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Acute toxicity test was performed to determine the sensitivity of Neorpela spio, Baetis harrisoni, and Tubifex spp. to nitrates (NO3N) and phosphates (PO4-P) with diﬀerent concentrations after 96 hours of exposure time. The observed lethal eﬀects and/or
mortality increased with concentration and exposure time among tested species of diﬀerent sensitivities. The results demonstrated
that both nitrate and phosphate are toxic to the three studied organisms under the test conditions, with Neorpela spio displaying
the highest acute eﬀect in water with nitrate and phosphate compared with Baetis harrisoni and Tubifex spp. The 100% cumulative
mortality was experienced at 3.2 mg NO3-N/L and 2.4 mg PO4-P/L for N. spio, 5.6 mg NO3-N/L and 4.8 mg PO4-P/L for B.
harrisoni, and 128 mg NO3-N/L and 24 mg PO4-P/L for T. spp. However, N. spio and B. harrisoni showed high mortality at the
Tanzanian nitrate recommended lower and maximum limits of 10 and 75 mg NO3-N/L, respectively, for drinking water and
signiﬁcant mortality at the recommended limits of nitrite (20 mg NO3-N/L) and phosphorus (6 mg PO4-P/L) concentrations for
municipal and industrial wastewaters. Therefore, there is a need for these Tanzanian recommended nitrate ranges for drinking
water of 10 to 75 mg NO3-N/L and 20 mg NO3-N/L and 6 mg PO4-P/L for municipal and industrial wastewaters to be reﬁned for
the betterment of protecting both human health and riverine organisms.

1. Introduction
Nitrate and phosphate create a serious problem to freshwater macroinvertebrates when released without treatment
at levels beyond recommended limits in aquatic environment [1,2]. While tolerance levels of a wide range of taxa
have been established along gradients of organic pollution,
little is known about how freshwater macroinvertebrates in
tropical African regions respond to elevated levels of nitrate
and phosphate [3–5]. Presence of elevated nitrate and
phosphate levels in freshwater ecosystems can drive sensitive
macroinvertebrate groups to extinction [3–5].
Mechanisms of toxicity vary, depending on the type and
dose of toxicant compound and the type, size, and age of
macroinvertebrate species exposed. Toxicological eﬀect of
nitrate and phosphate increases with increasing concentrations and exposure times [6–8]. Conversely, nitrate and
phosphate eﬀects decrease with increasing adaptability

(tolerance), body size, and age of the exposed organism [7].
Nitrate and phosphate usually exhibit toxicity by transforming oxygen-carrying pigments (e.g., hemoglobin and
hemocyanin) of macroinvertebrates into incapable oxygencarrying pigments (e.g., methemoglobin) [3, 6]. In general,
freshwater macroinvertebrates appear to be more sensitive
to nitrate and phosphate toxicity than marine invertebrates.
However, some marine macroinvertebrates are highly susceptible to nitrate and phosphate pollution and well adapted
to low nitrate and phosphate concentrations at infant stage
as sensitive freshwater macroinvertebrates [3, 5].
Despite the growing concern about the toxicological
eﬀects of nitrate and phosphate pollution in aquatic ecosystems, there are no established thresholds of harm or
standard limits speciﬁcally for tropical African rivers. In
Tanzania, for instance, the standard limits for surface water
(rivers) are not prescribed by Tanzanian Bureau of Standards
Compendium. As a result, the overenrichment problems
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associated with nitrate and phosphate pollution in rivers are
underestimated and the responsible authorities dealing with
freshwater quality are not fully engaged. Only nitrate
standard limits for drinking water and nitrate and phosphate
limits for discharged wastes from point sources were included but only for the purpose of protecting people’s health
and monitoring municipal and industrial wastewaters. As an
eﬀort to address the concern, this study was designed to
incorporate least, moderately, and most sensitive organisms
in order to provide the toxicant threshold limit ranges for
protection and management eﬀorts of riverine ecosystems.
This study has therefore deﬁned the numerical threshold
limits and/or thresholds of harm as a basis in formulating
Tanzanian nutrients guideline limits speciﬁcally for surface
(river) water, protective for freshwater macroinvertebrates
with varying tolerances. Findings of this study can be used as
baseline information for water quality management in the
studied area and may be replicated in other watersheds with
similar agricultural activities and population scenarios.

sites. Likewise, the presence of B. harrisoni in both the least
and moderately impacted sites and their absence in polluted
downstream sites of Pangani river basin [4] point to the
moderate response of the species to nutrients. Moreover, B.
harrisoni has been mostly preferred as a test organism by the
United States Environmental Protection Agency (US EPA),
the American Society for Testing and Materials (ASTM)
[15], and the Institute for Water Research, Grahamstown
[16], in diﬀerent toxicity testing. Contrary to B. harrisoni, T.
spp. and Chironomidae had exhibited their tolerance as they
are found dominating in impaired sites of Tanzanian river
basins [9, 17]. The ability of these organisms to inhibit and
survive at sites with higher levels of human-induced pollution (extremely polluted waters of very low DO and highly
turbid habitats) has therefore qualiﬁed them as test organisms representing the most tolerant organisms [18]. T.
spp. and Chironomidae have been mostly preferred as test
organisms by the APHA, ASTM, FAO, and US EPA in
diﬀerent toxicity testing protocols [9, 15, 17–20].

2. Materials and Methods

2.3. Collection, Transfer, and Quarantine of Test Organisms.
The least, moderately, and highly tolerant test organisms
were collected from the least, moderately, and highly impacted sites, respectively, along Pangani and Wami-Ruvu
river basins. The organisms of the same tolerant level were
collected from the same source using kick net to avoid
diﬀerences in acute sensitivities as a result of using the
organisms of the same species from diﬀerent sources. The
organisms were collected in the ﬁeld and handled properly
during transportation to the laboratory for quarantine and
acclimation according to ASTM E-729 [21, 22] to avoid
unnecessary stress and/or injuries. During quarantine and
acclimation, organisms were carefully observed daily for
signs of stress, physical damage, mortality, disease, and
external parasites [21]. Abnormal, dead, and injured individuals were disqualiﬁed from the test [21, 22]. Since it was
not easy to determine the exact age of test organisms, immature organisms of the same weight and length were
chosen. For instance, selected instars of mayﬂies and
stoneﬂies were in their early stages and T. spp. at their
second or third instar. Immature organisms were more
preferred because they are more sensitive to toxicants than
older individuals of the same species [21, 22].

2.1. Description of Specimen Sampling Sites. Macroinvertebrate species were sampled from Themi and Nduruma rivers located in Arusha region, the two rivers which
ﬂow into the Pangani basin lying on foothills of Mount
Meru. Each river was divided into two site categories
depending on river and land development, that is, reference
(least impacted) and monitoring (impacted) sites. The reference sites were characterized with pristine nature and level
of disturbance of the site; the monitoring sites (impacted
sites) were selected based on human settlement criteria,
presence of bare land, intensive grazing, and mixed peasant
and large-scale farming. The two site categories (Table 1)
were established in each river in which Neorpela spio, Baetis
harrisoni, and Tubifex spp. were collected using kick net for
toxicity test.
2.2. Selection of the Test Organisms. Since there is probably
no universal and/or standard test organism(s) speciﬁcally
known for toxicity testing [9–13], the selection of test organisms for this study was therefore based on (i) pollution
tolerance criteria, (ii) habitat preferences and feeding habits,
(iii) compatibility to and ease for use in toxicity testing, (iv)
availability (diverse and/or rarity) and distribution, and (v)
ecological and taxonomical relevance. The selected test organisms involved the least tolerant organisms (stoneﬂy,
Perlidae family, and N. spio), moderately tolerant organisms
(mayﬂy, B. harrisoni), and most tolerant organisms (T. spp.).
Among the aquatic macroinvertebrates, stoneﬂy and
mayﬂy were chosen for this study because they are known to
be relatively sensitive to changes in water quality and play an
important role in the commonly used EPT Index [14]. The
absence of N. spio and B. harrisoni at some sites found with
poor water quality does imply poor water quality. N. spio was
chosen as a test organism because only a few of them were
counted along Tanzanian river basins, thus aﬃrming their
rarity and/or extinction due to presence of fewer reference

2.4. Experimental Design. Pilot toxicity test was conducted
to set ranges for each compound (NO3-N and PO4-P)
according to ASTM E-720 [17] and previously reported
toxicity tests. Preliminary NO3-N and PO4-P concentration
ranges of 0.4-3.2 mg/l for N. spio, 0.8-6.2 mg/l for B. harrisoni, and 2-128 mg/l for T. spp. were projected by the pilot
test prior to testing. Static toxicity test began when test
organisms were placed in treatment chambers within 30 min
after the test material had been added into dilution water.
The test organisms were exposed to two compounds (NO3-N
and PO4-P), with diﬀerent concentrations and a control
(Table 2), using static and renewal procedures prescribed by
ASTM E-729 [16, 17]. The selected test organisms representing the least, moderately, and most tolerant organisms

International Journal of Ecology

3

Table 1: Established sites for macroinvertebrates collection along Pangani Basin.
S/N.
1.
2.
3.
4.

River Name
Themi river
Themi river
Nduruma river
Nduruma river

Site Name
Olosha
Lokii
Nkoamaala
Deker Bruins

Latitude
3.20311
3.30349
3.19992
3.24324

Longitude
36.43261
36.46308
36.45367
36.46941

Altitude
1747
1085
1828
1508

Landform
Mountains
Plains
Mountains
Hills

Site category
Reference
Monitoring
Reference
Monitoring

Table 2: Number of trials undertaken during static toxicity test.
Specimen

Blanc

Concentration-based experiments

0.0 mg
0.4 mg
0.8 mg
1.2 mg
NO3−N/L NO3−N/L NO3−N/L NO3−N/L
0.0 mg
0.4 mg
0.8 mg
1.2 mg
PO4−P/L PO4−P/L PO4−P/L PO4–P/L
0.0 mg
0.8 mg
1.6 mg
2.4 mg
B. harrisoni
NO3−N/L NO3−N/L NO3−N/L NO3−N/L
0.0 mg
0.8 mg
1.6 mg
2.4 mg
PO4−P/L PO4−P/L PO4−P/L PO4−P/l
0.0 mg
2 mg
4 mg
8 mg
T. spp.
NO3–N/L NO3−N/L NO3−N/L NO3−N/L
0.0 mg
2 mg
4 mg
8 mg
PO4−P/L PO4−P/L PO4−P/L PO4−P/L
3 specimens
Total
N. spio

1.6 mg
NO3−N/L
1.6 mg
PO4−P/L
3.2 mg
NO3−N/L
3.2 mg
PO4−P/L
16 mg
NO3−N/L
16 mg
PO4−P/L
number of

were separately exposed to their respective concentration
ranges resulting from preliminary test for 96 hours. Ninetysix-hour static-removal toxicity test was preferred because it
assumed that macroinvertebrates can survive in such duration without food.
For each compound (NO3-N and PO4-P), nine diﬀerent
concentrations were made from test solution and duplicated
into 18 replicates for the three macroinvertebrate species
(Table 2). A total of 54 experimental trials were performed
for the two compounds (Table 2). Twenty-ﬁve individuals
were subjected to each trial to maintain test organisms in
good condition and avoid unnecessary stress and being
crowded or subjected to rapid changes in temperature or
water quality.
Water temperature change of not more than 3°C and
dissolved oxygen concentration between 40 and 100% were
maintained throughout the test using YSI multiprobe system
device (Professional Plus 6050000/ProComm 605604) every
12 hours. Because death of some invertebrates is not easily
distinguished from immobilization, half maximal eﬀective
concentration (EC50) was usually determined rather than
50% lethal concentration (LC50). Dead and/or aﬀected organisms in each test chamber were counted and recorded
every 12 hours from the start of each test. The delayed eﬀect
tests were also determined after the experiment by placing
the live test organisms in water containing no toxicant for
two days.
The benchmark approach used by Cormier et al. [23] was
employed on toxicity tests’ ﬁndings to identify the thresholds
of harm. For purposes of this study, a concentration at which
mortality has just exceeded 10% was considered as minimum limit and that exceeding 50% as maximum limit [24].

2.0 mg
2.4 mg
2.8 mg
3.2 mg
NO3−N/L NO3−N/L NO3−N/L NO3−N/L
2.0 mg
2.4 mg
2.8 mg
3.2 mg
PO4−P/L PO4−P/L PO4−P/L PO4−P/L
4.0 mg
4.8 mg
5.6 mg
6.4 mg
NO3−N/L NO3−N/L NO3−N/L NO3−N/L
4.0 mg
4.8 mg
5.6 mg
6.4 mg
PO4−P/L PO4−P/L PO4−P/L PO4−P/L
24 mg
32 mg
64 mg
128 mg
NO3−N/L NO3−N/L NO3−N/L NO3−N/L
24 mg
32 mg
64 mg
128 mg
PO4−P/L PO4−P/L PO4−P/L PO4−P/L
trials

Number of
treatments
9
9
9
9
9
9
54

The average of recorded concentrations causing 10% mortality for the three organism groups of diﬀerent sensitivity
levels and that caused just above 50% mortality for the
groups represented the ranges of threshold limits. Although
this concept is still in its infancy, threshold limits were
translated into standards (such as numerical limits of
quantiﬁable stressor variables) and thus are relevant for
policy-making [25].

3. Results
The cumulative mortalities observed from the control
(blank) treatments were below 10% for all tested macroinvertebrate groups of diﬀerent sensitivity levels. Results of
acute (96 h) toxicity responses for riverine N. spio, B. harrisoni, and T. spp. showed transient eﬀects with 10% cumulative mortality at 0.8, 1.6, and 6.0 mg NO3-N/L and 0.4,
0.8 and 2.0 mg PO4-P/L, respectively (Figures 1–3). The
100% cumulative mortality tallies were experienced at 3.2 mg
NO3-N/L and 2.4 mg PO4-P/L for N. spio, 5.6 mg NO3-N/L
and 4.8 mg PO4-P/L for B. harrisoni, and 128 mg NO3-N/L
and 34 mg PO4-P/L for T. spp. However, 100% cumulative
mortalities that were attained by N. spio after being subjected
to LC50 of 3.2 mg NO3-N/L and 2.4 mg PO4-P/L for 96 hours
are considerably higher than 65% and 68% for B. harrisoni
and <10% for T. spp. One-way ANOVA revealed signiﬁcant
variations (P < 0.001) in mortalities when N. spio and B.
harrisoni were subjected to diﬀerent nitrate and phosphate
concentrations. However, T. spp. mortalities show no variations among diﬀerent nitrate and phosphate concentrations, with the P values being greater than the signiﬁcant
value of 0.5.
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Figure 2: 96-hour concentration response curves showing cumulative mortality for B. harrisoni.

4. Discussion
Elevated nitrate and phosphate concentrations in riverine
ecosystems as a result of fertilizers application in agricultural
farms may result into varied toxicological consequences.
Macroinvertebrate organisms, for example, are well adapted
to habitats with relatively low levels of nitrate and phosphate
compared with unpolluted or severely polluted habitats
[5,26–28]. The resulting acute or chronic toxicity from elevated levels of phosphorus and nitrogenous compounds
can impair the ability of aquatic organisms to reproduce,
grow, and survive [26–29]. However, the eﬀects of these
nutrients might vary widely between the tested species with
respect to their diﬀerences in nutrients’ uptake, body size,
developmental stage, and stress adaptation [5, 30]. Likewise,
the complex relationship between a multitude of abiotic
variables and community structure might obscure the eﬀects
of the toxicants, with some confounding variables tending to
mask the eﬀects of toxicants [31–33]. For instance, calcium
carbonate and chloride in rivers can act as binders and thus

decrease the eﬀects of nitrate and phosphorus, respectively,
to exposed organisms [15, 20, 31, 32].
Increased mortality tally and discrepancies observed
among the tested macroinvertebrate groups are the consequences of diﬀerences in nitrate and phosphate concentrations and exposure time and sensitivity of the exposed
group to toxicant. The 96-hour response curves for phosphate fall on top of nitrate (Figures 1–3), suggesting that
phosphate is more harmful to tested specimens than nitrate.
This indicates that NO3-N is less toxic than PO4-P to all test
organisms, where T. spp. is more tolerant than B. harrisoni
and N. spio is the least tolerant compared with B. harrisoni.
These toxicity results are in line with Galdean et al. [34] who
reported Plecopterans as the most vulnerable group to
pollution compared with other insects. Likewise, B. harrisoni, which has been associated with agricultural inputs [35],
is thought to be in a group with intermediate tolerant taxa in
rivers impacted by agricultural activities [36] with higher
tolerance than N. spio but lower than T. spp. However, stress
conditions are likely to make the tested organisms more
susceptible to toxicants, while the previously exposed organisms tend to build up tolerance and become less susceptible to toxicants [20]. Moreover, the combined eﬀects of
predation, intimidation by predators, and competition for
food can exert distinct stress by weakening the ﬁtness of
organisms [37] and signiﬁcantly increasing their vulnerability to toxicants.
With the exception of T. spp., N. spio and B. harrisoni
showed 100% mortality at 3.2 mg NO3-N/L and 6.4 mg NO3N/L, lower than the Tanzanian nitrate recommended municipal (industrial) wastewaters limit of 20 mg NO3-N/L and
the minimum and maximum drinking water limits of 10 and
75 mg NO3-N/L. Similarly, 100% mortality occurred when
the two species were subjected to 2.4 mg PO4-P/L and 4.8 mg
PO4-P/L, lower than the recommended Tanzanian phosphate limit of 6 mg PO4-P/L for municipal and industrial
wastewaters. Therefore, there is a need for these Tanzanian
recommended nitrate ranges for drinking water of 10 to
75 mg NO3-N/L and 20 mg NO3-N/L and 6 mg PO4-P/L for
municipal and industrial wastewaters to be reﬁned for the
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betterment of protecting both human health and riverine
organisms.
According to Cormier et al. [23] benchmark approach,
limits found ranging from 0.8 to 1.2 mg NO3-N/L for N. spio,
1.6 to 3.2 mg NO3-N/L for B. harrisoni, and 6 to 16 mg NO3N/L for T. spp., as well as 0.4 to 0.8 mg PO4-P/L, 0.8 to 2.4 mg
PO4-P/L, and 2 to 10 mg PO4-P/L, were calculated as
threshold limits for N. spio, B. harrisoni, and T. spp., respectively. These limits are strongly supported by the
thresholds of harm ranging from 2.9 to 3.6 mg NO3-N/L, to
protect freshwater and marine life [38], and Camargo et al.
[5] who proposed a maximum level of 2 mg NO3-N/L for the
protection of sensitive aquatic animals. Although the concept of threshold limits is still in its infancy, it can be
translated into standards (such as numerical limits of
quantiﬁable stressor variables) and thus is relevant for
policy-making [25]. Therefore, the concentration ranging
from 2.8 to 6.8 mg NO3-N/L and 1.1 to 4.6 mg PO4-P can be
suggested as the thresholds of harm to protect stream
condition. Moreover, it is necessary to set threshold limits as
an eﬀort towards resource management, protection, and
sustainability because it may be diﬃcult to reverse degradation and extinction of rare species. However, it was much
more diﬃcult to detect the immediate result in acute cumulative mortality at low concentrations compared with
high concentrations, where the induced high rate of acute
mortality was observed easily.

5. Conclusion
Nitrate and phosphate are considered as pollutants to macroinvertebrate communities in freshwater ecosystems if their
concentrations exceed the prescribed recommended limits. Both
nitrates and phosphates have shown toxic eﬀects on the
experimented organisms, with observed mortality increasing with
increased concentration and exposure time among tested species.
However, N. spio and B. harrisoni showed signiﬁcant mortalities
when subjected to concentrations lower than the Tanzanian
nitrate and phosphate recommended limits for drinking water
and municipal and/or industrial wastewaters. Therefore, there is a
need of reﬁning the existing Tanzanian nitrate and phosphate
recommended limits for the betterment of safeguarding human
health and freshwater ecosystems. These ﬁndings can be used to
guide the formulation of water quality criteria for assessing nitrate
and phosphate eﬀects in tropical African rivers.
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M. Liess, R. B. Schäfer, and C. A. Schriever, “The footprint of
pesticide stress in communities. Species traits reveal community eﬀects of toxicants,” Science of the Total Environment,
vol. 406, no. 3, pp. 484–490, 2008.
A. Liess, S. Drakare, and M. Kahlert, “Atmospheric nitrogendeposition may intensify phosphorus limitation of shallow
epilithic periphyton in unproductive lakes,” Freshwater Biology, vol. 54, no. 8, pp. 1759–1773, 2009.
N. Galdean, M. Callisto, and F. A. R. Barbosa, “Lotic ecosystem of Serra do Cipó, South east Brazil: water quality and a
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