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Recently, there has been an increased interest in bridging the knowledge gap in the occurrence and fate of
pharmaceuticals in African urban water cycles. In this study, the occurrence of 7 antibiotics and 3 antiretrovirals
in source-separated urine, groundwater, wastewater and surface water of the peri-urban area of Chunga
in Lusaka, Zambia, was studied. In groundwater, the pharmaceuticals were only sporadically present with
4 antibiotics and 1 antiretroviral detected. The concentration of the antibiotics ranged from below limit of
quantification (<LOQ) to 880 ng/L, with sulfamethoxazole having the highest detection frequency of 42.3%. In
the surface water, a comparatively high concentration of pharmaceuticals was measured with concentrations
ranging from <LOQ-11 800 ng/L to <LOQ-49 700 ng/L for antibiotics and antiretroviral drugs, respectively.
Similarly, the concentration of antibiotics in wastewater treatment plant (WWTP) influent and effluent waters
ranged from 100-33 300 ng/L and 80-30 040 ng/L, respectively. The concentration of the antiretrovirals
was also relatively high in the wastewater and ranged from 680-118 970 ng/L and 1 720-55 760 ng/L in the
influent and effluent, respectively. The concentration of the target analytes in source-separated urine were
several orders of magnitude higher than in wastewater. Sulfamethoxazole, trimethoprim and lamivudine had
the highest concentrations, of 7 740 ug/L, 12 800 pg/L and 10 010 pg/L, respectively. The high concentration
detected in source-separated urine calls for precautionary measures to be undertaken when such urine is
to be used as a fertilizer. However, urine source separation has a major advantage of pooling a significant
proportion of excreted pharmaceuticals into small manageable volumes which can be effectively treated,
minimizing environmental contamination. The high concentrations of antibiotics and antiretroviral drugs
measured in this study necessitate creation of effective barriers to mitigate the possible environmental and
human health risks.

INTRODUCTION

In recent years, the detection of pharmaceutical and personal care products in urban hydrological
cycles at environmentally relevant concentrations has triggered increased attention and a
considerable amount of literature relating to occurrence in different water systems have been
published. Antibiotics and antiretroviral drugs are of a particular concern in this study due to their
potential propagation of antimicrobial resistance and toxicity to sensitive aquatic organisms (Baran
etal., 2011; Le-Minh et al., 2010; Baquero et al., 2008). It is well established from a variety of studies
that one of the major routes of entry of pharmaceuticals into the environment is via discharges from
wastewater treatment plants (WWTPs) (Kiimmerer, 2009; Zhang et al., 2015). However, in areas
with poor sanitation and/or no centralized WWTPs, infiltration from pit latrines, direct discharge
of untreated wastewater and excreta to aquatic and terrestrial environments form a significant
entry route of pharmaceuticals to the aquatic environment (Ngumba et al., 2016b; K'oreje et al.,
2016; Rehman et al., 2013; Madikizela et al., 2017). To minimize environmental contamination and
enhance nutrient recycling, alternative decentralized ecological sanitation systems have widely
been explored (Simha and Ganesapillai, 2016; Udert et al., 2016; Richert et al., 2010). However, the
source-separated urine may contain high concentrations of active pharmaceutical compounds and
this can be an impediment to the utilization of source-separated urine in food crop production
(Bischel et al., 2015; Jaatinen et al., 2016).

In this study, the occurrence of 7 antibiotics and 3 antiretroviral drugs in the peri-urban area of
Chunga in Lusaka-Zambia was determined in groundwater, surface water, wastewater and source-
separated urine. Zambia has an adult HIV/AIDS prevalence of 12.9% with 1.2 million people
living with HIV of whom 63% are under antiretroviral treatment (United Nations Programme
on HIV/AIDS, 2016; WHO, 2016b). In addition to HIV, there is a relatively high disease burden in
the population leading to enhanced pharmaceutical consumption through prescription and self-
medication by over-the-counter drugs. Geologically, Lusaka lies on an aquifer formed by rocky
schists of quartzite and marble (Nkhuwa, 2006) and the groundwater tables lack a protective cover,
making them vulnerable to contamination (African Development Bank, 2015). A significant portion
of the population relies on decentralized forms of sanitation systems posing a contamination risk
to groundwater and surface water (Wamukwamba and Share, 2001). In addition, alarge proportion

ISSN (online) 1816-7950
Available on website https://www.watersa.net

278

CORRESPONDENCE
Elijah Ngumba

EMAIL
engumba@jkuat.ac.ke

DATES
Received: 17 January 2019
Accepted: 31 March 2020

KEYWORDS
antibiotics
antiretrovirals
groundwater
source-separated urine
wastewater

COPYRIGHT

© The Author(s)

Published under a Creative
Commons Attribution 4.0
International Licence (CC BY 4.0)

WATER SA N




of the population relies on groundwater (shallow water wells and
boreholes) for their domestic use.

The studied antibiotics include trimethoprim (TMP),
sulfamethoxazole (SMX), ciprofloxacin (CIP), norfloxacin
(NOR), tetracycline (TET), doxycycline (DOX) and amoxicillin
(AMO); and the antiretroviral drugs were nevirapine (NVP),
zidovudine (ZDV) and lamivudine (3TC). NVP, ZDV and 3TC
are some of the commonly prescribed first-line antiretroviral
drugs for people suffering from HIV/AIDS. In addition to the
antiretroviral drugs, the antiretroviral therapy (ART) for most
patients will include a fixed dose of co-trimoxazole (dose ratio
of 5:1 sulfamethoxazole: trimethoprim) prophylaxis to prevent
HIV-induced infections (WHO, 2016a).

Despite the high antibiotic and antiretroviral consumption,
there are currently no data available on the occurrence of active
pharmaceutical ingredients in the aquatic environment of the
study area. This study aims at providing some insights into the
concentrations of selected antibiotics and antiretroviral drugs in
selected aquatic environments.

MATERIALS AND METHODS
Description of the study area and sample collection

The study area was in the peri-urban suburb of Chunga on the
north-western side of Lusaka, Zambia (Fig. 1). Lusaka is situated
on a watershed, and the western parts of the city, including the

study area, drain into the Kafue River (Lusaka City Council
and Environmental Council of Zambia, 2008). The region hosts
the informal settlement of Madimba with limited established
water supply or sewage network. As a result, the residents rely
on shallow water wells and pit latrines for domestic water source
and sanitation, respectively. Due to the high population density,
most of the water wells are dug in close proximity to the pit
latrines. The area also has a high groundwater table resulting in
contamination of the aquifers, shallow water wells and boreholes
(Kawanga and Sinkala, 2005; Lusaka Water and Sewerage
Company, 2013). The study area also hosts one conventional
trickling filter wastewater treatment plant (Chunga) and one
non-conventional wastewater stabilization pond (Matero)
wastewater treatment plant with limited functionality due to
aging and lack of adequate maintenance (Brown etal., 2012). The
wastewater facilities discharge their effluents into Chunga River,
a tributary of Mwembeshi River (Wamukwamba and Share,
2001). The river flows through Chunga residential areas and the
riverbank is lined with domestic housing units that discharge
untreated domestic waste into the river. The local population
uses the wastewater effluents and river waters for irrigation
purposes. To minimize on local contamination and enhance
nutrient recycling within Madimba area, there have been efforts
to introduce dry sanitation by constructing urine-diverting dry
toilets (UDDTs) (Chongo and Kawanga, 2015). The urine and
faecal matter collected are stored for a period of 6 months before
application as an agricultural fertilizer.

Source separated Urine
and ground water

Surface waterand wastewater

OpenSeaMap (OSM) v

Figure 1. A map of Madimba and Chunga areas of Lusaka with the sample collection locations for source separated urine, groundwater, surface
water and wastewater indicated. The map was constructed using GPS coordinates and GPS visualizer online tool

(Available from http://www.gpsvisualizer.com)
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To study the occurrence of antibiotics and antiviral drugs
in this locality, 21 groundwater samples were collected from
protected and unprotected shallow wells and 5 from borehole
wells. The surface water samples were collected from the Chunga
River while the wastewater samples were taken from Matero
wastewater stabilization ponds. Duplicate 600 mL grab water
samples were collected in June 2016 using HDPE bottles that were
rinsed with HPLC-grade methanol and stored in a refrigerator
at +4°C awaiting extraction within 1 week. The groundwater
samples from shallow wells were drawn with water buckets and
then transferred to sample bottles, apart from 2 samples that
were taken directly into the sample bottles from the well. The
borehole samples were collected through the taps or hoses. Ten
duplicate urine grab samples were collected from Madimba and
Chunga residential areas from UDDTs that were shared by more
than one household. The samples were collected from the urine-
holding containers by pouring into 125 mL food-quality glass
jars and transported on ice pack in a closed container and then
extracted immediately on receipt in the laboratory.

Analytical methods

The methods for water sample preparation, extraction and
analysis are as described in previous studies (Ngumba et al,,
2016a; Ngumba et al., 2016b). In brief, water samples were first
filtered through 47 mm GF/D (2.7 um) and GF/F (0.7 um) glass
microfibre filters (Whatman, Maidstone, England), followed
by addition of 40 pL of 10 mg/L mixed internal standards (ISs)
to 200 mL of filtered sample prior to SPE process. The samples
were then loaded into Oasis HLB cartridges (6 mL, 200 mg;
Waters, Milford, USA) which had been conditioned with 3 mL
methanol (EMSURE, analytical grade) and 3 mL distilled water,
respectively. After loading, the cartridges were dried in vacuum
for 10 min and washed with 5 mL ultrapure water followed by 5
mL of 2% methanol and then dried for a further 10 min before
elution with 4 mL ACN/MeOH, (1:1 v/v). The solvent was then
evaporated in a stream of nitrogen at 40°C. The sample was then
re-constituted to 1 mL with acetonitrile/water (20:80 v/v), and
then filtered through a 0.2 pm cellulose acetate syringe filter
before injection into an LC-MS/MS system.

The sample preparation and extraction procedures for source-
separated urine were modified from Pynnénen and Tuhkanen,
(2014). SPE sample loading of the source-separated urine was
carried out on-site using Oasis HLB cartridges (3 mL 60 mg;
Waters, Milford, USA) and 20 mL luer syringes. First, 40 uL of
10 mg/L mixed ISs was added to 20 mL source-separated urine
and then slowly passed through Oasis HLB cartridges which had
been previously conditioned with 3 mL methanol (EMSURE,
analytical grade) and 3 mL distilled water, respectively. After
loading, cartridges were dried by blowing out excess moisture
with an empty 20 mL syringe several times. Subsequent washing
and elution SPE procedures were carried out in a similar way as
for water samples.

Chromatographic separation and detection was carried out
using Waters Quattro Micro LC-MS/MS system on a reversed
phase C18 column. The mobile phase consisted of ultrapure
water (A) and acetonitrile (B), both containing 0.1 % (v/v) formic
acid. Mass spectrometric detection was operated in multiple
reactions monitoring (MRM) and performed in the positive
electrospray ionization (ESI+) mode.
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RESULTS AND DISCUSSION

Occurrence of the selected antibiotics and antiretroviral
drugs in groundwater

In total, 4 out of 7 antibiotics and 1 out of 3 antiretroviral drugs
were detected in Chunga, shallow water wells and boreholes
in the ng/L range. The detection frequency, range and median
concentrations are presented in Table 1.

SMX had the highest detection frequency at 42.3% with a
concentration range of nd- 660 ng/L, which can be attributed
to its high mobility in soil due to its weak sorption properties, in
addition to being hydrolytically stable (Deng et al., 2016; Germer
and Sinar, 2010). TMP had a detection frequency of 34.6 % and
was detected at relatively lower concentration (maximum of 140
ng/L) as compared with SMX. This could be partly due to its
high distribution coefficient (K,), and that the soil pH ranges
in the study area of 4.02-5.56 (Chabala et al., 2014) are within
TMP optimum sorption pH (4-6); hence, TMP is expected to
be largely immobile (Kode$ova et al., 2015). In addition, TMP
is almost exclusively administered together with sulfonamides
such as SMX in fixed ratio (1:5, TMP: SMX), leading to its
lower mass load into the environment (WHO, 2016a). Among
the fluoroquinolones (CIP and NOR), it was only CIP that was
detected in a few wells, with a maximum concentration of 150
ng/L. Relatively lower detection was attributed to the high
distribution coefficient (K) of fluoroquinolones in soil (Le-Minh
etal., 2010) and relatively lower rate of consumption since CIP is
a more expensive antibiotic. AMO is one of the most frequently
prescribed antibiotics and has a relatively low distribution
coeflicient and is hence expected to be highly mobile in soil (Kim
et al,, 2012). However, the relatively low detection frequency in
this study can be attributed to its high potential to undergo
hydrolysis in the chemically susceptible p-lactam ring (Cha et
al., 2006). The detected AMO in the few wells was attributed
to possible contamination of the shallow water wells from the
adjacent pit latrines.

Table 1. Summary of the detection frequency (%) and concentrations
for the selected antibiotics and antiretroviral drugs in the Chunga
shallow wells, boreholes (ng/L)

Detection Median
Pharmaceutical* frequency Range (ng/L) (ng/L)
(%)
TMP 34.6 nd’-140 60
cIp 19.2 nd-150 90
SMX 423 nd-660 100
AMO 1.5 nd-880 760
TET 0 nd nd
NOR 0 nd nd
DOX 0 nd nd
3TC 0 nd nd
ZDV 0 nd nd
NVP 38.5 nd-410 150

nd°: not detected; *TMP: trimethoprim, SMX: sulfamethoxazole CIP-
ciprofloxacin, NOR: norfloxacin, TET: tetracycline, DOX: doxycycline, AMO:
amoxicillin NVP: nevirapine, ZDV: zidovudine, 3TC: lamivudine
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Tetracyclines (e.g., tetracycline and doxycycline) have high
distribution coeflicients in soils and are largely considered
immobile (Kim et al., 2012). As a result, the compounds were
not detected in any of the groundwater samples despite the
relatively high concentrations detected in surface water and
wastewater. The concentrations of antibiotics in groundwater
were within one order of magnitude of that reported for other
studies elsewhere. For example, the maximum concentration of
SMX in Massachusetts-USA was 113 ng/L (Schaider et al., 2014)
and 30 ng/L in Nairobi, Kenya (Koreje et al., 2016). In India,
Fick et al. (2009) reported 14 000 ng/L of CIP in groundwater
close to a pharmaceutical production company.

NVP was the only antiretroviral drug detected in the
groundwater, with a maximum concentration 410 ng/L and
detection frequency of 38.5%. This might be due to NVP non-
biodegradability leading to persistence in the environment
(Jain et al., 2013; Vankovd, 2010). The concentrations of NVP
observed in this study were lower than reported for shallow
water wells in Kenya (up to 1 600 ng/L) (Koreje et al., 2016).
However, in both the present study and the study by Koreje et
al. (2016), nevirapine mobility to groundwater is quite apparent.
Despite the high concentrations measured for 3TC and ZDV in
wastewater, surface water and source-separated urine; they were
hardly detected in the groundwater. This was mostly attributed
to strong adsorption to the acidic soils of the study area, as
discussed earlier. K'oreje et al. (2016) made a similar finding
for ZDV in Kenya where they measured high concentrations
in surface water and significantly low concentrations in
groundwater within the same vicinity.

Occurrence of the selected antibiotics and antiretroviral
drugs in surface water and wastewater

A summary of the concentration of the antibiotics and
antiretroviral drugs in the studied surface water and wastewaters
is presented in Table 2. All the target analytes were detected
in the study area with concentrations ranging from ng/L-
ug/L levels. In the Matero wastewater stabilization ponds, the
concentrations for individual antibiotics ranged from 100-33
300 ng/L. The hydrolytic retention times for the wastewater in the
stabilization ponds were, however, not taken into consideration
during sampling, and as such the removal efficiency for the
studied pharmaceuticals in the stabilization ponds could not
be estimated. SMX was the most dominant species in both
the influent and effluent waters, with mean concentrations of

3330041 890 ng/L and 30 040 + 3 420 ng/L, respectively. Among
the antiretroviral drugs, the concentration of individual drugs
in the wastewaters ranged from 680-118 970 ng/L and 1 720-
55 760 ng/L in the aerobic pond influent and effluent waters,
respectively. 3TC was the most dominant antiretroviral in the
effluent with a mean concentration of 55 760 + 5 480 ng/L,
followed by ZDV and NVP with mean concentrations of 37 140
+2560ng/Land 1 720 + 250 ng/L, respectively.

The significantly high concentrations of antibiotics and
antiretroviral drugs in the wastewater were attributed to
the high prevalence of diseases, especially HIV/AIDS, and
inefficient wastewater treatment. The HIV prevalence in Zambia
stood at 12.9% of the adult population by 2015, the majority of
whom were under antiretroviral therapy comprising of at least
three antiviral drugs and co-trimoxazole (sulfamethoxazole/
trimethoprim in the ratio 5:1) (United Nations Programme
on HIV/AIDS, 2016; WHO, 2016b). In addition, Brown et al.
(2012) have reported that the wastewater stabilization ponds in
Lusaka had limited functionality due to factors such as sludge
accumulation and erosion shortening the hydraulic retention
time. The concentrations measured in the wastewater for a
majority of compounds and medications were significantly
higher than reported elsewhere. For example, the maximum
concentration was 1 309.5 ng/L for SMX in Bolivia (Archundia
et al., 2017); 150 ng/L, 31 070 ng/L, 110 ng/L, 2 080 ng/L, for
TMP, 3TC, ZDV and NVP, respectively, in Kenya (Koreje et al.,
2016); 620 ng/L for TET in Hong Kong/China (Gulkowska et
al., 2008); and 50 ng/L for AMO in Australia (Watkinson et al.,
2007).

In the surface waters and among the antibiotics, the
concentration ranged from <LOQ-11 800 ng/L. SMX had the
highest concentration of 11 800 + 1 200 ng/L at sampling site
A of Chunga River while NOR was not detected at the two
sampling sites. The concentration of the antiretrovirals ranged
from <LOQ-49 700 ng/L. 3TC had the highest concentration
of 49 700 = 4 000 ng/L followed by ZDV and NVP with
concentrations of 9 670 £ 1 290 ng/L and 220 + 30 ng/L,
respectively. The three antiretroviral drugs constitute the first
line daily dose antiretroviral regimen for people living with
HIV. The large variation in the concentration can be attributed
to their differences relating to excretion of the drugs in the
unchanged form. In this case, approximately 70%, 20% and
2.7% of 3TC, ZDV and NVP, respectively, are excreted from the
body in the unchanged form (Harlass, 1996; Kumar et al., 2006;

Table 2. Concentrations of selected antibiotics and antiretroviral drugs in surface water of Chunga River and WWTP influent and effluent

samples in ng/L

Chunga River

Wastewater

Pharmaceutical*

Site A Site B Aerobic pond Influent Aerobic pond Effluent
TMP 2410 +20° 510+ 50 32670 £1570 1770 £160
Clp 400+ 90 54070 740 + 80 230+ 30
SMX 11 800 + 1200 7810+ 740 33300+ 1890 30 040 + 3420
AMO 2500+ 660 3410 + 440 3270+ 690 5580 +1880
TET 2200700 4220 +£740 220+ 20 4590 £540
NOR nd® nd 100+ 20 80 +20
DOX 2730+610 3260 + 590 4490+ 810 5280 £1190
3TC 49 700+ 4000 42 630+ 3660 118 970+ 9450 55760 +5480
ZDV 1280 +400 9670 + 1290 66 590 + 4650 37 140 +2560
NVP 210+ 30 220+ 30 680 + 60 1720 £250

aMean +SD (based on duplicate samples); nd®: not detected: *TMP: trimethoprim, SMX: sulfamethoxazole CIP-ciprofloxacin, NOR: norfloxacin, TET:
tetracycline, DOX: doxycycline, AMO: amoxicillin NVP: nevirapine, ZDV: zidovudine, 3TC: lamivudine
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Riska et al.,, 1999). The high concentration of antibiotics and
antiretroviral drugs measured in this study can be attributed
to the direct discharge of untreated domestic waste from the
adjacent informal settlement of Madimba and discharges from
the Chunga and Matero wastewater treatment plants.

The concentration of antibiotics and antiretroviral drugs in the
surface water were within one order of magnitude relative to
studies done in South Africa, Ghana, Kenya and Mozambique.
For instance, the concentration ranged from 511-53 828 ng/L
for SMX, <LOQ-11 383 for TMP and <LOQ-465 ng/L for TET
in Mozambique, Kenya and Ghana, respectively (Segura et al.,
2015); <LOQ-167 000 ng/L for 3TC and <LOQ-17 000 ng/L for
ZDV in Kenya (K'oreje et al., 2016); <LOQ-177 ng/L for NVP in
South Africa (Wood et al., 2015). However, the concentrations
were several orders of magnitude higher when compared
with most studies in developed countries. For example, the
concentration of antiretroviral drugs in some studies of surface
water in Germany and Belgium were all <200 ng/L (Vergeynst
et al., 2015; Prasse et al., 2010). Segura et al. (2015) pointed out
that there is a direct relationship between the occurrence of
pharmaceuticals in surface water and economic strength of a
country due to the higher vulnerability to infectious deseases
in lower-income countries, self-medication, availability of
cheap over-the-counter drugs as well as inadequate wastewater
collection and treatment facilities. The concentrations measured
in this study and other recent studies in East Africa, South
Africa and West Africa points to a more serious wide-scale
contamination of urban hydrological cycles with antibiotics and
antiretroviral drugs in the entire region.

Occurrence of the selected antibiotics and antiretroviral
drugs in source-separated urine

All the studied antibiotics were detected in the studied source-
separated urine with frequencies of 40-100% at pg/L-mg/L
levels. As shown in Table 3, TMP and DOX were detected in
all the samples while TET and SMX were detected in 4 out of
10 samples. The highest measured antibiotic concentration was
for TMP (12 800 ug/L), followed by SMX (7 740 pg/L), CIP (660
ug/L), AMO (310 pg/L), DOX (20 ug/L), NOR (5.3 pg/L) and TET
(2.8 ug/L). The concentration of TMP and SMX were particularly
elevated in the urine samples because of their regular use in
treatment of bacterial infections and are particularly prescribed

for daily use to prevent opportunistic infections in patients
with HIV (Bartlett, 2004). Recent studies on pharmaceuticals
in source-separated urine in eThekwini, South Africa (Bischel
et al.,, 2015) measured maximum concentrations of 6 800 ug/L
for SMX, which is comparable with the present study. The
occurrence of antiretroviral drugs in urine varied considerably
with 3TC detected at the highest frequency (100%) and
concentration (10 010 ug/L) while NVP was detected in one
sample and ZDV was below the limit of quantification. The
variation in the concentrations of antiretroviral drugs in urine
can be attributed to the consumption; in addition, some of the
compounds are excreted largely as metabolites shown in Table 4.

Although the most critical concern associated with the use of
source-separated urine emanates from the presence of disease-
causing pathogens, the storage of urine for 6 months at 20°C
deactivates much of the pathogens (WHO, 2006). However, it
has been shown that minimum pharmaceutical reduction is
realized during the storage (Bischel et al., 2015; Jaatinen et al.,
2016; Koch, 2015). For example, Bischel et al. (2015) studied
the fate of 12 pharmaceutical compounds during the storage of
source-separated urine and found that 11 out of 12 compounds
did not degrade to a significant extent during the storage period.
The findings are corroborated by bench-scale studies by Jaatinen
et al. (2016) who found reduction of 25.6%, 51.5%, 75.6%,
24.0%, 23.7% and 51.1% for NVP, ZDV, 3TC, SMX, and TMP,
respectively, after 6 months of storage.

The recalcitrant nature of pharmaceuticals in source-separated
urine becomes an impediment to its direct application as a
fertilizer with possible negative ramifications including uptake
by plants as well as effects on soil microbial communities
(Kiimmerer, 2003; Li et al., 2013). Thus, in areas with high
disease prevalence and pharmaceutical consumption, the use
of source-separated urine as a fertilizer may pose considerable
ecological and human health risks.

CONCLUSIONS

The main goal of this study was to determine the occurrence
of 10 pharmaceuticals — 7 antibiotics and 3 antiretroviral
drugs — in groundwater, surface water, wastewater and source-
separated urine in Chunga area of Lusaka, Zambia. The
results of this study show that all the analysed sample sets had
environmentally relevant concentrations of the antibiotics

Table 3. Summary of the detection frequency (%) and concentrations for the selected antibiotics and antiretroviral drugs in the source-

separated urine in pg/L

Detection

Excretion rate
as unchanged

Pharmaceutical* frequency % Range Median Mean compound
(%)*

T™MP 100 0.7-12 800 49 2199 80-90
cp 90 nd*-660 5.2 78.1 80
SMX 40 nd-7 740 1660 2430 15-25
AMO 80 nd-310 13 58.1 60-80
TET 40 nd-2.8 0.9 14 80-90
NOR 90 nd-5.3 2.8 2.6 60
DOX 100 2-20 13.8 13.1 70
3TC 100 1.9-10010 20 1670 70
ZDV 0 nd-nd Nd nd 15-20
NVP 10 nd-5 5 5 27

nde: not detected ®(Radke et al., 2009; Kasprzyk-Hordern et al., 2009; Harlass, 1996; Straub, 2013; Jjemba, 2006; Kumar et al., 2006; Riska et al., 1999) *TMP:
trimethoprim, SMX: sulfamethoxazole CIP-ciprofloxacin, NOR: norfloxacin, TET: tetracycline, DOX: doxycycline, AMO: amoxicillin NVP: nevirapine, ZDV:

zidovudine, 3TC: lamivudine
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and antiretroviral drugs at concentration levels of up to
several mg/L. Generally, pharmaceuticals associated with HIV
treatment were detected at elevated concentrations. The high
concentration measured in surface waters was attributed to
direct discharge of untreated domestic waste as well as effluents
from wastewater treatment plants. The high concentration of the
pharmaceuticals in urine is an indicator that source separation
has an advantage of pooling the majority of the pharmaceutical
residues into small volumes which can effectively be treated,
enabling minimization of environmental exposure. Although
the detected concentrations of antibiotics and antiretroviral
drugs in the sampled groundwater were low, the presence
of transformation products is highly likely. This is because
pharmaceutical residues are continuously being discharged into
the environment, mostly into the pit latrines which are a major
form of sanitation in the study area. Comprehensive fate studies
are thus necessary in order to minimize ecological and human
health risks. In addition, as precautionary measures, proper
water treatment options should be explored since long-term
sub-lethal exposure effects are largely unknown. The results
of this study are consistent with the data obtained in other
regions with similar economic and disease burdens. To ensure
that both human health and the environment are protected,
efforts to improve the centralized and decentralized wastewater
management ought to be made as a priority. Preventing the
leaching of pharmaceuticals into water sources from pit latrines
and septic tanks through source separation and use of excreta as
fertilizer for non-edible crops may be one viable option. Further
research on possible pharmaceutical uptake by crops deriving
nutrients from source-separated urine is recommended.
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