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Removal of Pharmaceutical Compounds in
Conventional Wastewater Treatment Plant
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The fates of a total of 30 pharmaceutical compounds, which have been frequently administrated, in a local
wastewater treatment plant (WWTP) were evaluated. The main process of the WWTP was the conventional
activated sludge. Wastewater and sludge samples were collected from each unit process of the plant. The col-
lected samples were extracted and quantitated following the procedure proposed by the National Institute of
Environmental Science. The quantitation of residual pharmaceuticals were performed using HPLC-MS-MS. In
general, the conventional biological treatment process did not seem to be effective in treating antibacterial com-
pounds. It should be noted that the sampling for the study was performed once. To draw a more concrete con-
clusion out, more sampling events should be designed to have more data.
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Table 1. Pharmaceutical and person care products under study with CAS number

Acetaminophen Acetylsalicylic acid Cefadroxil Cephradine Chlortetracycline
(103-90-2) (50-78-2) (66592-87-8) (388-21-533) (57-62-5)
Ciprofloxacin Diclofenac Erythomycin Florfenicol Ibuprofen
(85721-33-1) (15307-86-5) (114-07-8) (73231-34-2) (15687-27-1)
Lincomycin Mefenamic acid Naproxen Norfloxacin Oxytetracycline
(154-21-2) (61-68-7) (22204-53-1) (70458-96-7) (79-57-2)
Penicillin-G Sulfamethazine Sulfamethoxazole Sulfathiazole Trimethoprim
(983-85-7) (57-68-1) (723-46-6) (72-14-0) (738-70-5)
Tylosin Vancomycin Pefloxacin Caffeine Topromide
(1401-69-0) (1404-90-6) (70458-92-3) (1958-08-02) (73334-07-3)
Cimetidine Streptomycin Virginiamycin M1 Ivermectin Fenbendazole
(51481-61-9) (57-92-1) (21411-53-0) (70288-86-7) (43210-67-9)

Table 2. Characteristics of wastewater treatment plants and sampling points

Facility

Sampling points

Influent, Primary, Activated sludge, Secondary, Effluent

- Process: Conventional activated sludge
- Capacity: 1,250,000 m®%d

Primary sludge, centrifused sludge, dewatered sludge, digested sludge,

secondary sludge
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Fig. 1. Sampling points in wastewater treatment plant.
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Table 3. Separation group of pharmaceuticals by analytical process

Pharmaceuticals No.

Group I-A acetaminophen, lincomycin, sulfamethazine, sulfamethoxazole, sulfathiazole, trimethoprim, 8
caffeine, streptomycin

Group I-B chlortetracycline, oxytetracycline, enrofloxacin, ciprofloxacin, pefloxacin 5
Group I-C diclofenac, acetylsalicylic acid, florfenicol 3
Group II virginiamycin, erythromycin, tylosin, cimetidine 4
Group III cephradine, cefadroxil, penicillin G, vancomycin, iopromide, fenbendazole 6
Group IV naproxen, ibuprofen, mefenamic acid, ivermectin 4
Table 4. Summary of extraction process for liquid sample
Group I(A,B,C) Group 1T Group IIT Group IV
Sample 500 mL Sample 500 mL Sample 500 mL Sample 500 mL

Filtering centrifuge/filtration centrifuge/filtration centrifuge/filtration centrifuge/filtration

Adjust to pH 3, Adjust to pH 2,

pH adustment then Add EDTA pH 6 then Add EDTA pH 2
Solid phase extraction HLB+MCX HLB HLB MCX
Concentration Nitro-evaporate to Nitro-evaporate to Nitro-evaporate to Nitro-evaporate to
0.5 mL 0.5 mL 0.5 mL 0.5 mL
o Add LS, then Filter = Add LS, then Filter =~ Add LS, then Filter =~ Add LS, then Filter
Filtration

with 0.2 ypm PTFE  with 02 um PTFE  with 0.2 ym PTFE  with 0.2 um PTFE

Table 5. Summary of extraction process for solid sample

Pretreatment Cry for 12 hr at 110

Extraction Extract 1 g sample into solution [pH 2 H;PO, + CH,CN] using sonication centrifuge twice

Rota-evaporate to 200 mL, then dissolve into ultrapure water.
Then, add EDTA of 500 mg

Solid phase extraction HLB 20 cc/1g

Concentration

Concentration Nitroevaporate to 0.5 mL

Filtration 0.2 um PTFE syringe
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Table 6. Summary of analytical condition - LC/MS/MS

Group [-A Group I-B Group I-C Group II Group III Group IV
Acetaminophen
Lincomycin Cephradine

Sulfamethazine  Chlortetracycline Virginiamicin ~ Cephadroxil

Sulfamethoxazole Oxytetracycline  Diclofenac . s Naproxen
. . .. Erythromycin Penicillin G
Compounds Sulfathiazole Enrofloxacin Acetylsalicylic . . Ibuprofen
. . . . . Tylosin Vancomycin ..
Trimethoprim Ciprofloxacin Florfenicol AR . Mefenamic acid
. . Cimetidine Topromide
Caffeine Pefloxacin
- Fenbendazole
Ivermectin

Streptomycin®
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Table 6. Continued

Group I-A Group I-B Group I-C Group II Group I Group IV
Column C18 C18 C18 C18 C18 C18
75x3.0 3 um) 75x3.0 (3 um) 75x3.0 (3 um) 100x2.1 (2 um) 100x2.1 (2 um) 100x2.1 (2 um)
formic acid, formic acid, . . . . . .
Eluent NH4-formate/  NH4-formate/ acetic ac d/ NH4-ac'et_a te/ form1c_ aqd/ acetic aa &/
.. . acetonitrile Acetonitrile acetonitrile acetonitrile
acetonitrile acetonitrile
Injection 5 uL 5 uL 5 uL 5 uL 5 ulL 5 uL
Tonization ESI(+) ESI(+) ESI(-) ESI(+) ESI(+) ESI(-)
Internal STD 13C3-atrazine  13C3-atrazine  13C6-2,4,5-T 13C3-atrazine 13C3-atrazine  13C6-2,4,5-T
Surrogate 13C3- 13C3- 13C2- 13C6-
STD Sulfamethazin  Ciprofloxacin 13C3-Tbuprofen Erythromycin ~ Amoxicillin 13C3-Ibuprofen

Table 7. Group -A, B, C MS/MS instrument condition

LA RT Precursor ion Confirm ion Quantitation ion  Collision Energy
(min) (m/z) (m/z) (m/z) (eV)
Acetaminophen 3.9 152 65 93 110 15
Caffeine 4.3 195 83 110 138 20
Sulfathiazole 6.5 256 108 92 156 13
Lincomycin 6.8 407 407 359 126 15
Sulfamethoxazole 6.6 254 108 156 92 15
Trimethoprim 6.9 291 230 261 123 27
Sulfamethazine 6.8 279 108 124 186 20
LB RT Precursor ion Confirm ion Quantitation ion  Collision Energy
(min) (m/z) (m/z) (m/z) (eV)
Chlortetracycline 8.8 479 444 154 462 15
Oxytetracycline 7.8 461 444 381 426 13
Ciprofloxacin 8.1 332 288 231 314 17
Enrofloxacin 8.5 360 316 245 342 20
Pefloxacin 8.0 334 233 290 316 17
LC RT Precursor ion Confirm ion Quantitation ion  Collision Energy
(min) (m/z) (m/z) (m/z) (eV)
Acetylsalicylic 4.2 137 65 137 93 17
Diclofenac 10.3 294 294 214 250 10
Florfenicol 49 356 119 336 185 10

Table 8. Group II MS/MS instrument condition

RT Precursor Confirm ion Quantitation ion  Collision Energy

(min) ion(m/z) (m/z) (m/z) (eV)
Virginiamicin 6.33 526 337 355 508 10
Erythromycin 6.08 734.4 522 576 158 20
Tylosin 6.29 917 101 772 174 40
Cimetidine 531 253 94 117 159 10
13C2-Erythromycin 6.07 736.6 578 542 160 20

Terbuthylazine 5.90 212 86 114 156 20
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Table 9. Group III instrument condition
RT. Precursor Confirm ion Quantitation ion  Collision Energy
(min) ion(m/z) (m/z) (m/z) (eV)
Cephradine 6.56 350 140 176 108 20
Cephadroxil 5.76 364 158 208 114 10
Penicillin-G 9.69 335 70 202 91 25
Vancomycin 5.69 725 100 83 144 15
Topromide 6.04 792 774 573 559 23
Fenbendazole 10.80 300 268 190 159 25
Table 10. Group MS/MS analytical condition
RT. Precursor Confirm ion Quantitation ion  Collision Energy
(min) ion(m/z) (m/z) (m/z) (eV)
Naproxen 3.0 229 185 - 170 3
Ibuprofen 6.5 205 205 - 161 3
Mefenamic acid 7.6 240 180 192 196 30
Ivermectin 14.4 873.5 855.5 837.5 567.5 30
3C3-Ibuprofen 6.5 208 208 - 163 3
Fenoprop(ISTD) 5.2 269 159 197 161 30
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Table 11. Performance data from single laboratory validation

LRSS
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MDL(mn=7)  Fortified Low Level(n=5)
Class Compounds
(ng/mL)  Conc.(ng/mL) average (%) stdev. %RSD
Acetaminophen 0.152 4 54 0.9 1.8
caffeine 0.105 4 14 2.5 1.8
sulfathiazole 0.034 0.4 130 5.1 3.9
Group I-A lincomycin 0.017 0.1 94 3.8 4.0
sulfamethoxazole 0.016 0.4 130 5.5 4.3
trimethoprim 0.023 0.8 110 3.3 29
sulfamethazine 0.011 04 130 0.4 0.3
streptomycin 0.500 0.4 - - -
oxytetracycline 0.024 04 120 7.5 6.2
chlortetracycline 0.010 04 96 9.6 10
Group I-B ciprofloxacin 0.007 0.4 130 6.6 4.9
enrofloxacin 0.013 0.4 120 53 4.6
pefloxacin 0.015 04 110 54 5.0
acetylsalicylic acid 0.040 0.4 69 4.3 6.2
Group I-C diclofenac 0.022 0.4 71 8.5 12
florfenicol 0.046 0.4 46 34 7.4
virginiamycin 0.033 0.4 74 2.3 3.1
Group 11 ewtbromyc1n 0.013 0.4 10 0.1 1.3
tylosine 0.013 0.4 110 2.0 1.8
cimetidine 0.013 0.1 73 8.4 12
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Table 11. Continued
Class Compounds MDL(n=7)  Fortified Low Level(n=>5)
(ng/mL)  Conc.(ng/mL) average (%) stdev. %RSD
cephradine 0.027 0.4 150 4.5 3.0
cefadroxil 0.076 10 110 9.1 8.2
Group TII penicillin .G 0.005 0.2 88 6.1 6.9
vancomycin 0.184 8 89 7.0 7.8
iopromide 0.270 4 73 32 44
fenbendazole 0.010 0.4 65 18 27
naproxen 0.024 04 67 2.7 4.0
ibuprofen 0.069 0.4 74 9.5 13
G v
roup mefenamic acid 0.021 0.4 3 21 49
ivermectin 0.019 0.4 49 3.1 6.3
*MDL: 4 7Z&3HA Al4H(Method Detection Limit Calculation)
3. &1 3 pE F Atk o238 acetaminophen, streptomycin,
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Table 12. Summary of detected concentration for pharmaceuticals of each unit process in wastewater treatment plant
under study

2z ook Liquid(ng/mL) 82/909)
F9F 13 A gsUAz 2RAA fEx AFE
acetaminophen n.d. n.d. n.d. n.d. n.d. -
caffeine 7.078 8.326 0.355 0.342 2.264 32%
sulfathiazole b.q.l. 0.036 0.073 n.d. b.q.l. -
Group LA lincomycin 0.067 0.063 0.052 0.052 0.051 76%
sulfamethoxazole 0.268 0.198 0.086 0.070 0.109 41%
trimethoprim 0.150 0.145 0.143 0.147 0.058 39%
sulfamethazine 0.038 0.032 0.041 0.031 0.033 86%
streptomycin n.d. n.d. n.d. n.d. n.d. -
oxytetracycline 0.025 0.030 0.032 0.042 0.025 98%
chlortetracycline 0.080 n.d. 0.084 0.080 n.d. -
Group I-B  ciprofloxacin 0.292 0.210 0.192 0.155 0.307 105%
enrofloxacin 0.068 0.067 0.081 0.085 0.065 96%
pefloxacin 0.046 0.044 0.045 0.044 0.044 95%
acetylsalicylic acid 0.085 0.083 0.263 0.095 0.077 91%
Group I-C  diclofenac 0.135 0.156 0.157 b.q.l. 0.024 18%
florfenicol n.d. n.d. n.d. n.d. n.d. -
virginiamycin 0.030 0.082 0.036 n.d. 0.137 450%
Group 11 eryt}{romycin 0.034 0.034 0.035 0.033 0.034 100%
tylosine 0.030 0.031 0.027 0.031 0.028 94%
cimetidine 0.317 0.150 0.139 0.084 n.d. 0
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Table 12. Continued

22 ootz Liquid(ng/mL) 82/99)
F95 1A AAA FASHAE WA fE5 ATFE%)

cephradine 0.229 0.213 0.192 0.191 n.d. 0

cefadroxil n.d. n.d. n.d. n.d. n.d. -

Group TII penicillin G 0.141 n.d. 0.148 0.150 0.168 119%

P vancomycin 0.750 0.688 0.550 0.721 0.945 126%
iopromide 6.044 6.361 4.896 5.741 5.621 93%
fenbendazole 0.011 0.011 0.011 0.012 0.012 105%
naproxen 0.815 0.682 0.112 0.100 0.389 48%

Groun IV ibuprofen 0.897 0.893 0.175 0.635 0.229 25%

P mefenamic acid 0.167 0.141 0.143 0.140 0.306 183%
ivermectin n.d. n.d. n.d. n.d. n.d.

- n.d.; not detected. - b.q.l; below quantitaion limit.
B0 24 a3l e 7z}t 3gtEEe] wisls  Table 13. Pharmaceuticals detected from sludge samples
ZAFh= "ol dAI7F NS Ao w ddEr Solid(ng/g)

T8 sirEdl g Heass AR vt 2 2w ookEd A FE g9 A8
o}, oy e] FAEQ acetylsalicylic acide <F 9% =d74 e8A A =4A
o] z]eut M BN, EETRE ShA] AR acetaminophen bql. nd n.d. n.d.
N e AME:; Ho e o] T;’; caffeine 0202 0181 0226 0235
ibuprofene €1+ tiH] 75%2] A2 a7E BTk YA sulfathiazole nd. 0017 nd 0022
ol -mycinAl g, cefa-(cephra-)Al €, penicillin, quinolone Group lincomycin 0.044 0.019 0.018 0.020
A A floxacinAlE S5 oA s AEe ‘A sulfamethoxazole 0.032 0.020 0.017 0.024

trimethoprim 0.045 0.029 0.030 0.036

ko o slo|at 99 inel ©

°f SEs S99 5 A, chlorotetracyclines sulfamethazine  0.016 0018 0015 0017
E7NX HAEHA AN, 22 JAHA] FEF = streptomycin nd. nd nd nd
£ Farste] HH, ACRs| 7t A eke ZoE met oxytetracycline 0105 0.079 0163  0.290
=T}, Oxytetracycline®] 9% Aol g7} == u chlortetracycline  nd.  0.042 0.040 0.045
i iprofloxacin 2296 2248 4.051 5.059

o AsH oz FE %L%é_ HR] ZAL = FA B Ciprorioxac
W*E} a4 OLZ =el 27 O:T ° f enrofloxacin 0.036 0.040 0.042 0.044
2 Eefol adEelA] G2 Hom AT & pefloxacin 0.058 0.061 0.088 0.109
%, 2 AR A3 AR AR F A % AS Group Acetylsalicylic acid 0.137 0454 0423 0302
2, B} g 428 =E35Y| -?—]‘H/HTL_: o 2 A ) P diclofenac bgl.  0.022 0019 0.014
EZH ‘l% 94‘ T':}\—] o] ]TO‘] ZS{O}: 3+ 7 ]T;]— florfenicol n.d. n.d. n.d. n.d.
ol Zo] walgl A2 ojokEA O Mg A virginiamycin 0.167 0295 0.147 0.089
anlj-] ol xee by io E?}E; e 3l Group erythromycin ~~ 0.017 0.019 0.018 0.017
= A FolM HAEHA BUAD dES T acet- I tylosine 0.014 0015 0015 0.014
aminophen®} ivermactin® FHZo| XA ttl. &8 cimetidine 0238 0268 nd.  0.029
A FollM =& AEH IFES ciprofloxacin®] A TH. cephradine 0096 nd. 0098 0.096
ciprofloxacin®] RE EAtA Z& X942 ppm ©)AF cefadroxil n.d. nd. 1583 1.636
741; o e = PP Group penicillin G 0.095 0.154 0.107 0.081
dEEA I vancomycin nd. nd. nd. 0483
iopromide 1508 0388 0354 0.580
3.2. 2|= 2 2} E} 9dpele| MHESE v fenbendazole 0.007  0.007 0.007 0.009
Table 14= T2 A39ke] A a &S vl Ao naproxen 0.031 0.034 0.027 0.031
= Group ibuprofen 0.496 0.061 1.049 0.079

o 2<(\7)} 0O L A0 «»o

o ARlEEe] PlelAOfeR e By o= IV mefenamic acid  0.063 0.061 0.088 0.145

FAsFATE acetylsalicylic acid®] 7-9-, 3 ¢lol = ivermectin nd nd nd nd
85% ©)’Fe] A 8-S RS o), B AoA - nd; not detected. - b.gl; below quantitaion limit.




Table 14. Elimination of the studied pharmaceuticals in biological wastewater treatment plants of other study
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5-9)

A A& (%)

A A& (%)

2 %) o %)

#en e #en e R
Acetylsalicylic acid 85-98 - 9 Ciprofloxacin 58-97 - 0
Diclofenac 9-75 - 82 Erythomycin 0 - 0
Ibuprofen 22-100 - 75 Iopromide 11 - 33 - 7
Naproxen 15-98 - 52 Mefenamic acid > 90 - 0
Sulfamethoxazole 50-80 50-74 59 Penicillin-G 37 - 0
Trimethoprim 49-80 391 61 Sulfamethazine 50 - 80 - 14
Caffeine 99 99 68 Tylosin > 90 - 6
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