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Abstract Hospital and urban effluents contain a variety of
toxic and/or persistent substances in a wide range of concen-
trations, and most of these compounds belong to the group of
emerging contaminants. The release of these substances into
the aquatic ecosystem can lead to the pollution of water re-
sources and may place aquatic organisms and human health at
risk. Sediments receiving untreated and urban effluent waters
from the city of Tiruchirappalli in the state of Tamil Nadu,
India, are analyzed for potential environmental and human
health risks. The sediment samples were collected from five
hospital outlet pipes (HOP) and from the Cauvery River Basin
(CRB) both of which receive untreated municipal effluent
waters (Tiruchirappalli, Tamil Nadu, India). The samples were
characterized for grain size, organic matter, toxic metals, and
ecotoxicity. The results highlight the high concentration of

toxic metals in HOP, reaching values (mg kg−1) of 1851
(Cr), 210 (Cu), 986 (Zn), 82 (Pb), and 17 (Hg). In contrast,
the metal concentrations in sediments from CRB were lower
than the values found in the HOP (except for Cu, Pb), with
maximum values (mg kg−1) of 75 (Cr), 906 (Cu), 649 (Zn),
111 (Pb), and 0.99 (Hg). The metal concentrations in all sam-
pling sites largely exceed the Sediment Quality Guidelines
(SQGs) and the Probable Effect Concentration (PEC) for the
Protection of Aquatic Life recommendation. The ecotoxicity test
with ostracods exposed to the sediment samples presents a mor-
tality rate ranging from 22 to 100 % (in sediments from HOP)
and 18–87% (in sediments fromCRB). The results of this study
show the variation of toxic metal levels as well as toxicity in
sediment composition related to both the type of hospital and the
sampling period. The method of elimination of hospital and
urban effluents leads to the pollution of water resources and
may place aquatic organisms and human health at risk.
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Introduction

Hospitals perform a wide variety of activities (health care,
hygiene, diagnostics, prophylaxis, etc.) for which they are a
consumer of a variety of potentially toxic substances including
drugs and their metabolites such as antibiotics, organic matter,
radionuclides, solvents, metals, disinfectants, sterilization
products, specific detergents for various instruments, radioac-
tive markers, and iodinated contrast media (Verlicchi et al.
2010; Mubedi et al. 2013). Active substances in medicines
are only metabolized to a certain extent on administration to
patients. Following this, the mostly active un-metabolized
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substances are released through excretions into the effluents
(Ternes and Joss 2006) and then released into the aquatic
environment (Halling-Sorensen et al. 1998). Hospital efflu-
ents and urban runoff in most developing countries represent
a significant source of many toxic elements in the aquatic
environment because the effluents are discharged into drain-
age systems, rivers, and lakes without prior treatment, and
then accumulate in sediments (Mubedi et al. 2013;
Mwanamoki et al. 2014a, b). The main human and environ-
mental risk is remobilization of the contaminants and their
return to the hydrosphere either by sediment re-suspension
or by infiltration into groundwater (Wildi et al. 2004). The
modification of environmental conditions such as pH, redox
potential, bacterial activities, or ligand concentration leads to
the release of contaminants from the sediment into the water
column and increase their bioavailability (Cantwell et al.
2002; Gillan et al. 2005; Haller et al. 2011). As a result, pol-
luted sediments also represent a significant source of contam-
ination in fresh water organisms (Kang et al. 2000).

Tiruchirappalli city is the fourth largest city in the Tamil
Nadu region of India with a population of 752,066 inhabitants
(TMC 2001). The city is located in the central part of Tamil
Nadu, and the civic administration is divided into four areas
and a total of 65 wards. The climate is tropical and the tem-
perature usually 22–43 °C. Cauvery Basin is estimated to be
81,555 km2 with many tributaries generally flowing to the
south and east of the states of Karnataka and Tamil Nadu.
The water source of the river primarily acts as a major source
of drinking water for the inhabitants of the Tiruchirappalli
region and as irrigation for the Cauvery delta (Kalavathy
et al. 2011). Agriculture, urbanization, industrialization, and
vegetation along the river bank are part of the economy in the
Indian sub-continent. On the other hand, the river also acts as a
receiving system for most of the anthropogenic pollution in
the locality. Continuous monitoring of the water sources to
validate sustainable progress and to monitor environmental
pollution is important, including in the case of the Cauvery
River.

Little information is available on the assessment of contam-
inants in receiving systems in developing countries (under
tropical conditions). A previous study (Mubedi et al. 2013)
presents various characteristic aspects of sediment receiving
hospital effluent waters. However, there is no quantitative in-
formation regarding the characterization of sediments receiv-
ing municipal effluent waters as well as about ecotoxicologi-
cal aspects in the Cauvery River (Tamil Nadu Region). The
aim of the research presented in this paper is to assess the
effects of untreated hospital and urban effluent waters on the
accumulation of toxic metals in the sediment receiving sys-
tems in the Cauvery River Basin, Tiruchirappalli, Tamil Nadu,
India. This assessment was based on the sediment physico-
chemical characterization including sediment grain size, total
organic matter (OM; loss on ignition), and toxic metals

including Cr, Co, Ni, Cu, Zn, As, Cd, Pb, and Hg. Sediment
samples were subject to ecotoxicological analysis in order to
assess the potential risk to sediment living organisms.

Materials and methods

Study area and sample collection

Tiruchirappalli city is located in the central part of the state of
Tamil Nadu between a latitude of 10°10′ and 11°20′ north and
a longitude of 78°10′ and 29°0′ east. The city is divided into
four main areas namely Ariyamangalam, K.Abisekapuram,
Golden Rock, and Sri Rangam. The city is supplied with
85 Mld (million liters per day) of water through four pumping
stations located by the Cauvery River. (1) Kambarasampettai
(26 Mld), (2) New Collector (32 Mld), (3) Ammamandapam
(5.5Mld), (4) Golden Rock (20Mld), and the remaining water
supply (1.5 Mld) being sourced from ground water. The
pumping stations of Kambarasampettai and New Collector
are located 3 km upstream from the effluent discharge site
(E1), and the Ammamandapam pumping station is 1 km up-
stream. The drainage system of the city is well designed to
collect the rain which is conveyed by open drain, and sewage
is removed by closed conduit. Seventy-seven percent of the
historic Tiruchirappalli town is provided with underground
sewer drainage and is well connected to the sewage treatment
plant. However, newly built areas such as Golden Rock and
the Sri Rangam localities are completely unsewered and the
effluent released from this part of the city is released into the
Cauvery River by surface channels. Tiruchirappalli city gen-
erates an average of 68 Mld of waste water but only has facil-
ities to collect 42 Mld in its existing sewage system with the
end point being the nearby water sources (Muthukumaran and
Ambujam 2003). The corporation supports the small and
medium-sized industries with 5 Mld of water and the large
industries meet their own water needs by being self-sustain-
able. The small and the medium-sized industries dump
their effluent into the municipal sewage channels and
the large industries discharge their effluent after initial
treatment into the Uyakkondan irrigation canal which
forms part of the Cauvery River. The Uyakkondan is a
1000-year-old canal built by Raja Raja Cholan and reno-
vated by Kulothunga Cholan. The canal takes its flow
from the Cauvery River and runs through Tiruchirappalli
city and serves as a major source of water for more than
32,000 acres of agricultural land, 36 tanks, and also
serves as the major conduit for receiving the effluent wa-
ters from the city. However, sampling of site E1 (effluent
discharge point) found it free from effluents discharged by
these large industries, but sewage from the municipality,
the hospital, and small-scale industries was present.
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The surface sediments were collected from (1) five selected
hospital outlet pipes (HOP) labeled H1, H2, H3, H4, and H5.
The collection points were adjacent to the hospital effluent
outlet pipe before discharge into the municipal sewage for a
period of 4 months (June to September 2013) and (2) in the
Cauvery River basin (CRB) at Tiruchirappalli, Tamil Nadu,
India (Fig. 1). The surface sediments (2–6 cm) in the CRB
were collected at specific points and given the following
names: R0, 5 km upstream from the effluent discharge point
on the river (as a control sample); E1, in the vicinity of effluent
discharge into the river; R1, 5 km downstream from the efflu-
ent discharge point; R2, 10 km downstream from the effluent
discharge point; and R3, Grand Anicut (Kallanai Dam) locat-
ed 15 km downstream from the effluent discharge point. The
sampling took place in September 2013. The sediments were
collected in sterile plastic bags and stored at 4 °C until they
were shipped to the F.A. Forel Institute of the University of
Geneva in Switzerland for further analysis.

Analysis of sediment grain size, water content, and total
organic matter

The particle grain size was measured using a Laser Coulter®
LS-100 diffractometer (Beckman Coulter, Fullerton, CA,
USA), following 5 min ultrasonic dispersal in deionized water
according to the method described by Loizeau et al. (1994).
The sediment total organic matter (OM) content was estimated
by loss on ignition at 550 °C for 1 h in a Salvis oven (Salvis
AG, Emmenbrücke, Lucerne, Switzerland).

Toxic metal analysis

Before being analyzed, sediment samples were lyophilized at
−45 °C after homogenization and air-drying at ambient room
temperature. Toxic metals including Cr, Co, Ni, Cu, Zn, As,
Cd, and Pb were determined by quadrupole-based inductively
coupled plasma mass spectrometry (ICP-MS, Agilent model

Fig. 1 a Location of study area Tamil Nadu, India. b Flow of Cauvery
River map. c Location map of surface sediment sampling sites in HOP
and CRB, Tiruchirappalli, Tamil Nadu, India. Graphical representation
indicates the distribution ofmetals between the sampling sites. R0 (10°51′
58 N; 78°39′57 E)—5 km upstream the river before the effluent
discharge point (control site), E1 (10°50′17 N; 78°41′45'' E)—at the

vicinity of effluent discharge into the river, R1 (10°50′13 N; 78°44′00
E)—5 km downstream the effluent discharge point, R2 (10°50′53 N;
78°44′23 E)—10 km downstream the effluent discharge point, R3
(10°49′54 N; 78°49′07 E)—Grand Anicut located 15 km downstream
the effluent discharge point
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7700 series) following the digestion of sediments in Teflon
bombs heated to 150 °C in analytical grade 2 M HNO3

(Pardos et al. 2004; Loizeau et al. 2004; Pote et al. 2008).
Multi-element standard solutions at different concentrations
(0, 0.02, 1, 5, 20, 100, and 200 μg/L) were used for calibra-
tion. Total variation coefficients of triplicate sample measure-
ments were under 10% and chemical blanks for the procedure
were less than 2 % of the sample signal. The metal concentra-
tions of sediments were expressed in ppm (mg kg−1 dry
weight sediment).

Total Hg analysis was carried out using an atomic absorp-
tion spectrophotometer (AAS) for mercury determination
(Advanced Mercury Analyser; AMA 254, Altec s.r.l., Czech
Rep.) following the method described by Hall and Pelchat
(1997) and Ross-Barraclough et al. (2002). The method is
based on sample combustion, gold amalgamation, and AAS.
The detection limit (3 SD blank) was 0.005 mg kg−1 and the
reproducibility better than 5 %.

Sediment toxicity test

The sediment sample toxicity test was performed using the
TK36-Ostracodtoxkit F (MicroBio Tests Inc., Belgium) fol-
lowing the manufacturer’s recommendations. In brief, the
benthic ostracod crustacean Heterocypris incongruens cysts
were hatched in standard fresh water at 25 °C with permanent
illumination (approximately 3000–4000 lx) 54 h before the
tests. The neonates were then measured for length and imme-
diately placed in test wells. One test well consisted of 1 mL
test sediment, 2 mL standard fresh water, 2 mL algal food
suspension (provided with the kit), and ten living ostracods.
The test plates containing six wells were sealed with parafilm,
covered with a lid, and incubated at 25 °C in the dark for
6 days. At the end of the test, the mortality (%) of the organ-
isms was determined using the formula % Mortality=B/A×
100, where B=total number of dead ostracods and A=total
number of ostracods added to the test plate. In addition, the
length of the surviving ostracods was measured using a
micrometric strip placed at the bottom of the glass microscope
plate. Growth inhibition was calculated using the following
formula (Oleszczuk 2007):

Growth inhibition %ð Þ ¼ 100

– growth in test sediment=growth in reference sedimentð Þ � 100½ �

Data analysis

Triplicate measurements were made for all analyses of sedi-
ment samples. Statistical processing of data (Spearman’s rank-
order correlation) was performed using SigmaStat 11.0 (Systat
Software, Inc., USA).

Results and discussion

Sediment organic matter and particle grain size

Sediment characteristics including total organic matter mea-
sured by loss on ignition and particle grain size are shown in
Table 1. The sediment samples from all of the sites in the HOP
were generally loamy-sandy sediments (Mubedi et al. 2013).
The sediments were mainly composed of sand and silts, with
values ranging from 22.5 to 79.8 % and 18.5–77.4 %, respec-
tively. OM in sediments ranged from 0.6 to 10.7%. Sediments
from CRB were mainly sandy sediments (with sand content
ranging from 44.9 to 100 %) and presented the lowest values
of organic matter content (maximum value 4.2 %).
Furthermore, these sediments presented the lowest values of
clay (maximum value 0.5 %).

Particle size distribution in the CRB was influenced by the
hydrodynamic aspects of the river and probably by stream
dynamics and the action of sewage inputs as well as wave
action that can create a great deal of energy (Pote et al.
2008; Mwanamoki et al. 2014a, b, c). With the exception of
site E1, the coarser sediments were located in other sites with
median values of 323.7, 278.4, 411.3, and 553.2 μm for R0,
R1, R2, and R3, respectively. The median value at E1 was
53.5 μm. Compared to other sampling sites in the river, the
sediments in this site had a low sand content (44.9 %). The
total OM content of the sediments does not show considerable
variation between sampling sites, ranging between 0.1 and
4.2 %. Previous studies by the authors have reported that
distribution of sediment OM and grain size in freshwaters,
lakes, rivers, and reservoirs display large variations (Haller
et al. 2009; Pote et al. 2008). According to the results of these
studies, the organic matter in non-contaminated freshwater
sediments varied from 0.1 to 6.0 %. Consequently, the sedi-
ment of the CRB can be considered to be unpolluted by or-
ganic matter. For example, OM can reach more than 30 % in
sediments contaminated by the municipal WWTP effluent
waters (Pote et al. 2008). The low organic matter content in
the sediment from CRB can be explained by the hydrodynam-
ic aspects of water flow and also by crops grown inside the
watershed and by areas surrounding the river being forested.

Toxic element concentrations in sediment samples

The results of the trace metal analysis are reported in Table 2.
The concentration of metals in the sediments sampled from
HOP sites varied considerably, ranging from 21 to 1851, 23–
210, 66–987, 0.8–3.7, 9.6–82.5, and 0.18–16.8 mg kg−1 for
Cr, Cu, Zn, As, Pb, and Hg, respectively. The same tendency
was observed in sediment samples from the CRB, but the
concentration values of all metals are generally low, except
for site E1. Compared with other sampling points on the river,
the maximummetal levels were generally observed in site E1.
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For example, values of 906, 650, and 111 mg kg−1 for Cu, Zn,
and Pb, respectively, were recorded in this site, which is char-
acterized by the discharge of untreated municipal and hospital
effluent waters. Effluent has no influence at site R0 (consid-
ered as a control site), located upstream of E1. However, the
metal levels in sediments from this site were very low. An
evaluation of the potential deleterious effects of the toxic
metals on benthic fauna, applying the consensus-based guide-
lines for sediment quality (MacDonald et al. 2000; Long et al.
2006), estimates the hazard these sediment may represent to
the biota. The concentration of toxic metal including Cr, Cu,
Zn, As, Cd, Pb, and Hg obtained in this study were primarily
compared with the Sediment Quality Guidelines for the
Protection of Aquatic Life (CCME EPC-98E 1999) and sed-
iments were also evaluated for their toxicity using the ostracod
as the test organism. According to Wildi et al. (2004), fine-
grained sediment with higher water content is unstable and
mainly subject to erosion by currents and waves, gravity pro-
cess, and human activities. In this case, the current of the river
water may lead to erosion and resuspension of contaminated

sediments and favor the uptake of contaminants by the aquatic
living organisms present. Consequently, the metal concentra-
tion values from the sediment samples’ fine fractions
(<63 μm) need to be considered which was 20× (Cr) to 35×
(Hg) higher in the HOP site and 5× (Hg) to 13× (Cr) higher in
the CRB (Fig. 2) than the PELs (probable effect levels)
(CCME EPC-98E 1999). According to previous studies by
the authors (Pote et al. 2008; Haller et al. 2011; Thevenon
et al. 2011a, b; Thevenon and Pote 2012; Mubedi et al.
2013; Ngelinkoto et al. 2013; Mwanamoki et al. 2014a, c),
and compared to the results of this study, the sediment receiv-
ing systems from HOP and CRB (especially in site E1) can be
considered to be heavily contaminated by toxic metals, espe-
cially Cr, Cu, Zn, Cd, Pb, and Hg, which are frequently asso-
ciated with adverse biological effects.

Ecotoxicity test analysis

A bioindicator is a group of organisms that provide informa-
tion on the environmental conditions, with effective variables

Table 1 Water content, total
organic matter, and particle grain
size in sediment samples collected
from HOP and CRB sampling
sites

Sample
number

H2O (%) OM (%) CaCO3 (%) Clay (%) Silt (%) Sand (%) Median particle
grain size (μm)

H1 June 10.8 5.4 1.6 0.7 41.7 57.6 92.5

H2 June 7.5 0.6 0.2 0.5 47.5 52.0 67.8

H3 June 20.0 3.6 0.8 0.3 42.1 57.6 115.8

H4 June 7.7 0.7 0.2 0.4 23.8 75.8 190.0

H5 June 9.7 10.7 2.5 1.0 55.7 43.3 46.3

H1 July 17.2 3.7 0.4 0.6 64.4 35.0 38.2

H2 July 17.1 2.9 0.3 0.3 68.5 31.2 33.7

H3 July 12.5 7.6 0.2 0.2 33.8 66.1 118.2

H4 July 8.6 0.8 0.3 1.7 79.8 18.5 18.6

H5 July 15.7 1.0 0.2 0.1 22.5 77.4 164.7

H1 Aug 16.9 6.2 1.3 1.4 72.2 26.5 24.0

H2 Aug 30.1 3.9 0.8 1.3 70.7 28.0 28.6

H3 Aug 3.3 3.1 0.9 0.4 48.1 51.6 66.2

H4 Aug 10.7 2.0 0.4 0.3 32.1 67.5 148.2

H5 Aug 15.9 3.7 0.6 0.8 51.6 47.7 57.8

H1 Sep 12.7 2.1 0.6 0.5 57.2 42.3 41.8

H2 Sep 9.8 0.7 0.2 0.4 38.0 61.6 172.4

H3 Sep 7.0 1.0 0.3 0.4 28.5 71.1 163.0

H4 Sep 7.5 0.6 0.2 0.2 38.2 61.6 153.4

H5 Sep 10.9 0.6 0.2 0.2 34.2 65.6 247.5

R0 6.3 4.2 0.0 0.1 1.5 98.5 323.7

E1 20.0 2.3 0.5 0.0 55.1 44.9 53.5

R1 7.7 0.9 0.2 0.5 16.0 83.4 278.4

R2 6.0 0.1 0.0 0.2 8.5 91.4 411.3

R3 7.3 0.4 0.1 0.0 0.0 100.0 553.2

All analyses were performed in triplicate and the standard deviation was less than 4.5 % of average

Sediment samples: H1 hospital 1 sediment collection point, H2 hospital 2 sediment collection point,H3 hospital
3 sediment collection point, H4 hospital 4 sediment collection point, H5 hospital 5 sediment collection point
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being their mere presence or absence, abundance, age
structure, or a statistical index applied to their populations
(Rinderhagen et al. 2000). Ostracods are usually included

as useful bioindicators in the changing environmental
conditions in recent and quaternary environments
(Anadon et al. 2002; Boomer and Eisenhauer 2002).

Table 2 Metal content (mg kg−1 dry weight sediment)c of surface sediments analyzed by ICP-MS and by AMA for total mercury

Sample site Month Cr Co Ni Cu Zn As Cd Pb Hg

H1 Jun 2012d 58.1 7.95 28.32 67.5 1652.2 1.7 1.4 45.5 2.46

Jun 2013 1851 10.9 42.3 183.6 986.9 3.7 1.9 29.3 1.62

Jul 2013 87.6 13.7 51.7 59.6 288.2 1.6 0.4 30.4 1.4

Aug 2013 978.9 11.9 47.4 112.2 573.7 2.6 1 29.2 1.67

Sep 2012d 85.4 5.7 15.3 28.85 313.9 1.3 0.33 36.3 0.71

Sep 2013 71.4 11.2 38 34.2 128.6 1.4 0.2 29.2 0.4

H2 Jun 2012d 29.41 4.22 12.78 9.84 44.47 0.6 0.06 12.73 0.38

Jun 2013 74.9 10.4 38.2 26.3 65.8 0.9 0.1 27.9 0.26

Jul 2013 73.7 11.8 45.9 60.3 293 1.5 0.4 27.5 1.18

Aug 2013 131.8 22.8 80.4 75.9 321.9 2.3 0.5 82.5 1.37

Sep 2012d 40.6 5.3 19.9 45.1 263.2 1.43 0.5 29.5 1.83

Sep 2013 85 13.6 49.6 43.1 130.6 1.3 0.2 38.4 0.3

H3 Jun 2012d 148.8 1.78 10.73 52.3 274.9 0.9 0.6 16.6 14.81

Jun 2013 53.1 7.9 41.5 155.8 505 1.8 1.4 42.7 16.81

Jul 2013 21.3 2.4 12.4 210.2 591.4 1 0.4 9.6 1.28

Aug 2013 96.5 16.1 60 86.6 344 1.7 0.6 52.1 3.62

Sep 2012d 15.8 2.08 7.58 19.8 75.19 1.03 0.3 5.81 2.27

Sep 2013 86.8 13.6 49.4 42.7 173.1 1.3 0.2 43.9 3.24

H4 Jun 2012d 16.6 2.1 6.87 13.89 88.84 1.8 0.08 5.98 3.89

Jun 2013 74.1 11.1 40.6 29 81.6 0.9 0.1 28.3 0.39

Jul 2013 108.4 15.5 57.6 40.5 97.7 1.5 0.1 36.8 0.26

Aug 2013 69.6 10.6 38.9 81.1 138.7 1.1 0.2 31.4 0.67

Sep 2012d 21.2 3.09 10.21 71.57 75.12 0.59 0.09 7.48 2.67

Sep 2013 70.9 10.6 36.7 27.6 98.2 2.7 0.2 25.8 0.29

H5 Jun 2012d 22.93 3.23 10.48 25.11 126.8 1.01 0.22 17.2 1.7

Jun 2013 1340.2 5.9 25.6 107.9 659.9 2.3 0.9 14.4 5.46

Jul 2013 56.7 8.5 31.4 22.9 66.7 0.8 0.1 18.2 0.18

Aug 2013 115.5 20.2 71.2 67.7 296.9 2 0.5 64.1 0.84

Sep 2012d 19.78 3.13 10.16 23.59 109.78 0.79 0.21 8.9 1.71

Sep 2013 108.6 12.2 43.4 39 114.2 1.4 0.2 32.9 0.21

River R0 18.9 2.7 7.2 2.7 4.9 0.2 0 1.1 0.04

E1 74.6 9.7 51.4 906.3 649.8 2.8 6.3 111.4 0.99

R1 34.4 5.5 17.4 30.4 53.6 0.6 0.1 12.4 0.21

R2 13.9 2.7 6.4 5.6 5.4 0.2 0 1.7 0.16

R3 31.7 4.3 12.4 7.3 11.6 0.4 0 2.8 0.36

Rec.b 37.3 35.7 123 5.9 0.6 35 0.17
Max conca

The values in bold represent the concentration of the heavy metals above the recommended concentration according to the Sediment Quality Guidelines
for the Protection of Aquatic Life recommendation (CCME EPC-98E, 1999)

Sediment samples:H1 hospital 1 sediment collection point,H2 hospital 2 sediment collection point,H3 hospital 3 sediment collection point,H4 hospital
4 sediment collection point, H5 hospital 5 sediment collection point
a Concentration unit: mg kg−1 dry weight sediment
bRec. BSediment Quality Guidelines for the Protection of Aquatic Life^ recommendations
c All analyses were performed in triplicate and the standard deviation was less than 3 % of average
dData from 2012 (Mubedi et al. 2013)
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Previous studies have pointed out the almost instanta-
neous population response of these bioindicators to an-
thropogenic impacts such as oil spills or industrial sew-
ages (Mostafawi 2001). The study presented in this paper
used the potential of this group (ostracods) as possible
bioindicators of environmental changes to the receiving
systems induced by the hospital and urban effluent waters
in tropical conditions (Ruiz et al. 2006). The percentage
of growth inhibition and the mortality rate of ostracods
are presented in Table 3. The mortality rate percentage
in the sediment samples collected from the HOP ranged
from 22.8 to 100 %, and the mortality rate in the sediment
samples collected along CRB ranged from 18.18 to
87.5 %. The growth inhibition calculated for the samples

with less than 30 % mortality rate (as per the manufac-
turer’s instructions) ranged from 51.9 to 64.2 % in the
4 months of sample collection at the HOP and 13.2 to
75.4 % in the sediments collected in the CRB. The control
site (R0) showed the smallest effect on the benthic ostra-
cods with an 18.18 % mortality rate and 13.2 % growth
inhibition whereas H4 July samples showed the highest
mortality rate of 100 % and R3 sediment samples had
the highest growth inhibition rate of 75.4 %. The eco-
toxicological results indicate the potential risk of organ-
isms exposed to the sediment samples studied. The im-
pact on both the mortality and/or growth inhibition of
the ostracods is notable. The mortality rate of sample
H4 July is 100 %, which is explained by the fact that
besides metals there are many other compounds present
in the hospital effluent that could accumulate in the
sediments. Remarkably, H4 July has metal values that
are lower than H1 August, which would have been
more toxic, but 100 % mortality was observed in H4
July and so only 28.90 % was observed in H1 August.
These results indicate that sediment could carry other
sources of contaminants/pollutants which could impact
on the growth of the ostracods added to the test sedi-
ments. However, a detailed study should be carried out
in order to fully understand the toxic effects of the
hazardous substances present in the sediments by com-
bining physicochemical and ecotoxicological studies
(Verlicchi et al. 2010; Mubedi et al. 2013).
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Fig. 2 Graphical representation of probable effect levels (PEL) ratio
calculated for Cr, Zn, Pb, and Hg in the fine sediments (<63 μm), and
values above the recommended values are expressed using the log-10
scale for the x-axis. *Sediment Quality Guidelines for the Protection of
Aquatic Life recommendation (CCME EPC-98E 1999)

Table 3 Percentages of mortality and growth inhibition of ostracods
(Heterocypris incongruens) exposed to the sediments from the HOP and
CRB sampling sites

Sample % Mortality % Growth inhibition

H1 June 92.00 n/a

H3 June 26.67 64.2±9

H5 June 71.88 n/a

H5 July 82.30 n/a

H4 July 100.00 n/a

H3 Aug 91.67 n/a

H1 Aug 28.90 51.9±9

H2 Sep 22.80 61.9±9

H3 Sep 87.50 n/a

R0 18.18 13.2±6

E1 87.50 n/a

R1 22.58 53.7±6

R2 68.97 n/a

R3 24.32 75.4±6

Sediment samples:H1 hospital 1 sediment collection point,H2 hospital 2
sediment collection point, H3 hospital 3 sediment collection point, H4
hospital 4 sediment collection point, H5 hospital 5 sediment collection
point. n/a Growth inhibition not determined if the mortality rate is more
than 30 % according to the manufacturer’s recommendation
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Correlation between metals, OM, and median grain size

The Spearman’s rank-order correlation values are presented in
Table 4. The positive mutual correlation of all of the metals is
significant, and correlation coefficients ranged from 0.3 to 0.9.
Furthermore, there is a positive correlation between the metals
and OM in the sediment samples with values ranging from 0.4
to 0.7. These results indicate that metals and OM could be
considered to originate from common sources and they are
carried to the receiving system by common transporters. A
negative correlation was found between particle grain size and
the other parameters analyzed. The observation of the negative
correlation with the metals and the particle grain size can prob-
ably be explained by the hypothesis that the grain size is not a
strong factor influencing the transport of contaminants to re-
ceiving systems (Salomons and Förstner 1984; Haller et al.
2009). In general, the correlation between the sediment median
grain size and the trace elements indicates that themetals are not
of natural (geological) origin and that their deposition in CRB is
linked to the transport of municipal sewage. This is also evident
from the positive correlation between total organic content and
the metals in sediments. This observation is also supported by
the fact that the contaminants are attached to both large organic
and small inorganic particles such as clay and they could be-
have in a similar way in transporting contaminants to the re-
ceiving system (Pote et al. 2008, Zhao et al. 2014).

Conclusion

The results of this study demonstrate that the values of toxic
metals from the HOP are higher than the values observed in
sediments collected from CRB (with the exception of Cu and
Pb). The higher concentration of Cu and Pb could be explained
by input from other non-identified sources. These values vary
according to the sampling period and it is highly likely that toxic
metals released/accumulated in the sediments of the municipal

sewage could be transported to the receiving system in large
amounts during floods and periods of rain. The results presented
in this paper suggest that the hospital effluents released into the
municipal sewage without prior treatment could act as a poten-
tial source of pollutants in the CRB sediments. The ecotoxico-
logical tests performed on the sediment samples confirm the
potential risk to living organisms in the aquatic environment.
According to previous studies by the authors (Pardos et al.
2004; Haller et al. 2011; Mubedi et al. 2013; Mwanamoki
et al. 2014a), in addition to metals, the toxicity can be explained
by the presence of a large number of compounds found in un-
treated or partially treated effluent waters, which can accumulate
in sediments. Consequently, the results of this study recommend
further studies be carried out to assess other parameters such as
persistent organic pollutants, drugs, antibiotics, and other drug-
resistant microbial contaminations. The results of the study pre-
sented in this paper provide a strong argument for treating hos-
pital effluents with technologies used in modern industrial and
urban sewage treatment plants. Therefore, continuous monitor-
ing of the accumulation of potential toxicmicro-pollutants in the
receiving system should be considered and further studies to
provide baseline information about other potential contaminants
and bio-accumulation of toxic substances in the aquatic living
organisms of the receiving system are also recommended.
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Table 4 Spearman’s rank-order
correlation of selected
parametersa analyzed in the sur-
face sediments

Median grain
size

Cr Cu Zn As Cd Pb Hg

OM −0.531 0.362 0.688 0.734 0.476 0.664 0.141 0.626

Median grain
size

−0.618 −0.576 −0.616 −0.684 −0.609 −0.475 −0.537

Cr 0.476 0.579 0.718 0.615 0.593 0.484

Cu 0.958 0.716 0.914 0.546 0.796

Zn 0.802 0.962 0.512 0.852

As 0.848 0.597 0.647

Cd 0.604 0.825

Pb 0.46

a Parameters include toxic metals, median grain size, and total organic content [n=25, statistically significant
coefficients (p<0.05) are in bold]
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