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Table 1:1 Drugs with a combined DDID1  in 1992 of greater than 0.300. 

Drug 
	

ODD' 	Medication use2  

salbutamol 
frusemide 
beclomethasone 
captopril 
oestrogens conjugated 
budesonide 
naproxen 
medroxyprogesterone 
digoxin 
hydrochlorothiazde 
verapamil 
enalapril 
glycerol trinitrate 
thyroxine Na 
nifedipine 
prazosin 
theophylline 
diclofenac 
paracetamol 
ipratropium bromide 
ranitidine 
allopurinol 
atenolol 
felodipine 
temazepam 
thiamine 
amoxycillin 
nitrazepam 
metoprolol 
diazepam 
ketoprofen 
doxycyline 
cimetidine 
simvastatin 
codeine 
oxazepam 
piroxicam 
potassium 
indapamide 
chlorothiazide 
timolol 
hydoxocobalamin 
glibenclamide 
prednisolone 
bendroflurazide 
prednisone 

30.268 
22.948 
12.266 
11.897 
10.455 
10.369 
10.120 
9.887 
9.780 
9.750 
9.383 
8.948 
8.914 
8.649 
7.770 
7.613 
7.585 
7.510 
7.395 
7.170 
7.165 
7.157 
7.094 
7.032 
6.912 
6.784 
6.561 
6.304 
6.199 
6.184 
6.024 
5.991 
5.878 
5.630 
5.126 
5.087 
4.914 
4.808 
4.778 
4.680 
4.544 
4.384 
4.215 
3.995 
3.754 
3.490 

anti-asthmatic 
diuretic 
anti-asthmatic 
anti-hypertensive 
hormone 
anti-asthmatic 
anti-inflammatory 
hormone 
cardiac therapy 
diuretic 
Ca channel blocker 
anti-hypertensive 
cardiac therapy 
thyroid therapy 
Ca channel blocker 
anti-hypertensive 
anti-asthmatic 
anti-inflammatory 
analgesic 
anti-asthmatic 
peptic ulcer treatment 
anti-gout agent 
11-blocker 
Ca channel blocker 
hypnotic/sedative 
vitamin supplement 
anti-bacterial 
hypnotic/sedative 
fl-blocker 
anxiolytic 
anti-inflammatory 
anti-bacterial 
peptic ulcer treatment 
serum lipid reducing agent 
analgesic 
anxiolytic 
anti-inflammatory 
mineral supplement 
diuretic 
diuretic 
opthalmological agent 
vitamin supplement 
anti-diabetic 
glucocorticoid 
diuretic 
glucocorticoid 



Table 1:1 continued 

 

Drug 
	

DOD' 	Medication use2  

 

levonorgestrel 
calcium 
propranolol 
erythromyacin 
isosorbide dinitrate 
amitriptyline 
phenytoin 
diltiazem 
flunitrazepam 
pilocarpine 
dothiepin 
methyldopa 
doxepin 
gliclazide 
metformin 
insulins 
carbamazepine 
indomethacin 
pindolol 
promethazine 
dipiverine 
tiaprofenic acid 
sulphamethoxazole 
trimethoprim 
warfarin 
spirolactone 
famotidine 
phentermine 
tenoxicam 
asprin (salicylic acid) 
amilioride 
bumetamide 
sulphasolazine 
ibuprofen 
gemfibrozil 
diflunisal 
valproic acid 
imipramine 
fluphenazine 
dextropropoxyphene 
minocycline 
methylclothiazide 
cephalexin 
chlorothalidone 
lithium 
benztropine 

3.246 
3.211 
3.155 
3.033 
3.032 
2.933 
2.829 
2.744 
2.671 
2.559 
2.528 
2.397 
2.371 
2.322 
2.268 
2.063 
2.007 
1.954 
1.945 
1.939 
1.927 
1.881 
1.851 
1.851 
1.726 
1.602 
1.593 
1.585 
1.546 
1.536 
1.509 
1.334 
1.295 
1.285 
1.281 
1.258 
1.237 
1.218 
1.207 
1.178 
1.170 
1.156 
1.140 
1.131 
1.083 
1.073 

hormone 
mineral supplement 
11-blocker 
anti-bacterial 
cardiac therapy 
anti-depressant 
anti-epileptic 
Ca channel blocker 
hypnotic/sedative 
ophthalmological 
anti-depressant 
anti-hypertensive 
anti-depressant 
anti-diabetic 
anti-diabetic 
anti-diabetic 
anti-epileptic 
anti-inflammatory 
11-blocker 
anti-histamine 
opthalmological agent 
anti-inflammatory 
anti-bacterial 
anti-bacterial 
anti-thrombotic 
diuretic 
peptic ulcer treatment 
anti-obesity 
anti-inflammatory 
analgesic 
diuretic 
diuretic 
alimentary tract 
anti-inflammatory 
serum lipid reducing agent 
analgesic 
anti-epileptic 
anti-depressant 
anyti-psychotic 
analgesic 
anti-bacterial 
diuretic 
anti-bacterial 
diuretic 
anti-psychotic 
anti-parkinson agent 
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Table 1:1: continued 

Drug 
	

DOD' 	Medication use 2  

Na cromoglycate 
flucloxacillin 
betaxolol 
glipizide 
terfenadine 
papaverine 
fluoxetine 
bisacodyl 
colchicine 
tetracycline 
metoclopramide 
griseofulvin 
tolbutamide 
cyclopenthiazide 
astemizole 
nystatin 
omeprazole 
phenoxymethylpenacillin 
chloroquine 
pizotifen 
iron 
haloperidol 
thioridazine 
cisapride 
cholestyramine 
lactulose 
sulindac 
perindopril 
clotrimazole 
dexchlorpheniramine 
alprazolam 
diethylpropion 
quinine 
hydralazine 
clonazepam 
lorazepam 
cyproheptadine (metabolites) 
sucralfate 
mianserin 
isotretinoin 
tranylcypromine 
psyllium hydrophilic muciloid 
clonidine 
morphine 
dexfenfluramine 
trifluoperazine 

1.061 
0.978 
0.954 
0.944 
0.936 
0.932 
0.915 
0.908 
0.898 
0.880 
0.873 
0.867 
0.862 
0.850 
0.818 
0.806 
0.796 
0.796 
0.761 
0.759 
0.756 
0.755 
0.638 
0.621 
0.615 
0.615 
0.612 
0.590 
0.587 
0.575 
0.565 
0.554 
0.553 
0.546 
0.544 
0.540 
0.529 
0.529 
0.521 
0.517 
0.497 
0.479 
0.465 
0.447 
0.441 
0.441 

anti-asthmatic 
anti-bacterial 
ophthalmological agent 
anti-diabetic 
anti-histamine 
alimentary tract 
anti-depressant 
laxative 
anti-gout agent 
anti-bacterial 
alimentary tract 
anti-biotic 
anti-diabetic 
diuretic 
anti-histamine 
anti-biotic 
peptic ulcer treatment 
anti-bacterial 
anti-malarial 
anti-migraine 
anti-anaemic 
anti-psychotic 
anti-psychotic 
alimentary tract 
serum lipid reducing agent 
laxative 
anti-inflammatory 
anti-hypertensive 
anti-infective 
anti-histamine 
anxiloytic 
anti-obesity 
anti-malarial 
anti-hypertensive 
anti-epileptic 
anxiolytic 
anti-histamine 
peptic ulcer treatment 
anti-depressant 
anti-acne 
anti-depressant 
laxative 
anti-hypertensive 
analgesic 
anti-obesity 
anti-psychotic 
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Table 1:1 continued 

Drug 
	

ODD' 
	

Medication use 2  

mebeverine 
clofibrate 
bromazepam 
nandrolone decanoate 
nortriptyline 
amiodarone 
moclobemide 
clomipramine 
cefaclor 
quinidine 
ketoconazole 
nicotinic acid 
terbutaline 
loratadine 
chlorpromazine 
domperidone 
methdilazine 
pheniramine 
sotalol 
isosorbide mononitrate 
labetalol 
lisinopril 
acetazolamide 
azatadine 
hexamine hippurate 
nitrofurantoin 
trimipramine 

0.439 
0.437 
0.411 
0.409 
0.400 
0.396 
0.385 
0.383 
0.365 
0.363 
0.360 
0.358 
0.353 
0.352 
0.338 
0.337 
0.336 
0.336 
0.332 
0.330 
0.323 
0.321 
0.319 
0.312 
0.305 
0.305 
0.301 

alimentary tract 
serum lipid reducing agent 
anxiolytic 
anabolic steroid 
anti-depressant 
anti-arrhythmic 
anti-depressant 
anti-depressant 
anti-bacterial 
anti-arrhythmic 
anti-infective 
vasodilator 
anti-asthmatic 
anti-histamine 
anti-psychotic 
alimentary tract 
anti-histamine 
anti-histamine 
11-blocker 
cardiac therapy 
anti-hypertensive 
anti-hypertensive 
diuretic 
anti-histamine 
anti-infective 
anti-infective 
anti-depressant 

Notes 

The defined daily dose per thousand head of population per day 
for 1992 as listed in "1992 Australian Statistics on Medicine" 
where the DDD is the combined total for subsidised and non-
subsidised components. 
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A brief description which indicates the major use of the medication. 
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Table 1.2: Drugs selected for potential inclusion in the drug screening 
procedure and the selection criteria applied. 

Drug 	 Criteria for Potential Inclusion in Screen 
Relevant DOA Relevant Marker3  DDD>0.3 

Pharm' 	Toxicol 2  
acetazolamide 	 CV 	 v 
allopurinol 	 * 	 v 	i 
alprazolam 	 CNS 	v 	 v 
alprenolol 	 CV 
amilioride 	 CV 	 v 
amiodarone 	 CV 	 v 
amitriptyline 	 CNS 	v 	 v 
amphetamine 	 CNS 	v 	v 
amoxycillin 	 v 	 v 
amylobarbitone 	CNS 
asprin (salicylic acid) 	* 	v 	 v 

astemizole 	 v 
atenolol 	 CV 	 v 

azatadine 	 * 	 v 

baclofen 	 CNS 
beclomethasone 	 v 	v 
bendroflurazide 	 CV 	 v 

benzhexol 	 CNS 	 v 

benztropine 	 CNS 	v 	v 	v 
betaxolol 	 0 	 v 
bisacodyl 	 v 
bismuth subcitrate 
bromazepam 	 CNS 	v 	 v 

budesonide 	 V 	v 
bumetamide 	 CV 	 v 
butobarbitione 	 CNS 
caffeine 	 CNS 	v 

calcium 	 v 
captopril 	 CV 	v 	 v 

carbamazepine 	CNS 	v 	v 	v 
carbimazole 	 v 

cefaclor 	 v 
cephalexin 	 v 	 v 
chlordiazepoxide 	CNS 
chloropropamide 	 v 	v 
chloroquine 	 * 	 v 

chlorothalidone 	 CV 	 v 
chlorothiazide 	 CV 	 v 
chlorpheniramine 	 * 	v 
chlorpromazine 	CNS 	v 	 v 
cholestyramine 	 v 
cimetidine - 	 * 	 .7 	v 
cisapride 	 v 
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Table 1.2: continued 

Drug 	 Criteria for Potential Inclusion in Screen 
Relevant DOA Relevant Marker' DDD>0.3 

Pharm. 	Toxicol. 
clobazam 	 CNS 
desmethylclobazam 
clofibrate 
clomipramine 	 CNS 
clonazepam 	 CNS 
7-aminoclonazepam 
clonidine 	 CV 
clotrimazole 
cocaine 	 CNS 
benzoylecgonine 
codeine 	 CNS 
colchicine 
cyclopenthiazide 	 CV 
cyproheptadine (metabolite CNS 
delta-9-THC 
delta-9-THC metabolite 
desipramine 	 CNS 
dexchlorpheniramine 
dexfenfluramine 	 CNS 
dextromethorphan 
dextropropoxyphene 	CNS 
diazepam 	 CNS 
desmethyldiazepam 
diclofenac 
diethylpropion 	 CNS 
phenylpropanolamine 
diflunisal 	 CNS 
digoxin 	 CV 
dihydrocodeine 	 CNS 
diltiazem 	 CV 
diphenydramine 	 CNS 
diphenpyraline 
dipiverine 	 0 
adrenaline 
disopyramide 	 CV 
domperidone 
dothiepin 	 CNS 
doxepin 	 CNS 
doxylamine 	 CNS 
doxycyline 
enalapril 	 CV 
enalaprilat 
ephedrine 
erythromyacin 
etafedrine 
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Table 1.2: continued 

Drug 	 Criteria for Potential Inclusion in Screen 
Relevant DOA Relevant Marker' DDD>0.3 

Pharm. 	Toxicol. 
ethosuximide 	 CNS 	v 	v 
famotidine 	 * 	 ,/ 
felodipine 	 CV 	v 	 v 
fenfluramine 	 CNS 	v 
flecanide 	 CV 
fentanyl 	 CNS 
flucloxacillin 	 v 	 v 
flunitrazepam 	 CNS 	/ 	v 	 v 
7-aminoflunitrazepam 	 v 	v 
desmethylflunitrazepam 	 ../ 	v 
fluoxetine 	 CNS 	v 	 v 
fluphenazine 
flurazepam 	 CNS 	,/ 
desalkylflurazepam 	 v 
frusemide 	 CV 	 v 
gemfibrozil 	 v 
glibenclamide 	 v 	v 	v 
gliclazide 	 v 	v 	v 
glipizide 	 v 	v 	v 
glycerol trinitrate 	 CV 	 v 
griseofulvin 	 * 	 v 
guaiphenasin 	 * 	v 
haloperidol 	 * 	v 	 v 
hexamine hippurate 	 v 
hydralazine 	 CV 	 v 
hydoxocobalamin 	 v 
hydrochlorothiazde 	CV 	 v 
hyoscyamine 	 * 
hyoscine 	 * 
ibuprofen 	 * 	v 	 v 
imipramine 	 CNS 	v 	 v 
indapamide 	 CV 	 v 
indomethacin 	 * 	v 	 v 
insulins 	 v 	v 	v 
ipratropium bromide 	 v 	v 
iron 	 CV 	 v 
isosorbide dinitrate 	CV 	V 	 v 
isosorbide mononitrate 	CV 	 v 
isotretinoin 	 v 
ketoconazole 	 v 
ketoprofen 	 * 	v 	 v 
labetalol 	 CV 	 v 
lactulose 	 v 
levonorgestrel 	 v 
lithium 	 CNS 	v 	 v 
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Table 1.2: continued 

Drug 	 Criteria for Potential Inclusion in Screen 
Relevant DOA Relevant Marker' DDD>0.3 

Pharm. 	Toxicol. 
lignocaine 	 CV 	v 
lisinopril 	 CV 	 v 
loratadine 	 v 
lorazepam 	 CNS 	,/ 	 v 
MDMA 	 CNS 	v 	 ,/ 
mebeverine 	 v 
mebhydrolin 	 CNS 
medroxyprogesterone 	 v 
mefenamic acid 	 * 	v 
metformin 	 * 	v 	v 	v 
methadone 	 CNS 	v 	v 
methaqualone 	 CNS 
methdilazine 	 CNS 	 v 
methoxyphenamine 	* 
methylamphetamine 	CNS 	v 	v 

methylclothiazide 	CV 	 v 

methyldopa 	 CV 	 v 
methylphenidate 	CNS 
methylphenobarbitone 	CNS 	v 	v 
methyprylon 	 CNS 
metoclopramide 	 * 	v 	 „/ 
metolazone 	 CV 
metoprolol 	 CV 	 v 
mianserin 	 CNS 	v 	 v 
midazolam 	 CNS 
minocycline 	 v 

moclobemide 	 CNS 	v 	 v 
morphine 	 CNS 	v 	v 	 v 
Na cromoglycate 	 v 	v 
nandrolone decanoate 	 v 
naproxen 	 .7 	 v 
nicotine 	 v 	v 
cotinine 	 v 
nicotinic acid 	 CV 	 v 
nifedipine 	 CV 	 v 
nitrazepam 	 CNS 	v 	V 	 v 
7-aminonitrazepam 	 .7 	v 
nitrofurantoin 	 v 
nortriptyline 	 CNS 	v 	 v 

nystatin 	 v 
oestrogens conjugated 	 v 
omeprazole 	 v 
oxazepam 	 CNS 	v 	V 	 v 
oxprenolol 	 CV 
oxycodone 	 CNS 	v 
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Table 1.2: continued 

Drug 	 Criteria for Potential Inclusion in Screen 
Relevant DOA Relevant Marker' DDD>0.3 

Pharm. 	Toxicol. 
papaverine 	 * 	 v 
paracetamol 	 CNS 	v 	 v 
pentobarbitone 	CNS 
perindopril 	 CV 	 v 
pethidine 	 CNS 	v 
phencyclidine 	 CNS 	v 	v 
phenelzine 	 CNS 	v 
phenindione 	 CV 
pheniramine 	 CNS 	v 	 v 
phenoxymethylpenacillin 	 v 
phentermine 	 CNS 	v 	 v 
phenylbutazone 	 * 
oxyphenbutzaone 	 * 
phenylephrine 	 * 
phenytoin 	 CNS 	v 	v 	v 

phenytoloxamine 	CNS 
pholcodine 	 * 
pilocarpine 	 0 	 .7 
pindolol 	 CV 	 v 
piroxicam 	 * 	 v 
pizotifen 	 CNS 	 v 
potassium 	 v 
prazosin 	 CV 	 v 
prednisolone 	 * 	 v 
prednisone 	 * 	 v 
primidone 	 CNS 	v 	v 
phenobarbitone 	CNS 	 v 
probenecid 	 v 
procainamide 	 CV 
prochlorperazine 	CNS 
procyclidine 	 CNS 	v 	v 
promazine 	 CNS 
promethazine 	 CNS 	v 	 v 

propranolol 	 CV 	v 	 v 
protriptyline 	 CNS 
pseudoephedrine 	 v 	v 
psyllium hydrophilic muciloid 	 v 
quinidine 	 CV 	v 	 v 
quinine 	 * 	v 	v 	v 
ranitidine 	 * 	 v 

salbutamol 	 v 	v 
simvastatin 	 v 
sotalol 	 CV 	 v 
spirolactone 	 CV 	 v 
sucralfate 	 v 	v 
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Table 1.2: continued 

Drug 	 Criteria for Potential Inclusion in Screen 
Relevant DOA Relevant Marker' DDD>0.3 

Pharm. 	Toxicol. 
sulindac 	 * 	 v 
sulphamethoxazole 	 * 	 v 
sulphasolazine 	 * 	 v 
sulphapyridine 	 * 
sulphinpyrazone 	 v 
tenoxicam 	 * 	 v 
temazepam 	 CNS 	v 	v 	 v 
terbutaline 	 v 	v 
terfenadine 	 * 	 v 
tetracycline 	 v 
theophylline 	 v 	v 	v 
thiamine 	 v 
thioridazine 	 CNS 	 v 	 v 
thyroxine Na 	 v 	v 	v 
tiaprofenic acid 	 * 	 v 
timolol 	 0 	 v 	v 
tolbutamide 	 v 	v 	v 
tranylcypromine 	 CNS 	v 	 v 
trifluoperazine 	 CNS 	 v 	 v 
trimeprazine 	 CNS 
trimethoprim 	 * 	 ,/ 	 v 
trimipramine 	 CNS 	 v 	 v 
triprolidine 	 CNS 
valproic acid 	 CNS 	v 	v 	v 
verapamil 	 CV 	 v 
warfarin 	 CV 	 v 

Notes 
DDD 	The defined daily dose per thaisand head of population 

per day for both subsidised and non-subsidised 
components. 
The drug pharmacological action was important if it: 

CV 	Directly affected the cardio-vascular system. 
CNS Directly affected the central nervous system. 
0 	Directly affected vision. 

Produced undesirable side-effects which 
caused vision impariment, sedation, hypo-
tension, vertigo, nausea. 

2 	The drug is of toxicological interest. (107,108) 
3 	This drug may indicate a particular medical condition 

eg. epilepsy, diabetes, Parkinsonism, gout. 
italics 	Indicates a metabolite of the drug which immediately 

precedes it in the table. 
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Table 2.1: The acquisition parameters (the drug group described by consecutive n-
alkanes, the start time for each group, the drug target m/z ions monitored and dwell 
times) used to screen underivatized liquid-liquid extracts (druglle.m) 

Group Time(min) Target m/z ions + dwell time (ms 
3.65 71.05 (200) 
4.40 71.05 (200) 

C12-C13 4.94 71.05, 72.10,230.10 (80) 
C13-Cia 5.50 71.05, 84.10,133.10 (80) 
C 14-C 15  6.13 71.05, 72.10,100.10 (80) 
C15-c16 6.81 71.05,72.10,100.10 (80) 
C16-c17 7.58 71.05, 98.05,176.10,109.15,151.05,84.10, 150.05 (30) 
c u -c 18  8.42 71.05, 109.05, 194.10, 172.10, 247.15, 156.05, 141.05, 

169.10, 58.05, 84.10, 150.05, 151.05, 98.05 (10) 
C18-c19 9.30 71.05, 58.05, 165.05, 86.10, 234.10, 218.10, 246.10, 

200.15, 243.20, 169.10, 139.00, 216.05, 194.10 (10) 
C19-c20 10.22 71.05, 204.10, 232.10, 58.05, 203.05, 165.05, 222.05, 

218.10, 246.10 (20) 
Car C21 11.14 71.05, 58.05, 203.05, 214.05, 277.05, 222.05, 165.05 

(30) 
C21 -c22 12.05 71.05, 72.10, 294.20, 58.05, 193.10, 264.15, 86.10, 

120.05, 208.10, 275.20, 249.15, 190.10, 146.05, 
214.05, 277.05 (10) 

c22-c23 12.95 71.05, 58.05, 249.15, 298.15, 277.05, 234.15, 280.20, 
100.05, 139.00, 72.05, 284.15, 98.10, 218.15, 190.10, 
146.05, 86.10, 120.05 (10) 

C23 -C24 13.82 71.05, 162.10, 299.15, 140.10, 83.05, 58.05, 295.10, 
314.15, 295.95, 96.00, 301.20, 244.10, 183.10, 308.15 
(10) 

c24-c25 14.67 71.05, 256.10, 283.10, 315.10, 230.10, 58.05, 318.10, 
296.15, 199.05, 314.15, 242.05, 269.05 (12) 

C25-C26 15.49 71.05, 329.10, 224.10, 259.10, 290.15, 271.05, 300.05, 
86.10, 235.95, 315.05, 184.10, 286.05, 244.05, 283.05, 
269.05, 242.05 (10) 

c26-c27 16.28 71.05, 86.10, 184.10, 238.10, 210.10, 298.10, 271.10, 
259.10, 235.95, 315.00, 298.10, 271.10, 259.10, 
235.95, 315.00, 290.15, 286.05, 244.05 (10) 

c27-C28 17.05 71.05, 136.10, 189.10, 298.10,271.10 (45) 
c28-c29 17.79 71.05, 136.10, 189.10, 280.05, 253.10 (45) 
C29-C30 18.51 71.05, 121.10, 113.10, 373.15, 58.05 (45) 
C30-C31 19.21 71.05 (200) 
C31-C32 19.21 71.05, 370.15, 303.20, 151.10, 98.10 (45) 
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Table 2.2: The acquisition parameters (the drug group described by consecutive n-
alkanes, the start time for each group, the drug target m/z ions monitored and dwell 
times) used to screen underivatized solid-phase extracts (drugspe.m) 

Group Time(min) Target m/z ions + dwell time (ms) 
3.65 71.05 (200) 

C H -C 12  4.40 71.05, 58.05, 134.10 (80) 
Cu-CD 4.94 71.05, 72.10,230.10 (80) 
C13-C14 5.50 71.05, 84.10,133.10 (80) 
C 14-C 15  6.13 71.05, 72.10,100.10, 140.10, 155.10 (45) 
C 15-C 16  6.81 71.05,72.10,100.10, 140.10, 155.10 (45) 
C 1 6 C 17 7.58 71.05, 98.05,176.10, 84.10, 150.05 (45) 
CITC18 8.42 71.05, 109.05, 194.10, 172.10, 247.15, 156.05, 141.05, 

169.10, 58.05, 84.10, 150.05, 98.05 (12) 
C18-c19 9.30 71.05, 44.05, 309.15, 58.05, 165.05, 86.10, 234.10, 

218.10, 246.10, 200.15, 243.20, 169.10, 194.10 (10) 
C19-c20 10.22 71.05, 204.10, 232.10, 58.05, 203.05, 165.05, 222.05, 

218.10, 246.10(25) 
C20-C21 11.14 71.05, 58.05, 203.05, 222.05, 165.05 (45) 
C21 -c22 12.05 71.05, 72.10, 294.20, 58.05, 193.10, 264.15, 235.10, 

250.10, 86.10, 120.05, 208.10, 275.20, 249.15, 124.10, 
289.15 (10) 

C22-C23 12.95 71.05, 58.05, 249.15, 298.15, 277.05, 234.15, 280.20, 
100.05, 139.00, 72.05, 284.15, 98.10, 218.15, 193.10, 
236.10, 86.10, 120.05 (10) 

C23-C24 13.82 71.05, 162.10, 299.15, 140.10, 83.05, 58.05, 295.10, 
314.15, 295.95, 96.00, 301.20, 244.10, 183.10, 308.15, 
304.10, 274.05 (10) 

C24-c25 14.67 71.05, 256.10, 283.10, 315.10, 230.10, 58.05, 318.10, 
296.15, 199.05, 314.15, 242.05, 269.05, 195.05, 212.05 
(10) 

C25-C26 15.49 71.05, 195.05, 212.05, 230.10, 329.10, 224.10, 259.10, 
290.15, 271.05, 300.05, 235.95, 315.05, 319.20, 
192.15, 318.10, 269.05, 242.05 (10) 

C25-C26 16.28 71.05, 86.10, 319.20, 238.10, 210.10, 298.10, 271.10, 
259.10, 235.95, 315.00, 290.15 (15) 

C27-C28 17.05 71.05, 122.05, 300.20, 136.10, 189.10 (45) 
C28-C29 17.79 71.05, 122.05, 300.20, 136.10, 189.10, 280.05, 253.10, 

298.10, 271.10 (20) 
C29-C30 18.51 71.05, 121.10, 113.10, 373.15, 58.05 (45) 
C30-C31 19.21 71.05 (200) 
C31 -C32 19.21 71.05, 370.15, 303.20, 151.10, 98.10 (45) 
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Table 2.3: The acquisition parameters (the drug group described by consecutive n-
alkanes, the start time for each group, the drug target m/z ions monitored and dwell 
times) used to screen for butyl-drug derivatives (butyl.m). 

Group Time(min) Target m/z ions + dwell time (ms) 
C 10-C 11  3.65 71.05 (200) 
C 11 -C 12  4.40 71.05 (200) 
C12-C13 4.94 71.05, 145.00,158.10 (80) 
C13-C14 5.50 71.05, 169.15, 197.15 (80) 
C14-C17 6.13 71.05 (200) 
C17-C18 9.30 71.05, 262.20, 161.10, 120.05, 250.15 (45) 
C18-C19 9.30 71.05, 109.05, 207.15 (80) 
C19-C20 10.22 71.05, 180.05, 236.15 (80) 
C20-C21 11.14 71.05,274.15, 247.10, 260.10, 175.00, 155.00, 240.10, 

180.05, 236.15, 251.10, 268.20 (15) 
C21 -C22 12.05 71.05, 185.05, 286.15, 146.05, 316.20, 278.10, 235.05 

(30) 
C22-C23 12.95 71.05, 185.05, 286.15, 146.15, 316.20, 174.10, 275.15 

(30) 
C23 -C24 13.82 71.05, 105.05, 310.15, 223.10, 297.15, 330.20, 301.15, 

214.05, 351.05 (20) 
C24-C25 14.67 71.05, 214.05, 351.05, 177.05, 312.05, 224.10, 343.20, 

232.05, 58.05, 100.10, 235.15, 322.25, 362.15, 276.15 
(10) 

C25-C26 15.49 71.05, 364.10, 321.10, 287.05, 343.10, 325.10, 269.05, 
184.10, 301.05 (20) 

C26-C27 16.28 71.05, 184.10, 301.05, 271.10, 327.15, 342.10, 244.00, 
315.00, 371.05 (20) 

C27 -C28 17.05 71.05, 342.10, 244.00, 265.10, 364.15, 258.05, 356.15, 
298.10, 354.15, 257.05, 313.10, 336.10, 271.05, 356.05 

C28 -C29 17.79 71.05, 280.05, 336.10 (10) 
C29-C30 18.51 71.05, 436.25, 255.15 (80) 
C30-C31  19.21 71.05, 136.10, 291.00, 347.05, 432.15, 355.20, 456.30, 

188.10 (25) 
C3 -C32 19.90 71.05, 233.05, 396.15, 355.20, 456.30 (45) 
C32-C33 20.61 71.05, 233.05, 452.20 (80) 
C33-C34 21.40 71.05,370.05,498.20,233.05,452.20 (45) 
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Table 2.4: The acquisition parameters (the drug group described by consecutive n-
alkanes, the start time for each group, the drug target m/z ions monitored and dwell 
times) used to screen for PFP-drug derivatives (pfpa.m). 

Group Time(min) Target m/z ions + dwell time (ms) 
C10-C11 3.65 71.05 (200) 
C11-C12 4.40 71.05 (200) 
C12-C13 4.94 71.05, 190.05, 118.05, 204.10, 280.10 (45) 
C 13-C 14  5.50 71.05, 204.10, 160.10, 118.05, 280.10, 190.05, 116.05, 

279.10 (25) 
C 14-C 15  6.13 71.05, 204.10, 160.10, 218.05, 358.10, 116.05, 279.10, 

121.05, 311.10 (20) 
C15 -C16 6.81 71.05, 490.10, 203.10, 121.05, 311.10 (45) 
C16-Cis 7.58 71.05, 204.10, 162.10, 218.05, 353.10 (45) 
C18 -C19 9.30 71.05, 229.95, 348.00, 366.05, 541.10, 339.05, 192.10 

(30) 
Ci9-C2o 10.22 71.05, 366.05, 557.10 (80) 
Cm-Cm 11.14 71.05, 366.05, 559.00, 124.10, 271.15, 408.10, 190.05, 

294.10 (25) 
C21 -C22 12.05 71.05, 366.05, 408.10, 551.10, 460.20, 445.20, 645.10, 

526.10, 607.20, 540.10 (20) 
C22-C23 12.95 71.05, 645.10, 526.10, 221.10, 194.10, 230.05, 301.05, 

577.10, 414.05, 445.15, 282.10, 461.15, 314.15 (10) 
C23 -C24 13.82 71.05, 445.15, 282.10, 190.05, 294.10, 279.05, 400.10, 

366.10, 556.10, 323.10, 409.20, 86.10, 330.10, 191.10, 
414.05, 473.10 (10) 

C24 -C25 14.67 71.05, 191.10, 409.20, 345.10, 136.10, 470.15, 429.10, 
401.10, 290.10, 213.05, 307.15, 274.05, 451.10, 86.10, 
330.10 (10) 

C25-C26 15.49 71.05, 429.10, 401.10, 213.05, 290.10, 415.05, 534.00, 
451.10, 274.05 (20) 

C26-C27 16.28 71.05, 91.05, 584.10, 475.15, 338.10 (45) 
C27-C34 17.50 71.05 (200) 
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Table 2.5: The acquisition parameters (the drug group, the start time for each group, 
the drug target m/z ions monitored and dwell times) used to monitor chromatographic 
performance (perform.m). 

Group Time(min) Target m/z ions + dwell time (ms) 
1 
2 
3 
4 

3.65 
7.75 
10.40 
12.25 

71.05, 72.10, 230.10 (80) 
71.05, 98.05, 176.10 (80) 
71.05, 204.10, 232.10 
71.05, 72.10,294.20 (80) 

5 12.90 71.05, 100.05, 139.00 (80) 
6 13.40 71.05, 72.05, 284.15, 100.05, 139.00 (45) 
7 14.15 71.05, 299.15, 162.10 (80) 
8 15.10 71.05, 242.05, 269.05, 195.05, 212.05 (45) 
9 15.90 271.05, 300.05, 86.10, 184.10 (60) 
10 16.40 86.10, 184.10, 210.10, 238.10 (60) 
11 17.60 136.10, 189.10, 122.05, 300.20 (60) 
12 18.65 71.05, 58.05, 121.10, 113.10, 373.15 (45) 
13 20.00 71.05, 98.10, 370.15 (80) 
14 20.25 71.05, 303.20, 151.10, 98.10 (60) 
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Table 2.6: The drugs. txt file used by the automated data processing macro in GC/MS 
method `druglle.m'. 

amitriptyline,2188,58, 275,SPE,7,-0.124,1.049,96.4 
benzhexo1,2244,98,218,SPE,7,0.079,1.135,86.6 
benztropine,2313,140,83,SPE,8,0.657,1.153,84.4 
bromazepam,2590,236,315,SPE,9,2.085,2.018,70.1 
caffeine,1780,194,109,SPE,5,1.55,1.07,100 
chlorpheniramine,1991,203,58,SPE,6,0.195,1.141,89.8 
chlorpromazine,2484,318,58,SPE,9,0.720,1.139,63.6 
clobazam,2527,300,283,BUTYL,9,0.676,1.093,90.3 
clomipramine,2406,314,58,SPE,8,1.241,1.203,89.5 
codeine,2358,299,162,SPE/PFP,8,0.584,1.185,81.2 
cotinine,1645,98,176,SPE,4,9,9,76.2 
diazepam,2414,283,256,SPE,8,0.449,1.061,43.7 
diclofenac,2098,214,277,BUTYL,6,1.593,0.991,71.5 
diethylpropion,1482,100,72,SPE,4,0.416,1.057,68.2 
dihydrocodeine,2359,301,244,SPE,8,0.738,1.258,100 
diltiazem,2935,58,121,SPE,11,0.419,1.343,92.2 
diphenhydramine,1853,58,165,SPE,5,0.076,1.073,91.8 
dothiepin,2374,58,295,SPE,8,-0.028,1.078,83.3 
doxepin,2219,58,277,SPE,7,0.002,1.069,91.6 
felodipine,2637,238,210,SPE,9,0.151,1.126,65.7 
fenfluramine,1230,72,230,SPE/PFP,4,0.239,1.042,93.9 
imipramine,2213,234,280,SPE,7,0.267,1.016,84.5 
lignocaine,1859,234,86,SPE,5,1.605,1.16,87.3 
methadone,2137,72,294,SPE,7,0.076,1.078,96.2 
methdilazine,2456,296,199,SPE,8,0.758,1.288,61.4 
methylphenidate,1705,84,150,SPE/PFP,5,0.371,1.145,87.5 
methylphenobarbitone,1872,218,246,SPE/BUTYL,5,0.328,1.097,89.9 
metoclopramide,2608,86,184,PFP,9,0.777,1.10,95.8 
mianserin,2185,193,264,SPE,7,0.449,1.051,83.7 
moclobemide,2210,100,139,SPE,7,0.418,1.441,94.4 
nicotine,1330,133,84,SPE,4,9,9,89.8 
nifedipine,2546,329,224,SPE,9,0.647,1.512,200 
nitrazepam,2724,280,253,SPE,10,9,9,100 
norclobazam,2592,286,244,BUTYL,9,0.969,1.541,88 
nordazepam,2490,269,242,BUTYL,8,0.859,1.345,74.6 
norflunitrazepam,2650,298,271,SPE/BUTYL,9,1.521,1.457,95.4 
paracetamo1,1715,109,151,BUTYL,4,3.08,2.02,100 
pentobarbitone,1719,156,141,SPE/BUTYL,5,0.561,1.130,84.3 
pethidine,1735,172,247,SPE,5,0.985,1.048,92.9 
phencyclidine,1884,200,243,SPE,5,0.229,0.940,100 
phenindione,1951,222,165,SPE,6,1.428,2.074,100 
pheniramine,1793,169,58,SPE,5,0.255,0.931,100 
phenobarbitone,1937,204,232,SPE/BUTYL,5,0.733,1.457,100.7 
phenylbutazone,2353,308,183,SPE,8,0.726,1.279,100 
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Table 2.6: continued. 

pizotifen,2354,295,96,SPE,8,0.554,1.056,93.7 
primidone,2189,146,190,BUTYL,7,1.370,2.34,116.2 
procainamide,2208,120,86,SPE,7,1.744,1.750,100 
prochlorperazine,2970,373,113,SPE,11,0.958,1.353,61.3 
promethazine,2261,72,284,SPE,7,0.348,1.509,98.0 
propoxyphene,2183,208,58,SPE,7,1.003,0.915,84.3 
quinine(quinidine),2800,136,189,SPE/BUTYL/PFP,10,1.833,2.372,100 
temazepam,2569,271,300,SPE,9,1.838,2.093,80.3 
thioridazine,3123,98,370,SPE,12,0.643,1.598,88.3 
tiaprofenic acid,1853,216,139,BUTYL,5,1.167,1.678,28.2 
trimeprazine,2289,298,58,SPE,8,0.470,1.095,100 
trimipramine,2208,249,58,SPE,7,0.404,1.035,88.1 
trimthoprim,2547,290,259,SPE,9,1.499,1.734,105 
verapami1,3173,303,151,SPE,12,0.174,1.473,93.4 
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Table 2.7: The drugs. txt file used by the automated data processing macro in GC/MS 
method drugspe.m' . 

amitriptyline,2188,58,275,LLE,7,-0.124,1.049,85 
benzhexo1,2244,98,218,LLE,7,0.079,1.135,97.5 
benztropine,2313,140,83,LLE,8,0.657,1.153,86.0 
bromazepam,2590,236,315,LLE,9,2.085,2.018,200 
caffeine,1780,194,109,LLE,5,1.55,1.07,100 
carbamazepine,2277,193,236,PFP,8,9,9,96 
chloroquine,2610,319,86,unconfirmed,9,1.843,2.336,81.7 
chlorpheniramine,1991,203,58,LLE,6,0.195,1.141,95.1 
chlorpromazine,2484,318,58,LLE,9,0.720,1.139,79.6 
clomipramine,2406,314,58,LLE,8,1.241,1.203,89.4 
codeine,2358,299,162,LLE/PFP,8,0.584,1.185,93.4 
cotinine,1645,98,176,LLE,1,9,9,200 
diazepam,2414,283,256,LLE,8,0.449,1.061,101.3 
diethylpropion,1482,100,72,LLE,4,0.416,1.057,77.3 
dihydrocodeine,2359,301,244,LLE,8,0.738,1.258,100 
diltiazem,2935,58,121,LLE,11,0.419,1.343,94.8 
diphenhydramine,1853,58,165,LLE,5,0.076,1.073,88.4 
disopyramide,2492,195,212,PFP,9,1.197,2.249,87.3 
dothiepin,2374,58,295,LLE,8,-0.028,1.078,77.8 
doxepin,2219,58,277,LLE,7,0.002,1.069,88.6 
felodipine,2637,238,210,LLE,9,0.151,1.126,77.0 
fenfluramine,1230,72,230,LLE/PFP,4,0.239,1.042,119 
fluoxetine,1853,44,309,PFP,5,0.509,1.971,89.1 
hyoscyamine,2176,289,124,PFP,7,1.233,1.444,78.4 
imipramine,2213,234,280,LLE,7,0.267,1.016,93.7 
lignocaine,1859,234,86,LLE,5,1.605,1.16,99.7 
methadone,2137,72,294,LLE,7,0.076,1.078,86.9 
methaqualone,2125,235,250,unconfirmed,7,0.076,1.022,93.2 
methdilazine,2456,296,199,LLE,8,0.758,1.288,75.5 
methylphenidate,1705,84,150,LLE/PFP,5,0.371,1.145,95.9 
methylphenobarbitone,1872,218,246,LLE/BUTYL,5,0.328,1.097,89.9 
methylprylone,1503,140,155,unconfirmed,4,1.117,1.126,98.4 
mianserin,2185,193,264,LLE,7,0.449,1.051,90.0 
moclobemide,2210,100,139,LLE,7,0.418,1.441,98.7 
nicotine,1330,84,133,LLE,4,9,9,63.4 
nifedipine,2546,329,224,LLE,9,0.647,1.512,200 
nitrazepam,2724,280,253,LLE,10,9,9,100 
nordazepam,2490,269,242,BUTYL,8,0.859,1.345,74.6 
norflunitrazepam,2650,298,271,LLE/BUTYL,9,1.521,1.457,86.0 
oxycodone,2525,315,230,LLE/PFP,9,0.795,1.465,100 
paroxetine,2570,192,329,PFP,9,2.217,1.883,100 
pentobarbitone,1719,156,141,LLE/BUTYL,5,0.561,1.130,89.1 
pethidine,1735,172,247,LLE,5,0.985,1.048,91.1 
phencyclidine,1884,200,243,LLE,5,0.229,0.940,100 
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Table 2. 7: continued 

phenindione,1951,222,165,LLE,6,1.428,2.074,100 
phenobarbitone,1937,204,232,LLE/BUTYL,5,0.733,1.457,96.7 
phentermine,1151,134,58,PFP,4,1.689,1.058,118 
pheniramine,1793,169,58,LLE,5,0.255,0.931,100 
phenylbutazone,2353,308,183,LLE,8,0.726,1.279,100 
pizotifen,2354,295,96,LLE,8,0.554,1.056,90.3 
prednisolone,2805,122,300,unconfirmed,10,1.802,1.323,90.4 
procainamide,2208,120,86,LLE,7,1.744,1.750,100 
prochlorperazine,2970,373,113,LLE,11,0.958,1.353,78.8 
promethazine,2261,72,284,LLE,7,0.348,1.509,72.2 
propoxyphene,2183,208,58,LLE,7,1.003,0.915,89.3 
quinine(quinidine),2800,136,189,LLE/BUTYL/PFP,10,1.833,2.372,100 
sertraline,2350,304,274,PFP,8,9,9,100 
temazepam,2569,271,300,LLE,9,1.838,2.093,91.8 
thioridazine,3123,98,370,LLE,12,0.643,1.598,51.6 
trimeprazine,2289,298,58,LLE,8,0.470,1.095,100 
trimipramine,2208,249,58,LLE,7,0.404,1.035,83.5 
trimthoprim,2547,290,259,LLE,9,1.499,1.734,98.1 
verapami1,3173,303,151,LLE,12,0.174,1.473,91 
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Table 2.8: The drugs.at file used by the automated data processing macro in GC/MS 
method butyl.m' . 

benzoylecgonine,2421,345,224,8,unconfirmed,0.791,1.125,45.9 
bromazepam,2650,315,371,9,unconfirmed,1.410,1.388,100 
chlorpropamide,2063,260,175,6,unconfirmed,0.627,0.984,33 .7 
clobazam,2736,258,356,10,LLE,1.283,1.057,93.8 
desipramine,2452,235,322,8,SPE,0.731,1.13,65.85 
desalkylflurazepam,2558,343,287,9,unconfirmed,0.722,1.023,100 
diclofenac,2409,214,351,8,LLE,0.329,1.011,60.8 
diflunisa1,2424,232,362,8,unconfirmed,-0.146,1.016,27.85 
ethosuximide,1370,169,197,4,unconfirmed,0.612,0.972,47.8 
flecainide,2608,184,301,9,PFP,0.346,1.332,92.95 
frusemide,3381,370,498,13,unconfirmed,0.731,1.399,31.25 
ibuprofen,1747,161,262,5,unconfirmed,-0.034,0.991,23.9 
indomethacin,2251,174,275,7,unconfirmed,0.771,2.121,77 
ketoprofen,2313,105,310,8,unconfirmed,0.381,1.04,70.1 
lorazepam,3045,347,291,11,unconfirmed,1.580,1.133,79 
mefenamic acid,2327,223,297,8,unconfirmed,0.014,1.005,25.15 
methylphenobarbitone,2022,274,247,6,LLE/SPE,0.221,0.976,92.3 
naproxen,2200,185,286,7,unconfirmed,-0.083,0.995,35.2 
norclobazam,2707,244,342,10,LLE,0.831,1.147,200 
nordazepam,2572,269,325,9,LLE,0.430,1.072,84 
norflunitrazepam,2774,298,354,10,LLE/SPE,1.315,1.176,91.95 
nortriptyline,2431,100,58,8,PFP,0.274,1.100,79 
nitrazepam,2810,336,280,10,unconfirmed,9,9,100 
oxazepam,2728,313,257,10,unconfirmed,1.37,1.892,86.9 
oxyphenbutazone,2967,436,255,11,PFP,0.486,1.11,100 
paracetamo1,1864,109,207,5,LLE,0.364,1.336,42.05 
pentobarbitone,2021,251,268,6,LLE/SPE,9,9,100 
phenindione,2142,235,278,6,LLE,9,9,100 
phenobarbitone,2209,316,146,7,LLE/SPE,0.317,0.986,89.95 
phenytoin,2512,321,364,9,unconfirmed,0.131,0.956,86.65 
primidone,2336,330,301,8,LLE,1.086,1.042,71.35 
probenecid,2414,312,177,8,unconfirmed,-0.192,1.014,100 
protriptyline,2465,100,276,8,PFP,1.037,1.524,100 
quinidine,3042,136,424,11,LLE/SPE/PFP,1.488,1.375,100 
quinine,3042,136,188,11,LLE/SPE/PFP,1.488,1.375,200 
salicylic acid,1782,250,120,5,unconfirmed,1.119,0.977,9 
sulindac (I),3118,233,396,12,unconfirmed,0.895,1.299,100 
sulindac (II),3281,233,452,12,unconfirmed,1.381,1.139,100 
temazepam,2768,271,356,10,LLE/SPE,9,9,100 
THC-COOH,3094,456,355,11,unconfirmed,9,9,56.55 
theophylline,1977,236,180,6,unconfirmed,0.399,1.069,70.15 
tiaprofenic acid,2684,271,372,9,LLE,-0.029,1.091,26.75 
tolbutamide,2034,240,155,6,unconfirmed,0.552,0.962,67.4 
valproic acid,1269,158,145,4,unconfirmed,1.208,1.011,10.75 
warfarin,2735,265,364,10,PFP,1.196,1.319,200 
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Table 2.9: The drugs. txt file used by the automated data processing macro in GC/MS 
method `pfpa.m'. 

7-aminoclonazepam,2535,534,415,9,unconfirmed,9,9,100 
7-aminoflunitrazepam,2505,401,429,9,unconfirmed,0.459,1.242,110 
7-aminonitrazepam,2210,645,526,7,unconfirmed,1.972,1.297,96.4 
alprenolo1,1849,366,541,5,unconfirmed,-0.117,1.121,78.6 
amphetamine,1283,118,190,4,unconfirrned,0.306,1.056,89 
atenolo1,2104,366,540,7,unconfirmed,0.488,1.197,92.2 
carbamazepine,1840,192,339,5,SPE,0.094,1.14,83.6 
codeine,2299,445,282,7,LLE/SPE,1.059,1.372,90.6 
desipramine,2341,366,556,8,buty1,0.525,1.245,74.8 
disopyramide,2237,221,194,7,SPE,1.55,1.43,200 
ephedrine,1400,160,204,4,unconfirmed,0.564,1.049,65.8 
fenfluramine,1419,218,358,4,LLE/SPE,0.072,0.974,103 
flecainide,2240,230,301,7,buty1,0.381,1.186,75.0 
fluoxetine,2031,190,294,8,SPE,0.184,1.055,88.1 
guaiphenasin,1528,490,203,4,unconfirmed,0.668,1.169,65.8 
hyoscyamine,2042,271,124,6,SPE,1.240,1.358,99.0 
labetalo1,2697,91,584,10,unconfirmed,1.029,1.366,200 
MDMA,1703,204,162,5,unconfirmed,0.146,1.316,112.9 
MDEA,1743,218,353,5,unconfirmed,9,9,100 
PMA,1500,121,311,4,unconfirmed,9,9,100 
methylamphetamine,1386,118,204,4,unconfirmed,0.620,0.991,92.4 
methylphenidate,1861,230,348,5,LLE/SPE,-0.445,1.007,92.5 
metoclopramide,2380,330,86,8,LLE/SPE,2.059,2.520,101.8 
metoprolo1,2032,366,559,6,unconfirmed,-0.164,1.077,91.8 
MAM,2365,473,414,8,unconfirmed,9,9,100 
morphine,2269,577,414,7,unconfirmed,1.134,1.117,79.0 
nortriptyline,2367,232,409,8,buyt1,0.043,1.04,92.9 
oxprenolo1,1917,366,557,6,unconfirmed,-0.061,1.11,94.1 
oxycodone(I),2165,607,460,8,LLE/SPE,9,9,100 
oxycodone(11),2280,461,314,9,LLE/SPE,9,9,100 
oxyphenbutazone,2430,345,470,8,buty1,1.521,1.526,100 
paroxetine,2665,475,338,9,LLE/SPE,1.107,1.776,100 
phentermine,1307,204,280,4,SPE,-0.130,0.968,105 
phenylpropanolamine,1345,190,280,4,unconfirmed,-0.208,1.030,45.1 
propranolo1,2118,366,551,7,unconfirmed,0.142,1.085,65.8 
protriptyline,2404,191,409,8,buty1,-0.08,1.066,74.0 
pseudoephedrine,1449,160,204,4,unconfirmed,0.303,1.150,100 
quinidine,2460,136,307,8,LLE/SPE/buty1,1.311,1.294,104 
quinine,2460,136,307,8,LLE/SPE/buty1,0.769,1.448,200 
sertraline,2505,451,274,8,SPE,9,9,100 
sotalo1,2340,279,400,8,unconfirmed,0.517,1.311,90.2 
THC,2163,445,460,7,unconfirmed,0.958,1.355,100 
tranylcypromine,1403,116,279,4,unconfirmed,0.058,0.738,100 
warfarin,2506,213,290,9,buty1,9,9,200 
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Table 3.1: Target m/z ions and their ratios, and retention indices for 
150 drugs chromatographed on the narrow bore column (0.22 mm i.d). 

Drug Target Ions 
A (m/z) B(m/z) 

Ratio' RI 

Structurally-related drugs 

diuretic agents 
acetazolamide 9999 
bendrofluazide 9999 
chlorthiazide 9999 
cyclopenthiazide 9999 

frusemide3  9999 
hydrochlorthiazide 9999 
metolazone 9999 

II-blocking agents 
alprenolol 72.10, 249.15 18.0 1823 
metoprolol 9999 
propranolol 72.05, 259.10 15.0 2163 

tricyclic anti-depressant agents 
amitriptyline 58.05, 275.20 >50 2215 
clomipramine 58.05, 269.10 2.0 2443 
desipramine 195.10, 234.15 1.8 2259 
desipramine2  195.10, 180.10 2.5 1927 
dothiepin 58.05, 202.10 15.0 2411 
doxepin 58.05, 277.05 >50 2228 
imipramine 234.15, 280.20 6.0 2243 
nortriptyline 44.00, 202.10 7.5 2228 
protriptyline 70.05, 191.10 1.0 2267 
trimipramine 

barbiturates 
amylobarbitone 

58.05, 249.15 

156.05, 141.05 

1.8 

1.3 

2242 

1698 
butobarbitone 141.05, 156.05 1.0 1634 
methylphenobarbitone 218.10, 246.10 18.0 1886 
pentobarbitone 156.05, 141.05 1.2 1718 
phenobarbitone 204.10, 232.10 8.0 1939 
primidone 146.05, 190.10 2209 
quinalbarbitone 

benzodiazepines 
bromazepam 

168.10, 195.15 

235.95, 315.00 

4.5 

2.5 

1775 

2634 
clonazepam 314.05, 280.05 1.5 2866 
desmethyldiazepam 242.05, 269.05 1.4 2516 
diazepam 256.10, 283.10 1.2 2457 
flunitrazepam 285.10, 312.10 1.2 2632 
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Table 3.1: continued 

Drug Target Ions 
A (m/z) B(m/z) 

Ratio' RI 

benzodiazepines continued 
lorazepam 2  274.00, 239.05 2.0 2432 
medazepam 207.10, 242.15 1.3 2249 
nitrazepam 280.05, 253.10 1.1 2773 
oxazepam 239.05, 268.05 1.1 2339 
temazepam 

anti-diabetic agents 
chlorpropamide2  

271.05, 300.05 

111.00, 175.00 

10.0 

2.4 

2694 

1651 
glibenclamide 9999 
tolbutamide 2  

anti-histamines 
chlorpheniramine 

91.05, 171.00 

203.05, 58.05 

1.0 

6.0 

1603 

2013 
diphenhydramine 73.05, 165.05 2.3 1868 
doxylamine 58.05, 167.05 8.0 1920 
pheniramine 169.10, 58.05 8.0 1814 
phenytoloxamine 

phenylethylamine derivatives 
amphetamine 

58.05, 255.05 

91.05, 65.05 

9.0 

2.0 

1948 

1151 
ephedrine 58.05, 77.05 7.0 1344 
etafedrine 86.10, 58.05 4.6 1473 
MDMA 58.05, 135.05 1.8 1508 
methoxyphenamine 58.05, 91.05 1365 
methylamphetamine 58.05, 91.05 1.4 1203 
phenylephrine 9999 
phenypropanolamine 44.05, 77.05 8.0 1297 
pseudoephedrine 

opiates 
codeine 

58.05, 77.05 

299.15, 162.10 

4.0 

1.4 

1356 

2405 
dextromethorphan 271.20, 59.05 1.3 2158 
dihydrocodeine 301.20, 244.10 3.5 2417 
morphine 162.10, 285.05 1.1 2465 
oxycodone 9999 
pholcodine 

phenothiazine derivatives 
chlorpromazine 

114.10, 100.10 

58.05, 318.10 

3.5 

2.6 

3214 

2534 
fluphenazine 9999 
methdilazine 296.15, 199.05 2514 
prochlorperazine 113.10, 141.15 2.0 3030 
promazine 58.05, 284.15 4.5 2352 
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Table 3.1: continued 

Drug Target Ions 
A (m/z) B(m/z) 

Ratio' RI 

phenothiazine derivatives continued 
promethazine 72.05, 284.15 15.0 2303 
thioridazine 98.10, 378.15 15.0 3183 
trifluoperazine 267.05, 407.15 4.0 2720 
trimeprazine 58.05, 298.15 8.0 2309 

H2-receptor antagonists 
cimetidine 9999 
ranitidine2  

xanthine derivatives 
caffeine 

137.10, 94.05 

194.10, 109.05 

1.2 

3.0 

2097 

1787 
theophylline 180.05, 95.00 1925 

Structurally-unrelated 

non-polar drugs 
benztropine 140.10, 83.05 1.7 2356 
clofibrate 128.00, 169.05 3.0 1524 
cocaine 82.05, 182.10 1.0 2210 
dextropropoxyphene 58.05, 208.10 2212 
diethylpropion 100.10, 72.10 1.0 1488 
diltiazem 58.05, 121.10 2985 
griseofulvin 138.00, 352.05 8.0 2719 
methadone 72.10, 294.20 35.0 2164 
phenindione 165.05, 222.05 1.1 1972 
pizotifen 295.15, 96.00 1.2 2401 
verapamil 303.20, 151.10 3.0 3216 

nitrogen heterocyclic drugs4  (non-polar) 
azatadine 246.15, 290.20 2.5 2422 
carbimazole 186.05, 114.05 2.0 1610 
clonidine 229.00, 171.95 2.0 2043 
cotinine 98.05, 176.10 1.5 1647 
diphenylpyraline 99.05, 114.10 2.0 2117 
fentanyl 245.15, 146.05 1.3 2756 
mebhydrolin 91.05, 233.10 1.6 2488 
methaqualone 235.10, 250.10 3.0 2159 
mianserin 193.10, 264.15 2.4 2222 
miconazole 159.00, 161.00 1.5 3020 
nicotine 84.10, 133.10 2.0 1315 
pethidine 172.10, 247.15 1.0 1750 
phencyclidine 20.15, 243.20 4.5 1909 
phenytoin 180.05, 252.10 1.7 2327 

3.1/3 



Table 3.1: continued 

Drug Target Ions 	Ratio' 	RI 
A (m/z) B(m/z) 

nitrogen heterocyclic drugs 4  (non-polar) continued 
pilocarpine 95.05, 208.10 1975 
sulphinpyrazone 278.10, 77.05 1.5 2256 
triprolidine 

primary amines 
prazosin 

208.10, 278.20 4.6 2265 

9999 
tranylcypromine 132.10, 115.05 2.1 1188 
trimethoprim 

secondary amines 
chlordiazepoxide 

290.15, 259.10 

282.10, 283.10 

2.5 

1.6 

2579 

2844 
chlordiazepoxide 2  282.10, 283.10 1.2 2523 
chloroquine 86.10, 319.20 2650 
ethosuximide 113.05, 55.05 1.8 1185 
methylphenidate 84.10, 91.05 3.3 1721 
nifedipine 

amides 
carbannazepine 

329.10, 284.15 

193.10, 236.10 

1.2 

4.4 

2585 

2320 
disopyramide 195.05 212.05 1.6 2531 
lignocaine 86.05, 234.10 30.0 1876 
metoclopramide3  86.10, 99.10 3.8 2642 
procainamide3  

phenols 
oxyphenbutazone 

86.10, 120.05 4.0 2233 

9999 
paracetamol 109.05, 151.05 3.0 1639 
phenylbutazone 5  183.10, 308.15 6.0 2383 
THC 299.20, 314.20 1.4 2501 
warfarin 

alcohols 
benzhexol 98.10, 218.15 7.0 

9999 

2280 
haloperidol 224.10, 237.10 1.8 3000 
hyoscine2  94.05, 138.10 1.0 2345 
hyoscyamine2  124.10, 271.15 2.0 2066 
methyprylone 140.10, 155.10 1.0 1497 
prednisolone 122.05, 300.20 >50 2897 
procyclidine 84.10, 204.15 5.0 2199 
quinine 136.10, 189.10 20.0 2798 
terfenadine 9999 
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Table 3. / : continued 

Drug Target Ions 
A (m/z) B(m/z) 

Ratio' RI 

carboxylic acids 
benzoylecgonine 124.10, 168.10 2.5 2582 
captopril 9999 
captopril 2  70.05, 171.10 1765 
diclofenac3  214.05, 242.05 1.6 2133 
diflunisal 9999 
ibuprofen 163.05, 206.15 2.0 1595 
indomethacin 9999 
ketoprofen 9999 
mefenamic acid 9999 
naproxen 9999 
probenicid 9999 
salicylic acid 9999 
sulindac 9999 
THC-COOH 9999 
valproic acid 

polyfunctional drugs3  
allopurinol 

9999 

9999 
hydroxychloroquine 9999 
phenelzine 9999 
salbutamol 9999 
sulphamethoxazole 9999 
terbutaline 9999 

Notes 

The peak area ratio of m/z ions A to B (Section 2.4.3.1). 
2 
	

GC artefact. 
3 	Drug possesses at least two different functional 

groups (Table 5.7). 
4 	Imidazole, piperidine, pyrazole, pyrrolidine and 

quinoline derivatives (Figure 3.2). 
5 	Structually-related to oxyphenbutazone but does not 

possess a phenol group. 
No m/z ion ratio calculated due to either interference 
from another unresolved peak or poor peak shape. 
No peak detected. 
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Y = C + MX 	10m  10mwIDE r2  value 

+ 1.48x 30.2 0.998 Al ,B1,C1 
A4,C2 

+ 1.61x 40.7 11.2 1.000 A3,B1 
+ 1.41x 25.7 16.0 0.998 Al ,B1 
+ 1.78x 60.3 1.000 A3,B1 
+ 1.20x 15.8 0.992 Al ,B4 
+ 1.30x 20.0 12.0 0.991 A3,B1 
+ 1.24x 17.4 11.6 0.997 Al ,B2,[60.15] 
+ 1.30x 20.0 10.4 0.997 Al ,B4 
+1.75x 56.2 0.979 Al ,B1 
+ 1.92x 83.2 0.993 A2, Bl, F 
+ 1.35x 22.4 10.8 0.995 A2,B1 

+ 1.17x 14.8 0.996 Al ,B2,[64.00] 
+ 1.05x 11.2 0.997 Al ,B4,[64.50] 
+ 1.46x 28.8 12.5 0.933 Al ,B2 
+ 1.18x 15.1 13.5 0.994 Al ,B4,[65.00] 

y = -2.92 

y = -2.57 
y = -2.46 
y = -3.38 
y = -2.89 
y = -1.67 
y = -1.45 
y = -2.57 
y = -2.71 
y = -4.26 
y = -2.33 

y = -2.23 
y = -1.38 
y = -2.69 
y = -2.12 

Table 3.2: Quantitative and qualitative chromatographic data for 114 drugs chromatographed on the narrow bore column (0.22 mm i.d). 

Drug 	 m/z ion Ext. Std Quantitative Range(ng) 

 

Linearity over Quantitative Range Comments 

     

lowest' highest 
Structurally-related drugs 

II-blocking agents 
alprenolol 72.10 C18 5.54 55.40 
propranolol 72.05 C22 

tricycic anti-depressant agents 
amitriptyline 58.05 C22 0.32 80.40 
clomipramine 58.05 C24 0.23 56.90 
desipramine 195.10 C22 6.38 63.80 
desipramine2  195.10 C20 6.38 63.80 
dothiepin 58.05 C24 0.24 58.75 
doxepin 58.05 C22 0.06 24.06 
imipramine 234.15 022 0.09 87.60 
nortriptyline 44.00 C22 5.05 50.50 
protriptyline 191.10 C22 5.63 56.25 
trimipramine 58.05 022 0.23 58.45 

barbiturates 5  
amylobarbitone 156.05 C16 0.06 25.60 
butobarbitone 141.05 C18 0.07 25.80 
methylphenobarbitone 218.10 C18 0.06 59.50 
pentobarbitone 156.05 C18 0.07 26.00 



Linearity over Quantitative Range 	Comments 

Y = C + MX 	10 m  10mwIDE r2  value 

+ 1.96x 91.2 28.6 0.999 A3,B1 
A4,C2 

+ 1.17x 14.8 0.998 Al ,B2,[55.50] 

+ 1.93x 85.1 * 0.999 A4,B1 
+ 2.31x 204.2 0.989 A2,B1 
+ 1.50x 31.6 22.1 1.000 A4,B1 
+ 1.15x 14.1 11.5 0.999 Al ,B2 
+ 1.59x 38.9 0.992 Al , B1 
+ 1.30x 20.0 0.997 Al ,B4 
+ 0 74x 5.5 0.955 A4,B1 
+ 1.57x 37.2 0.997 A3, B1 
+ 1.95x 89.1 * 0.998 A2,B1 

y = -3.13 

y = -2.01 

y = -4.60 
y = -5.20 
y = -3.18 
y = -2.40 
y = -3.47 
y = -2.16 
y = -2.56 
y = -3.23 
y = -4.85 

Table 3.2: continued 

Drug miz ion Ext. Std Quantitative Range(ng) 

lowest' highest 

barbiturates5  continued 
phenobarbitone 204.10 C20 0.55 55.00 
primidone 146.05 C22 
quinalbarbitone 168.10 C18 0.06 22.20 

benzodiapepines5  
bromazepam 235.95 C26 6.50 65.00 
clonazepam 280.05 C28 6.70 67.00 
desmethyldiazepam 242.05 C24 0.30 74.50 
diazepam 256.10 C24 0.06 63.00 
flunitrazepam 285.10 C26 0.51 50.50 
medazepam 242.05 C22 0.06 58.00 
nitrazepam 280.05 C28 6.60 66.00 
oxazepam 239.05 C24 0.59 59.00 
temazepam 271.05 C26 8.60 86.00 

anti-diabetic agents(235°c) 
chlorpropamide2  111.00 C18 5.40 54.00 y = -3.62 + 1.80x 63.1 0.993 A3,B2 
tolbutamide2  91.95 C16 0.81 81.00 y = -2.86 + 1.01x 10.2 0.996 A2, B1 

xanthine derivatives 
caffeine 	 194.10 	C18 	0.22 	22.40 	y = -1.55 + 1.07x 	11.7 	 1.000 	A3, B1,[56.00] 
theophylline5 	180.05 	C20 	 A4,C2 



Linearity over Quantitative Range Comments 

   

Y = C + MX 

y = -3.20 + 0.75x 

y = -1.55 + 1.41x 
y = -2.36 + 1.18x 
y = -1.85 + 1.34x 
y = -2.94 + 2.03x 
y = -1.46 + 1.09x 

y = -2.26 + 1.10x 
y = -2.95 + 1.62x 
y = -3.05 + 1.92x 
y = -2.49 + 1.52x 

y = -1.95 + 1.41x 
y = -3.72 + 1.20x 
y = -2.65 + 1.75x 

y = -3.20 + 1.45x 
y = -2.12 + 1.15x 
y = -3.27 + 1.24x 

10N1  10mwiDE r2  value 

5.6 0.960 Al , B1 

25.7 13.8 0.996 A2, B1 
15.1 11.8 0.996 Al ,B1 
21.9 0.999 Al ,B1 

107.2 8.5 0.996 Al ,B1 
12.3 0.997 Al , B4 

12.6 0.996 A5, B1,C2 
41.7 0.972 A4,B1 
83.2 1.000 Al ,B1 
33.1 0.999 Al , B1 

A4,C2 
25.7 0.996 A4,C2 
15.8 0.996 Al ,B1 
56.2 0.949 A4,B1,F 

28.2 15.3 0.997 A4, B1 
14.1 0.989 A2, B1 
17.4 18.1 0.981 A4, B4, F 

Table 3.2: continued 

Drug m/z ion Ext. Std Quantitative Range(ng) 

lowest' highest 
H2-receptor antagonists 
ranitidine2  

anti-histamines 
chlorpheniramine 

	

137.10 	C22 

	

203.05 	C20 

0.68 

0.07 

68.25 

26.44 
diphenhydramine 73.05 	C20 0.07 64.50 
doxylamine 58.05 	018 0.64 63.70 
pheniramine 169.10 	018 0.52 51.60 
phenytoloxamine 58.05 	020 0.05 53.35 

phenylethylamine derivatives(2wc) 
amphetamine 91.05 	C12 0.19 47.70 
ephedrine 58.05 	C14 5.41 54.05 
etafedrine 86.10 	C14 5.94 59.40 
MDMA 58.05 	C16 0.64 64.00 
methoxyphenamine 58.05 	C14 
methylamphetamine 58.05 	012 0.24 59.00 
phenylpropanolamine 44.05 	C14 6.36 63.60 
pseudoephedrine 

opiates 
codeine 

	

58.05 	C14 

	

299.15 	C24 

5.63 

0.70 

56.30 

70.00 
dextromethorphan 271.20 	022 0.07 71.45 
dihydrocodeine 301.20 	024 0.83 83.40 



Linearity over Quantitative Range Comments 

Y = C + MX 	10"" 10mwIDE r2  value 

 

+ 1.84x 69.2 0.995 A4, B1 
+ 1.72x 52.5 0.994 A5,B1 

+ 1.31x 20.4 13.8 0.998 Al ,B1 
A5 

+ 1.20x 15.8 22.5 0.996 Al , B1 
+ 1.42x 26.3 0.998 A2, B1,[61.60] 
+ 1.13x 13.5 32.3 0.990 Al ,B1,[62.95] 
+ 1.77x 58.9 39.6 1.000 A4,B1,E 
+ 1.13x 13.5 0.998 A4, B1 
+ 1.31x 20.4 12.4 1.000 Al ,B1,[66.30] 

+ 1.87x 74.1 14.2 0.995 A5,B1 
+ 1.05x 11.2 0.999 Al , B1 
+ 1.29x 19.5 0.982 Al , B2 
+ 0.84x 6.9 8.2 0.997 A5,B1 
+ 1.21x 16.2 11.4 0.994 Al , B2 
+ 0.65x 4.5 22.0 0.891 A4, Bl, E 

y = -4.82 
y = -3.62 

y = -2.16 

y = -3.82 
y = -2.46 
y = -1.50 
y = -4.14 
y = -2.54 
y = -1.92 

y = -3.82 
y = -0.18 
y = -2.24 
y = -2.80 
y = -1.54 
y = -2.13 

Table 3.2: continued 

Drug m/z ion Ext. Std Quantitative Range(ng) 

lowest' highest 
opiates continued 
morphine 162.10 C24 5.46 54.55 
pholcodine 114.10 C28 5.40 54.00 

phenothiazine derivatives 
chlorpromazine 58.05 C26 0.22 55.50 
methdilazine 296.15 C26 
prochlorperazine 113.10 C30 5.43 54.30 
promazine 58.05 C24 0.25 24.64 
promethazine 72.05 C24 0.25 25.18 
thioridazine 370.15 C32 6.00 60.00 
trifluoperazine 267.05 C28 0.57 56.55 
trimeprazine 58.05 024 0.07 26.52 

Structurally-unrelated drugs 

non-polar drugs 
benztropine 	140.10 C24 5.48 54.80 
clofibrate 128.00 016 0.05 47.88 
cocaine 182.10 C22 0.08 74.50 
dextropropoxyphene 208.10 C22 0.47 47.00 
diethylpropion 100.10 014 0.05 53.00 
diltiazem 5  121.10 C30 0.55 54.70 



non-polar drugs 

griseofulvin 5  
methadone 
phenindione5  
pizotifen 
verapamil 

continued 
138.00 
72.10 

165.05 
295.15 
303.20 

C26 
C22 
C20 
C24 
C32 

nitrogen heterocyclic drugs4  (non-polar) 
azatadine 	 246.15 

	
C24 

carbimazole 	186.05 
	

C16 
clonidine 	 229.00 

	
C24 

cotinine 	 98.05 
	

C16 
diphenylpyraline 
	

99.05 
	

C22 
fentanyl 
	

245.15 
	

C28 
mebhydrolin 
	

233.10 
	

C24 
methaqualone 	235.10 

	
C22 

mianserin 	 193.10 
	

C22 
miconazole 	 159.00 

	
C30 

nicotine 	 84.10 
	

C14 
pethidine 	 247.15 

	
C18 

phencyclidine 	200.15 
	

C20 
phenytoin5 
	

180.05 
	

C24 

Table 3.2: continued 

Drug 	 m/z ion Ext. Std Quantitative Range(ng) 
	

Linearity over Quantitative Range 
	

Comments 

lowest' highest 

0.35 86.50 
0.06 56.35 
0.25 62.50 
0.21 51.50 
8.60 86.00 

0.50 50.30 
0.70 69.50 
6.03 60.30 
0.05 47.50 
0.17 17.22 
0.24 59.50 

26.60 66.60 
0.07 71.50 
0.29 72.50 
0.22 54.00 
0.06 59.70 
0.05 48.80 
0.06 54.80 
5.45 21.80 

+ 1.42x 26.3 11.9 0.998 Al ,B1 
+ 1.18x 15.1 0.998 A2,B1 
+ 1.51x 32.4 0.999 Al ,B1 
+0.66x 4.6 0.931 Al ,B1 
+ 1.74x 55.0 29.7 0.999 A3,B1 

+ 1.59x 38.9 0.996 Al ,B1 
+ 0.94x 8.7 0.864 Al ,B1 
+ 1.91x 81.3 1.000 Al ,B1 
+ 1.20x 15.8 0.999 Al ,B1 
+ 1.32x 20.9 0.998 Al ,B1,[43.05] 
+ 1.46x 28.8 0.997 Al ,B1 

A4,B2,F 
+ 1.17x 14.8 10.5 0.998 Al ,B2 
+ 1.17x 14.8 11.2 0.999 Al ,B1 
+ 1.16x 14.5 0.978 A1,B1 
+ 1.09x 12.3 0.998 Al ,B1 
+ 1.05x 11.2 11.2 0.997 Al ,B2 
+ 1.10x 12.6 8.7 0.997 Al ,B1 

Al ,B1,[54.50] 

y = -2.64 
y = -1.53 
y = -2.43 
y = -1.61 
y = -3.23 

y = -2.91 
y = -2.68 
y = -3.82 
y = -0.59 
y = -2.03 
y = -2.05 

y = -2.04 
y = -2.02 
y = -2.22 
y = -1.46 
y = -2.62 
y = -1.94 

Y = C + MX 	10 m  1 OMWDE r2  value 



Table 3.2: continued 

y = -2.84 
y = -2.35 

y = -5.47 

y = -3.17 
y = -3.96 
y = -1.38 

Drug 	 m/z ion Ext. Std Quantitative Range(ng) 

lowest' 	highest  
nitrogen heterocyclic drugs 4  (non-polar) continued 
pilocarpine' 208.05 C20 
sulphinpyrazone' 278.10 C22 0.25 63.00 
triprolidine 208.10 C24 0.57 56.45 

primary amines 
tranycypromine 132.10 C12 5.45 54.45 
trimethoprim 290.15 C26 21.20 53.00 

secondary amines 
chlordiazepoxide2  5  282.10 C26 0.08 77.50 
chlordiazepoxide 5  282.10 C28 31.00 77.50 
chloroquine 319.20 C26 6.02 60.15 
ethosuximide s  113.05 C12 0.05 53.00 
methylphenidate 84.10 C18 0.28 68.70 
nifedipine 284.15 C26 5.55 55.50 

amides 
carbamazepine(235oc) 193.10 C24 0.76 76.00 
disopyramide 195.05 C26 5.28 52.75 
lignocaine 86.05 C18 0.06 25.16 

A3,C2,E 
+ 1.24x 17.4 0.970 Al ,B1 
+ 1.50x 31.6 0.998 Al ,B1 

+ 3.05x 1122 0.924 A3,B1 
A4,F,G 

+ 1.30x 20.0 0.999 Al ,B4,C1 
A3,G 

+ 2.44x 275.4 216.8 0.991 Al ,B1,E 
+ 1.07x 11.7 1.000 Al ,B1 
+ 1.33x 21.4 14.0 0.993 A3,B1 
+ 1.54x 34.7 32.5 0.950 Al,B1 

+ 1.81x 64.6 1.000 Al ,B1 
+ 2.13x 134.9 177.4 0.990 A2,B1 
+ 1.18x 15.1 14.5 0.998 Al ,B1,[62.90] 

Linearity over Quantitative Range Comments 
Y = C + MX 	10 PA  10mwIDE r2  value 

 

y = -2.59 

y = -5.90 
y = -1.54 
y = -1.98 
y = -3.66 



Linearity over Quantitative Range 	Comments 

Y = C + MX 	107" 1 OMWIDE r2  value 

* * Al ,B1 
+ 2.52x 331.1 56.2 1.000 A3,B1 

+ 1.20x 15.8 13.6 0.976 A3,B4 
+ 1.36x 22.9 0.952 A2,B1,E 
+ 1.90x 79.4 0.999 A3,B1 
+ 1.40x 25.1 0.973 Al ,B4,C1 
+ 1.12x 13.2 13.2 0.998 Al ,B2 
+ 1.62x 41.7 21.0 1.000 A4,B1 
+ 1.28x 19.1 0.997 A2, B1 

+ 1.55x 35.5 0.999 Al ,B1 
+ 2.02x 104.7 0.997 A5,B1,G 
+ 1.70x 50.1 19.0 0.999 A1,B1 

AS 
A4,C3 
A4,B4,F 

+ 1.98x 95.5 0.963 A2, B1 

* 
y = -4.39 

y = -1.73 
y = -4.37 
y = -4.23 
y = -2.75 
y = -1.87 
y = -4.06 
y = -2.50 

y = -4.12 
y = -3.08 
y = -2.72 

y = -5.36 

Table 3.2: continued 

Drug m/z ion Ext. Std Quantitative Range(ng) 

lowest' highest 
amides continued 
metoclopramide 4  86.10 C26 28.40 71.10 
procainamide4  

alcohols 
benzhexol 

86.10 

98.10 

C22 

C22 

7.27 

0.06 

72.70 

58.50 
haloperidol 237.10 C30 6.50 65.00 
hyoscine 2(235°c) 138.10 C24 7.17 71.65 
hyoscyamine 2(235°c) 124.10 C20 0.67 67.40 
methyprylone 5  140.10 C16 0.07 71.00 
prednisolone 122.05 C28 7.95 79.50 
procyclidine 

phenols 

204.15 C22 0.26 62.25 

THC 299.20 C24 5.31 53.10 
paracetamol 109.05 C16 5.15 51.50 
phenylbutazone5  

carboxylic acids 
benzoylecgonine 

183.10 

124.10 

C24 

C26 

0.58 57.50 

captopril2  171.10 C18 
diclofenac4  214.05 C22 
ibuprofen 163.15 C16 7.90 79.00 



Table 3.2: continued 

Notes 
Ext. Std 

Y = C + MX 

10m  

10mWIDE 

(235°C) 

2 

3 

4 

5 

Comments 

Al 
A2 
A3 
A4 
A5 

Peak shape 
Peak shape 
Peak shape 
Peak shape 
Peak shape 

- gaussian 
- broad gaussian 
- slightly tailing 
- moderately tailing 
- excessively tailing 

External Standard = the nearest eluting n-alkane to the drug of interest (Section 2.6.1). 
The linear regression equation for log transformed data (Section 3.3.1). 

The factor by which the chromatographic response would increase following a tenfold increase (pg or ng) 
in the amount injected. 

The factor by which the chromatographic response on the wider bore column would increase following a 

tenfold increase (pg or ng) in the amount injected. 
Injector temperature setting. 
Refers to the smallest amount of drug injected on to the column that could be integrated. 
GC artefact of the drug. 

Drug possess at least two different functional groups (Table 5.7). 

lmidazole, piperidine, pyrazole, pyrrolidine and quinoline derivatives (Figure 3.2). 

Heterocyclic structure with a double bonded oxygen leading to the potential for a hydrogen atom to be shared 
around the ring producing a hydroxyl functional group; tautomerism. 
No curve fitted to data as a GC response was obtained for only two points over the quantitative 
range investigated. 
No quantitation was possible due to poor chromatography indicated by one or both of the following:-
excessively tailing peak shape; non-reproducible peak areas for duplicates. 



Table 3.2: continued 

Comments continued 
B1 	No carry-over from the largest amount injected into the first blank run following. 
B2 	Small carry-over from the largest amount injected into the first blank run following. 
B3 	Large carry-over from the largest amount injected into the first blank run following. 
B4 	Small carry-over from the largest amount injected into both the first and second blank runs following. 

Cl 	Decomposiiton product. 

C2 	Evidence of a decomposition product unresolved from drug. 
C3 	Two decomposition products formed which were not resolved. 

[x] 	[x]ng injected onto the column caused column overload. 

Integration of the most abundant ion prohibited due to interference from a background peak unresolved from the 
peak of interest. 
Possibility of "column-priming" by the first of the duplicate injections causing a consistently larger peak area for 
the second duplicate. 

Very rapid 'drop-off in chromatographic response relative to other drugs. 



Table 3.3: Target nilz ions and their ratios, and retention indices for 
40 drugs chromatographed on the wider bore column ( 0.32 mm i.d). 

Drug Target Ions 
A(m/z) B(m/z) 

Ratio' RI 

Structually-related drugs 

benzod iazepi nes 
7-amino clonazepam 285.05, 256.05 1.4 2798 
7-amino flunitrazepam 283.10, 255.10 2.0 2592 
7-amino nitrazepam 251.10, 222.10 1.4 2697 
alprazolam 279.10, 308.10 1.4 2930 
clobazam 300.05, 283.05 3.0 2526 
desalkyl flurazepam 288.05, 260.05 1.0 2415 
desmethyl clobazam 286.05, 244.05 1.7 2592 
desmethyl diazepam-d5 275.05, 247.05 1.0 2473 
desmethyl flunitrazepam 298.10, 272.10 1.7 2668 
flurazepam 86.10, 387.15 35.0 2770 
lorazepam 2  239.05, 274.00 1.3 2379 
midazolam 310.10, 325.10 4.0 2569 
temazepam-d5 276.05, 305.05 5.0 2569 

tricyclic anti-depressant agents 
amitriptyline-d3 

barbiturates 
primidone 

xanthine derivatives 
theophylline 

phenylethylamine derivatives 
fenfluramine 

58.05, 278.20 

190.10, 146.05 

180.05, 95.00 

72.10, 230.10 

>50 

1.5 

>50 

2185 

2159 

1918 

1232 
methoxyphenamine 58.05, 84.10 >50 1359 
phentermine 

opiates 
codeine-d3 

58.05, 134.10 

302.15, 165.10 

25.0 

1.4 

1151 

2359 
oxycodone 

phenothiazine derivatives 
methdilazine 

315.10, 230.10 

296.15, 199.05 

2.7 

1.5 

2490 

2455 

Structurally-unrelated drugs 

non-polar drugs 
dextropropoxyphene 58.05, 208.10 >50 2182 
dextropropoxyphene 2  115.05, 208.10 1.3 1684 
methadone-d3 72.10 297.20 30.0 2135 

3.3/1 



Table 3.3: continued 

Drug Target Ions 
A(m/z) B(m/z) 

Ratio' RI 

nitrogen heterocyclic drugs 4  (non-polar) 
mebhydrolin 233.10, 276.15 1.6 2433 
pilocarpine 95.05, 208.10 4.3 1967 

primary amines 
trimethoprim 290.15, 259.10 2.5 2543 

secondary amines 

felodipine3  238.10, 210.10 5.0 2638 
fluoxetine 44.05, 309.15 40.0 1850 
paroxetine 192.15, 329.10 1.0 2570 
sertraline 274.05 304.10 5.0 2350 

amides 
carbamazepine2  193.10, 165.10 5.5 1911 
metoclopramide3  86.10, 184.10 7.3 2601 
moclobemide 100.05, 139.00 10.0 2210 

alcohols 
hyoscyamine 124.10, 289.15 3.0 2177 
quinidine 136.10, 324.20 5.0 2789 

carboxylic acids 
captopril 2  70.05, 171.10 2.0 1911 
diclofenac3  214.05, 277.05 1.2 2095 
tiaprofenic acid 139.00, 216.05 3.0 1849 

Notes 

The peak area ratio of m/z ions A to B (Section 2.4.3.1). 
2 	GC artefact. 
3 	Drug possesses at least two different functional 

groups (Table 5.7). 
4 	Imidazole, piperidine, pyrazole, pyrrolidine and 

quinoline derivatives (Figure 3.2). 
No m/z ion ratio calculated due to either interference 
from another unresolved peak or poor peak shape. 

3.3/2 



Linearity over Quantitative Range 	Comments 

Y=C+MX 	10 1" 	r2  value 

* * A4,B1 
+ 1.17x 14.8 0.985 A4,B1 

* * A3,B1 
+ 1.34x 21.9 0.988 Al ,B2,[117.25] 
+ 1.65x 44.7 0.998 A4,B1 
+ 2.05x 112.2 0.998 A4,B1,[79.0] 

* * A3,B1 
+ 1.58x 38.0 0.999 Al ,B1,[67.65] 
+ 1.84x 69.2 0.996 A3,B1 
+ 1.96x 91.2 0.989 A3,B2,[88.5] 

A4 (A4) 

+ 1.04x 10.96 1.000 A3,B1 
+ 1.99x 97.7 0.856 A2 (A4) B1,C2 
+ 1.06x 11.5 0.997 A3,B1 

* 
y = -2.76 

y = -2.74 
y = -2.77 
y = -3.13 

y = -2.14 
y = -2.74 
y = -2.44 

y = -0.24 
y = -2.71 
y = -1.69 

Table 3.4: Quantitative and qualitative chromatographic data for 35 drugs chromatographed on the wider bore column (0.32 mm i.d). 

Drug 	 m/z ion Ext. Std Quantitative Range(ng) 

lowest' highest 
Structurally-related drugs 

benzodiazepines 
7-amino clonazepam 	285.05 C28 6.56 32.80 
7-amino flunitrazepam 	283.10 C26 0.68 6.84 
7-amino nitrazepam 	251.10 C26 9.76 48.80 
clobazam 	 300.05 C24 0.14 46.90 
desalkyl flurazepam 	288.05 C24 1.36 85.00 
desmethyl clobazam 	286.05 C26 3.16 31.60 
desmethyl flunitrazepam 	299.10 C26 6.04 30.20 
flurazepam 	 86.10 C28 0.41 27.06 
lorazepam 2 	 274.00 C24 0.43 107.00 
midazolam 	 310.10 C26 0.53 35.40 

xanthine derivatives 
theophylline 	 180.01 C20 18.40 46.00 

phenylethylamine derivatives 

fenfluramines 	 72.10 C16 0.58 52.56 
methoxyphenamine 	58.05 C24 1.68 104.70 
phentermine5 	 134.10 C16 0.43 25.58 



Table 3.4: continued. 

Drug m/z ion Ext. Std Quantitative Range(ng) Linearity over Quantitative Range Comments 
lowest' highest Y = C + MX 	10m  r2  value 

barbiturates 
primidone 

opiates 
oxycodone 

phenothiazine derivatives 
methdilazine 

190.10 

315.15 

296.15 

C22 

C24 

C24 

0.42 

1.23 

0.21 

104.00 

76.60 

51.45 

y = -2.76 + 2.03x 	107.2 

y = -3.95 + 1.90x 	79.4 

y = -2.47 + 1.76x 	57.5 

0.995 

0.979 

0.994 

A3 (A4) B2,C2 

A1,B4 

A1(A5) B1 

Structurally-unrelated drugs 

non-polar drugs 
dextropropoxyphene 	58.05 C20 0.30 29.66 y = -2.16+ 1.51x 	32.4 0.998 Al (A5) B1, Cl [74.15] 
dextropropoxyphene 2  115.05 C20 0.59 74.15 y = -2.52 + 0.96x 	9.1 0.995 A2,B1,C1 

nitrogen heterocyclic drugs4  (non-polar) 
mebhydrolin 233.10 C24 1.18 29.60 y = -3.33 + 2.35x 	223.9 0.985 Al (A4) B1,[74.0] 
pilocarpine 

primary amines 
trimethoprim 

95.05 

290.10 

C20 

C26 

1.38 

26.60 

13.76 

66.50 

y = -2.30 + 2.17x 	147.9 0.998 A3 (A3) B1,[34.4] 

A3 (A4), BI, F 



Table 3.4: continued. 

Drug rn/z ion 	Ext. Std Quantitative Range(ng) Linearity over Quantitative Range Comments 

lowest' highest Y=C+MX 10 m  r2  value 
secondary amines 

felodipine 5  238.10 	C26 0.54 32.10 y = -0.15 +1.13x 13.5 0.996 Al B1 
fluoxetine5  44.05 	C18 3.14 	31 31.14 y = -0.51 + 1.97x 93.3 0.972 A3,B1 
paroxetine5  192.15 	C26 10.48 	31 31.14 A3,B1 

amides 
carbamazepine 193.10 	C24 28.6 71.5 * * * A3 (Al) 
carbamazepine2  193.10 	C20 0.09 5.72 y = -1.33 + 1.18x 15.1 0.998 A3,B2,C1,[28.6] 
metoclopramide 3  86.10 	C26 4.77 59.65 y = -2.35+ 1.45x 28.2 0.982 A3,B1 
moclobemide5  100.05 	C22 0.61 	37 36.6 y = -0.42 + 1.44x 27.5 0.995 A3,B1 

alcohols 
hyoscyamine 124.10 	C24 1.79 112.00 y = -3.58 + 1.86x 72.4 0.993 Al ,B4 
quinidine 136.10 	C30 42.40 106.00 * * A5,B1 
quinine 136.10 	C30 37.00 92.50 * * * A5,B1 

carboxylic acids 
captopril2  70.05 	C18 3.84 19.20 * * * A2 (A4) B1,C1 
diclofenac3  214.05 	C22 0.77 7.67 y = -2.67 + 1.78x 60.3 0.846 Al ,(A4) B2 
tiaprofenic acid5  216.05 	C18 0.52 51.50 y = -1.17 + 1.68x 47.8 0.987 A3,B1 

Notes 
Ext. Std 
	

External Standard = the nearest eluting n-alkane to the drug of interest (Section 2.6.1). 



Table 3.4: contined 

Notes continued 
Y = C + MX 	The linear regression equation for log transformed data (Section 3.3.1). 

10m 	The factor by which the chromatographic response would increase following a tenfold increase (pg or ng) 
in the amount injected. 
Refers to the smallest amount of drug injected on to the column that could be integrated. 

2 	GC artefact of the drug. 
3 	Drug possess at least two different functional groups (Table 5.7). 
4 	lmidazole, piperidine, pyrazole, pyrrolidine and quinoline derivatives (Figure 3.2). 
5 	Data determined from working solutions at concentrations of approximately 0.25, 0.5, 1.0, 5.0, 10 and 30 ng/pL. 

No curve fitted to data as a GC response was obtained for only two points over the quantitative 
range investigated. 

Comments 
Al 	 Peak shape - gaussian. 
A2 	Peak shape - broad gaussian 
A3 	Peak shape - slightly tailing. 
A4 	Peak shape - moderately tailing. 
A5 	Peak shape - excessively tailing. 

(Ax) 	Peak shape obtained on the narrow bore column (0.22 mm i.d). 
B1 	No carry-over from the largest amount injected into the first blank run following. 
B2 	 Small carry- over from the largest amount injected into the first blank run following. 
B3 	Large carry-over from the largest amount injected into the first blank run following. 
B4 	Small carry-over from the largest amount injected into both the first and second blank runs following. 
Cl 	Decomposition product. 
C2 	Evidence of a decomposition product unresolved from drug peak. 
[x] 	[x]ng injected onto the column caused column overload. 



Table 4.1: Target trilz ions, retention indices and pKa values for the methyl 
derviatives of 37 acidic drugs (0.22 mm i.d. column). 

Drug 	 pKal Derivative Target Ions 
A(m/z) B(m/z) 

RI Comments 

Structurally-related drugs 

diuretic agents 
acetazolamide 	7.2 tri 264.00, 249.00 2009 T 
bendrofluazide 	8.5 - 9999 
chlorthiazide 	6.8,9.4 - 9999 
cyclopenthiazide 9999 
frusemide 	3.9 mono 81.05, 344.05 2911 T 
hydrochlorthiazide 	7.0,9.2 

anti-diabetic agents 

chlorpropamide 	5.0 

- 

3 111.00, 205.05 

9999 

1664 S 
chlorpropamide2 	5.0 mono 111.00, 175.00 2001 S 
chlorpropamide 	5.0 
glibenclamide 	5.3 

mono 
- 

111.00, 290.15 2173 T 

tolbutamide 	5.3 3 91.05, 185.05 1624 S 
tolbutamide2 	5.3 mono 91.05, 155.00 2086 S 
tolbutamide 	5.3 

barbiturate 
methylphenobarbitone 7.8 

mono 

mono 

155.00, 284.15 

232.10, 175.05 

2245 

1837 

T 

S,P 
primidone 

benzodiazepines 
bromazepam 	2.9,11.0 mono 329.00, 300.00 

9999 

2573 T,P 
clonazepam 	10.5,1.5 mono 329.05, 294.10 2609 T,P 
clonazepam 	10.5,1.5 mono 328.05, 294.10 2839 T,P 
desmethyldiazepam 	3.5,12.0 mono 256.10, 283.10 2462 T,P 
lorazepam 	11.5,1.3 bis 348.05, 75.00 2432 T,P 
nitrazepam 	10.8,3.2 mono 294.10, 248.10 2511 T,P 
nitrazepam 	10.8,3.2 bis 267. 10, 294.10 2697 T,P 
oxazepam 	11.6,1.7 bis 300.10, 271.10 2619 T,P 
oxazepam 	11.6,1.7 bis 271.00 313.10 2378 T,P 

Structurally-unrelated drugs 

carboxylic acids 
benzoylegconine mono 82.05, 182.10 2217 S 
captopril 	 3.7,9.8 mono 70.05, 231.10 1724 S 
captopril 	 3.7,9.8 bis 70.05, 128.05 1808 S 
captopril 	 3.7,9.8 bis 70.05, 197.05 1891 S 
diclofenac 	4.0 mono 214.05, 309.05 2204 S 

4.1/1 



Table 4.1: continued. 

Drug 	 pKal Derivative Target Ions 
A(m/z) B(m/z) 

RI Comments 

carboxylic acids continued 
diflusinal mono 232.05, 264.05 1853 S 
enalaprilat mono 220.15, 317.15 2634 T 
enalaprilat bis 234.10, 331.15 2682 S 
ibuprofen 	 4.4 mono 161.15, 220.15 1511 S 
indomethacin 	4.5 mono 139.00, 371.10 2904 S 
ketoprofen 	4.0 mono 209.10, 268.10 2109 S,P 
mefenamic acid 	4.2 mono 223.10, 255.15 2093 S 
naproxen 	 4.2 mono 185.05, 244.10 1986 S 
probenecid 	3.4 mono 270.10, 135.05 2167 S 
salicylic acid 	3.0 mono 120.05, 152.05 1181 S 
sulindac 	 4.5 mono 233.05, 354.10 3226 S 
valproic acid 	4.8 

amides 
metoclopramide 	9.0 

mono 87.10, 116.10 1041 

9999 

S 

procainamide 	9.2 

nitrogen heterocyclicdrugs4  
phenytoin 	 8.3 

phenols 
allopurinol 	9.4 

mono 

mono 

180.05, 266.10 

164.05, 80.15 

9999 

2782 

1311 

S,P 

T 
allopurinol 	9.4 mono 164.05, 136.05 1569 S 
oxyphenbutazone 	4.7 mono 338.00, 213.00 2562 S 
oxyphenbutazone 	4.7 bis 352.15, 213.00 2646 S 
oxyphenbutazone 	4.7 

alcohols 
warfarin 	 5.0 

bis 

mono 

180.00, 352.15 

279.10, 322.10 

2782 

2611 

S 

S 

Notes 
' Dissociation constant. Values obtained from the following two sources: 

"Australian Pharmaceutical Formulary and Handbook" 
15th Ed (1992) Pharmaceutical Society of Australia, Griffin Press Ltd, S Aust. 
"Clarke's Isolation and Identification of Drugs" 
2nd Ed. (1986) The Pharmaceutical Press, London. 

2  GC artefact. 
3  Chromatographic decomposition products detected. 
4  Imidazole, piperidine, pyrazole, pyrrolidine, and quinoline derivatives (Figure 3.2) 
- No GC peak detected. 
Comments 
S Significant peak height. 
T Negligible (trace) peak height. 
P Significant peak height for underivatized drug. 	 4.1/2 



Table 4.2: The effect of reaction time on the formation of butyl drug 
derivatives as reflected by changes in GC peaks heights. 

Drug Derivative Reaction Time(h) 
0.25 0.75 2 	6 - 29 

ibuprofen mono ++ = = = 

methylphenobarbitone mono + 11 = = 

desmethyldiazepam mono I x + TT = 
desmethyldiazepam 

bromazepam 

mono II 

mono I 

x 

x 

+ 

++ 

4-1,  

= 

= 

= 
bromazepam mono ll x + = = 

oxazepam mono x + .14 = 
oxazepam bis x + T = 

sulindac mono x ++ = = 
sulindac related product + = = = 

clonazepam mono I x ++ = = 
clonazepam mono II x + = = 

Notes 

GC peak present. 
++ 	GC peak present of significant height. 

No GC peak detected. 
No further change in GC peak height. 
Increased GC peak height. 

.1‘ 	 Decreased GC peak height. 

4.2 



Table 4.3: The effect of different volumes of TMAH, the application of heat and the substitution of TBAH for TMAH, on the formation of 

butyl derivatives from selected drugs. 

Drug 	 Butyl TMAH Heat TBAH Comments 
Deny(s) 

Structurally-related drugs 

barbiturate 
methylphenobarbitone mono 	70* 	= 	= 	Peak height was unchanged for all tested volumes of TMAH > 70 pL. 

primidone 	mono' 	70* 	= 	= 	Peak height was unchanged for volumes of TMAH tested > 70 pL. 
primidone 	bis 	70* 	= 	TT 	In the absence of the final 15 min heating step, peak height reached it maximum 

at 100 pL TMAH. 
N.B. In the absence of the final 15 min heating step, additional peaks were present. 

benzodiazepines 
bromazepam 	I mono 
bromazepam 	II mono 

N.B. Underivatized drug present at volumes of TMAH <70 pL. 
clonazepam 	I mono 	70 	= 	= 	Peak height is negligible and unchanged at all tested volumes of 

TMAH >70 pL. 

clonazepam 	II mono 	70 	T 	= 	Absent at 20 pL TMAH, present at 50 pL TMAH but peak height not at its maximum. 
TMAH = 150 pL appears to decrease peak height. 

desmethyldiazepam I mono 	70* 	= 	= 	Peak height was unchanged at all tested volumes of TMAH > 70 pL. 

desmethyldiazepam II mono 	70* 	= 	= 	Peak height was negligible and unchanged at all tested volumes of 

.4. 	 TMAH > 70 pL. 

70 = = Absent at volumes of TMAH <70 pL and > 100pL. Peak height was negligible. 
70 = = Absent at 20 pL TMAH, present at 50 pL TMAH but peak height not at its maximum. 

Peak height decreased at TMAH = 150 pL. 



Table 4.3: continued. 

Drug 	 Butyl 	TMAH 	Heat 
Deny(s) 

TBAH 

benzodiazepines continued 
lorazepam 	GC art. 20 

lorazepam 2  mono 70 

lorazepam mono' 100 

nitrazepam I mono 70 

nitrazepam II mono 70 

oxazepam GC art. 100 
oxazepam 2  mono' 50 

oxazepam mono 150 

oxazepam I !pis' 70 44 

oxazepam II bis 100 14 

Comments 

GC artefact from underivatized drug. Peak height variable and therefore 
difficult to assess the effect of changing parameters. 
Absent at 20 pL TMAH. Peak height was unchanged at volumes of 
TMAH > 70 pL. 
In the presence of the final 15 min heating step, this peak was no longer the most 
significant. Absent at 20 pL TMAH. Present at 50 and 70 pL TMAH but height 
had not reached its maximum. 
Peak of negligible height. Absent at volumes of TMAH <70 pL. Peak height 
was unchanged for all tested volumes of TMAH > 70 pL. 
Absent at 20 pL and traces at 50 pL. Peak height was unchanged for all 
tested volumes of TMAH > 70 pL. 
GC artefact from underivatized drug. Absent at TMAH <70 pL. 
Peak height was variable and therefore difficult to assess the effect of 
changing parameters. 
Traces only at 70 pL TMAH and present only in the absence of the final 15 min. 
heating step. 
Absent at volumes of TMAH <70 pL. Alternate unidentified peaks produced 
in the presence of TBAH. Peak height unchanged at TMAH>70pL. 
Peak of negligble height absent at volumes of TMAH <70 pL and unchanged at 
volumes > 70 pL. 

N.B. A complicated peak profile which was simplified with the final heating step however there is some variability. 



Table 4.3: continued. 

Drug Butyl 	TMAH 
Deny(s) 

Heat TBAH Comments 

anti-diabetic agents 
tolbutamide 
tolbutamide 

mono' 	70 
bis 	50 

= 
= 

= 
T 

Absent at 20 pL TMAH. Present at 50 pL TMAH but height not at its maximum. 
Peak present at 20 pL TMAH but not at its maximum. volumes of TMAH > 50pL 
produced a decrease in peak height. 

N.B. Underivatised drug artefact present which was significant when the minimum volume of 20 pL TMAH was used. 
Structurally-unrelated drugs 
carboxylic acids 

Peaks were significant but non-reproducible at 20 pL TMAH. At volumes of 
TMAH > 50 pL, peak heights did not change. 

Absent at volumes of TMAH > 20 pL. 
Traces present at 20 and 50 pL TMAH. Peak height was negligible and 
unchanged at all tested volumes of TMAH > 70 pL. 
Peak present at 20 pL TMAH but height not at its maximum. Height unchanged at 
all tested volumes of TMAH > 50 pL. 
Two equally significant unresolved peaks treated as a single peak. Peak 

height was unchanged at all tested volumes of TMAH. 

Peak height was unchanged at all tested volumes of TMAH. 
Peak height was negligible and unchanged at all tested volumes of TMAH. 
Absent at volumes of TMAH <50 pL. Peak height was significant but variable. 

N.B. Extra peaks appeared at volumes of TMAH > 70 pL but disappeared when heated throughout the reaction time. 

benzoylecgonine 
benzoylecgonine2  

captopril 
captopril2  

mono' 
mono 

mono 
mono 

50 
50 

20 
70 .14 

captopril !pis' 50 

diclofenac mono 20 

diflunisal I mono' 20 = = 
diflunisal II mono ' 20 = = 
diflunisal bis 50 .1,  4-1,  



Table 4.3: continued. 

Drug 	 Butyl TMAH Heat TBAH Comments 
Deny(s) 

carboxylic acids continued 
enalaprilat 	mono 	50 	 Peak present at 20 pL TMAH but height not at its maximum. Peak height was a 

little variable and unchanged at all tested volumes of TMAH > 50 pL. 

frusemide 

frusemide 

mono 	20 	= 	1-1, 	Peak height decreased and disappeared at 50 and 70 pL TMAH respectively. 
Absent at 70 pL TBAH. 

bis 	50 	= 	= 	Peak absent at 20 pL TMAH. Peak height was unchanged at all tested volumes 
of TMAH > 70 pL and < 150 pL. 

N.B.Two unidentified peaks appeared at 150 pL TMAH but were absent when heated throughout the reaction time. 

ketoprofen 

mefenamic acid 

naproxen 

probenecid 

salicylic acid 

mono 50 = = 

mono 20 = = 

mono 50 = = 

mono 20 = = 

I mono 50 .1,  

Peak present at 20 pL TMAH but height not at its maximum. Peak height was 
unchanged at all tested volumes of TMAH > 50 pL. 

Peak height was unchanged at all tested volumes of TMAH. 

Peak present at 20 pL TMAH but height not at its maximum. Peak height was 

unchanged for all tested volumes of TMAH > 50 pL. 

Peak height was unchanged for volumes of TMAH tested > 20 pL. 

Peak of negligible height, or absent at volumes of TMAH <50 pL. Peak height 

was unchanged at volumes of TMAH > 50 pL. 



Table 4.3: continued. 

Drug 	 Butyl TMAH Heat TBAH Comments 
Deny(s) 

carboxylic acids continued 
salicylic acid 	II mono' 	20 	= 	= 	Only peak present at 20 pL TMAH. Peak height was unchanged at all volumes 

of TMAH tested. 
salicylic acid 	bis 	50 	= 	sl, 	Absent at volumes of TMAH <50 pL. 

N.B. Methyl and methyl-butyl derivatives of negligible peak height formed at 50 pL TMAH only in the absence of the final 
15 min heating step. In this case the addition of greater volumes of TMAH complicated the peak profile. 

sulindac(-0H)2  
sulindac 

Peak present at 20 pL TMAH but height not at its maximum. Peak height was 
unchanged at tested volumes of TMAH > 50 pL. 

Peak present at 20 pL TMAH, absent at all other tested TMAH volumes. 
Peak present at 20 pL TMAH, absent at all other tested TMAH volumes. 
Peak present at 20 pL TMAH but not at its maximum. Peak height was unchanged 
at all other tested TMAH volumes (50 - 150 pL). 
Peak height was significant. Peak absent at 20 pL. Height was unchanged at 
other tested volumes of TMAH (50 - 150 pL). 
Peak height was negligible. Peak absent at 20 pL TMAH. Height was 
unchanged at other tested volumes of TMAH (50 - 150 pL). 

.4, 	 N.B. A complicated peak profile with bis derivatives I and ll both contributing significantly to drug total peak area. 

u, 

valproic acid 

phenols 
allopurinol 
allopurinol 
allopurinol 

allopurinol 

allopurinol 

mono 20 T = 
mono 50 = = 

mono 50 = = 

I mono 20 
II mono 20 
I bis 50 = = 

II bis 50 = = 

II bis 50 = = 

A hydrolysis product which varied in height with the mono-butyl derivative. 
Peak present at 20 pL TMAH but height not at its maximum. Peak height varied 
with changes in peak height of hydrolysis product. 



phenytoin 

phenytoin 

mono 70* .1, = 

bis' 100* 4,  4,  

Table 4.3: continued. 

Drug 
	

Butyl TMAH Heat TBAH Comments 
Deny(s) 

phenols continued 
oxyphenbutazone 	mono 	50 

	
Peak of negligible height. Absent at 20 pL TMAH. 

oxyphenbutazone 
	

bis 
	

70 	= 	= 	Absent at 20 pL TMAH, present at 50 pL TMAH but height not at its maximum. 

alcohols 
warfarin 	mono 	50 

	
Peak present at 20 pL but height not at its maximum. Peak height variable and 
therefore difficult to assess the effect of changing parameters but appeared 
to decrease in the presence of TBAH. 

nitrogen hetercyclicdrugs4  
In the absence of the final 15 min heating step, this peak was not significant. 
Peak height decreased with volumes of TMAH > 70 pL. 

In the absence of the final 15 min heating step, the height of this peak 
was greater. Peak height unchanged with volumes of TMAH > 70 pL. 

Notes 

TMAH 

Heat 

TBAH 

Minimum volume (pL) of tetramethylammonium hydroxide (TMAH) required to produce the maximum peak height of 
the derivative. 
Effect on the peak height of derivatives with the application of heat (50°C for 15 min) to the reaction mixture following 
a 2 h reaction time. 
Effect on the peak height of derivatives with the exchange of 70pL tetrabutylammonium hydroxide (TBAH) for 70 pL TMAH. 



Table 4.3: continued 

Notes continued 
Indicates the major peak where two or more peaks of significant height are present. 

2 	GC artefact. 
3 	Volumes of TMAH less than 70 pL not tested. 
4 	lmidazole, piperidine, pyrazole, pyrrolidine and quinoline derivatives (Figure 3.2). 

No data available. 
Peak heightwas unchanged from the maximum determined in experiments optimising TMAH volume (Section 4.3.2.1.11). 
Peak height increased from the maximum determined in experiments optimising TMAH volume (Section 4.3.2.1.4 
Peak height decreased from the maximum determined in experiments optimising TMAH volume (Section 4.3.2.1.1i). 



Table 4.4: 	Butyl derivatives formed for drugs not previously investigated. 

Drug pKa Butyl Comment 
Derivative 

Structurally-related drugs 
anti-diabetic agents 
chlorpropamide 	5.0 4-chloro-benzensulphonamide; artefact of underivatized drug. 
chlorpropamide 5.0 mono Derivative of the artefact. 
chlorpropamide 5.0 mono Derivative of drug with loss of terminal propyl group. 
glibenclamide 

barbiturates 
amylobarbitone 

5.3 

7.9 bis 

Underivatized drug likely to be present if it were able to be chromatographed. 

butobarbitone 8.0 bis 
pentobarbitone 8.1 bis 
phenobarbitone 7.4 bis' Traces of underivatized drug present. 
phenobarbitone 

benzodiazepines 

7.4 mono Peak height negligible. 

7-aminoclonazepam mono Underivatized drug present but of negligible peak height. 
7-aminoflunitrazepam mono Underivatized drug present with a peak height greater than that of derivative. 
7-aminonitrazepam I mono' 
7-aminonitrazepam 
7-aminonitrazepam 

II mono 
bis 

Peak of negligible height. 

N.B.Underivatized drug present but of negligible peak height. Both the mono (I) and the bis 
derivatives contributed significantly to the total peak area of this drug. 



Table 4.4: continued. 

Drug 	 pKa 
	

Butyl 	Comment 
Derivative 

benzodiazepines continued 
desmethylclobazam 
desmethylflunitrazepam 
desmethylflunitrazepam 
desmethylflurazepam 
desmethylflurazepam 

mono 
I mono 

II mono 
I mono 

II mono 

Underivatized drug present of negligible peak height. 

Peak height negligible. 

Peak height negligible. 

Peak of significant height. 
Peak of significant height. 
Up to three unidentified additional peaks of negligible height. 
Three unidentified peaks present (decomposition products?) all of 
negligible heights. Underivatied drug likely to have been present if it were 
able to be chromatographed. 
Underivatized drug likely to have been present if it were able to be 

chromatographed. 
Two unidentified peaks present both of negligible heights. Underivatized 
drug likely to have been present if it were able to be chromatographed. 
Unidentified peaks present of negligible heights. Underivatized drug likely to 
have been present if it were able to be chromatographed. 

duiretic agents 
acetazolamide 
acetazolamide 
acetazolamide 
bendrofluazide 

7.2 
7.2 
7.2 
8.5 

bis 
tri' 
rel product 
rel product 

chlorothiazide 
	

6.8,9.4 	- 

cyclopenthiazide 	 rel product 

hydrochlorthiazide 
	

7.0,9.2 	rel product 



Table 4.4: continued. 

Drug 	 pKa 	Butyl 
	

Comment 
Derivative 

Structurally-unrelated drugs 
carboxylic acids 
THC-COOH 
ibuprofen 	4.4 
indomethacin art 	4.5 

bis 
mono 
mono Some underivatized artefact present of negligible peak height. 

Traces of underivatized drug present but height is likely to be artificially small 
due to poor chromatography. 
Traces of underivatized drug present. 

Underivatized drug present only. 

phenols 
morphine 
	

9.9 	mono 

paracetamol 	9.5 
	

mono 

nitrogen heterocyclic drugs2  
ethosuximide 	9.5 

	
mono 

methyprylone 	12.0 

amides 
metoclopramide 
	

9.0 	 Underivatized drug present only. 
procainamide 
	

9.2 
Notes 
1 

2 

rel product 

The major peak where two or more peaks of significant height are present. 

lmidazole, piperidine, pyrazole, pyrrolidine and quinoline derivatives (Figure 3.2). 

Compound/s structually related to the drug formed either during the reaction or in the injector. 
No GC peak detected. 



Table 4.5: The reproducibility of butyl dervatives within day, and between days, for selected drugs. 

Butyl Derivative 	%Difference b/w Replicates Butyl Derivative %Difference b/w Replicates 
within day' b/w days2  within day' b/w days2  

carboxylic acids alcohols 
benzoylecgonine 12 -51 warfarin 40 123 
captopril, Bu2  21 11 
diclofenac 4 31 phenols 
diflunisal, Bu' 84 -61 allopurinol, Bu2  7 -52 
diflunisal, Bu2  9 8 morphine 4 -30 
enalaprilat 7 -32 oxyphenbutazone, Bu2  2 -12 
ibuprofen 0 -13 paracetamol 31 -61 
indomethacin art 6 5 
ketoprofen 2 -6 benzodiazepines 
naproxen 4 -7 bromazepam 4 35 
probenecid 0 37 clonazepam 93 -33 
salicylic acid 21 -30 7-amino clonazepam 18 0 
sulindac3(-0H) 90 -89 desalkyflurazepam 0 -8 
valproic acid 26 27 desmethylclobazam 13 -7 
nitrogen heterocyclic drugs 4  desmethyldiazepam 16 -28 
ethosuximide 4 -10 lorazepam 40 19 
phenytoin 34 -11 lorazepam artefact 23 31 

7-amino nitrazepam 11 18 
barbiturate oxazepam, Bu2  12 -1 
amylobarbitone 0 22 
butobarbitone 3 -6 anti-diabetic agents 
methylphenobarbitone 2 18 chlorpropamide3  70 90 
phenobarbtione 3 -15 tolbutamide3  Bu 9 22 
quinalbarbitone 8 6 tolbutamide, Bu 2  54 -46 



Table 4.5: continued 

Notes 
Relative peak areas from replicates (R1 and R2) derivatised on the same day 
[(R1 - R2)/R1]% where R1 > R2. 

2 	Relative peak areas [(S - R1)/R1]% where S was the sample derivatised the 
next day. 

3 	Butylated related product thought to be formed in the injector. 
4 	Imidazole, piperidine, pyrazole, pyrrolidine and quinoline derivatives (Figure 3.2). 

Bu' 	Mono-butyl derivative. 
Bu2 	Bis- derivative. 

(-OH) 	Hydrolysis product. 



Table 4.6: Target ions (m/z ) and their ratios, and retention indices for 78 butyl 
drug derivatives chromatographed on the narrow and wider bore columns. 

Derivative Target Ions 
A(m/z) B(m/z) 

Ratio' RI 
N W 

7-amino clonazepam 341.15, 250.05 1.3 3035 2982 
7-amino flunitrazepam 296.10, 339.15 1.3 2912 2858  
7-amino nitrazepam 307.15, 279.15 1.4 2876 2812 
allopurinol Bu2  205.10, 248.15 2.7 2267 2236 
amylobarbtione Bu 2  251.15, 268.15 1.2 1989 1983  
baclofen 252.10, 196.10 1.5 3  2514 
baclofen Bu 2  186.10, 352.10 10.0 3  2685 
benzoylecgonine 224.10, 345.20 2.0 2455 2423 
benzoylecgonine-d3 227.10, 348.20 2.0 3  2421 
bromazepam 235.95, 371.05 1.0 2701 2650  
butobarbitone Bu 2  251.15, 269.15 1.3 1953 1945 
captopril Bu2  329.20, 171.10 3.0 2307 2284 
captopril Bu2  70.05, 329.20 3.7 2307 2279 
chlorpropamide2  175.00, 247.10 24.0 1880 
chlorpropamide2  Bu2  260.10, 175.00 2.0 - 2061 
clobazam 258.05, 356.15 2.0 3  2739 
clonazepam 280.05, 370.10 3.4 3009 2953 
desalkylflurazepam 287.05, 343.10 2.0 2605 2557 
desipramine 235.15, 322.20 • 3.0 3  2453 
desmethylclobazam 342.10, 244.00 2.0 2760 2709  
desmethylclobazam Bu 2  398.15, 301.10 1.0 2898 
desmethyldiazepam 325.10, 269.05 1.5 2620 2572 
desmethyldiazepam-d5 329.10, 293.10 1.5 3  2573 
desmethylflunitrazepam 298.10, 354.15 1.8 2836 2778 
diclofenac 214.05, 351.05 11.0 2445 2408 
diflunisal 232.05, 306.10 6.8 2089 2072 
diflunisal Bu2  232.05, 362.15 12.5 2444 2426  
dothiepin 58.02, 340.10 2.0 3  2371 
enalaprilat 262.20, 359.20 12.0 3066 3033 
ethosuximide 169.15, 197.15 11.0 1382 1370 
flecainide 184.10, 301.05 6.0 3  2608 
frusemide (tri-butyl) 370.05 498.20 8.0 3382 
frusemide Bu2  81.05, 442.15 13.0 3217 3169 
ibuprofen 262.20, 161.10 5.5 1755 1745  
indomethacin2  174.10, 275.15 9.0 2271 2249 
ketoprofen 105.05, 310.15 3.0 2342 2316 
ketoprofen Bu 2  105.05, 366.20 10.0 - 2570 
lignocaine 86.05, 290.15 10.0 3  1948 
lorazepam 304.00, 290.00 2.5 2977 4 

lorazepam3  239.05, 274.00 2.8 2142 
lorazepam 347.05, 432.15 5.0 - 3051 
mefenamic acid 223.10, 297.15 1.4 3  2328 
methylphenidate 84.10, 260.15 30.0 3  2238 
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Table 4.6: continued. 

Derivative Target Ions 
A(m/z) B(m/z) 

Ratio' RI 
N W 

methylphenobarbitone 274.15, 247.10 1.3 2043 2021 
morphine 341.20, 162.10 1.3 2646 2588 
naproxen 185.05, 286.15 2.0 2225 2203 
nicotinic acid 124.00, 178.10 10.0 3  1177 
nitrazepam 280.05, 336.10 1.0 2855 2805 
nortriptyline 58.05 100.10 3.0 3  2433 
oxazepam2  221.05, 165.05 2.7 2505 2459 
oxazepam Bu 2  257.05, 313.10 1.0 2769 
oxazepam Bu 2  257.05, 313.10 3.0 2725 
oxazepam-d5 Bu 2  227.10, 352.05 3.0 3  2723 
oxyphenbutazone Bu 2  436.25, 255.15 1.4 2993 2968 
paracetamol 109.05, 207.15 3.0 1878 1862 
pentobarbitone 251.10, 268.15 1.0 3  2021 
phenindione 235.05, 278.1 2.0 3  2142 
phenobarbitone Bu2  316.20, 146.05 2.0 2227 2208 
phenytoin 180.05, 308.15 4.3 2428 2388 
phenytoin Bu 2  321.11, 364.10 1.0 2512 
primidone 146.05, 274.15 6.0 2307 2269 
primidone Bu 2  301.15 330.20 4.0 2371 2336 
probenecid 177.05, 312.15 1.3 2440 2412 
protriptyline 100.10, 276.10 >50 3  2468 
quinalbarbitone Bu 2  279.15, 263.15 1.0 2064 2055 
quinidine 136.10 424.25 3.0 3  3046 
quinine 136.10 424.25 >50 3  3046 
salicylic acid 120.05, 194.10 5.0 1436 1402 
salicylic acid Bu 2  120.05, 250.15 4.0 1781 
sulindac 233.05, 452.20 6.0 3325 3281 
sulindac2  233.05, 396.15 2.6 3160 3118 
temazepam 271.10, 356.05 6.0 3  2768 
THC-COOH Bu 2  355.20, 456.3 3.0 3  3094 
THC-COOH-d3 Bu 2  358.20, 459.3 3.0 3  3092 
theophylline 236.15, 180.05 1.3 3  1976 
tiaprofenic acid 271.10, 372.15 10.0 3  2685 
tolbutamide2  155.00, 184.00 1.5 1853 1833 
tolbutamide2  Bu2  155.00, 240.10 2.0 3  2033 
trimipramine 336.05, 249.15 3.0 3  2459 
valproic acid 145.10, 158.10 2.7 1360 1348 
warfarin 265.10, 364.15 6.0 2782 2737 

Notes 

Data determined on the narrow bore column. 
Data determined on the wider bore column. 
The peak area ratio of nilz ions A to B (Section 2.4.3.1) 
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Table 4.6: continued. 

Notes continued 

2 	GC artefact. 
3 	RI not determined on the narrow bore column. 
4 	 Multiple peaks with similar El full-scan mass spectra. 

Bu 2 	Indicates the bis- derivative as opposed to the 
mono-butyl derivative in all other cases. 
No GC peak detected. 

4.6/3 



Table 4.7: Calculated retention indices for 41 butyl derivatives 
chromatographed on narrow (N) and wider (VV) bore columns. 
Butyl Derivative Calculated Retention Index N -W 

0.22mm i.d. (N) 0.32mm i.d.(W) 
valproic acid 1360 1348 12 
ethosuximide 1382 1370 12 
salicylic acid 1436 1402 34 
ibuprofen 1755 1745 10 
tolbutamide' 1853 1833 20 
paracetamol 1878 1862 16 
butobarbitone Bu 2  1953 1945 8 
amylobarbitone Bu2  1989 1983 6 
methylphenobarbitone 2043 2021 22 
quinalbarbitone Bu2  2064 2055 9 
diflunisal 2089 2072 17 
naproxen 2225 2203 22 
phenobarbitone Bu2  2227 2208 19 
allopurinol Bu 2  2267 2236 31 
indomethacin' 2271 2249 22 
captopril Bu2  2307 2284 23 
primidone 2307 2269 38 
captopril Bu 2  2307 2279 28 
ketoprofen 2342 2316 26 
primidone Bu 2  2371 2336 35 
phenytoin 2428 2388 40 
probenecid 2440 2412 28 
diflunisal Bu2  2444 2426 18 
diclofenac 2445 2408 37 
benzoylecgonine 2455 2423 32 
oxazepam' 2505 2459 46 
desalkylflurazepam 2605 2557 48 
desmethyldiazepam 2620 2572 48 
morphine 2646 2588 58 
bromazepam 2701 2650 51 
desmethylclobazam 2760 2709 51 
warfarin 2782 2737 45 
desmethylflunitrazepam 2836 2778 58 
nitrazepam 2855 2805 50 
7-amino nitrazepam 2876 2812 64 
7-amino flunitrazepam 2912 2858 54 
oxyphenbutazone Bu 2  2993 2968 25 
clonazepam 3009 2953 56 
7-amino clonazepam 3035 2982 53 
enalaprilat 3066 3033 33 
sulindac' 3160 3118 42 

Notes 
i 	GC artefact. 

Bu2 	Indicates the bis- derivative as opposed to the 
mono-butyl derivative in all other cases. 
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lowest' highest 
Structually-related drugs 

anti-diabetic agents 
chlorpropamide2  175.00 020 4.500 45.00 
chlorpropamide2  Bu2  260.10 C20 0.040 107.00 
tolbutamide2  155.00 C18 0.606 60.60 
tolbutamide2  Bu2  155.00 C22 0.152 151.50 

anti-depressant agents 

desipramine3  235.15 C24 0.299 35.88 
nortriptyline3  100.10 024 0.290 34.80 
protriptyline3  100.10 C24 0.523 31.38 

barbiturates 
amylobarbitone 251.15 020 0.063 62.50 
butobarbitone 251.15 C20 0.045 45.00 
methylphenobarbitone 274.00 C20 0.089 88.50 
phenobarbtione 146.05 022 0.054 54.00 
pentobarbitone 268.15 C20 0.060 19.20 
primidone Bu2  330.10 C24 0.040 41.60 
quinalbarbitone 279.15 020 0.050 50.00 

Y = C + MX 	10m  r2  value 

+ 1.48x 
+ 1.00x 
+ 1.25x 
+ 0.92x 

30.2 
10.0 
17.8 
8.3 

0.979 
0.996 
0.990 
0.998 

Al ,B1 
Al, B2 

A3,B1,[151.50] 
A2,B1 

+ 1.13x 13.5 1.000 5 Al ,B1 
+ 1.10x 12.6 0.999 5 Al, B1 
+ 1.52x 33.1 0.994 5 A2,B1 

+ 1.05x 11.2 0.998 A2,B2 Al [35.0] 
+ 1.05x 11.2 0.998 A2,B2 [47.5] 
+ 1.06x 11.5 1.000 A1,B2 
+ 1.02x 10.5 0.997 A3, B1 [60.0] 
+ 0.95x 8.9 0.997 5 Al, B1[48.0] 
+ 0.94x 8.7 0.984 A5, V Al, B1 [104.0] 
+ 1.11x 12.9 0.997 A3,B2 Al, B1 [45] 

y = -3.26 
y = -1.86 
y = -2.01 
y = -2.00 

y = -0.73 
y = -0.27 
y = -1.04 

y = -1.33 
y = -1.34 
y = -1.48 
y = -1.21 
y = -1.06 
y = -1.07 
y = -1.55 

Table 4.8: Quantitative and qualitative chromatographic data for 63 butyl drug derivatives chromatographed on the narrow bore 
and wider bore columns. 

Butyl Derivative 	m/z ion Ext. Std Quantitative Range(ng) Linearity over Quantitative Range 
	

Comments 



Linearity over Quantitative Range 	Comments 

Y = C + MX 	10m  r2  value 

+0.25x 1.8 0.995 Al ,B1 A3 
+ 1.48x 30.2 0.997 Al , B1 V 
+ 1.84x 69.2 1.000 Al ,B2 B1 
+ 1.56x 36.3 0.996 Al ,B1 A3 
+ 1.06x 11.5 0.950 5  A2, B1 
+ 1.24x 17.4 0.915 A2,B1 Al 
+ 1.39x 24.6 0.991 A3,B1 Al 
+ 1.38x 24.0 0.998 Al , B1 B4 
+ 1.25x 17.8 0.997 Al ,B1 B2 

* * Al 
+ 1.22x 16.6 0.970 A2, B1 
+ 0.83x 6.8 0.952 A4,B2 
+ 1.20x 15.8 0.946 A2, B1 Al 
+ 1.14x 13.8 0.946 Al ,B1 

* * A2 
+ 1.05x 11.2 0.998 - Al, B1 
+ 1.17x 14.8 0.997 5 A2, B1 

+ 1.10x 12.6 0.999 5 A2, B1 

y = -0.21 
y = -4.25 
y = -4.99 
y = -3.89 
y = -1.28 
y = -3.87 
y = -3.69 
y = -2.45 
y = -2.04 

y = -3.80 
y = -3.30 
y = -3.03 
y = -3.49 

y = -2.53 
y = -0.99 

y = -0.40 

Table 4.8: continued. 

Butyl Derivative m/z ion Ext. Std Quantitative Range(ng) 

lowest' highest 

benzodiazepines 
7-amino clonazepam 341.15 C30 19.600 196.00 
7-amino flunitrazepam 296.10 C28 8.950 89.50 
7-amino nitrazepam 307.15 C28 18.300 183.00 
bromazepam 371.05 C26 1.000 100.00 
clobazam3  258.05 C28 0.429 51.45 
clonazepam 280.05 C30 1.455 145.50 
desalkyflurazepam 287.05 C26 18.000 180.00 
desmethylclobazam 244.00 C28 0.412 103.00 
desmethyldiazepam 269.05 C26 0.800 80.00 
desmethylflunitrazepam 298.10 C26 86.680 216.70 
lorazepam 304.00 C30 0.528 132.00 
lorazepam artefact 239.05 C20 0.132 132.00 
nitrazepam 336.10 C28 1.260 126.75 
oxazepam 257.05 C28 0.709 177.30 
oxazepam artefact 221.05 C24 70.930 177.30 
oxazepam Bu2  313.10 C28 0.240 120.00 
temazepam3  271.10 C28 0.473 56.70 

xanthine derivatives 

theophylline3  236.10 020 0.363 43.50 



Table 4.8: continued. 

Butyl Derivative 	m/z ion Ext. Std Quantitative Range(ng) Linearity over Quantitative Range 	Comments 
lowest' highest 

Structually-unrelated drugs 

carboxylic acid 
benzoylecgonine 224.10 C24 5.170 51.65 
captopril Bu2  70.05 C24 6.450 64.50 
diclofenac 214.05 C24 0.059 23.80 
diflunisal Bu2  232.05 C24 0.092 92.00 
diflunisal Bu' 232.05 C22 0.092 92.00 
enalaprilat 262.20 C30 10.600 106.00 
frusemide Bu 2  81.05 C30 94.000 94.00 
frusemide3  (tri-butyl) 370.05 C34 0.625 37.50 
ibuprofen 161.10 C20 0.053 53.00 
indomethacin2  174.10 C22 0.052 20.60 
ketoprofen 105.05 C24 0.047 46.50 
mefenamic acid 297.00 C24 0.06 1.94 
naproxen 185.05 C24 0.212 53.00 
probenecid 312.15 C24 0.188 46.00 
salicylic acid 120.05 C14 0.376 37.60 
salicylic acid3  250.15 C18 0.295 35.40 
sulindac (-OH) 233.05 C32 11.600 116.00 
tiaprofenic acid3  271.10 C26 0.258 30.90 
valproic acid (N) 145.10 C14 0.054 54.12 
valproic acid (W) 145.10 C14 0.430 51.51 

Y = C + MX 

y = -2.67 + 1.41x 
y = -4.32 + 2.33x 
y = -1.21 + 1.08x 
y = -1.57 + 1.17x 
y = -2.34 + 1.09x 
y = -0.29 + 0.30x 

y = -0.73 + 1.40x 
y = -0.63 + 1.08x 
y = -1.46 + 1.23x 
y = -1.78 + 1.25x 
y = -0.87 + 1.07x 
y = -2.19 + 1.44x 
y = -1.63 + 1.26x 
y = -1.93 + 1.30x 

y =-1.12 + 0.98x 
y = -1.34 + 0.71x 
y = -0.03 + 1.10x 
y = -0.93+ 0.78x 
y = -1.21+ 1.01x 

10m  r2  value 

25.7 
213.8 

12.0 
14.8 
12.3 
2.0 

25.1 

0.975 
0.971 
1.000 
0.993 
0.995 
0.993 

0.994 

Al,B1 
Al,B1 
Al,B2 	[47.9] 
Al,B1 	[22.4] 
Al,B1 	B2 
A2,B1 	[107.0] 
A2 	A4 

A3, B1 
12.0 1.000 Al ,B2,[53.00] 
17.0 0.998 A3,B2,[51.50] Al ,B1 
17.8 0.989 Al ,B1 	A3, B2 [40.5] 
11.8 1.000 5 Al, B1 [19.4] 
27.5 0.993 A3,B1 
18.2 0.993 Al ,B2 	[18.4] 
20.0 0.993 A3,B2,[94.00] A1,B1 

9.5 0.989 Al, B1 
5.1 0.994 A4,B1 	A4 

12.6 0.997 5 	 Al ,B1 
6.0 0.961 Al,B1 

10.3 0.999 Al ,B1 



Comments Linearity over Quantitative Range 

10 m  r2  value 

9.3 0.997 A1,B1 B2 
17.0 0.973 A1,B1 
10.0 1.000 Al, B2[65.8] 

21.4 0.998 5 A2, B1 

21.9 0.997 Al, B1 A3 
708.0 0.980 A1,B1 
125.0 1.000 Al ,B1,[210.0] 

13.5 0.993 A3, B1 A1,B2 [103.0] 
24.0 0.993 A3,B1 B2 

24.0 0.962 A4,B1 
9.5 0.932 A3,B1 Al 

Y = C + MX 

y = -0.98 + 0.97x 
y = -3.19 + 1.23x 
y = -1.25 + 1.00x 

y = -0.35+ 1.33x 

y = -2.70 + 1.34x 
y = -6.11 +2.85x 
y = -3.95 + 2.10x 
y = -1.86 + 1.13x 
y = -1.89 + 1.38x 

y = -1.15+ 1.38x 
y = -2.40 + 0.98x 

Table 4.8: continued. 

Butyl Derivative al& ion Ext. Std Quantitative Range(ng) 

lowest' highest 

nitrogen hetercyclic drugs 4  
ethosuximide 	 169.15 C14 0.071 71.30 
phenytoin 	 180.05 C24 0.600 60.00 
phenytoin Bu2 	 364.00 C26 0.04 26.30 

secondary amines 

flecainide3  184.10 C26 0.609 36.54 

phenols 
allopurinol, Bu 2  205.10 C22 0.460 46.00 
morphine (N) 341.20 C26 12.416 124.20 
morphine (W) 341.20 C26 8.400 84.000 
oxyphenbutazone Bu 2  255.15 C30 0.492 123.00 
paracetamol 109.05 C18 0.326 81.50 

alcohols 

quinine3  136.10 C30 0.463 55.50 
warfarin 265.10 C28 0.105 105.00 

Notes 
Ext. Std 
	

External Standard = the nearest eluting n-alkane to the derivative of interest. 
10m 
	

The factor by which the chromatographic response would increase following a ten-fold increase (pg or ng) 
in the amount injected. 



Table 4.8: continued. 

Notes continued 
Y = C + MX 	The linear regression equation for log transformed data (Section 3.3.1). 

Bul 	Indicates the mono- derivative. 
Bu2 	Indicates the bis- derivative. 

Refers to the smallest amount of drug injected on to the column that could be integrated. 
2 	GC artefact. 
3 	Data determined from working drug solutions at concentrations of Az 0.25, 0.5, 1, 5, 10, 30 ng/pL. 
4 	

Imidazole, piperidine, pyrazole, pyrrolidine and quinoline derivatives (Figure 3.2). 
5 	Chromatography of derivative was not investigated on the narrow bore column. 
6 	 Butylated hydrolysis product. 

No curve fitted to data as a GC response was obtained for only two points over the quantitative range tested. 
Chromatographic characteristics observed on the narrow bore column. 
Chromatographic characteristics observed on the wider bore column which differed from those observed on the 
narrow bore column. 

Comments 
No GC peak detected. 

Al 	Peak Shape - gaussian 
A2 	Peak shape - broad gaussian 
A3 	Peak shape - slightly tailing 
A4 	Peak shape - moderately tailing 
A5 	Peak shape - excessively tailing 
B1 	No carry-over from the greatest amount injected into the first blank run following. 
B2 	Small carry-over from the greatest amount injected into the first blank run following. 
[x] 	[x]ng injected onto the column caused column overload. 

b0 
	V 	The peak areas of duplicate injections was variable and no quantitative data could be obtained. 



Table 4.9: Detection limits for 52 butyl drug derivatives determined on the 
narrow bore (0.22mm i.d.) and wider bore (0.32mm i.d.) columns. 

Butyl Derivative Amount of drug injected (ng) CDL' 
0.22 mm i.d. column 0.32 mm Id. column 

D ND ND 
allopurinol Bu2  0.46 0.18 3.15 1.26 
7-aminoclonazepam 19.60 1.96 6.56 3.28 = 
7-aminoflunitrazepam 8.95 0.90 4.88 1.92 = 
7-aminonitrazepam 18.30 1.83 9.76 4.88 = 
amylobarbitone 0.06 <x 0.04 0.01 = 
benzoylecgonine 5.17 0.52 0.80 0.40 4, 
bromazepam 1.00 0.40 1.66 0.83 = 
butobarbitone 0.05 <x 0.06 0.02 = 
captopril Bu2  6.45 0.65 1.92 0.77 = 
chlorpropamide2  4.50 0.45 t 
chlorpropamide2  Bu2 3 3  0.04 <x 
clonazepam 1.45 0.78 13.52 6.76 T 
desalkyflurazepam 18.00 1.80 0.10 0.03 4, 
desmethylclobazam 0.41 0.10 0.16 0.09 4. 
desmethyldiazepam 0.08 <x 0.04 <x = 
desmethylflunitrazepam 216.70 86.68 6.00 3.00  
diclofenac 0.06 <x 0.02 <x = 
diflunisal 0.37 0.09 0.45 0.34 = 
diflunisal Bu2  0.09 <x 0.02 <x = 
enalaprilat 10.60 1.06 4.28 1.71 = 
ethosuximide 0.07 <x 0.02 <x = 
frusemide(tri-) 0.63 0.25 
frusemide Bu2  5 5 246.00 98.40 
ibuprofen 0.05 <x 0.02 <x = 
indomethacin 2  0.05 <x 0.12 0.07 T 
ketoprofen 0.05 <x 0.05 0.02 = 
lorazepam 1.32 0.53 4 4 

lorazepam 2  1.32 0.53 
mefanamic acid 3 3  0.06 0.02 
methylphenobarbitone 0.09 <x 0.02 <x = 
morphine 12.42 1.24 8.40 3.36 = 
naproxen 0.21 0.05 3 3 

nitrazepam 1.26 0.51 4.00 1.60 is 
oxazepam 0.71 0.17 
oxazepam Bu2 3 3  0.24 0.14 
oxazepam2  70.93 17.73 50.40 10.80 = 
oxyphenbutazone 0.49 0.12 0.12 0.04 4. 
paracetamol 0.33 0.08 0.12 0.07 = 
pentobarbitone 3 3  0.02 . <x 
phenobarbitone 0.05 <x 0.04 <x = 

4.9/1 



Table 4.9: continued 

Butyl Derivative Amount of drug injected (ng) CDL' 
0.22 mm i.d. column 0.32 mm i.d. column 

D ND D ND 
phenytoin 0.60 0.24 2.86 1.14 T 
phenytoin Bu2 3 3  0.08 0.03 
primidone 7.60 3.04 4.16 1.66 = 
primidone Bu2  5 5 0.04 <x 
probenecid 0.19 0.05 0.09 0.06 = 
quinalbarbitone 0.05 <x 0.06 0.02 = 
salicylic acid 0.38 0.09 0.35 0.23 = 
sulindac6  40.00 8.00 
sulindac2  6  11.60 1.16 6.00 4.50 = 
tolbutamide 2  Bu2  0.15 <x 0.03 <x = 
tolbutamide2  0.61 0.15 0.15 0.09  
valproic acid 0.05 <x 0.43 0.27 T 

Notes 

The amount of drug injected onto the column that produced 
a peak which could be integrated. 

ND 	The amount of drug injected onto the column that did not 
produce a peak which could be integrated. 
Comparative detection limit. The range in which the 
detection limit fell, when the wider bore column was 
compared with the narrow bore column either: 

1,  decreased 
T increased 
= was unchanged 

2 	GC artefact. 
3 	The chromatography of the derivative was not investigated 

this column. 
4 	Multiple peaks with similar El full-scan mass spectra. 
5 	No quantitative data obtained on the narrow bore column as a 

result of either poor chromatography or absence of a GC peak. 
6 	Amount detected varied depending on the yield of the other 

derivatization product. 
Bu2 	Indicates the bis- derivative as opposed to the 

mono-butyl derivative in all other cases. 
No GC peak detected. 

<x 	An amount smaller than that recorded under 'D' was 
not injected onto the column. 

4.9/2 



—NH2 , —NH— 

—NH—CO—R 

OH 	OH 
—CH2 -0H, —CH—, —C- 

1 

—SH 

10 and 2 °  amines 

amides 

1 0 , 2° and 3° alcohols 

thiols 

OH phenols 

Table 5.1: The main types of functional groupings which participate in acylation 
reactions. 

Functional Grouping 

OH 

—C=C— 

HO OH 

/ \ 

enols 

glycols 

unsaturated compounds 
including aromatic rings 

5.1 



Table 5.2: The PFP derivatives formed from a group of test 
drugs with different chemical structures and functional groups. 

Drug 	 PFP Derivative' 

allopurinol 
amphetamine 	mono 
cimetidine 	 unidentified 
codeine 	 bis 
desipramine 	 unidentified 
lorazepam 	 unidentified 
methylphenidate 	mono 
metoclopramide 	mono 
morphine 	 bis 
oxyphenbutazone 	mono 
pentobarbitone 	mono 
propranolol 	 bis 
sulphamethoxazole 	unidentified 
terfenadine 	 unidentified 
THC 	 mono 
tolbutamide 	 unidentified 

Notes 
' Low resolution El mass spectra were used to identify GC 

peaks as either PFP derivatives (mono- and bis-) or 
containing PFP (but unidentified). 

- No GC peak chromatographed. 
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Table 5.3: The GC peak areas of PFP derivatives formed from 
test drugs following different reaction times. 

Drug °/0 Peak Area' 
5 min 15 min 30 min 120 min 

amphetamine 77 89 94 112 
cimetidine * * * 
codeine 92 100 95 108 
desipramine 92 91 94 97 
lorazepam 29 28 61 102 
methylphenidate 96 101 99 102 
metoclopramide 94 104 100 102 
morphine 86 95 91 102 
oxyphenbutazone * * * * 

propranolol 101 104 98 105 
terfenadine 25 31 49 109 
THC 100 104 100 104 

Notes 

%(T min mean peak area/ 60 min mean peak area); mean of duplicates. 

* Peak area was variable between duplicates and no useful 
data were obtained. 

5.3 



Table 5.4: Summary of mass spectral data for PEP derivatives not able to be identified by low resolution El mass spectrometry alone. 

Drug GC 
Peak 

Ions Observed (m/z) Probable 
El (low)' ammonia Cl El(high)2  Structure 

captopril M +  absent 466(H+adduct) + (C3F50) 2 (-2H) 
318 318.05914 C81-113NOS.C3F50 
221 C3H65.C3F50 

cimetidine 317(M + ) 318(H+adduct) C6H10N4S.C3F50 
95 C5H7N2 

II 129 129.0121 C4H5ON2S 
248(M + ) 249(H+adduct) 248.0044 C3H5N2S.C3F50 3  

464(H+adduct) C6H9N4S.(C3F50) 2 

clonidine 375(M + ) 376(H+adduct) U + CFO (-H) 
340 

II4  521(M + ) 522(H+adduct) U + (CFO) 2 (-2H) 
340 

III 229(M + ) 230(H+adduct) 

desipramine 556(M + ) 557(H+adduct) 566.1195 102. ,C3F50)2 3  C l 8 H 	 ( 

366 366.0909 C16H13N.(C3F50) 3  
379 380(H+adduct) 379.0995 C17H17N.(C3F50) 3  

II4  571(M + ) 571.1095 
422 
394 

disopyramide M +  absent 322(H+adduct) U - H20 
221 221.1077 Cl5H13N2 3  
194 194.0850 C lOH 12 N2 3  

Comment 

Decarboxylated bis-PEP derivative. 

mono-PFP derivative of U fragment. 

loss of C2F5 (119). 
artefact of I. 
bis-PFP derivative of U fragment. 

mono-PFP derivative. 
loss of 35 (Cl). 
bis-PFP derivative. 
loss of PFP grouping + Cl. 

dehydrogenated bis-PFP derivative. 

I + 15. 

U dehydration; nitrile formation 



Table 5.4: continued 

Drug GC 
Peak 

Ions Observed (m/z) Probable 
El (low)' ammonia Cl El(high)2  Structure 

etafedrine I4  175 176(H+adduct) U - H20 
160 U - H20 - CH3 

II M+  absent 340(H+adduct) U + C3F50 (-H) 
86 C5Hi2N 
148 C9Hi0N0 
338(M-1) 
324 U (-CH) + C3F50 (-H) 

haloperidol I 357(M + ) 358(H +adduct) U - H20 
192 CiiHiiNCI 

II4  503(M + ) 504(H +adduct) U -H20 + C3F50 (-H) 
206 Ci2Hi3NCI 

hyoscyamine 1 271 (M t ) 272(H+adduct) U - H20 
124 C8HuN 

ii4 435(M + ) 436(H+adduct) U + CFO (-H) 
124 

labetalol 584(M t ) 584.11502 C19 11 180N2. +  (C3F50)2 3  

91 C7H7 

lorazepam I 612(M + ) 613(H+adduct) U + (CFO)2 (-2H) 
450 

Comment 

dehydrated U. 
loss of terminal methyl group from 
dehydrated U. 
mono-PFP derivative. 
fragment generated by 13-cleavage. 

loss of terminal methyl group from II. 

dehydrated U. 

mono-PFP derivative of I. 

dehydrated U 

mono PFP derivative. 

bis PFP derivative of doubly 
dehydrated U. 

bis PFP derivative. 



Drug GC 
Peak 
II lorazepam 

methylphenidate 

nifedipine 

Ions Observed (m/z) 
El (low)' 	ammonia Cl 	El(high)2  

392(M + ) 	393(H+adduct) 	391.98895 
390.98267 

357 

M +  absent 	380(H +adduct) 
397(NH4 4-adduct) 

348 
230 

492(M +) 	493(H +adduct) 
510(NHeadduct) 

475 

433 
114 	M +  absent 	639(H +adduct) 

656(NHeadduct) 
621 

579 
412 	not formed in ion 	unresolved 

source for DIP 	by GC 
III 

470 	471(H +adduct) 	470.1264 
345 

oxyphenbutazone 

Table 5.4: continued 

Comment 

mono-PFP derivative with oxygen 
expelled. 
loss of 35 (Cl). 

mono-PFP derivative. 

mono-FP derivative. 

probable expulsion of hydroxyl 
group. 
loss of carbonyl side-chain. 
bis-PFP derivative. 

probable expulsion of hydroxyl 
group. 
loss of carbonyl side-chain. 
artefact of hot GC injector. 

mono-PFP derivative. 
fragment miz 199 from U spectrum 
carrying PFP group. 

C13H15N0.C3F50 
C5H10N.C3F50 

U + CFO (-H) 

C15H13N204.C3F50 
parent + (C3F50)2 (-2H) 

C15H13N204.(C3F50)2 

C19Hi9N203.C3F50 
C12H11N20.C3F50  

Probable 
Structure  

C16H7N2F5C12 3  
C16H6N2F5C12 3  
C 16H7N2F5CI  

U + C3F50 (-H) 



Ions Observed (m/z) GC 
Peak 	El (low)' 	ammonia Cl  
II 	392(M + ) 	393(H+adduct) 

357 

M +  absent 	380(H +adduct) 
397(NH4+adduct) 

C16H7N2F5C12 3  
C 16H6 N2F5C 12 3  
C16H7N2F5C1 

Probable 
El(high)2  Structure 

391.98895 
390.98267 

475 

433 
II4 	M +  absent 	639(H +adduct) 

656(NHeadduct) 
621 

unresolved 
by GC 

470.1264 oxyphenbutazone 

C15H13N204.C3F50 
parent + (C3F50)2 (-2H) 

C15Hi3N204.(C3F50)2 

C19H19N203.C3F50 

C12H11N20 .C3F50  

probable expulsion of hydroxyl 
group. 
loss of carbonyl side-chain. 
bis-PFP derivative. 

probable expulsion of hydroxyl 
group. 
loss of carbonyl side-chain. 
artefact of hot GC injector. 

mono-PFP derivative. 
fragment miz 199 from U spectrum 
carrying PFP group. 

579 
III 	412 	not formed in ion 

source for DIP 

470 	471(H +adduct) 
345 

Table 5.4: continued 

348 
230 

492(M+ ) 	493(H+adduct) 
510(NHeadduct) 

Drug 

lorazepam 

methylphenidate 

nifedipine 

U + CFO (-H) 

C13H15N0.C3F50 
C5H10N.C3F50 

U + CFO (-H) 

Comment 

mono-PFP derivative with oxygen 
expelled. 
loss of 35 (Cl). 

mono-PFP derivative. 

mono-FP derivative. 



Table 5.4: continued 

Drug GC 
Peak 

Ions Observed (m/z) Probable 
El (low) 1  ammonia Cl El(high)2  Structure 

pindolol 3 peaks 366,408 CI(NH 3 , cH4) gave 
identical no higher masses 

procainamide 264 264.0326 C7H5N2.C3F50 3  
145 145.0403 C7H5N2C0 

M +  absent 382(H+adduct) U + C3F50 (-H) 
86 C5Hi2N 
266 C7H5NO.C3F50 
309 C9H1 0N0.C3F50 

III 526(M-1) 528(H ÷adduct) U + (CFO) 2 (-2H) 
335 C10H10 N30.C3F50 
278 

pro pranolol 551(M + ) 552(H+adduct) c 1 6H 19NO2.(C3F50)2 
366 C3H6N0.(C3F50)2 
408 408.0652 C6H1 2N0. (C3F50)2 

ranitidine 451(M +) 452(H +adduct) C6H 1 1 N3S.(C3F50)2 6  
469(N H4+adduct) 

332 
288 C6H9N2S.C3F50 6  

520(H +adduct) 

Comment 

undetermined compounds with El 
spectra for bis-PFP derivatives. 

fragment of dehydrated U. 
loss of C2F5 (119) from 264 
fragment. 
mono-PFP derivative. 

cleavage at amide grouping. 
cleavage of terminal group (-72). 

bis-PFP derivative. 

bis-PFP derivative. 

bis-PFP derivative of U fragment. 

loss of C2F5 (119). 
loss of (-NH.PFP) group. 
probable bis-PFP including the ring. 



El(high)2  
541.9848 bis-PFP derivative. 

Comment 

sulphamethoxazole 

Drug Probable 
Structure  

U + (C3F50)2 (-2H) 

Ions Observed (m/z) 
ammonia Cl 

546(H+adduct) 
563(NH4+adduct) 

GC 
Peak 	El (low)' 

M-3 absent 

Table 5.4: continued 

C6H5N.C3F50 

C6HSO2NS.C3F50 

435 	U - 2 H20 

U + (CFO) 2 (-2H) 

C3H6N0.(C3F50)2 
U + C3F50 (-H) 

C7H15N0.C3F50 

335.0493 8  C7H802NS.C3F50.NH4+3  

C7H702S 
253.0522 	C7H8N.C3F50 

213.0551 
290.0937 

a cleavage at ring, expulsion of 
S02(64). 
13 cleavage at ring, retains SO2 

doubly dehydrated U produced as an 
artefact of derivatization. 
bis-PFP derivative. 

mono-PFP derivative. 

loss of methyl group (-15). 

artefact of hot GC injector. 

mono-PFP derivative of the artefact 
of U 

loss of SO2 from derivative by an 
undetermined rearrangement. 

core of the U molecule 
dehydrated U 

Cl3H903 3  
U H20  

238 

302 

436(H +adduct) 

609(H adduct) 
637(C2H5+ ) 7  

463(H+adduct) 
491(C2H5+ ) 7  

not formed in ion 
source for DIP 
335(NH4+adduct) 

291(H +adduct) 

262 

608(M + ) 

366 
M+  absent 

447 
276 
388 

M +  absent 

155 
253 

warfarin 213 
290(M + ) 

terfenadine 

timolo l 

III 

tolbutamide 



Table 5.4: continued 

Drug 	 GC 	Ions Observed 	(m/z) 	Probable 
Peak 	El (low) 1 	ammonia CI 	El(high)2 	Structure  

warfarin 	II4 	454 	455(H+adduct) 	 U + C3F50 (-H) 
472(NHeadduct) 

Comment 

mono-PFP derivative. 

411 
	

C 1 7H1203.C3F50 
	

loss of terminal group -CO.CH3 

Notes 

1 	Low resolution electron impact mass spectral data 
2 	

High resolution electron impact mass spectral data. Usually only determined when necessary for the identification of a derivative/fragment 
structure. 

3 	
Most logical empirical formula 2ppm) generated by the Kratos peak matching program on the basis of the accurate 
mass determination. 

4 	A minor GC peak in comparison with others co-chromatographed for the drug. 
5 	

Decarboxylated captopril. 
6 	Postulated structure based on cimetidine fragment formation with PFPA derivatization. 
7 	Methane CI. 
8 	Ammonia Cl high resolution MS. 

No GC peak detected. 
Underivatized drug structure. 

DIP 	Direct insertion probe. 



Table 5.5: The peak areas of PFP derivatives obtained following GC injection by three different techniques. 

Drug GC Peak Percent Peak Area of Splitless Injection' 
EPC SPI OC 

cimetidine PFP 398 
artefact ,PEP 170 343 80 

clonidine mono-PFP + + + 
bis-PFP2  386 + + 

etafedrine3  mono-PFP 162 198 215 

haloperidol dehydrated 
dehydrated PFP 

400 135 

hyoscine dehydrated 
mono-PFP2  

85 1773 87 

hyoscyamine dehydrated 113 2609 150 
mono-PFP2  x trace + 

pholcodine mono-PEP 128 + + 

procainamide dehydrated 74 15 x 
mono-PFP 134 1407 103 
bis-PFP2  230 + + 



GC Peak Percent Peak Area of Splitless Injection' 
EPC SPI OC 

artefact 71 
mono-PFP2  238 x 162 
bis-PFP 175 58 185 

Drug 

timolol 

Table 5.5: continued. 

Notes 

EPC 	Hewlett Packard electronic pressure controlled injection at 40 psi (splitless = 10 psi). 
SPI 	Varian septum-equipped programmable injection from 40 to 320°C (splitess = 260°C). 
OC 	Hewlet Packard on-column injector (splitless = 260°C). 

1 	The absolute area of each GC peak was calculated as a ratio to the nearest HC peak 
area; the peak area ratio obtained following different injection techniques was expressed as 
a percentage of that obtained following splitless injection. 
eg. (SPI peak area ratio/Splitless peak area ratio)% 

2 	A peak of negligible area compared with other related peaks for the drug. 
3 	 Multiple unresolved peaks detected with splitless injection; single peak detected 

following SPI or OC injection. 
No GC peak detected following either the splitless or test injections. 
Peak detected following the test injection technique but undetected following splitless injection. 
Peak detected following splitless injection but undetected following the test injection technique. 



7-aminoflunitrazepam 429, 410, 401 

allopurinol 

captopril 

carbamazepine 

carbamazepine (U) 

192, 339(M+) 
165 193(M+) 
193 236(M+) 
165 193(M+) 

chlordiazepoxide 

chlorpropamide 	111, 175, 273 

cimetidine 
	

95, 317 
129, 248 

clonidine 	340, 375(M+) 
340, 521(M+) 
194, 229(M+) 

Table 5.6: PFP derivatives detected following on-column and splitless injections. 

.Drug 
	

Characteristic Ions 	Mode of Injection  S:OC Comment 
(m/z) 	Splitless' On-Column 2  

Bis- derivative. 

Not suitable for derivatization with PFPA. 

Refer to Figure 5.1. Not suitable for derivatization with PFPA. 

Mono-PFP derivative of PFPA reaction artefact. 
PFPA reaction artefact - loss of amide grouping to form 2° amine. 

GC artefact - loss of amide grouping to form 2° amine. 

Not suitable for derivatization with PFPA. 

Mono-PFP derivative of 4-chloro-benzenesulphonamide 
derived from U. 

< Mono-PFP derivatized fragment of U. 
> GC artefact of PFP fragment of U. 

Mono-PFP derivative. Appears to degrade into U on the column. 
Bis-PFP derivative. Degrade into mono- derivative on column. 

• U. Indicates relatively low yield of derivatives. 



Table 5.6: continued. 

Drug 
	

Characteristic Ions 	Mode of Injection S:OC Comment 
(m/z) 	Splitless' On-Column 2  

cyclopenthiazide 	x 	 x 	x 	Not suitable for derivatization with PFPA. 

desipramine 	366, 556(M+) 	+ 	+..:- 	Bis- derivative (reaction artefact) 

disopyramide 	194, 221 	 + 	+ 	a-- Dehydrated U. 

enalaprilat 	x 	 x 	x 	Not suitable for derivatization with PFPA. 

etafedrine 	148 	 + 	M 	Refer Figure 5.2. Severe thermal degradation of the mono-PEP 
derivative in the injector and the additional formation of dehydrated 
GC artefacts following splitless injection. 

fluphenazine 	 M 	TR 	Evidence of thermal degradation on the column at oven 
temperatures. 

haloperidol 	192, 357 	 + 	+ 	4.1' Dehydrated U (reaction artefact). 
206, 503 	 + 	+ 	--- Mono-PFP derivative of dehydrated U. 

M 	x 

hyoscine 	 94, 138 449(M+) 	 « Mono PFP derivative. 
94, 285 	 > Dehydrated U (reaction artefact). 



Table 5.6: continued. 

Drug Characteristic Ions 
(m/z) 

Mode of Injection S:OC Comment 
Splitless' On-Column 2  

hyoscyamine (U) 124, 289(M+) x + 
124, 271 + x Dehydrated U (GC artefact). 

hyoscyamine 124, 271, 435(M+) + + « Mono-PFP derivative incompletely resolved from dehydrated U. 
124, 271 + + = Dehydrated U (reaction artefact). 

hydroxychloroquine x x x Not suitable for derivatization with PFPA. 

labetalol 584, 	91 Bis-PFP derivative of double dehydrated U (reaction artefact). 

metolazone x x Not suitable for derivatization with PFPA. 

nifedipine 475, 433, 415 + + --.. Mono-PFP derivative, major peak in complicated peak profile. 
621, 579, 298 + + < Bis-PFP derivative. 
412, 262 + x Unidentified GC artefact. 

M R Occurred between the mono- and bis- peaks. Thermal degradation, 
on the column at oven temperatures. 

oxazepam 578, 414, 287 Bis-PFP derivative. 
Unidentified GC artefacts. 

oxycodone 607, 460 if Bis-PFP derivative (reaction artefact - enol formation). 



Table 5.6: continued. 

Drug Characteristic Ions 
(m/z) 

Mode of Injection 
Splitless' On-Column 2  

paracetamol 255, 297(M+) 
254, 401, 443(M+) 

pentobarbitone 302, 287 
141,156 

pholcodine 114, 380, 544(M+) 
100, 	114, 500 M x 

pindolol 306, 408 + + 
306, 408 + + 
306,408 + + 

prednisolone M M 

procainamide 86, 	266, 309 + + 
278, 335, 526(M+) x + 
264, 	145, 	117 + x 

procyclidine 

n Not suitable for derivatization with PFPA. 

tl, Mono-PFP derivative. 
Bis-PFP derivative. 
Mono-PFP derivative of dehydrated U (GC artefact). 

1\1,  Not suitable for derivatization with PFPA. 

S:OC Comment 

Mono-PEP derivative - slightly tailing peak shape. 
Bis PFP-derivative - slightly tailing peak shape. 

< Mono PFP derivative. 
> U. 

Mono-PFP derivative. 
Up to three peaks of negligible area (GC artefacts). 

:,- Three resolved peaks with El spectra indicating the bis-
-- 	PEP derivative in each case. 



Table 5.6: continued. 

Drug Characteristic Ions 	Mode of Injection S:OC Comment 
(m/z) 	Splitless' On-Column 2  

ranitidine 257, 420 Unidentified PFP-related product. 
257 297 Unidentified PFP-related product. 

salbutamol 

86, 	288, 332 Bis-PFP derivative of U fragment. 

Not suitable for derivatization with PFPA. 

sulphamethoxazole 238, 302 Bis-PFP derivative. 
472, 591 .1/1' Tri-PFP derivative, negligible peak area. 

temazepam 271, 282, 446(M+) Mono-PFP derivative 
alternate isomer L=.. Negligible peak area. 
431, 473, 592(M+) < Bis-PFP derivative, negligible peak area. 

terfenadine 262 Doubly dehydrated U (reaction artefact). 
216 Negligible peak area and variably formed. 

timolol 187, 366, 608(M+) Bis-PFP derivative. Major peak 
112, 276, 447 < Mono-PFP derivative. Negligible 
185, 388 GCartefact possibly derived from bis- derivative. 

tolbutamide (U) 155, 	197 
155, 	171 4-methyl-benzenesulphonamide; derived from U (GC artefact). 



Table 5.6: continued. 

Characteristic Ions 
(m/z) 

Mode of Injection 
Splitless' On-Column2  

253, 155 x T 

582, 463 x R 

436 317 

290, 213 
317, 411, 454(M+) 

Drug 

tolbutamide 

trimethoprim 

warfarin 

S:OC Comment 

Mono-PFP derivative of 4-methyl-benzenesulphonamide derived 
from U (reaction artefact). 

Bis-PFP derivative. Evidence of thermal degradation on the column 
with oven temperature. 
Mono-PFP derivative. 

Dehydrated U (reaction artefact). 
if Minor mono-PFP derivative. 

•Notes 

S:OC 

Splitless injector temperature of 265°C. 
Initial GC oven temperature of 50°C. 
The peak area obtained following splitless injection compared with 
that obtained following OC injection was either :- > greater than, 

< less than, 
similar to, or 
varied 

No product detected with mass spectral m/z ions related to PFP. 
GC peak detected. 
No single GC peak detected from which characteristic m/z ions could be determined. 



Table 5.6: continued. 

Notes continued 

Underivatized drug. 

(M+) 	The molecular ion produced by low resolutions electron impact mass spectrometry. 
Multiple peaks with related ion profiles. 
Broad tailing peak. 
A mixture of unresolved peaks with changing but related ion profiles. 



Table 5.7: Target m/z ions and retention indices for 93 PFP derivatives or related products identified following PFPA 
reaction with 91 drugs possessing different chemical structures and functional groups. 

Drug 	 Derivative 
	

Characteristic 	RI Comments 
Ions (m/z) 

Structurally-related drugs 
diuretic agents 
acetazolamide 
bendroflurazide 
chlorthiazide 
cyclopenthiazide 
hydroxychlorthiazide 
metolazone 

anti-diabetic agents 
chloropropamide mono 175.00, 273.00 Broad, tailing reaction artefact 

Degrades at injector temperature but is stable at oven temperatures. 
tolbutamide mono 155.00, 253.05 Broad, tailing reaction artefact 

Degrades at injector temperature but is stable at oven temperatures. 

alprenolol bis 366.05, 541.15 2167 
atenolol bis 366.05, 498.10 2102 
labetalol bis 91.05, 584.10 Reaction artefact - doubly dehydrated U. 
metoprolol bis 366.05, 559.00 2037 
oxprenolol bis 366.05, 557.10 1920 
pindolol bis 366.05, 408.05 Three individual peaks with identical El spectra. 



Table 5.7: continued. 

Drug 	 Derivative Characteristic RI Comments 
Ions (m/z) 

a-blocking agents continued. 
propranolol 	bis 366.05, 551.10 2121 
sotalol 	 mono 297.05, 400.10 2337 Reaction artefact - probable dehydrated U which is subsequently deriva 
timolol 	 !pis' 366.05, 608.10 2263 
timolol 1853, 3883  Unidentified GC artefact related to bis-PFP derivative. 
timolol 	 mono 

barbiturates 
pentobarbitone 	mono 

benzodiazepines 
desmethyldiazepam 

447.10, 276.10 

302.05, 287.05 

518.10, 399.10 

1617 

2056 

Minor peak. 

Unresolved isomers which degrade at injector temperatures but are sta 
oven temperatures. U present. 

desmethyldiazepam-d5 523.10, 404.10 2054 
lorazepam 	 mono' 392.00, 357.00 Reaction artefact with oxygen expelled from U. 
lorazepam 	 bis 
oxazepam 	 bis 

612.00, 
239.05, 414.05 2103 

Minor product. 
Degrades at oven temperatures. GC artefacts detected (splitless injecti 

temazepam 	mono 446.05, 271.05 2463 Traces of alternate mono- isomer and bis-PFP derivative. 

H2-receptor antagonists 
cimetidine 	 mono 95.00, 	317.05 Reaction artefact - derivatised fragment of U. 
cimetidine 	 mono 129.00, 248.00 GC artefact of reaction artefact. 
ranitidine 	 bis 288.05, 332.05 1533 
ranitidine 2573 , Bis-PFP related, unidentified product. 



Table 5.7: continued. 

Drug 	 Derivative Characteristic 	RI Comments 
Ions (m/z) 

Structually-unrelated drugs 

primary amines 
7-aminoclonazepam bis 534.00, 415.05 2535 Variable derivative formation. 
7-aminonitrazepam bis 645.10, 526.10 2210 Tailing peak. 
7-aminoflunitrazepam bis 429.10, 401.10 2493 Tailing peak. 
amphetamine mono 190.05, 118.05 1361 
desipramine bis' 366.10, 556.10 2341 Reaction artefact. Reaction conditions caused side chain 

rearrangement of U and produced a second site for derivatisation. 
desipramine bis 571.10, 4223  Minor reaction artefact derived from the predominant product. 
metoclopramide mono 86.10, 330.10 2380 
prazosin 
procainamide mono 264.05, 145.05 GC artefact - dehydrated U. 
procainamide mono 86.10, 309.05 2286 Tailing peak. 
procainamide bis 278.05, 335.05 Degrades at injector temperature but stable at oven temperatures. 
phentermine mono 204.10, 280.10 1307 
tranycypromine mono 116.05, 279.10 1416 
trimethoprim bis 582.15, 463.15 Degrades at oven temperatures. 
trimethoprim mono 436.10, 317.10 Variable derivative formation. 

secondary amines 
chlordiazepoxide 
chloroquine 



Table 5.7: continued. 

Drug 	 Derivative Characteristic RI Comments 
Ions (m/z) 

secondary amines continued. 
clonidine mono' 340.10, 375.05 Degrades at injector temperature but is stable at oven temperatures. 

U present. 
clonidine 

enalaprilat 
fenfluramine 

bis 

mono 

340.10, 521.00 

218.05, 358.10 1419 

Minor product which degrades at injector temperature but is stable at 
oven temperatures. U present. 

flecainide mono 230.05, 301.05 2239 
fluoxetine mono 190.05, 294.10 2031 
MDMA mono 204.10, 162.10 1702 
methoxyphenamine mono 204.10, 325.15 1545 
methylamphetamine mono 204.10, 118.05 1393 
methamphetamine-d6 mono 208.10, 123.05 1386 
methylphenidate mono 229.95, 348.00 1867 
nifedipine 
nifedipine mono' 

4123 , 
492.10, 433.10 

GC artefact. 

nifedipine bis 621.00, 579.05 Minor product which degrades at injector temperature but is stable at ov 
temperatures. 

nortriptyline mono 232.10, 409.20 2370 
paroxetine mono 475.15, 338.10 2665 
protriptyline mono 191.10, 409.20 2410 
sertraline 
theophylline 

mono 451.10, 274.05 2505 



Table 5.7: continued. 

Drug Derivative Characteristic 
Ions (m/z) 

RI Comments 

amides 
carbamazepine mono 339.05, 192.10 1839 Reaction artefact of U - amide grouping converted to 2°amine. 
carbamazepine 2  193.10, 165.10 Reaction artefact of U - amide grouping converted to 2°amine. 
disopyramide 2  221.10, 194.10 2251 Reaction artefact - dehydrated U. 

alcohols 
benzhexol 
codeine mono 445.15, 282.10 2301 
codeine-d3 mono 448.15, 285.10 2295 
etafedrine mono 86.10, 148.15 Unresolved isomers which degrade at injector temperature but are 

stable at oven temperatures. 
fluphenazine x M Degrades at oven temperatures. 
guaiphenasin bis 490.10, 203.10 1852 
haloperidol 2 	1 357.15, 192.05 2831 Reaction artefact - dehydrated U. 
haloperidol mono 206.00, 503.00 Minor product. 
hyoscine 2  94.05, 285.15 2143 Reaction artefact - dehydrated U. 
hyoscine mono 449.00, 138.00 2178 Degrades at injector temperature but is stable at oven temperatures. 
hyoscyamine 2  124.10, 271.15 2047 Reaction artefact - dehydrated U. 
hyoscyamine mono 435.00, 124.10 2047 Degrades at injector temperature but is stable at oven temperatures. 
oxycodone bis 607.20, 460.15 2438 Reaction artefact; enol formation permits derivatisation additonal site. 
pholcodine mono 114.10, 544.20 Degrades at injector temperature but is stable at oven temperatures. 
prednisolone x M 
procyclidine x M 



Table 5.7: continued. 

Drug 	 Derivative Characteristic 
Ions (m/z) 

RI Comments 

alcohols continued. 
quinidine 
quinine 
terfenadine 
warfarin 
warfarin 

phenols 
diflunisal 
oxyphenbutazone 
paracetamol 
paracetamol 

mono 
mono 
2  

2 	1 

mono 

mono 
mono 
bis 

136.10, 
136.10, 
262.15, 
213.05, 
317.05, 

470.15, 
255.05, 
254.00, 

470.20 
470.20 
435.25 
290.10 
411.05 

345.10 
297.05 
401.00 

2463 
2466 
3585 
2516 

2430 
1570 
1353 

Reaction artefact - doubly dehydrated U. 
Reaction artefact - dehydrated U. 
Minor peak. 

Tailing peak. 
Tailing peak. 

THC 

mercapto groups 
captopril 

polyfunctional drugs 4  
allopurinol 

mono 

bis 

460.20, 

318.05, 

445.20 

221.00 

2165 

Reaction artefact - replaced the -COOH group with a PFP group to 
form derivative. Degrades at oven temperatures. 

Functional groups - 20  + OH. 
ephedrine 
frusemide 
hydroxychloroquine 

mono 204.10, 160.10 1407 Functional groups - 20  + OH. derivatised at 2° amine. 
Functional groups - 20  + sa. 
Functional groups - 20  + OH. 



Table 5.7: continued. 

Drug 	 Derivative Characteristic RI Comments 
Ions (m/z) 

polyfunctional drugs4  continued. 
morphine bis 577.10, 414.05 2270 Functional groups - OH + ph. 
morphine-d3 bis 580.10, 417.05 2265 Functional groups - OH + ph. 
phenelzine bis 104.05, 309.10 1362 Functional groups - 10  + 2° 
phenylephrine bis 190.05, 427.05 1521 Functional groups - 20  + OH + ph. 
phenyl propanolamine mono 190.05, 280.10 1375 Functional groups -1° + OH. derivatised at 1° amine. 
pseudoephedrine 
salbutamol 

mono 204.10, 160.10 1452 Functional groups - 2° + OH. derivatised at 2° amine. 
Functional groups - 20  + OH. 

sulphamethoxazole bis 238.00, 301.05 Functional groups - 10  + sa. Degrades at injector temperature. 
sulphamethoxazole 
terbutaline 

tri 472.00, 591.00 Minor product. 
Functional groups - 2° + OH + ph. 

Notes 
The predominant derivative where more than one derivative was chromatographed concurrently. 

2 
	

Not a PFP-related compound. 
3 
	

Low resolution El mass spectral fragment structure unidentified and a more accurate mass could not 
be assigned. 

4 	 Drugs with at least two different functional groups:- 
1° primary amine 

2° secondary amine 
ph phenol 
OH alcohol 
sa sulphonamide 



Table 5.7: continued 

Notes continued. 
Unidentified product; mass spectrum does not contain miz ions related to PFP. 
No GC peak detected. 
Multiple PEP-related products chromatographed with different but related ion profiles. 
Underivatised drug. 



Table 5.8: The stability and reproducibility of PEP derivatives within a day and between days for 
selected drugs with different chemical structures and functional groups. 

PFP Derivative Stability of Derivative Reproducibility of Derivative Formation 
% Difference from Time 00 % Difference b/w Replicates' 
after 11 h after 16 - 21 h within Day 1 within Day 2 b/w Days2  

Structurally-related drugs 

6-blocking agents 

alprenolol 11 7 3 3 3 

metoprolol 3 8 7 <1 6 
oxprenolol 7 4 3 4 10 
timolol 

benzodiazepines 
oxazepam 
temazepam 

barbiturates 
pentobarbitone 

21 

70 

27 

21 

96 

45 

25 

36 

3 

7 

82 

<1 

15 

19 

18 

H2-receptor antagonists 
ranitidine 



Table 5.8: continued. 
PFP Derivative 	 Stability of Derivative Reproducibility of Derivative Formation 

°A) Difference from Time 0° °A) Difference b/w Replicates' 
after 11 h after 16 - 21 h within Day 1 within Day 2 b/w Days 2  

Structurally-unrelated drugs 
primary amines 

7-amino flunitrazepam 
amphetamine 
desipramine 
metoclopramide 
procainamide 
tranylcypromine 

secondary amines 
ephedrine 
methylamphetamine 
methoxyphenamine 
methylphenidate 
nortriptyline 
protriptyline 
pseudoephedrine 

phenols 

oxyphenbutazone 
paracetamol 
THC 

3 

3 

3 

3 

3 

3 

-9 
4 
2 

-12 
3 
1 
3 

34 
90 

9 

-18 
-10 
-18 
-24 

-147 
<1 

-3 
6 
7 

-34 
2 

-2 
3 

57 
97 

5 

5 
16 

3 
7 

19 
6 

2 
3 

3 
<1 

4 
9 
4 

5 

4 
4 

1 
9 
3 
4 

12 
12 

3 
3 

6 
5 
1 
3 
6 

52 
20 

7 

4 
13 
18 
23 

211 
4 

4 
3 

1 
2 
2 
4 
6 

17 
323 
134 



LA 

Table 5.8: continued. 

PFP Derivative Stability of Derivative Reproducibility of Derivative Formation 
% Difference from Time 00 % Difference b/w Replicates' 
after 11 h after 16 -21 h within Day 1 within Day 2 b/w Days2  

alcohols 
codeine 13 15 34 8 15 
guaiphenasin 6 2 3 3 3 

hyoscyamine 3 1 4 9 54 
oxycodone 81 93 5  18 645 
quinidine 45 48 146 6 16 
quinine 85 91 64 3 641 

polyfunctional drugs4  
morphine 10 11 13 14 8 
phenelzine 3 4 70 50 11 
phenylephrine 23 24 2 7 51 

reaction artefacts 
carbamazepine -8 -5 8 11 6 
disopyramide -2 -6 8 9 35 
haloperidol 3 

hyoscine 1 4 17 180 24 
hyoscyamine 3 11 18 1 1 
terfenadine 
warfarin 3 3 82 25 11 



Table 5.8: continued. 

Notes 
. 
i 

2 

3 

4 

5 

At t = 0 derivative GC peak area = 100%. 
The percent difference in relative GC peak areas between replicates (R). 
[(R1 - R2)/R2]% where R1 > R2. 
The percent difference in the mean peak areas of replicates from Day 1 
and Day 2. [Dayl (mean peak area) - Day2(mean peak area)]/Day2(mean peak area)]% 

No data collected for this parameter. 

Drugs possess two different functional groups both of which are 

acylated to produce bis-PFP derivatives. 

No GC peak was detected for one of the replicates. 
No GC peak detected. 



+ 1.53x 33.9 0.993 

+ 0.98x 9.5 0.998 

+ 1.12x 13.2 0.999 
+ 1.20x 15.8 0.999 
+ 1.37x 23.2 0.988 
+ 1.22x 16.6 0.998 
+ 1.25x 17.8 0.998 
+ 1.44x 27.5 0.994 
+ 1.31x 20.4 0.994 
+ 0.81x 6.5 0.940 

y = -2.50 

y = -2.61 

y = -1.10 
y = -0.49 
y = -1.03 
y = -1.02 
y = -1.20 
y = -1.91 
y = -0.52 
y = -2.59 

Table 5.9: Quantitative chromatographic data for 56 PFP drug derivatives. 

PFP-Derivative 

Structurally-related drugs 
anti-diabetic agents 
chlorpropamide2  
tolbutamide2  

barbiturates 
pentobarbitone 

benzodiazepines 
oxazepam (bis) 
temazepam 

a-blocking agents 
alprenolol (bis) 
atenolol (bis) 2  
labetalol (bis) 2  
metoproprolol (bis) 
oxprenolol (bis) 
propranolol (bis)2  
sotalol 2  
timolol (lois) 

/z ion Ext. Std Injected Range (ng) 

lowest next low' highest 

175.00 C18 68.70 27.48 68.70 
155.00 C18 86.10 34.44 86.10 

302.05 C16 0.23 0.07 56.30 

239.05 C22 0.54 0.27 10.80 
271.05 C24 56.08 11.22 140.20 

366.05 C18 0.02 <x 49.10 
366.05 C20 0.57 <x 34.37 

91.05 C30 0.67 <x 39.96 
366.05 C20 0.02 <x 54.75 
366.05 C20 0.08 0.03 67.50 
366.05 C22 0.03 <x 26.64 
279.05 C26 0.57 <x 34.02 
366.05 C22 1.68 0.84 105.50 

Linearity over Quantitative Range 

Y=C+MX 	10 m  r2  value 



y = -1.97 + 1.30x 
y = -1.97 + 1.39x 
y = -2.09 + 1.41x 
y = -1.75 + 1.29x 
y = -2.19 + 1.71x 
y = -0.14 + 0.94x 
y = -0.39 + 1.13x 
y = -2.46 + 1.88x 
y = -0.06+ 0.74x 

y = -0.45 + 1.35x 
y = -0.07 + 0.97x 

y = -0.18 + 1.05x 
y = -0.38 + 1.19x 
y = -1.46 + 1.42x 
y = -0.58 + 1.14x 

24.6 0.993 
19.8 0.991 
25.7 0.994 
19.5 0.995 
51.3 0.992 
9.2 0.998 
13.5 0.994 
75.9 0.989 
5.5 0.994 

22.4 0.990 
9.4 0.991 

15.5 0.999 
11.2 0.960 
26.3 0.988 
13.8 0.997 

Table 5.9: continued. 

PFP-Derivative /z ion Ext. Std Injected Range (ng) 

lowest next low' highest 
H2-receptor antagonists 
ranitidine(bis) 288.05 C14 43.32 8.66 108.30 

Structurally-unrelated drugs 
primary amines 
7-amino flunitrazepam (bis) 401.10 C26 3.30 0.82 206.00 
7-amino nitrazepam (bis) 2  645.10 C22 0.38 <x 45.00 
amphetamine 118.05 018 0.11 0.06 52.95 
desipramine (bis)2 3  366.10 022 0.07 0.02 59.80 
metoclopramide 86.10 026 4.72 1.89 118.10 
phentermine3  204.00 016 0.21 <x 25.58 
phenylpropanolamine 190.10 014 0.07 0.03 62.00 
procainamide 86.10 C26 3.48 1.39 87.00 
tranylcypromine 3  

secondary amines 
ephedrine 

116.05 

204.10 

C16 

014 

0.39 

0.02 

<x 46.95 

23.80 
fenfluramine3  218.05 C16 0.68 35.04 
flecainide3  230.05 C22 0.61 36.54 
fluoxetine3  190.05 C24 0.52 <x 31.35 
M DMA3  204.10 C16 0.94 0.47 58.65 
methoxyphenamine 204.10 C16 0.03 <X 65.25 

Linearity over Quantitative Range 

Y=C+MX 	10 N1  r2  value 



Linearity  over Quantitative Range 
Y=C+MX 	10m  r2  value 

+ 1.06x 11.5 0.995 
+1.10x 12.6 0.994 

+ 1.30x 20.0 0.969 
+ 1.78x 60.3 0.993 
+ 1.21x 16.2 0.988 
+ 1.08x 12.0 0.998 

+ 1.18x 15.1 0.976 
+1.43x 26.9 0.998 

+ 1.49x 30.9 0.997 
+ 1.07x 11.8 0.999 
+ 1.20x 15.8 0.913 
+ 1.16x 14.5 0.988 
+ 1.86x 72.4 0.984 
+ 1.59x 38.9 0.999 
+ 1.95x 89.1 0.954 

y = -0.47 
y = -0.53 

y = -0.84 
y = -1.11 
y = -0.36 
y = -0.70 

y = -1.02 
y = -1.46 

y = -1.77 
y = -1.05 
y = -3.57 
y = -1.76 
y = -4.28 
y = -2.20 
y = -2.52 

Table 5.9: continued. 

PFP-Derivative /z ion Ext. Std Injected Range (ng) 

lowest next low' highest 
secondary amines continued 
methylamphetamine 204.10 C16 0.02 <x 58.23 
methylphenidate 299.95 C22 0.11 0.06 52.80 
nifedipine 492.10 C26 65.50 26.20 65.50 
nortriptyline 232.10 C24 0.10 <x 52.25 
paroxetine3  475.15 C26 0.52 <x 31.14 
protriptyline 191.10 C24 0.06 <x 21.56 
pseudoephedrine3  204.10 C14 0.05 0.02 43.00 

amides 
carbamazepine2  192.10 C18 0.02 <x 56.65 
disopyramide2  194.10 C24 0.12 0.07 23.02 

alcohols 
codeine 282.10 C20 0.44 0.22 110.20 
guaiphenasin (bis) 203.10 C18 0.02 <x 49.25 
hyoscine3  449.15 C20 3.48 1.39 87.00 
hyosyamine3  124.10 C18 0.19 0.09 46.45 
oxycodone (bis) 2  607.20 C24 4.25 1.70 106.30 
quinidine 136.10 C24 0.85 0.42 53.00 
quinine 136.10 C24 0.47 0.24 46.96 



Table 5.9: continued. 

PFP-Derivative 

phenols 
oxyphenbutazone3  
paracetamol (bis) 
THC3  

polyfunctional drugs4  
morphine (bis) 
phenelzine (bis) 
phenylephrine (bis) 

dehydrated drugs 
haloperidol2  
hyoscine2  3  
hyoscyamine2  3  
terfenadine2  
warfarin2  3  

/z ion Ext. Std Injected Range (ng) Linearity over Quantitative Range 
lowest next low' highest Y = C + MX 10m  r2  value 

345.10 C22 1.86 0.74 46.50 y = -1.98 + 1.02x 10.5 0.997 
401.00 C14 0.23 0.12 23.66 y = -2.20+ 1.59x 38.9 0.999 
460.20 C22 0.29 0.20 49.00 y = -2.42 + 1.25x 17.8 0.982 

414.05 C20 0.20 0.10 49.55 y =.-1.37 + 1.33x 21.4 0.998 
104.05 C16 1.26 0.63 79.00 y = -1.67 + 1.22x 16.6 0.985 
190.05 C22 8.96 4.48 112.05 y = -3.88+ 1.79x 61.7 0.986 

192.05 C28 77.82 15.57 194.60 
285.00 C20 3.48 1.39 87.00 y = -3.42 + 1.49x 30.9 0.988 
271.20 C18 0.09 0.01 46.45 y = -2.12 + 1.22x 16.6 0.991 
262.05 C34 34.80 3.48 87.00 
213.05 C26 0.08 0.03 67.00 y = -1.76 + 0.97x 9.3 0.991 

Notes 
Ext. Std 
	

External standard = nearest eluting n-alkane to the derivative of interest. 
Y=C+MX 
	

The linear regression equation for log transformed data (Section 3.3.1). 



Table 5.9: continued. 

Notes continued. 

10m 	 The factor by which the detector response would increase following a ten-fold increase 
(pg or ng) in the amount injected. 
Refers to the next smallest drug amount injected on to the column that could not be integrated 

2 	 Reaction artefact. 
3 	 Indictes that the mode of injection was splitless (260°C) rather than on-column 
4 	The drug possesses at least two different functional groups. 

<x 	 An amount smaller than that listed in the 'lowest' column was not injected on to the column. 
No curve fitted to data as a GC response was obtained for only two points over the 
quantitative range selected. 



Table 6.1: The calculated lowest concentration (pg/mL) in blood (Section 6.3) 
which might be detected by GC/MS for 177 drugs and/or their butyl and PFP 
derivatives, and the reported therapeutic range. 

Drug Lowest Detected Concentration' Therapeutic Range2  
butyl- PFP- (pg/mL) 

7-aminoclonazepam 0.656 0.328 
7-aminoflunitrazepam 0.068 0.244 0.330 
7-aminonitrazepam 0.976 0.488 0.038 
acetazolamide 
allopurinol 
alprenolol 0.554 4 0.002 0.03 - 0.10 
amitriptyline 0.006 0.06 - 0.22 
amphetamine 1.820 0.006 0.05 - 2.00 
amylobarbitone 0.004 0.002 5 

1.00 - 12.00 
atenolol 0.057 0.10 - 1.00 
azatadine 0.017 
bendroflurazide 
benzhexol 0.400 0.15 - 0.61 8  

benzoylecgonine 0.04 
benztropine 0.049 0.08 - 0.13 
bromazepam 0.416 0.083 0.08 - 0.17 
butobarbitone 0.006 0.003 5  0.30 - 15.00 
caffeine 0.006 2.00 - 9.00 
captopril 0.384 0.096 3  0.05 8  

carbamazepine 2.860 4.00 - 10.00 
carbamazepine3  0.009 0.002 3  4.00- 10.00 
carbimazole 
chlordiazepoxide 1.00 - 8.00 
chlordiazepoxide3  0.003 5 5 

1.00 - 8.00 
chloroquine 0.354 0.015 - 0.030 
chlorpheniramine 0.005 0.003 - 0.02 
chlorpromazine 0.007 0.03 - 0.35 
chlorpropamide 0.086 x 3  6.87 3  30.00 - 250 
chlorpropamide3  0.002 
chlorthiazide 
cimetidine >5 0.50 - 0.90 
clobazam 0.014 0.043 
clofibrate 0.003 0.043 - 0.20 
clomipramine 0.006 0.02 - 0.14 
clonazepam 0.670 4  0.676 0.005 - 0.07 
clonidine 0.391 0.0003 - 0.002 

6.1/1 



Table 6.1: continued. 

Drug 	 Lowest Detected Concentration' Therapeutic Range2  
(pg/mL) U butyl- PFP- 

cocaine 0.026 0.12 - 0.30 
codeine 0.070 4  0.044 0.065 8  

cotinine 0.015 
cyclopenthiazide x M x 
desalkyflurazepam 0.136 0.005 - 0.04 - 0.06 
desipramine 0.007 0.015 0.007 3  0.04 - 0.16 
desmethylclobazam 0.316 0.008 0.20 - 0.40 
desmethyldiazepam 0.036 0.002 0.38- 1.51 
desmethylflunitrazepam 0.604 0.300 
dextromethorphan 0.003 0.001 - 0.38 
dextropropoxyphene 0.059 0.05 - 0.75 
dextropropoxyphene 3  0.030 0.05 - 0.75 
diazepam 0.010 0.30 - 0.60 
diclofenac 0.077 0.001 0.10 - 2.20 8  

diethylpropion 0.004 0.008 - 0.20 
diflunisal x 0.001 x 9.00 - 90.00 
dihydrocodeine 0.222 0.07 - 0.13 
diltiazem 0.092 4  0.003 - 0.13 
diphenhydramine 0.007 0.03 - 0.04 
diphenylpyraline 0.002 - 
disopyramide x 0.012 3  > 1.5 
dothiepin 0.007 0.017 - 0.06 
doxepin 0.006 0.03 - 0.15 
doxylamine 0.022 - 0.01 - 0.15 
enalaprilat x 0.214 x 0.005 - 0.02 
ephedrine 0.582 0.002 0.066 - 0.12 
etafedrine 0.005 5 

ethosuximide 0.005 0.001 40 -100 
felodipine 0.054 - 0.001 -0.012 
fenfluramine 0.058 0.058 0.05 - 0.15 
fentanyl 0.086 - 0.001 - 1.00 
flecainide 7 0.030 0.061 0.04 - 0.80 
flunitrazepam 0.025 4  0.003 - 0.02 
fluoxetine 0.314 0.052 0.02 - 0.05 
fluphenazine x M 
flurazepam 0.041 0.001 - 0.03 
frusemide x 0.032 x 1.00- 10.00 
glibencamide x x x 
griseofulvin 0.008 
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Table 6.1: continued. 

Drug Lowest Detected Concentration' Therapeutic Range2  
(pg/mL) butyl- PFP- 

guaiphenasin 
haloperidol 
hydrochlorthiazide 
hyoscine 
hyoscine3  
hyoscyannine 

7 

0.650 

0.401 
0.179 

4  

0.002 
7.78 

0.174 
0.348 
0.010 

3 	0.006 
1.40 

- 0.01 

0.0003 
0.0003 

8  

8  

8  

hyoscyamine 3  0.034 4  0.019 
ibuprofen 0.025 0.001 10.0 - 30.0 
imipramine 0.009 0.10 - 0.30 
indomethacin x 0.006 0.30 - 3.00 
ketoprofen x 0.003 0.3 
labetalol 0.067 0.025 - 0.20 
lignocaine 0.003 - 1.50 - 5.00 
lorazepam x M >7.39 0.02 - 0.24 
lorazepam3  0.043 x >7.39 0.02 - 0.24 
MDMA 0.476 0.094 0.10 - 0.35 
mebhydrolin 0.118 0.093 - 0.18 
medazepam 0.003 0.01 -0.16 
methadone 0.007 > 0.10 
methaqualone 0.002 0.40 - 6.60 
methdilazine 0.021 
methoxyphenamine 0.168 0.003 
methylamphetamine 0.200 0.002 0.01 - 0.05 
methylphenidate 0.025 0.011 0.01 - 0.06 
methylphenobarbitone 0.002 0.001 5 1.0 - 15.0 
methyprylone 0.003 10.0 - 20.0 
metoclopramide 0.477 0.472 0.04 - 0.10 
metolazone X 

5 
X 

metoprolol X 0.002 0.01 - 0.45 
mianserin 0.004 0.01 - 0.08 8  

miconazole 0.022 4  

midazolam 0.053 0.03 - 0.07 
moclobemide 0.061 0.02 - 2.50 
morphine 0.546 4  0.420 0.02 0.04 - 0.50 
naproxen x 0.011 4  > 50 
nicotine 0.017 0.01 - 0.30 
nifedipine 0.025 >6.5 0.03 - 0.17 
nitrazepam 0.400 0.200 0.03 - 0.07 
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Table 6.1: continued. 

Drug Lowest Detected Concentration' Therapeutic Range 2  
U butyl- PFP- (pg/mL) 

nortriptyline 0.556 0.015 0.010 0.05 - 0.15 
oxazepam 0.025 0.012 0.054 0.50 - 2.00 
oxprenolol 7 0.008 0.04 - 0.10 
oxycodone 0.123 0.425 0.02 - 0.04 
oxyphenbutazone x 0.006 0.186 25 - 120 
paracetamol 0.466 0.006 0.023 10.0 - 20.0 
paroxetine 1.048 - 0.052 0.01 -0.15 
pentobarbitone6  0.006 0.001 0.023 1.0- 10.0 
pethidine 0.003 0.40 - 0.70 
phencyclidine 0.002 - 0.007 - 0.240 8  

phenelzine x - 0.126 0.001 - 0.002 
phenindione 0.330 + 9.00 8  

pheniramine 0.006 0.01 - 0.19 
phenobarbitone 0.002 0.002 5  10.0 - 25.0 
phentermine 0.043 - 0.021 0.09 
phenylbutazone 0.007 50 - 150 
phenylpropanolamine x 0.007 0.03 - 0.05 
phenytoin 0.029 0.004 7.0 -10.0 
phenytoloxamine 0.014 
pholcodine 0.540 4  - >6.56 
pilocarpine 0.138 
pindolol 7 M 0.05 - 0.15 
pizotifen 0.002 0.031 - 0.61 
prednisolone 0.330 M 
primidone 0.042 0.002 5  8.0 - 12.0 
probenecid x 0.005 100 - 200 
procainamide 2.708 0.348 3.0 -14.0 
prochlorperazine 0.084 1.00 - 2.00 
procyclidine 2.263 M 0.15 - 0.63 
promazine 0.007 1.0 - 2.00 
promethazine 0.007 0.003 - 0.02 
propranolol x 0.003 0.01 - 0.34 
protriptyline 0.351 0.026 0.006 0.1 -0.2 
pseudoephedrine 0.282 4  0.005 0.5 - 0.64 
quinalbarbitone 0.002 0.003 5  0.06 - 10.0 
quinidine 4.240 0.085 2.0 - 6.0 
quinine 3.700 4  - 0.047 4.9 - 5.2 8  

ranitidine x 4.332 0.04 - 010 
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Table 6.1: continued. 

Drug Lowest Detected Concentration' Therapeutic Range 2  
U butyl- PFP- (ug/mL) 

salbutamol x x 
salicylic acid x 0.018 - 150.0 - 300.0 
sotalol x 0.057 0.8 - 5 
sulindac x 0.300 3  - 0.05 - 5 
sulphamethoxazole x M + 
sulphinpyrazone 0.020 - 
temazepam 0.372 0.240 5.61 0.36 - 0.85 
terbutaline x x 
terfenadine x 3.480 1.5 8  
THC 0.016 - 0.015 0.04- 0.19 8  

THC-COOH x + 
theophylline 1.840 0.018 x 5.0- 15.0 
thioridazine 0.360 - 0.10 - 2.60 
tiaprofenic acid 0.052 0.013 
timolol 7 0.168 0.015 
tolbutamide3  0.612 0.008 8.61 80 - 240 
tolbutamide x 0.002 x 80 - 240 

tranycypromine 0.074 0.039 0.01 
trifluoperazine 0.008 - 1.0 - 2.00 
trimeprazine 0.002 0.16 - 0.25 
trimethoprim 2.660 M 1.5 - 2.50 
trimipramine 0.007 0.30 
triprolidine 0.022 - 0.003 - 0.04 
valproic acid x 0.021 30.0 - 100.0 
verapamil 0.266 - 0.09 - 0.35 
warfarin x 0.008 3  1.8 - 2.60 

Notes 

Underivatised drug. 
butyl- 	Butyl derivative of drug. 
PFP- 	Pentafluoropropionyl derivative of drug. 

The lowest concentration of drug or drug derivative in a blood 
extract which could be detected (Section 6.3); derived from 
data in Tables 3.4, 4.8, 4.9, 5.9 and B.12 and Section 3.3.2. 

2 

	

	Reported therapeutic ranges were obtained from several 
sources; (1 -8)  Section 6.3. 
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Table 6.1: continued. 

Notes continued 

3 	 GC or reaction artefact of the drug. 
4 	Determined on narrow bore column. 
5 	Derivatisation of the drug was not invetigated. 
6 	Drug was representative of other structurally-related drugs 

indicating their potential to form PFP derivatives. 
7 	Chromatography of underivatised drug was not investigated. 
8 	Peak plasma levels obtained following standard dose. 

No GC peak detected. 

Derivative was formed but no quantitative data collected. 

Drug was not susceptible to derivatisation. 

Multiple derivatisation products - not suited to derivatisation. 

italics 	No lower concentration was tested. 
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Table 6:2: Drugs listed in Table 1.2 which were eliminated from further study 
based on their observed or estimated chromatographic characteristics.' 

amoxycillin 
astemizole 
beclomethasone 
bisacodyl 
calcium 
cefaclor 
cephalexin 
cholestyramine 
cisapride 
clofibrate 
clotrimazole 
colchicine 
domperidone 
doxycyline 
erythromyacin 

flucloxacillin 
gemfibrozil 
griseofulvin 
hexamine hippurate 
hydoxocobalamin 
ipratropium bromide 
iron 
isotretinoin 
ketoconazole 
lactulose 
levonorgestrel 
loratadine 
mebeverine 
medroxyprogesterone 
minocycline 

other selection criteria.2  
nandrolone 
nitrofurantoin 
nystatin 
oestrogens conjugated 
omeprazole 
phenoxymethylpenacillin 
potassium 
psyllium hydrophillic muciloid 
simvastatin 
spirolactaone 
sucralfate 
sulphinpyrazone 
tetracycline 
thiamine 
thyroxine 

Drugs with DOD > 0.3 but which satisfied no 

Drugs which could not be chromatographed . 3 

acetazolamide 	glibenclamide 	metolazone 
allopurinol 
	

glicazide 	 pholcodine 
amiodarone 	glipazide 	 pindolol 
bendroflurazide 	glycerol trinitrate 	piroxicam 
bismuth subcitrate 

	
hydralazine 	prazosin 

carbimazole 
	

hydrochlorthiazide 	salbutamol 
chlordiazepoxide 

	
indapamide 	sodium cromoglycate 

chlorthiazide 
	

insulin 	 sulphamethoxazole 
cyclopenthiazide 

	
lithium 	 sulphasolazine 

cyproheptadine 	mefformin 
	

tenoxicam 
etafedrine 	methylclothiazide 

	
terbutaline 

fluphenazine 	methyldopa 

Drugs which could not be detected within the reported therapeutic range. 4  
7-aminoclonazepam 
adrenaline 
alprazolam 
amiloride 
azatadine 
betaxolol 
budesonide 
bumetanide 
chlorthalidone 
cimetidine 
clonazepam 
clonidine 
digoxin 

diphenpyraline 
dipiverine 
doxylamine 
enalapril 
famotidine 
flunitrazepam 
flurazepam 
haloperidol 
hyoscine 
isosorbide dinitrate 
isosorbide mononitrate 
lisinopril 
mebhydrolin 

midazolam 
papaverine 
perindopril 
phenelzine 
pilocarpine 
procylcidine 
promazine 
ranitidine 
terfenadine 
timolol 
triazolam 
trifluperazine 
tripolidine 
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Table 6.2: continued. 

Notes 

DDD 	Defined daily dose/1000 head of population/day. 
Chromatographic characteristics in relation to whether or not:- 
1. a single GC peak was chromatographed for the drug or its derivative 
2. the drug could be detected within the reported therapeutic range. 

2 	Drugs listed in Table 1.2 satisfied 1 of 5 selection criteria (Section 1.5). 
3 	Chromatographic behaviour and potential for derivative formation of 

untested drugs was estimated from the behaviour of structurally-relate 
tested drugs. 

4 	Reported therapeutic ranges were obtained from several 

sources;" " 6)  Section 6.3. 
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Table 7.1: Representative drugs for investigation of drug extraction from blood. 

Drug ODD' Drug of Drug Group3  
Abuse 

1 7-amino nitrazepam 6.304 
2 7-amino flunitrazepam 2.671 V 
3 amphetamine 1° amine 
4 benzoylecgonine 
5 ephedrine 0.149 v 
6 MDMA 
7 methadone 0.257 v 
8 methylamphetamine 2° amine 
9 morphine 0.447 V opiate 
10 pseudoephedrine 0.021 V 
11 THC-COOH 

12 frusemide 22.948 diuretic 
13 captopril 11.897 anti-hypertensive 
14 naproxen 10.120 anti-inflammatory 
15 verapamil 9.383 Ca channel blocker 
'16 theophylline 7.585 anti-asthmatic 
17 diclofenac 7.510 anti-inflammatory 
18 paracetamol 7.395 analgesic 
19 felodipine 7.032 Ca channel blocker 
20 temazepam 6.912 benzodiazepine 
21 metoprolol 6.199 11-blocker 
22 diazepam 6.184 benzodiazepine 
23 desmethyldiazepam3  benzodiazepine 
24 ketoprofen 6.024 anti-inflammatory 
25 codeine 5.126 analgesic (opiate) 
26 oxazepam 3  5.087 v anxiolytic (benzodiazepine) 

27 amitriptyline 2.933 anti-depressant 
28 phenobarbitone 0.252 barbiturate (anti-epileptic) 
29 phentermine 1.585 anti-obesity 
30 phenytoin 2.829 anti-epileptic 
31 promethazine 1.939 anti-histamine 
32 thioridazine 0.638 anti-psychotic 
33 tolbutamide 0.862 anti-diabetic 

Notes 

1 	DDD = defined daily dose/thousand head of population/day. 
2 	Pharmacological and chemical (Section 3.3.1) drug groups. 
3 	Metabolite of some other benzodiazepines. 
bold Drugs incorporated into the test mix for investigation of drug extraction. 
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Table 7.2: Published broad drug screening methods for biological fluids (predominantly whole blood) developed for forensic or clinical applications. 

Extraction Sample' Extraction Analyte2  Table 7.1 3  Recovery Drugs Application4   Detector Injection Solvent; General Comments 5  
Method 	Technique 	 Tested No. T  

.1  (16) 	b; 1 mL 	LLE 	BIN 	9 	Y 	91 	100 --- 	NPD Me0H; borate buffer/n -butyl chloride 

2 (17) 	s; 1 mL 	LLE 	A/N/B 	11 	N 	 --- 1.8 FID 	butyl acetate; (NN) 1N HCl/DCM; 
(B/N) sat. sodium borate/DCM 

3  (18) 	b; 2 mL 	LLE 	B/N 	13 	Y 	102 	1970 1.6 NPD toluene; 'salting out' with ammonium hydroxide 
into toluene; acid back extraction followed by 
Na0H/toluene. 

4 (19) 	s; 1 mL 	LLE 	B 	6 	some 	4000 	NPD* 10% (v/v) isoamyl alcohol in CHCL3; sodium 
carbonate/2% (v/v) isoamyl alcohol in hex; acid 
back extraction; 1M sod. carbonate into injection 
solvent (50 pL). 
morphine,amphetamines,phenothiazines and 
benzoylecgonine not detected by the method. 

5  (20) 	b; 2 mL 	LLE 	BIN 	15 	some 	900 5.0 NPD* 50% hex. in Et0H; sat. borate buffer/n-butyl chloride 
also decribed a back extraction method but reported 
loss of oxazepam and poor recoveries of other drugs. 

6  (21) 	liver 	LLE 	A/N/B 	6 	N 	 14 --- 	TLC ---;extraction into butyl chloride at neutral, acid 
and alkaline pH with back extractions for acidic and 
basic drugs; not extensively tested; opiate and 
benzodiazepines were not detected. 



Table 7.2: continued 

Extraction Sample' Extraction Analyte 2  Table 7.1 3  Recovery Drugs Application's   Detector Injection Solvent; General Comments 5  
Method 	Technique 	 Tested No. T 

10(25) 	p; 1 mL 	LLE 	B/N 	11 	N 

11 (26) 	b; 1 mL 	LLE 	B/N 	18 	some 

12 (27) 	u; 5 mL 	SPE 	A/N/B 	8 	some 

189 

60 

NPD 

FID 

200 	--- FID 

200 >1000/year NPD* 

119 "several 
hundred" 

NPD 

47 TLC 

	

7  (22) 	b;1 mL 	LLE 	N/B 	15 	some 

	

8 (23) 	b; 1 mL 	LLE 	NN 	10 	Y 

9  (24) 	b; 3 mL 	SPE 	NN 
	

1 	some 

Et0H;ammonium hydroxide/butyl chloride 

Meth Elute; 'salting out' with ammonium chloride into 
etac; blood remained fluid and did not emulsify. 

acetonitrile; Chem Elut extraction cartridge; 
acetonitrile/hex. partitioning to rid lipid interference. 

Me0H; 1N Na0H/diethyl ether; coextracted fatty 
acids and cholesterol not detected by NPD; no drugs 
of abuse investigated. 

etac; bicarbonate buffer/n-butylacetate. 

---;Clean Screen DAU cartridge; (A/N) DCM; 
(B) 2% ammonia in DCM/isopropanol (3:1); drug 
recoveries were better than or similar to LLE for B, 
and similar to LLE for A/N drugs; extracts were 
cleaner and contained fewer impurities than 
corresponding LLE extracts. 



Table 7.2: continued 

Extraction Sample' Extraction Analyte Table 7.1 3  Recovery Drugs Application4  Detector 
Method 	Technique Tested 	No. 	T 
12(27)  continued 

u; 2 mL 	LLE A 8 some 	47 	routine use TLC 
• 	u; 5 mL 	LLE N no data supplied 

U; 9 mL 	LLE B 

13 (28) p; 2 mL 	SPE 1 Y 	5 FID 

14(29) 	u; 1 mL 	SPE B 17 some 	100 DAD 

15 (3°) 	b; 1 mL 	LLE A/N 8 some 	30 	900 	--- NPD* 

Injection Solvent; General Comments 5  

phosphate buffer (pH 3)/ DCM 
phosphate buffer (pH 6)/etac 
sod.carbonate buffer(pH 9)/DCM:isopropanol (3:1); 
opiates, methylphenidate were not extracted. 

etac; Bond Elut Certify cartridge; (A/N) DCM; 
(B) 33% ammonia in etac (2:98); eluants were 
combined for analysis; important to dry cartridge 
prior to drug elution as residual water negatively 
affected the elution of some drugs; hexane 
displaced the final traces of absorbed water. 

HPLC eluant; Bond Elut SCX; acids eluted and 
discarded with 0.1M acetic acid; (B) ammoniacal 
Me0H; report excellent recoveries of morphine, 
oxazepam and benzoylecgonine which are difficult to 
extract by LLE. 

etac/heptane; 'salting out' with saturated ammonium 
chloride into etac (0.5 mL); found that with a reduced 
solvent volume the ratio of recovered drug to 
detectable impurities increased. 



Table 7.2: continued 

Extraction Sample' Extraction Analyte 2  Table 7.1 3  Recovery Drugs Application4  Detector Injection Solvent; General Comments 5  
Method 	Technique 	 Tested No. T  

16(31) 	b; 0.2 m 	LLE 	B/N 	12 	some 44 	--- --- NPD Me0H; aqueous ammonia/diethyl ether; found that 
sample homogeneity was poor with the small vol. 
sampled; sample was routinely homogenised. 

17(32) 	p; 2 mL 	SPE 	A/N/B 	7 	Y 	25 	 FID 	cartridge eluant; Bond Elut Certify cartridge; 
Me0H displaced residual water from the cartridge; 
(A/N) acetone/chloroform (1:1); (B) as for Method13; 
eluants analysed individually as lorazepam and 
oxazepam disappeared during evaporation under 
alkaline conditions; it was found that a single vol. 
(2 mL) of 2% ammonical etac. did not completely 
elute morphine while 2 x eluant vol. recovered 98% - 
2 x 2 mL was more efficient than 1 x 4 mL; sug-
gested that this would also be the case for other 
polar basic drugs. 

18(33) 	b; 1 g 	SPE-LLE 	A/N/B 	4 	Y 	12 	 NPD butylacetate; acetone precipitation step prior to 
application to Bond Elut Certify extraction cartridge; 
drugs eluted in different fractions and further purified 
with LLE techniques; not extensively tested and 
labour intensive. 

19(34) 	b; 1 mL 	SPE 	A/N/B 	4 	Y 	15 	 FID 	cartridge eluant; investigated various precipitation 
techniques prior to applying sample to Bond Elut 



ts) 

Table 7.2: continued 

Extraction Sample' Extraction Analyte 2  Table 7.1 3  Recovery Drugs Application4   Detector Injection Solvent; General Comments5  
Method 	Technique 	 Tested No. T  

19 (34)  continued 	 Certify cartridge; drug eluants as for Method18; 
water wash did not remove cholesterol interferent 
but the addition of organic solvents to the water wash 
caused drug losses; investigated the reproducibility 
of recovery data between different cartidge lots and 
found the variation to be< 4%; recovery data from 
Clean Screen DAU cartridges was comparable with 
that of Bond Elut Certify cartridges; 

routine use MECC running buffer; Bond Elut Certify cartridge; 3 step 
no data supplied elution - (A/N) DCM, (B) 2% ammonium hydroxide 

in etac, (very polar B) 5% ammonium hydroxide in 
isopropyl alcohol/DMC (20:80); the 3rd eluant which 
eluted benzoylecgonine and any remaining 
morphine also eluted additional endogenous 
interferents; the cartridge was never completely 
dried under full vacuum. 

4000 3.0 NPD Me0H; 2M Tris buffer/butyl chloride 

NPD Me0H; Bond Elut Certify cartridge; (A/N) as for 
Method 17; (B) 3 mL freshly prepared 2% (v/v) 25% 
ammonia in etac; benzoylecgonine was not 
extracted. 

20(35)  u; 5 mL SPE A/N/B 8 Y 15 

21 (36)  b; 1 mL LLE B/N 21 Y 

22(37)  b; 1 mL SPE A/N/B 7 Y 14 



Table7.2: continued 

Extraction Sample' Extraction Analyte 2  Table 7.1 3  Recovery Drugs Application 4   Detector Injection Solvent; General Comments5  
Method 	Technique 	 Tested No. T  
23 (35) 	b; 1 mL 	SPE 	BIN 	2 	Y 	18 	--- 	NPD cartridge eluant; Bond Elut Certify extraction 

cartridge; drug eluants as for Method 18; 

Notes 
Sample analysed :- 	b 	whole blood 

plasma 
serum 
urine or hydrolysed urine 

2 	The method extracts acidic (A), neutral (N) and/or basic (B) drugs. 
3 	The method investigated the extraction of n of the 33 high priority drugs listed in Table 7.1 
4 	The number (No.) of samples processed and years (T) of routine use in a forensic laboratory. 
5 	Includes details of drug extracted (A, N and or B) under the given conditions (eg LLE - aqueous and organic phases; SPE - cartridge 

pretreatment and column eluant). 
Chromatography on two capillary column of differing polarities. 

Recovery The method supplied drug recovery data:- yes (Y) 
no (N) 
for selected drugs (some) 

No data available. 

etac 	ethyl acetate 
Me0H methanol 
Et0H 	ethanol 
DCM 	dichloromethane 



Table 7.2: continued 

Notes continued 
FID 	flame ionisation detector 
NPD 	nitrogen-phosphorus detector 
ECD 	electron-capture detector 
TLC 	thin layer chromatography 
MECC micellar electrokinetic capillary chromatography (UV detection) 



Table T3: Percentage drug recovered (mean, SD, n = 3) from whole blank blood following extraction by a variety of 
liquid-liquid methods; GC/MSD analysis of underivatised and derivatised forms. 

Drug Test Methods (Section 7.2.3) 
'8' 'BC' '21' 'B21' '8 + B21' (n=2) '8 + 21'(n=2) 

mean SD mean 	SD mean 	SD mean 	SD mean 	SD mean SD 
underivatised drugs 
phenobarbitone 92.0 2.5 98.0 10.5 ND ND 91.8 7.4 92.0 9.9 
methadone 94.7 9.1 99.7 3.8 90.0 	4.0 90.9 5.2 93.0 1.0 90.0 
amitriptyline 99.7 1.5 101.0 4.4 85.0 	4.0 79.5 5.8 85.0 82.0 0.0 
promethazine 85.5 19.6 96.8 12.5 77.3 	8.0 93.6 3.0 103.1 102.0 4.0 
codeine 69.7 8.5 57.7 3.5 79.3 	0.6 92.0 0.5 78.5 2.5 76.5 4.5 
nordazepam 91.3 1.5 92.3 3.5 87.0 	1.7 91.7 2.8 92.7 0.4 88.0 2.0 
temazepam 102.7 6.0 101.3 6.4 97.0 	2.0 98.3 7.4 88.5 3.5 86.0 4.2 
felodipine 76.0 23.5 88.7 3.8 95.0 	5.6 103.6 4.3 76.3 8.3 74.0 5.7 
thioridazine 75.0 5.7 77.7 4.2 74.5 	0.7 70.2 4.7 70.0 69.0 11.3 
verapamil 91.3 2.1 88.7 2.5 79.7 	13.6 93.8 2.9 83.3 10.3 80.0 2.8 

PFP derivatives 
amphetamine 22.0 5.1 17.0 1.7 72.3 	2.9 96.0 4.7 54.5 1.5 49.5 1.5 
methylamphetamine 23.0 4.6 21.3 2.9 85.0 	2.7 97.0 4.4 68.0 1.0 64.0 2.0 
metoprolol 60.7 3.8 36.7 3.2 83.7 	14.2 106.2 2.4 81.0 7.0 75.0 
7-aminoflunitrazepam 

butyl derivatives 
paracetamol 

96.0 

91.1 

11.1 

18.5 

89.0 

48.0 

8.9 

3.0 

84.3 	2.9 

ND 

99.2 

ND 

1.0 99.8 

78.0 

2.8 

8.0 

95.5 

75.0 

0.5 

7.1 
theophylline 70.7 12.3 36.3 1.5 ND ND 57.0 1.0 58.0 4.2 
tolbutamide 54.0 11.3 61.0 26.1 ND ND 66.5 17.5 67.5 10.6 



Table 7.3: continued. 

Drug 	 Test Methods (Section 7.2.3) 
'8' 'BC' '21' 'B21' '8 + B21' (n=2) '8 + 21'(n=2) 

mean SD mean SD mean SD mean SD mean SD mean SD 
butyl derivatives continued 
naproxen 78.3 4.7 37.3 4.9 ND ND 65.6 1.4 67.0 5.7 
benzoylecgonine ND ND ND ND ND ND 
phenytoin 82.7 5.9 81.3 7.1 8.0 2.0 3.3 0.2 79.4 0.4 78.0 9.9 
morphine 25.0 6.1 ND ND ND 18.6 0.4 19.0 2.8 
oxazepam 93.0 1.7 92.7 2.9 43.0 3.6 50.3 2.9 94.4 0.4 92.5 0.7 
frusemide 38.3 10.0 ND ND ND 29.3 10.3 27.5 3.5 
THC-COOH 78.0 5.3 78.0 1.2 ND ND 53.6 6.3 54.5 7.8 
captopril ND ND ND ND ND ND 

Notes 

SD 	Standard deviation from the mean (%). 
ND 	No GC peak detected. 

Interference from a co-eluting peak prevented the accurate integration of the peak area 
for one sample. 



Table 7.4: Percentage drug recovered (mean, SD, n=3) by Method 8 from whole blood 
following incorporation of two different 'cleanup' steps ('AH' and 'E';  Section 7.2.3). 
Drug Test Methods (Section 7.2.3) 

'8' (1.5 mL) '8' (1.0 mL) 'AH' (n=2)  
mean SD mean SD mean SD mean SD 

phenobarbitone 92.0 2.5 99.6 10.7 91.6 6.6 90.9 12.9 
methadone 94.7 9.1 96.8 4.6 96.2 9.8 96.7 10.3 
amitriptyline 99.7 1.5 104.9 7.1 96.4 6.7 94.2 5.7 
promethazine 85.5 19.6 107.8 9.0 98.0 1.8 96.3 23.5 
codeine 69.7 8.5 91.1 10.9 81.2 7.2 85.8 5.3 
nordazepam 91.3 1.5 94.0 3.6 72.2 2.5 80.8 4.7 
temazepam 102.7 6.0 92.2 9.4 80.3 6.9 85.6 1.7 
felodipine 76.0 23.5 81.1 15.2 65.7 1.8 73.6 8.4 
thioridazine 75.0 5.7 83.9 5.2 88.3 4.7 100.6 20.7 
verapamil 91.3 2.1 94.5 3.5 93.4 0.5 117.4 15.2 
paracetamol 91.1 18.5 98.6 4.4 84.1 20.5 96.0 8.2 
theophylline 70.7 12.3 95.7 0.6 80.3 2.9 88.4 13.5 
tolbutamide 54.0 11.3 71.8 15.3 80.3 8.3 56.9 19.8 
benzoylecgonine ND ND ND ND 
phenytoin 82.7 5.9 94.4 3.7 87.7 5.6 114.0 45.6 
morphine 25.0 6.1 33.7 1.3 37.4 2.3 29.5 9.3 
oxazepam 93.0 1.7 99.1 5.0 82.7 0.9 73.8 26.1 
frusemide 38.3 10.0 54.8 13.2 62.5 5.6 51.8 6.0 
THC-COOH 78.0 5.3 73.0 6.1 32.8 0.8 56.2 18.2 
captopril ND ND ND ND 

Sum of SD 151.1 128.8 95.4 255.1 

Notes 
SD 
	

Standard deviation from the mean (%). 



Table 7.5: Percentage drug recovered (mean, SD, n = 3) from whole blank 
blood following extraction by different solid-phase methods; GC/MSD analysis 
of underivatised and derivatised forms. 

Drug Test Method (Section 7.2.4) 
'17' 'MEOH' 'NH3' 

mean SD mean SD mean SD 
underivatised drugs 
phenobarbitone 88.3 14.9 88.1 3.1 91.7 22.3 
methadone 86.9 2.6 83.6 2.5 88.7 3.5 
amitriptyline 85.0 18.5 78.0 7.1 78.7 7.5 
promethazine 72.2 5.4 70.5 17.0 77.8 12.5 
codeine 93.4 3.0 90.8 1.6 90.9 4.6 
nordazepam 94.1 1.6 88.0 4.7 92.1 1.6 
temazepam 91.8 2.9 88.5 6.4 91.1 5.3 
felodipine 77.0 7.6 80.1 3.9 80.2 8.9 
thioridazine 51.6 5.7 71.2 18.9 65.1 16.2 
verapamil 

butyl derivatives 
paracetamol 

91.0 

<10 

5.6 101.8 

<10 

14.6 92.5 

<10 

5.6 

theophylline* 59.8 11.2 52.2 19.4 56.8 13.7 
tolbutamide 54.4 22.8 41.5 33.2 41.1 28.9 
naproxen <10 <10 <10 
benzoylecgonine 91.8 4.8 89.2 2.8 68.3 8.1 
phenytoin 85.6 9.9 70.0 20.9 82.2 5.2 
morphine 79.0 14.4 80.0 13.6 81.2 5.5 
oxazepam 91.1 7.3 88.6 10.9 87.4 5.3 
frusemide <10 <10 <10 
THC-COOH 80.3 8.3 65.7 11.3 70.2 10.4 
captopril ND ND ND 

PFP derivatives 
amphetamine 89.0 6.6 85.9 3.1 88.9 10.8 
methylamphetamine 92.4 3.2 95.2 12.7 90.9 4.6 
metoprolol 91.8 18.8 44.1 5.6 92.5 6.5 
7-aminoflunitrazepam 110.1 16.2 110.2 10.9 91.0 17.3 

Sum of SD 191.3 224.2 204.3 

Notes 

SD 	Standard deviation from the mean (%). 
ND 	No GC peak detected. 

A closely eluting peak interfered with the accurate 
integration of the peak area for this drug. 

7.5 



Table 7.6: Percentage drug recovered (mean, SD, n = 3) from whole blank 
blood following extraction by LLE (Methods 8 + 'AH') and SPE (modified 
Method 17) techniques. 

Drug Deny. LLE SPE 
mean SD mean SD 

7-amino nitrazepam 2  PFP 55.4 3.4 54.5 19.0 
7-amino nitrazepam' 2 3  PFP 82.0 3.0 96.4 9.8 
7-aminoflunitrazepam PFP 96.0 11.1 110.1 16.2 
alprazolam 3  U 82.3 1.8 96.3 9.6 
alprenolol PFP 55.4 5.5 78.6 5.8 
amitriptyline U 96.4 6.7 85.0 18.5 
amphetamine PFP 22.0 5.1 89.0 6.6 
atenoloI2  PFP ND 92.2 4.3 
baclofen' butyl ND ND 
benzhexol U 86.6 0.8 97.5 10.6 
benzoylecgonine butyl ND 91.8 4.8 
benztropine U '84.4 4.3 86.0 11.9 
bromazepam U 87.9 4.1 118.9 41.6 
bromazepam' 3  U 70.1 20.9 65.9 
captopril butyl ND ND 
carbamazepine U 87.2 4.6 96.0 12.2 
carbamazepine PFP 57.6 9.7 83.6 8.1 
chloroquine U 14.6 0.0 114.3 15.1 
chloroquine3  U 38.6 2.5 81.7 11.7 
chlorpheniramine U 89.8 9.0 95.1 7.1 
chlorpromazine U 63.6 6.5 79.6 5.1 
chlorpropamide2  butyl 67.4 8.5 ND 
clobazam U 90.3 10.7 105.3 4.8 
clobazam butyl 98.3 14.4 89.3 43.4 
clomipramine U 89.5 6.0 89.4 10.5 
codeine U 81.2 7.2 93.4 3.0 
codeine PFP 90.6 2.9 
cotinine U 70.9 15.4 139.1 25.6 
cotinine3  U 76.2 10.1 96.0 14.6 
desipramine butyl 49.5 11.3 82.2 14.6 
desipramine PFP 19.9 15.0 74.8 7.6 
dexfenfluramine2  3  U 93.9 8.9 119.4 22.1 
dexfenfluramine3  PFP 94.4 6.7 103.1 16.8 
diazepam U 43.7 4.3 101.3 3.5 
diclofenac U 71.5 14.1 25.7 5.0 
diclofenac butyl 70.8 5.2 50.8 12.6 
diethylpropion U 68.2 8.4 77.3 4.6 
diflunisal butyl 55.7 2.5 <10 
diltiazem U 92.2 9.5 94.8 5.9 
diphenhydramine U 91.8 7.4 88.4 7.2 
disopyramide' U 36.4 6.6 60.4 8.9 
disopyramide' 3  U 26.5 4.2 87.3 23.7 
disopyramide PFP 10.4 4.6 139.2 40.0 
disopyramide 3  PFP <10 110.1 10.0 
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Table 7.6: continued. 

Drug LLE SPE 
mean SD mean SD 

dothiepin 83.3 5.2 77.8 11.0 
doxepin 91.6 6.4 88.6 3.4 
ephedrine PEP <10 4.3 65.8 11.5 
ethosuximide2  butyl 84.9 5.3 10.7 7.5 
felodipine 65.7 1.8 77.0 7.6 
flecainide3  butyl 79.8 2.4 106.1 20.1 
flecainide3  PFP 85.9 3.5 75.0 4.0 
fluoxetine 3  56.2 16.2 89.1 13.6 
fluoxetine3  PFP 69.1 7.7 88.1 3.7 
frusemide butyl 62.5 5.6 <10 
guaiphenasin PEP 81.5 6.4 65.8 13.6 
hyoscyamine 14.6 1.3 78.4 11.1 
hyoscyamine PFP 11.3 3.6 99.0 9.7 
ibuprofen butyl 38.4 1.8 9.4 2.4 
imipramine 84.5 10.4 93.7 1.4 
indomethacin 2  butyl 148.5 64.1 131.1 44.9 
indomethacin 3  butyl 75.4 10.1 78.6 11.1 
ketoprofen butyl 95.4 11.1 44.8 14.9 
labetalo13  PEP 76.2 5.7 134.5 60.5 
lignocaine 87.3 5.7 99.7 3.2 
lignocaine butyl 85.9 34.4 114.2 68.0 
lorazepam 2  butyl 73.8 0.1 84.2 2.3 
MDMA PEP 37.2 4.8 112.9 4.4 
mefenamic acid butyl 37.7 1.0 12.6 3.8 
methadone 96.2 9.8 86.9 2.6 
methaqualone 46.0 0.8 93.2 1.7 
methdilazine 61.4 4.3 75.5 7.2 
methoxyphenamine PFP 23.8 1.6 86.8 3.1 
methylamphetamine PEP 23.0 4.6 92.4 3.2 
methylphenidate 87.5 23.1 95.9 26.5 
methylphenidate butyl 111.7 12.9 53.6 25.5 
methylphenidate PFP 83.6 4.0 92.5 7.8 
methylphenobarbitone 89.9 1.8 89.9 4.2 
methylphenobarbitone butyl 85.1 2.0 99.5 14.5 
methyprylone 58.9 4.3 98.4 15.0 
metoclopramide' 95.8 0.85 124.5 116 
metoclopramide PEP 67.2 12.9 128.9 32.1 
metoclopramide 3  PEP 57.0 101.8 4.1 
metoprolol PEP 60.7 3.8 91.8 18.8 
mianserin 83.7 5.2 90.0 8.4 
moclobemide3  94.4 8.42 98.7 0.06 
morphine PEP 37.4 2.3 79.0 14.4 
naproxen butyl 129.8 12.5 <10 
naproxen butyl 70.4 6.2 <10 
nicotine 89.8 2.6 63.4 5.4 
nicotinic acid3  butyl <10 ND 
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Table 7.6: continued. 

Drug LLE SPE 
mean SD mean SD 

nifedipine U 370.4 125.8 439.4 156.7 
nifedipine 3  U 325.4 91.1 292.8 151.2 
norclobazam U 116.2 5.9 99.9 19.2 
norclobazam3  U 88.0 3.2 92.5 2.1 
norclobazam butyl 112.4 15.2 174.2 33.3 
norclobazam3  butyl 99.9 25.4 86.6 7.9 
nordiazepam U 74.6 5.9 85.1 5.3 
nordiazepam butyl 73.9 1.5 94.1 1.6 
nordiazepam PFP 91.0 3.0 94.7 3.7 
norflunitrazepam' 3  U 95.4 9.0 86.0 4.8 
norflunitrazepam butyl 124.0 5.8 97.2 5.8 
norflunitrazepam 3  butyl 97.0 11.6 86.9 1.7 
nortriptyline butyl 71.2 3.2 86.8 8.1 
nortriptyline PFP 73.2 2.6 92.9 12.5 
oxazepam butyl 82.7 0.9 91.1 7.3 
oxprenoloI2  PFP 66.8 6.6 94.1 2.2 
paracetamol butyl 84.1 20.5 <10 
pentobarbitone U 84.3 1.8 89.1 6.9 
pethidine U 92.9 8.2 91.1 5.4 
pheniramine U 91.9 6.9 92.0 9.6 
phenobarbitone U 100.7 6.1 96.7 15.9 
phenobarbitone butyl 91.6 6.6 88.3 14.9 
phentermine 2  3  U ND 118.3 14.6 
phentermine 3  PFP <10 105.2 6.7 
phenylpropanolamine PFP 27.7 0.3 45.1 6.6 
phenytoin butyl 87.7 5.0 85.6 9.9 
pizotifen U 93.7 9.2 90.3 8.0 
prednisolone' U <10 90.4 18.5 
primidone' U 116.2 24:1 105.1 58.8 
primidone butyl 85.0 6.0 57.7 13.5 
prochlorperazine U 62.0 5.8 58.9 13.8 
prochlorperazine 3  U 61.3 5.1 78.8 4.4 
promazine U 60.8 5.9 63.1 15.8 
promazine3  U 59.3 8.7 79.9 5.8 
promethazinel U 98.0 1.8 72.2 5.4 
propoxyphene U 84.3 12.2 89.3 10.6 
propranolol PFP 64.9 6.7 65.8 11.5 
protriptyline PFP 65.5 8.5 74.0 7.9 
quinidine' U 17.3 83.5 
quinidine PFP 47.2 24.8 104.4 7.1 
quinine' 3  U 40.4 73.9 
quinine butyl 88.1 14.6 26.3 20.8 
quinine3  butyl 111.6 66.3 121.1 50.7 
quinine PFP 264.5 221.1 347.0 149.2 
quinine3  PFP 141.8 4.4 324.4 121.1 
salicylic acid butyl 18.0 5.8 ND 
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Table 7.6: continued. 

Drug Deny. LLE SPE 
mean SD mean SD 

sotalor PFP ND 90.2 6.7 
temazepam' U 80.3 6.9 91.8 2.9 
THC-COOH butyl 32.8 0.8 80.3 8.3 
theophylline butyl 80.3 2.9 59.8 11.2 
thioridazine' U 88.3 4.7 51.6 5.7 
tiaprofenic acid' U 28.2 6.05 11.5 1.5 
tiaprofenic acid' butyl 34.9 3.8 18.6 3.5 
tolbutamide butyl 80.4 8.3 54.4 22.8 
trimethoprim' U 104.5 29.0 165.0 44.0 
trimethoprim' 3  U 80.0 6.3 98.1 2.7 
trimipramine U 88.1 9.7 83.5 8.1 
valproic acid2  butyl 21.5 0.9 ND 
verapamil' U 93.4 0.5 91.0 5.6 
warfarin butyl 93.5 18.4 125.0 18.2 
warfarin' butyl 92.0 32.3 60.6 47.2 
warfarin PFP 322.6 13.5 102.5 29 
warfarin' PFP 140.5 11.6 47.9 8.7 

Sum of SD4  1502.2 2360.1 

Notes 

LLE 	Method 'AH' (Section 7.2.3). 
SPE 	Modified Method 17 (Section 7.2.4). 

Deny. 	U = Underivatised drug. 
butyl = Butyl derivative of drug. 
PFP = Pentafluoropropionyl derivative of drug. 

SD 	Standard deviation from the mean (%). 
ND 	No GC peak detected. 

No data determined by the extraction technique. 
GC response very dependent on the current 
chromatographic performance of GC system. 

2 	Mean determined from n=2. 
3 	Reference standard dissolved in a blank blood 

extract prior to GC/MSD analysis. 
4 	Includes only those values for drugs recovered by 

both SPE and LLE techniques. 
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Table 7.7: Drugs which were similarly recovered' by SPE and LLE. 

7-aminoflunitrazepam 
7-aminonitrazepam 
nitrazepam 
amitriptyline 
benzhexol 
benztropine 
bromazepam 
caffeine 
carbamazepine 
chlorpheniramine 
dexchlorpheniramine 
clobazam 
norclobazam 
clomipramine 
cotinine 
dexfenfluramine 
fenfluramine 
dextropropoxyphene 
diethylpropion 
diltiazem 
diphenhydramine 
dothiepin 
doxepin 

flecainide 
imipramine 
indomethacin 
labetalol 
methadone 
methylphenidate 
methylphenobarbitone 
mianserin 
moclobemide 
norflunitrazepam 
pentobarbitone 
amylobarbitone 
butobarbitione 
pethidine 
pheniramine 
phenobarbitone 
phenytoin 
pizotifen 
propranolol 
protriptyline 
trimipramine 
verapamil 

Notes 

' Drugs were similarly recovered following LLE and SPE when the 
LLE (mean ± SD) and SPE (mean ± SD) as given in Table 7.6 overlapped. 

italic The extraction characteristics of untested drugs were predicted 
from those of the tested drug listed immediately above. 
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Table 7.8: Drugs better recovered' by SPE than LLE. 

alprenolol 	 methoxyphenamine 
amphetamine 	 methylamphetamine 
atenolol 	 methyprylone 
benzoylecgonine 	 metoclopramide 
chloroquine 	 metoprolol 
chlorpromazine 	 morphine 
codeine 	 dextromethorphan 
dihydrocodeine 	 nortriptyline 
desipramine 	 nordazepam 
diazepam 	 oxazepam 
disopyramide 	 oxprenolol 
ephedrine 	 phentermine 
pseudoephedrine 	 phenylpropanolamine 
felodipine 	 prednisolone 
fluoxetine 	 prochlorperazine 
hyoscyamine 	 promazine 
lignocaine 	 sotalol 
lorazepam 	 temazepam 
MDMA 	 THC-COOH 
methaqualone 	 THC 
methdilazine 	 trimethoprim 

Notes 

' Drugs were better recovered following SPE than LLE when the 
SPE (mean ± SD) > LLE (mean ± SD) as given in Table 7.6. 

italic The extraction characteristics of untested drugs were predicted 
from those of the tested drug listed immediately above. 
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Table 7.9: Drugs better recovered' by LLE than SPE. 

chlorpropamide 	 paracetamol 
diclofenac 	 primidone 
diflunisal 	 promethazine 
ethosuximide 	 salicylic acid 
frusemide 	 theophylline 
guaiphenasin 	 thioridazine 
ibuprofen 	 tiaprofenic acid 
ketoprofen 	 tolbutamide 
mefenamic acid 	 valproic acid 
naproxen 	 warfarin 
nicotine 	 phenindione 

Notes 

' Drugs were better recovered following LLE than SPE when the 
LLE (mean ± SD) > SPE (mean ± SD) as given in Table 7.6. 

italic The extraction characteristics of untested drugs were predicted 
from those of the tested drug listed immediately above. 
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#5: carbamazepine 
Ret.Time: 9.61 
RI error: 2 
Mass 1 area: 1.31134e+006 
Conc(gg/mL): 0.771 
confirm in: SPE 

#6: codeine 
Ret.Time: 13.75 
RI error: 1 
Mass 1 area: 215910 
Conc(gg/mL): 0.841 
confirm in: LLE/SPE 

Report 8.1: A reproduction of one page of a macro report which was generated 
following the automated data analysis of a chromatogram which was produced 
following GC/MS (SIM) analysis of a mixed drug solution derivatised with PFPA. 

AbundanceIon 

100000 

	

429.00 	(428.70 to 429.70): 	PFP1 

	

Ion 401.00 	(400.70 to 401.70): 	PFP1 
15.47 

\ 
50000 

5.39 

Time--> 	15.40 	15.50 	15.60 	15.70 	15.80 
AbundanceIon 526.00 	(525.70 to 526.70): 	PFP1 

Ion 645.00 	(644.70 to 645.70): 	PFP1 

12.94 
20000 

Time--> 12.90 	13.00 	13.10 	13.20 	13.30 
AbundanceIon 541.00 	(540.70 to 541.70): PFP1 

Ion 366.00 	(365.70 to 366.70): 	PFP1 
9.71 

1000000- 

Time--> 	9.70 	9.80 	9.90 	10.00 
AbundanceIon 190.00 	(189.70 to 190.70): PFP1 

Ion 118.00 	(117.70 to 118.70): 	PFP1 

5. t9 
200000 

- 

o 
Time--> 5.30 	5.40 	5.50 	5.60 	5.70 
AbundanceIon 339.00 	(338.70 to 339.70): 	PFP1 

Ion 192.00 	(191.70 to 192.70): 	PFP1 
" 9.61 

500000 

.53 o ---T--r-r----,- r-r-,---r---,-r-i-i-,-,-r- 
Time--> 	9.60 	9.70 	9.80 	9.90 
AbundanceIon 282.00 	(281.70 to 282.70): 	PFP1 

Ion 445.00 	(444.70 to 445.70): 	PFP1 
100000 

13. 

50000 

o 
., 
---_-_-,_=__ 	14.08 

Time--> 	13.70 	13.80 	13.90 	14.00 	14.10 

#1: 7-aminoflunitrazepam 
Ret.Time: 	15.47 
RI error: 	1 
Mass 1 area: 708272 
Conc(gg/mL): 0.558 
confirm in: unconfirmed 

#2: 7-aminonitrazepam 
Ret.Time: 	12.94 
RI error: 	6 
Mass 1 area: 69982 
Conc(gg/mL): 1.651 
confirm in: unconfirmed 

#3: alprenolol 
Ret.Time: 	9.71 
RI error: 	1 
Mass 1 area: 2.19849e+006 
Conc(gg/mL): 0.837 
confirm in: unconfirmed 

#4: amphetamine 
Ret.Time: 	5.39 
RI error: 	1 
Mass 1 area: 371470 
Conc(gg/mL): 0.768 
confirm in: unconfirmed 
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Report 8.2: A reproduction of the macro report which was generated following the 
automated data analysis of a chromatogram which was produced following GC/MS 
(SIM) analysis of an underivatised blood extract (liquid-liquid extraction). 

Broad Drug Screen in Blood for Drugs 

Data File : 4UL.D 
Data Name : no 4 lie, GAL blood 
Misc Info : 

Peaks identified as Hydrocarbon markers 

Marker Time Area 
C36 24.583 1396820 
C34 22.303 1912014 
C32 20.595 2234910 
C30 19.199 2493030 
C28 17.781 2849560 
C26 16.267 2733430 
C24 14.657 2832088 
C22 12.938 3278829 
C20 11.124 2189307 
C18 9.285 2631792 
C16 7.560 3105828 
C14 6.111 5007419 
C12 4.915 6969222 
C10 3.733 2456127 

Area threshold set to 223.491 

Analyst Alerts 

= Absolute RIerror > 10. 
= Quantitation incorrect! The wrong peak was integrated by 

the macro - refer to chromatogram for that drug. 
= No recovery data. Report 'at least' x pg/mL. 
= Recovery from blood very variable. 

Notes 

RI error = Macro calculated RI - Actual RI. 
99.999 	=No quantitative value due to poor reproduciblity of either 

the day-to-day GC reponse, or derivatization. 
SPE 	= Solid phase extract. 
PFP 	= Pentafluoropropionylated solid phase extract. 
BUTYL 	= Butylated extract (combined LLE and SPE). 

**ANALYST INTERPRETATION** 

DETECTED DRUGS 1.caffeine YES/Ne 
2.cotinine YES/NO 
3.41/772/(77ykaAi67  
4.  
5.me-7744 C.1401PAA5 
6. ttioR Ot Ze-7141-7 
7. 

Ag/mL 

/9 
0'1'5 

 

  

(Analyst) 

**Liquid-liquid extraction** 
	 Report 8.2/1 
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Report 8.2: continued. 

AbundanceIon 

500000 

	

275.00 	(274.70 to 275.70): 	4UL. 
Ion 	58.00 	(57.70 to 58.70): 	4UL.D 

12.81 

12.94 

Time--> 	12.80 	12.90 	13.00 	13.10 
AbundanceIon 218.00 	(217.70 to 218.70): 	4UL. 

:Ion 98.00 	(97.70 to 98.70): 	4UL.D 
4000- 13.50 

13.33 
2000- • 

Ilhi. 

Time--> 	13.30 	13.40 	13.50 	13.60 
Abundance Ion 	83.00 	(82.70 to 83.70): 	4UL.D 

Jon 140.00 	(139.70 to 140.70): 	4UL. 
200000- 

100000- 

13.86 	14.07 

Time--> 	13.80 	13.90 	14.00 	14.10 
AbundanceIon 109.00 	(108.70 to 109.70): 	4UL. 

on 194.00 	(193.70 to 194.70): 	4UL. 
9.13 

500000 

.06 

Time--> 	9.10 	9.20 	9.30 	9.40 	9.50 
Abundance Ion 	58.00 (57.70 to 58.70): 4UL.D 

100000 ;Ion 203.00 	(202.70 to 203.70): 	4UL. 

50000- 

- 11.36 

Time--> 	11.00 	11.10 	11.20 	11.30 	11.40 
Abundance Ion 	58.00 (57.70 to 58.70): 4UL.D 

Ion 314.00 	(313.70 to 314.70): 	4UL. 
100000 

50000 

o 14.6-9 	15.02 

Time--> 	14.60 	14.70 	14.80 	14.90 	15.00 

#1: amitriptyline 
Ret.Time: 	12.81 
RI error: 	2 
Mass 1 area: 1.39263e+006 
Conc(Ag/mL): 0.349 
confirm in: SPE 

#2: benzhexol 
Ret.Time: 	13.31 
RI error: 	1 
Mass 1 area: 1734 
Conc(Ag/mL): 0.002 
confirm in: SPE 

#3: benztropine 
Ret.Time: 	13.83 
RI error: 	10 
Mass 1 area: 1734 
Conc(Ag/mL): 0.007o 
confirm in: SPE 

#4: caffeine 
Ret.Time: 	9.13 
RI error: 	-2 
Mass 1 area: 2.95361e+006 
Conc(Ag/mL): 99.999< 
confirm in: SPE 

#5: chlorpheniramine 
Ret.Time: 	11.05 
RI error: 	-1 
Mass 1 area: 605 
Conc(Ag/mL): 0.001 
confirm in: SPE 

#5: clomipramine 
Ret.Time: 	14.67(=C24) 
RI error: 	4 
Mass 1 area: 215 
Conc(Ag/mL): 0.005 
confirm in: SPE 
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Report 8.2: continued. 

AbundanceIon 

2000 

	

162.00 	(161.70 to 162.70): 	4UL. 

	

on 299.00 	(298.70 to 299.70): 	4UL. 
14.38 

IlitA6.6ftlillit 0 
Time--> 14.30 	14.40 	14.50 	14.60 	14.70 
AbundanceIon 256.00 	(255.70 to 256.70): 4UL. 

.Ion 283.00 	(282.70 to 283.70): 	4UL. 
14.81 

10000- 

- 

...---.. 
0 	1 	1 	1 	1 	i 

Time--> 	14.80 	14.90 	15.00 	15.10 
AbundanceIon 244.00 	(243.70 to 244.70): 	4UL. 

on 301.00 	(300.70 to 301.70): 	4UL. 

400 A 14.29 	14.47 

200 'NillIV A  /1N44  AR r''''\4AdVAl  
0 11 11111T1111111,111,111111  

Time-->14.10 	14.20 	14.30 	14.40 	14.50 
AbundanceIon 165.00 	(164.70 to 165.70): 4UL. 

Ion 	58.00 	(57.70 to 58.70): 	4UL.D 
9.83 9.90 

10000 
 &A.  

0 
Time--> 	9.80 	9.90 	10.00 	10.10 	10.20 
AbundanceIon•230.00 	(229.70 to 230.70): 4UL. 

Ion 	72.00 	(71.70 to 72.70): 	4UL.D 
10000 5.07 

_ 	. 

5000 

0 
Time--> 	5.00 	5.10 	5.20 	5.30 	5.40 
AbundanceIon 294.00 	(293.70 to 294.70): 	4UL. 

Ion 	72.00 	(71.70 to 72.70): 	4UL.D 
12.38 

500000 

o --- 	12.68 

Time--> 12.30 	12.40 	12.50 	12.60 	12.70 

#7: codeine 
Ret.Time: 	14.38 
RI error: 	-10 
Mass 1 area: 15848 
Conc(gg/mL): 0.048 
confirm in: SPE/PFP 

#8: diazepam 
Ret.Time: 	14.8 
RI error: 	-4 
Mass 1 area: 70313 
Conc(gg/mL): 0.186 
confirm in: SPE 

#9: dihydrocodeine 
Ret.Time: 	14.19 
RI error: 	13* 
Mass 1 area: 70313 
Conc(gg/mL): 0.2055,< 
confirm in: SPE 

#10: diphenhydramine 
Ret.Time: 	9.86 
RI error: 	-10 
Mass 1 area: 4847 
Conc(gg/mL): 0.004 
confirm in: SPE 

#11: fenfluramine 
Ret.Time: 	5.07 
RI error: 	5 
Mass 1 area: 13234 
Conc(gg/mL): 0.01 
confirm in: SPE/PFP 

#12: methadone 
Ret.Time: 	12.38 
RI error: 	-2 
Mass 1 area: 1.38851e+006 
Conc(gg/mL): 0.551 
confirm in: SPE 
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Report 8.2: continued. 

AbundanceIon 

50000 

Ion 
8.43 

	

150.00 	(149.70 to 150.70): 	4UL. 

	

84.00 	(83.70 to 84.70): 	4UL.D 

................-........... 	...-- 	
8.73 

• 

Time--> 	8.40 	8.50 	8.60 	8.70 	8.80 
AbundanceIon 246.00 	(245.70 to 246.70): 	4UL. 

on 218.00 	(217.70 to 218.70): 	4UL. 
10.00 

2000 

10.13 
AL ...ft. . • -.......,- ■ 

Time--> 	10.00 	10.10 	10.20 	10.30 
AbundanceIon 184.00 	(183.70 to 184.70): 4UL. 

100000-Ion 86.00 	(85.70 to 86.70): 	4UL.D 
16.27 

50000- 
. _ 	16.47 

• o 
Time--> 	16.20 	16.30 	16.40 	16.50 	16.60 
AbundanceIon 264.00 	(263.70 to 264.70): 4UL. 

on 193.00 	(192.70 to 193.70): 	4UL. 
4000 12.82 

2000 .74 
A , A 

ARA 
ellmiridllimir 

Time--> 	12.80 	12.90 	13.00 	13.10 
AbundanceIon 139.00 	(138.70 to 139.70): 	4UL. 

on 100.00 	(99.70 to 100.70): 	4UL.D 
12.96 

5000 
\ 

13.09 
- 	A.* - 	--- 

0 
Time--> 	12.90 	13.00 	13.10 	13.20 	13.30 
AbundanceIon 224.00 	(223.70 to 224.70): 4UL. 

Ion 329.00 	(328.70 to 329.70): 	4UL. 

500 

Time--> 	15.70 	15.80 	15.90 	16.00 	16.10 

#13: methylphenidate 
Ret.Time: 	8.46 
RI error: 	1 
Mass 1 area: 32695 
Conc(ggimL): 0.052 
confirm in: SPE/PFP 

#14: methylphenobarbitone 
Ret.Time: 	10 
RI error: 	-6 
Mass 1 area: 7796 
Conc(Ag/mL): 0.011 
confirm in: SPE/BUTYL 

#15: metoclopramide 
Ret.Time: 	16.27(=C26) 
RI error: 	8 
Mass 1 area: 120424 
Conc(Ag/mL): 0.311 
confirm in: PFP 

#16: mianserin 
Ret.Time: 	12.83(=#1) 
RI error: 	-3 
Mass 1 area: 20974 
Conc(Ag/mL): 0.026 
confirm in: SPE 

#17: moclobemide 
Ret.Time: 	12.96(=C22) 
RI error: 	8 
Mass 1 area: 10205 
Conc(Ag/mL): 0.038 
confirm in: SPE 

#18: nifedipine 
Ret.Time: 	15.75 
RI error: 	10* 
Mass 1 area: 468 
Conc(Ag/mL): 0.004± 
confirm in: SPE 
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Report 8.2: continued. 

AbundanceIon 

4000 

2000 

	

242.00 	(241.70 to 242.70): 	4UL. 

	

Ion 269.00 	(268.70 to 269.70): 	4UL. 
15.42 

I 
r 

Time--> 	15.40 	15.50 	15.60 	15.70 
AbundanceIon 141.00 	(140.70 to 141.70): 	4UL. 

Ion 156.00 	(155.70 to 156.70): 	4UL. 
1000 

: 	7 
500 ' 

Time--> 	8.40 	8.50 	8.60 	8.70 	8.80 
AbundanceIon 243.00 	(242.70 to 243.70): 	4UL. 

on 200.00 	(199.70 to 200.70): 	4UL. 
10.08 

400 i 	10.16 

200 4 1/4‘111 141  1 ) 1  
Time--> 	9.90 	10.00 	10.10 10.20 
Abundance Ion 	58.00 	(57.70 to 58.70): 	4UL.D 

Ion 169.00 	(168.70 to 169.70): 	4UL. 

100000 

50000 

0 

.., 

9.53 
- 

Time--> 9.20 	9.30 	9.40 	9.50 	9.60 
AbundanceIon 183.00 	(182.70 to 183.70): 	4UL. 

Ion 308.00 	(307.70 to 308.70): 	4UL. 
14.66 

5000- 

14 33 
-----,c------ -=,.---_-_-_-_- 

Time--> 	14.30 	14.40 	14.50 	14.60 
Abundance Ion 	86.00 	(85.70 to 86.70): 	4UL.D 

100000Ion - 120.00 	(119.70 to 120.70): 	4UL. 

50000- 

--- 	------------ - -___- 
, 12.91 	13.18 

Time--> 	12.90 	13.00 	13.10 	13.20 	13.30 

/19: nordazepam 
Ret.Time: 15.41 
RI error: -4 
Mass 1 area: 33051 
Conc(AgymL): 0.213 
confirm in: BUTYL 

#20: pentobarbitone 
Ret.Time: 	8.43(=#13) 
RI error: 	18* 
Mass 1 area: 2976 
Conc(Ag/mL): 0.009 
confirm in: SPE/BUTYL 

#21: phencyclidine 
Ret.Time: 	9.92 
RI error: 	15* 
Mass 1 area: 2976 
Conc(Ag/mL): 0.00111,< 
confirm in: SPE 

#22: pheniramine 
Ret.Time: 	9.29(=C18) 
RI error: 	-7 
Mass 1 area: 100151 
Conc(Ag/mL): 0.056< 
confirm in: SPE 

#23: phenylbutazone 
Ret.Time: 	14.33 
RI error: 	-9 
Mass 1 area: 802 
Conc(Ag/mL): 0.006< 
confirm in: SPE 

#24: procainamide 
Ret.Time: 	12.95(=#17,=C2 
RI error: 	6 
Mass 1 area: 802 
Conc(Ag/mL): 0.0860,< 
confirm in: SPE 
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#25: promethazine 
Ret.Time: 13.52 
RI error: -7 
Mass 1 area: 62223 
Conc(ng/mL): 0.125 
confirm in: SPE 

Report 8.2: continued. 

AbundanceIon 

4000 

	

284.00 	(283.70 to 	284.70): 	4UL. 
Ion 	72 ..00 	(71.70 to 72.70): 	4UL.D 

13.52 

2000 i 
hi ------,---- ..--- ---- 

Time--> 	13.50 	13.60 	13.70 	13.80 
AbundanceIon 	58.00 	(57.70 to 58.70): 	4UL.D 

Ion 208.00 	(207.70 to 208.70): 	4UL. 

500000 

.!, 

Time--> 	12.90 	13.00 	13.10 	13.20 	13.30 
AbundanceIon 189.00 	(188.70 to 189.70): 	4UL. 

Ion 136.00 	(135.70 to 136.70): 	4UL. 
17.85 

5000 

• 

• 

18.12 

Time--> 	17.80 	17.90 	18.00 	18.10 	18.20 
AbundanceIon 370.00 	(369.70 to 370.70): 	4UL. 

'Ion 98.00 	(97.70 to 98.70): 	4UL.D 
20.04 

2000- \--r\--A/V"--/--"\---• 

Time--> 	19.90 	20.00 	20.10 	20.20 
AbundanceIon 139.00 	(138.70 to 139.70): 	4UL. 

on 216.00 	(215.70 to 216.70): 	4UL. 

1000 

500 0 	
.98 •: 

Time--> 	9.80 	9.90 	10.00 	10.10 
Abundance Ion 	58.00 	(57.70 to 58.70): 40L.D 

on 249.00 	(248.7D to 249.70): 	4UL. 

500000 

13.21 	13.44 

Time--> 	13.10 	13.20 	13.30 	13.40 

#26: propoxyphene 
Ret.Time: 	12.94(=#17,=C2 
RI error: 	-17* 
Mass 1 area: 3904 
Conc(pq/mL): 0.009 
confirm in: SPE 

#27: quinine(quinidine) 
Ret.Time: 	17.85 
RI error: 	-9 
Mass 1 area: 8593 
Conc(pg/mL): 0.513< 
confirm in: SPE/BUTYL/PFP 

#28: thioridazine 
Ret.Time: 	19.9 
RI error: 	22* 
Mass 1 area: 52258 
Conc(Ag/mL): 0.2730 
confirm in: SPE 

#29: tiaprofenic acid 
Ret.Time: 	9.83 
RI error: 	-6 
Mass 1 area: 696 
Conc(Aq/mL): 0.13 
confirm in: BUTYL 

#30: trimipramine 
Ret.Time: 	13.11 
RI error: 	-12* 
Mass 1 area: 696 
Conc(AgimL): 0.001n 
confirm in: SPE 
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Report 8.3: A reproduction of the macro report which was generated following the 
automated data analysis of a chromatogram which was produced following GC/MS 
(SIM) analysis of an underivatised blood extract (solid-phase extraction). 

Broad Drug Screen in Blood for Drugs 

Data File : 4US.D 
Data Name : no 4 spe, GAL blood 
Misc Info : 

Peaks identified as Hydrocarbon markers 

Marker Time Area 
C36 24.619 6196701 
C34 22.333 7871201 
C32 20.620 8699213 
C30 19.230 6222569 
C28 17.807 13086220 
C26 16.292 15823830 
C24 14.681 10547204 
C22 12.954 15136146 
C20 11.146 8176206 
C18 9.297 13101920 
C16 7.561 3075686 
C14 6.248 1979313 
C12 5.060 2297124 
C10 3.741 4607655 

Area threshold set to 869.921 

Analyst Alerts 

= Absolute RIerror > 10. 
= Quantitation incorrect! The wrong peak was integrated by 

the macro - refer to chromatogram for that drug. 
= No recovery data. Report 'at least' x Ag/mL. 
= Recovery from blood very variable. 

Notes 

RI error = Macro calculated RI - Actual RI. 
99.999 	= No quantitative value due to poor reproduciblity of either 

the day-to-day GC reponse, or derivatization. 
PFP 	= Pentafluoropropionylated solid phase extract. 
BUTYL 	= Butylated extract (combined LLE and SPE). 

**ANALYST INTERPRETATION** 

DETECTED DRUGS 1.caffeine YES/.NOr 
2.cotinine YES/.NOr 
3.q•c-r/ Y A 
4 .cARGem-- ZE otJ6.-  
5 . 
6  • OlAZEr44,-1 

int fre—ri-oofillm-r (oc.e4--  447,40) 
/ 

	66 

(Analyst) 

Ag/mL 

o 6 

a 75-4 
o•2 

**Solid-phase extraction** 
	 Report 8.3/1 
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Report 8.3: continued. 

AbundanceIon 
4000000 

2000000 

0 

	

275.00 	(274.70 to 275.70): 	4US. 
Ion 	58.00 	(57.70 to 58.70): 	4US.D 

12.85 

12.95 
at& 

Time--> 	12.80 	12.90 	13.00 	13.10 	13.20 
AbundanceIon 109.00 	(108.70 to 109.70): 	4US. 

Ion 194.00 	(193.70 to 194.70): 	4US. 
2000000 9.21 

1000000 

0 
Time--> 	9.10 	9.20 	9.30 	9.40 	9.50 
AbundanceIon 236.00 	(235.70 to 236.70): 4US. 

oon 193.00 	(192.70 to 193.70): 	4US. 
13.65 

200000 

-411 , 

Time--> 	13.60 	13.70 	13.80 	13.90 	14.00 
Abundance Ion 	86.00 	(85.70 to 86.70): 	4US.D 

Ion 319.00 	(318.70 to 319.70): 	4US. 

200000 

100000 

o 1..30 	16.52 

Time-->16 20 	16.30 	16.40 	16.50 	16.60 
Abundance Ion 	58.00 	(57.70 to 58.70): 	4US.D 

Ion 203.00 	(202.70 to 203.70): 	4US. 

200000 

-...- 	11.38 

Time--> 	11.00 	11.10 	11.20 	11.30 	11.40 
AbundanceIon 162.00 	(161.70 to 162.70): 4US. 

Ion 299.00 	(298.70 to 299.70): 	4US. 
400000 14.37 

200000 

--- 0 
Time--> 	14.30 	14.40 	14.50 	14.60 	14.70 

#1: amitriptyline 
Ret.Time: 	12.86 
RI error: 	-1 
Mass 1 area: 7.48791e+006 
Conc(gg/mL): 0.458 
confirm in: LLE 

#2: caffeine 
Ret.Time: 	9.17 
RI error: 	-5 
Mass 1 area: 2.08943e+007 
Conc(gg/mL): 99.999a 1 < 
confirm in: LLE 

#3: carbamazepine 
Ret.Time: 	13.65 
RI error: 	-4 
Mass 1 area: 1.40845e+006 
Conc(gg/mL): 99.999 
confirm in: PFP 

#4: chloroquine 
Ret.Time: 	16.3(=C26) 
RI error: 	9 
Mass 1 area: 2629 
Conc(gg/mL): 0.181 
confirm in: unconfirmed 

#5: chlorpheniramine 
Ret.Time: 	11.04 
RI error: 	2 
Mass 1 area: 30479 
Conc(gg/mL): 0.012 
confirm in: LLE 

#6: codeine 
Ret.Time: 	14.37 
RI error: 	-6 
Mass 1 area: 1.22971e+006 
Conc(Ag/mL): 0.543 
confirm in: LLE/PFP 

Report 8.3/3 



Report 8.3: continued. 

Abundanceion 

100000 

176.00 
lIon  98.00 

7.99 

(175.70 to 176.70):  4US. 
(97.70 to 98.70):  4US.D 

Time--> 7.90  8.00 8.10  8.20  8.30 

AbundanceIon 256.00 (255.70 to 256.70):  4US. 

on 283.00 (282.70 to 283.70):  4US. 
14.78 

200000 

0 
Time--> 14.70  14.80 14.90  15.00  15.10 

Abundance Ion  72.00 (71.70 to 72.70):  4US.D 
:Ion 100.00 (99.70 to 100.70):  4US.D 

20000- 

10000- 

- 6.81 '  7.13 

0 " 

Time-->6.70 6.80 6.90  7.00  7.10 

AbundanceIon 244.00 (243.70 to 244.70):  4US. 
Ion 301.00 (300.70 to 301.70):  4US. 

14.37 
10000 

5000 

0 
Time-->  14.30  14.40 14.50  14.60  14.70 

AbundanceIon 121.00 (120.70 to 121.70):  4US. 

40000 Ion  58.00 (57.70 to 58.70):  4US.D 

20000 

- 
18.98  Ji 18.72 

----- 

0 
Time--> 18.70  18.80 18.90  19.00  19.10 

AbundanceIon 165.00 (164.70 to 165.70):  4US. 

40000 Ion  58.00 (57.70 to 58.70):  4US.D 
9.82 

10.04 

20000- 

0 

Time-->  9.80 9.90  10.00  10.10 

#7: cotinine 
Ret.Time:  7.99 

RI error:  -4 
Mass 1 area: 693007 

Conc(Ag/mL): 99.999± 
confirm in: LLE 

#8: diazepam 

Ret.Time:  14.78 

RI error:  2 
Mass 1 area: 804117 

Conc(Ag/mL): 0.231 

confirm in: LLE 

#9: diethylpropion 
Ret.Time:  6.8 
RI error:  -2 
Mass 1 area: 2148 

Conc(Ag/mL): 0.003 

confirm in: LLE 

#10: dihydrocodeine 
Ret.Time:  14.37(=#6) 
RI error:  -5 
Mass 1 area: 47777 
Conc(Ag/mL): 0.053< 
confirm in: LLE 

#11: diltiazem 

Ret.Time:  18.78 
RI error:  -2 
Mass 1 area: 47777 
Conc(Ag/mL): 0.058m 
confirm in: LLE 

#12: diphenhydramine 
Ret.Time:  9.81 
RI error:  -2 

Mass 1 area: 18391 

Conc(Ag/mL): 0.003 

confirm in: LLE 
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#13: lignocaine 
Ret.Time: 9.98 
RI error: -15* 
Mass 1 area: 1992 
Conc(Ag/mL): 0.012 
confirm in: LLE 

#14: methadone 
Ret.Time: 12.4 
RI error: -2 
Mass 1 area: 6.91695e+006 
Conc(Ag/mL): 0.655 
confirm in: LLE 

Report 8.3: continued. 

Abundance 

100000- 

50000- 

:Ion 

---,------,--,- 

Ion 	86.00 	(85.70 to 86.70): 	4US.D 

	

234.00 	(233.70 to 234.70): 	4US. 

9.98 	• 	10.21 

Time--> 9.90 	10.00 	10.10 	10.20 	10.30 
AbundanceIon 294.00 	(293.70 to 294.70): 4US. 

Ion 	72.00 	(71.70 to 72.70): 	4US.D 

1:illiL 

2000000 

 
Time--> 	12.40 	12.50 	12.60 	12.70 
AbundanceIon 250.00 	(249.70 to 250.70): 	4US. 

Ion 235.00 	(234.70 to 235.70): 	4US. 
12.28 

20000 2  

10000: 
-\•-: --.___ ._ 12.62 

Time--> 12.20 	12.30 	12.40 	12.50 	12.60 
AbundanceIon 150.00 	(149.70 to 150.70): 4US. 

.Ion 84.00 	(83.70 to 84.70); 	4US.D 
8.55 	8.86 200000- ---„-__ -L-:-_-,.___ 

100000- 

. 

Time--> 	8.50 	8.60 	8.70 	8.80 	8.90 
AbundanceIon 155.00 	(154.70 to 155.70): 4US. 

Ion 140.00 	(139.70 to 140.70): 	4US. 

10000 

5000 : 	• 
7.14 

Time--> 	6.80 	6.90 	7.00 	7.10 
AbundanceIon 139.00 	(138.70 to 139.70): 	4US. 

100000 Ion 100.00 	(99.70 to 100.70): 	4US.D 
12.96 

50000 

,, ,-,....., 
_ 

0 
Time--> 	12.90 	13.00 	13.10 	13.20 	13.30 

#15: methaqualone 
Ret.Time: 	12.28 
RI error: 	-1 
Mass 1 area: 113621 
Conc(Ag/mL): 0.011 
confirm in: unconfirmed 

#16: methylphenidate 
Ret.Time: 	8.57 
RI error: 	-11* 
Mass 1 area: 50565 
Conc(Ag/mL): 0.017 
confirm in: LLE/PFP 

#17: methylprylone 
Ret.Time: 	6.8(=#9) 
RI error: 	19* 
Mass 1 area: 4851 
Conc(Ag/mL): 0.032 
confirm in: unconfirmed 

#18: moclobemide 
Ret.Time: 	12.96(=C22) 
RI error: 	9 
Mass 1 area: 156975 
Conc(Ag/mL): 0.083 
confirm in: LLE 
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#20: oxycodone 
Ret.Time: 15.64 
RI error: 5 
Mass 1 area: 5226 
Conc(gg/mL): 0.0150,< 
confirm in: LLE/PFP 

/19: nifedipine 
Ret.Time: 15.88 
RI error: -2 
Mass 1 area: 5226 
Conc(gg/mL): 0.007± 
confirm in: LLE 

Report 8.3: continued. 

AbundanceIon 

	

224.00 	(223.70 to 224.70): 	4US. 

	

Ion 329.00 	(328.70 to 329.70): 	4US. 

5000 

o 
88 	----N--,- 16.10 

mill 

15.90 	16.00 	16.10 	16.20 Time--> 15.80 
AbundanceIon 230.00 	(229.70 to 230.70): 	4US. 

Ion 315.00 	(314.70 to 315.70): 	4US. 

50000 

15.8' 	87 
1---,---, 

Time--> 	15.60 	15.70 	15.80 	15.90 	16.00 
AbundanceIon 141.00 	(140.70 to 141.70): 	4US. 

Ion 156.00 	(155.70 to 156.70): 	4US. 

5000- 

. 8.56 	8.85 

--\---- - 	---------...c_--_:_,_d--''\_ 
0 • 

Time--> 	8.50 	8.60 	8.70 	8.80 	8.90 
AbundanceIon 165.00 	(164.70 to 165.70): 4US. 

Ion 222.00 	(221.70 to 222.70): 	4US. 
10000- 

-,/,1--  

. 
5000-  

10.73 	10.85 

o 
Time--> 	10.70 	10.80 	10.90 	11.00 
AbundanceIon 232.00 	(231.70 to 232.70): 4US. 

20000 on 204.00 	(203.70 to 204.70): 	4US. 

10000 
e  - 

11.0 

0 
Time--> 	10.60 	10.70 	10.80 	10.90 	11.00 
AbundanceIon 183.00 	(182.70 to 183.70): 4US. 

Ion 308.00 	(307.70 to 308.70): 	4US. 

10000 14.66 

..34 
N 

Time--> 	14.30 	14.40 	14;50 	14.60 	14.70 

#21: pentobarbitone 
Ret.Time: 	8.56(=#16) 
RI error: 	4 
Mass 1 area: 2256 
Conc(gg/mL): 0.002 
confirm in: LLE/BUTYL 

#22: phenindione 
Ret.Time: 	10.72 
RI error: 	-3 
Mass 1 area: 2623 
Conc(gg/mL): 0.101< 
confirm in: LLE 

#23: phenobarbitone 
Ret.Time: 	10.67 
RI error: 	-12* 
Mass 1 area: 14810 
Conc(gg/mL): 0.031 
confirm in: LLE/BUTYL 

#24: phenylbutazone 
Ret.Time: 	14.35(=#6) 
RI error: 	-9 
Mass 1 area: 5277 
Conc(gg/mL): 0.01< 
confirm in: LLE 
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#25: procainamide 
Ret.Time: 13.17 
RI error: -17* 
Mass 1 area: 5277 
Conc(gg/mL): 0.1050,< 
confirm in: LLE 

#26: prochlorperazine 
Ret.Time: 19 
RI error: 3 
Mass 1 area: 21275 
Conc(gg/mL): 0.097 
confirm in: LLE 

Report 8.3: continued. 

Abundance 

200000: 

Ion 	86.00 	(85.70 to 86.70): 	4US.D 

	

Jon 120.00 	(119.70 to 120.70): 	4US. 

100000 ,  
- - --- -- 

13.21 	13.30 
, 

Time--> 	13.10 	13.20 	13.30 	13.40 	13.50 
AbundanceIon 113.00 	(112.70 to 113.70): 	4US. 

:Ion 373.00 	(372.70 to 373.70): 	4US. 

400000: 

200000- 

- 19.00 

Time-->18 90 	19.00 	19.10 	19.20 	19.30 
AbundanceIon 189.00 	(188.70 to 189.70): 	4US. 

on 136.00 	(135.70 to 136.70): 	4US. 
18.13 

4000 
18.29 

2000 

0 
Time--> 	17.90 	18.00 	18.10 	18.20 	18.30 
Abundance Ion 	58.00 	(57.70 to 58.70): 	4US.D 

Ion 298.00 	(297.70 to 298.70): 	4US. 

20000 ---PV- \-A-A^ 

13.79 
0 

Time-->13.70 	13.80 	13.90 	14.00 	14.10 
AbundanceIon 259.00 	(258.70 to 259.70): 	4US. 

Ion 290.00 	(289.70 to 290.70): 	4US. 
15.87 

4000000 

2000000 

0 -,--,--- 
Time--> 	15.80 	15.90 	16.00 	16.10 	16.20 

#27: quinine(quinidine) 
Ret.Time: 	17.96 
RI error: 	-21* 
Mass 1 area: 21275 
Conc(gg/mL): 0.3950,< 
confirm in: LLE/BUTYL/PFP 

#28: trimeprazine 
Ret.Time: 	13.8 
RI error: 	-9 
Mass 1 area: 2598 
Conc(gg/mL): 0.001< 
confirm in: LLE 

#29: trimthoprim 
Ret.Time: 	15.87(=#19) 
RI error: 	-1 
Mass 1 area: 1.55538e+007 
Conc(gg/mL): 7.387 
confirm in: LLE 
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Report 8.4: A reproduction of the macro report which was generated following the 
automated data analysis of a chromatogram which was produced following GC/MS 
(SIM) analysis of a butylated blood extract (combined liquid-liquid and solid-phase 
extractions). 

Broad Drug Screen in Blood for Drugs 
(Butyl Derivatives) 

Data File : B4.D 
Data Name : GAL blood 4 butylated 
Misc Info : 

Peaks identified as Hydrocarbon markers 

Marker Time Area 
C36 24.615 821482 
C34 22.323 1055137 
C32 20.612 1175351 
C30 19.218 1374883 
C28 17.800 1443411 
C26 16.291 1388381 
C24 14.676 1280626 
C22 12.961 1344955 
C20 11.146 962253 
C18 9.307 1129525 
C16 7.570 1099373 
C14 6.122 962158 
C12 4.742 892123 
C10 3.725 323408 

Area threshold set to 117,535 

Analyst Alerts 

= Absolute RIerror > 10. 
= Quantitation incorrect! The wrong peak was integrated by 
the macro - refer to chromatogram for that drug. 

= No recovery data. Report 'at least' x gg/mL. 
= Recovery from blood very variable. 

Notes 

RI error = Macro calculated RI - Actual RI. 
99.999 	= No quantitative value due to poor reproduciblity of either 

the day-to-day GC reponse, or derivatization. 
LLE 	= Liquid-liquid extract. 
SPE 	= Solid phase extract. 
PFP 	= Pentafluoropropionylated solid phase extract. 

DETECTED DRUGS 

**ANALYST INTERPRETATION** 

i.WA/2/A2eYVM-7 
2 .A.kas2 -7-41Pryz.../A.ie- 

4  • Pe/4/Z  
5. 
6.  
7. 

 

12-4!C  (Analyst) 

 

   

**Combined LLE and SPE** 	 Report 8.4/1 
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Abundance TIC: 	B4.D 

1800000 

1600000 

• 

1400000 

1200000 

1000000 

800000 

600000 

400000 

200000 

0 1 	 r 	 r 

Time--> 	4.00 4.00 	6.00 	8.00 	10.00  12.00  14.00  16.00  18.00  20.00  22.00 24.00 



Report 8.4: continued. 

AbundanceIon 

1000 

	

351.00 	(350.70 to 351.70): 	84.D 

	

Ion 214.00 	(213.70 to 214.70): 	B4.D 
14.82 

A 

Illiki 	
AIL 

Time--> 	14.80 	14.90 	15.00 	15.10 
AbundanceIon 362.00 	(361.70 to 362.70): 	B4.D 

Jon 232.00 	(231.70 to 232.70): 	B4.D 

2000- 

. 14.93 ______ 	_15.08 

Time--> 	14.90 	15.00 	15.10 	15.20 	15.30 
AbundanceIon 498.00 	(497.70 to 498.70): 	B4.D 

400 ;Ion 370.00 	(369.70 to 370.70): 	B4.D 
22.09 

200- 22.39 
,-/V... 

0 
Time-->22.00 	22.10 	22.20 	22.30 	22.40 
AbundanceIon 262.00 	(261.70 to 262.70): B4.D 

2000_Ion 161.00 	(160.70 to 161.70): 	B4.D 
9 8.96 	.05  

• ..idirmakiak 
1000- 

0 1 	i 	1 	1 	I 
Time--> 8.70 	8.80 	8.90 	9.00 	9.10 
AbundanceIon 275.00 	(274.70 to 275.70): B4.D 

Ion 174.00 	(173.70 to 174.70): 	B4.D 
5000- 3.22  1 

• 

13.40 AAL--- 
1 	i 	i 	1 	1 

Time--> 	13.20 	13.30 	13.40 	13.50 
AbundanceIon 247.00 	(246.70 to 247.70): 	B4.D 

2000 Ion 274.00 	(273.70 to 274.70): 	B4.D 
11.37 

1000 
l\-\/-"\---v-- 

Aillik dilim........a._ 	.\--.\--....--."..„. 
'1.42 

o 
Time--> 	11.30 	11.40 	11.50 	11.60 	11.70 

#1: diclofenac 
Ret.Time: 	14.81 
RI error: 	-7 
Mass 1 area: 2024 
Conc(mg7mL): 0.006 
confirm in: LLE 

#2: diflunisal 
Ret.Time: 	14.94 
RI error: 	-9 
Mass 1 area: 1210 
Conc(Ag/mL): 0.003 
confirm in: unconfirmed 

#3: frusemide 
Ret.Time: 	22.09 
RI error: 	9 
Mass 1 area: 583 
Conc(pg/mL): 0.05 
confirm in: unconfirmed 

/4: ibuprofen 
Ret.Time: 	8.79 
RI error: 	7 
Mass 1 area: 583 
Conc(Ag/mL): 0.002o 
confirm in: unconfirmed 

/5: indomethacin 
Ret.Time: 	13.22 
RI error: 	21* 
Mass 1 area: 11099 
Conc(Ag/mL): 0.312 
confirm in: unconfirmed 

#6: methylphenobarbitone 
Ret.Time: 	11.36 
RI error: 	-2 
Mass 1 area: 2293 
Conc(Ag/mL): 0.004 
confirm in: LLE/SPE 
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Report 8.4: continued. 

AbundanceIon 

4000 

2000- 

	

286.00 	(285.70 to 286.70): 	B4.D 

	

Ion 185.00 	(184.70 to 185.70): 	B4.D 
13.23 

13.01 

_ 
0 I 

Time--> 	13.00 	13.10 	13.20 	13.30 
AbundanceIon 325.00 	(324.70 to 325.70): 	B4.D 

40000 Ion 269.00 	(268.70 to 269.70): 	B4.D 16.04 

20000 Ak 
Time--> 16.00 	16.10 	16.20 	16.30 	16.40 
Abundance Ion 	58.00 	(57.70 to 58.70): B4.D 

Ion 100.00 	(99.70 to 100.70): 	B4.D 
14.93 

50000 

15.25 • 
■....__ 

Time--> 	14.90 	15.00 	15.10 	15.20 
AbundanceIon 280.00 (279.70 to 280.70): B4.D 

on 336.00 	(335.70 to 336.70): 	B4.D 

10000 

5000 

06 

Time--> 	17.80 	17.90 	18.00 	18.10 
AbundanceIon 207.00 	(206.70 to 207.70): B4.D 

on 109.00 	(108.70 to 109.70): 	B4.D 
9.92 

1000000 

/Mk 
OF' 

Time--> 	9.90 	10.00 	10.10 	10.20 
AbundanceIon 146.00 	(145.70 to 146.70): B4.D 

on 316.00 	(315.70 to 316.70): 	B4.D 
10000 

5000 

13.02 	13.24 

Time--> 13.00 	13.10 	13.20 	13.30 

#7: naproxen 
Ret.Time: 	13.01 
RI error: 	-5 
Mass 1 area: 3688 
Conc(AgymL): 0.006 
confirm in: unconfirmed 

#8: nordazepam 
Ret.Time: 	16.04 
RI error: 	3 
Mass 1 area: 105513 
Conc(Ag/mL): 0.271 
confirm in: LLE 

#9: nortriptyline 
Ret.Time: 	14.93(=#2) 
RI error: 	-1 
Mass 1 area: 151159 
Conc(Ag/mL): 0.322 
confirm in: PFP 

#10: nitrazepam 
Ret.Time: 	17.8(=C28) 
RI error: 	10 
Mass 1 area: 16243 
Conc(Ag/mL): 99.999< 
confirm in: unconfirmed 

#11: paracetamol 
Ret.Time: 	9.92 
RI error: 	-3 
Mass 1 area: 5.1423e+006 
Conc(Ag/mL): 13.848 
confirm in: LLE 

#12: phenobarbitone 
Ret.Time: 	13.02(=#7) 
RI error: 	2 
Mass 1 area: 1066 
Conc(Ag/mL): 0.002 
confirm in: LLE/SPE 

Report 8.4/4 



Report 8.4: continued. 

AbundanceIon 

	

364.00 	(363.70 to 	364.70): 	B4.D 

	

on 321.00 	(320.70 to 321.70): 	B4.D 
15.58 

1000 

0 
Time--> 	15.50 	15.60 	15.70 	15.80 	15.90 
AbundanceIon 188.00 	(187.70 to 188.70): 	B4.D 

Ion 136.00 	(135.70 to 136.70): 	B4.D 
19.22 

500 

Time--> 	19.20 	19.30 	19.40 	19.50 
AbundanceIon 396.00 	(395.70 to 396.70): B4.D 

1000 on 233.00 	(232.70 to 233.70): 	B4.D 
20.20 

500 

Time--> 	19.90 	20.00 	20.10 	20.20 
AbundanceIon 180.00 	(179.70 to 180.70): 	B4.D 

Ion 236.00 	(235.70 to 236.70): 	B4.D 
1 	10 

200000 IL 

0 
Time-->11.00 	11.10 	11.20 	11.30 	11.40 
AbundanceIon 155.00 	(154.70 to 155.70): 	B4.D 

Ion 240.00 	(239.70 to 240.70): 	B4.D 

2000 

Aii.... 	11.62 

0 
Time--> 11.40 	11.50 	11.60 	11.70 	11.80 

#13: phenytoin 
Ret.Time: 	15.58 
RI error: 	4 
Mass 1 area: 2330 
Conc(AT/mL): 0.002 
confirm in: unconfirmed 

#14: quinine 
Ret.Time: 	19.23(=C30) 
RI error: 	18* 
Mass 1 area: 13081 
Conc(Ag/mL): 0.205± 
confirm in: LLE/SPE/PFP 

#15: sulindac (I) 
Ret.Time: 	19.91 
RI error: 	18* 
Mass 1 area: 14697 
Conc(Ag/mL): 0.168m,< 
confirm in: unconfirmed 

/16: theophylline 
Ret.Time: 	11.1 
RI error: 	-18* 
Mass 1 area: 970987 
Conc(Ag/mL): 3.395 
confirm in: unconfirmed 

#17: tolbutamide 
Ret.Time: 	11.48 
RI error: 	-3 
Mass 1 area: 3478 
Conc(Aq/mL): 0.016 
confirm in: unconfirmed 
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Report 8.5: A reproduction of the macro report which was generated following the 
automated data analysis of a chromatogram which was produced following GC/MS 
(SIM) analysis of a pentafluoropropionylated blood extract (solid-phase extraction). 

Broad Drug Screen in Blood for Drugs 
(Pentafluoropropionyl Derivatives) 

Data File : P4.D 
Data Name : GAL blood 4pfp 
Misc Info : 

Peaks identified as Hydrocarbon markers 

Marker Time Area 
C36 24.609 593653 
C34 22.321 758332 
C32 20.611 856244 
C30 19.217 1043068 
C28 17.795 1046387 
C26 16.288 1075971 
C24 14.667 999247 
C22 12.950 995012 
C20 11.138 794886 
C18 9.295 1016081 
C16 7.563 979174 
C14 6.111 818117 
C12 4.931 620704 
C10 3.778 327361 

Area threshold set to 85.6244 

Analyst Alerts 

* 	= Absolute RIerror > 10. 
a 	= Quantitation incorrect! The wrong peak was integrated by 

the macro - refer to chromatogram for that drug. 
< 	= No recovery data. Report 'at least' x Ag/mL. 
+ 	= Recovery from blood very variable. 

Notes 

RI error = Macro calculated RI - Actual RI. 
99.999 	= No quantitative value due to poor reproduciblity of either 

the day-to-day GC reponse, or derivatization. 
LLE 	= Liquid-liquid extract. 
SPE 	= Solid phase extract. 
BUTYL 	= Butylated extract (combined LLE and SPE). 

**ANALYST INTERPRETATION** 

DETECTED DRUGS 1. 7-rql-re.10/0 7-4,426 PO41-1 
2.c4446,4A-v42672i/08r 
3-A.44712/P7rvi....,AAE" 
4. 
5. 
6. 
7. 

Ag/mL 
ef).;Z9 
a -62 
0./Z 
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#5: desipramine 
Ret.Time: 14.28 
RI error: -15* 
Mass 1 area: 1112 
Conc(Ag/mL): 0.015 
confirm in: butyl 

Report 8.5: continued. 

AbundanceIon 

4000- 

2000 

	

429.00 	(428.70 to 429.70): 	P4.D 

	

Ion 401.00 	(400.70 to 401.70): 	P4.D 

15.48 	15.68 

Time-A5 40 	15.50 	15.60 	15.70 	15.80 
AbundanceIon 526.00 	(525.70 to 526.70): 	P4.D 

Ion 645.00 	(644.70 to 645.70): 	P4.D 

1000 1  

2& _AL. 	- 13  _, 
o 	 1 	. 	1 

Time-->12.90 	13.00 	13.10 	13.20 	13.30 
AbundanceIon 339.00 	(338.70 to 339.70): 	P4.D 

200000 Ion 192.00 	(191.70 to 192.70): 	P4.D 
9.64 

100000 

Time--> 	9.60 	9.70 	9.80 	9.90 	10.00 
AbundanceIon 282.00 	(281.70 to 282.70): P4.D 

Ion 445.00 	(444.70 to 445.70): 	P4.D 

5000 

3.81 

o 
14.11 

Time-->13 70 	13.80 	13.90 	14.00 	14.10 
AbundanceIon 556.00 	(555.70 to 556.70): P4.D 

Ion 366.00 	(365.70 to 366.70): 	P4.D 
1000 14.58 

500 14.29 

0 
Time--> 14.20 	14.30 	14.40 	14.50 	14.60 
AbundanceIon 204.00 	(203.70 to 204.70): P4.D 

Ion 	160.00 	(159.70 to 160.70): 	P4.D 
6.20 

5000- 

6.37 

0 
Time--> 6.10 	6.20 	6.30 	6.40 	6.50 

#1: 7-aminoflunitrazepam 
Ret.Time: 	15.5 
RI error: 	2 
Mass 1 area: 1133 
Conc(Ag/mL): 0.009 
confirm in: unconfirmed 

#2: 7-aminonitrazepam 
Ret.Time: 	12.99 
RI error: 	6 
Mass 1 area: 2040 
Conc(Ag/mL): 0.291 
confirm in: unconfirmed 

#3: carbamazepine 
Ret.Time: 	9.64 
RI error: 	2 
Mass 1 area: 387789 
Conc(Ag/mL): 0.621 
confirm in: SPE 

#4: codeine 
Ret.Time: 	13.8 
RI error: 	0 
Mass 1 area: 2637 
Conc(Ag/mL): 0.086 
confirm in: LLE/SPE 

#6: ephedrine 
Ret.Time: 	6.19 
RI error: 	-10* 
Mass 1 area: 7939 
Conc(Ag/mL): 0.053 
confirm in: unconfirmed 
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#9: hyoscyamine 
Ret.Time: 	' 11.39 
RI error: 14* 
Mass 1 area: 777 
Conc(pg/mL): 0.05 
confirm in: SPE 

Report 8.5: continued. 

AbundanceIon 

1000- 

	

358.00 	(357.70 	to 358.70): 	P4.D 
Ion 	218.00 	(217.70 to 	218.70): 	P4.D 

6.35 

6.59 

0 
Time--> 	6.30 	6.40 	6.50 	6.60 	6.70 
AbundanceIon 301.00 	(300.70 to 301.70): 	P4.D 

Ion 	230.00 	(229.-70 to 230.70): 	P4.D 
13.30 	13.58 
/ 

500 44 - 	'IrN 

0 
Time-->13.20 	13.30 	13.40 	13.50 	13.60 
AbundanceIon 124.00 	(123.70 to 124.70): P4.D 

2000 Ion 271.00 	(270.70 to 271.70): 	P4.D 

1000 
1.6: 

0'1111 1111 	1111 	111111 	1 	1 

Time-->11.30 	11.40 	11.50 	11.60 	11.70 
AbundanceIon 162.00 (161.70 to 162.70): P4.D 

Jon 204.00 	(203.70 to 204.70): 	P4.D 
4000 8.44 

2000 

__.. 	-- 	8.68 

Time--> 	8.40 	8.50 	8.60 	8.70 	8.80 
Abundance Ion 	86.00 	(85.70 to 86.70): 	P4.D 

on 330.00 	(329.70 to 330.70): 	P4.D 

20000 

14.52 
__ 

-1-1-7- 

Time--> 	14.50 	14.60 	14.70 	14.80 
AbundanceIon 414.00 	(413.70 to 414.70): 	P4.D 

Ion 577.00 	(576.70 to 577.70): 	P4.D 

500- 

. 	- 

v.ir 	r 

Time--> 	13.50 	13.60 	13.70 	13.80 	13.90 

#7: fenfluramine 
Ret.Time: 	6.34 
RI error: 	-13* 
Mass 1 area: 2640 
Conc(pg/mL): 0.003 
confirm in: LLE/SPE 

#8: flecainide 
Ret.Time: 	13.29 
RI error: 	1 
Mass 1 area: 590 
Conc(pg/mL): 0.005 
confirm in: butyl 

#10: MDMA 
Ret.Time: 	8.44 
RI error: 	2 
Mass 1 area: 6752 
Conc(pg/mL): 0.025 
confirm in: unconfirmed 

#11: metoclopramide 
Ret.Time: 	14.51 
RI error: 	-2 
Mass 1 area: 19854 
Conc(pg/mL): 1.361 
confirm in: LLE/SPE 

#12: morphine 
Ret.Time: 	13.54 
RI error: 	0 
Mass 1 area: 2034 
Conc(pg/mL): 0.051 
confirm in: unconfirmed 
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#13: nortriptyline 
Ret.Time: 14.39 
RI error: 0 
Mass 1 area: 94486 
Conc(gg/mL): 0.123 
confirm in: buytl 

Report 8.5: continued. 

AbundanceIon 

40000- 

20000 

	

409.00 	(408.70 to 	409.70): 	P4.D 

	

Ion 232.00 	(231.70 to 	232.70): 	P4.D 
14.38 

o 
Time-->14.30 	14.40 	14.50 	14.60 	14.70 
AbundanceIon 557.00 	(556.70 to 557.70): 	P4.D 

Ion 366.00 	(365.70 to 366.70): 	P4.D 
10 	la .24 

200 Aiik 

Time--> 	10.20 	10.30 	10.40 	10.50 
AburlweIon 470.00 (469.70 to 470.70): P4.D 

`'`' Ion 345.00 	(344.70 to 345.70): 	P4.D 
15.28 

500 5.09 	AL- I& 
___--/-"-- 

Time--> 	15.00 	15.10 	15.20 	15.30 	15.40 
AbundanceIon 280.00 	(279.70 to 280.70): 	P4.D 

Ion 190.00 	(189.70 to 190.70): 	P4.D 

2000 5.75 

---- 	-_-_-c------ -------- -----M 

Time--> 	5.70 	5.80 	5.90 	6.00 	6.10 
AbundanceIon 204.00 	(203.70 to 204.70): 	P4.D 

4000 Ion 160.00 	(159.70 to 160.70): 	P4.D 

6.37 6.51 
2000 \ 

\ 	__ 
0 

Time--> 	6.30 	6.40 	6.50 	6.60 	6.70 
AbundanceIon 400.00 	(399.70 to 400.70): 	P4.D 

1000 on 279.00 	(278.70 to 279.70): 	P4.D 

14.06 
14.32 

500  
--------v-v-------r\-\„-- 

0 
Time--> 	14.00 	14.10 	14.20 	14.30 	14.40 

#14: oxprenolol 
Ret.Time: 	10.23 
RI error: 	15* 
Mass 1 area: 211 
Conc(gg/mL): 0.001 
confirm in: unconfirmed 

#15: oxyphenbuta zone 
Ret.Time: 	15.04 
RI error: 	-16* 
Mass 1 area: 211 
Conc(gg/mL): 0.039n,< 
confirm in: butyl 

#16: phenylpropanolamine 
Ret.Time: 	5.76 
RI error: 	4 
Mass 1 area: 17313 
Conc(gg/mL): 0.028 
confirm in: unconfirmed 

#17: pseudoephedrine 
Ret.Time: 	6.37(=#7) 
RI error: 	13* 
Mass 1 area: 3220 
Conc(gg/mL): 0.013< 
confirm in: unconfirmed 

#18: sotalol 
Ret.Time: 	14.06 
RI error: 	11* 
Mass 1 area: 663 
Conc(gg/mL): 0.01 
confirm in: unconfirmed 
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bundanceIon 290.00 (289.70 to 290.70): P4.D 
Ion 213.00 (212.70 to 213.70): P4.D 

15.49 
2000- 

1000- 

o 	, 

15.8 

ime--> 15.40 15.50 15.60 15.70 15.80 

Report 8.5: continued. 

#19: warfarin 
Ret.Time: 15.48(=#1) 
RI error: 5 
Mass 1 area: 3109 
Conc(pg/mL): 99.999± 
confirm in: butyl 
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Toxicology: Drug Screen Summary 
Batch No:- /103 

Case Number:- Grq6-- 4 
	

Date:-  

Underivatized Extract (LLE) Underivatized Extract (SPE) Butyl Extract PFP Extract 
Drug 	0.1g/mL) 
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Table 8.2: Reasons for which a 'hit' identified by the macro can be eliminated as a 
falsely identified drug. 

The 'hit' can be eliminated if it:- 

1. is coincident with a HC marker peak (Section 8.4.2). 
2. is coincident with another 'hit' (Section 8.4.2). 
3. has a large RI error; greater than ± 10 (Section 8.4.2). 
4. has an incorrect relative m/z ion abundance (Section 8.4.3.-Check 3 vi). 
5. has an unexpectedly good peak shape (`Gaussian') for a drug which is known to be 

poorly chromatographed (moderately to excessively tailing) under the set GC 
conditions (Section 8.4.3 - Check 3 ii). 

6. has non-identical peak profiles for the pair of target m/z ions (Section 8.4.3 - Check 
3i). 

7. is a peak which has been detected (integrated) with a low m/z ion abundance on a 
noisy/spiky baseline where no peak really exists (Section 8.4.2). 

8. is a baseline 'step' which has been detected (integrated). (Section 8.4.3.- Check 3 iv.) 
9. is an interfering endogenous blood and/or derivatisation product (Section 8.4.3.- 

Check 3v.). 

8.2 



Table 8.3: The levels of drug present (mean and error) in the forensic blood sample calculated by the 
analyst based on quantitative data in Reports 8.2 to 8.5 for each drug; refer to text (Section 8.3.3.2). 

Drug Identified by Macro % Drug Recovered from Blood (n = 3; Table 7.6) Blood Lever 
pg/mL 

SD 

	

9.8 	0.50 ± 0.05 

	

18.5 	0.41 ± 0.10 2  

	

8.1 	1.10 ± 0.09 

	

3.5 	0.21 ± 0.02 2  

	

2.6 1 	0.61 ± 0.082  

- 	
0.23 ± 0.032  

1.6 i 

	

8.1 1 	0.27 ± 0.06 2  
12.5 _.I 

>5.5 (r-z14 ± 2.5) 

Notes 	LLE 	Liquid-liquid extraction. 

	

SPE 	Solid-phase extraction. 
SD 	Standard deviation from the mean (%). 

	

butyl 	Butyl derivative of drug. 

	

PFP 	Pentafluropropionyl derivative of drug. 
The estimated level of drug in blood calculated by the analyst from quantitative 
data for each which was summarised in Table 8.1; the error is based on the sum 
of standard deviations associated with each extraction procedure as listed. 

2 

	

	The mean concentration where the macro determined the level of drug present in 
more than one extract (Table 8.1; Section 8.3.3.2). 
Drug was not recovered by this extraction technique (Figure 2.1). 

LLE SPE 
mean SD mean 

7-amino nitrazepam PFP - 96.4 
amitriptyline 96.4 6.7 85.0 
carbamazepine PFP 83.6 
diazepam 43.7 4.3 101.3 
methadone 96.2 9.8 86.9 
nordiazepam 74.6 5.9 
nordiazepam butyl 73.9 1.5 94.1 
nortriptyline butyl 71.2 3.2 86.8 
nortriptyline PFP 92.9 
paracetamol butyl 84.1 20.5 <10 



Table 8.4: A check list for the analyst to be used in conjunction with the interpretation 
of macro-generated reports. 

Preliminary 
1. Check the correct indentification of HC markers. 
2. Check the 'TIC'. 

Elimination of False Positives 
3. Check the m/z ion chromatogram produced for each 'hit'. 
4. Check the RI error of the suspected 'hit' 
5. Check that the current 'hit' for coincidence with another peak. 
6. Check that a specific 'hit' is present in all extracts indicated by the reports. 
7. Check for the metabolite (if included as a target drug) of a parent drug detected. 
8. (Check the raw chromatogram if necessary.) 

Estimate Drug Concentration in Blood 
9. Check the quantitative figure against 'Analyst Alerts'. 
10.Check that quantitative figures in each blood extract are similar. 
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Table 9.1: Drugs identified in postmortem and spiked blood specimens by the 
test procedure' compared with those identified in postmortem blood specimens 
by GAFL or known to be present in spiked specimens. 

Drug 	 Postmortem Blood 	Spiked Blood 	Comment 
No. of Times Identified 	Present Identified 
Screen' 	GAFL2 	by Screen' 

7-amino clonazepam 	0 	1 	 3,4 
7-amino flunitrazepam 	1 	0 	- 	 5 
7-amino nitrazepam 	3 	0 	 5 
amitriptyline 	 2 	2 	- 
amphetamine 	 1 	0 	2 
benzoylecgonine 	- 	- 	1 	1 
caffeine 	 detected 	detected 	 6 
carbamazepine 	4 	4 
chloroquine 	 1 	1 	- 
clonazepam 	 0 	1 	 3 
clozapine 	 0 	1 	 3 
codeine 	 1 	1 	1 	1 
cotinine 	 detected 	detected 	 6 
diazepam 	 17 	16 	1 	1 
dothiepin 	 - 	1 	1 
doxepin 	 1 	0 	1 	1 
doxylamine 	 1 	0 	3 
ephedrine 	 1 	1 
flunitrazepam 	 1 	0 	3,7 
fluoxetine 	 3 	2 	3 	3 
ibuprofen 	 3 	0 	- 
lignocaine 	 4 	4 	- 
methadone 	 7 	7 	1 	1 
metoclopramide 	 1 	0 	8 
mianserin 	 1 	1 	1 	1 
midazolam 	 1 	0 	3 
moclobemide 	 1 	1 	1 	1 
morphine 	 4 	3 	3 	3 	9 
naproxen 	 1 	0 
nicotine 	 detected 	nil 	- 	 6 
nordiazepam 	17 	11 	2 	2 
norpropoxyphene 	- 	- 	1 	0 	3,10 
nortriptyline 	 2 	0 
oxazepam 	 4 	3 	2 	2 	8,11 
oxycodone 	 2 	1 	- 
paracetamol 	 13 	5 	- 
paroxetine 	 1 	1 
pentobarbitone 	1 	1 	 - 	12 
pethidine 	 2 	3 	- 	 13 
phenytoin 	 6 	3 	 - 
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Table 9.1: continued. 

Drug Postmortem Blood Spiked Blood Comment 
No. of Times Identified Present Identified 

by Screen' Screen' GAFL2  
promethazine 1 2 2 2 14 
propoxyphene 2 2 2 2 
pseudoephedrine 1 1 - - 
quinine 1 1 - 
sertraline 1 2 1 1 4 
temazepam 4 4 1 1 
THC 2 0 2 2 
THC-COOH 5 10 2 2 15 
theophylline detected nil - - 16 
thioridazine 1 2 - - 17 
trimipramine - - 1 1 
valproic acid 1 1 - - 7 
verapamil 1 1 
drug-free samples 17 17 18 

Notes 

The number of times a drug was identified by the test procedure. 
in postmortem and spiked specimens. 

2 	The number of times a drug was identified in postmortem specimens 
by GAFL (HPLC, GC/MSD, RIA; Section 9.3.1). 
The drug was not present in the spiked specimens, or identified by either 
GAFL or the test procedure in postmortem specimens. 

Comment 

3 	A non-target drug (eliminated from the test screening procedure; Section 6.3). 
4 	When the drug was first encountered it was a non-target drug. It was sub- 

sequently included in the screening procedure without semi-quantitation. 

5 Metabolites indicate the recent use of the drug. The identification of 

metabolites is significant as the screening procedure lacks sufficient 

sensitivity to detect the drug at therapeutic levels. 
6 	Although caffeine/nicotine/cotinine were frequently identified by GAFL and the 

test procedure, they were not reported. 
7 	A spiked QA specimen. Consequently, there was no metabolite formed 

which would have indicated the recent use of flunitrazepam. 
8 	Although a peak was manually identified in the chromatogram as the drug, 

the macro failed to detect it (Section 8.4.2.3). 

The screening procedure failed to detect morphine in the first sample 

encountered which contained the drug (Section 9.4.2). Morphine in sub-

sequent samples was always detected. 
10 	An additional unidentified peak was indicated by the test procedure which 

contained m/z 58. This peak, together with the identification of propoxyphene 
alerted the analyst to the presence of possible metabolites. 
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Table 9.1: continued 

Comments continued 

11 	In one postmortem specimen the macro failed to detect the drug (refer '9'). This 

is not apparent in the data as in 2 other postmortem specimens it was identified by 

the test procedure but not by GAFL procedures. The drug was detected by the test 
procedure in both PTP samples. 

12 	GAFL reported thiopentone rather than the metabolite - pentobarbitone. 

13 	In one postmortem specimen the drug was indicated but not confirmed by GAFL. 
14 	Following discussion with GAFL staff it was confirmed that in one postmortem 

specimen the drug was a false positive which had been reported. 

15 	The test procedure lacks sufficient sensitivity in blood specimens to detect 

THC-COOH below 25 ng/mL (Section 7.4.1). This level and lower is reported by 

GAFL. The developed screening procedure is now routinely employed at GAFL and 

indicates sensitivity down to 10 ng/mL as a result of a more sensitive direct 

capillary mass spectrometer (Section 1.4.2). 

16 	As the test screening procedure is highly sensitive to the acidic drugs, often 

small quantities of theophylline (a known metabolite of caffeine) were detected and 

thought to have been derived from caffeine identified in the same specimens. 
17 	The test procedure identified the drug in one extract but not in the alternate 

extract in which it should also be present (Table 8.4). Without both identification 
and confirmation, the drug was not reported. 

18 	Postmortem blood specimens were either drug-free (excluding caffeine, cotinine 

and nicotine) or reported as false negatives by both the test and GAFL procedures 

on 17 occasions. 
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Table 9.2: Drug concentrations (pg/mL) in postmortem blood estimated 
by the automated drug screening procedure and reported by GAFL. 

Drug Concentration (pg/mL) Comment 
Screen' GAFL2  

amitriptyline 0.04 0.2 
amitriptyline 0.4 0.8 
carbamazepine 1.8 4.7 3  6 
carbamazepine 3.0 4.7 3  6 
carbamazepine 0.6 0.7 
codeine 5.1 .:-.:10 7 
diazepam 0.2 0.4 
diazepam 0.3 1.0 
diazepam 0.2 0.1 
diazepam 0.2 1.1 
diazepam 0.1 0.1 
diazepam 0.1 0.1 
diazepam 0.2 0.5 
diazepam 1.1 1.5 6 
diazepam 1.9 1.5 6 
diazepam 1.9 2.2 
diazepam 0.1 0.2 
diazepam 0.1 0.1 
diazepam 0.2 0.2 
fluoxetine 0.1 0.6 8 
fluoxetine 1.0 1.7 8 
lignocaine 0.3 0.6 
lignocaine 0.6 1.2 
lignocaine 0.4 0.5 
methadone 0.1 0.2 
methadone 0.6 0.6 
methadone 0.5 0.5 6 
methadone 0.6 0.5 6 
methadone 1.5 3.0 
methadone 1.5 1.5 
methadone 0.5 0.4 
methadone 2.3 2.1 
mianserin 0.1 0.2 
moclobemide 1.8 2.1 
morphine 0.2 0.4 4  
morphine 0.2 0.2 
nordiazepam 0.2 0.5 5  
nordiazepam 0.1 0.1 9 
nordiazepam 0.4 0.8 9 
nordiazepam 0.03 0.07 9 
nordiazepam 0.4 A--0.9 6,9 
nordiazepam 1.0 ::-.0.9 6,9 
nordiazepam 1.9 2.0 9 
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Table 9.2: continued 

Drug Concentration (pg/mL) Comment 
Screen' GAFL2  

nordiazepam 0.1 0.1 9 
nordiazepam 0.1 0.1 9 
oxazepam 1.7 3.2 5  6 
oxazepam 2.3 3.2 5  6 
paracetamol 4.1 -.4.-, 13 5  6 
pethidine 0.1 0.1 
pethidine 0.5 0.7 
phenytoin 0.04 4.9 3  6 
phenytoin 4.5 4.9 3  6 
phenytoin 2.1 2.5 5  
promethazine 0.2 0.2 
propoxyphene 0.5 1.1 6 
propoxyphene 0.7 1.1 6 
temazepam 0.5 0.1 10 
temazepam 3.0 2.0 5  
thioridazine 0.6 0.6 
verapamil 0.1 0.2 

Notes 
Semi-quantitative results from automated drug screening procedure. 

2 

	

	Semi- and/or fully-quantitative results from several GAFL methods 
(refer text; Section 9.3.1.2). 

3 	External result reported by GAFL determined by the Clinical Chemistry 
Dept. of the Royal Hobart Hospital (refer text; Section 9.3.1.2). 

4 	External result reported by GAFL determined by the State Forensic 
Centre, South Australia (refer text; Section 9.3.1.2). 

5 	Result determined by an HPLC technique (refer text; Sections 9.3.1.2 
and 9.4). 

italics Indicates that results from the test procedure and GAFL differ greatly 
GAFL > 2 x Screen. 

Comments 
6 	Blood specimen was submitted twice by GAFL for analysis by the test 

procedure. Consequently, two results were estimated by the test 
procedure for comparison with the single GAFL result. 

7 	GAFL extrapolated beyond the range of the one point calibration 
curve (forced through origin 0,0). 

8 	GAFL quantitation based on underivatised drug and test procedure on 
PFP derivative. Neither test (Table 9.3) nor GAFL procedures performed 
well in quantitation of drug in PTP samples. 

9 	Test procedure concentration based on butyl derivative and GAFL 
concentrations on underivatized drug (refer text; Section 9.4). 

10 

	

	Both test procedure and GAFL results based on the underivatized drug 
(refer text; Section 9.4). 
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Table 9.3: The estimated concentrations of target drugs determined 
by the test screening procedure in spiked blood specimens. 

Drug Concentration (pg/mL) %difference' 
Spiked Estimated 

amphetamine 1.15 1.21 -5.2 
amphetamine 0.46 0.59 -28.3 
benzoylecgonine 0.24 0.23 4.2 
codeine 0.42 0.432  -2.4 
dothiepin 2.14 1.852  13.6 
doxepin 2.33 * - 
ephedrine 0.80 0.73 8.8 
fluoxetine • 0.52 0.11 78.0 
fluoxetine 1.04 0.65 37.0 
methadone 1.45 1.532  -5.5 
mianserin 0.50 0.622  -24.0 
moclobemide 0.50 0.582  -16.0 
morphine 0.21 0.28 -33.3 
morphine 0.21 0.18 14.3 
morphine 0.32 0.34 -6.3 
nordiazepam 1.10 1.152  -45 
nordiazepam 0.11 0.14 -27.3 
oxazepam 0.94 0.58 38.3 
oxazepam 0.50 0.49 2.0 
paroxetine 0.50 0.23 54.0 
promethazine 0.20 0.252 ' 3  -25.0 
promethazine 0.50 0.472  6.0 
propoxyphene 9.27 - 
propoxyphene 0.50 0.672  -34.0 
temazepann 0.50 1.032  -106.0 
THC . 0.02 0.019 5.0 
THC 0.03 0.025 16.7 
trimipramine 6.70 7.052  -5.2 

Notes 

%difference between spiked and estimated drug concentrations. 
100 x (Spiked - Estimated)/Spiked 

2 	The mean concentration calculated from two different fractions 
(Sections 8.3.3.2 and 8.4.2). 

3 	During the overnight sequence for the batch which included this sample, 
the auto-injector failed. Consequently, this sample was the first run on 
the GC column after 10h at 40°C (Section 9.4). 
Drug was chromatographed with an overloaded peak shape due to the 
large amount on the column accompanied by corrupted data acquisition. 
No quantitation was possible. 
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Table 9.4: Target drugs administered and detected in the blood of hospital in-patients. 

Case Sex 

No. 

Age 

(years) 

Medication Reported as Administered Identified' 	Elapsed 

(pg/mL) 	Time2  (h) 

ty2  

(h) 

Other Drugs Detected 

Drug Route Dose (mg) Drug pg/mL 
1 81 morphine iv' nf  40 1.90 0 1 - 5 nil 

propranolol oral 40 0.18 10% 3 - 6 

2 59 frusemide oral 40 ND 73 1 - 3 diazepam 0.02' 
methadone oral 2.5-5 0.04 12 6- 8 nordiazepam 0.03*  
midazolam 3  iv 1-3 1 - 4 pentObarbitone 0.03' 
nifedipine oral 10 0.04 k  1% 2 - 6 caffeine 
paracetamol oral 1000 7.50 1% 1 - 3 theophylline <0.1 
salicylic acid oral 100 0.04 1% 3-20  

3 61 morphine oral 10 ND 0 1 - 5 caffeine 
paracetamol oral 1000 >8 1% 1 - 3 theophylline <0.1 
phenytoin oral 200 >4 1% 7-60  
prochlorperazine im 12.5 ND 61% 0.2- 13 
trimipramine oral 150 0.07 11% 10 - 40 

4 44 diazepam oral 10 ND >100 15 - 60 nordiazepam 0.01 1  
metoclopramide im 10 ND 18% 2.5 - 6 caffeine 
metoprolol oral 100 0.01 1  2% 3 - 7 theophylline 
paracetamol oral 500 1.0 >100 1 - 3 
phenytoin oral 200 0.55 2% 7 - 60 
prednisolone oral 10 ND 2% 2 - 4 
valproic acid oral 400 15 2% 9-21  



Table 9.4: continued. 

Case 

No. 

Sex 	Age 	Medication Reported as Administered Identified' Elapsed 	t% 

Time2 (h) 	(h) (years) 	Drug 	Route Dose (mg) 	(pg/mL) 

5 M 	40 	methadone 	oral 	2.5-5 	0.03 49 	6 - 8 
metoclopramide oral 	10 	ND 	12 	2.5 - 6 

midazolam3 iv 	1-3 	 1 -4 
nifedipine oral 	10 	ND 	36 	2 - 6 

paracetamol oral 	500 	>8 	1 	1 - 3 
salicylic acid oral 	100 	ND 	1 	3-20 
temazepam 

 
oral 	10 	ND 	12 	5-15 

6 	F 	80 	diazepam 

 

iv 	2.5 	0.08 24 	15 - 60 
morphine iv'nf 	2.5 	ND 24 	1 - 5 
paracetamol oral 	1000 	1.20 12 	1 - 3 

M 	56 	felodipine oral 	10 	ND 1% 	12 - 36 
phenytoin oral 	200 5 1% 	7-60 

8 80 	frusemide oral 	40 	ND 	60 	1 - 3 
methadone oral 	2.5-5 	0.06 	35 	6 - 8 
nifedipine oral 	10 	0.3 41 	2 	2 - 6 
paracetamol oral 	500 	11 	31/2 	1 - 3 

 

10 	4- 25 

salicylic acid oral 	100 	ND 	2 	3-20 
temazepam 

 
oral 	10 	ND 	11% 	5-15 

9 	F 	78 	oxazepam 

 

oral 	7.5 ND 

salicylic acid oral 150 	0.21 3 - 20 

7-aminonitrazepam 0.03 1  
nordiazepam 	0.041  

nil 

caffeine 
theophylline 	<0.1 

caffeine 

Other Drugs Detected 

Drug 

diazepam 

 

pg/mL 

0.051  

0.04±  

 

  

nordiazepam 

caffeine 

theophylline 

 



Table 9.4: continued. 

Case Sex 
No. 

Age 
(years) 

Medication Reported as Administered Identified' 	Elapsed 
(pg/mL) 	Time2  (h) 

ty2  
(h) 

Other Drugs Detected 
Drug Route Dose (mg) Drug pg/mL 

10 M 68 diazepam oral 2.5 0.05 11 1/2 15 - 60 nordiazepam 0.24± • 
paracetamol oral 1000 > 9.5 1 - 3 
prednisolone oral 35 ND 1/4  2 - 4 
valproic acid oral 200 > 17 9 - 21 

11 F 87 codeine6  oral 15 ND 12 3 - 4 caffeine' 
diltiazem oral 60 0.12 4* 71/ 2 - 7 
paracetamol oral 500 8 6% 1 - 3 

12 F 42 frusemide oral 40 0.42 5% 1 - 3 diazepam 0.03 k  
methadone oral 2.5-5 0.03 39 6 - 8 nordiazepam 0.064± 
midazolam3  iv 1-3 1 - 4 
paracetamol oral 500 >12 6 1 - 3 caffeine 
temazepam oral 10 0.1 4*  16% 5- 15 
warfarin oral 7 0.7 1  20% 10 - 45 

13 M 68 morphine sc 10 ND 17% 1 - 5 7-amino nitrazepam 0.11 k  
nitrazepam 3  oral 5-10 14.0 18- 30 
paracetamol oral 1000 >7 4.0 1 - 3 
pethidine iv 25 ND 47% 3 - 8 
prochlorperazine iv 12.5 ND 11% 0.2- 13 

14 F 82 oxazepam oral 15 0.27 ± 14% 4 - 25 caffeine 
paracetamol oral 500 0.85 12% 1 - 3 



0.2- 

1 

1 

1 

2 

13 

- 3 
- 4 
- 5 
- 6 

caffeine 
diazepam 
pentobarbitone 
nordiazepam 4  

0.031  
0.80 
0.02±  

1 - 3 

6- 8 diazepam 0.041  
1 - 4 nordiazepam 0.04k  
2 - 6 caffeine' 
1 - 3 theophylline <0.1 
3 - 20 

3 - 4 nil 
1 - 3 
3 - 20 
5- 15 

Table 9.4: continued. 

Case Sex Age Medication Reported as Administered Identified' Elapsed 	ty2 	Other Drugs Detected 
Drug Route Dose (mg) (pg/mL) 

frusemide oral 	40 ND 
paracetamol oral 1000 >20 
prednisolone oral 2.5 ND 
theophylline oral 250 >8.5 

morphine Sc 10 0.06 
paracetamol oral 1000 ND 
prochlorperazine iv 12.5 ND 

frusemide iv 80 0.80 
midazolam3  iv 1-3 
morphine oral 2.5-5 0.03 
nifedipine oral 10 ND 
paracetamol oral 1000 0.80 

methadone oral 2.5-5 0.06 41  
midazolam3  iv 1-3 
nifedipine oral 10 ND 
paracetamol oral 500 > 10 
salicylic acid oral 100 ND 

codeine oral 30 ND 
paracetamol oral 1000 3.80 
salicylic acid oral 100 trace 
temazepam oral 10 ND 

Time2  (h) 	(h) 

	

2% 	1 - 3 

	

2% 	1 - 3 

	

2% 	2 - 4 

	

2% 	1.5 - 13 

	

1% 	1 - 5 	nil 

	

23% 	1 - 3 
8% 

not speciifed 

not speciifed 

not speciifed 

not speciifed 

not speciifed 

21% 

17% 
7 

5% 

60 
12% 

1% 
12% 

Drug 
caffeine 

pg/mL 

 

No. 	(years) 
15 M 	70 

16 F 	40 

17 F 
	

55 

18 F 	69 

19 M 74 



Table 9.4: continued. 

Case Sex 
No. 

Age 
(years) 

Medication Reported as Administered Identified' 	Elapsed 
(pg/mL) 	Time2  (h) 

OA 
(h) Drug Route Dose (mg) 

20 F 69 diltiazem oral 200 trace 24 2 - 7 
frusemide oral 80 0.50 1/2  1 - 3 
paracetamol oral 1000 ND 24 1 - 3 

21 M 70 diltiazem oral 60 ND 11% 2 - 7 
. metoprolol oral 50 0.02 .11 1/2 3- 7 

paracetamol oral 1000 ND 80 1 - 3 

22 M 81 metoclopramide oral/im 10 1.10 i  4 2.5- 6 
salicylic acid oral 100 ND 15% 3 - 20 
trimethoprim oral 300 1.6 4±  >100 9- 36 
warfarin oral 10 present 4  19 10 - 45 

23 M 62 chlorpromazine oral 10 ND >100 15 - 30 
metoclopramide oral 10 ND 70 2.5 - 6 
paracetamol oral 1000 5.20 15% 1 - 3 
phenytoin oral 400 3.80 26 7 - 60 

24 F 55 metoclopramide im 10 0.60 ± 18 1/2 2.5 - 6 

morphine iv' f  240 > 4 0 1 - 5 
paracetamol oral 1000 ND 18 1 - 3 
temazepam oral 30 present 13% 5 - 15 

Other Drugs Detected 
Drug 	pg/mL 

caffeine 
theophylline 	<0.1 

caffeine 

nil 



Table 9.4: continued. 

Case Sex 
No. 

Age 
(years) 

Medication Reported as Administered 

	

Identified' 	Elapsed 

	

(pg/mL) 	Time2  (h) 
ty2  
(h) 

Other Drugs Detected 
Drug Route Dose (mg) Drug pg/mL 

25 F 51 codeine oral 30 ND % 3 - 4 caffeine4  
morphine iv' nf  40 0.01 ± 0 1 - 5 
naproxen oral 250 > 18 1 12- 15 

26 F 47 frusemide iv 40 0.13 2 1 - 3 diazepam 0.18 
midazolam 3  iv 1-3 1 - 4 nordiazepam 0.071  
morphine iv' nf  • 	10 0.13 2 1 - 5 temazepam 0.224i  
paracetamol oral 1000 2.80 7% 1 - 3 
phenytoin iv 1000 3.60 9% 7-60  

27 F 35 morphine oral 60 0.01 13% 1 - 5 caffeine 
paracetamol oral 1000 3.50 16% 1 - 3 

28 F 57 frusemide oral 40 0.28 2 1 - 3 diazepam 0.01 I  
methadone oral 2.5-5 0.03 37 6 - 8 nordiazepam 0.01' 
midazolam 3  iv 1-3 1 - 4 
nifedipine oral 10 0.01 4±  21 2 - 6 
paracetamol oral 500 >7 2 1 - 3 
salicylic acid oral 100 ND 2 3-20  
sertraline oral 50 present 2 24 - 26 
temazepam oral 10 ND 12% 5-15  



Table 9.4: continued. 

Notes 

t% Elimination half life of drug (h); reported ranges. (3-5)  

ND No GC peak detected. 

Drug was detected and the level in blood estimated by the macro. 
2  The time elapsed since last dose until the time the blood was drawn to the nearest 1/4  h. 
3  A non-target drug. 
4 Drug detected in one extract only; confirmation was expected in another extract. 
5  Overloaded GC peak shape. 
6  Codeine included in Panadeine Forte (panadeine/codeine combination). 

± A potential large error may be associated with the result (Table 7.6; Section 9.4). 

iv Intravenous route of administration. 

sc Subcutaneous route of administration. 

inf An iv infusion over a period of time (mg/h). 

im Intramuscular route of administration. 

> x Overloaded peak shape maked quantitative result unreliable, therefore, reported greater than x pg/mL. 



Table 10.1: Drugs and/or alcohol detected in the blood of fatally injured 
drivers involved in road traffic accidents. 

Case 
No. 

Sex 	Age 	Accident Alcohol' 	Drugs Detected 
(years) 	Type 	(g/100mL) 

Responsible3  
1 M 28 SVA 0.000 amphetamine, methadone, ibuprofen, 

paracetamol 

2 F 26 SVA 0.000 carbamazepine, phenytoin, morphine 2 , 

diazepam2  (nordiazepam) 

3 M 19 DVA 0.000 paracetamol 

4 7  M 17 DVA 0.000 THC-COOH9 , lignocaine 2  

5 F 26 DVA 0.000 nil 

6 6  M 48 SVA 0.000 theophylline 

7 M 65 SVA 0.000 nil 

8 M 59 DVA 0.000 naproxen, paracetamol 

9 M 20 SVA 0.093 nil 

10 F 50 SVA 0.108 nil 

11 M 23 SVA 0.160 nil 

12 M 29 DVA 0.160 nil 

13 7  M 20 SVA 0.168 THC-COOH 

14 6  F 46 DVA 0.174 diazepam (nordiazepam) 

15 M 21 SVA 0.193 paracetamol 

16 M 40 SVA 0.193 nil 

17 M 37 SVA 0.198 nil 

18 M 18 SVA 0.220 nil 

19  6 F 47 SVA 0.226 diazepam (nordiazepam), nortriptyline 

paroxetine 

Partly Responsible4  
20 M 18 SVA 0.000 nil 

21 8  F 18 SVA 0.000 nil 

22 M 34 SVA 0.154 nil 

23 6  M 19 DVA 0.029 paracetamol 

24 M 61 SVA 0.000 nil 

25 M 19 DVA 0.000 nil 

26 6  F 15 SVA 0.000 valproic acid 

27 M 30 SVA 0.000 nil 

28 F 18 DVA 0.000 nil 

Not Responsible 5  
29 M 79 DVA 0.000 nil 

31 M 39 DVA 0.000 nil 

31 F 47 DVA 0.017 nil 

32 F 24 DVA 0.000 paracetamol 

33 M 25 DVA 0.000 nil 
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Table 10.1: continued. 

Notes 

1 	Alcohol concentration in whole blood was determined by GAFL 
2 	Drug was administered after the accident. 

	

3,4,5 	Responsibility of the driver as assessed from additional 

information related to each accident (Table 10.2). 
6 	Analysis performed at GAFL using the developed screening 

procedure to identify (but not quantitate) drugs. 
7 	Vehicle was a motor cycle rather than a car. 
8 	A heavy rigid vehicle (Army truck) rather than an car. 
9 	THC-COOH identified by GAFL procedures (Table 9.1 

and Section 9.4.1). 

	

SVA 	Single vehicle accident. 

	

DVA 	Dual vehicle accident. 

	

italics 	No caution against an individual driving while this drug is being 

taken (" .")  
(metabolite) The metabolite of a drug is enclosed in brackets and is listed 

immediately following the drug. 
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Table 10.2: Examples of the statements and circumstances obtained from additional 
written information' about each accident (Table 10.1; Case No. n) which enabled the 
drivers to be assigned as 'Responsible', 'Partly Responsible' and 'Not Responsible'. 

Responsible 
"..failed to keep left [or maintain correct lane]..."; Case Nos. 1, 3, 6, 8, 14, 15. 

"suffered an epileptic fit [and] lost control of the vehicle." Case No. 2 

[Police in pursuit of vehicle which travelled at high speed through an intersection 
against the red light and collided with another vehicle]; Case No. 4 

failed to negotiate a [left/right/moderately sharp] bend/curve..."[but no reference to 
excessive speed was made]; Case Nos. 5, 19. 

"failed to negotiate a [left/right/moderately sharp] bend/curve...and excessive speed 
contributed to the accident." Case Nos. 7, 9-13, 16, 18. 

"pulled out on double white lines and overtaken another car.. .as [he/she] attempted to 
re-enter [his/her] lane,the rear of the vehicle slid out onto the gravel verge.. .lost 
control of the vehicle.."; Case No. 17. 

Partly Responsible 
[driver had held P-plate license for 5 months and] "would fall into a day-dream and 
did so once while driving...It is obvious that this stretch of road from a number of 
previously recorded accidents...ought not to have a 100 km limit because of the 
combination of bends, straights and humps.. .recommend it be included in the 'black 
spot' reduction scheme;" Case No.20. 

[inexperienced driver of heavy vehicle] "driving.. .under instruction.. .made an error 
of judgement; was at an age where under the State law she wouldn't have been 
allowed to drive..."; Case No. 21. 

"vehicle unroadworthy prior to the accident...rust...maladjustment of the foot and 
handbrake and free play in the steering; [driver] unlicensed driving a stolen vehicle;" 
Case No. 22. 

"7 months driving experience. Unitl overtook a vehicle but Unit 2 was obscured by 
a crest in the road.. .overtaking in the face of on-coming traffic.. .rain, road surface-
wet, one or more tyres with insufficient tread [but] vehicle was roadworthy, 
darkness-no street lights."; Case No.23. 

"unregistered vehicle.., defective brakes.., steep grade"; Case No. 24. 

"momentarily lost conscious control of the vehicle [due to] inattentiveness or 
drowsiness causing it to leave the sealed surface of the highway, and whilst trying to 
regain control...overcomperisated ...and struck an oncoming vehicle; rear ...tyre had 
little tread in particular enough for an offence"; Case No. 25. 
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Table 10.2: continued. 

Partly Responsible continued. 
[inexperienced, unlicensed driver] "..failed to take left hand downhill curve.. .steep 
grade, view [of curve] obscured.. .rain, road surface-wet, excessive speed.. ."[for road 
and weather conditions]; Case No. 26. 

"inattentive driving.. .It would appear that his attention has been drawn to.. .and the 
vehicle has tracked off to the western side of the highway into...."; Case No. 27. 

"not able to say what caused the deceased to loose control of [the] vehicle.. .dark and 
raining and negotiating an up hill left hand bend...possiblity that she may have 
dropped off to sleep." Case No. 28. 

Not Responsible 
"Unit 1 collided with Unit 2... [which had]...crossed to the wrong side; Unit 2 
responsible." Circumstances were similar for Unit 1 = Case Nos. 29, 32 and 33. 

"The vehicle was stopped.. .waiting to turn right...when...struck from behind by 
another motor vehicle forcing [it] into the face of oncoming vehicle"; Case No. 30. 

"Unit 1 veered to evade Unit 2,...[which had]...crossed to the wrong side, and 
collided with verge; Unit 2 responsible". Case No. 31 

Notes 

1 	Additional written information where available was obtained from the 
Coroner's findings, the police report to the pathologist, and the report 
completed by the police for the Accident Investigation unit of the Department 
of Transport (Tasmania). 

[text] Additional text included for clarity and continuity. 
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Table 10.3: Drugs detected in the blood of drivers, involved in road traffic accidents, whom the police suspected were 
impaired by drugs (Section 10.3.2). 

Case 
No. 

Driver Accident Blood Specimen 
Sex Age 

(years) 
Type Time Alcohol' 

(g/100mL) 
Elapsed 	Drugs Detected 
Time (h) 2  

1 M - 0335 	0.028 11/2  7-aminoflunitrazepam, diazepam (nordiazepam), naproxen 
2 M 19 SVA 0815 	0.000 1% THC-COOH 
3 M 32 SVA 0945 	0.000 1% temazepam (oxazepam) 
4 M SVA 1700 	0.076 2 fluoxetine, diazepam (nordiazepam, oxazepam), paracetamol, THC-COOH 
5 F 26 SVA 0430 	0.000 1 1/2  THC-COOH 
6 M DVA 0630 	0.000 2 THC (THC-COOH) 
7 F 18 SVA - 	0.000 nordiazepam, paracetamol, THC (THC-COOH) 

8 5  M DVA 2000 	0.000 2 7-aminonitrazepam, methylamphetamine (amphetamine), diazepam 
(nordiazepam), moclobemide 

9  3, 5 M 20 DVA - 	0.000 THC (THC-COOH) 

10 5  M 36 DVA 1345 	0.000 5% THC-COOH 

11 5  M - 0220 	0.000 2 diazepam (nordiazepam, temazepam), methadone, THC (THC-COOH) 

12 5  M - 0859 	0.000 1% morphine, THC (THC-COOH) 

13 5  M 27 SVA 0128 	0.000 1% THC-COOH 

14 5  M SVA 0.000 - THC-COOH 

15 5  M SVA 1545 1% fluoxetine, ibuprofen 

16 5  F 54 SVA 0130 	0.012 4  3% diazepam (nordiazepam) 



Table 10.3: continued. 

Notes 
Breath alcohol concentration determined by the attending police officer/s. 

2 	Elapsed time = time(blood specimen was obtained) - time(accident occurred); to the nearest % h. 
Attending police indicated this driver was not responsible, travelled at less than the speed limit and took 
evasive action;police submitted blood for analysis as driver admitted to smoking Cannabis recently. 

4 	Breath analysis reading was obtained approximately 2% h after the accident. 
5 	Analysis performed at GAFL using the developed screening procedure to identify (but not quantitate) drugs. 

SVA 	Single vehicle accident. 
DVA 	Dual vehicle accident. 

Data not specified, not know or not determined. 

italics 	No caution against an individual driving while this drug is being taken. (36 ' 37)  

(metabolite) The metabolite of a drug is enclosed in brackets and is listed immediately following the drug. 



Table 10.4: The estimated concentrations of drugs which were identified and 
quantitated by the screening procedure in Cases listed in Tables 10.1 and 10.3 

Case Drug 
No. 

Drugs identified in Table 10.1 
1 	amphetamine 

ibuprofen 
methadone 
paracetamol 

2 	carbamazepine 
diazepam 
nordiazepam 
phenytoin 
morphine 

3 	paracetamol 

4 	THC-COOH 2  
lignocaine 

8 	naproxen 
paracetamol 

13 	THC-COOH2  

15 	paracetamol 

32 	paracetamol 

Drugs identified in Table 10.3 
1 	7-amino flunitrazepam 

[ diazepam 
nordiazepam 
naproxen 

3 	[ temazepam3  
oxazepam 

4 	fluoxetine3  
diazepam 
nordiazepam 
oxazepam 
paracetamol 
THC-COOH2  

5 	THC-COOH2  

6 
	

THC 
THC-COOH2  

7 	nordiazepam 
paracetamol 

[ THC 
THC-COOH2  

8 	THC-COOH2  

Estimated Concentration' 
(pg/mL except when specified) 

sub-therapeutic; 24 ng/mL 
sub-therapeutic; 0.1 
toxic; 2.5 
sub-therapeutic; 1.3 

sub-therapeutic; 1.3 
therapeutic; 0.25 
0.08 
sub-therapeutic; 0.6 
therapeutic; 0.45 

sub-therapeutic; 1.0 

< 25 ng/mL (10) 
sub-therapeutic; 0.6 

sub-therapeutic; 0.05 
sub-therapeutic; 2 

> 25 ng/mL (25) 

sub-therapeutic; 1 

sub-therapeutic; 1.5 

therapeutic; 0.04 
therapeutic; 0.2 
0.10 
therapeutic; 27 

toxic; 3 (2) 
0.20 

toxic; 0.084  
toxic; 1.7 
0.9 
0.5 
sub-therapeutic; 3 
> 25 ng/mL 

> 25 ng/mL (70) 

< 10 ng/mL 5  
> 25 ng/mL (40) 

sub-therapeutic; 0.06 
1.50 
10 ng/mL 
> 25 ng/mL (30) 

> 25 ng/mL (50) 
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Table 10.4: continued. 

Notes 

The estimated drug level in blood fall within sub-therapeutic, 
therapeutic and toxic ranges (Table 6.1). 

2 	The screening procedure does not estimate a level for THC-COOH 
but the limit of detection is approximately 25 ng/mL (Section 9.4.1). 

3 

	

	
A large potential error is associated with the estimated blood level 
(Section 9.3.2) 

4 	The screening procedure under-estimates the true level of drug in 
blood (Table 9.3). 

5 	The GC peak was chromatographed very close to the limit of detection 
and, therefore, associated with a large error (Section 9.4.2). 

(X) 
	

Levels reported by GAFL are indicated when they were determined. 
Drugs and their metabolites are bracketed together. Whether or not 
the level of the drug falls within the therapeutic range is indicated 
where applicable. 
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Appendix A 

RETENTION INDICES OF DRUGS 

A.1 Introduction 

The retention index (RI) is a convenient way to describe the chromatographic elution 
time of a given compound and is far superior to simply reporting retention times. (1 '2)  
The retention time of a compound is affected by changes in any GC parameter (eg. 
column length, internal diameter and stationary phase; oven temperature; gas flow 
through the instrument). Consequently, the compound's retention time is unique 
only to the particular instrument on which analyses are performed, and to the specific 
GC parameters employed, rather than to the compound itself In contrast, the RI is 
independent of column length and less affected by changes in column stationary 
phase, gas flow, and GC temperatures than retention time. Retention index is, 
therefore, superior to retention time as it uniformly expresses retention data for any 
compound which can be chromatographed, and permits comparison of results 
obtained on columns with similar stationary phases in different laboratories and 
employing different GC conditions and instrumentation. 

In 1958 the original Retention Index System was introduced by Kovats. (1)  It defined 
the retention of a compound relative to a homologous series of n-alkanes analysed 
under identical, isothermal conditions. The RI of a particular compound is the 
carbon number of a hypothetical n-alkane, multiplied by 100, which has exactly the 
same chromatographic retention characteristics as the compound of interest. (1)  
Kovats' RI is a dimensionless quantity described by a logarithmic equation. It is 
dependent on the chemical nature of the compound of interest, the chemical nature of 
the stationary phase and the column temperature. (24)  

The use of isothermal temperature is impractical when chromatographing compounds 
with a wide range of boiling points. In 1963, Van den Dool and Kratz introduced a 
temperature-programmed version of Kovats' indices. (5 '6)  In contrast to the 
logarithmic relationship found with isothermal temperature conditions, under linearly 
increasing column temperature, a nearly arithmetic (linear) relationship existed 
between compound retention and the hydrocarbon number of a homologous series of 
n-alkanes. (7 '8)  Where the RI is the criterion upon which compound identification is 
based, however, the index needs to be calculated as accurately as possible. 

One study observed the departure from linearity for a homologous series of n-alkanes 
(C7  to C20) chromatographed under linearly increasing column temperature (50 to 

-200°C at 2°C/min). (8)  The deviations from linearity were most pronounced at the 
beginning and end of the program and the data points were best fitted by a smooth 
curve generated through polynomial interpolation (third order in that case). 

Linearity can be achieved, however, for a limited range of carbon numbers (9)  and it 
was on this basis that the unknown peaks detected by the automated drug 
identification macro were assigned a RI (Section 9.4.1). The calculation of RI is 
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more complicated when temperature programming is combined with isothermal 
periods or where the column temperature programming rate is changed during 
analysis. (10)  

Although RI is a more useful chromatographic parameter than retention time, several 
factors do unavoidably affect its determination. As a consequence, several different 
retention indices may be reported for the same compound. Many papers and several 
substantive reviews(1 '2 '6)  have described the relationship between RI and a variety of 
gas-liquid chromatographic parameters, and warned that the variation in these 
parameters between laboratories may introduce error into the calculation of retention 
indices. The equations of Kovats and Van den Dool and Kratz did not include 
variables for factors such as differences in carrier-gas flow rate, gas hold-up (dead) 
time, polarity of the stationary phase, phase ratio, or changes in the programmed 
rates of column temperature increase. Although equations (1 '2 '6 '7)  designed to correct 
for some of these factors have been developed in an effort to decrease the error in 
calculated RI data and improve consistency of data between laboratories, in general, 
a standard deviation of ± 60 RI units from reported values should be employed. (4)  
Many databases report retention indices from compounds chromatographed on 
packed columns. Several papers report that retention indices determined on capillary 
columns (methyl silicone phases) are comparable with those obtained on packed 
columns provided that the same search window of ± 60 RI units was applied. ( 

 
10-14) 

Although two capillary columns were used during the course of this study (Appendix 
B), the majority of experiments were performed on a 25 m cross linked methyl 
silicone (HP-1) high performance capillary column with 0.32 mm i.d. and 0.17 tim 
film thickness. The temperature program of the oven produced a linearly increasing 
column temperature which was bracketed at the beginning and end by an isothermal 
period (Section 2.4.2). Clearly, under these conditions, neither a logarithmic nor 
'linear' equation would describe the relationship between compound retention and 
the hydrocarbon number of a homologous series of n-alkanes over the entire 
temperature range. In this study, a series of consecutive even-numbered n-alkanes 
(C 10  toC36) which eluted at times covering the entire temperature range was to 
provide the basis for drug RI determination. The most appropriate method for 
accurately calculating the RI of a variety of drugs from these hydrocarbon (HC) 
markers was investigated on two different capillary columns - narrow bore and wider 
bore columns (Section A.2.1). 

A.2 Method 

Refer to "General Procedure" (Chapter 2). In particular, for HC marker solution refer 
to Section 2.2.5.5 and 2.2.5.6; for reference drug solutions refer to Section 2.2.5.14; 
for instrumentation refer to Section 2.4.1; and for SIM acquisition parameters refer to 
Section 2.4.3.1. 

A.2.1 Gas Chromatography 
	 Refer to Section 2.4.2 for gas chromatographic parameters with the wider bore 

column. The narrow bore column (0.22 mm i.d.) was a 25 m cross linked methyl 
silicone (HP-1) high performance capillary column with 0.331.1m film thickness and 
a 50 cm pre-column of capillary column identical to the separating column attached 
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via a commercially supplied column connector unit (capillary mini-union; 0.5 mm 
i.d; GLTTm, SGE Analytical Products). Oven temperature parameters for the narrow 
bore column were identical to those of the wider bore column and differed only in 
that the final temperature of 300°C was held for 8 min and column head pressure was 
set at 20 psi. Note that under these conditions, C36 did not elute from the narrow 
bore column. 

A.2.2 SIM Acquisition 
A single m/z ion distinguished each HC marker - m/z 71.05. Although not the most 
abundant m/z ion, it produced a lower background signal than the more abundant m/z 
43.05 or m/z 57.05. Dwell time on m/z 71.05 was at least 80 ms and up to 200 ms. 
SIM acquisition parameters for drug analyses are given in Section 2.4.3.1. 

A.3 Results 

A.3.1 Polynomial Interpolation 
A scatter plot of hydrocarbon number versus hydrocarbon retention time on the 
narrow bore column (Figure A.1) shows a smooth curve. Under the GC conditions 
used, C36 did not elute from the end of the column. As might be expected from the 
literature, a polynomial equation rather than either a logarithmic or linear equation 
would generate a curve to best fit these data points over the entire time range 
(7 to 37 min). 

Figure A.2 shows the same data fitted with curves generated from 5th, 6th and 7th 
order polynomials. Hypothetical hydrocarbons (eg C25 . 50 or C 14.83) with fractional 
chain lengths would be expected to fall on these curves between the HC markers as 
predicted by the polynomials. 

In the linearly increasing temperature portion of the temperature program (10°C/min, 
C 10  to C26) all three curves described the increase in hydrocarbon retention time with 
increase in hydrocarbon number as being nearly linear in agreement with literature 
(Appendix A.1). In the final isothermal region (300°C, C28 to C34), all three curves 
displayed a relatively larger increase in hydrocarbon retention time with a relatively 
small increase in hydrocarbon number. However, the three polynomials each 
described a different relationship between hydrocarbon number and retention time in 
this region. 

The 5th order polynomial described the isothermal region with a plateau in 
agreement with the logarithmic relationship described by Kovats for increasing 
retention time with increasing hydrocarbon number. Consequently, in this region of 
the curve the 5th order polynomial would predict that hypothetical hydrocarbons 
with fractional chain lengths would all display the same logarithmic relationship as 
the plotted hydrocarbons in the same region. 

In contrast, the curves produced by the 7th order polynomial and, to a lesser extent 
the 6th order polynomial, described the isothermal region with obvious deflections 
away from the plateau beyond C32 to begin to rise steeply again. Consequently, these 
polynomials would predict that hypothetical hydrocarbons would not display the 
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Figure A.1: Retention time versus hydrocarbon number; 0.22 mm i.d. column. 
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Figure A.2: Retention time versus hydrocarbon number for data points in Fig A.1 
fitted with curves generated by 5th, 6th and 7th order polynomials. The 6th and 7th 
order polynomials are offset on the y axis by 200 and 400 units respectively for 
clarity; 0.22 mm i.d.column. 
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same logarithmic relationship as the plotted hydrocarbons in the same region. 

Figure A.3 shows a scatter plot of hydrocarbon number versus hydrocarbon retention 
time obtained on the wider bore column and fitted with a curve generated by an 8th 
order polynomial. The general appearance of the scatter plot is remarkably similar to 
that of Figure A.1 with the only significant differences being that the HC markers, 
together with C36, eluted more quickly from the wider bore column. The absolute 
retention times for a given HC marker on each column are given in Table B.9. 

Table A.1 shows the difference (residual) between the observed RI of each HC 
marker and that calculated from the 5th, 6th and 7th order polynomials (narrow bore 
column) and 8th order polynomial (wider bore column). 

Consider first the polynomials generated for data points obtained from the narrow 
bore column. The total residual indicates how well the polynomial predicts the 
experimental RI over the entire range of HC markers. Clearly, the 7th order 
polynomial most accurately predicts the RI for the entire range as the total residual 
was approximately one half and one sixth that of the total residual produced by 6th 
and 5th order polynomials respectively. Consequently, the curve generated by 7th 
order polynomial was selected as the most appropriate to fit to the data up to C32. 

Beyond C32 however, the error in assigning retention indices to hypothetical 
hydrocarbons would increase as a result of the deflection of the curve from the 
expected plateau between C32 and C34. 

The 8th order polynomial which generated the curve fitted to data points obtained on 
the wider bore column was selected in a process similar to that used for the narrow 
bore column. Several different curves were generated by different order polynomials 
(5th to 8th order) and, in contrast to the curves fitted to data from the narrow bore 
column, all curves relatively accurately described both the linearly increasing, and 
isothermal regions of the temperature program. The 8th order polynomial was 
selected as the most appropriate to generate the curve as it resulted in the smallest 
residuals between observed and calculated RI. Consequently, when the wider bore 
column was employed, calculated retention indices for hypothetical hydrocarbons in 
the region of C28 to C34 were less prone to error than those calculated from data 
generated on the narrow bore column. 

The curve fitted to data points obtained from the wider bore column did show a 
deflection from the expected curve in the region of C 10 . When the curve was 
extrapolated below C 10 , it was observed to rise sharply and consequently, the region 
of C 10  was a valley between two rising curves. This explains the pronounced 
curvature in the region of C 10  but also indicates that the 8th order polynomial would 
be inappropriate for predicting RI values below C 10 . 

A.3.2 Calculation of Drug Retention Index 
During the collection of data for calculation of each drug RI, it was rare for a single 
chromatographic run to collect data over a time period which included the entire
series of HC markers (C 10  to C36). Data was collected over periods which totalled 
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Figure A.3: Retention time versus hydrocarbon number data points fitted with a 
curve generated by an 8th order polynomial; 0.32 mm i.d. column. 
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Table A.1: A comparison of the residuals occurring between 
observed and calculated retention indices from data generated 
on the narrow bore and wider bore columns. 

True RI Residual (T-C)' 
0.22 mm i.d. 0.32 mm i.d 

5th order 6th order 7th order 8th order 

1000 3.5 -0.9 0.0 0.0 
1200 -11.2 4.7 0.1 0.4 
1400 3.3 -7.1 0.2 -1.5 
1600 10.8 -1.3 -1.2 2.3 
1800 6.3 6.1 0.7 -0.5 
2000 -4.4 5.1 1.8 -2.1 
2200 -13.2 -2.4 -0.5 0.2 
2400 -13.2 -8.5 -3.7 2.6 
2600 0.9 -3.4 -0.1 0.8 
2800 19.7 8.2 6.5 -3.2 
3000 12.2 2.2 -4.9 -1.2 
3200 -18.3 -3.2 1.2 3.6 
3400 3.6 0.5 -0.1 -1.5 
3600 0.2 

Total Residual2  120.8 53.7 21.0 19.9 

Notes 

' The residual/difference (R) between the true (T) RI value 
and the calculated RI value (C); R= T-C. 

2  The sum of residuals, independent of sign, between the 
calculated, and observed retention index ranging from 1000 
to 3400. 

--- No data available as C36 did not elute from this column 
under the GC temperature conditions. 
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approximately 10 to 15 mm to keep the file size manageable, and generally included 
retention time data for 8 to 10 HC markers. The scatter plot of hydrocarbon number 
versus retention time from each experiment was fitted with the curve generated by 
the polynomial which gave the smallest total residual from the observed values. The 
RI for a drug was then calculated from the polynomial obtained for HC markers 
analysed concurrently during the GC run. In all analyses with the narrow bore 
column, the drugs with calculated RI between C28 and C34 were expected to be the 
least accurately assigned due to the difficulty in accurately fitting the curve in that 
region between the plotted HC markers. 

Table A.2 compares the calculated retention indices from both columns for about 60 
underivatised drugs with a wide range of RI values (1100 to 3200). In all cases but 
two (tranylcypromine, ethosuximide), the calculated RI for a specific drug was 
greater on the narrow bore column than the wider bore column. Table A.2 also 
shows the difference between the RI values determined on each column (narrow bore 
- wider bore). Over the range of drugs and RI values, the difference in RI between 
the two columns was not consistent. The RI differences appeared to increase with 
increasing carbon number. For example, the RI difference at 1500 was < 10; at 2000 
was approximately 20; at 2650 was approximately 45. 

A.4 Discussion 

Polynomial interpolation was found to be the most appropriate method for accurately 
calculating the RI of a variety of drugs from a series of consecutive, even numbered 
n-alkanes following investigation on two different capillary columns. The 
temperature program of the oven produced a linearly increasing column temperature 
which was bracketed at the beginning and end by an isothermal period. A curve 
generated by a simple polynomial equation was not adequate to best fit the data 
points resulting from such a temperature program; instead, the best fit required 
complicated 7th and 8th order equations. Despite the complexity of the equations, 
however, RI calculation through polynomial interpolation surpassed the equations of 
Kovats, and Van den Dool and Kratz, and eliminated the need to apply equations 
which correct for other GC parameters. Consequently, RI determination was 
simplified. This method of RI calculation requires only that different 
laboratories/instruments first run the series of HC markers and fit a smooth curve to 
the resulting data points which accurately describes not only the relationship between 
HC retention and HC number, but that of all hypothetical HC with fractional chain 
lengths in between. In this study, a 7th order polynomial and 8th order polynomial 
best fitted data points obtained from the narrow bore and wider bore columns 
respectively. 

Data shown in Table A.2 indicated that polynomial interpolation of RI did not 
compensate completely for all GC variables as different RI were calculated for drugs 
chromatographed on the two columns. Although each column was from the same 
manufacturer and of the same length and stationary phase, and RI values were 
determined in the same laboratory using the same GC to control temperature and gas 
flow, the calculated retention indices for drugs chromatographed on the wider bore 
column were smaller than those chromatographed on the narrow bore column. In 
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Table A.2: Calculated retention indices for drug standards 
chromatographed on narrow (N) and wider (W) bore columns. 

Drug Calculated Retention Index 
N - W 0.22 mm Id. (N) 0.32 mm i.d.(W) 

tranylcypromine 1188 1193 -4 
ethosuximide 1185 1199 -14 
ephedrine 1344 1343 1 
methoxyphenamine 1365 1359 6 
diethylpropion 1488 1479 9 
clofibrate 1524 1520 4 
ibuprofen 1595 1590 5 
cotinine 1647 1638 9 
chlorpropamide 1651 1640 11 
amylobarbitone 1698 1690 7 
methylphenidate 1721 1705 16 
pethidine 1750 1732 18 
quinalbarbitone 1775 1762 13 
caffeine 1787 1769 18 
pheniramine 1814 1790 24 
diphenhydramine 1868 1849 19 
lignocaine 1876 1859 17 
methylphenobarbitone 1886 1865 21 
doxylamine 1920 1899 21 
phenobarbitone 1939 1930 9 
clonidine 2043 2009 35 
chlorpheniramine 2013 1991 22 
diclofenac 2133 2091 42 
dextromethorphan 2158 2120 38 
methaqualone 2159 2121 38 
methadone 2164 2134 30 
dextropropoxyphene 2212 2184 28 
cocaine 2210 2176 34 
amitriptyline 2215 2188 27 
trimipramine 2242 2207 35 
sulphinpyrazone 2256 2219 37 
protriptyline 2267 2229 37 
promethazine 2303 2261 42 
phenytoin 2327 2284 43 
promazine 2352 2306 46 
azatadine 2422 2369 53 
codeine 2405 2361 44 
mebhydrolin 2488 2433 54 
methdilazine 2514 2455 59 
disopyramide 2531 2490 41 
nordiazepam 2516 2458 58 
chlorpromazine 2532 2482 50 
chlordiazepoxide art. 2523 2476 47 
trimethoprim 2579 2543 36 
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Table A.2: continued. 

Drug Calculated Retention Index 
N - W 0.22 mm i.d. (N) 0.32 mm i.d.(W) 

flunitrazepam 2632 2576 55 
nifedipine 2585 2544 41 
chloroquine 2650 2605 45 
bromazepam 2634 2583 51 
trifluoperazine 2720 2672 48 
fentanyl 2756 2706 50 
nitrazepam 2773 2718 55 
prednisolone 2897 2821 76 
diltiazem 2985 2933 52 
prochlorperazine 3030 2964 65 
miconazole 3020 2966 54 
thioridazine 3183 3123 60 
verapamil 3216 3174 42 
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addition, the difference between the calculated RI increased with carbon number but 
the increase was neither predictable nor consistent from one drug to the next. 

The two columns differed in internal diameter and film thickness. Changes in 
internal diameter and film thickness for columns with the same stationary phase are 
described by the phase ratio. The phase ratio compares the cross-section of the gas 
phase (internal diameter) with the cross-section of the stationary phase (film 
thickness) and, the smaller the phase ratio, the more retentive the column for a given 
solute. (15)  Clearly, differences in phase ratio affect the absolute retention time of 
eluting compounds. This difference in elution time was apparent from the 
comparison of Figures A.1 and A.3. 

The wider bore column had a film thickness of 0.17 p.m and a phase ratio of 470.6 
which resulted in a more rapid elution of compounds than the narrow bore column 
with a film thickness of 0.33 ;Am and phase ratio of 151.5. Therefore, if identical GC 
temperature parameters were applied to each column, chromatography on the wider 
bore column would expose eluting compounds to lower oven temperatures for shorter 
periods of time than on the narrow bore column, since these compounds would elute 
more rapidly from the end of the column. Similarly, the high boiling compounds 
would experience the greatest difference in both temperature range and length of 
exposure to temperature between the two columns as these compounds had the 
longest elution times. The greater the difference in temperature and temperature 
exposure an eluting compound experiences between two similar columns, the greater 
the difference in absolute retention time on those columns. 

In Appendix A.1 it was reported that Kovats RI were dependent on the chemical 
nature of the compound of interest, the chemical nature of the stationary phase and 
column temperature (isothermal analyses). In this study, the same n-alkanes or drugs 
were chromatographed on a cross linked methyl silicone stationary phase but under 
slightly different temperature conditions as reflected by the difference in phase ratio 
between the two columns. Therefore, the differences in calculated drug RI between 
the narrow and wider bore columns (Table A.2) resulted from the difference in 
column temperature experienced by the drugs prior to elution. The higher boiling 
drugs (as reflected by their hypothetical carbon number or RI) eluted more slowly 
from the narrow bore column and were exposed to higher column temperatures than 
on the wider bore column. Consequently, the greatest RI differences were apparent 
for these drugs. This phenomenon has been reported in the literature. (4)  

If column temperature were the only factor influencing drug RI, then one would 
expect a very predictable and consistent increase in drug RI differences with HC 
number, however, this was not observed. For example, the increase was not 
consistent between closely eluting drugs. The RI differences found between columns 
for miconazole (RI approximately 3000), thioridazine (RI approximately 3100) and 
verapamil (RI approximately 3200) were 54, 60 and 42 respectively. Clearly, other 
temperature dependent variables were operating to produce the drug RI differences 
shown in Table A.2. 

In the temperature-programmed determination of retention data, one of the main 
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advantages of the Kovats RI was lost - that of insensitivity to chromatographic 
conditions. Temperature dependent variables such as stationary phase polarity and 
gas flow rate must be standardised to ensure the direct comparison of RI data 
obtained on apparently identical systems. The temperature dependence of RI values 
can be explained as follows. 

Studies have shown that the polarities of stationary phases vary linearly with 
temperature and that the rate of change varies with the nature of the stationary phase 
examined. The greatest variation was observed with the more polar phases. (3 '9)  
McReynold's constants describe the retention behaviour of compounds on different 
stationary phases in relation to their retention on a nonpolar standard phase and how 
their retention characteristics alter with temperature on these different phases. (3 ' 16)  
There will be slight differences in McReynold's constants even between two similar 
phases, and column age and use also contribute to differences in stationary phase 
polarity.  (16) 

Consequently, the difference in phase ratio between the narrow and wider bore 
columns affected the temperature conditions under which each drug was 
chromatographed on the two columns. The differences in temperature produced 
slightly altered stationary phase polarity during drug chromatography which would 
be described by slightly different McReynold's constants. The differences in these 
constants Would be greatest for the drugs with longer elution times/larger RI values. 

Similarly, carrier-gas flow rate (together with the oven temperature program) 
determines the temperature range to which the compound is exposed and the duration 
of the exposure. The greater the flow rate, the narrower the temperature range and 
briefer the exposure. Drug chromatography on the narrow and wider bore columns 
differed in gas flow through the column at every instant (Appendix B.1). The wider 
bore column had the greater gas flow over the entire temperature range. 

As a consequence of chromatography under linearly increasing column temperature, 
each drug was effectively chromatographed on a slightly different stationary phase 
such that the two columns were no longer directly comparable. For a non-polar 
stationary phase such as methyl silicone, the interaction of non-polar n-alkanes and 
relatively more polar drugs with the stationary phase was likely to be quite different. 
Consequently, the drugs were likely to be more susceptible than the reference 
n-alkanes to changes in stationary phase polarity as a result of elution temperature. 
The chemical diversity of drugs was such that even structurally similar drugs may 
have interacted with the stationary phase in a unique way resulting in different and 
unique retention characteristics. It is not unexpected then that closely eluting, though 
chemically dissimilar, drugs displayed quite different changes in their retention 
characteristics when chromatographed on the two columns. One other study found 
that drug RI values determined with a reference n-alkane series were more highly 
temperature dependent than values determined with reference drug markers. (4)  It was 
concluded that the changes in drug elution characteristics with column temperature 
and gas flow were better compensated for with drug markers than with an n-alkane 
series as the drug markers themselves exhibited similar elution characteristics. 
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Other factors may also have contributed to the inconsistency in RI differences 
between columns for closely eluting drugs. Data was collected in these experiments 
under conditions of linearly increasing oven temperature (10°C/min). The resultant 
retention time for the even-numbered n-alkanes were such that ls was represented by 
approximately 2 RI units. Although the instrument data processing software reports 
compound retention time in minutes to three decimal places, it would not be unusual 
to find that, with repeated injection of the same compound, retention time varied by 
up to 0.1 mm (6s). Consequently, repeated injection of the same compound would 
show variations in RI of up to 12 units. Although RI is reported to an accuracy of 
single units in the literature, and in this study, it should be remembered that 
differences in RI of up to 10 units are likely to reflect no real difference between 
compounds. 

Another study found that the RI of hydrocarbons and halocarbons on a squalene 
liquid phase varied linearly with increases in column temperature, and that the 
magnitude of the variation increased with an increase in the minimum cross-sectional 
area of the molecule. (17)  Assuming that this relationship applies to other compounds, 
then differences in the minimum cross-sectional areas of drug molecules would also 
influence RI determination. The minimum cross-sectional areas of different drug 
molecules would be quite variable. Their diverse chemical nature is influenced by 
the number and size of the atoms in the molecule (eg. inclusion of halogens), 
differences in chemical bonding between atoms and the flexibility and rigidity of the 
bonds. 

The individual differences in the molecular cross-sectional area of drugs, their 
chemical diversity which ensures that each drug interacts uniquely with an altered 
stationary phase polarity, the failure of an n-alkane series to compensate adequately 
for GC variables as they relate to drugs, together with inherent inaccuracies in the 
reporting of RI values, may explain why the trend seen in Table A.2 does not show a 
more uniform or predictable increase in RI difference with increase in carbon number 
between the two columns. 

These considerations are also likely to contribute to the differences observed between 
RI databases for a given drug as reported in Section A.1. The drug RI determined in 
this study strictly apply to the specified column and temperature program employed. 
If conditions were not matched exactly then, as with other databases of drug RI 
values, an error of ± 60 RI units should be applied. If conditions were exactly 
matched, then an error up to 12 RI units may occur. 

The trend towards lower RI values for a given drug chromatographed on the wider 
bore column (Table A.2) was observed over the entire range of HC markers except in 
the region of C 10  to C 12 . This departure from the observed trend occurred as the 
curve fitted to data by the 8th order polynomial rose sharply when extrapolated 
below C I()  forming a valley between two rising curves. This resulted in a deflection 
from the expected linear relationship of the curve between C 10  and C12. As a 
consequence, small errors in the calculated drug RI occurred in this tegion compared 
with those calculated on the narrow bore column. 

A-14 



The error associated with the deflection is small, however, being less than the 12 RI 
units that might be expected as a result of the inherent variation of the instrument in 
reporting absolute retention time. 
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Appendix B 

INJECTOR- AND COLUMN- RELATED VARIABLES 

B.1 Introduction: Gas Flows through the Instrument 

A preliminary explanation of gas flows through the Hewlett Packard GC/MSD is 
required. Following introduction of the sample to the hot split/splitless injector 
(250 or 260°C), the sample is vaporised and subsequently recondensed to a liquid 
on the front of the column, inside the cooler oven (40°C; Section 2.4.2). With a 
linearly increasing temperature program, the oven temperature reaches the boiling 
points of individual sample components which mix in the gaseous phase with the 
carrier gas (He) passing through the column. The gaseous sample becomes part of 
the total flow of gas through the column. The viscosity of a gas is proportional to 
the square-root of the temperature.' ) Consequently, as oven temperature increases, 
gas flow through the column decreases. The open split interface of the MSD 
demands 1 mL/min of gas (carrier gas + gaseous sample components). The flow is 
set by the length of the restrictor column which leads from the end of the oven 
column to the ion source of the detector and is a parameter over which the operator 
has no control (Figure B.1). The remainder of the gas passing through the column 
in excess of the MSD requirement, is vented to waste through a purge valve. 
Consequently, the total flow through the column at any given temperature is equal 
to 1 mL/min plus any flow from the purge valve (which can be measured). When 
the flow through the column is less than 1 mL/min, make-up gas enters through the 
helium purge gas inlet valve (Figure B.1). In all GC analyses of this study, the 
column flow was greater than 
1 mL/min and the inlet valve was closed. Given that the 1 mL/min requirement of 
the MSD is a fixed parameter, an increase in oven temperature results in both 
decreased total gas flow through the column, and decreased gas vented to waste 
through the purge valve. 

Data in Table B.1 shows the flows measured from the purge valve and the percentage 
of sample available to the MSD for the narrow bore (0.22 mm i.d.) and wider bore 
columns (0.32 mm i.d.). Temperatures and other chromatographic conditions are 
reported in Section 2.4 (wider bore column) and Appendix A.2 (narrow bore 
column). With a column head pressure of 20 psi and an oven temperature of 40°C, 
the flow to waste through the purge valve was 0.9 mL/min for the narrow bore 
column. The total column flow at that temperature was therefore 1.9 mL/min 
(1 mL/min + 0.9 mL/min) and, consequently, 47% of the injected sample was vented 
to waste. At 300°C, the flow from the purge valve was nil or negative and therefore 
100% of the injected sample was available to the detector. The wider bore column, 
with a column head pressure of 10.9 psi vented to waste 2.1 mL/min at an oven 
temperature of 40°C, and 0.1 milmin at an oven temperature of 300°C. 
Consequently, at 40°C, approximately two thirds (68%) of the injected sample was 
vented to waste while at 300°C, 91% of the injected sample was available to the 
detector. Therefore, at all oven temperatures over a temperature range of 40 to 
300°C, the proportion of injected sample entering the MSD was greater for the 
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Figure B. 1: Diagrammatic representation of the open-split interface of the Hewlett 
Packard MSD, in cross section. (2)  In all experiments described, the helium purge gas 
inlet was off 
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Table B.1: Flow from the purge valve, and percentage of injected sample 
which entered the MSD, for the narrow bore (0.22 mm id.) and wider 
bore (0.32 mm i.d.) columns. 

Temp.' 
(°C) 

Flow from purge valve (mUmin) Percent2  Sample to MSD 
0.22 mm i.d. 0.32 mm i.d. 0.22 mm i.d. 0.32 mm i.d. 

40 

300 

0.9 

0.0 

2.1 

0.1 

53 

100 

32 

91 

Notes 

1 	GC oven temperature. 
2 	Percent = 100(1 - x /y) where x = flow from purge valve and 

y = total flow through the column (1 mL + x). 
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narrow bore column and, therefore, greater instrument sensitivity should be 
achieved on this column. 

The MSD ion source temperature is another parameter over which the operator has 
no control. The filament, which generates electrons, heats up during data 
acquisition due to heat imparted by the current flowing through it. When the 
filament is switched off, the nominal temperature of the source is 200°C. (2)  When 
the filament is switched on, the source temperature increases at a reproducible rate 
of 1°C/min to a maximum of 250 0C. (2)  Differences in ion source temperature affect 
the fragmentation of compounds in the source. At high source temperatures, the 
compound will fragment more than at a low source temperatures, and consequently, 
ion abundances will also be affected. The nominal source temperature is reported as 
220°C 2  but the actual temperature at any time will depend on the length of time 
the filament has been switched on (data acquisition time) and the time between each 
GC analysis with the filament switched off (time required to return from final to 
initial oven temperatures). The effect of ion source temperatures of between 200 to 
250°C on compound fragmentation is presumed to be marginal. (2)  

B.2 Methods 

Several different instruments and GC parameters were employed during the study 
with the purpose of investigating the effect of altered instrument-related variables on 
drug analysis. Investigation of injector-related variables employed the HP GC/MSD 
detailed in Section 2.4.1 with both automated splitless and on-column sample 
injections. Factors related to gas flow through the column used both the HP 
GC/MSD and the electronic pressure controlled injector of the Kratos instrument 
(Section B.2.1). Different pre-column + separating column configurations were 
investigated to find the optimum configuration for the analysis of a wide range of 
drugs (Appendix B.2.2). 

Refer to "General Procedure" (Chapter 2). In particular, for HC marker solution refer 
to Sections 2.2.5.5 and 2.2.5.6; for reference drug solutions refer to Section 2.2.5.14; 
for instrumentation (excluding the Kratos instrument) refer to Section 2.4.1; and for 
SIM acquisition parameters refer to Section 2.4.3.1. Refer to Section 2.4.2 for gas 
chromatographic parameters (excluding on-column injection) with the wider bore 
column and to Appendix A.2.1 for the narrow bore column. For the derivatisation 
technique used to produce PFP drug derivatives, refer to Sections 2.2.4 for details of 
reagents and to Section 2.3.2 for apparatus employed. 

B.2.1 Instrumentation 
Analyses with the electronic pressure controlled injector used a Hewlett Packard 
(HP) 5890 gas chromatograph (GC), with split/splitless injector, coupled with a 
Kratos Concept ISQ magnetic mass spectrometer with direct capillary interface to the 
detector, and operated in full scan mode. Sample injection was manual. 

B.2.2 Gas Chromatography 
On-column injection was at initial oven temperatures specified in Appendix B.3 and 
injected volumes of 1 or 2.5 'IL. All on-column injection experiments used a 15 cm 
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length of mega-bore precolumn (J&W DB-1; 0.53 mm i.d. with 0.15 um film 
thickness) attached to the wider bore separating column with a commercially 
supplied column connector unit (capillary mini-union; 0.8 mm i.d; GLTTm, SGE 
Analytical Products). Electronic pressure controlled injection (Kratos instrument) 
used a borosilicate glass liner packed with quartz wool; 265°C; 1 u1., splitless manual 
injection at either 25 or 50 psi (isobaric). Experiments with electronic pressure 
controlled injection used the narrow bore column with the identical temperature 
parameters given in Section 2.4.2, except that a temperature ramp of 15°C/min was 
employed. 

B.2.3 MS Acquisition Parameters 
For some of the n-alkane experiments the MSD was operated in TIC mode and to 
ensure very good peak definition, the scan rate was adjusted to give 8 cycles/s and 
at least 20 to 25 sample points across the peak. In other experiments, m/z 71.05 
distinguished each n-alkane with a dwell time of 200 ms. Experiments with drug 
and drug derivative samples employed the appropriate target m/z ions as defined in 
Sections 2.4.3.1 and 2.4.3.2. 

B.3 Results 

B.3.1 Injector-Related Variables 
B.3.1.1 Injector Temperature 
1. n-Alkanes 
The peak areas obtained for even numbered n-alkanes, from C 10  to C34, at injector 
temperatures ranging from 205°C to 270°C are shown in Table B.2. The HC peak 
areas at a given injector temperature are expressed as a ratio to the peak area of C12 

(a low boiling compound which is fully vaporised in the injector at all of the 
injector temperatures used), and divided by the peak area ratio obtained at the 
lowest injector temperature (205°C). The peak areas of the lower boiling HCs, C 10  
to C20, were largely unaffected by increasing injector temperature. In contrast, the 
higher boiling HCs, C22 to C34, showed evidence of increasing peak area with 
increasing injector temperature. However, the increase in peak area was not 
uniform over the range of HCs. For example, the peak areas of C22 to C28 all 
increased up to an injector temperature of 250°C, and then remained unchanged at 
greater injector temperatures (260, 270°C). The increase in the peak area of C22 

from 205°C to 250°C was relatively minor compared with the doubling in response 
seen for C28. A plateau in response was reached for both C30 and C32 at 260°C 
following a 3-fold and an 8-fold increase in response respectively, from that 
achieved at 205°C. The peak area of C34 appeared to be still increasing at 270°C 
with a response significantly greater than that at 205°C. An injector temperature of 
270°C produced maximum peak areas for all HCs tested. 

ii. Drugs 
Table B.3 shows the peak areas obtained for selected drugs at injector temperatures 
ranging from 205 to 270°C as in Table B.2. The drugs selected have retention 
indices which range from 1100 to 3200, and molecular weights which range from 
135 to 416. Amphetamine, MDMA and carbimazole have molecular weights below 
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Table B.2: Relative peak areas for consecutive even-numbered n-alkanes chromatographed at different injector 
temperatures. 

Ratio% 1  

TeMP2  C10 	C14 	C18 	C18 	C20 	C22 	C24 	C26 	C28 	C30 	C32 	C34 

205 100 100 100 100 100 100 100 100 100 100 100 100 

220 99 100 105 107 110 114 121 134 166 205 289 315 

230 101 103 109 107 114 127 132 149 207 294 535 837 

240 99 102 105 105 111 130 132 152 220 335 691 1412 

250 102 97 105 102 108 125 130 150 212 332 753 1800 

260 103 102 104 100 106 123 130 151 220 349 832 2215 

270 104 101 102 100 104 123 126 146 217 348 834 2355 

Notes 

' Ratio% = {[Cn(peak area)/C 12 (peak area)] T oc / [Cn(peak area)1C 12(Peak area)] 205 °C)% 
where peak area = the peak area of r-r-Vz 71.05 

2  Injector temperature (°C) 



Table B.3: Relative peak areas for selected drugs chromatographed at different injector temperatures. 

Injector 
Temp(°C) 

Ratio% 1  
Amphet2  Ephedrine MDMA Carbimazole Ranitidine Nitrazepam Clonazepam Miconazole Pholcodine 

RI 1151 1344 1508 1610 2096 2773 2866 3019 3214 
MW 135.2 174.2 193.2 186.2 314.4 281.3 315.7 416.1 416.5 
m/z 91.05 58.05 58.05 114.05 137.10 280.05 280.05 159.00 114.10 

205 100 100 100 100 100 100 100 100 100 

220 98 130 86 73 325 269 289 226 300 

230 104 153 87 55 600 577 644 472 400 

240 101 149 80 36 725 938 1000 698 1000 

250 150 78 15 900 1515 1677 1129 2133 

260 133 1075 1785 2000 1446 4266 

270 1000 2046 2266 1740 6267 

Notes 

Ratio% = {[Drua 	 [DrUg(peak area ...(peak area)/C 12 (peak area)h—C 	 )/C 12(peak area)]205°C1Y0  
Amphetamine 
Retention index of the drug. 
Molecular weight of the drug. 
Thermal decomposition product apparent. 
Peak shape severely degraded. 
No peak detected. 

1 

2 

RI 
MW 



200 and, as with the low molecular weight HCs, maximum peak areas were 
achieved at 205°C. Ephedrine (MW 174) showed a larger peak area with increasing 
temperature. As injector temperature increased, the peak areas of each of these 
drugs eventually decreased and at 270°C, the parent drug had disappeared. Thermal 
degradation products were observed for amphetamine, ephedrine and MDMA at 
elevated injector temperatures (> 250°C). 

The remaining higher molecular weight drugs all showed dramatically increased 
peak areas at higher injector temperatures. In part, this resulted from errors in 
integration. The MSD sampling rate was set to record between 20 and 25 samples 
across a HC peak. This sampling rate would ensure a smooth and accurate 
definition of the peak shape and, therefore, peak area could be accurately calculated. 
At 205°C, many of the high molecular weight drugs (and C34) produced very small 
peaks close to the baseline of detection, and the number of samples recorded across 
these peaks was, therefore, greatly reduced. Consequently, peak shape was not as 
accurately defined and there was a greater error in the calculated peak area 
associated with low injector temperatures. As injector temperature increased, larger 
peaks for these drugs were produced with more accurately defined shapes and 
consequently, the calculated peak areas were more accurate. Pholcodine provided 
the best example of error in peak area calculation as the peak produced at 205°C 
was sampled only four times. The peak area at 250°C had doubled from that at 
240°C and, at 270°C, the peak area had increased six-fold from that at 240°C. It 
would not be accurate to say, however, that peak area was 60 times that at 205°C 
(Table B.3). 

Data in Table B.3 show that, at 260°C, ranitidine, nitrazepam, clonazepam and 
miconazole had all approached a plateau in response where peak area was no longer 
increasing dramatically with temperature. The peak area of pholcodine, at 270°C, 
appeared to be still increasing. 

An injector temperature of 270°C did not produce maximum peak areas for all 
drugs tested and at no injector temperature tested could the maximum peak area be 
produced for all drugs. Although at 260°C, peak areas of the higher molecular 
weight drugs were nearly maximised, the peak areas of some of the early eluting 
drugs (RI from 1151 to 1610) were severely compromised and, for some, thermal 
degradation products appeared. At an injector temperature of 205°C, the reverse 
occurred. The only suitable injector temperatures for carbimazole were between 
205°C and 220°C. Similarly, the only suitable injector temperatures for pholcodine 
were 270°C or greater. 

B.3.1.2 On-column versus Splitless Injection 
i. n-Alkanes 
The automated on-column (OC) injector system of the GC 5890 required a mega-
bore column (0.53 mm i.d) to accommodate the needle of the syringe. A 15 cm 
length of mega-bore column was attached by a capillary mini-union (Appendix 
B.2.2) to the wider bore column. Figure B.2 displays two SIM generated 
chromatograms obtained following automated OC and splitless injections of the 
same solution of consecutive even-numbered n-alkanes. Although the same 
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Figure B.2: SIM (m/z 71.05) generated chromatograms of consecutive even-numbered n-alkanes (C18 to C36) obtained following both splitless cc 	• • 	• injection (at 260°C) and on-column injection. 



syringe, temperature program, eolumn head pressure (10 psi) and column 
configuration required for OC injection was also used for the splitless injection, the 
two chromatograms clearly differed in the peak widths of individual HCs. 
Individual HC peak widths obtained following splitless injection were smaller than 
those of the same HC following its OC injection. 

Table B.4 shows the peak width obtained, at half peak height, for selected n-alkanes 
with retention times ranging from 9.4 to 32.6 mm. The data indicate that peak 
width increased with increasing retention time following either OC or splitless 
injection and, for a given HC, the increase in peak width was greatest following OC 
injection. For example, the difference in peak widths obtained for C12 following 
OC or splitless injections was relatively marginal (0.004 min). However, as 
retention time (and HC number) increased, the difference in peak widths between 
the two injection techniques for given HCs increased, with OC injection 
consistently producing broader peaks. 

Slow injection of the sample is most ideal for on-column injection. (3)  The speed of 
injection, a fixed parameter of the HP 7673A autosampler, is rapid. Figure B.3 
displays the two SIM generated ,chromatograms obtained following manual and 
automated OC injections of the same solution of consecutive even-numbered n-
alkanes. The manual injection of the 1 tL sample was slow (2 to 3 s). The peak 
widths obtained for corresponding n-alkanes were very nearly identical in both 
chromatograms. 

Data in Table B.5 show the absolute peak areas and retention times obtained for 
consecutive even-numbered n-alkanes (C 10  to C36) following OC and splitless 
injections. The peak areas obtained for a specific n-alkane with each of the two 
injection techniques can be directly compared as their retention times were similar 
and consequently, a comparable proportion of the injected sample entered the MSD 
(Appendix B.1). Clearly, HC peak areas obtained following OC injection were 
significantly larger than those obtained following splitless injection. The peak areas 
of C 10  and C 12  were comparable between the two injection techniques. However, 
the peak areas of the higher molecular weight HCs, C18 to C36, increased. The 
increased peak area following OC injection indicates a significant improvement in 
HC response and consequently, a 1.5-fold increase in instrument sensitivity could 
be expected. 

The maximum volume injected using the split/splitless injector is 1 p.L. The OC 
injection technique provides the possibility of larger injection volumes. Figures B.4 
and B.5 show portions of SIM chromatograms (m/z 71.05) of consecutive even-
numbered n-alkanes obtained following 2.5 lit OC injections at a column head 
pressure of 10 psi and initial oven temperatures of 60, 50 and 35°C. Figure B.4 
shows the early eluting HCs, C 10  to C16 and Figure B.5 the late eluting HCs, C28 to 

C36. At 60°C, there is evidence of splitting and distortion of the apex of the peaks, 
and an increase in peak width when compared with the peaks obtained at 50 and 
35°C. At 50 and 35°C, the difference in peak shape and width was marginal for the 
early eluting HCs (Figure B.4) but, at 35°C, the late eluting HCs had an improved 
peak shape (at the apex) and narrower peak widths than at 50°C (Figure B.5). Peak 
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Table 8.4: Retention times and peak widths at half height for selected 
n-alkanes obtained following automated on-column and splitless injections. 

HC Number 
	

Injection Type 	 OC/S% 
On-Column (OC) Splitless (S) 

Ret.Time' PW2  Ret.Time' PVV2  

12 9.38 0.029 9.40 0.025 116 
14 12.24 0.034 12.26 0.027 126 
24 22.79 0.043 22.80 0.033 130 
30 27.34 0.048 27.36 0.032 150 
34 30.38 0.068 30.40 0.048 142 
36 32.60 0.093 32.62 0.064 145 

Notes 

Retention time in minutes. 
2 	Peak width, in minutes, measured at half peak height. 
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Table 8.5: Retention times and peak areas obtained for consecutive even-numbered n-alkanes 
following on-column and splitless injections. 

HC Number On-Column Injection Splitless Injection 
OC/S % Ret. Time 

(min) 
Peak Area(0C) 

x106  
Ret. Time 

(min) 
Peak Area(S) 

x106 

10 6.130 4.0 6.159 3.6 111 
12 9.380 7.6 9.402 6.3 121 
14 12.239 10.3 12.257 7.9 130 
16 14.778 12.2 14.793 8.5 144 
18 17.063 14.4 17.078 9.0 156 
20 19.138 15.5 19.153 9.6 162 
22 21.037 17.0 21.052 10.5 162 
24 22.787 18.1 22.802 11.5 157 
26 24.408 19.4 24.425 12.5 155 
28 25.922 20.4 25.939 13.4 152 
30 27.344 20.7 27.360 13.6 152 
32 28.721 19.8 28.741 13.0 152 
34 30.375 19.3 30.399 12.4 156 
36 32.596 20.9 32.624 12.5 167 

Notes 

Ret. Time 	Retention time of the specified hydrocarbon. 
7.) 



35°C 

hbundance 

80000-

60000 

40000 

20000- 

60°C 

,.._._,L.--. 
i  1 

Time-->  6.00  7.00  8.00  9.00  10.00  11.00  12.00  13.00  14.00 

bundance 

100000- r8 0000- 

60000 

40000 

20000 

0 
..._. L 

50°C 

,......_ 

	

-"-"-I-- 	-I- 	 ---r- 1  '-" I " 	 -- r  
rime--> 6.00  7.00  8.00  9.00  10.00  11.00  12.00  13.00  14.00  15.00  16.00 

r---  

bundance 

80000- 

60000 

40000 

20000 

0  -r- 	 -r 

Time - -) 8.00  9.00  10.00  11.00  12.00  13.00  14.00  15.00  16.00 

  

17.00  18.00 



inital oven
 tem

peratures of  60, 50 an
d
 35°C 

n-alk anes (C
28  to C

36) obtained  follow
ing

 a 2 .5
 u.1, on-colum

n injection in h exane , at 
F

igure B
.5

: S
IM

 (m
/z

 71
.05) generat ed  ch rornatogram

s consecutive
 of  even-num

b ered 

bundance 

100000- 

50000- 

_._ \...._ 

1 

\ 
-...._.......,  .1 

60°C 

0 --,---,--,--,--r--,-- 
Time - -> 

-T" '  r  1----"-  '  -I"'  
26.00  27.00  28.00  29.00  30.00  31.00  32.00  33.00 undance 

100000 

80000 

rb- 
60000 

40000 

20000 

----I 

k 

50°C 

T 	I 	 1 
ice-->  27.00  28.00  29.00  30.00  31.00  32.00  33.00 

bundance 

120000 

100000 

80000 

60000 

40000 

20000- 0 I 

35°C 

....1-..  T 	7 	 ■ 	r 	7-1- -7 	...., 	-7"----1-  --7- 

	

ice--> 28.00  29.00  30.00  

.,.._..1.__,.._ 

31.00  32.00  33.00  34.00  35.00 



splitting and distortion were absent when the injected volume was 1 !AL (Figure 
B.3). 

Figure B.6 displays portions of SIM chromatograms (m/z 71.05) of consecutive 
even-numbered n-alkanes following 2.54, OC injections at an initial oven 
temperature of 35°C but at column head pressures of 10 and 12.3 psi respectively. 
Clearly the shape at the apex of the peaks had improved with an increased column 
head pressure. 

Data in Table B.6 show the absolute peak areas and retention times obtained for 
consecutive even-numbered n-alkanes (C 10  to C36) following their OC injection in 
1 pt (40°C held for 2 min) and 2.5 1AL (35°C held for 4 mm) volumes. Although 
the peak areas obtained following each injection for a specific n-alkane can not be 
directly compared as their retention times differed (Appendix B.1), clearly the peak 
areas obtained for n-alkanes following the 2.5 pL injection, were significantly larger 
than those following the liiL injection, as might be expected. Hydrocarbons with 
similar retention times could be compared (Table B.7), showing that the larger 
injection volume produced a 2- to 2.5-fold increase in peak area and, therefore, a 
corresponding increase in instrument sensitivity could be expected. 

Consequently, a 2.5 iiL OC injection could potentially increase sensitivity by up to 
3.8-fold over the 1 [IL splitless injection technique for n-alkanes. However, a 
consequence of the increased sensitivity would be significantly poorer peak shape 
(increased peak width, distortion and splitting at the apex of the peak). 

Figures B.7 and B.8 display portions of SIM (m/z 71.05) chromatograms obtained 
for consecutive even-numbered n-alkanes (C 10  to C16 and C28 to C36 respectively) in 
one of three different solvents (hexane, ethyl acetate and chloroform) following 
2.5 uL OC injections. The early eluting HCs (Figure B.7) showed the greatest 
difference in peak shape with the three solvents. Chloroform and, to a lesser extent, 
ethyl acetate each produced splitting at the peak apex while hexane produced 
comparatively better peak shapes. Similarly, the late eluting HCs (Figure B.8) 
showed the best peak shapes in hexane and greater peak widths in either ethyl 
acetate or chloroform. 

Figure B.9 displays portions of SIM chromatograms (m/z 71.05) obtained for 
consecutive even-numbered n-alkanes in either hexane or ethyl acetate, following 
1 iiL OC injections. Peak shape was again best for HCs in hexane which indicated 
that the differences observed in peak width and shape in Figures B.7 and B.8 were 
not related to the volume injected, but to the injection solvent used for these HC 
compounds. 

ii. Drugs 
Data in Table B.8 show the limit of detection for selected PFP drug derivatives 
following 1 p.L splitless and OC injections. During development of the PFPA 	_ 
derivatisation technique and identification of PFP drug derivatives (Chapter 5), thermal 
instability for some derivatives was indicated following splitless injection. 
Consequently, the on-column injection of PFP drug derivatives was 
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Table 8.6: Retention times and peak areas obtained for consecutive even-
numbered n-alkanes following 1 and 2.5 pL on-column injections. 

1 pL Injection 2.5 pL Injection 
HC Number Ret. Time Peak Area Ret. Time Peak Area 

(min) x10-6 (min) x10-6 

10 6.21 0.6 7.82 1.1 
12 9.46 1.0 11.33 2.1 
14 12.32 1.3 14.21. 2.7 
16 14.86 1.6 16.73 3.1 
18 17.15 1.8 18.99 3.7 
20 19.22 1.9 21.05 3.9 
22 21.12 2.1 22.94 4.3 
24 22.87 2.2 24.67 4.6 
26 24.49 2.3 26.28 4.9 
28 26.00 2.4 27.78 5.1 
30 27.42 2.4 29.19 5.1 
32 28.80 2.1 30.52 4.9 
34 30.47 1.9 31.95 4.6 
36 32.71 1.7 33.83 4.6 

Notes 

Ret. Time 	Retention time of the specified hydrocarbon. 
00 



Table 8.7: A comparison of retention times and peak areas obtained for 
selected even numbered n-alkanes following 1 and 2.5 pL on-column injections. 

1 pL Injection 2.5 pL Injection 
HC Ret. Time Peak Area(a) HC Ret. Time Peak Area(b) b/a% 

(min) x10-6 (min) x10-6 

22 21.12 2.1 20 21.05 3.9 190 
24 22.87 2.2 22 22.94 4.3 200 
34 30.47 1.9 32 30.52 4.9 260 

Notes 

Ret. Time 	Retention time of the specified hydrocarbon. 
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Table 8.8: The injected range for selected PFP drug derivatives in which the 
limit of detection fell following splitless and on-column injection. 

Drug Splitless On-Column 

detected' not detected 2  detected' not detected 2  

7-amino flunitrazepam 1.63 0.65 0.82 0.41 
alprenolol 0.21 0.10 0.02 0.00 
carbamazepine 0.10 0.03 0.03 0.00 
codeine 0.92 0.46 0.44 0.22 
ephedrine 0.26 0.13 0.02 0.00 
guaiphenasin 0.07 0.02 0.02 0.00 
methoxyphenamine 0.08 0.03 0.03 0.00 
methylamphetamine 0.07 0.02 0.02 0.00 
methylphenidate 0.05 0.02 0.11 0.06 
metoclopramide 2.79 1.12 4.72 1.89 
morphine 0.22 0.11 0.20 0.10 
nortriptyline 0.07 0.02 0.10 0.06 
oxprenolol 0.02 0.00 0.08 0.03 
oxyphenbutazone 1.86 0.74 0.19 0.11 
phenelzine 23.48 4.70 1.26 0.63 
phenylpropanolamine 0.07 0.02 0.07 0.03 
protriptyline 0.27 0.13 0.02 0.00 

Notes 

The minimum amount (ng) of drug injected which produced a peak 
which could be integrated. 

2  The amount (ng)of drug injected which did not produce a peak which 
could be integrated. 
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investigated and data shown in Table B.8 was obtained. Data in Tables 5.6 and 5.8 
indicated that the PFP derivatives listed in Table B.8 were stable with time and 
injection technique used, and were reproducibly formed and, consequently, the two 
injection techniques could be compared. The limit of instrument detection for a 
specified drug fell between the amounts listed in the 'detected' and 'not detected' 
columns. A decrease in the limit of detection for a particular drug implied an 
increase in the chromatographic response of the drug and, therefore, an increase in 
instrument sensitivity to that drug. On-column injection gave detection limits equal 
to, or lower, than those achieved with splitless injection. 

Data obtained with n-alkanes indicated that following OC injection, instrument 
sensitivity would increase by 50% over that achieved with splitless injection. Data 
in Table B.8 indicated that for many drug derivatives, sensitivity increased by up to 
50% (7-amino flunitrazepam, carbamazepine, codeine, guaiphenasin, 
methoxyphenamine) and, for some drugs, a 10-fold increase in sensitivity was 
observed (alprenolol, ephedrine, protriptyline). For other drugs, the instrument 
sensitivity was comparable, regardless of injection technique (methylphenidate, 
metoclopramide, morphine, nortriptyline, oxprenolol). 

Figures B.10 and B.11 show SIM generated chromatograms obtained for PFP drug 
derivatives in an injection solvent of ethyl acetate, following splitless (1 p.L) and 
OC injections (1 and 2.5 iiL). It should be noted that as the column configuration 
(mega-bore pre-column for OC injection) and drug concentrations (approximately 
equal but not exact) differed between splitless and OC injections, no comparison of 
absolute peak area can be made. Peak shape was smooth and regular following 
splitless injection. The shape of the metoclopramide peak represents that of a 
column overloaded with sample. The 1 fiL OC injection produced moderately 
tailing peaks and the metoclopramide peak did not have the shape of an overloaded 
peak, but was distorted. In general, although peak shape was not as good as that 
produced by splitless injection, the 1 pL OC injection gave acceptable 
chromatography. In contrast, the 2.5 1.1.L OC injection resulted in tailing, distorted 
peak shapes for all PFP drugs derivatives tested, and the chromatography was 
unacceptable. The two HC markers included in the chromatogram show equally 
poor peak shape in contrast with the series of n-alkanes injected under the same 
conditions (Figures B.4 and B.5). 

B.3.2 Column-Related Variables 
B.3.2.1 Column Diameter 
1. n-Alkanes 
Table B.1 indicated that at all oven temperatures over a temperature range of 40 to 
300°C, the proportion of injected sample entering the MSD would be greater for the 
narrow bore than the wider bore column. Consequently, greater instrument 
sensitivity should be achieved on the narrow bore column. Table B.9 shows 
absolute peak areas and retention times obtained for consecutive even-numbered 
n-alkanes chromatographed on the narrow and wider bore columns. Clearly, 
n-alkane peak areas were significantly larger when chromatographed on the wider 
bore than on the narrow bore column. The peak areas obtained for a specific 
n-alkane on each column cannot be directly compared, however, as their retention 
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Table 8.9: Retention times and peak areas obtained for consecutive even-
numbered n-alkanes obtained on 0.22 mm i.d. and 0.32 mm i.d. columns. 

HC Number 0.22 mm i.d. column 0.32 mm i.d. column 
Ret. Time 

(min) 
Peak Area 

x10-6 
Ret. Time 

(min) 
Peak Area 

x10-6 

10 4.91 20.2 2.86 32.7 
12 6.33 21.1 4.03 37.1 
14 8.01 21.3 5.09 42.1 
16 9.97 28.3 6.38 43.7 
18 12.06 23.0 7.99 42.8 
20 14.07 25.8 9.76 43.0 
22 15.95 28.5 11.52 46.3 
24 17.70 31.1 13.21 46.8 
26 19.32 36.4 14.80 47.2 
28 21.00 34.6 16.29 49.3 
30 23.10 33.8 17.69 47.8 
32 25.96 V 27.5 19.00 44.1 
34 30.10 22.2 20.34 40.1 
36 22.06 37.9 

Notes 

No data obtained as C36 did not elute under the 
GC conditions for the narrow bore column. 
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times are not comparable. Consequently, different proportions of the injected 
samples entered the MSD in the carrier gas as the n-alkanes eluted under different 
temperature conditions (Appendix B.1). 

Data in Table B.10 show the peak areas obtained on the narrow and wider bore 
columns for three pairs of n-alkanes with very similar retention times. On the basis 
of gas flows through the two columns, Table B.1 indicated that the narrow bore 
column would be expected to give the larger peak areas as, at all column 
temperatures, a greater proportion of the sample was available to the detector. Data 
in Table B.10 contradicts that expectation. The peak areas obtained for C 16  and C 18 , 
chromatographed on the wider bore column, were twice the peak areas of C 12  and 
C14 chromatographed on the narrow bore column. Similarly, the peak area of C30 
on the wider bore column, was 1.5 times that of C24 on the narrow bore column. 

A trend was apparent (Tables B.9 and B.10) which suggested that over the entire 
range of HCs, the peak areas obtained on the wider bore column were consistently 
higher than those obtained on the narrow bore column despite a smaller proportion 
of the injected sample entering the MSD. 

Data in Table B.11 show the peak areas obtained for the larger molecular weight 
HCs (C26 to C36), injected at 260°C, on both the narrow and wider bore columns. 
The peak areas were expressed as the ratio to the peak area of C26 to normalise the 
data and remove the influence of column diameter on the absolute peak areas 
(Tables B.9 and B.10). The relative peak areas of all n-alkanes chromatographed on 
the narrow bore column decreased with increasing HC number from that produced 
at C26. In contrast, relative peak areas on the wider bore column were similar for 
C26 to C30, and then decreased with increasing HC number for C32 to C36. 

Data in Table B.11 show that, although all injector-related variables were 
standardised, the decrease in relative peak area with increase in HC number was 
much more apparent on the narrow bore than the wider bore column as indicated by 
the `ratio%' of relative peak areas (narrow bore to wider bore). If the injector 
discrimination which caused decreasing peak area with increasing HC number 
(Table B.2) was the same on each column, then the ratio for each HC would be 100. 
Clearly the discrimination was greater for n-alkanes chromatographed on the narrow 
bore than the wider bore column. 

ii. Drugs 
Significant changes in the chromatography of selected drugs occurred as a result of 
the change from the narrow bore to the wider bore column. The most apparent 
change was in the limit of detection for many drugs. Table B.12 shows the lowest 
amount injected that produced a peak which could be integrated ('detected'), and 
the next lowest amount injected that did not produce a peak which could be 
integrated ('not detected') for 93 underivatised drugs and/or their GC artefacts, 
chromatographed on both columns. The limit of detection for a given drug fell 
between the amounts listed in the 'detected' and 'not detected' columns. Similar data 
for butyl drug derivatives is shown in Table 4.9. 
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Table B.10: Retention times and peak areas obtained for selected even-
numbered n-alkanes obtained on the narrow bore and wider bore columns. 

0.22 mm i.d. column 
	

0.32 mm i.d. column 	b/a% 
HC Ret. Time Peak Area(a) HC Ret. Time Peak Area(b) 

(min) 	x10-6 	 (min) 	x10-6 

12 6.328 21.1 16 6.384 43.7 200 
14 8.009 21.3 18 7.989 42.8 200 
24 17.697 31.1 30 17.685 47.8 150 

Notes 

Ret. Time 	Retention time of the specified hydrocarbon. 
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Table B.11: Hydrocarbon peak area ratios obtained on the narrow 
bore and wider bore columns. 

HC Number Cn/C26' 
Ratio%2  0.22 mm i.d. 0.32 mm i.d. 

26 1.000 1.000 100.0 
28 0.951 1.045 91.0 
30 0.929 1.012 91.8 
32 0.754 0.933 80.8 
34 0.611 0.849 72.0 
36 0.803 

Notes 

The ratio of a given hydrocarbon peak area (C26 to C36) to the 
peak area of C26 obtained on the same GC column. 

2 	The peak area ratio for a given hydrocarbon obtained on the 
0.22 mm i.d. column as a percentage of the corresponding 
peak area ratio obtained on the 0.32 mm i.d. column. 

--- No data as C36 did not elute under the GC conditions 
used for the narrow bore column. 
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Table B.12: Detection limits for underivatized drugs obtained on narrow 
bore and wider bore columns. 

Drug Amount of drug injected (ng) CDL3  
0.22 mm i.d. column 0.32 mm i.d. column 

detected' not detected' detected' not detected' 
amitriptyline 
amylobarbitone 

0.32 
0.06 

0.08 
<x 

0.06 
0.04 

0.02 
0.01 

4,  
0 

azatadine 
benzhexol 

0.50 
0.06 

0.20 
<x 

0.17 
4.00 

0.09 
2.00 

4, 
T 

benztropine 
bromazepam 

5.40 
6.50 

0.55 
0.65 

0.49 
4.16 

0.37 
1.66 

4,  
0 

butobarbitone 0.07 <x 0.06 0.02 0 
caffeine 
captopril decomp. 
chlordiazepoxide art. 

0.22 
* 

0.08 

0.06 
* 

<x 

0.06 
19.20 
0.03 

0.02 
3.84 

<x 

4, 
4,  
0 

chloroquine 6.02 0.60 3.54 1.77 0 
chlorpheniramine 
chlorpromazine 
chlorpropamide 
clofibrate 

0.07,  
0.22 
5.40 
0.05 

<x 
0.06 
0.54 

<x 

0.05 
0.07 
0.86 
0.03 

0.02 
0.02 
0.43 

<x 

0 
4,  
4,  
0 

clomipramine 
clonazepam 

0.23 
6.70 

0.06 
0.67 

0.06 
6.76 

0.02 
2.70 

4,  
0 

clonidine 6.03 0.60 3.91 1.96 0 
cocaine 0.08 <x 0.26 0.13 0 
cotinine 0.05 <X 0.15 0.08 T 
delta-9-THC 
desipramine 
desipramine ring 
desmethyldiazepam 

5.30 
6.38 
6.38 
0.30 

0.53 
0.64 
0.64 
0.07 

0.31 
0.07 
0.89 
0.36 

0.19 
0.02 
0.45 
0.18 

4,  
4,  
4,  
0 

dextromethorphan 0.07 <x 0.03 <x 0 
diazepam 0.06 <x 0.10 0.06 T 
diclofenac 
diethylpropion 

* 
0.05 

* 
<x 

1.50 
0.04 

0.77 
<x 

4,  
0 

dihydrocodeine 0.83 0.33 2.22 0.89 T 
diltiazem 0.55 0.22 0.92 0.46 0 
diphenhydramine 0.07 <x 0.07 <x 0 
diphenylpyraline 0.17 0.04 0.02  
dothiepin 
doxepin 

0.24 
0.06 

0.06 
<x 

0.07 
0.06 

0.02 
0.02 

4,  
0 

doxylamine 
ephedrine 

0.64 
5.40 

0.25 
0.54 

0.22 
5.82 

0.11 
2.91 

4,  
0 

etafedrine 
ethosuximide 

5.90 
0.05 

0.59 
<x 

0.05 
0.05 

0.02 
0.02 

4,  
0 

fentanyl 0.24 0.07 0.86 0.43 T 
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Table 8.12: continued. 

Compound Amount of drug injected (ng) CDL3  
0.22 mm id. column 0.32 mm i.d. column 

detected' not detected 2  detected' not detected 2  

flunitrazepam 0.51 0.20 0.25 0.12 
griseofulvin 0.35 0.09 0.08 0.03 
hyoscine 7.17 0.72 4.01 1.61 0 
ibuprofen 7.90 0.79 0.25 0.12 
iimipramine 0.09 <x 0.09 0.05 0 
lignocaine 0.06 <x 0.03 0.01 0 
lorazepam * * 0.43 0.21 
mebhydrolin 26.60 6.67 1.18 0.59 .1, 
medazepam 0.06 <x 0.03 <x 0 
methadone 0.06 <x 0.07 0.02 0 
methaqualone 0.07 <x 0.02 <x 0 
methdilazine * * 0.21 0.10 
methoxyphenamine 4`' * 1.68 0.84 1 
methylphenidate 0.28 0.07 0.25 0.12 0 
methylphenobarbitone 0.06 <x 0.02 <x 0 
methylprylone 0.07 <x 0.03 <x 0 
metoclopramide 28.40 7.11 4.70 2.39 
mianserin 0.07 <x 0.04 0.01 0 
nicotine 0.06 <x 0.17 0.11 is 
nifedipine 5.55 0.56 0.25 0.13 
nitrazepam 6.60 0.66 4.00 1.60 0 
nortriptyline 5.05 0.51 5.56 2.78 0 
oxazepam 0.59 0.24 0.25 0.13 1 
paracetamol 5.15 0.52 4.64 2.32 0 
pentobarbitone 0.07 <x 0.06 0.02 0 
pethidine 0.05 <x 0.03 <x 0 
phencyclidine 0.06 <x 0.02 <x 0 
phenindione 0.25 0.06 3.30 1.32 T 
pheniramine 0.52 0.21 0.06 0.02 
phenobarbitone 0.55 0.55 0.22 0.02 
phenylbutazone 0.58 0.23 0.07 0.02 st- 
phenytoin 5.45 0.55 0.29 0.14 sl,  
phenytoloxamine 0.05 <x 0.14 0.08 0 
pilocarpine * * 1.38 1.10 1, 

- pizotifen 0.21 0.05 0.02 <x 4-  
primidone 5.35 0.54 0.42 0.21 1- 
procainamide 7.27 0.73 27.08 5.42 0 
prochlorperazine 5.43 0.54 0.84 0.42 4-  
promazine 0.25 0.06 0.07 0.02 1 
promethazine 0.25 0.06 0.07 0.02 .1- 
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Table 8.12: continued. 

Compound Amount of drug injected (ng) CM' 
0.22 mm i.d. column 0.32 mm i.d. column 

detected' not detected' detected' not detected 2  

propoxyphene 0.47 0.19 0.30 0.15 
propoxyphene art. * 0.59 0.45 
protriptyline 5.60 0.56 3.51 0.70 0 
quinalbarbitone 0.06 <x 0.02 <x 0 
sulphinpyrazone 0.25 0.06 0.20 0.10 0 
temazepam 7.45 3.44 3.72 1.49 
theophylline * 3.68 1.84 4,  
thioridazine 6.00 0.60 3.60 1.80 0 
tranylcypromine 5.44 0.54 0.74 0.37 0 
trifluoperazine 0.57 0.23 0.08 0.03 1 
trimeprazine 0.07 <x 0.02 <x 0 
trimethoprim 21.20 5.30 20.60 4.12 4. 
trimipramine 0.23 0.58 0.07 0.02 
triprolidine 0.57 0.23 0.22 0.11 
verapamil 7.45 0.75 2.66 1.06 0 

Notes 

art. 	Artefact of the parent compound. 
The amount of drug injected onto the column that 
produced a peak which could be integrated. 

2 	The amount of drug injected onto the column that did not 
produce a peak which could be integrated. 

3 
	

Comparative detection limit. The range in which the 
detection limit fell, when the wider bore column was 
compared with the narrow bore column either: 

decreased 
T increased 
0 was similar 

No quantitative data obtained on the narrow bore column 
for this drug due to its poor chromatography or absence. 

<X 

	

	
An amount smaller than that recorded in the 'detected' 
column was not injected onto the column. 
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The limit of detection for a drug chromatographed on the wider bore column was 
said to have decreased from that achieved on the narrow bore column, if the amount 
at which the drug was detected was lower than that which was not detected on the 
narrow bore column. Data in Table B.12 indicate that 44 drugs chromatographed 
on the wider bore column showed a decreased limit of detection from that achieved 
on the narrow bore column and, for nine of these drugs, the decrease was ten-fold 
(desipramine, etaphedrine, ibuprofen, mebhydrolin, pheniramine, phenobarbitone, 
phenylbutazone, trifluoroperazine and trimipramine). 

The limit of detection for a drug chromato graphed on the wider bore column was 
considered to be similar to that achieved on the narrow bore column if the amount at 
which the drug was not detected fell within the injected range obtained on the 
narrow bore column. Forty three drugs achieved similar limits of detection when 
chromatographed on either the narrow or wider bore (Table B.12). 

The limit of detection for a drug chromatographed on the wider bore column was 
considered to have increased from that achieved on the narrow bore column if the 
amount at which the drug was not detected was greater than that detected on the 
narrow bore column. Only 7 drugs chromatographed on the wider bore column 
showed a marginal increase in detection limit from that achieved on the narrow bore 
column (Table B.12). 

Data in Table B.12 indicate that, although gas flow through the wider bore column 
was such that, at all temperatures, a greater proportion of the injected sample was 
vented to waste than with the narrow bore column (Table B.1), 93% of the drugs 
chromatographed on the wider bore column had chromatographic responses similar 
to, or greater than those obtained on the narrow bore column. Clearly, instrument 
sensitivity to drugs was comparable or greater following their chromatography on 
the wider bore column despite a greater proportion of the injected sample being 
vented to waste. 

Peak shapes were improved for many drugs chromatographed on the wider bore 
column when compared with their chromatography on the narrow bore column 
(Section 3.3). For example, desipramine, dihydrocodeine, dothiepin, nordiazepam, 
dextromethorphan, diltiazem, benztropine, trimethoprim and hyoscine all showed 
improved peak shape. The peak shape for some drugs which did not chromatograph 
well on the narrow bore column were so improved on the wider bore column, that 
qualitative and quantitative data was able to be obtained (Tables 3.3 and 3.4). 

B.3.2.2 Gas Flow through the Column 
Figure B.12 displays the peak area ratios (C npeak area/C 16peak area) of consecutive 
even-numbered n-alkanes obtained on the Kratos Concept ISQ Magnetic MS. The GC 
was fitted with an electronic pressure controlled injector, and had a direct capillary 
interface with the detector. The injector temperature was 250°C and the narrow bore 
column was used at two column head pressures (25 and 50 psi). Increasing column 
head pressure increased the total flow through both the column and the splitless 
injector at the time of injection. As the GC-MS configuration had a direct capillary 
interface, 100% of the sample entered the detector with the carrier gas at all 
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Figure B. 12: , Hydrocarbon peak area ratio' versus hydrocarbon number following 1 
p.L splitless injections at 25 and 50 psi (isobaric); Kratos Concept ISQ Magnetic MS; 
0.22 mm i.d.column. 
'Peak area ratio = C 	/C n(peak area) 	16(peak area)• 

B-35 



temperatures and gas flows. Consequently, peak areas obtained for n-alkanes at 
either 25 and 50 psi could be directly compared. 

Figure B.12 shows that at the higher column head pressure (50 psi) the peak areas of 
the n-alkanes were consistently higher than at 25 psi. Similarly, although there was 
a decrease in peak area with increasing carbon number at both column head 
pressures, the decrease was significantly less at 50 than at 25 psi. 

Air peak retention (55s and 32s respectively) was recorded at each column head 
pressure (25 and 50 psi respectively). Direct calculation of flow rate (Q) through 
the columns can be made using the equations of Davies (4)  as follows:- 

Q = k(L3/t2) 
where Q=  flow (mL atm min-1 ) 

L = column length (25 m). 
t = air peak retention, dependent on column head 

pressure (55s; 50 psi and 32s;25psi) 
k= 0.2568; a constant related to the He carrier 

gas at 20°C. 

Consequently, flow rates at 25 and 50 psi through the same column were 1.3 and 
3.9 mL/min respectively. All parameters, apart from the doubling in column head 
pressure, were constant for this experiment, and consequently, a three-fold increase 
in total flow through the column resulted from a doubling in column head pressure. 
Figure B.12 shows that over the range of HCs tested, the peak areas obtained at 50 
psi were consistently higher than those obtained at 25 psi. Clearly, the increase in 
HC peak area was related to total flow through the column. 

B.3.2.3 Phase Ratio 
n-Alkanes and drugs were chromatographed on two columns of different diameter 
(narrow and wider bores) and three different column configurations as follow:- 
1. the narrow bore column with a film thickness of 0.33 pm, 
2. the wider bore column with a film thickness of 0.17 pm, and 
3. the wider bore column with a 15 cm mega-bore precolumn (0.53 mm i.d; 0.15 

pin film thickness) for OC injection. 
The phase ratios of the narrow bore, and wider bore columns were 151.5 and 470.6 
(Appendix A.4). The phase ratio of the mega-bore column was calculated as 883.3. 

The precolumns for splitless injection (unless otherwise stated) were always of the 
same diameter and film thickness and, consequently, there was no change in phase 
ratio as the sample eluted from the precolumn to the separating column. 

During OC injection, however, the phase ratio of the precolumn was twice that of 
the column. As described in Appendix A.4, the thinner the film, the higher the 
phase ratio, and the less retentive the column. Consequently, during OC injection, 
there was the potential for peaks eluting from the mega-bore column to be 
reconcentrated at the front of the separating column as they began to elute more 
slowly on the separating column. This would be advantageous as narrower peaks 
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and improved peak resolution should result. 

Changing chromatographic performance was checked with an SGE Activity Mix A 
(SGE Analytical Products; commercially prepared solution containing compounds 
which reflect altered or impaired chromatographic performance related to the 
capillary column). The peak widths (min) at half height produced for three of the 
activity mix components (naphthalene, C14 and C 16) were measured with, and 
without, the mega-bore precolumn joined to the wider bore column. Without the 
precolumn, the peak widths of naphthalene, C 14  and C 16  were 0.025, 0.024, and 
0.024 min respectively. With the precolumn, wider peak widths were measured for 
the same components (0.035, 0.029, and 0.030 min respectively). This was the 
reverse of what would be expected based on changing phase ratio alone. 

Column capacity, or the amount of sample that can be injected onto a column before 
significant peak distortion occurs, is increased as the film thickness and diameter of 
the column is increased. The difference in film thicknesses and diameters between 
the narrow and wider bore columns resulted in different column capacities. For 
drugs chromatographed on the wider bore column, there was a decrease in the 
amount of drug injected onto the column which produced an overloaded peak. For 
example, phenobarbitone produced an overloaded peak at 24 ng on the wider bore 
column while on the narrow bore column, 55 ng was successfully chromatographed 
(Section 3.3). Similarly, amitriptyline, mebhydrolin, pilocarpine, mianserin and 
propoxyphene all produced overloaded peaks on the wider bore column where, 
previously, similar amounts injected onto the narrow bore were successfully 
chromatographed (Section 3.3). The capacity of the narrow bore was greater than 
that of the wider bore column. 

B.3.2.4 Column Connectors ('SGE Mini-Unions ) 
Precolumns were butt-joined to the separating column by SGE mini-unions (Section 
B.4.2). Consequently, there was the potential for chromatographic performance to 
deteriorate as a result of joining two columns by these mini-unions, particularly 
when the pre-column and separating column were not matched in diameter (eg the 
OC injection column configuration). Changing chromatographic performance was 
checked with an SGE Activity Mix A solution. In these experiments, the potential 
influence of OC injection on the chromatography of sample components was 
avoided by employing splitless injection technique regardless of the column 
configuration. 

It was found that when the precolumn and separating column were the same, the 
peak shapes and heights for the various activity mix components were comparable 
to those chromatographed on separating columns alone. Similarly, the 
chromatograms produced following splitless injection on the wider bore column 
with, and without, the mega-bore precolumn, were also comparable in peak shape 
and height for the various components. This indicated that the point at which the 
pre-column and separating columns were joined did not compromise 
chromatographic performance for the components of the activity mix regardless of 
the column configuration. 
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It was found that when the precolumn and separating column were the same, the 
peak areas of n-alkanes and underivatised drugs from the 'performance text mix' 
solution (Section 2.2.5.10) were comparable to those chromatographed on 
separating columns alone. However, when the mega-bore precolumn was joined to 
the separating wider bore column, the peak areas of the underivatised drugs were 
consistently smaller than those obtained with no precolunm in place. The peak 
areas of the n-alkanes, however, were comparable with or without the mega-bore 
precolumn. 

It was further determined that when two lengths of wider bore column were butt-
joined by the 0.8 mm i.d mini-union (mega-bore column) rather than the diameter 
matched 0.5 mm i.d mini-union, the peak areas of the underivatised drugs were 
consistently smaller than those obtained on the separating column alone while those 
of the n-alkanes were comparable. 

B.4 Discussion 

B.4.1 Injector-Related Variables 
B.4.1.1 Injector Temperature , 
Data in Table B.2 indicate an injector temperature discrimination against 
compounds of differing carbon number (as indicated by RI). At 270°C, both high 
and low boiling HCs were fully and immediately vaporised in the injector, swept 
onto the front of the column with the carrier gas, and recondensed there as a narrow 
band inside the cooler (40°C) oven. As injector temperature decreased, peaks areas 
for the higher boiling HCs decreased, as some portion of the injected sample was 
not immediately vaporised in the injector but either remained in the injector as a 
liquid, or bled slowly out of the injector throughout the length of the run. 
Consequently, diminished peak areasresulted when the injector temperature was 
not adequate to completely volatilise higher boiling HCs. 

Data in Table B.2 also showed that n-alkanes were thermally stable at injector 
temperatures greater than those necessary to produce maximum peak areas. 

Retention indices are dependent on the chemical natures of the compounds they 
describe. (5-7)  Therefore, the chromatography of drugs with a chemistry which 
imparts the thermal stability and inertness of n-alkanes, would be characterised by 
the chromatography of HCs with similar RI. Consequently, data in Table B.2 could 
be used to predict the optimum injector temperature required to produce maximum 
peak areas for those 'n-alkane-like' drugs. 

Data in Table B.3 showed that, although higher injector temperatures generally 
produced larger peak areas for drugs with higher RI, and lower injector 
temperatures were generally required to produce maximum peak areas for drugs 
with lower RI, unlike n-alkanes, the individual chemistry for a given drug affected 
its boiling point making it difficult to predict an optimum injector temperature 
simply from its RI. 

Differences in the chemistry of individual drugs affected not only their boiling 
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points, but their thermal stability. Table B.3 showed that drugs with smaller RI 
values (amphetamine, ephedrine, MDMA, carbimazole) were thermally unstable, 
and increasing injector temperature above the minimum temperature required to 
vaporise them caused the drug to be either completely degraded, or decomposed 
into a related product. From the behaviour of the low boiling n-alkanes in Table 
B.2, the thermal instability of drugs would not have been predicted. 

The result of changing injector temperatures shown in Table B.3 clearly suggested 
that no one temperature would produce a maximum peak area for all drugs, and 
drugs of similar RI may respond differently at the same injector temperature. 
Clearly, in the development of a comprehensive drug screen by bench-top 
GC/MSD, a compromise in the selection of an appropriate injector temperature 
must be made so that the majority of drugs chromatographed produce peak areas 
that are close to their potential maximum. In compromising, the instrument 
sensitivity to high boiling drugs such as pholcodine and thermally unstable drugs 
such as carbimazole would be reduced. Unless otherwise specified, an injector 
temperature of 250°C was routinely selected for experiments with underivatised 
drugs (Chapter 3) and butyl-derivatives (Chapter 4). 

B.4.1.2 On-column vs. Splitless Injection 
On-column injection bypassed the hot injector and delivered the sample directly 
onto the column (40°C), eliminating temperature related discrimination against high 
boiling compounds observed in all experiments with split/splitless injection. 
Consequently, the higher boiling n-alkanes produced maximum peak areas 50% 
greater than those produced following splitless injection (Table B.5). Data in Table 
B.5 showed that the temperature-related discrimination associated with splitless 
injection was affecting n-alkanes with boiling points as low as those of C 18  and C20, 

reducing their peak areas from those achieved following OC injection. It was also 
determined that more sample was delivered onto the column following OC 
injection, than splitless injection, as the peak areas of volatile C 10  and C 12 , also 
showed marginal increases. Table B.8 showed the limits of detection for PFP drug 
derivatives following their OC and splitless injections. In agreement with data of 
Table B.5, OC injection gave instrument sensitivity greater than, or equal to, that 
achieved following splitless injection and, in some cases, the increase was 
significant. 

To correctly interpret data obtained during the comparison of OC and splitless 
injection techniques, an explanation of the difference between the two injection 
techniques and their effects on the injected sample at the inlet of the column is 
required. 

Both OC and splitless injections result in a liquid sample delivered to the front of 
the column. Following automated OC injection, the liquid sample is rapidly 
delivered directly onto the column itself. Following automated splitless injection, 
the sample is vaporised in the hot injector, flushed onto the front of the column with 
the carrier gas over many seconds (up to 60s with appropriate flow rates(8)) and, at 
an oven temperature below the boiling point of the solvent, is recondensed as a 
liquid on the front of the column (Section B.1). 
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The liquid sample (predominantly solvent) 'floods' into the column with the carrier 
gas and coats the wall of the column with a liquid film which is initially very thick 
and unstable!9' 1°)  Consequently, the solvent floods even further into the column 
with decreasing film thickness and speed, until the advance of the liquid stops! 10 ' 11)  
The resulting liquid film over the initial length of the column is described as the 
'flooded zone', and acts as a temporary stationary phase with greater film thickness 
(average of approximately 10 lim02)) and solute retention than the regular stationary 
phase of the column (0.15 ttrn;OC injection or 0.17 pm;splitless injection)!9,12,13)  

Sample components are dissolved throughout the liquid film of the flooded zone 
and, consequently, their initial peak widths at the column inlet are very broad. ° I)  

The solvent evaporates from the rear to the front of this retentive flooded zone over 
several minutes. (10,11) Sample components which are involatile at the low oven 
temperature at, and immediately following, injection are left behind on the column. 
As the rear edge of the flooded zone volatilises and mixes with the carrier gas, non-
volatile sample components are left behind and are, consequently, spread out over 
the entire length of the previously flooded zone. This process was described by 
Grob as 'peak broadening in space'. (10,12) 

Volatile sample components begin to migrate in the flooded zone as soon as the 
solvent evaporates. However, they only move as far as the rear of the flooded zone 
where they are again trapped in the highly retentive liquid film. (12)  Volatile sample 
components retained ('fully trapped') by the solvent, travel with the evaporating 
solvent to be finally released as a focused band, when the last of the solvent 
evaporates. (10,12-14) Consequently, sample components initially spread over the 
length of the flooded zone are re-focussed to a narrow band. 

Full trapping requires a volatile solvent with a polarity that is highly retentive of the 
solute! 10)  In contrast, 'partially trapped' components evaporate prematurely from 
the solvent layer of the flooded zone and start the chromatographic process as a 
broad band with a peak width corresponding to the solvent evaporation time. (1°' 13,14)  

The evaporating solvent in the column inlet saturates the carrier gas with solvent 
vapours which are partly retained by, and saturate, the stationary phase immediately 
beyond the flooded zone. The effect on the 'soaked' stationary phase is increased 
retentive properties as the phase swells with retained vapour and, often, altered 
phase polarity (dependent on the solvent). (8,10,13) Consequently, there is the 
potential to re-concentrate those volatile components chromatographing from the 
flooded zone which were only partially trapped, to a narrow band in the soaked 
stationary phase. The soaked phase exists only while the flooded zone evaporates 
and, as it evaporates completely, the soaked phase dries and disappears losing its 
increased retentive properties and altered polarity! 14)  Clearly, compounds most 
affected by the soaked stationary phase are those with similar volatilities to that of 
the injection solvent. (i4)  

The formation of the flooded zone in the column inlet is a non-chromatographic 
process and, following OC injection, even completely involatile materials move 
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further into the column with the flooded zone.01)  However, the distribution of the 
sample components within the flooded zone is not uniform and the distribution 
differs following OC and splitless injections. 

One study determined that, following OC injection, the sample was nonuniformly 
distributed throughout the flooded zone, often with two maxima at the front and rear 
edges of the zone. 01)  Peak splitting occurred as a result of the uneven deposition of 
these components within the flooded zone and only loss of peak resolution was able 
to mask the distortion. °1)  The resolution of a peak decreases with time due to the 
longitudinal diffusion of the band in the carrier gas during the compound's advance 
through the column. (15 ' 16)  The greater the time required to elute a compound from 
the column, the greater the diffusion in the carrier gas and the greater the loss of 
resolution as the peak broadens. Therefore, peak splitting as a result of the non-
uniform deposition of sample components in the flooded zone is only apparent in 
compounds with relatively short elution times while broadened, rather than split, 
peaks are observed for compounds with relatively longer elution times. 

In contrast, following splitless injection, the same study determined that the 
relatively high boiling components were recondensed on the short length of column 
immediately beneath the hot injector, and the relatively volatile components were 
spread as a broad maximum at the centre of the flooded zone (trapped by the 
recondensed solvent). 01)  

It might be expected that, following either OC or splitless injection, the initial peak 
widths of relatively volatile components would be similar due to re-focussing by 
solvent effects produced in the flooded zone and the zone of soaked stationary phase 
which follows it. In contrast, the initial peak widths of the high boiling components 
would be narrower following splitless, than after OC injection, as they would be 
concentrated over a shorter column length (immediately beneath the hot injector) 
than that occupied by the flooded zone. (9)  Data in Table B.4 indicate this to be the 
case. The peak widths of the early eluting HCs were comparable while those of the 
high boiling n-alkanes were broader following OC than splitless injection. 

Following OC injection, the high boiling components were re-focussed by the 
following mechanism. The flooded zone (with sample non-uniformly distributed 
through it) was spread over the internal walls of the mega-bore precolumn. As the 
flooded zone evaporated away, the individual sample components remained behind, 
spread out on the 0.15 p.m thick, non-polar stationary phase of the precolumn. 
When the oven temperature increased sufficiently, sample components began to 
chromatograph and advanced through the precolumn as a band as broad as the 
original flooded zone. At the junction of the precolumn and separating column, the 
phase ratio changed from 883.3 to 470.6 (Appendix B.3.2.3) and the advance of 
sample components at the front edge of the broadened band was retarded on the 
separating column while the rear edge of the broadened band migrated at the same 

_ speed through the less_retentive mega-bore precolumn. If the front edge of the 
broad band was sufficiently retarded, the rear edge would eventually 'catch up' and 
the initially broad band would be refocussed at the front of the separating column 
not only reducing peak width but diminishing the peak splitting effect resulting 
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from the non-uniformly distributed sample within that band. 

Figure B.2 compared two SIM generated chromatograms obtained following 
automated OC and splitless injections of the same solution of consecutive even-
numbered n-alkanes. Clearly, the peak shapes of the higher boiling HCs were 
comparable between the two injection techniques indicating that these compounds, 
following OC injection, had been sufficiently retarded by the stationary phase of the 
separating column to re-focus the peaks broadened in space over the flooded zone. 
If peak splitting did occur, the column lacked sufficient resolution to show them 
amid the peak broadening which occurred due to longitudinal diffusion. 

Although the 1 ;IL OC and splitless injections of n-alkanes were comparable, the 
peak distortions observed following 2.5 1.11 OC injections (Figures B.4 to B.11) 
indicated that the change in phase ratio from precolumn to separating column was 
not sufficiently great to adequately re-focus the broadened band. 

As stated previously, OC injection gave instrument sensitivity greater than, or equal 
to, that achieved following splitless injection and a 2.5 i_EL OC injection could 
potentially increase sensitivity by 3.8-fold from that achieved with splitless 
injection (Appendix B.3.1.2). The length of the flooded zone following a 2.5 pi, 
injection, however, would be 2.5 times longer than that produced by a 11.1I, injection 
volume)  resulting in even greater peak broadening in space. 18 ' 11)  Peak distortion 
(splitting at the peak apex and peak broadening) as a result of the non-uniform 
distribution of solute through the flooded zone would also be greater. 
Consequently, if the sample volume injected was to be increased, it would be 
necessary to decrease the length of column flooded by the solvent. 

Increasing oven temperature towards the boiling point of the injection solvent 
should accelerate solvent evaporation and reduce the time available for the liquid to 
flood into the column. 18-10)  Figures B.4 to B.5 showed the effect of different initial 
oven temperatures (35, 50 and 60°C) on the length of the resulting flooded zone as 
reflected by both peak width and peak splitting. For all temperatures tested, the 
early eluting n-alkanes C 10  and C 12  were sufficiently volatile to follow the 
evaporating rear edge of the flooded zone and re-focus at the point where the last 
liquid disappeared, producing a sharp peak (Figure B.4). Unexpectedly, however, 
the remaining n-alkanes all showed greater peak widths at 60°C than at 35°C 
(Figures B.4 and B.5). 

This apparent anomaly was as a result of the rapid autosampler injection rate. The 
rapid injection of the 2.5 j.tL volume resulted in the complete occlusion of the 
column by the liquid sample and the displacement of an equivalent amount of 
carrier gas at the column inlet. As the carrier gas forced the plug along from 
behind, it was split into smaller plugs with carrier gas bubbles between." At 
injection temperatures approaching the boiling point of the solvent (50 and 60°C), it 
is postulated that the absolute volume occupied by the carrier gas bubbles was 
increased by solvent vapour diffusing into them from the front and rear of each 
liquid plug. The resulting expansion in the volume occupied by the carrier gas-
solvent vapour bubbles effectively shunted the liquid plugs surrounding them 
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further along the column and elongated the flooded zone. Consequently, injection 
of the same sample volume at higher temperatures would require slower injection to 
allow for the expansion of the evaporating solvent in the flooded zone." 

As the injection speed of the autosampler is a fixed parameter, the expected 
decrease in length of the flooded zone with increased initial oven temperature was 
masked by the effect of the expanding solvent vapours between liquid plugs 
elongating the flooded zone. Some peak splitting was apparent for the earlier 
eluting n-alkanes (C 14  and C 16 ; 60°C). It might be expected that peak splitting also 
occurred for the later eluting n-alkanes but was masked by loss of peak resolution. 

A slowly moving plug of condensed liquid leaves a thinner film behind on the 
column wall than a more rapidly moving plug, and so allows the flooded zone to 
extend further into the column. (10)  Similarly, increasing the flow rate through the 
column will increase the rate of evaporation for a given solvent. (8 ' 1°)  Consequently, 
increasing carrier gas velocity should both decrease initial peak widths of sample 
components and reduce peak deformation at the apex by splitting. Figure B.6 
showed portions of SIM generated chromatograms of consecutive even-numbered 
n-alkanes following 2.5 !IL OC injections at an initial oven temperature of 35°C but 
at column head pressures of 10 and 12.3 psi respectively. Increasing carrier gas 
velocity only marginally decreased peak width but did reduce peak splitting as 
anticipated. 

Changing the injection solvent will also affect the length of the flooded zone. As 
stated previously, the liquid film in the flooded zone is initially very thick and 
unstable. Consequently, the solvent floods even further into the column with 
decreasing film thickness and speed until the advance of the liquid stops. The stable 
thickness of the liquid film will be dependent on the injection solvent. The thicker 
the final liquid film, the shorter the advance of the solvent into the column for the 
same volume injected. Similarly, evaporation time will be dependent on the 
solvent. The greater the evaporation time of the solvent, the shorter the advance of 
the solvent into the column for the same volume injected. 

However, changing the injection solvent will also affect the zone of soaked 
stationary phase which is particularly important for the re-focussing of volatile 
sample components. The retentive characteristics of the soaked phase will be 
dependent on how well the stationary phase retains the vapours of a given solvent, 
and the polarity of the solvent. Similarly, a change in the injection solvent will also 
affect whether or not the sample components are a) fully trapped and b) sufficiently 
retarded in the soaked phase. 

Figures B.7 and B.8 showed the effect on peak shape of selected n-alkanes 
following OC injection in 2.5 1.J.L volumes of different injection solvents. As the 
peak shapes of C 10  and C12 were sharp and symmetrical for all solvents tested, it can 
be assumed that these n-alkanes were fully trapped by the solvents and re-focussed 
to a narrow band as the evaporating rear edge of the flooded zone caught up to the 
front. The peak splitting of C16 apparent in chloroform, however, resulted from 
peak broadening in space with the flooded zone which was presumed to be longer 

B-43 



than that produced by either hexane or ethyl acetate. Similarly broader peaks were 
produced in chloroform than in hexane for the later eluting n-alkanes, with loss of 
peak resolution likely to be masking peak splitting. 

It might then be expected that n-alkane peak shape would be improved following 
the injection of a smaller volume of either ethyl acetate or chloroform as the length 
of the flooded zone would be correspondingly reduced. However, the SIM 
generated chromatograms shown in Figure B.9 did not support this expectation. 
The peak distortion was still greater for 1 p.L volumes of n-alkanes in ethyl acetate 
than in hexane despite a reduction in the length of the flooded zones. This 
suggested that some property, unique to ethyl acetate, was affecting the distribution 
of the sample components within the flooded zone. 

One study observed that the flow of liquid along the column wall during the 
formation of the flooded zone differed between polar and non-polar or slightly polar 
solvents. (9)  The resultant solute distribution within the flooded zone of the polar 
solvents was different from that observed in non-polar solvents. (9)  This finding was 
supported by the observations of Grob who found that band broadening in space 
was seldom visible to its full extent if the injection solvent was pentane or hexane 
and was always evident if the solvent was more polar such as acetone, diethyl ether 
or an alcohol. (17)  It was found that peak distortion was more pronounced when 
medium to high polarity solvents were used. (18)  

Grob also suggested that differences may occur in the liquid migration of different 
solvents during the formation of the flooded zone.' 1)  He observed that, for some 
solvents, the spread of the flooded zone was caused in part by the evaporating 
solvent from the rear of the zone, recondensing at the front of the zone.' 1 ' 17)  If the 
liquid film advanced into the column by evaporation and recondensation rather than 
flooding, the sample components would not be carried along in the solvent vapour 
and their bands would not be broadened. The proportion of liquid spread into the 
column by this mechanism is dependent on the boiling point and polarity of the 
individual solvent.°  7)  

Consequently, the differences in the severity of n-alkane peak distortion produced in 
hexane and ethyl acetate (Figure B.9) may have arisen either from differences in the 
distribution of sample components within the flooded zones and/or the mechanism 
by which the flooded zone was formed - evaporation/recondensation ancUor flow of 
liquid into the column. 

Although the differences in peak shape between the late eluting n-alkanes in the 
three injection solvents tested were marginal due to loss of peak resolution, it would 
appear that, of the solvents tested, the most appropriate injection solvent for the 
n-alkanes was hexane. 

Figures B.10 and B.11 showed the peak shapes obtained for selected n-alkanes and 
PFP drug derivatives (Appendix B.3.1.2ii) following their splitless and OC 
injections (1 and 2.5 uL in ethyl acetate). The PFP derivatives did not have 
volatilities similar to the injection solvent (ethyl acetate) and, therefore, the 
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differences in peak shape observed were related to their band broadening in space 
and not to partial trapping. Clearly, splitless injection produced the best peak shape 
due to the process by which the sample was recondensed at the column inlet. It 
should be noted that the oven temperature at the time of splitless injection was 50°C 
which would produce a shorter flooded zone than produced at 35°C (oven 
temperature of the OC injections). If there was any peak distortion produced, it was 
masked by loss of peak resolution. The 1 tL OC injection clearly demonstrated the 
effect of band broadening in space to produce broader, tailing peaks. Following a 
2.5pL OC injection, however, the band broadening in space was severe with the 
peak shape reflecting the distribution of sample throughout the flooded zone (peak 
splitting) and the pattern of that distribution was the same for all sample 
components (including the n-alkanes co-chromatographed in the same run). These 
observations, which relate the volume injected to the occurrence of either broadened 
or split peaks and the common pattern of splitting for all compounds 
chromatographed within a run, are all typical features of band broadening in 
space. (12)  No experiments were performed with the 2.5 !IL injection of PFP 
derivatives in hexane (instead of ethyl acetate) to observe whether or not peak 
distortion would have been reduced or exacerbated by a different distribution of 
solute within the flooded zone. During the development of the PFPA derivatisation 
technique, ethyl acetate was selected as the appropriate injection solvent for PFP 
derivatives as it is relatively polar (compared with hexane). Consequently, ethyl 
acetate was better matched than hexane to the chemical natures of the derivatives 
which had retained some residual polarity imparted by their drug structures. It is 
unlikely, therefore, that a non-polar solvent such as hexane would have improved 
the peak distortion apparent in Figures B.10 and B.11 for PFP derivatives. 

It should be noted that although chromatographic conditions, injection solvent 
(ethyl acetate) and volume were the same, the pattern of distortion observed for 
n-alkane peaks shown in Figure B.7 (a peak with a negligible shoulder) was not the 
same as the pattern observed in Figure B.11 which mirrored that of the PFP 
derivatives (split peak with shoulders on either side). It has been reported that 
minor differences in the temperature gradient at the inlet section of the column 
result in poor reproducibility of both the extent and pattern of peak distortion 
following OC injection. (17)  Differences in the temperature gradient at the inlet 
would be well controlled with automated sequential analyses which ensure an 
appropriate and reproducible column equilibration time between injections. It is 
postulated that during these experiments in which single GC acquisitions were run 
one after another exploring the different GC parameters, the time between injections 
would have been quite variable. Consequently, minor differences in column 
temperature may have contributed to the pattern differences in n-alkane peak 
distortion seen between Figures B.7 and B.11. Similarly, the injection solvent 
matrix for the n-alkanes was not exactly the same between the two experiments. In 
Figure B.7, the matrix components were n-alkane + ethyl acetate, however, in 
Figure B.11 the matrix consisted of n-alkane, relatively more polar PFP drug 
derivatives, residual derivatisation by-products (eg PFPA and pentafluoropropionic 
acid) plus ethyl acetate. The resulting matrix may have been of a slightly different 
polarity or have led to a slightly different distribution of solutes within the flooded 
zone compared with the solute distribution in the experiment from which Figure B.7 
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was produced. 

It should be further noted that the distorted peaks produced by the 2.5 pi, OC 
injections were greatly exaggerated by the time period over which they were drawn 
for the purposes of comparison. The raw chromatogram showed these peaks as 
broadened compared with splitless injection, with some non-uniformity at the peak 
apex which was not immediately obvious unless the chromatogram was expanded. 
The distortion at the apex would not interfere with baseline integration or prevent 
quantitative analyses. Although the shape of the peak apex may have changed 
between runs, the total area would be quite reproducible. 

The need to manipulate the length of the flooded zone produced in OC injections on 
the current column configuration would not be as important if a true 'retention gap' 
was used instead of the mega-bore precolumn. The retention gap is a length of 
uncoated column at least as long as the flooded zone with minimal retentive 
properties such that efficient re-focussing of the broad band occurs with the large 
decrease in phase ratio when moving from the retention gap to the separating 
column.(10,18) Optimising OC injection to give good peak shape without a retention 
gap for a group of compounds with such different chemistries as drugs will always 
be difficult as it is necessary to carefully adjust many parameters to reduce the 
length of the flooded zone which may be difficult even for a group of drugs with 
similar structure. 

B.4.2 Column-Related Variables 
Table B.1 indicated that at all oven temperatures over a temperature range of 40 to 
300°C, the proportion of injected sample entering the MSD would be greater for the 
narrow bore than the wider bore column and, consequently, greater instrument 
sensitivity should be achieved on the narrow bore column. Data shown in Tables 
B.9 to B.12, however, indicate that over the entire range of HCs, the peak areas 
obtained on the wider bore column were consistently higher than those obtained on 
the narrow bore column. Similarly, greater chromatographic responses (increased 
instrument sensitivity) were achieved with the wider bore than narrow bore column. 
Clearly, the proportion of the injected sample which entered the MSD was not the 
only parameter controlling instrument sensitivity. 

For analyses on both columns, 1 tL splitless injections (with the split closed for 
1 min) were made via a split/splitless injector into an oven with an initial 
temperature of 40°C. Consequently, for 1 min the flow of carrier gas through the 
column at the time of injection was also the gas flow through the injector lining; 
1.9 mL/min for the narrow bore and 3.1 mL/min for the wider bore columns 
(Appendix B.1). During the splitless period of the injection, the 1 pL sample was 
volatilised at 250°C and expandedin all directions within the injector. The 
vaporised sample is transferred to the column in a non-linear process by dilution 
with the carrier gas passing through the injector. (12)  Preliminary experiments on 
each column determined that increasing the splitless time from 1_ to 2 mm did not 
appreciably increase n-alkane peak areas indicating that the majority of the sample 
was transferred from the injector to the column with the first volume of carrier gas. 
Therefore, it was concluded that the 1.9 mL volume of carrier gas which passed 
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through the injector and narrow bore column during the 1 min splitless period did 
not transfer the vaporised sample onto the front of the column as efficiently as did 
the 3.1 mL volume passing through the injector and wider bore column in the same 
time period. Consequently, smaller peak areas were produced for the entire range of 
injected HCs and for many drugs. 

Data in Table B.11 showed that temperature-related injector discrimination against 
the high boiling HCs, C28 to C34, was greater following their chromatography on the 
narrow bore, than the wider bore column. It is postulated that, with the wider bore 
column in place, the greater flow of gas through the injector forced the expanding 
gas of the volatilised sample down towards the hotter parts of the injector away 
from the cooler septum and purge lines for the septum and injector. In the case of 
the narrow bore column, the lower flow of gas through the injector allowed a greater 
proportion of the expanding sample to contact the cooler regions of the injector 
where the high boiling HCs condensed and were never swept onto the front of the 
column. The higher the boiling temperature of the HC, the larger the proportion 
that re-condensed in the cooler regions of the injector. Consequently, the peak areas 
for the high boilers chromatographed on the narrow bore column were smaller and 
the drop-off in peak area with increasing carbon number more apparent. 

It should be remembered that, although a direct comparison of the peak area ratios 
obtained for a specified HC on each column was made (Table B.11), n-alkanes 
eluting from the narrow bore column would always have the greatest proportion of 
sample available to the detector. Despite this, the high boiler discrimination was 
greatest on the narrow bore column. It would appear that in the determination of 
absolute peak areas for high boiling HCs on the narrow bore column, the 
contribution of detector-related factors acting to increase peak area was minor in 
comparison to injector-related factors acting to decrease peak area. This point was 
clearly demonstrated in Figure B.12 where the direct capillary interface of the 
Concept ISQ MS ensured that 100% of the injected sample entered the detector with 
the carrier gas at all temperature and gas flows. The temperature-related 
discrimination affecting peak areas at 25 psi was significantly decreased by 
increasing flow through the column and, therefore, through the injector itself at 
50 psi. 

Data in Section 3.3.2 referred to in Section B.3.2.1 indicate that the chromatography 
of selected drugs was significantly improved on the wider bore, compared to the 
narrow bore column and this was related to the difference in film thickness between 
the two columns. Although the wider bore column did not have as great a load 
capacity as the narrow bore column, the elution times of the drugs were shorter due 
to phase ratio differences (Appendix A.4). Consequently, drugs spent less time on 
the column and were subjected to lower temperatures for shorter periods of time, 
decreasing the likelihood that thermally sensitive drugs would decompose. The 
decreased exposure to excessive temperatures during chromatography on the wider 
bore column resulted in improved peak shape for some drugs, and allowed selected 
drugs which had given no response on the narrow bore column to be 
chromatographed on the wider bore colwnn (Section 3.3.2). 
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The data shown in Section B.3.2.1 suggest that n-alkanes and drugs were best 
chromatographed following splitless injection on the wider bore column, as gas 
flow through the injector at the time of injection was greater, and elution times 
shorter. Consequently, injector temperature discrimination acting to decrease the 
peak areas of high boiling compounds was reduced, and exposure to excessive 
temperatures during compound migration through the column was minimised. 
Therefore, the chromatographic conditions for both thermally sensitive drugs, and 
high boiling drugs, were improved when chromatographed on the wider bore 
compared to the narrow bore column. 

Data reported in Section B.3.2.3 show that the peak widths of naphthalene, C 14  and 
C 16  were marginally wider when chromatographed with the mega-bore precolumn 
joined to the wider bore column despite a phase ratio difference between the 
columns acting to increase peak resolution. It was also found that the peak areas of 
underivatised drugs from the 'performance test mix' were consistently smaller when 
chromatographed on a column configuration which included the mega-bore 
precolumn than obtained with either the separating column alone or a column 
configuration where precolumn and separating column were the same. In contrast, 
peak areas of n-alkanes were all comparable regardless of the column configuration. 

Precolumns were joined to the separating column by SGE mini-unions. The unions 
are designed to provide a gas tight connection. The actual join lies snugly within a 
borosilicate glass-lined tube to ensure minimum dead volume and maximum 
inertness to the chromatographing sample. Mini-unions are available in different 
diameters and are matched with the diameters of the two columns to be joined. The 
internal diameter of the glass-lined tube is at least that of the greatest external 
diameter of two columns to be joined. Generally, the diameters of the columns to 
be joined are the same. Two columns of equal internal diameter are butted together 
(square ends) in the centre of the glass-lined tube of the diameter-matched mini-
union, and the space within the tube is largely occupied by the walls of the two 
columns and their internal diameters. In theory, the laminar flow of gas from the 
precolumn should continue on into the separating column. 

When the mega-bore precolumn was joined to the separating column the mini-union 
accommodated the external diameter of the mega-bore but was much larger than the 
external diameter of the separating column. The two columns could not be butt-
joined in the centre of the glass lined tube of the mini-union as the separating 
column fitted inside the mega-bore precolumn. It could be envisaged that severe 
problems with dead volume would be encountered. Consequently, dead volume 
inside the mini-union was minimised by pushing the mega-bore right through to the 
end of the glass-lined tube so that its external wall and internal diameter reduced the 
space inside the glass-lined tube. The separating column just protruded inside the 
mega-bore precolumn from the other end. In this way dead volume and eddies 
within the mini-union were minimised. 

Despite these precautions, however, the chromatographic problems created at the 
junction of the mega-bore precolumn and wide bore separating column were 
sufficient to overcome the phase ratio difference between the columns acting to 
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increase peak resolution and marginally broader peak widths for naphthalene, C 14  
and C 16  resulted. The junction between the mega-bore and separating columns was 
critical in determining peak widths of compounds in the Activity Mix A as, on 
many occasions, the peak widths were significantly increased by a poor union of 
precoltunn and separating column. In practice, it was found that the best junction 
that could be achieved in the OC injection column configuration was one where the 
peak widths were similar to that of a column with no join. 

Data in Section B.3.2.4 suggested anomalies with regard to chromatographic 
performance as indicated by Activity Mix A and the 'performance test mix'. Data 
indicated that the peak widths and areas of n-alkanes and Activity Mix A 
components were largely unaffected by column configuration. In contrast, the peak 
areas of drugs in the 'performance test mix' were dependent on column 
configuration. No reduction in drug peak area was observed when precolumn and 
separating column were the same but a reduction was observed for the OC injection 
configuration and when two lengths of wider bore column were butt-joined by the 
mini-union required to accommodate the external diameter of the mega-bore 
precolumn. 

Clearly, Activity Mix A components were not suitable indicators of impaired drug 
chromatography. Despite producing the best junction of precolumn and separating 
column as indicated by the activity mix, the peak areas of underivatised drugs were 
reduced and the reduction was related to the presence of a mini-union in the column 
configuration. 

It is postulated that as drugs eluted from the mega-bore column, they were exposed 
to the polyimide outer coating of the separating column and were adsorbed. 
Similarly, when the two wider bore columns were butt joined with the mini-union 
required to accommodate the mega-bore column (mis-matched diameter), the 
additional dead volume within the mini-union allowed a significant proportion of 
the sample to be exposed to the polyimide outer coating of the separating column. 
The adsorption of drugs to active sites on the outer wall of the column effectively 
removed them from the carrier gas and consequently, peak areas for the adsorbed 
drugs was reduced. The n-alkanes do not adsorb to active sites within the 
chromatographic system due to their non-polar nature and relative inertness. 
Consequently, n-alkanes are not good indicators of adsorption problems and their 
peak areas were unaffected. 

It is likely that increase in drug derivative peak areas achieved through OC injection 
would have been greater had not some portion of the sample been adsorbed to active 
site,s at the junction of the mega-bore precolumn and separating column. 
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Appendix C 

THE ACYLATION OF DRUGS BY 
FLUORINATED ANHYDRIDES 

C.1 Acylation Reaction Mechanism 

In acylation reactions the nucleophile (Nu:) attacks an unsaturated rather than 
saturated carbon atom (RLC=0) and a transient tetrahedral intermediate compound is 
formed which subsequently ejects the leaving group (L:) and regenerates the 
carbonyl double bond (RNuC=0). (1 '2)  This sequence, impossible at a saturated 
carbon, is possible at an unsaturated one as the central carbon atom can release a pair 
of electrons to oxygen and accept those of the nucleophile, preserving its octet (3)  
(Figure C.1 - Equation 1 (2)). The TC electrons associated with the carbonyl carbon are 
more easily polarised than are the strongly localised a electrons in ordinary single 
bonds. (4)  The carbonyl oxygen can, therefore, withdraw electron density much more 
effectively from its neighbouring carbon than the single bonded oxygen atoms at a 
saturated carbon atom. The carbonyl carbon is left with a partial positive charge and 
is, consequently, electron attracting. (4)  The formation of the intermediate from the 
starting material is a reversible reaction while the substitution of the nuceolophile for 
the leaving group is irreversible. 

The leaving group on the acylating agent determines its reactivity. (5)  The unpaired 
electrons of L: conjugate with the C=0 TC bond contributing to the stability of the 
acyl group (—COL) through resonance stabilisation (electron delocalisation) of the 
partial positive charge on the carbonyl carbon. The greater the delocalisation of 
electrons within this conjugated group, the greater its stability and the less reactive is 
the carbon atom. Similarly, the greater the resonance stabilisation within the —COL 
group, the weaker the leaving group properties of L: as by withdrawing electrons, the 
bond between carbon and the leaving group is strengthened. (2)  Consequently, when 
L = NR2 , electron delocalisation is greater than, and reactivity of the amide less than, 
L = Cl. (6)  In general, reactivity of the acyl group increases in order when L is COO -
< CONH2  < COOR < COOH < CO-0-0C < COC1 and stability of the group is the 
reverse. (2A,6) 

In acylation reactions, therefore, the acyl derivative will always be less reactive and 
more stable than that from which it was formed, and will be of a type appearing 
earlier in the above series. In the acylation of drugs, esters are produced from drugs 
derivatised at hydroxyl groups and amides from drugs derivatised at amine 
groups.  

In contrast, the tetrahedral intermediate formed is unstable and short lived and lacks 
the resonance stabilisation of the acyl derivative from which it was formed and into 
which it is converted (Figure C.1;Equation 1). (5)  In the formation of the intermediate, 
energy is expended in disrupting the electron delocalisation of—COL (shifting the 
mobile it charge from the carbon to the carbonyl oxygen). (6)  Consequently, an 
intermediate is more readily produced from an acid chloride which has little 
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Figure C.1: General reaction for nucleophilic substitution of acyl derivatives 
(Equation 1)(2)  and pyridine-catalysed hydrolysis of acetic anhydride (Equation 
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resonance stabilisation to overcome, than from a carboxylate anion. (5 '6)  In order to 
prevent the intermediate from rapidly decomposing once more into the starting 
material (Figure C.1; Equation 1), the derivative formed must be at a lower energy 
level so that some of the energy expended in the formation of the intermediate is 
recouped. Therefore, from one acyl derivative, another is formed and the equilibrium 
of the reaction always favours the more stable of the two acyl species. (5)  

Clearly the rate of formation and decomposition of the tetrahedral intermediate will 
essentially determine the rate of derivatisation by acylation reactions. Apart from the 
reactivity of the starting acyl derivative, the formation rate of the intermediate is 
affected by the following. 
1. The electron density at the reaction centre (carbon atom of acyl group) which 

increases with the addition of the nucleophile. The presence of electron 
withdrawing sub stituents increases the rate of formation of the intermediate by 
draining electrons from the reaction centre. (4)  

2. Steric effects which are determined by the nucleophile. The presence of bulky 
groups on the nucleophile may retard the rate, or inhibit formation of the 
intermediate through steric hindrance. (4)  

3. Catalysis which either increases the reaction rate or shifts the equilibrium of the 
reaction in favour of the product. 

The decomposition of the tetrahedral intermediate and the re-establishment of the 
double bond between carbon and oxygen follows expulsion of a leaving group 
(Figure C.1; Equation 1). To be an effective leaving group, the substituent should 
be:-(3 '4)  
1. bound to the saturated carbon of the tetrahedral intermediate via a relatively weak 

bond; 
2. stable as a free entity; and 
3. a weak base. 
Figure C.2 shows the reaction of a carboxylic acid anhydride with an alcohol. In the 
acylation of an alcohol (or amine) with a carboxylic acid anhydride, the leaving 
group is either a molecule of carboxylic acid or a carboxylate ion. 

C.2 The Acylating Reagent 

The fluorinated reagents produce derivatives of greater reactivity than those of acetyl 
or aliphatic reagents due to the presence of electron withdrawing fluorine substituents 
(Appendix C.1), and their volatility ensures they are easily removed under nitrogen 
following the reaction. (7-1°)  

Some acyl derivatives show instability following their introduction into a GC. 
Polyfluoro derivatives, however, are more stable than other polyhalo- derivatives. (7)  
Trifluoro acetyl derivatives are more volatile than either pentafluoropropionyl (PFP) 
and heptafluorobutyl derivatives and may be lost following evaporation of the 
reaction mixture. (7 ' I 1 ' 12)  Similarly, it has been shown that some trifluoro acetyl 
derivatives are unstable in ethylacetate and hexane. (7 ' 11 ' 12)  Acid is the by-product of 
acylation with either acyl halides or acyl anhydrides and, if it is sufficiently reactive, 
could hydrolyse the derivatised drugs (esters and amides) and decrease derivative 

C-3 



+ R'OH ==± R—C-0—R' 	 

CTO: H 

C=0 

1<-) ; 
R—C—u—R' 

CO
I

4.— f:f 
C=0 

'Sr 

R—C 	R—C 

	

\ - -4- 	 \•• 
1 

	

H 	+ 

:o + 1\ 

	

II 	.. 
:0 

R—C-0—H 	1,2 
Li 	RC-0: 

• 0: 
R—C \ 

—R' 

:o 
II 

R—C—U—H 
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yields. (5 ' 7 ' 1°' 13 ' 14)  The reagents themselves are hydrolysed in the presence of water 
and produce lower derivative yields, particularly when the nucleophilicity of water is 
much greater than that of the drug. (9)  Similarly, the derivatised drugs themselves 
could be hydrolysed in the presence of water if they have sufficient reactivity as 
acylating agents. (3)  In extreme cases, nitrogen purging could result in loss of 
derivatives.' )  

Although acyl chlorides are highly reactive, they always require a basic acceptor for 
the hydrochloric acid produced. (1 ' 15)  The subsequent removal of the excess acyl 
chloride and the chloride salt by-product may be difficult considering the potential 
instability of the acyl derivatives. (15)  In contrast, quantitative reactions with 
anhydrides can often be performed without a basic catalyst.' ) The anhydrides are 
usually easier to remove at the end of the reaction and yield a cleaner product, but the 
reaction medium is acidic and may be detrimental to acid sensitive compounds.' )  
Fluorinated anhydrides (with and without catalysis) have been used in the acylation 
of antidepressants, B-blocking agents, amphetamines, morphine and codeine, 
tetrahydrocarmabinol (THC) and other basic compounds. (I)  In contrast, methods 
using acyl chlorides are conspicuous by their absence in the acylation of drugs. 

Pentafluoropropyl- (PFPA) rather than heptafluorobutyl- anhydride was selected as 
the acylating reagent in experiments in Chapter 5 due to its greater volatility and the 
shorter retention times of derivatives (lower temperature of analysis). (15)  

C.3 Reaction Catalysts 

In the presence of acid, the carbonyl oxygen atom is protonated rendering the carbon 
atom very positive and open to attack by the nucleophile (enhancing intermediate 
formation). (6)  In the presence of acid, however, the strength of the nucleophile may 
also be reduced. (2 '6)  

In the presence of alkali, both the rate of formation and decomposition of the 
intermediate are affected (Figure C.1;Equation 2) (3) . In this case, pyridine catalyses 
the hydrolysis of acetic anhydride and an intermediate is formed which rapidly ejects 
the acid anion in an irreversible reaction. As seen in acid catalysis, the resulting 
protonated compound renders the carbon atom very positive and open to attack by 
the nucleophile (water in this case) and a second intermediate is formed, with 
pyridine the better leaving group. (3)  The reaction is irreversible as pyridine can 
accept the proton and ensures the formation of a stable and unreactive acid anion. (5,16) 

This type of catalysis is known as nucleophilic catalysis and proceeds via two 
tetrahedral intermediates. (5)  

Any suitable solvent may be used in anhydride acylation provided it does not react 
with the anhydride, and catalysis by a base or basic solvent generally promotes the 
reaction. (15)  Commonly used basic catalysts (and proton acceptors) are pyridine, 
trimethyl- and triethyl- amines (TMA and TEA respectively), N-methyl imidazole 
(MI), 4-dimethylaminopyridine (4-DMAP) and acetonitrile. (I ' 7 ' 15)  
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MI and 4-DMAP have greater catalytic power than pyridine, probably as a result of 
the greater stability of the intermediates formed. (1 '7 ' 17)  Pyridine is readily available, 
gives cleaner chromatograms and a narrower solvent peak than does TMA, which 
must be prepared as a solution from a gas. (7)  TMA catalyses derivative formation 
from amines but not alcohols. (7)  Both TMA and 4-DMAP have been reported to 
cause alkaline hydrolysis of the derivatives. (8)  Pyridine can form a derivative with 
acetic acid, has been found to produce other interfering side-products and, on 
evaporation, forms an insoluble residue with the acid anhydride. (7)  Acetonitrile, a 
basic solvent, also acts as a basic catalyst and promotes rapid and clean reactions. (15)  
It has been found that, in the acylation of phenolic amines with anhydrides, the 
optimal proportion of acetonitrile and anhydride varies with the amine derivatised. (15)  
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