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The release of contaminants in aquatic ecosystems can be inﬂuenced by humic acids. In this study, toxicity tests
using environmentally relevant concentrations of arsenic and cobalt were conducted both in the presence and
absence of aquatic humic substances (AHS) and the fractions of diﬀerent molecular sizes in the range of ( < 5, 5–
10;10–30; 30–100 and > 100 kDa) using the microcrustacean Ceriodaphnia dubia. AHS together with arsenic
reduced the toxicity, and the toxicity decreased in fractions of larger molecular size AHS. Despite the presence of
cobalt, the reduction in toxicity was not observed and that depended on the molecular size of AHS. There was a
trend of enhanced toxicity for Co in fractions of larger molecular sizes, opposed to that found for arsenic. Thus,
the humic substances alter toxicity of trace elements, and this eﬀect varies depending on the size of the humic
substances

1. Introduction
The release of contaminants in water surfaces can modify environmental characteristics and, consequently, change the preexistent aquatic life. This environment is considered a complex system composed of
metallic ions, dissolved gases and nutrients such as ammonium,
phosphate, nitrate and also organic compounds such as amino acids,
humic substances and particulate materials. Some metals with low
concentrations (micrograms per liter) are degraded neither by chemical
nor by biological reactions (Rocha et al., 2004).
Cobalt is an essential metal that is found in the active site of B12
vitamin and represents an important role in biochemical reactions of
life. However, it is also considered toxic in high doses (also cumulatively), and its long-term exposure causes adverse health eﬀects (Siegel,
2002; Simonsen et al., 2012). Therefore, the knowledge related to
behavior of this metal is an essential requirement for risk assessment, in
order to establish the water quality criteria (Lock et al., 2004; De
Schamphelaere et al., 2008). Arsenic is speciﬁcally mentioned as a
metalloid for having both metallic and nonmetallic characteristics.
Even for arsenic, other elements such as arsenic and sulphydric groups
of proteins could exert toxic eﬀects by binding to nonmetallic consti-
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tuents of cellular macromolecules (Walker et al., 2012). Jain and Ali
(2000) reported the toxicity of diﬀerent species of arsenic in the
following order: Arsenite > Arsenate > monometilarsenate (MMA) >
dimetilarsenite (DMA). In terms of toxicity eﬀect, speciation is considered an essential technique for better understanding of mechanisms
of toxicity for chemical elements (Craig, 1986). While chemical analysis
identiﬁes and quantiﬁes concentrations of substances, toxicity tests
assess the eﬀect of these substances on biological systems. In addition to
the above mentioned facts, understanding of the physiological behavior
of the bodies assists us in understanding their association with related
toxic eﬀects (Costa et al., 2008; Dodds, 2002; Wetzel, 2001).
Freshwater invertebrates such as Daphnia magna and Ceriodaphnia dubia
are organisms recommended by Environmental Protection Agency
(EPA) for toxicity tests in aquatic environments.
The organic matter usually found in aquatic environment inﬂuences
the reduction of toxicity levels via naturally available elements such as
metal ions of organisms present in these environments (Al-Reasi et al.,
2011). Formed from the biological and enzymatic decomposition of
plant and animal residues, humic substances (HS) are considered the
main component of natural organic matter (NOM), globally present in
the terrestrial and aquatic environments (Stevenson, 1994). The
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molecular fractionation is a procedure that helps to understand better
the complex matrices of the organic matter present in the aquatic
environments, which in turn has proven to be one of the most important
techniques for studying the behavior of these substances in water
(Sargentini Jr. et al., 2001). Limited knowledge about the inﬂuence of
the fractionally dissolved organic carbon (DOC) in complex solutions,
become a factor of concern due to the potential of contamination
represented by the pollutants in an aquatic environment (Markich et al.,
2002).
The study of humic substances based on molecular size could be
considered, in principle, as a simple method to study the nature of
complex mixtures of macromolecules by their molecular sizes, thus
facilitating the study of the properties of HS (Swift, 1989). This study
may be accomplished by using the tangential ﬂow ultra-ﬁltration
technique with membrane ﬁlters (Burba et al., 1998; Rocha et al.,
2000). The methodology focused on the use of fractionation of humic
substances using an ultra-ﬁltration system to separate and concentrate
the humic substances extracted from both water and soil samples (also
useful and suitable to work with samples of high volumes).
Ultraﬁltration has been established as an eﬃcient and reliable technique for the evaluation of metal–HS stability function (Nifant’eva et al.,
1999). In this context, the present study aimed to evaluate the
inﬂuences of diﬀerent molecular sizes of Aquatic Humic Substances
(AHS) with As e Co, by using Ceriodaphnia dubia as part of ecotoxicological tests.

Society, IHSS; Thurman and Malcolm, 1981) using column packed resin
Superlite™ DAX-8 (Sigma Aldrich) was employed in extraction procedure. The water collected in Sorocabinha River was acidiﬁed to a pH
value of 2 and the humic substances were retained in the resin when the
water passed through the XAD-8 column in a slow stream. The AHS
adsorbed was eluted with Sodium Hydroxide (P.A. Dinâmica) at
0.1 mol L−1. The humic substances extracts were acidiﬁed to obtain a
pH value of 6.2 using HCl (P.A. Synth) solution at 0.1 mol L−1 and
stocked. The pH value was adjusted according to in situ measurement.
2.2. Molecular fractionation using ultra-ﬁltration process
With use of a sequential UF through a series of appropriate
membranes, it was possible to characterize the distribution of HS and
its metal species as a function of molecular size (Burba et al., 1998). The
extracted AHS based on procedures described in item 2.1 was subjected
to a sequence of molecular fractionation, comprising an ultra-ﬁltration
system (UF System) with speciﬁc sizes of regenerated cellulose membrane (Millipore of 76 mm diameter) and UF cell, adapted from the
experimental description (Burba et al., 1998; Rocha et al., 2000). The
system was connected to Tygon® brand tubes with ﬂow controllers
using a peristaltic pump. Initially, the system was cleansed with ultrapure water, HCl solution at 0.001 mol L−1 and NaOH solution at
0.1 mol L−1. Towards the end of the procedure as described before,
the residue was withdrawn for further cleansing to achieve an earlier
ultra-ﬁltration level before initializing the fractionation. Then, 250 mL
of AHS extract, 1.6 g L−1 TOC was primarily subjected to ultraﬁltration process using a membrane of 100 kDa porosity. After complete ultra-ﬁltration (about 12 h), the UF cell was carefully opened, the
retained material was collected using ultra-pure water and measured by
means of a volumetric ﬂask of 25 mL, for subsequent quantiﬁcation of
the carbon content present in the fraction. The same procedure was
sequentially repeated using diﬀerent membranes with porosity values
of 30, 10 and 5 kDa respectively to enable ﬁltering the contents of the
material under consideration in the descending order, related to the size
of the aforementioned pore membranes. At the end of the 4th sequential
step of ultraﬁltration, 5 fractions of diﬀerent molecular sizes were
obtained: > 100 kDa, between 30 and 100 kDa, between 10 and
30 kDa, between 5 and 10 kDa, and lower than 5 kDa: F1, F2, F3, F4
and F5, respectively. The dissolved organic carbon (DOC) was determined at high temperature (850 °C) oxidation using carbon analyzer
(AnalytikJena multi N/C 3100). Potassium hydrogen phthalate (P.A.,
Synth) was used to determine organic carbon while sodium carbonate
(P.A., Qhemis) and sodium hydrogen carbonate (P.A. Synth) were used
to determine inorganic carbon.

2. Materials and methods
For assessment of arsenic and cobalt interactions with AHS the
following procedural steps are depicted in Fig. 1.
2.1. Water collection and AHS extraction
Water used in this experiment was collected from Sorocabinha River
which is situated in Iguape city, Brazil (Latitude: 24°41′59″S,
Longitude: 47°33′05″W). This region is famous for having high
concentration of natural organic matter. Chromatographic method
following literature recommendation (International Humic Substances
Water sample

Humic substances extraction

2.3. AHS characterization
AHS
Caracterization

For elemental analysis, 50 mL of AHS was dried using lyophilization
process, a low heat method that obtains solid sample, as described in
Aiken (1985 apud Rocha and Rosa, 2003). Part of dried sample was
conducted by an elemental analyzer (CE Instruments), thus obtaining
percentual of carbon (C), hydrogen (H), nitrogen (N) and sulfur (S). An
acid digestion was performed on AHS in order to determine the
concentration of metals. Therefore, based on the method 3050b by
US Environmental Protection Agency (US EPA, 1996), AHS was dried at
a temperature of 35 °C and 0.1 g of humic material was weighed in
triplicate. Using a sub-boiling system, the acids used in digestion
process were previously puriﬁed by distillation process. Concentrated
hydrochloric and nitric acids and concentrated hydrogen peroxide were
added at temperature of up to 100 °C using the heating support plate.
Subsequently after completing digestion, each sample was measured
using a volumetric ﬂask and quantiﬁed using ICP-OES, 720 series
Model, Agilent equipment. The instrument parameters used in this
experimental work were 1.1 kW (power), 15.0 L min−1 (plasma ﬂow),
1.5 L min−1 (auxiliary ﬂow), 0.75 L min−1 (nebulizer ﬂow), 1.0 s

Elemental Analysis

Metals

AHS Ultrafiltration

Toxicity assays

Arsenic

Complexation

Cobalt

Toxicity

Toxicity

Complexation

Fig. 1. Diagram of the steps for ecotoxicology assesment of arsenic and cobalt using C.
dubia at this work.
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(replicate read time), 15 s (instrument stabilization delay) and for
sample introduction settings: 15.0 s (sample uptake delay) and 15 s
(rinse time).

Furthermore, to evaluate the presence of metals, a control treatment
without organic matter (CTRL) was considered to attest the hypothetical eﬀect of metal/metalloid concentration over reproduction and
mortality. Altogether, 34 experimental conditions were evaluated with
ten replicates per condition (N=340). The bioassay was performed by
adding, when necessary, dopant and/or organic carbon in concentration of 10 mg L−1 in terms of TOC (representing 20 mg L−1 of AHS in
freshwater (Suﬀet and Macarthy, 1989)) using reconstituted water. The
semi-static assays were maintained in conditions already described
(Table 1) for 7–8 days, renewing water 2 times during the test.
Physicochemical parameters electrical conductivity, hardness, pH and
dissolved oxygen were monitored. For biological parameters, mortality
and reproduction were assessed. The latter was measured based on the
number of neonates produced by parthenogenesis.

2.4. Test solution
The stock solution of cobalt (1 g L−1) was prepared using 65 g of
cobalt chloride hexahydrate salt CoCl2·6H2O (P.A., Synth) dissolved in
100 mL of water containing 25 mL of concentrated hydrochloric acid.
To prepare 1 L of stock arsenic III (As) solution (1 g L−1), 1 g of arsenic
acid (P.A. Dinamica) in 25 mL of NaOH (20%) was neutralized with
diluted H2SO4 (P.A., Synth) and then the rest of the solution was ﬁlled
up with H2SO4 1% (v/v). Methodological validation for arsenic was
done by using an analytical technique of graphite furnace atomic
absorption spectrometry (GFAAS), Varian, AA240FS Model (Gontijo
et al., 2016). The detection limit (LOD) values and quantization limit
(LOQ) for arsenic was 1.43 and 4.76 μg L−1, respectively. For cobalt,
using the Spectrometry Optical Emission by Inductively Coupled
Plasma (ICP-OES, Agilent, 720 series Model), the LOD and LOQ values
for cobalt element were, 4.56 and 15.21 μg L−1, respectively. To assess
the toxicity of theses elements considering environmental conditions,
metal concentration used for Arsenic (10 and 20 µg L−1) and Cobalt (50
and 100 µg L−1) were based on limits established by country legislation
related to freshwaters (Brasil, 2005).

2.7. Statistical analyses
For statistical analyses, single factor Analyses of Variance (ANOVAs)
was performed to attest the response of reproduction to molecular size
and metal concentration in comparison to control. Once six treatments
were considered for molecular size (CTRL, 0–5; 5–10; 10–30; 30–100
and > 100 kDa), a post hoc Tukey's test was also performed to get
pairwise comparisons (Logan, 2010). Mortality provided binary data.
To test its response to molecular size and to metal concentration in
comparison to the control, Analyses of Deviance based on Chi-squared
considering logistic distribution was performed. Conﬁdence intervals of
95% was considered in the analyses (Logan, 2010). The statistical
analyses were performed by using RStudio software and R environment
(R Core Team, 2016).

2.5. Ceriodaphnia dubia cultures
Methodological procedures of maintenance recommended by US
Environmental Protection Agency (US EPA, 2002) and Brazilian
Association Standard Techniques (ABNT, 2010) were used to C. dubia
cultive. Massive cultures of these microorganisms were maintained in
soft water renewed two times per week, with speciﬁc light and
temperature, fed daily and carrying out sensitivity tests to guarantee
the assay reproducibility. Table 1 exposes an overview of general
conditions used to cultivate and maintain Ceriodaphnia dubia assays.

2.8. Complexation experiments
The solutions produced during the bioassays (item 2.6) were
ultraﬁltrated to determine the contents of free metals (FM) and
subtracting total metal concentration (TM), the rate of metal-AHS
complexes was obtained. To acquire this values, 100 mL of each test
solution was stored in a vial previously decontaminated. In order to
determine the real concentration of the experiment (TM), an aliquot of
10 mL was collected and acidiﬁed with HNO3 20% (v/v). The remaining part was ultra-ﬁltered using the UF system and 1 kDa membranes
(Millipore). The metal concentration was quantiﬁed using GFAAS and
ICP-OES, for arsenic and cobalt, respectively.

2.6. Bioassay
Five distinct experiments were performed to attest the eﬀect of
molecular size using reproduction and mortality data obtained with the
ecotoxicological assays. The following conditions were tested: absence
of As and Co; as 10 µg L−1; Co 50 µg L−1 (environmental concentration); as 20 µg L−1 and Cobalt 100 µg L−1 (high concentration, factor 2
related to environmental concentration). For each condition, the
molecular size of organic matter was variated, obtaining 5 treatments
per experiment (F1, F2, F3, F4, F5), each one with 10 replicates.

3. Results and discussion
3.1. Characterization results
The results of elemental analysis of C, H, N, O and S for AHS are
disposed in Table 2. The most parto of AHS is formed by carbon
(44.51%) and oxygen (50.92%). Data close enough to those could be
found in the published literature. Both of the AHS samples collected
during diﬀerent designated times in the past two years in the same
region, were compared with the AHS samples collected from Itapanhaú
region in Brazil. Comparison between humic substances collected in
two diﬀerent years at diﬀerent places, showed that the elemental
analyses were similar in both cases. The elemental composition of
organic compounds was used to indicate the degree of aromaticity and
decomposition of the organic material (Rosa et al., 2005). Higher values
of atomic ratio C/N are associated with the degrees of humiﬁcation
(Stevenson, 1994; Araújo et al., 2002). Araújo et al. (2002) also
determined the elemental composition of humic fractions in the
Iguape/Sao Paulo region in Brazil. The H/C ratio indicated high
aromaticity and F1 and F5 were most aromatic fractions. The C/N
ratio was similar in nature for fractions related to the degree of
humiﬁcation. However, the portion indicating that F5 had lower degree
of humiﬁcation in relation to the other could be associated with the

Table 1
Cultive conditions for C. dubia adapted from US EPA (2002) and ABNT (2010).
Parameter

Cultive condition

pH
Cultive water hardnessa
Temperature
Photoperiod
Food

6,8–8,0
40 a 48 mg CaCO3 L−1
23–27 °C
16 h light – 8 h dark
Algal solution (Pseudokirchneriella subcapitata): 1–
5×105 cells to organism diary.
Complementary foodb – 0,02 mL for organism (each
renewal).
50

Number of organism for
aquarium
Weekly renewal of cultive
water
Proper organism disposal

2
after 21th day

a
Hardness adjusted using following salts: Calcium sulfate dihydrate, Sodium bicarbonate, Magnesium sulfate heptahydrated and Potassium nitrate.
b
Solution of digested ﬁsh feed and ﬁltered yeast.
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Table 2
Data of elemental analysis, concentration values metal and C/H, C/N, C/O, H/O atomic
ratios of AHS sample extra of Sorocabinha River comparing with literature.
Analysis

AHS extract

F1

F2

F3

F4

F5

DOC Percentage (%)
C (%)
H (%)
N (%)
O (%)
S (%)
H/C
C/N
C/O
H/O
Al (mg kg−1)
As (mg kg−1)
Ca (mg kg−1)
Cd (mg kg−1)
Co (mg kg−1)
Cr (mg kg−1)
Cu (mg kg−1)
Fe (mg kg−1)
Mg (mg kg−1)
Mn (mg kg−1)
Ni (mg kg−1)
Pb (mg kg−1)
Sr (mg kg−1)
Zn (mg kg−1)

–
44.51
4.51
< LD
50.92
0.05
1.22
–
1.17
0.02
2223.36
1.45
120.47
< LD
< LD
< LD
3.98
3272.95
182.16
8.80
< LD
1.53
< LD
< LD

2.3
37.85*
1.44*
0.61*
–
–
0.46*
30.67*
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

3.71
37.15*
3.93*
1.3*
–
–
1.27*
33.34*
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

6.51
36.27*
3.9*
1.51*
–
–
1.29*
28.02*
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

16.92
33.17*
3.59*
1.54*
–
–
1.3*
25.13*
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

69.93
7.06*
0.59*
3.33*
–
–
1.00*
1.47*
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

Table 3
Results of ANOVA analyses for reproduction and deviation analyses to mortality for size
molecular and metal effects. As 10=10 µgL−1 absence of AHS×presence of AHS; As
20=20 µgL−1 absence of AHS×presence of AHS; Co 50=50 µgL−1 absence of
AHS×presence of AHS; Co 100=100 µgL−1 absence of AHS×presence of AHS.
Test

As 10
As 20
Co 50
Co 100
Size

Molecular size eﬀect

Metal eﬀect

Reproduction

Mortality

Reproduction

Mortality

p value

n

p value

n

p value

n

p value

n

< 0.001
< 0.001
< 0.001
< 0.001
0.339

60
60
60
60
60

0.598
0.198
< 0.001
< 0.001
0.559

60
60
60
60
50

0.752
< 0.001
< 0.001
< 0.001
–

20
20
20
20
–

1
1
0.084
< 0.001
–

20
20
20
20
–

related to the presence of metals found in AHS samples that were taken
from the same location. Due to presence of these elements in the HS
samples studied, it is important to consider the issue of toxicity of AHS
matrix for the ecotoxicological studies, due to the inﬂuence or interaction of these components with the bodies used in these tests.
3.2. Biossay
3.2.1. Metal eﬀect
Supplementary material (S1) showed the physicochemical parameters obtained after toxicity assays. No considerable variability was
observed when comparing the initial physicochemical condition with
the measurement at the end of test. Heijerick et al. (2003) demonstrated
that chronic Zn toxicity in D. magna is dependent on pH, hardness and
DOC concentration of the test medium. Nevertheless, DOC seems to be
the most important toxicity factor capable of modifying and reducing
Zn toxicity. Therefore, according to the parameters measured, it is
possible to conclude that the eﬀect of toxicity is essentially the outcome
of exposed metal or molecular size. Table 3 registers the results of the
metal eﬀects upon reproduction and mortality (Fig. 2). For reproduction parameter, the toxicity eﬀect was only observed when there was a
concentration level of 20 µg L−1 of As. However, there was a decrease
of reproduction in the case of cobalt concentration of (50 and
100 µg L−1). Signiﬁcant eﬀects related to mortality were registered
only in higher concentration of Co (100 µg L−1 p < 0.05; Fig. 2D).
Levels of concentration that were assessed reported no toxic eﬀect
related to mortality in neither of these 2 cases of As (Fig. 2A and B).
Values of arsenic LC50 in freshwater reported in literature were in the
range of 0.4 mg L−1 and 3 mg L−1. (Norwood et al., 2007; Wang et al.,
2011; Liber et al., 2011). The results obtained in the present work are in
accordance with values reported in literature. For cobalt, the authors
reported a range of 5.1 µg of Co L−1 to 4500 µg of Co L−1 of toxicity for
diﬀerent organisms (De Schamphelaere et al., 2008; Marr et al., 1998;
Diamond et al., 1992). The toxicity results showed that a low
concentration of Co (50 µg L−1) can cause toxic eﬀect for C. dubia, an
eﬀect conﬁrmed through values referred to in literature.

< LD=Lower than detection limit; * Data obtained from Araújo et al. (2002); (-)=not
measure data; F1–F5=molecular sizes ranges: < 5, 5–10; 10–30; 30–100 and >
100 kDa, F1, F2, F3, F4 e F5, respectively.

presence of less humiﬁed compounds such as amino-acids and proteins.
The percentage of DOC in each molecular fraction obtained after
fractionation are shown in Table 2. It is possible to observe that the
portion of DOC under 5 kDa, represents is 20 times larger than the
largest molecular size portion and it is also four times higher when
compared to the second fraction containing a higher percentage of
organic carbon. Studies in literature showed that major fractions of the
investigated HS from various aquatic systems were below 10 kDa and
that a considerable part was under 1 kDa. Apparently this can be
attributed to the class of fulvic acids (Burba et al., 1998). Sargentini Jr.
et al. (2001) observed that the main portion of AHS was smaller than
5 kDa and four times greater than the highest molecular size fraction
(greater than 100 kDa). Araújo et al. (2002) studied and investigated a
method for distributing dissolved organic carbon in the same region,
but in diﬀerent areas. The results showed lower values for low DOC
fraction (F5) and higher concentrations in the highest fraction. Santos
et al. (2011) also studied the distribution of fractions in which the
fraction of 100 kDa had a higher portion compared with other fractions.
Our current research justiﬁes this behavior after performing the
experiments with the samples using diﬀerent extraction processes of
AHS. The results are compatible to those published in scientiﬁc
literature which show that variable humic substances do occur in
nature.
For AHS metal contents, higher concentrations of aluminum,
calcium, iron and magnesium were detected and potentially toxic trace
metals like arsenic, copper, manganese and lead are shown in Table 2.
By comparing the metals present in the surface water using an extracted
HS method, we observed that, in the current scenario, material
concentration and composition are related with each other. Moruzzi
and Reali (2012) noted the presence of higher concentrations of iron
and manganese associated with organic matter. Al and Fe concentrations in natural water of the same river were observed in literature
(Oliveira et al., 2014). The authors suggested that the concentration of
these elements are associated to geological process being part of an
Environmental Protection Area of Sao Paulo State, Brazil. Thus, we
observed that the presence of metals in superﬁcial water was directly

3.2.2. Molecular size eﬀect
ANOVA and deviation analyses, obtained by reproduction and
mortality data, respectively, are reported in the Table 3. The results
indicated signiﬁcant diﬀerence in the mean data of reproduction and
mortality between the two type of treatments (diﬀerent molecular size)
and diﬀerent metal concentration (As 10, As 20, Co 50 and Co 100: p <
0.05). However, there were not any diﬀerence in the case where metals
were absent (p > 0.05). This result attests that the humic substance not
aﬀected negatively the results produced by AHS fractions and the eﬀect
observed were induced by metal or metal-AHS interactions. For
mortality, eﬀects of treatments were registered (molecular sizes) only
for cobalt addition. No eﬀect was observed above molecular size and
biological variable in metal absence. Therefore, the results indicate the
4
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Fig. 2. Bioassays using C. dubia. Values of survival (A=As 10 assay and B=As 20 assay) (C=Co 50 assay and D=Co 100 assay). Y axis scale are diferente according to the range reccorded
in each experiment. (C)=control; As 10=10 μg L−1 of arsenic; As 20=20 μg L−1 of arsenic; Co 50=50 μg L−1 of cobalt; Co 100=100 μg L−1 of cobalt; F1–F5=AHS fractions added
corresponding concentration solution.

eﬀect of molecular size on reproduction and mortality only in presence
of dopant.
The results obtained by statistical analyses using Turkey's test on
reproduction data, showed the behavior in each experimental condition
tested (Fig. 3). For As 10 (Fig. 3A), this variation occurred only in the
fraction 2 (between 30 and 100 kDa). An improvement in reproduction
when considering higher molecular size was observed in As 20. The
opposite occurred comparing As 20 with Co 50 (Fig. 3C), where it is
possible to observe the decrease in reproduction rate in case of bigger
molecules. As it is shown in Fig. 3D, the higher concentration of cobalt
showed elevated variation in reproduction values. Aught, we observed
a negative eﬀect with the presence of AHS in diﬀerent molecular sizes,
except in fraction 2. Burba et al. (1998) reported that transport,
deposition and processes of humic substances can be inﬂuenced
considerably by molecular size distribution in aquatic environments.
According to the same study, literature informs that a great part of trace
metals in natural waters fractionated by UF in the range from 0.45 mm
to 1 kDa were found to be associated preferably with aquatic humic
macromolecules. Heavy metals were predominantly bound to highmolecular-mass colloids bigger than 10 kDa (Burba et al., 1998).
Oliveira et al. (2015) states that environmental anionic or neutral
species and more than one mechanisms can contribute to formation of
As(III)-AHS complexes. The same authors, after studying AHS enriched
with Fe and Al by ﬂuorescence spectra, observed changes in structures
of fulvic and humic acids. The results demonstrated that the amount of
organic matter and the chemical composition of the medium inﬂuence
the bioavailability of arsenic in aquatic systems.

3.3. Complexation experiments
The complexed metal values in the AHS fractions of a concentration
of 10 µg L−1 and 20 μg L−1 and the complexed metal values in the
fractions of AHS cobalt concentration of 50 μg L−1 are shown in Fig. 4.
According to experimental data obtained, there was a low retention of
arsenic by AHS over all the fractions. When complexation values were
compared to toxicity values, it was not possible to establish the
relationship between the two parameters, considering diﬀerence of
molecular sizes. While experimental results showed a lower complexation capacity, the reproduction values showed the toxicity reduction in
the presence of NOM in diﬀerent fractions (i.e. F2 in the 10 µg L−1 As).
Gontijo et al. (2016) studied the bioavailability of arsenic in Brazilian
rivers, showing that a considerable part of As was inserted in the labile
fraction, and can therefore be attributed to its bioavailability. In the
same way, studies proposed by Oliveira et al. (2015) reported no
interaction between HS and As (III) in natura or enriched with
aluminum, taking into account NOM environmental relevant. Jones
and Huang (2003) showed an apparent non-linear toxicity response for
organic pesticides composed of arsenic after interacting with humic
substances at varying concentrations, suggesting a complex relationship
where several mechanisms for toxicity reduction may be operative.
During the testing process, KNO3 and MgHSO4 salts were added
according to the initial hardness value of the water according to
standard procedure for water hardness adjust followed (US EPA,
2002; ABNT, 2010).
The complexed metal values of the AHS fractions in the concentration of 50 μg L−1 are shown in Fig. 4. By observing the free and total
5
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metal values, we concluded that there was a greater complexation of
cobalt in fractions of lower molecular size F4 and F5. Despite the nonreduction of toxicity in these fractions, the raw values of neonates
produced using these fractions were higher, when compared to their
larger molecular size. Thus, it was possible to observe a relationship
between the metal complexing toxicity levels and AHS fractionation.
The cobalt ions retention in various concentrations was not accompanied by reduction in toxic eﬀects, which may be related to the exchange
of constant as described by Rocha and Rosa (2003). The value of the
exchange constant (kt) was found to be inversely proportional to the
stability of the Co-AHS complexes. According to the exchange constant
value determined for cobalt metal, the variations observed in the
diﬀerent fractions contained were: KtF4 > > KtF1 > KtF2 > KtF3.
The high value of kt for F4 was compared to other fractions, which in
turn showed the low stability of the Co-AHS complex. According to
Pinheiro et al. (1999), the metal complexes resulting from the
dissociation solution became more available, and hence more toxic.
Thus, the low stability of the complex causes dissociation and an
increased toxicity of the metal ions. One point that can be considered is
about photo alteration during the experiments. The experimental
condition (Table 1) showed a considerable photoperiod during the
toxicological experiments. Literature data demonstrated that the photo
alteration (radiance) indicating loss of aromatic character and intramolecular interactions, decrease in molecular weight and aggregation.
In the same study it can be observed that high radiance results in the
release of Cu, Cd and Pb from complexes and an increase of intracellular concentration (Worms et al., 2015). The high complexation
capacity of Fe and Al cations could also be used to justify the same
principle and its related eﬀect. AHS-Fe and Al-AHS complexes are

considered stable and found to be less dependent on relative molecular
size due to their low values of kt, when the fractions were observed
(Rocha and Rosa, 2003). The concentration of humic substances was
high enough to remove more than 90% of cobalt in case of pH 6.
Because humic acid is a natural material, the ultraﬁltration of humic
acid is considered an economically and environmentally feasible
process to remove cobalt (Kim et al., 2005).

4. Conclusions
To conclude, the ecotoxicological assays using C. dubia based on
diﬀerent fractions of humic substances showed diﬀerent behaviors of
the depending substance. In case of arsenic, there was a noticeable
reduction of toxicity levels in larger molecular size fractions which
made it possible to observe the decrease in reproduction for smaller
molecular sizes. However, in case of cobalt, its non-reducing toxicity
eﬀect was observed as well as its inﬂuence on molecular size of AHS. By
taking into account these experimental eﬀects on the reproduction and
death of the organisms, it was observed that AHS fraction with a higher
molecular size led to a notable mortality rate of almost 100% and for
lower concentration an increase of reproduction rate for molecular size
contrary to arsenic behavior.
Moreover, based on the experimental data of AHS complexation, it
was possible to observe diﬀerent relationships between its natural
availability and toxic eﬀects. We conclude that better understanding of
the above mentioned interaction between a complex matrix such as
AHS and its eﬀects on aquatic environment is certainly promising and
could lead to further more studies based on the mechanisms involved.
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