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Abstract

Despite that chironomids are the most widely used benthic insect test species worldwide, little research has been conducted
so far with tropical chironomid representatives. This study was designed to evaluate the indigenous midge Chironomus sanc-
ticaroli as a candidate test species for use in tropical toxicity assessments. To this end, laboratory water-only toxicity tests
were conducted evaluating copper and cadmium. Obtained lethal concentration values were overall comparable or lower than
those reported for other chironomids, including those most commonly used in temperate regions (C. riparius and C. dilutus).
In addition, C. sancticaroli was deployed in situ in the Monjolinho River (S3o Paulo State, Brazil), and toxicity of sediment
from this river was evaluated in the laboratory. Several field water and sediment quality parameters also were measured to
enable correlating these with the effects observed in these toxicity tests. Field sediment toxicity to C. sancticaroli appeared
to be related with sediment endosulfan concentrations, whereas effects noted in the in situ test were likely due to low pH
values measured in river water. Chironomus sancticaroli appears to be a suitable candidate for inclusion as a test species in

tropical toxicity evaluations in both the laboratory and the field.

Human activities (industrial, agricultural, and urban) have
resulted in an increase in the release of various pollutants
that eventually may find their way into natural waters and
hence into those sediments (Ma et al. 2011). Sediments
are important parts of aquatic ecosystems because of the
niche provided for a variety of aquatic organisms, including
economically important species as well as species that play
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a key role in the food web (Burton et al. 2003; Martinez-
Jer6nimo et al. 2008). Protecting sediment quality has been
viewed as a needed extension of water-quality protection
(US-EPA 2000; EFSA 2015).

Aquatic test species may be used in laboratory bioassays
to derive toxicity data to set regulatory thresholds for both
the water and the sediment compartments (e.g., EFSA 2013,
2015). They also may serve as indicators in biomonitoring
programs by testing their sensitivity in situ or by evaluat-
ing their response to field-collected samples in the labora-
tory (Di Veroli et al. 2014; Roig et al. 2015). Insect larvae
have been considered to be especially suitable as test spe-
cies, because they spend most of their critical period of their
development in the water where they are exposed to chemi-
cals through both the water and the sediment (Abdo et al.
2011; Di Veroli et al. 2014).

Among those benthic insect groups that predominantly
occur in freshwater, Chironomus species are the most widely
used standard test species in both water and sediment testing
(EFSA 2013, 2015). Their biology and ecology are well-
described, and they mainly feed on decomposing organic
matter, detritus, and bacteria that are swallowed with sedi-
ment particles (Tachet et al. 2010). Chironomids influence
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productivity, alter the physical and chemical conditions of
the sediment and sediment—water interface, and transfer
energy to higher trophic levels (Wetzel 2001). Thus, con-
tamination of chironomid habitats could result in a reduction
in food items for aquatic and terrestrial fauna and disruption
of an important link in aquatic food web (Shuhaimi-Othman
etal. 2011).

Chironomidae is a family of insects, whose larvae and
pupal stages are present in continental aquatic systems
worldwide (Fargasova 2001). Despite this, test protocols
and research efforts have focused on few species, such as
C. riparius (most frequently used in Europe), C. dilutus
(formerly C. tentans; most frequently used in North Amer-
ica), and C. yoshimatsui (frequently used in Japan) (EFSA
2015). These species, however, are restricted to temperate
areas (Domingues et al. 2008). Given the enormous natural
variability in the structure and function of freshwater com-
munities, it often has been questioned whether the set of
standard test species generally used in temperate regions is
appropriate for tropical ecosystems (Moreira-Santos et al.
2005; Daam and Van den Brink 2010; Daam and Rico 2016).
Besides a possible difference in sensitivity to chemical stress
between temperate and tropical species, the use of indig-
enous species in tropical effect assessments has been rec-
ommended for several other reasons, including: (1) a more
ecologically relevant assessment of the true sensitivity and
subsequently the potential risk of tropical freshwater life; (2)
direct availability and hence less logistic constraints; and (3)
to avoid introducing temperate exotics in tropical ecosystems
(Moreira et al. 2017 and references therein).

Chironomus sancticaroli (synonym: C. domizzi) is a spe-
cies closely related to C. xanthus, which has even been con-
sidered a synonym (Trivinho-Strixino et al. 2000). Chirono-
mus xanthus was originally described by Rempel (1939) and
is distributed over South America, including Brazil (Fonseca
and Rocha 2004; Moreira-Santos et al. 2005). The life cycle
of this species, as well as their culture and maintenance pro-
cedure, have previous been established (Fonseca and Rocha
2004). In addition, the few studies that have been conducted
so far with this species provided indications for its useful-
ness in both laboratory (Silvério et al. 2005; Sotero-Santos
et al. 2007; Novelli et al. 2012) and in situ testing (Moreira-
Santos et al. 2005).

The primary objective of the present study was to evalu-
ate the suitability of C. sancticaroli to substitute the temper-
ate C. riparius and C. dilutes as a chironomid test species in
tropical toxicity evaluations. To this end, water-only labora-
tory toxicity tests were conducted with copper and cadmium
to establish lethal concentration 96 h LCs, values, for C.
sancticaroli, which were subsequently compared with those
reported for other chironomid species. In addition, in situ
tests were conducted in the Monjolinho River (Sdao Paulo
State, Brazil) and laboratory tests with sediment taken from

this river. Observed effects on C. sancticaroli survival in
the latter tests were subsequently correlated with water and
sediment quality parameters measured in the field site.

Materials and Methods
Culture and Maintenance of Test Organisms

Chironomus sancticaroli larvae were obtained from in-
house cultures that had been maintained for several years
in the laboratories of the Nucleus of Ecotoxicology and
Applied Ecology at the University of Sdo Paulo (Sao Car-
los, Brazil). The C. sancticaroli cultures were maintained
in plastic trays containing natural sediment and reconsti-
tuted water (pH between 6.5 and 7.0; conductivity between
25 and 55 pS cm™! and hardness between 12 and 15 mg
CaCO, L™"). The natural sediment was composed of steri-
lized fine sand (sterilized at 550 °C for 2 h) that had previ-
ously been obtained from a nonpolluted lake (Novelli et al.
2012). The culture was maintained under constant aeration
with controlled temperature (24 +1 °C) and photoperiod
(12:12 h light:dark). Larvae were fed every other day with
a Tetramin® fish food solution (0.04 mg mL~"; Fonseca and
Rocha 2004).

Acute Toxicity Tests with Waterborne Copper,
Cadmium, and Reference Compound

Toxicity of copper (as CuSO,-5H,0; purity 100%; Mallinck-
rodt) and cadmium (as Ca(NO;)-4H,O; purity 100%; Mall-
inckrodt) was evaluated by testing a concentration series of
each compound in 96-h static tests. Copper and cadmium
were selected as test compounds, because they are common
contaminants in aquatic environments (Watts and Pascoe
2000; Vogt et al. 2010), including the Monjolinho River that
was used as field site in the present study (see "Field Site and
Physical-Chemical Analysis" section; Fracacio et al. 2009).
Fracécio et al. (2009) noted that cadmium (1.2 pg/L) and
copper (19.2 pug/L) concentrations in this river were close the
water quality criteria values established by Brazilian Envi-
ronmental Standards. The source of these elements could
be associated with anthropic activities in the catchment
area (e.g., sugarcane cultivation, electroplating, metallurgy,
and manufacture of plastic pipes) (Campagna et al. 2008;
Printes et al. 2011). Cadmium is a highly toxic element
with a high potential for bioaccumulation (Moiseenko and
Gashkina 2018). Although copper is an essential element, at
elevated concentrations, it is known to exert toxic effects in
aquatic organisms (Majumdar and Gupta 2012). Due to their
application in a variety of industrial activities and their high
toxic potential, research regarding the risks of Cd and Cu to
aquatic biota is of great environmental relevance.
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Toxicity data for chironomid taxa other than C. sancti-
caroli were available and subsequently obtained from the
U.S. Environmental Protection Agency (US-EPA) ECOTOX
database (https://cfpub.epa.gov/ecotox/), the largest database
of its kind currently available. This hence allowed a com-
parison of the sensitivity of C. sancticaroli to copper and
cadmium with other (mostly temperate) chironomid taxa.
The five concentrations that were tested for copper (0.1, 0.2,
0.4, 0.8, and 1.6 mg/L) and cadmium (0.1, 0.25, 0.5, 0.75,
and 3.0 mg/L) were based on preliminary range-finding
tests. Besides these metal treatments, an uncontaminated
treatment (culture medium) was included to serve as con-
trol. Each treatment was conducted with three replicas, in
which each replicate consisted of a 250-mL glass jar con-
taining 240-mL test solution and six chironomid larvae (IV
instar—7/8 days). Tests were conducted under the same
temperature and light conditions as described above for the
culture with food only the first day. The tests lasted 96 h,
after which the living organisms were counted. Ten defini-
tive tests were conducted to determine the reproducibility
of the established 96-h LCs, values. Acute tests with the
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reference substance potassium chloride, a compound with
known toxicity to C. sancticaroli, also were conducted dur-
ing the tests to evaluate the physiological conditions of the
test organisms, thus validating the results of toxicity tests.

Field Site and Physical-Chemical Analysis

The Monjolinho River (Sdo Paulo State, Brazil) was selected
as the study site, because it receives industrial wastes
(paints, tannery compounds, paper, and others) as well as
raw sewage and because several pollutants in the river have
previously been indicated to potentially induce ecological
effects (Fracacio et al. 2009; Campanha et al. 2015). For
the field assay, six sampling points were selected along the
Monjolinho River (Fig. 1). Four points (A, D, E, and F) were
located near urban areas and two points (B and C) in the
rural area. In situ test deployments (see "Laboratory Tests
Evaluating Field Sediment Samples" section) and sampling
of water and sediment were conducted on two occasions: one
in the dry season (July) and one in the wet season (January).

4. 20°

Urban Area

10 km

Fig. 1 Location of the sampling locations at the field site (Monjolinho River, Sdo Paulo State, Brazil; adapted from Printes et al. 2011)
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Water samples were collected by means of a Van Dorn
water sampler. Temperature, dissolved oxygen, conductiv-
ity, and pH were measured with a multi-parameter water
quality (Horiba U-10) just after water collection. Water
samples for determination of nutrients, metals, and pesti-
cides were transported on ice and in darkness for further
analysis in the laboratory. Total nitrogen and total phos-
phorus were determined according to method described in
APHA/AWWA/WCPF (1995). Metal concentrations (cad-
mium, chromium, copper, iron, and zinc) were measured
by atomic absorption spectrometry (Varian AA 220). The
concentrations of organochlorine pesticides were quan-
tified by liquid chromatography (Shimadzu SCL-10A)
attached to an SPD-10A UV detector and confirmed by
GC-MS (Shimadzu QP2010) using the operating param-
eters as provided and validated in Lancas (1997). These
organochlorine pesticides and metals were included for
analyses in the present study based on significant concen-
trations measured in a previous study conducted in our
field site (Fracacio et al. 2009).

Top sediment was collected from the six stations using
an Ekman dredge and transported to the laboratory in
sealed plastic bags. In the laboratory, granulometry and
organic matter content were determined in subsamples
according to ABNT (2016) and Trindade (1980), respec-
tively. Metal concentrations (cadmium, chromium, cop-
per, iron, and zinc) in the sediment were determined
through atomic absorption spectrometry (Varian AA 220;
APHA/AWWA/WCPF 1995). Organochlorine pesticides
were extracted from the sediment matrix by ultrasound-
assisted solid phase extraction (SPE) using C-18 columns
(US-EPA 1996; Printes et al. 2011). Subsequently, their
concentrations were determined by liquid chromatogra-
phy (SCL-10A-SHIMADZU) with a UV-SPD-10A detec-
tor and confirmed using a GC-MS, model QP2010-SHI-
MADZU (Printes et al. 2011).

Laboratory Tests Evaluating Field Sediment Samples

For the acute static tests evaluating the toxicity of the
sediment collected in the Monjolinho River to C. sancti-
caroli, six IV instar larvae were transferred to test vessels
containing 60 g of field sediment and 240 mL of reconsti-
tuted water. Three replicates were used for the sediment
of each field site following the protocol of Novelli et al.
(2012). A control treatment with reconstituted water and
the natural sediment used in the culture also was included.
The larvae were kept at a room temperature of 24 + 1 °C
and photoperiod of 12:12 h light/dark, with food only
provided on the first day. The test lasted 96 h after which
the number of dead organisms in each treatment was
registered.

In Situ Tests

The methodology adopted for the in situ tests was based
on that described in Domingues et al. (2008) and adapted
for local conditions. Test chambers consisted of a 30-cm
PVC tube with a diameter of 7 cm. Both ends and two lat-
eral windows were covered with a 300-pum nylon net mesh.
Three replicated chambers containing ten IV star chirono-
mid larvae each were placed at each site by attaching them
to a wooden stake that was fixed in the sediment. The day
before the start of the assay, the chambers were placed in
selected study sites (only in the rainy season at sites A, B,
and F; Fig. 1). Before placing of the chambers, sediment
devoid of visible organisms (removed by hand-picking) was
added to the test chambers. At the start of the assay, the C.
sancticaroli larvae were deployed in the chambers and their
survival was recorded 96 h after deployment.

Data Analysis

The results of the acute toxicity test evaluating waterborne
copper, cadmium and potassium chloride were analyzed
using the trimmed Spearman-Karber method and expressed
as 96 h-LC, (Hamilton et al. 1977). Difference in survival
between the laboratory test evaluating field sediment and the
in situ test of each site was assessed with the Student’s 7 test.
Statistical analyses were performed with a significance level
of 0.05. All statistical tests were performed with the Toxstat
3.3 software (Gulley et al. 1994).

Results and Discussion

Acute Sensitivity of C. sancticaroli to Copper
and Cadmium

Mortality in the control treatments of the toxicity bioassays
was low and always less than 10%. The test with the refer-
ence substance potassium chloride indicated a 96 h-LCjy,
value 4.1 g/L (95% confidence interval [CI] 3.5-4.9 g/L),
which is within the acceptable range of 2.6-6.3 g/L (Novelli
et al. 2012).

The 96-h LCjs, values derived for C. sancticaroli were
300 pg/L (95% CI 230-400 pg/L) for copper and 700 ug/L
(95% CI 520-970 pg/L) for cadmium. To compare the sen-
sitivity of C. sancticaroli to these metals with other chi-
ronomid species, 96-h LCj, toxicity data for chironomids
were extracted from the ECOTOX database (https://cfpub
.epa.gov/ecotox/). Subsequently, species sensitivity distribu-
tions (SSDs) were constructed as described in Vasconcelos
et al. (2016). As can be deducted from the resulting SSD
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curves, the difference between the most sensitive and the
least sensitive chironomid taxon was over three orders of
magnitude for both metals (Fig. 2).

Compared with the standard chironomid test species most
commonly used in temperate regions, C. riparius (OECD
2011), C. dilutus (US-EPA 2000), and C. sancticaroli was 7
times less sensitive to copper than the former and 11 times
more sensitive than the latter. For cadmium, C. sancticaroli
was 11 and 124 times more sensitive than C. dilutes and
C. riparius, respectively (Fig. 2). Chironomus sancticaroli
hence appears to be a sensitive chironomid candidate for
tropical laboratory testing. In addition, this species may
not be fully protected by the assessment factor of 100 that
is applied to the acute toxicity value of C. riparius to cal-
culate the regulatory acceptable concentration (RAC) for
this species (EFSA 2013). It should be noted, however,
that differences in experimental test conditions employed
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C. plumosus

0.8 +
C. dilutus

0.6 T C. sancticaroli @
C. javanus

@/ C. riparius

Potentially Affected Fraction
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0.0

1000000

10600
gmEC50 (ug/L)

1 100

Cadmium
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C. riparius
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C. dilutus

04 + C. sancticaroli

02 1 C. plumosus

Potentially Affected Fraction

C. javanus
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Fig.2 Species sensitivity distributions (SSD) constructed based
on 96h-EC50 values (geometric means) for copper and cadmium
obtained in the present study for C. sancticaroli (in bold), supple-
mented with data for other chironomid species obtained from the US-
EPA database (https://cfpub.epa.gov/ecotox/). SSD curves were con-
structed as described in Vasconcelos et al. (2016)
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in water-only exposures, such as age and condition of the
test organisms, and factors affecting bioavailability (i.e.,
water hardness, pH, temperature, feeding) have resulted in
a wide range of reported LCs values for the same or closely
related species of benthic invertebrates, making comparisons
difficult (Milani et al. 2003 and references therein; Weltje
et al. 2010). In the present study, for example, soft reconsti-
tuted water was used as test medium, whereas other studies
included in the SSD analysis used moderately hard recon-
stituted water in their experiments. Generally, metals are
less toxic to organisms in hard water than in soft water, as
has previously been demonstrated for C. riparius (Gillis and
Wood 2008; Leonard and Wood 2013) and C. javanus (Shu-
haimi-Othman et al. 2011). This greater metal toxicity in
soft water has been related with a lower competition between
the metal and the Mg?* and Ca** ions for the uptake sites
in the aquatic invertebrates (Kozlova et al. 2009; Rodgher
et al. 2010).

Toxicity of Field Sediment

The field sediment only showed a significant effect on C.
sancticaroli survival in samples taken in July at sampling
points C and D (Fig. 3). In line with this, concentrations
of the metals and organochlorine pesticides were generally
low in the sediment field samples (Table 1). This is prob-
ably related with the predominance of sand and low organic
matter content of the river sediment, because such sediment
characteristics have been related to low levels of metal and
organophosphate than sediments constituted of silt and clay
(Bentivegna et al. 2004; Yang et al. 2015). The effects on C.
sancticaroli survival noted in the sediment samples taken
in July at sampling points C and D are most likely due to
the endosulfan concentrations measured in these samples

OJuly ®January
100
80 [
60 ™ *

40 -

Survival (%)

0 (-
Control A B C D E F

Sampling point

Fig.3 Survival (in % of the 18 larvae used in each treatment) of C.
sancticaroli in the acute toxicity test conducted with field-collected
sediment samples in the dry (July) and wet (January) seasons. Aster-
isks indicate significant differences from the control treatment (Stu-
dent’s 7 test, p <0.05)


https://cfpub.epa.gov/ecotox/

Archives of Environmental Contamination and Toxicology (2019) 76:42-50 47
Table 1 Sediment q“a”‘?’ Parameter Month Sampling point
parameters as measured in the
Monjolinho River A B C D E F
Organic matter (%) Jul 0.40 2.15 0.31 5.50 1.04 4.95
Jan 0.19 0.63 0.18 0.35 0.14 0.61
Sand (%) Jul 97 88 78 96 82 70
Jan 99 88 82 94 96 93
Silt+ clay (%) Jul 0 17 0 1 17 30
Jan 0 10 0 0 0 5
Very fine gravel (%) Jul 3 0 20 3 0 0
Jan 0 0 17 5 3 0
Cd (mg/kg) Jul 0.02 0.04 ND 0.04 0.03 0.05
Jan 0.03 ND ND ND ND ND
Cr (mg/kg) Jul 0.08 4.00 0.05 0.43 0.55 1.71
Jan 0.07 2.32 0.35 0.14 0.05 0.86
Cu (mg/kg) Jul 0.40 9.51 0.50 10.64 7.04 13.55
Jan 0.39 10.40 1.60 6.75 1.30 8.46
Fe (mg/kg) Jul ND 3595 786 1979 778 ND
Jan ND 8560 7593 6299 2612 ND
Zn (mg/kg) Jul ND 116.1 35.00 69.00 98.00 1.00
Jan ND 115.00 62.00 116.0 37.00 115.00
Aldrin (ug/kg) Jul ND ND ND ND 0.034 0.070
Jan ND 0.059 0.003 0.041 ND 0.044
Endosulfan (ug/kg) Jul ND ND 5.88 9.11 0.029 ND
Jan ND ND ND ND ND ND
Heptachlor (ug/kg) Jul ND ND ND ND ND 10.64
Jan ND ND ND ND ND 0.219

For more details on the location indications of the sampling points, please refer to Fig. 1

ND not detected

(Table 1), although an additional mixture effect of other
contaminants that are known from previous studies to be
possibly present in low concentrations (Fracacio et al. 2009;
Campanha et al. 2015) cannot be excluded. Endosulfan con-
centrations in these samples were 5.9 and 9.1 pg/kg, respec-
tively, whereas endosulfan concentrations higher than 6 pg/
kg have been demonstrated to cause toxicity to C. dilutes
(GFA 2004). Although endosulfan has been banned in sev-
eral countries, including the EU (EC 2018), it is still allowed
for use in Brazil as foliar application to combat ants in cot-
ton, coffee, sugar cane, and soy crops (AGROFIT 2018).
Endosulfan and toxicity to C. sancticaroli were detected
in the samples taken in the dry season (July) of sampling
points C and D but not in the samples taken in the rainy
season of these sampling points (Table 1; Fig. 3). This could
be associated with the low water flow in the dry season,
which allows the pollutants to precipitate and accumulate
in the river bed. In line with this, Richardson et al. (1998)
correlated toxicity to C. dilutus in sediment from the Bru-
nette river (Canada) to high pollutant concentrations during
low water flow periods. Riani et al. (2014) also only found
chronic toxic effects related to heavy metal pollution to the

chironomid Dicrotendipes simpsoni in the dry season and
attributed the lack of effects in the rainy season to dilution
effects.

In-Situ Tests

The survival of C. sancticaroli 96 h after their deployment
in the river water is illustrated in Fig. 4. To allow identifying
the respective influence of water and sediment characteris-
tics on C. sancticaroli, the corresponding survival denoted in
the laboratory toxicity tests with the sediment samples from
these sample locations are also shown (Fig. 4). Although a
significant reduction in chironomid survival was recorded
from the in situ tests conducted at sampling points A and B
in the rainy season (survival 40% and 30%, respectively), no
effects was obtained in the corresponding sediment samples
(survival 95% and 100%, respectively; Fig. 4).

From the water characteristics included in the present
study, the low pH values measured in the rainy season at
sampling points A and B appear to be the most discrimina-
tive (Table 2). Many species of chironomids are known to
be tolerant of a wide range of pH between 6.0 and 9.0, but
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Fig.4 Survival (in % of the 30 larvae deployed at each site) of C.
sancticaroli in the in situ tests and the acute toxicity test conducted
with field-collected sediment samples in the dry (July) and wet (Janu-
ary) seasons. Asterisks indicate significant differences from the con-
trol treatment (Student’s 7 test, p <0.05)

outside this range decreasing pH results in the occurrence
of fewer species (Pinder 1986; Cardwell et al. 2018 and ref-
erences therein). The low pH levels at points A (pH=4.8)
and B (pH=5.5) compared with point F (pH=7.4) in the
rainy season are hence likely to have at least played a role
in the observed toxicity in the former. In addition, the tox-
icity and bioavailability metals to aquatic biota are known
to be influenced by physical and chemical characteristics
of water (temperature, pH, organic carbon) (Tonietto et al.
2014, Santore et al. 2018). Because water at points A and B
were acidic, it is possible that metals from the sediment were
released to the overlying water column and that the bioavail-
able fraction bioavailable of the metal ions to benthic species
was enhanced (Peck et al. 2002; Khosrovyan et al. 2014).

Table 2 Water quality

. Parameter Month Sampling point
parameters as measured in the
Monjolinho River A B C D E F
Conductivity (uS/cm) Jul 10 47 77 138 165 178
Jan 8 57 71 106 185 156
Dissolved oxygen (mg/L) Jul 7.87 6.31 4.38 6.15 3.59 7.03
Jan 8.07 3.29 6.54 6.46 1.56 7.11
pH (-) Jul 5.65 5.76 6.97 7.42 7.12 7.14
Jan 4.77 5.54 6.56 6.92 6.82 7.35
Temperature (°C) Jul 18.6 21.3 20.9 21.8 19.1 18.4
Jan 20.4 25.2 224 22.8 229 24
Total nitrogen (mg/L) Jul 0.23 0.61 0.84 1.26 3.50 4.01
Jan 0.02 0.26 0.48 10.57 2.00 0.34
Total phosphorous (ug/L) Jul 18.00 97.61 284.11 271.40 682.56 615.27
Jan 61.38 87.40 116.95 288.47 632.88 603.63
Cd (ug/L) Jul 0.40 1.20 1.20 2.00 0.00 4.00
Jan 0.31 0.27 0.40 0.12 221 1.21
Cr (ug/L) Jul ND 4.40 3.60 6.40 8.40 8.40
Jan 1.39 1.50 0.83 0.52 6.32 1.92
Cu (ug/L) Jul 19.20 13.60 21.20 22.00 18.40 29.60
Jan 0.51 ND ND ND 9.37 8.64
Fe (ug/L) Jul 0.58 1.77 2.13 4.01 5.10 7.60
Jan 0.35 1.06 1.28 2.41 3.05 4.20
Zn (ug/L) Jul 27.67 17.00 26.67 38.33 64.00 63.67
Jan ND ND 24.80 34.80 5.40 19.20
Aldrin (ug/L) Jul ND 0.09 - 0.11 ND ND
Jan 0.15 ND 0.62 0.15 ND ND
Endosulfan (ug/L) Jul ND ND - ND ND ND
Jan ND 0.012 0.113 0.014 ND ND
Heptachlor (ug/L) Jul ND 0.98 - 0.38 ND 0.06
Jan 0.15 ND ND ND ND 0.03

For more details on the location indications of the sampling points, please refer to Fig. 1

ND not detected
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Conclusions

The water-only laboratory bioassays indicated that C.
sancticaroli is a sensitive representative of chironomid
taxa. In addition, the laboratory tests evaluating field
sediment and the in situ tests also demonstrated that this
species was able to indicate unfavourable field water and
sediment conditions. C. sancticaroli may hence be con-
sidered a suitable candidate as a tropical chironomid test
species in acute toxicity testing. Future studies are needed
to evaluate this suitability for chronic toxicity assessments.
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