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Table 1.1 Selected phanmaceutical compounds and their general information.

Compounds Formula CAS # Molecular weight Class
acetammophen CgH,NO>» 103-90-2 151.2 analgestics
caffeme CH,;oN,05 58-08-2 194.2 stimulant
carbamazepine C;sH;,N,O 298-46-4 236.3 anticonvulsant
clofibric acid C10H;,ClO; 882-09-07 214.7 lipid-regulator
codeine C,sH,;NO; 76-57-3 299.4 analgestics
estradiol C,sH74,0, 50-28-2 272.4 hormone
estriol Ci5H540; 50-27-1 288.4 hormone
estrone CisH»205 53-16-7 270.4 hormone
ethynylestradiol C10H,40, 57-63-6 296.4 hormone
ibuprofen C,3H;50, 15687-27-1 206.3 analgestics
iopromide CisH;, EN:05 107793-72-6 791.1 X-ray contrast media
Iincomycin C,gH3,N>04S 154-21-2 406.5 antibiotics
sulfamethoxazole C,0H;;N;0;S 723-46-6 2533 antibiotics
triclosan C:H.CLO; 3380-34-5 289.5 antibiotics
trimethoprim C,4H,gN,4O; 738-70-5 290.3 antibiotics
tylosin C46H77NO, 5 1401-69-0 916.1 antibiotics
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Figure 1.1 Compound structures of sixteen pharmaceuticals.
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PAPER

1. Investigation of Pharmaceuticals in Missouri Natural and Drinking
Water Using High Performance Liquid Chromatography-Tandem Mass
Spectrometry

ABSTRACT

A comprehensive method has been developed and validated in two different water
matrices for the analysis of 16 pharmaceutical compounds using solid phase extraction
(SPE) of water samples, followed by liquid chromatography coupled with tandem mass
spectrometry. These 16 compounds include antibiotics, hormones, analgesics, stimulants,
antiepileptics, and X-ray contrast media. Method detection limits (MDLs) that were
determined in both reagent water and municipal tap water ranged from 0.1 to 9.9 ng/L.
Recoveries for most of the compounds were comparable to those obtained using U.S.
EPA methods. Treated and untreated water samples were collected from 31 different
water treatment facilities across Missouri, in both winter and summer seasons, and
analyzed to assess the 16 pharmaceutical compounds. The results showed that the highest
pharmaceutical concentrations in untreated water were caffeine, ibuprofen, and
acetaminophen, at concentrations of 224, 77.2, and 70 ng/L, respectively. Concentrations
of pharmaceuticals were generally higher during the winter months, as compared to those
in the summer due, presumably, to smaller water quantities in the winter, even though

pharmaceutical loadings into the receiving waters were similar for both seasons.









Table 1. Sixteen phanmaceutical compounds and their general information.

Compounds Formula CAS # Molecular weight
acetammophen CsHoNO, 103-90-2 151.2
caffeine CsH;o0N ;40> 58-08-2 194.2
carbamazepime C15H;2N-0 298-46-4 236.3
clofibric acid C10H;:ClIO;3 882-09-07 214.7
codeme C1sH>;NO; 76-57-3 299.4
estradiol Ci1sH>405 50-28-2 272.4
estriol C1sH5403 50-27-1 288.4
estrone Ci1sH>,05 53-16-7 270.4
ethynylestradiol C20H2405 57-63-6 296.4
ibuprofen Ci13Hi50> 15687-27-1 206.3
iopromide Ci1sH>1I5N;05 107793-72-6 791.1
lincomycm C1sH54N->04S 154-21-2 406.5
sulfamethoxazole C10H;;N3;038 723-46-6 253.3
triclosan C12H;CLO; 3380-34-5 289.5
trimethoprim C14H;sN4O3 738-70-5 290.3
tylosm C46H77NO; 5 1401-69-0 916.1
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Table 2. LC-MS/MS expenmental conditions of the sixteen pharmaceutical compounds.

Compounds Retention ;OS; Precursor Product Dedustering Collision  Collisioncell  Internal standard
§ . " 3 : ene exit potential
time (min) mode ion ion potential (V) (v)rgy P(:,)
acetaminophen 5.7 positive 151.8 110 66 25 6 BCs-caffeine
caffeine 8.2 positive 194.9 138 51 31 8 BCs-caffeine
carbamazepine 11.7 positive 236.9 194 71 31 12 B¢ ;-trimethoprim
clofibric acid 8.1 negative 212.9 126.8 -40 -24 E 13¢,-ibuprofen
codeine 7.9 positive 300 215 81 37 14 13C ;- trimethoprim
estradiol 13.1 positive 255 159 76 29 10 BC;-caffeine
estriol 8.8 negative 286.7 171.1 -100 -50 -9 BC4-estrone
estrone 12 negative 268.9 144.8 -110 -54 <7 3¢ -estrone
ethynylestradiol 13.8 positive 279 133.2 61 27 8 B¢ -caffeine
buprofen 9.5 negative 204.9 159 -55 -10 -10 3¢;-buprofen
iopromide 3.5 negative 789.9 126.7 -85 -48 -5 13¢;-buprofen
lincomycin 8 positive 407.1 126.2 76 39 6 3¢ ,-trimethoprim
sulfamethoxazole 10.2 positive 253.9 156 61 25 10 ¢ ;-trimethoprim
triclosan 15.8 negative 286.7 35 -50 -110 -3 3¢ ¢-estrone
trimethoprim 8.3 positive 291 230.2 81 35 14 3¢ ;- trimethoprim
tylosin 10.6 positive 916.5 174.1 136 55 10 B¢ ;-caffeine
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Table 3. Method detection limits (MDL), spike recovery and relative standard deviation (RSD) of studied phanmaceuticals in reagent
water (Deionized (DI)) water and tap water matrix (n=9).

High-level spike Low-level spike

— ML e DI water Tap Water DI water Tap Water
DI Tap Spike Recovery RSD Spike Recovery RSD Spike Recovery RSD Spike Recovery RSD
Water Water (ngl) (%) (%) (mgl) (%) (%) (ngll) (%) (%) (mgl) (%) (%)
acetammophen 217 14 200 95.8 104 200 100 69 10 106 8.8 10 739 64
caffeme 0.3 1.1 400 109 9.1 400 115 335 2 464 2 2 507 374
carbamazepme 0.5 02 200 104 49 200 121 53 1 125 13 1 125 59
clofibric acid 13 0.6 400 122 129 400 157 14 1 n6e 281 1 5671 315
codeme 1.0 1.5 400 104 26 400 12 45 5 145 47 5 150 67
estradiol 08 12 400 956 § 400 106 44 5 102 53 5 979 871
estriol 43 52 200 128 49 200 115 24 20 120 6.2 20 121 74
estrone 14 1.0 200 116 26 200 109 19 2 892 26 2 23 139
ethynylestradid 0.1 05 200 923 6.2 200 102 28 1 108 44 1 158 2
buprofen 1.0 1.6 400 119 1.9 400 110 22 20 106 35 20 859 33
iopromide 35 99 200 9.1 8.8 200 %06 18 20 136 44 20 155 112
Imcomycmn 0.1 0.1 200 103 9.9 200 975 5.6 1 126 3238 11 52
sulfamethoxazole 04 03 400 90 115 400 102 47 1 905 48 1 927 93
tricksan 10 12 40 3 4.1 400 36 187 10 393 8.7 10 98 132
trime thoprim 0.3 04 400 123 113 400 126 49 1 912 122 1 912 4
tvlosn 03 02 200 46 14.8 200 486 3038 1 182 512 1 151 378
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Table 4. Phanmaceutical concentration of real water samples in winter season.

Concentration (ng/L)

D Sample Tylo- Linco- Trimetho- Sulfameth- Acetamin- Caf- Carbama- Code- Tricloo Ibup-  Iopr-
#  Water source Treatment type sin mycin prim oxazole ophen feine zepine ine san rofen  omide
1 MS River Frecchlorine  Untreated <MDL = 42 46 137 5.3 472 8.4 <MDL <MDL 166 <MDL
Treated <MDL <MDL <MDL <MDL <MDL 13.0 22 <MDL <MDL 88 <MDL
2 MS River Chioramines  Untreated <MDL <MDL 77 288 21.8 106.0 87 <MDL <MDL 375 224
Treated <MDL <MDL  <MDL 1.5 <MDL 54.4 39 <MDL <MDL 266 <MDL
3 MORiver Chloramines  Untreated <MDL 1.8 238 188 16.0 49.6 55 <MDL 2.1 271 <MDL
Treated <MDL <MDL 1.7 8.2 <MDL 36.0 47  <MDL <MDL 234 <MDL
4  Allwial GW  Chloramines  Untreated <MDL 1.1 <MDL 5.5 <MDL 14.8 32  <MDL <MDL <MDL <MDL
Treated <MDL <MDL  <MDL <MDL <MDL 25 <MDL <MDL <MDL <MDL <MDL
5§ Allwvial GW  Freechlorine Untreated <MDL <MDL  <MDL <MDL <MDL 50.0 <MDL <MDL <MDL <MDL <MDL
Treated <MDL <MDL <MDL <MDL <MDL 43.6 <MDL <MDL <MDL <MDL <MDL
6 Decp rockwells  Chloramines  Untreated <MDL <MDL  <MDL 28 <MDL 114 19 <MDL 98 <MDL <MDL

Treated <MDL <MDL  <MDL <MDL <MDL 34 <MDL <MDL 28 <MDL <MDL

Desp rockwells  Freechlorine Untreated <MDL <MDL  <MDL <MDL <MDL 18.2 <MDL <MDL <MDL <MDL <MDL
Treated <MDL <MDL  <MDL <MDL <MDL 45 <MDL <MDL <MDL <MDL <MDL

8 Reservoirs Freechlorine Untreated <MDL <MDL  <MDL <MDL <MDL 10.3 <MDL <MDL 34 <MDL <MDL
Treated <MDL <MDL  <MDL <MDL <MDL 838 <MDL <MDL <MDL <MDL <MDL

|

9 Reservoir Chloramines  Untreated <MDL 2.5 <MDL <MDL 14.2 157.2 1.0 <MDL <MDL 24 <MDL
Treated <MDL <MDL  <MDL <MDL <MDL 184 <MDL <MDL <MDL 20 <MDL
10 MORiver Chloramines  Untreated <MDL 29 9.1 381 56.0 224.8 8.1 37 <MDL 772 <MDL
Treated <MDL <MDL  <MDL 48 <MDL 1808 6.8 <MDL <MDL 728 <MDL

ND =NoData MDL = Method Detection Limit
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Table 4. (continued)

Concentration (ng/L)

D Sample Tylo- Linco- Trimetho- Sulfameth- Acetamin- Caf- Carbama- Code- Triclo Ibup-  Iopr-
#  Water source Treatment type sin mycin prim oxazole ophen feine zepine ine san rofen  omide
11 MS River Frecchlorine Untreated <MDL 2.8 40 182 11.6 39.0 8.1 30 <MDL 136 <MDL
Treated <MDL <MDL  <MDL <MDL 28.0 329 32 <MDL <MDL 104 <MDL
12 Lake Frecchlorine Untreated <MDL <MDL  <MDL <MDL <MDL 201  <MDL <MDL <MDL <MDL <MDL
Treated <MDL <MDL <MDL <MDL <MDL 39 <MDL <MDL <MDL <MDL <MDL
13 Lake Untreated <MDL <MDL  <MDL <MDL <MDL 213 <MDL <MDL <MDL <MDL <MDL
Chloramines ~ Treated <MDL <MDL  <MDL <MDL <MDL 40 <MDL <MDL <MDL <MDL <MDL
14 Lake Untreated <MDL <MDL  <MDL <MDL <MDL 294 <MDL <MDL <MDL <MDL <MDL
Chloramines ~ Treated <MDL <MDL  <MDL <MDL <MDL 43 <MDL <MDL <MDL <MDL <MDL
15 Deep Well Frecchlorine Untreated <MDL <MDL  <MDL <MDL <MDL 62 <MDL <MDL <MDL <MDL <MDL
Treated <MDL <MDL <MDL <MDL <MDL S <MDL <MDL <MDL <MDL <MDL
16  Decp Well Freechlorine Untreated <MDL <MDL  <MDL <MDL <MDL 30 <MDL <MDL <MDL <MDL <MDL
Treated <MDL <MDL <MDL <MDL <MDL 44 <MDL <MDL <MDL <MDL <MDL
17 Deep Well Freechlorine Untreated <MDL <MDL  <MDL <MDL <MDL 29 <MDL <MDL <MDL <MDL <MDL
Treated <MDL <MDL  <MDL <MDL <MDL 26 <MDL <MDL <MDL <MDL <MDL
18  Deep Well  Frecchlorine Untreated <MDL <MDL  <MDL <MDL <MDL 3 <MDL <MDL <MDL <MDL <MDL
Treated <MDL <MDL <MDL <MDL <MDL 30 <MDL <MDL <MDL <MDL <MDL
1% Lake Frecchlorine Untreated <MDL <MDL  <MDL 1.7 <MDL 11.1 <MDL <MDL <MDL <MDL <MDL
Treated  ND ND ND ND ND ND ND ND ND ND ND
20 Unconsolidated Frecchlorine Untreated ND ND ND ND ND ND ND ND ND ND ND
Wells Treated <MDL <MDL <MDL <MDL <MDL 28 <MDL <MDL <MDL <MDL <MDL

ND =No Data MDL = Mcthod Detection Limit
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Table 4. (continued)

Concentration (ng/L)

D Sample Tylo- Linco- Trimetho- Sulfameth- Acetamin- Caf- Carbama- Code- Tricloo Ibup-  Iopr-
#  Water soarce Treatment type sin mycin prim oxazole ophen feine zepine ine san rofen  omide
21  Unconsolidated Freechlonine Untreated <MDL <MDL  <MDL <MDL <MDL 56 <MDL <MDL <MDL <MDL <MDL
Wells Treated <MDL <MDL  <MDL <MDL <MDL 72 <MDL <MDL <MDL <MDL <MDL

22 Unconsolidated Freechlorine Untreated <MDL <MDL  <MDL <MDL <MDL 34.4 <MDL <MDL <MDL <MDL <MDL
Wells Treated <MDL <MDL  <MDL <MDL <MDL 93 <MDL <MDL <MDL <MDL <MDL

23 Unconsolidated  Freechlorine Untreated <MDL 1.1 <MDL 7.2 <MDL 39.1 33 <MDL <MDL <MDL <MDL
Wells Treated <MDL <MDL <MDL <MDL <MDL 32 <MDL <MDL <MDL <MDL <MDL

A4 Lake Frecchlorine Untreated 43  <MDL  <MDL <MDL <MDL 6.7 <MDL <MDL <MDL <MDL <MDL
Treated <MDL <MDL  <MDL <MDL <MDL 48 <MDL <MDL <MDL <MDL <MDL

25 Lake Chloramines  Untreated <MDL 7.7 <MDL <MDL <MDL 27.7 <MDL <MDL <MDL <MDL <MDL
Treated <MDL <MDL  <MDL <MDL <MDL 37 <MDL <MDL <MDL <MDL <MDL

26 Lake Frecchlorine Untreated <MDL <MDL  <MDL <MDL <MDL 79 <MDL <MDL <MDL <MDL <MDL
Treated <MDL <MDL <MDL <MDL <MDL 74 <MDL <MDL <MDL <MDL <MDL

27 Reservoir Freechlorine Untreated <MDL <MDL  <MDL 3.1 70.0 10.0 48 <MDL <MDL <MDL <MDL
Treated <MDL <MDL  <MDL <MDL <MDL 6.0 35 <MDL <MDL <MDL <MDL

28 Lake Frecchlorine Untreated <MDL 1.1 <MDL <MDL <MDL 113 <MDL <MDL <MDL <MDL <MDL
Treated <MDL <MDL  <MDL <MDL <MDL 65 <MDL <MDL <MDL <MDL <MDL

2 River Chloramines  Untreated <MDL <MDL  <MDL 6.1 19.4 315 32  <MDL <MDL 44 <MDL
Treated <MDL <MDL  <MDL <MDL <MDL 204 14 <MDL <MDL 32 <MDL

30 Lake Freechlonne Untreated <MDL <MDL  <MDL <MDL <MDL 16.9 <MDL <MDL <MDL <MDL <MDL
Treated <MDL <MDL  <MDL <MDL <MDL 38 <MDL <MDL <MDL <MDL <MDL

31 Lake Chloramines  Untreated <MDL <MDL 21 <MDL <MDL 10.8 <MDL <MDL <MDL <MDL <MDL
Treated <MDL <MDL  <MDL <MDL <MDL 52 <MDL <MDL <MDL <MDL <MDL

ND =No Data MDL = Method Detection Limit
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Table 5. Phanmaceutical concentration of real water samples in summer season.

Conomirafien (mg/fl)

Sample Tylee Lmcs Trimefho- Sulfameth- Acetamin- Cal Cafdmms Ced- Trido Dupo- lomom-
Di Watersoare Treaiment type sim  mydm pim exxele opfien feine Zepime eime sm fen ide
1 MSRwer Freechloime  Unbratal <MDL 26 <MDL 42 <MDL 156 57 <MDL 31 <MDL  <MDL
Treded <MDL <MDL <MDL <MDL <MDL 95 10 <MDL <MDI <MDL <MDL
2 MSRiver Chloomines  Unireslad <MDL 46 <MDL 110 <MDL 1348 86 <MDL <MDL <MDL  <MDL
Traded <MDL 20 <MDL <MDL <MDL ns 50 <MDL <MDL <MDL  <MDL
3 MORiver Chlommines  Untreated <MDL 19 <MDL 46 <MDL 276 44 <MDI. <MDL <MDL  <MDL
Traded <MDL <MDL <MDL 40 <MDL 124 15 <MDL <MDL <MDL <MDL
4 Allovial GW Chloomines  Unirestel <MDL 13 <MDL 43 <MDL 324 a3 <MDI <MDI -<MDL  <MDL
Tralad <MDL <MDL <MDL 13 <MDL 83 34 <MDL <MDL <MDL  <MDL
5 Alwil GW Frechlonne  Unireatad <MDL  <MDL <MDL 39 <MDL 72 <MDL <MDL <MDL <MDL <MDL
Trated <MDI <MDL <MDL <MDL <MDL 72 <MDIL <MDL <MDL -<MDL <MDL
6 Depwdkwds Chommmes Uniradal <MDL <MDL <MDL <MDL <MDL 184 13 <MDI. <MDL <MDL  <MDL
Treded <MDL <MDL <MDL <MDi, <MDL 209 <MDL <MDL <MDL <MDL <MDL
7 Depmikwds Frcchluine Unireslal <MDL <MDL <MDL <MDL <MDL 141 <MDL <MDL <MDL <MDL <MDL
Tradadl <MDL <MDL <MDL <MDL <MDL 61 <MDL <MDL <MDL <MDL <MDL
8 Resavors Frechlome  Unirestel <MDL 30 <MDL <MDL <MDL 560 <MDL <MDI <MDL <MDL <MDL
Tradad <MDL <MDL <MDL <MDL <MDL 178 <MDL <MDI <MDL <MDL <MDL
9 Resavar Chioomines  Untrelad <MDL 13 <MDL <MDL <MDL 66 <MDL <MDL <MDL <MDL <MDL
Traled <MDL <MDL <MDL <MDL <MDL 32 <MDL <MDL <MDL <MDL <MDL
10 MORve Chiommines  Unireatadl <MDL <MDL <MDL 23 24 460 73 <MDI <MDL <MDL <MDL
Traded <MDL <MDL <MDL 16 62 356 50 <MDL <MDL <MDL <MDL
ND=NoDala MDL = Method Delection Limit
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Table 5. (continued)

34

Coucentmion (ng/l)
Sulfemeth- Acetamiz- Caf Cuimms-
ophen feime zegine

oxzele

Linco- Trimefho-
myda i

Tyle-
sin

Samziz
Treatment type

Water source

ARRRRRRRRRRRERRRREE
EERRRRERRRERRRRRLLE
SEEREITEEETELTEREREY
390599559959 955959555
9905595599955 55550590
3383308853933 9399%2483
9283555505505 5558§5
2999:995998539839a>
5999055055955 58598a+
29595 505595598598e5
595595955055 955558235
ERENERRRETERRIINEIE
SRERERER
baaa bbbt

Limst

MDL =Mcihod

ND=NoDala
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Table 5. (continued)

Ceacenintion (opf)
Caf-
feime

B # Watersearce Treatment

SARRRRRRARRRRRRRRARAR

3995395559835 955583839
EEETERRREEEEEEIEEEEE
399099955 005055358585¢
39599299508 v5522585%
d9gofgangyeadsdsggaavy
3935959535 3538335559
3090950505 953035835535¢%
SRRRRRRERERERNRRRRERE
AERERRRRRRARRRREREREE
9555959523555 35953959
phnnnnnnhng
SERERERRE

Twmwx&mmmmmm

MDL = Mefhod Delection Limit

=NoData

ND
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Table 6. Seasonal monitoring of PPCPs from February to June 2009.

Concentmation (ng/L)

Sample Linco  Trimetho Sulfamefh- Acefamin-  Caf  Camams  Tride Dupmo-
BMonth ‘Water source Treatmen t type mycin prim oxazole oghen feine repine =amn fen
MO River Free chlocine | Unitneated 18 28 183 6.0 96 55 21 Z71
- - Tremted <MDL  <MDL 82 <MDL 360 47 <MDL 234
Feb Reservoir Chlommines  Untreated 25 <MDL <MDL 142 1572 10 <MDL 24
- - Tremted <MDL  <MDL <MDL <MDL 184 <MDIL <MDL <MDL
MS River Chlommines  Untmated 42 46 137 53 472 84 <MDL 166
- - Tremed <MDL  <MDL <MDL <MDL 130 22 <MDL 88
MO River Chlomamines  Untreated 11 <MDL 140 <MDL 383 42 <MDL 22
- - Treted <MDL  <MDL 68 <MDL 20 21 <MDL <MDL
Apz Resewvoir Frec chlogine  Untreated 59 <MDL 22 <MDL 1108 13 <MDL <MDL
- - Trested <MDL  <MDL <MDL <MDL 27 <MDL <MDL <MDL
MS River Chloramines  Untreated 18 26 94 <MDL 199 46 42 <MDL
- - Tremed <MDL  <MDL <MDL <MDL 34 <MDL 34 <MDL
MO River Frocchlogine  Untreated 23 <MDL 84 <MDL 17.6 33 54  <MDL
- - Treed <MDL  <MDL 5.6 <MDL 106 <MDL <MDL <MDL
My Resewvoir Freechloome — Untreated &9 <MDL 2z <MDL 46 11 81 <MDL
- - Tosted <MDL  <MDL <MDL <MDL 37 <MDL <MDL <MDL
MSRiver Chlommines  Untreated 20 <MDL 6.7 <MDL 187 40 89  <MDL
- - Toemted <MDL  <MDL <MDL <MDL 28 <MDL 69 <MDL
MO Riwex Chiobapines  Usteoated 44 <MDL 46 <MDL 276 44 <MDL <MDL
' ’ Tredted  _npr <MDL 40 <MDL 124 15 <MDL <MDL
i Reseroix Frcioime Usteited g4 <MDL <MDL <MDL 66 <MDL <MDL <MDL
i - Treated oy <MDL <MDL <MDL 40 <MDL <MDL <MDL
MSRiver Frcchlorine  Untreated 26 <MDL 42 <MDL 156 57 31 <MDL
- - Tocted oy <MDL <MDL <MDL 95 10 <MDL <MDL

MDIL = Mcthod Detection Lenit

LE
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found that the oxidation of erythromycin and acetaminophen by free chlorine were a little

faster at pH 8.6 than pH 6.6. Most pharmaceuticals can be removed at the CT value of

200 mg'min/L at both pHs.

a 16
14 = Erythromycin Lincomycin s Trimethoprim
& memmmee Sulfamamethoxazole *Acetaminophen - - Carbamazepine
12
2 K Caffeine Codeine . *FC/ppm
o
. 10 \
=
5=
1‘-1_,' 8
o
&
g 6 - =
o e
(s} ="
4 o e — =
L 1
2
0 ———— » —
> e “
A® X1y v
CT (mg/L min)
b 18
‘\.3& s Erythromycin s Lincomycin = Trimethoprim
16 =
‘E%‘*zs e Sulfamamethoxazole ~= Acetaminophen ~ Carbamazepine
14 1 'Q; j_ Cafféine Codéine ——— - FC/ppm
8 12
[+
=
[
2
et
&
R4
[
g
=
S
CT (mg/L min)

Figure 1. The oxidation of selected pharmaceutical compounds by free chlorine in (a) pH
8.6 buffer and (b) pH 6.6 buffer.
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The removal experiments were also carried out in the lake water for comparison
(Figure 2). The concentration of free chlorine decreased faster in real water oxidation
than lab DI water. This indicated that the real water matrix had a strong competition with
the selected pharmaceutical compounds for free chlorine oxidant. Most pharmaceuticals
can still be removed during the oxidation study, but the rate was much slower than that in
the lab DI water. The results showed that the oxidation trends for all of the studied

pharmaceutical compounds in lake water were the same as those in the lab DI water.
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Figure 2. The concentration of detected pharmaceutical compounds in free chlorine
oxidation experiment in pH 8.6 lake water,
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Figure 3. The oxidation of selected pharmaceutical compounds by permanganate in (a)
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Figure 4. The oxidation of selected pharmaceutical compounds by permanganate in pH
8.6 Missouri river water.

3.3 Ozone oxidation

The reactivity of selected compounds with ozone (1.5 mg/L) in two different pH
buffer systems was shown in Figure 5. The oxidation of the selected pharmaceuticals by
ozone was quite rapid and completed in about 2 min. In addition, ozone was unstable in
aqueous solution. Due to these two reasons, the concentration of ozone was barely
detected after 2 min. As a result, a CT curve was not used in the ozone oxidation studies.
The concentration of each pharmaceutical compound did not decrease significantly after

two minutes, which indicated that the soluble ozone in the oxidation system was entirely
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limit after 2 min., while the experiment in the literature reported 0.2-0.3 mg/L of ozone

after 3 min (Snyder et al. 2006; Westerhoff et al. 2005).
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Figure 5. The oxidation of selected pharmaceutical compounds by ozone in (a) pH 8.6
buffer and (b) pH 6.6 buffer.
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and all other pharmaceuticals showed about 20-30% removal at the selected conditions.

No obvious difference in the removal efficiency was found at different pHs.
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Figure 6. The oxidation of selected pharmaceutical compounds by monochloramine in (a)
pH 8.6 buffer and (b) pH 6.6 buffer.
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The PAC removal experiment was also carried out in Missouri River water to
investigate the effect of sample matrices (Figure 8). The data showed that most
pharmaceuticals were not removed from the river water at the selected dosage of PAC
even when the equilibrium was reached. This comparison indicated that the sample

matrix played an important role in the pharmaceutical removal in natural surface water.
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Figure 8. The concentration of detected pharmaceutical compounds in PAC removal
experiment in pH 8.6 Missouri river water matrix.



















Total ion chromatogram of pharmaceutical compounds in positive ionization mode:
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Total ion chromatogram of pharmaceutical compounds in negative ionization mode.
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The composition of water sources in the occurrence study.

The composition of water sources in the
occurrence study
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The pharmaceuticals levels in untreated water samples (ng/L). (Winter)
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The pharmaceuticals levels in treated water samples (ng/L). (Winter)
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The pharmaceuticals levels in untreated water samples (ng/L). (Summer)

) T
E ==
Z T8 River_____ g
0
: T mSurhace vater
h —
5 T _uDeepell
g ——
8 “————___WUnconsolidated well and
1 ‘ ground ater ——
= == -3
- A’ - -‘ -. .— _7_;
.- T - - -
> 8 s
¥ —»—1—_‘:1__' - :
) ) .
& ¢
S ‘0 RG o 0
¥ Y
V& ¥

73



The pharmaceuticals levels in treated water samples (ng/L). (Summer)
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The pharmaceuticals levels in Mississippi river from February to June 2009 (ng/L).
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The pharmaceuticals levels in Reservoir from February to June 2009 (ng/L).
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The pharmaceuticals levels in Missouri river from February to June 2009 (ng/L).
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Figure 1. (a) LC- UV chromatograms of blank, control (standard molinate), and
oxidation degradate of molinate under chromatographic condition 1. (b) Mass spectrum
of the molinate standard (MW: 187).
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Figure 2. (a) LC- UV chromatograms of blank, control (standard molinate), and

oxidation degradate of molinate under chromatographic condition 2. (b) Total ion
chromatograms of blank, control (standard molinate) and oxidation degradate of molinate
under chromatographic condition 2. (¢) Mass spectrum for oxidation degradate of

molinate by free chlorine and ozone.
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(a) Mass spectrum of the degradation product of molinate by using API 4000
triple quadrupole mass spectrometer. (b) Product ion scans of the degradation product
using API 4000 triple quadrupole mass spectrometer.

Quantitative results of the oxidation of molinate using several oxidation systems.

The quantitative studies depicted in Tablel show that the percentage of molinate removed

by various oxidants had changed significantly. The data demonstrated that molinate can

only be oxidized by free chlorine and ozone, while other oxidants do not show significant

removal (£ 7%). The reaction of molinate with free chlorine was quite fast; 10 mg L' of

molinate were totally removed by 10 mg L™ of free chlorine within two hours. UV
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Figure 4. Concentration-Time curve for FC oxidation of molinate.
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