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Several pharmaceutically active compounds have been monitored during 1-year period in influent and
effluent wastewater from wastewater treatment plants (WWTPs) to evaluate their temporal evolution
and removal from wastewater and to know which variables have influence in their removal rates. Phar-
maceutical compounds monitored were four antiinflammatory drugs (diclofenac, ibuprofen, ketoprofen
and naproxen), an antiepileptic drug (carbamazepine) and a nervous stimulant (caffeine). All of the
pharmaceutically active compounds monitored, except diclofenac, were detected in influent and efflu-

Keywords: . ent wastewater. Mean concentrations measured in influent wastewater were 6.17, 0.48, 93.6, 1.83 and
Pharmaceutical compound . . . .

Wastewater 5.41 pg/L for caffeine, carbamazepine, ibuprofen, ketoprofen and naproxen, respectively. Mean con-
Removal centrations measured in effluent wastewater were 2.02, 0.56, 8.20, 0.84 and 2.10 pg/L for caffeine,

carbamazepine, ibuprofen, ketoprofen and naproxen, respectively. Mean removal rates of the pharma-
ceuticals varied from 8.1% (carbamazepine) to 87.5% (ibuprofen). The existence of relationships between
the concentrations of the pharmaceutical compounds, their removal rates, the characterization param-
eters of influent wastewaters and the WWTP control design parameters has been studied by means of
statistical analysis (correlation and principal component analysis). With both statistical analyses, high
correlations were obtained between the concentration of the pharmaceutical compounds and the char-
acterization parameters of influent wastewaters; and between the removal rates of the pharmaceutical
compounds, the removal rates of the characterization parameters of influent wastewaters and the WWTP
hydraulic retention times. Principal component analysis showed the existence of two main components
accounting for 76% of the total variability.
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1. Introduction groundwater [16,17]. The study of the occurrence of pharmaceutical

compounds in wastewater treatment works could indicate how and

Nowadays, one of the most common relevant topics in the envi-
ronmental field is water quality. During the last three decades, the
organic pollutants monitored in the aquatic media have mainly
been pesticides, polycyclic aromatic hydrocarbons and polychlo-
rinated biphenyls [1]. Currently, special attention is being paid to
the presence of pharmaceutical compounds in the aquatic envi-
ronment because of their potential toxic effect to the aquatic
media [2,3] which could even affect to human health [4]. The main
source of pharmaceutical compounds to the environment is the dis-
charge of wastewater from wastewater treatment plants (WWTPs)
where the pharmaceutical compounds arrive from the sewer sys-
tem [1]. Pharmaceutical compounds are continuously thrown to the
sewer system through urine and faeces discharges being detected
not only in wastewater [3,5-10] but also in rivers [11-15] and
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in which degree these compounds are infused into the environment
[18-20]. Nevertheless, the concentrations of the pharmaceutical
compounds in the environment, their temporal evolution and the
possible synergic and antagonist effects not only depend on the
discharges from WWTPs but also on the geographical area and
climatologic conditions.

In a previous work [3], concentration levels of the antiin-
flammatory drugs diclofenac, ibuprofen, ketoprofen and naproxen,
the antiepileptic drug carbamazepine and the nervous stim-
ulant caffeine in influent and effluent wastewater from four
WWTPs located in Seville city (South of Spain) during sum-
mer (July-September 2004) were reported. In this paper, the
study has been completed by monitoring the concentration lev-
els of the pharmaceutical compounds in the above mentioned
WWTPs during 1-year period in order to obtain new informa-
tion about their: temporal (seasonal) evolution, removal efficiency
and relationship with wastewater quality and WWTP operational
parameters.
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2. Experimental
2.1. Wastewater samples

Sixty-three influent and effluent wastewater samples were col-
lected from June 2004 to June 2005 from each of the four WWTPs
located in Seville city (South of Spain). Daily-composite samples
were obtained by mixing sample volumes collected every hour dur-
ing 24 h by an automatic device. Sample volumes collected each
hour were proportional to influent and effluent flows. Aliquots
of 2.5L of the total sample volume collected were transferred
to amber glass bottles and extracted within 24 h after collection.
Treatments in the four WWTPs include primary treatment (set-
tling) and secondary treatment based on activated sludge. Some of
the operational parameters of the WWTPs studied can be seen in
Table 1.

2.2. Chemicals and reagents

HPLC-grade acetonitrile and methanol were purchased from
Romil Ltd. (Barcelona, Spain). Hexane, ethyl acetate (both of HPLC
grade) and potassium dihydrogen phosphate of analytical grade
were obtained from Panreac (Barcelona, Spain). Ultrapure water
was obtained from a Milli-Q water purification system (Millipore,
Bedford, MA, USA). Caffeine (CF) was obtained from Merck (Darm-
stadt, Germany). Carbamazepine (CRB), diclofenac (DCL), ibuprofen
(IBU), ketoprofen (KTP) and naproxen (NPX) (97-100% purity) were
purchased from Sigma-Aldrich (Steinheim, Germany). 3-mL solid
phase extraction cartridges, packed with 60 mg of Oasis HLB, were
purchased from Waters (Milford, Massachusetts, USA). A stock solu-
tion containing 500 pg/mL of each compound was prepared in
methanol and stored at 4 °C. Working solutions were prepared by
dilution of the stock solution in methanol.

2.3. Determination of wastewater characterization parameters

Parameters measured to characterize influent and effluent
wastewater in each WWTP were total suspended solid (TSS), chem-
ical oxygen demand (COD), biological oxygen demand (BOD), pH,
oil and grease content (Qil), total Kjeldahl nitrogen (TKN) and total
phosphorus content (TP). Measurements were carried out accord-
ing to the standard methods compiled by APHA [21].

2.4. Sample treatment and analysis of the pharmaceutically
active compounds

Analytical procedure was based on a previously reported vali-
dated method for the determination of CF, CRB, DCL, IBU, KTP and
NPX in wastewater samples from WWTPs [22]. Sample treatment
was based on solid phase extraction which allowed enrichment
factors of 1000 for influent samples and 2000 for effluent sam-
ples. Extracts were analyzed by HPLC using gradient elution and
detection by diode array and fluorescence detectors [22].

Chromatographic analysis was performed on a LaChrom® HPLC
instrument (Merck-Hitachi, Barcelona, Spain) equipped with a qua-
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ternary L-7100 pump, a L-7455 diode array (DAD) and a L-7485
fluorescence (Fl) detectors connected on line. Separations were
carried out using a LiChrospher® 100 RP-18 (125 mm x 4 mm i.d.,
5 pm) cartridge column (Merck, Darmstadt, Germany) protected by
a LiChrospher® 100 RP-18 (4 mm x 4 mm i.d., 5 um) guard column
(Merck, Darmstadt, Germany).

2.5. Removal rates in the wastewater treatment plants

Daily removal rates of each pharmaceutical compound in each
of the four WWTPs evaluated were calculated from the equation:

Cinf — Cetr

%R =
Cinf

x 100

where Cj,¢ is the concentration measured in the influent wastew-
ater and Coi is the concentration measured in the effluent
wastewater.

2.6. Data analysis

Statistical techniques, correlation analysis and principal compo-
nent analysis, were used to evaluate the existence of relationships
between the concentrations of the pharmaceutical compounds,
their removal efficiencies, the characterization parameters of
influent wastewater, the removal of wastewater characterization
parameters and WWTP operational parameters. Statistical analysis
was carried out using Statistical 6.0 software for Windows.

3. Results and discussion
3.1. Characterization parameters

The values of wastewater characterization parameters mea-
sured during the monitoring period in each of the four WWTPs are
shown in Table 2. A wide variability of the wastewater characteriza-
tion parameters was observed in influent wastewater samples from
the four WWTPs with R.S.D.s in the range from 0.13 to 283%, being
within the common range of concentrations in urban wastewater
samples from the geographical location of the WWTPs sampled.
Nevertheless, after treatment, similar values were obtained with
R.S.D. in the range from 0.09 to 17%. COD/BOD ratios were 1.63,
1.93, 2.02 and 2.49 in North, South, East and West WWTP, respec-
tively, what indicate that influent wastewater in all of the evaluated
WWTPs mainly contain urban wastewater. Around neutral pH was
measured in influent wastewater samples what corroborates the
low industrial content of wastewater discharges to the evaluated
WWTP.

From characterization parameters values measured in influent
and effluent wastewater samples the efficiencies of removal of TSS,
COD, BOD, 0il, TKN and TP achieved in each of the WWTPs were
calculated (Table 2). TSS, COD, BOD and Oil content were reduced
in the range from 84 to 95% in the four WWTPs. These values are
in accordance with those fixed in the Council Directive 91/271/EEC
[23] where percentages of reduction of TSS, COD and BOD in urban
wastewater treatment plants are regulated. TKN and TP were poorly

Table 1

Characteristics of influent wastewater discharges and operational parameters of the WWTP studied.

WWTP Equivalent inhabitants Wastewater discharge Volume treated (m?/day) SRT (days) HRT (h)
North WWTP 350,000 Urban 62,000 1.5 12
South WWTP 950,000 Urban and hospital 164,500 2.7 17

East WWTP 200,000 Urban and industrial 40,900 1.9 12
West WWTP 200,000 Urban and industrial 23,150 5.1 16

SRT: solid retention time; HRT: hydraulic retention time.
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Table 2
Characterization parameters (mg/L), concentrations of the pharmaceutical compounds (pg/L), R.S.D. and mean removal efficiencies (R) in influent and effluent wastewater
from each of the evaluated WWTPs over 1-year monitoring period.

Influent wastewater Effluent wastewater R (%)
Minimum Maximum Mean R.S.D. (%) Minimum Maximum Mean R.S.D. (%)
North WWTP
TSS 82 280 150 43 6 27 17 6 88
COD 162 664 357 88 21 83 56 15 84
BOD 118 393 219 58 11 71 18 8 91
pH? 7.08 7.90 7.66 0.14 7.24 7.85 7.65 0.13 -
0il 29 48 38 10 4 8 6 2 84
TKN 26 40 35 8 14 22 19 4 45
TP 5.9 10.3 7.4 2.5 3.8 5.0 4.2 0.7 41
CF 2.33 279 7.37 82 0.17 5.45 1.62 79 75
CRB <LODP 3.78 0.53 104 <LODf 118 0.58 41 11
DCL <LOD*¢ <LOD*¢ <LOD¢ - <LOD# <LOD# <LOD# - -
IBU 3.73 353 69.7 98 <LODM 26.5 413 123 87
KTP <LOD¢ 5.52 1.58 84 <LOD! 2.27 0.86 67 52
NPX 2.02 8.50 4.83 33 0.54 5.09 2.74 37 43
South WWTP
TSS 20 328 234 40 11 35 24 5 88
COD 53 895 648 105 53 95 75 9 87
BOD 17 495 336 73 11 25 20 4 93
pH? 7.10 8.00 7.60 0.13 7.51 8.30 7.85 0.17 -
0il 82 230 130 16 0.31 21 7 3 94
TKN 33 54 45 3 29 58 40 6 16
TP 7.00 114 10.2 1.0 14 10.3 4.6 1.4 55
CF 0.54 26.1 4.87 93 0.51 5.65 2.44 47 44
CRB <LODP 2.10 0.47 86 0.15 1.29 0.61 37 7
DCL <LOD¢ <LOD¢ <LOD¢ - <LOD# <LODg <LOD# - -
IBU <LOD® 294 84.4 76 <LODM 40.2 6.69 138 84
KTP <LoD4 6.47 1.74 99 <LOD! 1.95 0.80 65 56
NPX 2.03 52.9 8.07 95 0.22 3.52 1.64 44 71
East WWTP
TSS 86 472 253 71 8 34 15 6 93
COD 224 987 614 167 5 85 49 17 92
BOD 97 884 303 137 5 89 17 16 95
pH? 727 8.10 7.62 0.16 7.70 8.20 792 0.11 -
0il 28 57 43 12 3 7 5 2 87
TKN 25 50 39 11 15 21 18 3 44
TP 6.2 10.5 7.0 23 2.8 6.7 34 3.1 48
CF 0.75 439 7.09 119 0.18 3.87 1.68 60 64
CRB <LODP 131 0.41 76 <LODf 0.84 0.49 39 7
DCL <LOD¢ <LOD*¢ <LOD¢ - <LOD# <LODg <LOD# - -
IBU <LOD® 319 105 86 <LODh 55.0 10.16 123 80
KTP <LOD¢ 8.56 191 116 <LOD! 3.92 0.82 89 72
NPX 1.63 274 4.69 72 0.83 3.64 2.18 33 48
West WWTP
TSS 108 630 214 77 6 22 11 3 94
COD 324 2135 605 283 34 85 58 2 94
BOD 144 497 244 66 7 18 14 12 89
pH? 7.10 9.40 7.73 0.27 7.40 8.00 7.63 0.09 -
0il 41 57 49 11 0.39 7 4.5 3.6 85
TKN 31 52 42 7 29 40 34 3 9
TP 7.3 15.7 114 4.2 12 13.3 4.0 2.7 73
CF 0.22 22.00 5.34 85 0.15 5.12 2.32 59 55
CRB <LODP 215 0.49 77 0.15 1.55 0.56 47 8
DCL <LOD¢ <LOD¢ <LOD¢ - <LOD# <LOD# <LOD# - -
IBU <LOD® 603 115 94 <LODM 48.2 7.62 126 87
KTP <LoD4 5.70 2.07 80 <LOD! 2.03 0.88 65 58
NPX 114 9.10 4.28 42 0.29 4.28 1.67 50 60
@ pH units; LOD: lower than the limit of detection of the method.
b 0.04 pg/L.
€ 0.28 pg/L.
4.0.02 pg/L.
€ 0.25 ug/L.
f0.02 ug/L.
£ 0.14 pg/L.
h 012 pg/L.

i 0.01 pg/L.
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Fig. 1. Temporal evolution of the mean concentration of the pharmaceutical compounds in the four WWTPs during the 1-year monitoring period.

removed with removal rates in the range from 9 to 45% for TKN and
41-73% for TP.

3.2. Concentrations of the pharmaceutical compounds in
wastewater samples

As can be seen in Table 2, all of the pharmaceutical compounds
monitored, except DCL, were detected in the wastewater samples
analyzed. CF and NPX were detected in all of the analyzed sam-
ples whereas CRB, IBU and KTP were found in the 70, 83 and 78%
of the influent samples and in the 96, 65 and 88% of the efflu-
ent samples, respectively. Mean concentrations of CF, CRB, IBU,
KTP and NPX were 6.17, 0.48, 93.6, 1.83 and 5.47 pg/L in influent
samples and 2.02, 0.56, 8.20, 0.84 and 2.10 p.g/L in effluent sam-
ples, respectively. IBU was the pharmaceutical compound present
at the highest concentration level. Concentration levels of IBU in
the WWTPs studied were ranged from 3.73 to 603 pg/L in influent
wastewater samples and from 1.27 to 55.0 p.g/L in effluent wastew-
ater samples which are consistent with those previously reported

by other authors in wastewater samples from Finland [5], Australia
[24], Sweden [25], Italy [26] and Spain [27,28]. Taking into account
that the four WWTPs evaluated discharge to the same river, it could
be estimated discharges of IBU to the river in the range from 40.2
to 2236 g/day.

3.3. Temporal evolution of the pharmaceutical compounds during
the sampling period

The temporal evolution of the concentration of the pharma-
ceutical compounds in influent and effluent wastewater during
the monitoring period can be seen in Fig. 1. Each point shows
the mean concentration of the concentrations measured in the
four WWTPs. An increase of the concentration of CF in influent
wastewater was observed in the coldest period of the year in Seville
which corresponds with the period January-March (samples 1-13)
and November-December (samples 51-63). Concentration of CF
increases from a mean value around 4 pg/L during April-October
to concentration values in the range from 7.9 to 24.9 wg/L during
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Fig. 2. Box-and-Whisker graphs of the removals of the pharmaceutical compounds in each of the four WWTPs evaluated (n=63).

January-March and November-December. The concentration
increase of CF during the coldest months can be associated to the
increase of coffee consumption. Another seasonal influence was
observed in the concentration of IBU that increases greatly from
May-June (12.1-167 pg/L) to August-September (71.2-353 g/L)
and in the concentration of KTP that increases slightly from
April (0.66-2.60 pg/L) to July (3.38-5.02 pg/L). No seasonal
influence was observed in the concentration of CRB and NPX in
influent wastewater neither in the concentration of any of the
pharmaceutical compounds in the effluent wastewater samples.

Maximum concentration levels of caffeine, carbamazepine,
diclofenac, ketoprofen and naproxen in effluent wastewater sam-
ples were lower than their predicted no effect concentration (PNEC)
(182, 6.36, 13.5, 15.6, and 21.2 pg/L, respectively [3]). PNEC is
the maximum concentration of a certain compound for which no
adverse effect is expected to occur. Ibuprofen was the only one of
the pharmaceutical compounds evaluated at concentration levels
higher than its PNEC value (9.1 pg/L). Mean concentration level of
ibuprofen was higher than its PNEC value in only one of the WWTPs
sampled but maximum concentration levels in all of the WWTPs
were above the PNEC value. However, the dilution produced after
releasing effluent wastewater to receiving water is expected to
reduce concentration levels of ibuprofen to concentrations with no
toxicological effect to the aqueous environment.

3.4. Removal of the pharmaceutical compounds

A Box-and-Whisker graph of the removal rates of each pharma-
ceutical compound in each WWTP during the 1-year monitoring
period can be seen in Fig. 2. Lines in each box show the first quar-
tile, the median and the third quartile of the concentration values
measured of each pharmaceutical compound. The whiskers or lines
outside each box show the lowest and the highest concentrations
measured. The point inside each box shows the mean concentra-
tion. Mean removal rates of CF, CRB, IBU, KTP and NPX were in
the ranges 44-75%, 8-15%, 80-88%, 52-72% and 43-71%, respec-
tively. These results are consistent with those previously reported
by other authors [5,6,20,25,29-31]. Not only a wide variability of

the removal efficiency of one pharmaceutical compound to another
was observed, but also different removal efficiencies in each WWTP.
For example, some compounds as CRB and IBU are removed in the
same degree in the four WWTPs studied whereas others as CF, KTP
and NPX are more efficiently removed in some WWTPs than in the
others.

3.5. Statistical analysis: correlation analysis

Correlation analysis was used to evaluate the existence of
relationships between the concentration of the pharmaceutical
compounds (CF, CRB, IBU, KTP and NPX) or their removal rates (Rcf,
Rcrs, Ripu, Rkrp and Rypx) and the influent wastewater character-
ization parameters (TSS, BOD, COD, pH, TP, TKN and Oil content),
the removal of those wastewater characterization parameters after
wastewater treatment (Rrss, Rgop, Rcop, Rtp, Rrkn and Rpj;) and the
WWTP operational parameters (flow, SRT and HRT). Table 3 shows
the correlations between the above-mentioned parameters which
were used as variables in the construction of the correlation matrix.
Data from the four WWTPs studied were used. Influent and effluent
sampling sites from each of the WWTP were used as cases. Positive
and negative correlations were written in bold.

3.5.1. Relationships between the concentration and removal of
pharmaceutical compounds and wastewater characterization
parameters

As can be seen in Table 3, correlations are observed between the
concentration of the pharmaceutical compounds and some of the
influent characterization parameters (TSS, BOD, COD, TP and Oil).
Positive correlation coefficients were obtained for the compounds
CF, IBU, KTP and NPX while negative correlation coefficient was
obtained for CRB. Positive correlations could be explained through
the association of these compounds to the dissolved organic mat-
ter present in wastewater which is commonly characterized by BOD
and COD values. Furthermore, BOD and COD are parameters highly
correlated with TSS what, consequently, explains the high correla-
tions between pharmaceutical compound concentrations and TSS.
The only one pharmaceutical compound negatively correlated with
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Table 3

Correlation matrix of the variables: influent wastewater characterization parameters, removals of the wastewater characterization parameters, concentrations of the phar-
maceutical compounds, removals of the pharmaceutical compounds and WWTP operational parameters.

TSS BOD coD pH TP TKN oil R Rsop Reap) R Ry R
TSS 1.00 0.99 0.99 ~0.35 0.98 0.65 0.86 0.06 0.18 0.14 0.01 ~0.20 0.20
BOD 1.00 0.97 —0.41 0.93 0.63 0.91 ~0.04 0.11 0.05 0.11 —0.15 0.17
coD 1.00 ~0.35 0.99 0.67 0.87 0.13 0.26 0.22 ~0.03 -0.27 0.26
pH 1.00 —0.28 0.20 ~0.40 —0.13 0.25 0.1 0.30 ~0.36 0.40
TP 1.00 0.65 0.78 0.21 0.28 0.27 ~0.12 ~0.26 0.25
TKN 1.00 0.62 0.31 0.72 0.60 —0.02 —0.77 0.77
oil 1.00 —0.13 0.23 0.09 0.29 -033 0.38
R 1.00 0.71 0.89 ~0.93 ~0.49 0.36
Roso 1.00 0.95 ~0.39 ~0.96 0.92
- 1.00 ~0.65 —0.84 0.75
o 1.00 0.13 0.01
e 1.00 ~0.99
Roi 1.00

CF CRB KTP IBU NPX Rer R R R R Flow SRT HRT
TSS 0.79 ~0.90 0.97 0.96 0.89 ~0.20 ~0.20 ~0.06 ~0.15 0.20 0.24 0.09 0.20
BOD 0.80 —0.93 0.92 0.91 0.94 —0.17 ~0.17 —0.15 ~0.20 0.18 0.30 ~0.01 0.15
cop 0.73 -0.90 0.96 0.96 0.87 -0.26 ~0.26 ~0.03 ~0.17 0.26 0.25 0.17 0.27
pH ~0.27 0.70 ~0.37 —0.31 —0.51 —0.41 ~0.42 ~0.38 ~0.49 0.43 0.38 ~0.04 0.36
TP 0.71 —0.84 0.98 0.98 0.78 —0.24 —0.24 0.06 ~0.09 0.23 0.15 0.23 0.26
TKN 0.49 —0.43 0.58 0.61 0.48 ~0.77 ~0.77 ~0.16 ~0.54 0.77 0.52 0.43 0.77
oil 0.51 —0.89 0.71 0.69 0.96 ~0.39 ~0.40 ~0.37 ~0.47 0.40 0.57 ~0.05 0.34
R —0.08 ~0.06 0.22 0.24 ~0.25 ~0.32 ~0.30 0.81 0.38 0.27 —0.48 0.99 0.47
R ~0.17 ~0.07 0.16 0.20 ~0.01 -0.90 —0.89 0.16 ~0.39 0.87 0.27 0.82 0.96
. —0.14 ~0.07 0.20 023 —0.11 ~0.72 ~0.70 0.46 ~0.09 0.68 —0.03 0.95 0.83
Rrp 0.01 0.04 ~0.20 ~0.20 0.31 ~0.05 ~0.08 ~0.97 ~0.70 0.10 0.77 —0.85 —0.11
e 0.17 0.06 —0.12 —0.15 —0.08 0.98 0.98 0.11 0.62 ~0.97 ~0.52 —0.63 ~1.00
Roi ~0.17 ~0.06 0.09 0.12 0.12 ~1.00 ~1.00 -0.25 -0.73 1.00 0.63 0.52 0.99
CF 1.00 —0.64 0.81 0.80 0.64 0.17 0.17 0.03 0.12 ~0.17 ~0.01 ~0.10 ~0.17
CRB 1.00 —0.85 —0.82 ~0.93 0.05 0.05 ~0.03 0.01 ~0.05 ~0.13 ~0.07 ~0.06
KTP 1.00 1.00 0.76 ~0.08 —0.08 0.17 0.07 0.07 0.01 0.22 0.12
IBU 1.00 0.73 —0.12 —0.11 0.17 0.05 0.10 0.01 0.24 0.15
NPX 1.00 —0.13 —0.14 ~0.33 ~0.30 0.15 0.44 ~0.20 0.08
Rer 1.00 1.00 0.29 0.75 -1.00 —0.67 —0.48 -0.99
. 1.00 0.31 0.77 -1.00 ~0.68 ~0.46 -0.98
o 1.00 0.85 ~0.34 —0.89 0.70 —0.13
i 1.00 ~0.79 —0.98 0.22 —0.63
. 1.00 0.70 0.43 0.98
Flow 1.00 ~0.32 0.53
SRT 1.00 0.62
HRT 1.00

Correlations greater than 0.70 are significant at p<0.05 (shown in bold).

characterization parameters was carbamazepine what points out
the different behaviour observed for this compound in wastewater
samples compared to the others evaluated.

The removal rates of the pharmaceutical compounds were
highly correlated with the removal of, at least, two of the wastewa-
ter characterization parameters evaluated. Nevertheless, different
behaviour was observed for each pharmaceutical compound. In
some cases, there was a positive correlation between the removal
of the pharmaceutical compound and the removal of the wastew-
ater characterization parameter (Rcg, Rcgg and Rrgn; Rirp and Ryss;
Rnpx and Rpop, Roj) whereas in other cases there was a negative
correlation (RCF- RCRB and RBOD- RCOD; Rigu, Rxtp and Rtp; Rnpx and
Rrkn; Rer, Rers, Ripu and Rojp).

3.5.2. Relationships between the removal of the pharmaceutical
compounds and WWTP operational parameters

Removal rates of the pharmaceutical compounds were found to
be correlated with the flow of wastewater treated by the WWTPs.
This correlation was positive in the case of the removal of NPX and
negative in the case of the removal of the other pharmaceutical
compounds evaluated. Removal rates of IBU and KTP were highly
influenced by WWTP wastewater influent flow with correlation
coefficients higher than —0.88 what is consistent with correlations
observed by others authors [6].

A poor correlation was obtained between the removal of the
pharmaceutical compounds and SRT. Only the removal of KTP was
influenced by SRT with a positive coefficient of correlation. The poor
correlation observed between the removal of the pharmaceutical
compounds and SRT could be explained by the small values of SRT
in the studied WWTPs (1.5-5.1 days).

The removal of CF, CRB and NPX were highly correlated with
HRT values with coefficients of correlation of at least 0.98. Never-
theless, whereas positive correlation coefficient was obtained for
NPX, negative coefficients were obtained for CF and CRB. Negative
correlation coefficients could be explained by a poor removal of
the pharmaceutical compounds in the biological reactor where the
compounds end up being concentrated. Nevertheless, in spite of
the negative correlation coefficient between CF and HRT, the high
removal of caffeine before wastewater treatment can be indica-
tive of the existence of another way of elimination, different from
degradation in the biological reactor as, for instance, elimination
by retention into particulate matter.

3.6. Statistical analysis: principal component analysis
A principal component analysis was carried out for all of the

variables evaluated. Two components with eigenvalues >1 (Factor
1=11.7; Factor 2=8.1) accounting for 76.1% of the total variability
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Table 4

Results of principal components analysis.

Variable Factor 1 Factor 2
TSS 0.12 0.99
BOD 0.07 0.99
COD 0.19 0.97
pH 0.40 —0.46
TP 0.20 0.93
TKN 0.73 0.57
Oil 0.24 0.88
Rrss 0.54 —0.02
Rgop 0.98 0.06
Rcop 0.87 0.03
Rrp -0.20 0.06
Rrkn —0.99 —0.08
Roil 0.98 0.09
CF —0.22 0.81
CRB 0.02 —0.94
KTP 0.07 0.94
IBU 0.10 0.92
NPX —0.02 0.93
Rer -0.97 —0.09
Rcrp —0.96 —0.09
Rigu —-0.57 -0.11
Rkrtp —0.90 0.04
Rnpx 0.95 0.10
Flow 0.45 0.22
SRT 0.68 0.00
HRT 0.99 0.08
Variance (%) 44.9 31.2

Correlations greater than 0.70 are significant at p <0.05 (shown in bold).

were identified (Table 4). The first component reflects a close cor-
relation between the content of TKN in influent wastewater, the
removal of some of the wastewater characterization parameters
(RpBo» Rcop, Rtkn and Rgy;p), the removal of most of the pharma-
ceutical compounds monitored (Rcg, Rcrg, Rirp and Rypx) and the
WWTP operational parameter HRT. The second component reflects
a close correlation between some of the wastewater characteriza-
tion parameters (TSS, BOD, TP and oil) and the concentration of
all of the pharmaceutical compounds monitored (CF, CRB, KTP, IBU
and NPX). Factor 1 describes an elimination pattern of pharma-
ceutical compounds and wastewater characterization parameters
where HRT has a significant contribution. Factor 2 describes an
urban contamination pattern loaded by wastewater characteriza-
tion parameters and pharmaceutical compound concentrations. In
Fig. 3, the correlations between the investigated variables and the
two factors are represented. Plot of the variables on the plane Fac-
tor 1 versus Factor 2 allows to easily evaluate which variables have
positive or negative contribution in each or both factors together
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Fig. 3. Plot of the variables on the plane Factor 1 versus Factor 2.

with their degree of contribution. It can be seen that variables are
mainly grouped into two groups, one group formed by the con-
centrations of the pharmaceutical compounds, except NPX, and
wastewater characterization parameters, except TKN and pH, and
another group formed by removal rates of NPX and wastewater
characterization parameters BOD, COD and oil.

4. Conclusions

A previously validated analytical method has been used for the
determination of the pharmaceutical compounds CF, CRB, DCL, IBU,
KTP and NPX in influent and effluent wastewater samples from
WWTPs in Seville city during a 1-year period. All of the pharmaceu-
tical compounds monitored, except DCL, were detected in influent
and effluent wastewater samples at mean concentrations that
decreased from IBU to CRB in this order: IBU > CF > NPX > KTP > CRB.
A seasonal evolution of the concentration of some of the pharma-
ceutical compounds evaluated, CF and IBU, in influent wastewater
was observed. Although wastewater treatments were similar in all
of the WWTPs studied, different removal efficiencies of the phar-
maceutical compounds were obtained from one WWTP to the next
with mean removalrates in the range from 8.1% (CRB) to 87.5% (IBU).

By means of correlation analysis and principal component anal-
ysis, the existence of relationships between the concentration of
the pharmaceutical compounds and influent wastewater charac-
terization parameters (COD, BOD, TSS, TP and Oil) and between
the removal of the pharmaceutical compounds and the removal
of wastewater characterization parameters and the operational
parameters flow and HRT were found to exist. Principal component
analysis showed the existence of two main components accounting
for 76% of the total variability.
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