
Additional Information for  
 

Photodegradation of pharmaceuticals in the aquatic environment: A review 
 

Anne L. Boreen1, William A. Arnold2*
, and Kristopher McNeill1* 

 
1Department of Chemistry, University of Minnesota, 207 Pleasant St. SE,  

Minneapolis, Minnesota 55455 
 

2Department of Civil Engineering, University of Minnesota, 500 Pillsbury Dr. SE, 
Minneapolis, Minnesota 55455 

 
*Authors to whom correspondence should be addressed 

 
Email: mcneill@chem.umn.edu 

Phone: 1-612-625-0781 
Fax: 1-612-626-7541 

 
Email: arnol032@tc.umn.edu 

Phone: 1-612-625-8582 
Fax: 1-612-626-7750 

 
Manuscript submitted to Aquatic Sciences 

 
 

Table A1. Pharmaceuticals and personal care products, their structures, and references regarding their occurrence in the environment and their 
photochemistry. 

CAS number Structures 
Detected in 

field 
samples 

Environmental
photochemistry

studies 

Photochemistry 
studies relevant 
to environmental 

conditions 
(aqueous, λ > 300 nm)

Other 
photochemistry

studies 

Anti-Inflammatory, Analgesic, 
and Immunosuppressant Drugs  

 
   



acetaminophen 103-90-2 

HN

O

OH  

 1a, 2-4    

acetylsalicylic acid 50-78-2 

O OH

O O

 

1, 3-5   6 

codeine 76-57-3 

OHO

N

O

H

H  

2, 3    

glaphenine 3820-67-
5 N

Cl

HN
O

O

HO

HO

 

  7  

Non-Steroidal Anti-inflammatory 
Drugs      

5-aminosalicylic acid 89-57-6 
O

HO
HO

NH2  

  8 9 



benorylate 5003-48-
5 

OAc

O

O
NHAc  

   9, 10 

benoxaprofen 51234-
28-7 N

O

HO2C

Me

Cl

 

  11-13 9, 14-16 

benzydamine 642-72-8 

N NPh

O
N

 

  17 9, 18 

butibufen 55837-
18-8 

i-Bu

CO2H

 

   9, 14, 15, 19 

carprofen 53716-
49-7 

Cl

H
N

O
HO

 

  11 14, 15 

diclofenac 15307-
86-5 

Cl

Cl

H
N

CO2H

 

1, 3-5, 20 21-24, 25 26 9, 27, 28 

diflunisal 22494-
42-4 OH

F

F

O
OH

 

  29, 30  



fenbufen 36330-
85-5 

Ph

O
OH

O

 

  31 32 

fenoprofen 29679-
58-1 

PhO
CO2H

 

1, 4a     

flurbiprofen 5104-49-
4 

F

O
OH

 

   9, 14, 15, 19 

ibuprofen 15687-
27-1 

O
OH

 

1-5, 20, 33-
35 22, 36, 25   9, 14, 15, 37 

indomethacin 53-86-1 

N

Cl

O

OH

O

 

1, 3-5, 35  12 9, 38-42 

ketoprofen 22071-
15-4 

O

O

OH

 

1, 3-5, 20 22 11, 43-45 9, 14, 15, 46, 47 



ketorolac 
tromethamine 

74103-
07-4 

O N O

O-

+H3N
OH

OH
HO  

  48 9 

meclofenamic acid 644-62-2 

Cl

NH
Cl

OH

O

 

1, 4a   9, 49 

methadone 76-99-3 

O

N

 

   9, 50 

nabumetone 42924-
53-8 

O

O  

  51 52, 53, 54 

naproxen 22204-
53-1 

O

OH

O
 

1, 3-5, 20 22, 25 11, 12, 55 9, 14, 15, 56-58 

suprofen 40828-
46-4 

O
S O

OH
 

  11, 44, 59 9, 15, 60 



thiorphan 76721-
89-6 

HS

N
H

O

CO2H

 

   9, 61 

tiaprofenic acid 33005-
95-7 

O
S

CO2H
 

  11, 44, 62, 63 9, 14, 15, 60, 64 

tolfenamic acid 13710-
19-5 

H
N

OHO

Cl

 

1, 5     

tolmetin 26171-
23-3 

O

N

O
HO

 

   65 

Pyrazolone Analgesic and 
Antipyretic Drugs      

aminoantipyrine 83-07-8 N
N

O
H2N

 

3   66, 67 

aminopyrine 58-15-1 N
N

O
N

 

1   9, 68 



apazone 13539-
59-8 N

N

N N

O

O

 

   9 

isopyrine 3615-24-
5 

N
N

OH
N

 

   66, 67 

morazone 6536-18-
1 

N
N

O

N

O  

   66, 67 

nifenazone 2139-47-
1 

O

N

N

H
N

O

N

 

   66, 67 

noraminophenazone 68-89-3 

N
NN

OHO3S

 

   66, 67 

phenazone 60-80-0 N
N

O

 

1, 3, 4, 20   66, 67 



phenylbutazone 50-33-9 
O

N
N

O  

   9, 69 

propyphenazone 479-92-5 
N N

O

 

1, 3   66, 67 

Immunosuppressant and Anti-
histamic Drugs      

azathioprine 446-86-6 
N

N

H
N

N

S

N

N
Me

NO2

 
 

  70 9 

cimetidine 51481-
61-9 N

HN

NH
SN

HN CN

 

2 71   

diphenhydramine 58-73-1 
O

N

 

  72 9, 73-75 



promethazine 60-87-7 N

N

S  

  76 9, 77 

ranitidine 66357-
35-5 

O
N S H

N H
N

NO2  

2, 33, 34 71  78 

terfenadine 50679-
08-8 

OH

N
OH

 

   9, 79 

Glucocorticosteroids      

betamethasone 378-44-9 

F

HO OH

O

O
OH

H

H

 

   9 

cortisone 53-06-5 

OH

O

O

OH

O

H

H H

 

   9 



dexamethasone 50-02-2 

O

HO

F

OH
OHO

H

H

 

   9 

halomethasone 50629-
82-8 

O

OHOHHO
H

F H

F

Cl

O
 

   9 

hydrocortisone 50-23-7 

O

HO
O

OH

OH

H H

H

 

   9 

prednicarbate 73771-
04-7 

OO

OHO
H

H H
O

O
O

O

 

   9 



prednisolone 50-24-8 

O

HO OH
O

OH

H H

H

 

   9, 80 

prednisone 53-03-2 

O

O
O

OH

OH

H H

H

 

   9, 81 

triamcinolone 124-94-7 

O
F

HO
O

OH

OH
OH

H

H

 

   9 

Drugs Acting on the 
Central Nervous System      

Barbituric Acid Derivatives      

allobarbital 52-43-7 

O

HN

O
H
NO

 

   82, 83 

amobarbital 57-43-2 

O

HN

O
H
NO

 

   82, 83 



aprobarbital 77-02-1 

O

HN

O
H
NO

 

   83 

barbital 57-44-3 

N
H

NH

O

O O
 

   9, 82-84 

barbituric acid 67-52-7 

O

HN

ON
H

O
 

   9 

benzonal 744-80-9 

N
H

N

O

O O

O
 

   83 

butalbital 77-26-9 

O

HN

O
H
NO

 

   82, 83 

buthalital 468-65-5 

N
H

NH

O

O

S

i-Bu

 

   83 



cyclobarbital 52-31-3 

N
H

NH

O

O

O
 

   9, 83 

mephobarbital 115-38-8 

N
H

N

O

O

O
 

   9, 82, 85 

metharbital 50-11-3 

N
H

N

O

O

O
 

   82, 83 

methohexital 151-83-7 

N
H

N

O

O

O
 

   83 

narconumal 1861-21-
8 

N
H

N

O

O

O
 

   83 

pentobarbital 76-74-4 

O

HN

O
H
NO

 

20   9, 82, 83, 86, 87 



phenobarbital 50-06-6 

O

HN

O
H
NO

 

   82, 83 

probarbital 76-76-6 

N
H

NH

O

O

O
 

   83 

proxibarbital 2537-29-
3 

N
H

NH

O

O

O

OH

 

   9, 83, 88 

rutonal 76-94-8 

N
H

NH

O

O

O
 

   83 

secobarbital 76-73-3 

O

HN

O
H
NO

 

   9, 82, 83, 89 

thialbarbital 467-36-7 

N
H

NH

O

O

S
 

   83 



thiobarbital 77-32-7 

N
H

NH

O

O

S
 

   82, 83 

thiopental 76-75-5 

N
H

NH

O

O

S
 

   83 

thiophenobarbital 2753-74-
4 

N
H

NH

O

O

S
 

   83 

Benzodiazepines      

alprazolam 28981-
97-7 

N
N

Cl

NN

 

  90, 91  

chlordiazepoxide 58-25-3 

-O
N+ NH

N

Cl

 

  92, 93 9, 74, 75, 77, 94 



diazepam 439-14-5 N

N
O

Cl

 

1, 4, 33-35  92 9, 77 

flunitrazepam 1622-62-
4 

N
O

N
NO2F

 

  95 9, 96 

midazolam 59467-
70-8 N

N

Cl

N

F

 

  97 9, 98, 99 

nitrazepam 146-22-5 
NO2

N

NH
O

 

   9, 100 

Thioxanthine and Phenothiazine 
Psychotherapeutic Agents      



butaperazine 653-03-2 

S

N
O

N
N

 

   101, 102 

chlorpromazine 50-53-3 N

N

S

Cl

 

  93, 103-105 9, 74, 75, 77, 106-
110 

chlorprothixene 113-59-7 

S

Cl

N

 

  111 9 

clopenthixol 982-24-1 

S

Cl

N
N

HO

 

  111 9 



flupenthixol 2709-56-
0 

S

F3C

N
N

HO

 

  111 9 

fluphenazine 69-23-8 

S

NF3C

N
N

HO

 

  112  

levomepromazine 60-99-1 

N

N

S

O

 

   113 

perazine 84-97-9 

S

N

N
N

 

   101, 102 



perphenazine 58-39-9 

S

N

N
N

Cl

HO

 

  112  

prochlorperazine 58-38-8 

S

N

N
N

Cl

 

  93, 112 77, 101 

promazine 58-40-2 N

N

S  

  103, 105 77 

thiethylperazine 1420-55-
9 

S

N

N
N

S

 

   101, 102 



thioproperazine 316-81-4 

S

N

N
N

S
N O

O

 

   101, 102 

thioridazine 50-52-2 

N

N

S

S

 

   9, 74, 75, 77, 114-
116 

tiotixene 3313-26-
6 

S

N
N

S
N O

O

 

  111 9 

trifluoperazine 117-89-5 

S

N

N
N

F3C

 

  112 77, 101, 117 

Other Psychotropic Agents      



carbamazepine 298-46-4 N

O NH2

 

1, 3, 4, 20 21, 22, 118, 119  9 

clomipramine 303-49-1 

N
Cl

N

 

   120 

dothiepin 113-53-1 

s

N

 

  121 9 

doxepin 1668-19-
5 

N

O

 

   9 

fluoxetine 54910-
89-3 

N
H

O

F3C

 

1, 2    



phenytoin 57-41-0 

NH
HN O

O

 

   9 

primidone 125-33-7 

O

HN O
NH

 

3    

protriptyline 438-60-8 

N
H  

  122 9, 75, 123 

Cardiovascular, Diuretic, and 
Hemotherapeutic Drugs      

Cardiac Agents      

amiodarone 1951-25-
3 

O

O

I I
O

N

 

  124 9, 125 



digitoxin 71-63-6 

OH

O O

O

O

HO

O

O

HO
O O

OH
OH

 

   9 

digoxigenin 1672-46-
4 

HO

OH
HO

O

O

 

2a    

digoxin 20830-
75-5 

OH

OH
O

O

O

O

HO

O

O

HO
O O

OH
OH

 

2a    



pirmenol 68252-
19-7 

N

HO

N

 

   126 

ubidecarenone 303-98-0 

O

O

O

O

 

   9, 127 

Blood PressureRegulating Drugs      

9,10-
Dihydroergotamine 511-12-6 NO

N O
OH

N
H

O
O

N
NH

 

   9 

ciclosidomine 66564-
16-7 

O

N
N
NO

N

O

 

   128 



dehydronifedipine 67035-
22-7 

N

NO2

O

O

O

O

 

2    

diltiazem 42399-
41-7 

S

O
O

O

N

N

O

H
H

 

2  129 9, 130 

enalaprilat 76420-
72-9 

HN

OH
O

O
N

HO
O

 

2, 34    

ergotamine 113-15-5 

HO

N
O N

O

H
N

O
O

N

HN

H

H

 

   9 



furnidipine 138661-
03-7 

NO2

N
H

O

O O

O

O  

  131 9 

lacidipine 103890-
78-4 

O
O

HN O

O

O O

 

  132  

minoxidil 38304-
91-5 

NH2

N

H2N N+

O-

N

 

   9 

molsidomine 25717-
80-0 

OO

N-
N+

N O
NO

 

   9, 133 

naphazoline 835-31-4 

N

N
H

 

  134-136  



nicardipine 55985-
32-5 

O

O

H
N

N
O

O

NO2  

   9, 137 

nifedipine 21829-
25-4 

H
N

O

O

O

O
NO2

 

  55, 138, 139 9, 74, 75, 110, 
140-148 

nilvadipine 75530-
68-6 

NO2HN

CN O

O

OO

 

   149, 150 

nimodipine 66085-
59-4 

H
N

O

O

O

O

NO2

O

 

  151 9 



nitrendipine 39562-
70-4 

H
N

O

O

O

O

NO2  

   9, 152 

reserpine 50-55-5 

N
H H

N

H

H

O

O

O
O

O

O

O

O

O

 

   9, 153, 154 

sodium nitroprusside 14402-
89-2 Na2Fe(CN)5(NO)    155 9 

verapamil 52-53-9 
O

O

O

O

N
NC

 

1   156 

Adrenergics      

adrenaline 51-43-4 

HO

HO
OH H

N

 

  157 9, 158, 159 

albuterol 18559-
94-9 

OH H
N

OH

HO

 

1, 3, 4, 33, 
34    



atenolol 29122-
68-7 

O

OH
H
N

NH2

O

 

33, 34   160  

betaxolol 63659-
18-7 

O

O
OH

N
H

 

1, 4    

bisoprolol 66722-
44-9 ON

H

O
O

OH  

1, 4    

carazolol 57775-
29-8 

NHO
HO

N
H

 

1, 4    

clenbuterol 37148-
27-9 

OH H
N

Cl

Cl

H2N
 

3, 4    

dopamine 51-61-6 H2N
OH

OH
 

   159 

ephedrine 299-42-3 

OH

HN
 

   9 



fenoterol 13392-
18-2 

OH
H
NHO

OH
OH 

1, 3, 4    

isoprenaline 7683-59-
2 

OH
NH

OH
OH

 

   9, 158 

metoprolol 51384-
51-1 

O

O
OH

N
H

 

1, 4    

nadolol 42200-
33-9 

O
OH

N
HHO

HO  

1a, 4    

noradrenaline 51-41-2 
HO

HO

OH
NH2

 

   158, 159 



propranolol 525-66-6 
O

NH
OH

 

1, 4 21   

terbutalin 23031-
25-6 

HO

OH

OH H
N

 

4    

timolol 26839-
75-8 

N
S

N

N O

O
OH

HN

 

1, 4    

Diuretics      

acetazolamide 59-66-5 
N N

S
H
N

O S NH2

O

O  

  161 162, 163 

amiloride 2609-46-
3 

N

NCl

H2N NH2

N
H

O

NH2

NH

 

  164 163 



bemetizide 1824-52-
8 

S
NH

H
NCl

S
O O

Ph

O

O

H2N
 

   165 

bendroflumethiazide 73-48-3 

N
H

NH
S

OO

F3C

S
H2N O

O

 

   165 

benzylhydrochlorothiaz
ide 

1824-50-
6 

S
NH

H
NCl

S
O O

Ph

O

O

H2N
 

   165 

bumetanide 28395-
03-1 O

NH

HO

O
S

NH2

O

O

 

   165 

butizide 2043-38-
1 

S
NH

H
NCl

S
O OO

O

H2N
 

   165 

chlorothiazide 58-94-6 

O
S

O

NH

N

S

Cl

H2N O

O

 

   163, 166, 167 



chlortalidone 77-36-1 

HO N
H O

SH2N
O

O
Cl

 

  161 165 

ethacrynic acid 58-54-8 

O
OH

O

O
Cl

Cl  

   163 

frusemide 54-31-9 

O
HO

HN S

Cl

NH2

O

O

O

 

33a, 34  55, 93, 161, 168-171 163, 165, 172-175

hydrochlorothiazide 58-93-5 

O
S

O

HN

N
H

S

Cl

NH2
O

O

 

34  93, 176, 177 163, 165-167, 178

hydroflumethiazide 135-09-1 

N
H

NH
S

OO

F3C

S
H2N O

O

 

   165 



indapamide 26807-
65-8 

HN
N

O

S
H2N

O
O

Cl

 

   163, 165 

piretanide 55837-
27-9 

N CO2H

S
PhO

NH2

O O

 

   165 

polythiazide 346-18-9 
S

N

H
NCl

S
H2N

O O O O

S CF3

 

   165 

triamterene 396-01-0 

NH2

N
N

N N NH2H2N  

  161 163 

trichlormethiazide 133-67-5 

S
NH

H
NCl

S
H2N

O O O O

Cl

Cl

 

   9, 165, 179 



xipamide 14293-
44-8 N

H

O

HO Cl

S
NH2

O O

 

   165 

Serum Lipid Reducing Agents 
and 

Antithrombotic Agents 
     

bezafibrate 41859-
67-0 

HN

O

Cl

O
O

OH

 

1, 3-5, 20, 
33, 34   9, 180, 181 

clofibrate 637-07-0 

O

O
O

Cl
 

1, 35    9, 180 

clofibric acid 882-09-7 
O

O

HO Cl
 

1, 3-5, 20, 
33-35 21, 22, 25, 119  9, 180 

dipyridamole 58-32-2 

NN

N

OH

OH
N

N

N

N

N

OH

HO

 

   9, 130 



fenofibrate 49562-
28-9 

O

OCl
O

O  

1a, 3, 4   9, 180, 182 

fenofibric acid 42017-
89-0 

Cl

O

O
CO2H

 

1, 3-5, 20   183 

gemfibrozil 25812-
30-0 

OH

O

O

 

1-5   9, 180 

thyroxine 51-48-9 

HO
I

I O

I

I

OH

O

NH2

 

   9 

warfarin sodium 129-06-6 

O O

O-

O

Na+

 

   9 

Hormones      

17-methyltestosterone 58-18-4 

O

OH

H H

H

 

   9 



androsterone 53-41-8 

HO
H

O

H H

H

 

2    

clomiphene 911-45-5 Cl

O
N

 

   9 

dienoestrol 84-17-3 

HO

OH

 

   9, 184 

equilenin 517-09-9 

HO

O

 

2    

equilin 474-86-2 

HO

O

 

2    



estradiol 50-28-2 

HO

HO

H

H H
 

2, 35 21   

estriol 50-27-1 

OH

OH

HO
HH

 

2    

estrone 53-16-7 H

H
HO

H

O

 

2, 35   9, 74 

ethinyl estradiol 57-63-6 

OH

HO
HH

 

1-3, 35 21  9, 74, 75 

ethisterone 434-03-7 

OH

O

H

H H
 

   9 



levonorgestrel 797-63-7 

OH

O  

   9, 185 

lynestrenol 52-76-6 

H H

H
OH

H

 

   9, 74, 75 

melatonin 73-31-4 

NH

O

N
H

O

 

  186  

mestranol 72-33-3 

O

OH

H H

H

 

2, 3   9, 74, 75 

norethindrone 68-22-4 

OH

O

H

H H

H

 

2, 35   9, 74, 75, 156, 
187, 188 



norethynodrel 68-23-5 

OH

O

H

H H

 

   74 

progesterone 57-83-0 

O

O

H H

H

 

2   9 

stilboestrol 56-53-1 

HO

OH 

   9 

tamoxifen 10540-
29-1 

O
N

 

   9 

testosterone 58-22-0 

H H

H

OH

O  

2   9 



testosterone 
propionate 57-85-2 

O

O

O

H H

H

 

 35   

∆9(11)-dehydroestrone 1089-80-
1 

O

HO

H

H
 

   9, 189 

Dermatologicals       

benzophenone-3 131-57-7 

O

HO

O
 

  190  

benzophenone-8 131-53-3 

O OHOH

O  

  190  

berberine 2086-83-
1 

O
O

N+

O
O

 

  191  



danthrone 117-10-2 

OOH OH

O  

   9 

dithranol 1143-38-
0 

OOH OH

 

   9 

menthyl anthranilate 134-09-8 O

O

NH2

 

  190  

methoxsalen 298-81-7 O
O

O

O  

   9 

octocrylene 6197-30-
4 

NC
O

O

 

  190  

octyl salicylate 6969-49-
9 

OH

OO

 

  190  



PABA 150-13-0 OH

O

H2N  

  190 9 

padimate-O 21245-
02-3 

O O

N
 

  190  

parsol-1789 70356-
09-1 

O O

 

   190 

triclosan 3380-34-
5 

O
OH

Cl

Cl

Cl  

1, 2 192-196  197, 198 

Chemotherapeutic Agents       

Antibacterials: Sulfa Drugs       

succinylsulfathiazole 116-43-8 
S
HN

N

S
O

O

H
N

OO

HO

 

  199  

sulfacetamide 144-80-9 
S

HN

O
O

O

H2N
 

  200, 201 9 



sulfachlorpyridazine 80-32-0 

N
N

Cl

HN
S
O

OH2N

 

2a    

sulfadiazine 68-35-9 
SHN O
O

N
N

NH2  

202 203 200 204 

sulfadimethoxine 122-11-2 SHN

N

N

O

O

O
O

H2N

 

2, 3 203  9, 204 

sulfaguanadine 57-67-0 NH

NH2

HN
S
O

OH2N

 

202  200 204 

sulfamerazine 127-79-7 
N

HN
S

OO

H2N N

 

2a  200 204 



sulfamethazine 57-68-1 

S
HN

O
O

N

N

H2N
 

2, 3, 205a    204 

sulfamethizole 144-82-1 
S

NH

OO
S

NN
NH2

 

2, 202  200  

sulfamethoxazole 723-46-6 
S

NH

OO

NO
NH2

 

2, 3, 35, 
205 21 200, 206-208 9, 156 

sulfathiazole 72-14-0 

NH2

S
HN

OO
N

S

 

2a, 3  199 204 

Antibacterials and Antivirals: 
Aromatic Derivatives       

catechin (cyanidol) 154-23-4 O

OH
OH

HO

OH
OH

 

   9 



chloramphenicol 56-75-7 

O2N

OH H
N

HO
O

Cl

Cl

 

3, 205  209 9, 74, 75, 110, 210

chlortetracycline 57-62-5 

OH
OH O

N
OH

O NH2

O

HO

OH

Cl
 

2, 205a  93, 211 9 

demeclocycline 127-33-3 

N

OO
OH

OHO

OH

NH2

Cl

OH

HH
HO

 

  93, 211 9, 77 

doxycycline 564-25-0 

N

OO HO
O

HO

OH
OH

H2NHO

 

2a, 205a  211  

hexachlorophene 70-30-4 
Cl

HO

Cl

HO
Cl

Cl

Cl

Cl

 

  93 9, 77, 212 



minocycline 10118-
90-8 

OH
OH O

N
OH

O

NH2

OOH

N

 

  211  

oxytetracycline 79-57-2 
OH

OH

H

OH O

N

O

H

OH

OHHO

NH2

O  

2, 34, 205a 203, 213 211  

tetrachlorosalicylanilide 7426-07-
5 

N
H

OOH
Cl

Cl
Cl

Cl
 

   9 

tetracycline 60-54-8 

OH O OH O

OH

NH2

O

NHO

OH

H

 

2, 20, 35 
205a 214 55, 211, 215-219 9, 77 

β-lactam Antibiotics       



amoxicillin 26787-
78-0 

O OH

N
S

O

NH
O

NH2

HO  

   156 

ampicillin 69-53-4 
HN

N

S

HO
O

O

HH
OH2N

 

   156 

aztreonam 78110-
38-0 

N

SH2N

N NH

O

O

OH
O

N

O

S
OH

O
O

 

   9, 220 



cefotaxime 63527-
52-6 

O OH

N

S

O
O

HN

O

ON
O

N

S NH2

H

 

   9, 221 

ceftiofur sodium 104010-
37-9 

N
S

N
O

H
N

O N
O

S

CO2H

H

NH2

S

O

O

Na

 

   222 

cephalexin 15686-
71-2 

N

S

HO O

O

HHN

OH2N

 

   223 

cephaloridine 50-59-9 

S O

O

H H

N

S

CO2
-

N+
HN

 

   223 



cephalothin 153-61-7 

N

S

HO O

O

HHN

O

O

O

S

 

   156 

cephradine 38821-
53-3 

H2N

HN

O

N
O

H
S

HO O  

   223 

nafcillin 147-52-4 
N

S

O

OH

H

N
H

O

O
O

 

205a   223 

Macrolide Antibiotics       



clarithromycin 81103-
11-9 

O
O

O

O

O

N

O

O

HO

OH

HO

O

O

OH

H

 

3, 34, 205    

erythromycin 114-07-8 O

O

O

OH
HO
HO

O

O

O

N

OH

O

O
HO  

2, 20, 33-
35, 205    

kidamycin 11072-
82-5 

OO

O

HO

N
OH O

O

O

OH
N

 

  55, 224 9 



lincomycin 154-21-2 N

O
HN

OHO
S

HO

HO OH

 

2, 3, 33, 34    

roxithromycin 80214-
83-1 

O

O

O

O
O

O

HO

OH

O
OH

HO

N

N

HO

OO
O

 

2, 3, 205    

tylosin 1401-69-
0 O

O

O

O

O
O

O
N

O

O

OH

O

O

O
OH

HO

HO

OH

 

2, 3, 33, 34    



virginiamycin 11006-
76-1 

O NH

NHN
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O

N
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O

O

O O

O

O

O

O

HN
O

OO
N

O

OH

N
O

 

2a    

Antibacterials: Heterocyclic Drugs       

carbadox 6804-07-
5 

N

N

N

O

H
N O

O

O

 

2a   225 



ciprofloxacin 85721-
33-1 

N

OH

O

N
HN

O
F

 

2, 3, 34  226-234 9, 235, 236 

danofloxacin 112398-
08-0 

N
NN

HO

O O
F

 

  229  

diloxanide furoate 3736-81-
0 

N

O
Cl

Cl

O

OO

 

  237  

enoxacin 74011-
58-8 

N N

O

N

O

HO
F

NH

 

  228, 233, 234, 238-
242  

enrofloxacin 93106-
60-6 

N
N N

F
O O

OH

 

2a, 3  229  



fleroxacin 79660-
72-3 

N
N

F
O

N

F

F

HO

O  

  53, 228, 230, 233  

flumequine 42835-
25-6 

O

N

O

OH

F

 

 203 228, 233, 243  

furazolidone 67-45-8 N N
O

O

OO2N

 

 203  9 

isoniazid 54-85-3 
HN

O

NH2

N
 

   9, 244 

lomefloxacin 98079-
51-7 

N
F

O

N

O

OH
F

HN

 

  53, 228, 233, 234, 
238-241, 245 9, 246 

metronidazole 443-48-1 

N

N

OH

O2N

 

  55, 247 9, 156, 248 



nalidixic acid 389-08-2 
NN

O O

OH

 

  228, 233, 249 9, 250 

nitrofurantoin 67-20-9 N
N

O

O
H
NO

NO2  

   9, 74, 75 

nitrofurazone 59-87-0 

NO2
O

NHN
H2N

O

 

  251 9 

norfloxacin 70458-
96-7 

NN
HN

F
O

OH

O  

2, 3  228, 229, 233, 238-
241 252-254 

ofloxacin 82419-
36-1 

N
N N

F

O

O O

OH

 

 21 228-230, 233, 234, 
240, 255, 256 9 

oxolinic acid 14698-
29-4 

NO

O

O

O

OH

 

 203 228, 233, 249 9 



pyrithione 1121-30-
8 N S

OH  

   9 

rufloxacin 101363-
10-4 

N
N

F

O

N
S

HO

O

 

  233, 257 258 

sarafloxacin 98105-
99-8 

HN
N N

F

CO2H
O

F
 

2a    

sitafloxacin 127254-
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N

N

F

CO2HO

Cl

F

NH2

 

  259  

trimethoprim 738-70-5 
N

N NH2

NH2

O

O
O

 

2, 3, 205 203 207, 260 9, 261 



Antiprotozoal, Antiamebic, and 
Antimycotic Drugs       

amodiaquine 86-42-0 

N
H

N
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N

 

  262 9 

amphotericin B 30652-
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O

O

O

OOHOH
OH

OHOHO
HO

HO2C
HO

HO

H2N
OH

OH

 

   263 

bifonazole 60628-
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N

N

 

   263 

chloroquine 54-05-7 

Cl N

HN

N

 

  262, 264-266 9, 267, 268 



clotrimazole 23593-
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N

Cl

N  

   263 

econazole 27220-
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Cl

O
N N

Cl Cl

 

   263 

emetine 483-18-1 

N

H
N

O
O

O

O

H

 

  269 9, 270 

fluconazole 86386-
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N

N
N

F

F

N

OH

N

N

 

   263 



flucytosine 2022-85-
7 

NH2

N
F

NHO  

   263 
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O

H

O

O

O

 

   263 

hydroxychloroquine 118-42-3 

N
HONH

N
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  271 9 

isoconazole 27523-
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N

N

O

Cl Cl
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   263 



ketoconazole 65277-
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O

N

O

N

N
N

O
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O
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H

 

   263 

mefloquine 53230-
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N
CF3

CF3

HO
H
N

 

  272 9, 268, 273 
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O

N
Cl N

Cl

Cl
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   263 



naftifine 65472-
88-0 

N
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O

O

O

O H

H
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OH H
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O

O O
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NH2
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O

O

O

O
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O
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OH OH OH  
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O
N

N

N
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primaquine 90-34-6 N

O
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NH2

 

  274 9, 268, 275 

pyrrolnitrin 1018-71-
9 

NO2
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NH

 

   276 

quinine 130-95-0 
N

H

H

N

O

H
HO

 

  55 9, 77 

sulbentine 350-12-9 N
N

S
S
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terconazole 67915-
31-5 

NNOO

N
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O
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Cl
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tolnaftate 2398-96-
1 

S
O

N

 

   263 

Antineoplastic Drugs       
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N
HN

N
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  277 9 
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20, 35  278 9, 156 

carmustine 154-93-8 
N

N

NH

O O
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Cl

 

   9, 156 



cisplatin 15663-
27-1 

NH2
Pt
Cl

NH2Cl
 

   9, 279-281 

CPT-11 100286-
90-6 

N
N

O

O

OHO

ON

O

N
H

Cl-

 

  282 283 

dacarbazine (DTIC) 4342-03-
4 

N N
N

HN

N
NH2

O

 

  284, 285 9, 156, 286 

daunorubicin 20830-
81-3 

O

O

O

O

O
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OH
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OHO

 

  287 9, 288 

doxorubicin 23214-
92-8 

OHO

OOH

OH

O

O

O
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O
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OH

 

  287 9 



hedamycin 11048-
97-8 

O

O

OH O

O

O

O
O

O

OH
N

HO
N

 

  224 9 

lomustine 13010-
47-4 

O

N N
H

Cl

N
O

 

   156 

methotrexate 59-05-2 
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O
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O

HO O

N

N

N

NH2N

NH2

N

 

35   9, 289, 290 

mitonafide 54824-
17-8 

N

N

O

O
O2N

 

   9, 291 



neocarzinostatin 9014-02-
2 

HN

O
OH

OH
O

OO

OHO

O
O

O
O

 

  292  

streptozocin 18883-
66-4 

O

OH
OH

OH H
N

HO

N

O
N
O

 

   156 

tauromustine 85977-
49-7 

N
S O
OHN

O

Cl

NO

 

  293 9 



vinblastine sulfate 143-67-9 

S
O

O
O--O

N

O

OH

N

O
OO

O
O

O

H
N

N OH

 

   9, 294 

zinostatin 9014-02-
2     9 

Furocoumarins       

8-MOP 298-81-7 O
O

O

O  

   75, 295 

angelicin 523-50-2 
O O O

 

   295 

bergapten 484-20-8 

O

O OO

 

   75, 295 



isopimpinellin 482-27-9 

O

O O

O

O

 

   295 

psoralen 66-97-7 
O O O

 

   295 

trioxsalen 3902-71-
4 

O OO

 

   295 

Anti-diabetics       

chlorpropamide 94-20-2 
SHN O
OHN

O

Cl  

   165, 296 

glibenclamide 10238-
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O

Cl

O

HN
S
O

O
HN

O

N
H

 

   165 



glipizide 29094-
61-9 

N
N

O

N
H

S
O

O NH

O
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   165 

gliquidone 33342-
05-1 

O
O

N

S
O O
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O
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O
 

   165 

glymidine 339-44-6 

S
OHN

O

N
N

O
O

 

   165 

metformin 657-24-9 N

NH

N
H

NH

NH2
 

2    



tolazamide 1156-19-
0 SHN O

OHN
ON

 

   165 

tolbutamide 64-77-7 
O

N
H

N
H

S
O

O

 

   165 

Diagnostic Agents       
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I

I
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N
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H
NO

H
N O

OH
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I

N

O
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H
N OH
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I

 

3    



iomeprol 78649-
41-9 

N
O

OH
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I

O
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I

 

 119   

iopamidol 60166-
93-0 

II

I
N
H

O NH
HO OH

O

HN

HO

OH

O
HO

 

1    

iopromide 73334-
07-3 I I

O

NH

OH

OH

I
N
H

O
O

O N

OH
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1, 3   298 

metyrapone 54-36-4 

O

N

N  

  299 300 

 a Denotes the compound was not detected in the field samples.  
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