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Esta investigação avaliou o potencial das substâncias húmicas aquáticas (SHA) na 

redução da toxicidade dos íons cobre (Cu2+) utilizando a Artemia salina como organismo 

teste. Primeiramente, determinou-se a concentração letal (CL50; concentração onde há 

50% de mortalidade da população de um organismo teste) de íons Cu2+ e SHA para 

Artemias. Em seguida, diferentes quantidades de SHA foram misturadas com íons Cu2+ na 

CL50 a fim de estimar a taxa de mortalidade de Artemia salina em comparação com os 

testes realizados sem SHA. Também testou-se as frações SHA, ácidos húmicos (AH) e ácidos 

fúlvicos (AF), em diferentes proporções. Os resultados mostraram que a CL50 de Cu2+ foi de 

19 mg L-1 e entre 400 e 600 mg L-1 para SHA. Os ensaios com SHA mostraram uma redução 

de até 40% na mortalidade das Artemia salina, ao passo que os ensaios com AH e AF 

diminuíram essa taxa em até 20%, o que indica que SHA tem maior poder redutor de 

toxicidade que suas frações de ácido húmico e fúlvico separadas. Os resultados desses 

experimentos com diferentes proporções de AH e AF sugerem que a redução da 

toxicidade de Cu2+ é diretamente proporcional ao aumento da proporção de AH. 
 

: Artemia salina, toxicologia ambiental, redução de toxicidade, ácido 

fúlvico e húmico 

 

This investigation 

assessed the potential of aquatic humic substances (AHS) to decrease the toxicity of 

copper (Cu2+) ions using Artemia salina as test organism. Firstly, the LC50 (lethal 

concentration that destroys 50% of a test organism population) values of Cu2+ and AHS for 

the test organism were determined. Subsequently, assays with solutions of Cu2+ at LC50 were 

carried out in the presence of AHS at different concentrations in order to estimate the 

mortality rate of Artemia salina in comparison to the mortality rate obtained when AHS is 
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absent. The AHS fractions, humic acids (HA) and fulvic acids (FA), were also tested at 

different ratios. The results showed that the LC50 was 19 mg L-1 for Cu2+ and between 400 and 

600 mg L-1 for AHS. The trials with AHS showed a reduction of up to 40% in the mortality rate 

of Artemia salina whereas HA and FA decreased the rate by up to 20%. These findings 

suggest that AHS reduce the toxicity of Cu2+ to a greater extent than their fractions HA and 

FA individually. The results of experiments with different ratios of HA and FA indicated that 

there is greater reduction of the toxicity of Cu2+ when the ratio of HA is higher. 
 

: Artemia salina, environmental toxicology, toxicity reduction, fulvic and humic 

acids  
 

 

Aquatic humic substances (AHS) are 

compounds derived from the 

decomposition of plants and animals and 

comprise most of the dissolved organic 

carbon in natural waters (McDonald et al., 

2004). They significantly affect the 

behaviour of metal ions and other organic 

and inorganic species in aquatic 

environments. (Klučáková et al., 2018; 

Cuprys et al., 2018). It is well known that 

AHS can decrease the toxicity of several 

metal ions (Watanabe et al., 2017) due to 

their strong affinity. However, little is known 

about how this interaction affects 

biological parameters such as the toxicity 

levels to the aquatic biota. Moreover, very 

few studies have investigated how 

changes in the concentration of AHS and 

their major fractions, humic acids (HA) and 

fulvic acids (FA), reduce the toxicity levels 

of potentially toxic metals (Li et al., 2018; 

Zhang et al., 2019). 

The transport and fate of metals are 

affected by different factors such as 

precipitation/dissolution, 

oxidation/reduction, 

adsorption/desorption,  and 

complexation  (Stumm and Morgan, 

1995). Therefore, all these processes must 

be considered in order to understand the 

behaviour of potentially toxic metals in 

natural systems, which requires the 

characterisation of their different 

chemical species, including AHS-metal 

complexes. The environmental quality 

standards in the United States, for 

instance, are currently based on the 

concentration of the dissolved ionic 

fraction of metal species (EPA, 2018). 

However, it is well known that the toxicity 

and bioavailability of metals also depend 

on complexing or chelating agents in the 

solution (Väänänen et al., 2018). 

The presence of AHS can change 

biological adsorption processes of a 

significant number of chemical species, 

since complexes cannot easily permeate 

through the cell membranes, decreasing 

the bioavailability of metals and therefore 

their toxicity (Hue, Craddock, and Adams 

1986; Ding et al., 2018). Bai (2019), for 

instance, observed that HA decreases the 

availability of Pb2+ ions to algae. 

The measurement of toxicity of 

chemicals can be assessed by observing 

the mortality rate of this chemical to a test 

organism. A useful parameter to 

determine toxicity is the lethal 

concentration (LC50) (Stephan, 1977). The 

LC50 is the concentration of a chemical 

that destroys 50% of a population of a test 

organism (Boyd, 2005). 

Artemia salina is a test organism 

generally used to determine the LC50 of 

chemicals, especially in the 

pharmaceutical industry (Arcanjo et al., 

2012; Cavalcante et al., 2000; Pimentel et 

al., 2011). Artemia salina (or brine shrimp, 

its popular name) is a small crustacean of 

the order Anostraca and a unique genus 

of the Artemidae family. These organisms 

are highly resistant to adverse conditions 

and can live at high levels of water salinity 
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(Dumitrascu, 2011). Artemia salina is often 

used in ecotoxicological assays as it can 

be easily purchased in the form of cysts at 

a low cost. In addition, this organism 

present rapid hatching time and 

ecotoxicity testing protocols (both 24h) 

utilizing it have been found to produce 

fast results (Rajabi et al., 2015). 

The main purpose of this study is to 

assess the potential of AHS and the 

fractions HA and FA to decrease the 

toxicity of Cu2+ in the presence of Artemia 

salina, the test organism chosen. A series 

of acute toxicity assays were performed 

using solutions of Cu2 at lethal 

concentration (LC50) with different 

concentrations of AHS and with different 

ratios of HA and FA (since the amount of 

HA and FA can be associated to humus 

formation). These tests sought to 

understand how the concentration and 

composition of these substances affect 

the reduction of acute toxicity. 

 
 

Dormant cysts of Artemia salina, 

purchased from an aquarium shop, were 

placed in a cleaned container. The cysts 

(200 mg) were incubated in 200 mL 

syntenic seawater (4 g L-1 of salt) under 

constant illumination (15W fluorescent 

lamp, 6400K) and continuous aeration, 

maintained by an air pump (Boyu U-

02800) for 24h (Figure 1) (Silva et al., 2010; 

Vanhaecke et al., 1981). After the 

incubation period, the hatched Artemia 

salina nauplii were separated from the 

non-hatched cysts. 
 

Surface water (280 L) for AHS 

isolation was taken from the Rio Negro 

River, at the confluence of the 

catchments of Tarumã-Açu and Tarumã-

Mirim, 20 km from the northern Brazilian 

city of Manaus (Amazonas) (3”04’13.74” S 

and 60”08’26.92” W), in December 2005. 
 

 
Figure 1. Schematic representation of the 

apparatus used for hatching of Artemia salina 

cysts. A) 15W fluorescent lamp, 6400 K; B) 

Beaker (200 mL); C) air compressor pump. 

Source: the authors. 

 

The procedure performed to extract 

AHS was based on the International Humic 

Substances Society’s (2018) guidelines: 

using acrylic ester resin XAD-8 to adsorb 

the AHS in acidic medium (river water is 

acidified until pH<2 using hydrochloric 

acid (HCl)) before they are desorbed in 

alkaline conditions (Aiken et al., 1985) 

(sodium hydroxide, NaOH 0.1 mol L-1). 

Afterwards, the extract was desalted using 

dialysis membranes (Samless Cell 16 x 100 

clear) prepared according to Town and 

Powell (1992). The dialysis was performed 

with dialysis tubing against deionised 

water until the dialysate produced a 

negative chloride test with silver nitrate 

(AgNO3). 

Half of the dialysed extract was 

reserved for the fractionation of HA and 

FA. The other half was lyophilised and 

stored in amber tubes until time of use. The 

fractionation of AHS was carried out via 

acidification of the extracts until pH 2, 

using HCl. Then, the precipitate (HA) was 

separated from the supernatant (FA), and 

both fractions were neutralised prior to 
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being lyophilised (Thurman and Malcolm, 

1981). 

 

A synthetic seawater solution (4 g L-1) 

was prepared using sea salt (Red Sea 

Salt)—composed of magnesium (Mg, 

1230 ppm), potassium (K, 403 ppm), and 

sulphur (S, 889 ppm) and whose alkalinity 

was 2.8 meq L-1. A copper nitrate 

(Cu(NO3)2) solution at concentration 0.57 

g L-1 was prepared with the synthetic 

seawater in order to be diluted to the 

target concentrations (5 to 50 mg L-1) in 

the acute toxicity assays.  

The extracted AHS powder was 

diluted in the synthetic seawater to 600 

mg L-1 AHS, following a pH adjustment to 5 

(pH of Rio Negro River). AHS was then 

diluted in several concentrations (10, 50, 

100, 200, 400 and 600 mg L-1) for the 

toxicity assays. 

 

Three sets of experiments (described 

in the next topics) were performed with 

the hatched nauplii of Artemia salina, in 

which Pasteur pipettes, 24-well culture 

plates of 3 mL, and a magnifying glass (for 

counting the surviving larvae) were used. 

In all tests, ten larvae were transferred into 

each cell of the 24-well cell culture plates, 

to which 1 mL of the 4 g L-1 sea salt solution 

was added. In subsequent tests, an aliquot 

(depending on the target concentration) 

of the 0.57 g L-1 Cu(NO3)2 solution was used 

to investigate both the acute toxicity of 

Cu2+ and the influence of AHS on the 

results. In some tests, a pre-determined 

mass of AHS was added to each cell, 

which had their volumes completed with 

the sea salt solution. All cell culture plates 

were incubated at 25°C for 24 h. At the 

end of the incubation period, the surviving 

larvae were counted using a magnifying 

glass. The culture plates were gently 

shaken, and the larvae were considered 

dead if they did not exhibit movement 

during 10s of observation. The nauplius 

were not fed during the tests as they 

consume the energy reserves stored in the 

cysts in the first 24h (Sorgeloos, 1978; Briski 

et al., 2008). 

The mortality rate (m) of Artemia 

salina was calculated using 48 cells of two 

culture plates (24 cells each) and 

according to the following equation: 

m(%) = (AM/PT) × 100, where AM is the 

number of dead Artemia salina and PT is 

the total number of Artemia salina used in 

each cell of the 24-well cell culture plates 

(Moreira, 2013).  

 

The first set of experiments used 

copper nitrate (Cu(NO3)2) at 

concentration between 5 and 50 mg L-1 in 

order to determine the lethal 

concentration (LC50) of Cu2+ ions to 

Artemia salina (According to Vanhaecke 

(1981), LC50 is defined as the 

concentration of solvent/substance that 

destroys 50% of a group of the test 

organisms). The LC50 of Cu2+ ions were 

used in the experiments to investigate the 

role of AHS and their fractions in reducing 

the toxicity of Cu2+. 

 

The second set of experiments was 

performed using different concentrations 

of AHS (10, 50, 100, 200, 400, and 600 mg L-

1) to determine the LC50 of AHS to Artemia 

salina. The LC50 of AHS was the maximum 

AHS concentration that could be used in 

the toxicity assays without causing acute 

effects in the organisms. 

 

The potential of AHS and their 

fractions HA and FA to reduce the acute 

toxicity of Cu2+ ions to Artemia salina was 
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analyzed in the third set of experiments. 

The tests used two different Cu2+ ion 

concentrations (19 mg L-1, corresponding 

to the calculated LC50, and 30 mg L-1, 

corresponding to a mortality rate of 85% of 

the organisms) and four different AHS 

concentrations (25, 50, 75, and 100 mg L-

1). 

 

Toxicity tests using different ratios 

(w/w) of HA and FA fractionated from the 

AHS were performed in order to 

understand the contribution of these 

major components to reduce the acute 

toxicity of Cu2+ to Artemia salina. Then, 

different ratios of HA and FA (0 % HA and 

100 % FA, 25 % HA and 75 % FA, 50 % HA 

and 50 % FA, 75 % HA and 25 % FA and 100 

% HA and 0 % FA) were tested at the 

following concentrations (typically 

recorded for rivers): AHS: 25 mg L-1, 50 mg 

L-1, 75 mg L-1, and 100 mg L-1. The Cu2+ 

concentration used in the assays was 

always 19 mg L-1 (corresponding to the 

LC50 of Cu2+). 

 

The Lilliefors test was used to examine 

if the data were normally distributed for a 

level of significance of 0.05. After 

confirming the normality of data, the 

Fisher's Least Significant Difference (LSD) 

test was performed at a significance level 

of 0.05. 
 

 
+ to Artemia salina 

The results of the mortality rate for 

Artemia salina after being exposed for 24 

hours to solutions of copper ion at 

concentration ranging from 0 to 50 mg L-1 

are summarised in Table 1. Since the 

concentration was lethal for more than 

50% of the testing organisms from 19 

mg  L -1 onwards, this was the LC50 

determined for Cu2+.

  

 
Table 1. Mortality rate of Artemia salina exposed to copper ions. 

Concentration of Cu2+ Mortality rate 
Concentration of 

Cu2+ 
Mortality rate 

(mg L-1) (%) (mg L-1) (%) 

5 1.3 25 88.1 

10 18.8 30 82.5 

15 30.6 35 82.5 

18 46.9 40 88.8 

19 56.7 45 86.3 

20 68.8 50 98.8 

 

 

The results of the mortality rate for 

Artemia salina after being exposed to 

different AHS concentrations are shown in 

Table 2. From these assays, the LC50 of AHS 

to Artemia salina could not be determined 

precisely. 
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Table 2. Mortality rate of Artemia salina exposed to different aquatic humic substances (AHS) 

concentrations 

Concentration of AHS (mg L-1) Mortality rate (%) (n=48) Standard deviation 

10 0.0 0.0 

50 0.0 0.0 

100 0.0 0.0 

200 0.0 0.0 

400 0.0 0.0 

600 100.0 0.0 

 

Table 3 shows the results obtained 

from the toxicity assays using Cu2+ ions at 

LC50 (19 mg L-1) in the presence of AHS 

concentrations ranging from 25 to 100 mg 

L-1. Tests with the lowest AHS concentration 

presented mortality rates two times higher 

than the tests using higher amounts of 

AHS. Nonetheless, reduction of toxicity of 

Cu2+ ions (at LC50) to Artemia salina was 

observed in all tests in which AHS was 

present, regardless of the concentration. 

 
Table 3. Mortality rate of Artemia salina exposed to copper ions (19 mg L-1) in the presence of 

aquatic humic substances (AHS) at different concentrations 

Concentration of AHS (mg L-1) Mortality rate (%) (n=48) 
Standard 

deviation 

25 34.2 15.9 

50 19.7 12.5 

75 15.2 8.5 

100 19.6 10.7 

 

Figure 2A shows the application of 

the Fisher's LSD test to the results of the 

mortality rate of Artemia salina exposed to 

Cu2+ (19 mg L-1) in the presence of 

different AHS concentrations. The first bar 

represents the mortality rate for Cu2+ at 

LC50 when AHS is absent. Figure 2B 

compares the reduction of toxicity of 

different samples as AHS concentrations 

increased. 

Table 4 shows the results obtained 

from the toxicity assays using Cu2+ ions at 

30 mg L-1 in the presence of AHS 

concentrations varying from 25 to 100 mg 

L-1. In these tests, 100% of the test 

organisms died at the highest AHS 

concentration. 

Figure 3A shows the application of 

the Fisher's LSD test to the results of the 

mortality rate of Artemia salina exposed to 

Cu2+ (30 mg L-1) in the presence of AHS at 

different concentrations. The first bar 

represents the mortality rate for Cu2+ ions 

when AHS is absent. Figure 3B shows the 

decrease of toxicity of Cu2+ in the 

presence of different AHS concentrations 

in comparison to the test without AHS. 
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Figure 2. Reduction of toxicity of Cu2+ (19 mg L-1) in the presence of aquatic humic substances (AHS) 

at different concentrations. A) Mortality rate (m) of Artemia salina for different AHS concentrations. 

B) Decrease in the mortality rate of Artemia salina for each AHS concentration tested in comparison 

to the test without AHS. Small letters on the bars stand for significative variations determined by the 

Fisher’s LSD test with p-value<0.05. 

 

Table 4. Mortality rate of Artemia salina exposed to copper ions (30 mg L-1) in the presence of aquatic 

humic substances (AHS) at different concentrations 

Concentration of AHS (mg L-1) Mortality rate (%) (n=48) 
Standard 

deviation 

25 63.0 13.4 

50 64.0 15.0 

75 64.0 15.0 

100 100.0 0.0 

 

 
Figure 3. Reduction of toxicity of Cu2+ (30 mg L-1) in the presence of aquatic humic substances (AHS) 

at different concentrations. A) Mortality rate (m) of Artemia salina for different AHS concentrations. 

B) Decrease in the mortality rate of Artemia salina for each AHS concentration tested in comparison 

to the test without AHS. Small letters on the bars stand for significative variations determined by the 

Fisher’s LSD test with p-value<0.05. 
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Figure 4 shows the mortality rates of 

Artemia salina in the presence of different 

concentrations of AHS with varying HA 

and FA ratios. 

 
Figure 4. Decrease in the mortality rates (m) of Artemia salina exposed to Cu2+ in the presence of 

aquatic humic substances (AHS) at different concentrations, with varying ratios of humic acids (HA) 

and fulvic acids (FA), in comparison to the test without AHS. A) Solutions of AHS at 25 mg L-1; B) 

Solutions of AHS at 50 mg L-1; C) Solutions of AHS at 75 mg L-1; D) Solutions of AHS at 100 mg L-1. Small 

letters on the bars stand for significative variations determined by the Fisher’s test with p-value<0.05. 
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The results (Table 1) showed that 

from 19 mg L-1 onwards, the concentration 

of Cu2+ was lethal for more than 50% of the 

test organisms. Therefore, this was the LC50 

used as reference in the tests to assess the 

decrease in the mortality rate of Artemia 

salina in the presence of AHS. 

 

 AHS LC50 value could not be 

determined precisely due to insufficient 

material available for further tests. 

However, the results (Table 2) suggested 

that the AHS LC50 for Artemia salina was 

probably between 400 mg L-1 and 600 mg 

L-1, meaning that concentrations below 

400 mg L-1 could be safely used, since they 

would not alter the mortality rate of the 

test organisms. In addition, concentrations 

higher than 50 mg L-1 of AHS are not 

typical of rivers such as Rio Negro, whose 

natural AHS concentrations normally 

range from 15 to 25 mg L-1 (Rocha et al., 

2003; Oliveira et al., 2007; Araújo, Rosa, 

and Rocha 2002). Thus, the maximum AHS 

concentration used in all acute toxicity 

assays was of 100 mg L-1. 

 

The mortality rate of Artemia salina 

exposed to Cu2+ at 19 mg L-1 (LC50) in the 

presence of AHS was lower than in the 

tests performed without AHS (Table 3 and 

Figure 2), thus supporting the potential of 

AHS in reducing the toxicity of Cu2+ ions. In 

the assays, the mortality rate reduced 

15.37% in the presence of AHS at 25 mg L-1 

and decreased nearly two times (to 

32.42%) when the concentration of AHS 

doubled. In theory, the more amount of 

AHS is in the environment, the more sites 

Cu2+ ions have available to bind, which 

would reduce their presence and lethality 

to the organisms (Stevenson, 1994). 

However, as AHS concentrations 

increased in the assays, the mortality rate 

did not decrease significantly. A possible 

explanation might be the exchange of 

Cu2+ ions by other metals already present 

in the solution and more toxic, such as Hg2+  

(Burba, Rocha, and Klockow, 1994). This 

observation indicates that the continuous 

increase of AHS concentration does not 

always mean a higher potential to reduce 

toxicity. Another reason may be the 

changes in the AHS molecular 

conformation, which becomes more 

densely coiled at high concentrations, 

thus reducing the availability of binding 

sites for Cu2+ (Swift, 1989). 

When a higher Cu2+ concentration 

(30 mg L-1) was tested, its acute toxicity to 

Artemia salina was less pronounced than 

in the tests at 19 mg L-1. The mortality rate 

decreased from 85% to a rate between 

19.5% and 18.5% in the presence of AHS at 

concentrations varying from 25.50 mg L-1 

to 75 mg L-1, which is not a significant 

reduction of the mortality rate for this AHS 

concentration range. This result was similar 

to the one found when Cu2+ at 19 mg L-1 

was tested in the presence of AHS 

concentration ranging from 50 mg L-1 to 

100 mg L-1. The assays in the presence of 

AHS at 100 mg L-1 (and at 30 mg L-1) 

showed a surprising increase in the 

mortality rate, once all the testing 

organisms died. This fact may also be 

explained by the changes that occur in 

the conformation of AHS molecules when 

they are highly concentrated (Hayes, 

1985). Furthermore, as AHS concentrations 

heighten, other toxic metal ions existing in 

their molecules may be released, which 

increases the mortality of Artemia salina. 
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Decrease in the Cu2+ acute toxicity 

to the test organisms was not observed in 

the assays performed in the presence of 

isolated HA 100% and FA 100% (25 mg L-1). 

This behaviour suggests that the isolated 

fractions HA and FA are not good at 

reducing acute toxicity. Reduction in the 

acute toxicity was only observed in the 

tests of HA and FA when these were 

combined, as the mortality of Artemia 

salina decreased significantly. These 

findings suggest that the simultaneous 

presence of HA and FA is responsible for 

reducing the acute toxicity of Cu2+ in the 

presence of AHS (25 mg L-1), regardless of 

the HA and FA ratios. This may be due to 

the difference in size and structure of HA 

and FA, whose combination may alter 

AHS conformation, therefore forming 

stabler complexes. The results also 

indicate that the higher the HA ratios 

(assays with AHS at 25 mg L-1, Figure 4), the 

lower the acute toxicity of Cu2+ ions to the 

test organisms. Although the tests using FA 

and HA presented a high standard 

deviation, the results are useful to indicate 

trending effects in the acute toxicity of  

Cu2+ ions in the presence of AHS. 

In the assays in which different 

concentrations of AHS and different ratios 

of HA and FA (except the one of AHS at 50 

mg L-1, Figure 4) were assessed, all solutions 

presented a significant decrease in the 

acute toxicity of Cu2+. However, it was not 

possible to identify if the fractionated HA 

(100% HA) and FA (100% FA) could reduce 

Cu2+ acute toxicity to the same degree 

that the other ratios of these fractions did. 

The results did not demonstrate 

satisfactory accuracy, which significantly 

compromised statistical trends 

assessments. It probably occurred due to 

higher AHS concentrations, which caused 

conformational changes in the AHS 

molecules, reducing their binding sites. 

Furthermore, exchange of Cu2+ ions by 

other metals more toxic and already 

present in AHS would induce these ions to 

be released, increasing the mortality of 

Artemia salina. These results are 

compatible with the ones found in the 

assays of AHS at varying concentrations 

(same ratio, Figure 3), whose data when 

concentration of AHS was higher than 25 

mg L-1 were also more difficult to assess. 

 
 

The acute toxicological assays 

performed in this investigation pointed out 

that the LC50 of Cu2+ ions to Artemia salina 

is 19 mg L-1 and concentrations of AHS 

below 400 mg L-1 can be used without 

altering the mortality rate of the test 

organisms. However, further studies are 

necessary to define the exact AHS LC50, 

value, which was not determined in the 

current study due to insufficient amount of 

AHS for performing extra tests. The results 

indicated that the LC50 of AHS to Artemia 

salina lies in the concentration range of 

400 to 600 mg L-1 of AHS. This study 

revealed that the presence of AHS (not 

fractionated and at concentrations up to 

100 mg L-1) reduced the mortality rate of 

Artemia salina. The assays of varying ratios 

of HA and FA at 25 mg L-1 showed a trend 

of reduced acute toxicity as HA 

increased. Furthermore, the isolated 

fractions HA and FA did not reduce Cu2+ 

acute toxicity to Artemia salina as much 

as they did when combined, either when 

their fraction ratio were varied or when 

they formed AHS solutions. These results 

support that AHS can trap metal ions more 

effectively when the variety of 

macromolecules is greater. Additionally, 

at higher AHS concentrations, statistical 

assessment was more difficult to perform, 

once results were less accurate. This was 

probably related to the conformational 

changes of AHS at higher concentrations 

or due to the exchange of Cu2+ ions by 
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other existing metal ions in the AHS 

structure. 

 

We gratefully acknowledge the help 

and support provided by the National 

Institute for Amazonian Research (INPA), 

Federal University of Amazonas (UFAM) 

through the Graduate Program in 

Chemistry (PPGQ-UFAM), the Instituto 

Federal de Educação, Ciência e 

Tecnologia do Amazonas (IFAM) and the 

Fundação de Amparo à Pesquisa do 

Estado do Amazonas (FAPEAM). We 

would also like to thank the assistance and 

suggestions of the editor and anonymous 

reviewers of this journal. 

 

This paper contains original research 

and has not been submitted or published 

elsewhere. The authors and reviewers did 

not report any competing financial 

interests or personal relationships that 

could have appeared to influence the 

work. Then, the journal Scientia Amazonia 

holds copyright, has approval and 

permission of the authors to publish this 

paper in electronic media.  

 

Aiken, George R., Diane M. McKnight, Robert L. 
Wershaw, and Patrick MacCarthy. 1985. Humic 
Substances in Soil, Sediment and Water: 
Geochemistry, Isolation, and Characterization. 

Edited by George R. Aiken, Diane M. McKnight, 

Robert L. Wershaw, and Patrick MacCarthy. 1st ed. 

New York: John Wiley & Sons. 

Araújo, Adriana Barbosa, André Henrique Rosa, 
and Julio Cesar Rocha. 2002. “Distribuição de 

Metais e Caracterização Das Constantes de Troca 

Entre Espécies Metálicas e Frações Húmicas 
Aquáticas de Diferentes Tamanhos Moleculares.” 

Química Nova 25 (6b): 1103–7. 

Arcanjo, DDR., ACM. Albuquerque, B. Melo-Neto, 

LCLR. Santana, MGF Medeiros, and AMGL. Citó. 
2012. “Bioactivity Evaluation against Artemia Salina 

Leach of Medicinal Plants Used in Brazilian 

Northeastern Folk Medicine.” Brazilian Journal of 
Biology 72 (3): 505–9. 

https://doi.org/10.1590/S1519-

69842012000300013. 

Bai, Hongcheng, Shiqiang Wei, Zhenmao Jiang, 

Mingjing He, Biying Ye, and Gaoyun Liu. 2019. “Pb 
(II) Bioavailability to Algae (Chlorella Pyrenoidosa) 

in Relation to Its Complexation with Humic Acids of 
Different Molecular Weight.” Ecotoxicology and 
Environmental Safety 167 (January): 1–9. 

https://doi.org/10.1016/J.ECOENV.2018.09.114. 

Boyd, Claude E. 2005. “LC50 Calculations Help 

Predict Toxicity.” Global Aquaculture Advocate 8 

(1): 84–87. 

Briski, Elizabeta, Gilbert Van Stappen, Peter 

Bossier, and Patrick Sorgeloos. 2008. “Laboratory 
Production of Early Hatching Artemia Sp. Cysts by 

Selection.” Aquaculture 282 (1–4): 19–25. 
https://doi.org/10.1016/J.AQUACULTURE.2008.06

.034. 

Burba, Peter, Julio Cesar Rocha, and Dieter 

Klockow. 1994. “Labile Complexes of Trace Metals 

in Aquatic Humic Substances : Investigations by 
Means of an Ion Exchange-Based Flow Procedure.” 

Fresenius’ Journal of Analytical Chemistry 349: 

800–807. 

Cavalcante, Márcia Ferreira, Márcia Cristina 

Campos de Oliveira, Javier Rincón Velandia, and 
Aurea Echevarria. 2000. “Síntese de 1,3,5-Triazinas 

Substituídas e Avaliação Da Toxicidade Frente a 
Artemia Salina Leach.” Química Nova 23 (1): 20–

22. https://doi.org/10.1590/S0100-

40422000000100005. 

Cuprys, Agnieszka, Rama Pulicharla, Joanna Lecka, 

Satinder Kaur Brar, Patrick Drogui, and R.Y. 
Surampalli. 2018. “Ciprofloxacin-Metal Complexes 

–Stability and Toxicity Tests in the Presence of 
Humic Substances.” Chemosphere 202 (July): 549–

59. 

https://doi.org/10.1016/J.CHEMOSPHERE.2018.03

.117. 

Ding, Tengda, Kunde Lin, Lianjun Bao, Mengting 
Yang, Juying Li, Bo Yang, and Jay Gan. 2018. 

“Biouptake, Toxicity and Biotransformation of 

Triclosan in Diatom Cymbella Sp. and the Influence 
of Humic Acid.” Environmental Pollution 234 

(March): 231–42. 

https://doi.org/10.1016/j.envpol.2017.11.051. 

Dumitrascu, Mioara. 2011. “Artemia Salina.” Balneo 
Research Journal 2 (4): 119–22. 



 

 

 

E59 

 

https://doi.org/10.12680/balneo.2011.1022. 

EPA, United States Environmental Protection 

Agency -. 2018. “Toxics Criteria for Those States 

Not Complying with Clean Water Act Section 
303(c)(2)(B).” 2018. 2018. 

https://www.ecfr.gov/cgi-bin/text-
idx?SID=8bad0040b5819caf31af43549ea92968&

mc=true&node=se40.24.131_136&rgn=div8. 

Hayes, M. H. B. 1985. “Extraction of Humic 

Substances from Soil.” In Humic Substances in Soil, 
Sediment and Water: Geochemistry, Isolation and 
Characterization, edited by G. R. Aiken, D. M. 

McKnight, R. L. Wershaw, and P. MacCarthy, 

21:329–62. New York: John Wiley & Sons. 

Hue, N. V., G. R. Craddock, and Fred Adams. 1986. 

“Effect of Organic Acids on Aluminum Toxicity in 
Subsoils1.” Soil Science Society of America Journal 
50 (1): 28. 
https://doi.org/10.2136/sssaj1986.036159950050

00010006x. 

IHSS. 2018. “Isolation of IHSS Samples.” 1. 2018. 

https://humic-substances.org/isolation-of-ihss-

samples/. 

Klučáková, Martina, Michal Kalina, Jiří Smilek, and 

Marcela Laštůvková. 2018. “The Transport of Metal 
Ions in Hydrogels Containing Humic Acids as Active 

Complexation Agent.” Colloids and Surfaces A: 
Physicochemical and Engineering Aspects 557 
(November): 116–22. 

https://doi.org/10.1016/J.COLSURFA.2018.02.042

. 

Li, Jian, Yun Liu, Rui Zuo, Yanguo Teng, Yang Ai, 
and Jie Yang. 2018. “Influences of Dissolved Humic 

Acid on Zn Bioavailability and Its Consequences for 

Thyroid Toxicity.” Ecotoxicology and Environmental 
Safety 166 (December): 132–37. 

https://doi.org/10.1016/J.ECOENV.2018.09.051. 

McDonald, Suzanne, Andrea G. Bishop, Paul D. 

Prenzler, and Kevin Robards. 2004. “Analytical 

Chemistry of Freshwater Humic Substances.” 
Analytica Chimica Acta 527: 105–24. 

https://doi.org/10.1016/j.aca.2004.10.011. 

Moreira, Maria João. 2013. “Toxicidade Letal Aguda 

de Sulfato de Cobre Em Artemia Spp .” 

Departamento de Zoologia e Antropologia. 

Faculdade de Ciências. 

Oliveira, Luciana Camargo de, Ézio Sargentini Jr, 
André Henrique Rosa, Julio Cesar Rocha, Marcelo L 

Simões, Ladislau Martin-neto, Wilson T L Silva, and 

Ricardo L Serudo. 2007. “Extracted from Negro 
River ( Amazon State ) Waters : Interactions with 

Hg ( II )” 18 (4): 860–68. 

Pimentel, M.P., F.C.G. Silva-Júnior, S.T. Santaella, 
and L.V.C. Lotufo. 2011. “O Uso de Artemia Sp. 

Como Organismo-Teste Para Avaliação Da 
Toxicidade Das Águas Residuárias Do 

Beneficiamento Da Castanha de Caju Antes e Após 
Tratamento Em Reator Biológico Experimental.” 

Journal of the Brazilian Society of Ecotoxicology 6 

(1): 15–22. 

https://doi.org/10.5132/jbse.2011.01.003. 

Rajabi, Somayeh, Ali Ramazani, Mehrdad Hamidi, 
and Tahereh Naji. 2015. “Artemia Salina as a Model 

Organism in Toxicity Assessment of Nanoparticles.” 

DARU Journal of Pharmaceutical Sciences 23 (1): 

1–6. https://doi.org/10.1186/s40199-015-0105-x. 

Rocha, Julio Cesar, Ézio Sargentini Jr, Luiz Fabricio 
Fabrício Zara, André Henrique Rosa, Ademir dos 

Santos, and Peter Burba. 2003. “Reduction of 
Mercury (II) by Tropical River Humic Substances 

(Rio Negro) — Part II. Influence of Structural 

Features (Molecular Size, Aromaticity, Phenolic 
Groups, Organically Bound Sulfur).” Talanta 61: 

699–707. https://doi.org/10.1016/S0039-

9140(03)00351-5. 

Silva, Lenise L., Clarissa G. Heldwein, Luiz G. B. 

Reetz, Rosmari Hörner, Carlos a. Mallmann, and 
Berta M. Heinzmann. 2010. “Composição Química, 

Atividade Antibacteriana in Vitro e Toxicidade Em 
Artemia Salina Do Óleo Essencial Das 

Inflorescências de Ocimum Gratissimum L., 
Lamiaceae.” Revista Brasileira de Farmacognosia 

20 (5): 700–705. https://doi.org/10.1590/S0102-

695X2010005000010. 

Sorgeloos, Patrick. 1978. “The Use of Artemia Cysts 

in Aquaculture: The Concept of ‘Hatching 
Efficiency’ and Description of a New Method for 

Cyst Processing.” Proceedings of the Annual 
Meeting‐World Mariculture Society. 9: 715–21. 

Stephan, Charles E. 1977. “Methods for Calculating 

an LC.” In Aquatic Toxicology and Hazard 
Evaluation, 65–84. 100 Barr Harbor Drive, PO Box 

C700, West Conshohocken, PA 19428-2959: ASTM 

International. https://doi.org/10.1520/STP32389S. 

Stevenson, F. J. 1994. Humus Chemistry: Genesis, 
Compositon, Reactions. Edited by F. J. Stevenson. 
2nd ed. New York: John Wiley & Sons. 

https://www.wiley.com/en-
br/Humus+Chemistry:+Genesis,+Composition,+R



 

 

 

E60 

 

eactions,+2nd+Edition-p-9780471594741. 

Stumm, Werner, and James J. Morgan. 1995. 

Aquatic Chemistry: Chemical Equilibria and Rates 
in Natural Waters. Edited by Werner Stumm and 

James J. Morgan. 3rd ed. New York: Wily & Sons. 

Swift, R. S. 1989. “Molecular Weight, Size, Shape 
and Charpe Charecteristics of Humic Substances: 

Some Basic Consideration.” In Humic Substances 
II, edited by M. H. B. Hayes, Patrick MacCarthy, 

Ronald L. Malcolm, and R. S. Swift, 450–65. New 

York: John Wiley & Sons. 

Thurman, Earl M., and Ronald L. Malcolm. 1981. 

“Preparative Isolation of Aquatic Humic 
Substances.” Environmental Science and 
Technology 15 (4): 463–66. 

http://pubs.acs.org/doi/abs/10.1021/es00086a012 

Town, Raewyn M., and H Kipton J. Powell. 1992. 

“Elimination of Adsorption Effects in Gel 
Permeation Chromatography of Humic 

Substances.” Analytica Chimica Acta 256 (1): 81–
86. https://doi.org/10.1016/0003-2670(92)85330-

9. 

Väänänen, Kristiina, Matti T. Leppänen, XuePing 
Chen, and Jarkko Akkanen. 2018. “Metal 

Bioavailability in Ecological Risk Assessment of 
Freshwater Ecosystems: From Science to 

Environmental Management.” Ecotoxicology and 
Environmental Safety 147 (January): 430–46. 

https://doi.org/10.1016/J.ECOENV.2017.08.064. 

Vanhaecke, Paul, Guido Persoone, Christine Claus, 
and Patrick Sorgeloos. 1981. “Proposal for a Short-

Term Toxicity Test with Artemia Nauplii.” 
Ecotoxicology and Environmental Safety 5 (3): 

382–87. https://doi.org/10.1016/0147-

6513(81)90012-9. 

Watanabe, Cláudia Hitomi, Adnivia Santos Costa 

Monteiro, Erik Sartori Jeunon Gontijo, Vivian Silva 
Lira, Carolina de Castro Bueno, Nirmal Tej Kumar, 

Renata Fracácio, and André Henrique Rosa. 2017. 
“Toxicity Assessment of Arsenic and Cobalt in the 

Presence of Aquatic Humic Substances of Different 

Molecular Sizes.” Ecotoxicology and Environmental 
Safety 139 (May): 1–8. 

https://doi.org/10.1016/J.ECOENV.2017.01.018. 

Zhang, Ying, Tiantian Meng, Liu Shi, Xi Guo, 

Xiaohui Si, Ruixin Yang, and Xie Quan. 2019. “The 
Effects of Humic Acid on the Toxicity of Graphene 

Oxide to Scenedesmus Obliquus and Daphnia 

Magna.” Science of The Total Environment 649 
(February): 163–71. 

https://doi.org/10.1016/J.SCITOTENV.2018.08.28

0.

 


