
Wang and Cone reported removal of 16 to 41% of cocaine 

from cocaine-soaked hair samples (1). We essentially confirm 
their results, removing 16.7-77.5% of the cocaine from the 
samples, the amounts of cocaine remaining in the hair ranging 
from 1.2 to 24.2 ng/10 mg hair (Table I). Eight of the 14 
digested methanol-washed hair samples contained cocaine 
above the cut-off of 5 ng/10 mg hair. These results agree with 
those of Wang and Cone (1) in that methanol washing does 
not constitute a wash procedure to remove externally deposited 
cocaine. 

Washing cocaine-contaminated hair with isopropanol and 
three phosphate buffer washes 

Duplicates of the same 14 samples were washed by the fol- 
lowing procedure: 15 min isopropanol and three 30-rain washes 
with dilute pH 6 phosphate buffer, at 37~ with 100 cycles/min 
shaking. Table II shows that all 14 samples were decontami- 
nated to below the 5 ng cocaine/10 mg hair cut-off. 

Washing cocaine-contaminated hair with isopropanol, 
three 30-rain phosphate buffer washes, and two additional 
phosphate buffer washes 

The procedure of washing with isopropanol and three phos- 
phate buffer washes was termed the "truncated" wash proce- 
dure in prior publications, with reference being made to 
"extended" washing in cases in which the wash kinetic criteria 
warranted further investigation (8-10). In the contamination 
experiments presented here, the cocaine in the hair samples 
was reduced below the cut-off without two additional 1-h 
washes. The two additional washes were performed on 10 of the 
14 samples (Table III). 

Discussion 

The contamination and washing experiments shown here 
demonstrate the necessity for extensive washing of hair samples 
with appropriate wash solutions. Short washes with methanol 
are shown to be inadequate. Similar wash procedures used in 
this laboratory have been discussed previously (8-10), and 
wash procedures continue to be investigated and improved. In 
the experiments shown here, the cocaine was removed to below 
the cut-off level of 5 ng cocaindl0 mg hair. This laboratory's 
current procedure is to wash once for 15 min with isopropanol, 
three times for 30 min with 0.01M phosphate buffer (pH 6), and 
another two times for 60 min with 0.01M phosphate buffer 
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(pH 6); all washing is done at 37~ and with shaking at 100 cy- 
cles/min. Additionally, the current method includes the sub- 
traction of 5 times the value for cocaine (ng/10 mg hair) in the 
last (fifth) wash from the value for the cocaine in the digested 
washed hair; if the result is less than 5 ng cocaine/10 mg hair, 
the hair is considered to be negative for cocaine. This subtrac- 
tion of 5 times the amount of cocaine in the last wash from that 
remaining in the hair is a mathematical extrapolation that ap- 
proximates the maximum amount of cocaine that would be 
removed by further washing for another 5 h if the same amount 
of cocaine were to be removed per hour as in the fifth phosphate 
buffer wash. 

Use of extensive washing and application of wash criteria, in 
combination with cut-off and metabolite criteria, including 
benzoylecgonine, cocaethytene, and norcocaine, is a conserva- 
tive policy in removing external contamination in order to 
avoid the possibility of interpreting an analytically cocaine- 
positive result due to contamination as an indication of co- 
caine use. 
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