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ABSTRACT

In this study, two chronic toxicity tests were conducted to assess, in vitro, the toxicity effect of ammonium
hydroxide ‘AH’ on survival, growth, reproduction and cocoon hatching of Eisenia fetida worm. Adult
earthworms and cocoons were exposed to an increasing AH concentration (0, 0.05, 0.1, 0.5, 1 and 5mg.g-* of
soil). Mortality, growth, cocoon production and juveniles’ emerging were measured over 56 days to determine
LCso, ECs0, NOECs and LOECs values. Moreover, the percentage of hatching success and number of juveniles
emerging were recorded. For the first test, our results show that AH caused a high mortality rate, decrease of:
biomass, cocoon produced and hatchlings emerging trend with increasing of the AH concentration and
exposure time. The calculated LCs, after 28-d was 0.85 and 0.83mg.g-! after 56-d. Otherwise, the obtained
ECso for biomass changes after 28-d and 56-d were 1.64 and 0.82mg.g-%, indeed, the ECso of juveniles’
production was 0.82mg.g-%. The estimated NOEC value was similar for survival, growth and reproduction
(0.5mg.g-1). Otherwise, AH has a toxic character on E. fetida cocoon hatchability, the estimated NOEC value

of cocoon hatching success was 1mg.g-.
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List of Abbreviations

T: Temperature (°C)

AH: Ammonium Hydroxide

-d: Days

EC: Environment Canada

ECso:  Effect concentration at which 50% effect
(mortality, inhibition of growth, reproduction, etc) is
observed compared to the control box.

ISO: International Standardization Organization

LCso: Lethal concentration (The concentrations of the
chemical that kills 50% of the test animals during the
observation period).

LOEC: Lowest Observed Effect Concentration

NHs: Ammonia

NHs": Ammonium

NOEC: No Observed Effect Concentration

OECD: Organization for Economic Co-operation and
Development

pH: Potential of Hydrogen

INTRODUCTION

Soil is a dynamic and complex system functioning as
a habitat for microorganisms,
flora, edaphic invertebrates, animals and humans [1].
Edaphic invertebrates such as earthworms have the
potential to be a useful indicator of soil function and
quality as they influence and are influenced by the
physical and chemical properties of the soil [2].
Earthworms are a major component of the animal
biomass of terrestrial ecosystems where they play
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several biological roles; as food for other organisms,
interactions with plant roots and soil micro-organisms,
chemical and physical functions while they play a
crucial role in maintaining the structure and fertility of
soils recycling nutrients, increasing aeration and
drainage, eat and crush soil, mixing mineral layers and
organic compounds to produce soil crumbs [3;4]. The
ability of earthworms to perform these beneficial
functions in the soil can be inhibited upon exposure to
harmful substances like ammonia and ammonium
hydroxide AH.

Agricultural NH3; emission has become one of the
major air pollution problems in recent years.
Ammonia from animal wastes and fertilizers was
believed to constitute about 90% or more of the
anthropogenic NH3z emission [5]. According to [6],
ammonia in the atmosphere can be deposited to the
surface of the earth by either wet or dry deposition;
wet deposition is simply the uptake of ammonia into
precipitation. Ammonia deposition is responsible for
causing various negative environmental -effects:
eutrophication of nitrogen sensitive ecosystems and
acidification of soils, and cause loss of biodiversity
and other deleterious effects [7-9]. The atmospheric
concentration of ammonia (NHs) is often high in
countries with intensive agriculture and animal
husbandry [10]; consequently, the effects of its
deposits on soil organisms, (e.g., earthworms) are
more intensive in these areas. The ammonia deposition
in the soil is also increasing during the anarchic
spreading of poultry droppings which contributes to an
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additional supply of this pollutant [11], this last can be
more hazardous if agriculture didn’t respect the
storage period of poultry droppings. The ammonia is
highly water-soluble; and the dissolution of ammonia
gas NHs in water is called ammonium hydroxide (AH)
solution [12; 13]. According to [14] earthworms are
very sensitive to ammonia and cannot survive in
organic wastes containing high levels of this cation
(e.g., fresh poultry litter).

The need for protecting earthworms has become
inevitable. As a good indicator of soil quality,
earthworms were used as testing organisms by OECD
in the early 1980s [15]; they represent 60-80% of the
total soil animal/invertebrate biomass. Many
ecotoxicological studies have used earthworms as
biological models to assess potentially toxic materials
and chemicals in soils e.g.: [16; 17; 18; 19; 20; 21; 22;
11]. Furthermore, by having chemoreceptors in
the prostomium and sensory tubercles on their body
surface, they can provide a high sensitivity to
chemicals in soil [23]. According to [24], they are
useful to model organisms because many aspects of
their response to environmental perturbations can be
assessed and connected to environmental outcomes,
including their avoidance behaviour, growth rate,
enzyme activity level, mortality, and reproduction
patterns. They are a key indicator organism in acute
and chronic laboratory tests for the detection of side
effects of chemicals [25].

An acute toxicity test [26] has been used to determine
the concentrations of chemicals that cause specific
lethal and sub-lethal effects in the earthworm. [27]
found a reasonable correlation between the results of
acute toxicity tests and the effects observed in the
field, moreover, the adverse effect of sub-chronic or
chronic exposure is also important in ecological risk
assessments [28; 29]. Nevertheless, according to [30],
the use  of edaphic invertebrates in  acute
ecotoxicological tests has shown some disadvantages:
acute tests are not ecologically relevant when
compared to chronic ones, because they do not provide
insight into the effects on the population dynamics,
while chronic tests last too long and are very labour
intensive. Moreover, the endpoint of the earthworm
acute toxicity test is mortality. However, mortality is
unlikely to be either the most sensitive or ecologically
relevant parameter for predicting effects on field
populations. Reproductive and/or growth disturbances
are far more likely to mediate population effects. To
date, the growth and reproduction of earthworms have
been important endpoints used in environmental eco-
toxicity [31].

To our knowledge, little information regarding on
toxicity of ammonia solution (AH) to soil-living
organisms is available. Studies on AH toxicity have
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focused more on aquatic species and less on terrestrial
invertebrates in soils; like earthworms.

Our study is one of the first where the chronic toxicity
tests were adopted as the testing methods, in order to
assess the effect of ammonium hydroxide (AH) on
Eisenia fetida taxon from point of view: of survival
(mortality), growth (biomass change), reproduction
and cocoon hatchability. The main of this study is to
get a more comprehensive understanding of the toxic
effects of AH on earthworms and to provide
information and baseline data to be used in ecological
risk assessment on the soil ecosystem. In addition, this
work sheds light on the potential exposure to the
organic wastes containing high levels of this cation in
livestock areas (e.g., poultry droppings) and the effects
of potential exposure of earthworms to ammonia
generated from agriculture (poultry farming), which
return to the biosphere occurs through wet deposition
in the form of aerosols of NH4* into precipitation.

MATERIALS AND METHODS

Test Species

The tests were conducted with the earthworm Eisenia
fetida. It is frequently used as a biological monitor for
testing the effects of contaminants on soil biota, and it
is the test species recommended by the Organization
for Economic Co-operation and Development
(OECD) and International Standardization
Organization (ISO) [26, 32; 33; 34]. It is a prolific
species and its rearing in a laboratory setting is simple.
They were obtained from laboratory cultures
(laboratory of Animal Ecology, Mentouri Brothers
Constantine 1 University, Algeria), and kept at room
temperature (20 + 2°°). Earthworms were maintained
in plastic boxes (10 L) covered with perforated lids.
The culturing of earthworms in the laboratory was
done according to the guidelines specified by [32]. The
pH of the culture medium is adjusted to (6.0—7.0) with
CaCOs;. Earthworms are fed according to demand,
usually once a week, with wheat bran. The water
content of the soil was measured each week and the
moisture was adjusted to [35-40%] of the maximum
water-holding capacity by adding distilled water as
needed.

For the first test, only adult worms with well-
developed clitella (sexually mature) were used, they
were collected from synchronized cultures with
homogeneous age structures and were approximately
the same size and weighing between 250 and 600mg.
While cocoons with homogeneous sizes were used in
the second test and were collected just after the
cocoons laying by the adults.

Test Chemical

Ammonium hydroxide (NH4OH) refers to the basic
aqueous solution of ammonia gas, the solution used for
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this study contains near (30%) of this gas. The
ammonia in the solution reacts with water to produce
ammonium cations NHs* and OH" hydroxide anions in
equal amounts; the equilibrium between these two
forms is governed by a sensitive reaction to pH
changes [35]. The release of hydroxide OH" ions gives
the weak basic character of ammonia solution.
Toxicity test methods

Survival, growth and reproduction test

The reproduction tests with E. fetida were carried out
according to [36] guidelines with some modifications.
Before carrying out the experiment, adult animals of
similar size with a fully developed clitellum and an
individual fresh weight between 250 and 600mg were
preconditioned in the untreated soil before the dose-
response test, for a period of 7 day with a similar
condition of test (alimentation, lighting, temperature,
humidity). Afterwards, each group of 2 animals was
cleaned in water to remove soil particles, gently dried,
weighed, and placed into the test container. The total
numbers of adults were 120 earthworms distributed in
60 plastic containers. In each test container (19 x 14 x
6cm?®) 450g of soil were placed. The used soil is a
forest soil collected from the Ichemoul region
(35°18'00" N, 6°29' 00" E) in the region of Batna
(North-East of Algeria). It was used also for the second
bioassay (cocoon hatching test). The soil was air-dried
at 30 to 40°C, sieved through a 2 mm mesh, and stored
until use. The physicochemical characteristics of this
soil were: pH = 7.3, electric conductivity = 0. 22dS.m"
!, organic matter = 4.32%, total carbonates = 17.30 %,
total nitrogen = 4x10 % (NH3 2.5x10* % and NO;
5x1049%). In this study, the soil was taken to conduct
the soil test, is complemented with 30% of organic
compost, it was homogenized before its use in
experimentations.

In this test, control and five tests concentrations of AH
were used: 0, 0.05, 0.1, 0.5, 1 and 5 (mg.g™* of soil),
the experimentation was carried out under laboratory
conditions; hence, we have maintained a fixed rang
concentration of AH during the test.

The dispersion in the concentration range was made
for two main reasons (i) to determine the concentration
range that resulted in 0 and 100% mortality
respectively, these two values are sufficient to indicate
between which limit is the LCso, and (ii) to obtain the
ECso, NOEC and LOEC values. The test solution (AH)
was mixed thoroughly and homogeneously in the soil.
The controls were prepared similarly but only
moistened with deionized water and no-AH. Ten
replicates were used for each tested concentration and
the control.

The plastic containers were perforated at their base to
ensure the evacuation of excess water and loosely
covered with polypropylene lids, allowing an
exchange of air, and stored at 20 + 2°C with 80-85%
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relative humidity under 400-800 lux of constant light
with a 12:12-h light: dark photoperiod. In toxicity
tests, the water content was adjusted to 35% by the
addition of deionized water. During the test, organisms
were fed once a week, with 5g per box of wheat bran,
and the soil moisture content was weekly monitored
and adjusted whenever necessary.

Adult earthworms and the produced cocoons and
juveniles persisted in the soil until 56 days have been
completed. During this period, survival and biomass
(at 1% day, 28" day and 56"-day intervals after
treatment) were assessed. At the end of the test, living
earthworms were gently extracted from the soil by
hand sorting and were counted and then transferred to
a Petri dish for weighing. Worms shall be washed prior
to weighing (with distilled water) and the excess water
removed by placing the worms briefly on filter paper.
Any worms no found at this time are to be recorded as
dead and decomposed prior to the assessment; an
aliquot of the soil was taken for chemical analysis and
was examined for the presence of cocoons. The
remaining soil was wet sieved with a 2 mm mesh and
then with a 1 mm mesh, and the total number of
cocoon formations for each concentration was counted
on the mesh, moreover, juveniles from each test
container were counted and weighed. The number of
hatchlings produced per worm was calculated using
the following formula:

Number of hatchling produced per worm
_ Total number of hatchlings

Total number of worms

Moreover, other behaviour observations were noted
for the earthworms in each concentration. Likewise,
the mesocosms were monitored for moisture content
(MCQ), T°, pH and electrical conductivity (EC) before
and after the test.

Cocoon Hatching Test

This test was carried out in plastic bottles (6 cm
diameter and 4 cm height), with E. fetida cocoons
which were collected just after cocoons laying by the
adults and have a homogenous size. Five cocoons were
placed in each bottle. The bottles were perforated at
their base to ensure the evacuation of excess water and
were covered with a perforated lid. In total 18 bottles
were used, and to each bottle, 80 g of soil mixture and
compost were added, with the same AH
concentrations used for the first test. Each
concentration and the control were tested with three
replicates; the plastic bottles were maintained at 20 +
2°C with 80-85% relative humidity in the dark. The
water content was adjusted to 35% whenever
necessary.

After the 14™ to 28" day of incubation, the number of
remaining cocoons that did not hatch was counted
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every day and the number of juveniles emerging and
empty shells in each test container were also counted,
recorded and removed. The percentage of hatching
success and number of hatchlings emerging per
cocoon was calculated using the following formula:

Hatching success rate (%)

Number of cocoons hatched
= x 100

Total number of cocoons

Number of hatchling emerging per cocoon
_ Total number of hatchlings

Total number of cocoon

Statistical Analysis

In this paper we could not use parametric tests
(ANOVA and t-test) as our data were not normally
distributed, we, therefore, used instead of non-
parametric tests. Differences in mortality, biomass,
cocoon production, juvenile production and cocoon
hatching between treatments were assessed and
compared using the nonparametric Kruskal-Wallis H
test. NOECs (no observed effect concentration) and
LOECs (lowest observed effect concentration) values
were calculated by Kruskal-Wallis ANOVA followed
by post-hoc multiple comparisons between all
treatments [37]. The non-parametric Wilcoxon (2
samples) test for paired data was used to compare the
significance of the observed difference in the data
pertaining to the effect of the period of the experiment
on the growth, and mortality of the worms which were
recorded after 28 days and 56 days. Results with P
<0.05 (equivalent to 95% confidence) were
considered significant with all statistical significance.
A probit’s analysis was used to calculate the median
lethal concentration (LCso) with 95% confidence
intervals at 28 days and 56 days for the mortality
parameter. For the biomass (growth) and reproduction
(number of cocoons and juveniles), the median
effective concentration (ECsg) values and its 95%-
confidence limits were determined also with the probit
analysis method. All statistics were performed using
SPSS software (version 25).

RESULTS

Survival, Growth and Reproduction test

Effects on survival (earthworm mortality)

The difference in recorded survival rate after 28-d and
56-d is shown in (Fig. 1). Our results express a clear
concentration-dependent relationship. No mortality
occurred at 0, 0.05 and 0.1mg.g*AH concentrations
during the 28-d exposure period. However, after 56-d
mortality rate was 10%, 15% and 25%, at 0, 0.05 and
0.1mg.g*AH concentrations respectively with no
observed significant difference (p > 0.05). For
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(0.5mg.gY) AH concentration, the mortality increased
from 25% after 28-d to 35% after 56-d and no
significant difference from control was detected,
furthermore, it was increased from 55% to 70% for (1
mg.gt) AH concentration with significant difference
from 0, 0.05, 0.1 and 0.5 mg.g™* AH concentrations (p
< 0.05) after 28-d. However, high mortality was
recorded for earthworms inoculated in the highest
contaminated soil (5mg.g? of AH) in which all
earthworms remained on the soil surface and were
died with 100% mortality after 28" days which was a
significant  difference from the other AH
concentrations (p < 0.05) exception to 1 mg.g* AH
concentration.

e=fi==28th day === 56th day
120
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[
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0 0.05 0.1 0.5 1 5
Ammonium hydroxide concentration (mg.g?)

Fig. 1: The survival rate of Eisenia fetida in contaminated
soil with an increasing series of AH concentrations (mg)
after the 28™ day and 56™ day of survival, growth and
reproduction test. Each point represents the mean of ten
replicates, each comprising 2 worms at the start of the
experiment (i.e., 20 worms per treatment).

Very high significant differences were detected
between treatments (Kruskal-Wallis: H = 43.53, p <
0.001) after 4 weeks (28-d) of exposure to AH, and
after 8 weeks (56-d) among tested concentrations (H =
35.64, p <0.001) and period of exposure to AH (28 -d
and 56-d) from the first day (test Wilcoxon, p <0.001),
therefore the post-hoc of test Kruskal-Wallis showed
that the 28-d and 56-d NOEC and LOEC were 0.5 and
1mg.g?, respectively. Indeed, the 28-d LCsy was
0.85mg.g* and the 56-d LCsy was 0.83 mg.g*
respectively.

Effect on growth (earthworm fresh biomass
change)

Dose-response relationships for the effect of AH on E.
fetida fresh biomass change are presented in (Fig. 2).
The average fresh biomass of the tested earthworms
for all concentrations is (770 = 106mg), (787+ 189mg)
and (673 = 269mg) on the first day, after 28-d and 56-
d, respectively. Our results highlight a progressive
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increase in earthworms’ biomass after 28-d and a
significant reduction in earthworms’ biomass after 56-
d for control and all concentrations with a very highly
significant difference from the first day and the last
day (test Wilcoxon, p <0.001) and a highly significant
difference (p = 0.002) between 28-d and 56-d of
experimentation, thus earthworm body weight change
and their responses to AH appeared at the end of the
toxicity tests.

1200

@ 1st day 128thday  E56th day

1000

800 -

600 -

Average biomass (mg)

0 0.05 0.1 0.5 1 5
Ammonium hydroxide concentration (mg.g?)

Fig. 2: Changes in fresh weights (biomass) of Eisenia fetida
in contaminated soil with an increasing series of AH
concentrations (mg) before the test, after the 28" day and
56™ day of survival, growth and reproduction test. Each
histogram represents the mean of ten replicates, each
comprising 2 worms at the start of the experiment (i.e. 20
worms per treatment).

Control worms and those on the lowest concentration
of AH (0.05 and 0.1mg.g™) had slightly increased in
weights after 4 weeks (28-d). However, in subsequent
weeks their weights decreased with a less significant
difference (p > 0.05). In fact, the effect of AH
concentrations on tested earthworms’ biomass resulted
in the maximum reduction in weights at the highest
concentrations of AH (0.5 and 1mg.g*) between the 1%
day and 28-d of exposure, and after 56-d compared to
control and (0.05 and 0.1mg.g) concentrations. A
significant difference was detected between 1mg.g*
and control after 56-d (p <0.05). Biomass change data
for 5mg.g* AH is not shown as to the absence of
worms survived, consequently, a significant difference
was found (p <0.05) between the average weights of
worms at 0, 0.05 and 0.1mg.g* AH treatments and
5mg.gt.

Indeed, the Kruskal-Wallis H test revealed a very
highly significant concentration effect (H = 34.36, p <
0.001) after 28-d and (H= 31.84, p < 0.001 ) after 56-
d of exposure to AH, and the post-hoc multiple
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comparisons between all treatments shows that the
obtained values of NOEC and LOEC for earthworms
fresh biomass change after 28-d were (1 mg.g** and
5mg.gY) and (0.5mg.g* and 1mg.g™?) after 56-d. The
obtained values of (ECsp) for the AH effects on adults’
biomass change, after 28-d and 56-d, were 1.68mg.g™*
and 0.82mg.g " respectively.

Effect of AH on reproduction

Effect on juvenile production (total number and fresh
biomasses)

Results of the total number of juveniles produced and
associated biomasses are presented in Figs. 3 and 4.
For the control experiments, the total number of
produced juveniles was 119 juveniles (approximately
12 juveniles per replicate) with average biomass of
130 £ 76mg. Results indicate that AH was less toxic
to earthworms’ reproduction at 0.05 and 0.1 AH
concentrations with a slight decrease in the number of
juveniles 67 and 55 respectively as per their biomasses
and more toxic at 0.5mg.g? and 1mg.g! AH
concentrations with 27 and 17 of produced juveniles
respectively. Nevertheless, the toxicity was higher at

5mg.g? AH concentration where all adults
earthworms died (O juveniles).
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Fig. 3: Variation in the total number of cocoons and
juveniles produced by adults earthworms of Eisenia fetida in
contaminated soil with an increasing series of AH
concentrations (mg) after the 56 day of survival, growth
and reproduction test. Each point represents the mean of
cocoons and juveniles production from ten replicates for
each concentration.

Kruskal-Wallis H test revealed that the total number of
produced juveniles and their biomass after 56-d were
very highly significant differences between treatments
(H=24.06, p <0.001) and (H= p < 0.001) respectively,
and the post-hoc multiple comparisons found a
significant difference (p < 0.05) between controls and
(1 and 5mg.g*) AH concentration. Thus, the obtained
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values of NOEC and LOEC were (0.5mg.g* and 1
mg.g). Indeed, the obtained value of ECsy was
0.82mg.g~.

Number of juveniles per worm

Results revealed that the estimated number of
produced juveniles per worm decreased with
increasing AH concentrations (Fig. 3), and very highly
significant differences were found between treatments
in the average numbers of juveniles per worm (H=
24.60, p < 0.001). The post-hoc multiple comparisons
show that the juvenile production at 1 and 5mg.g™* AH
concentrations were significantly different from the
control (p < 0.05). The estimated average number of
juveniles per worm in control was approximately 6
juveniles per worm; however it was 3 and 2 juveniles
for 0.05mg.g* and 0.1 mg.g* AH concentrations, and
approximately 1 juvenile for the AH concentrations
(0.5mg.g* and 1mg.g?). Otherwise, the number of
juveniles per worm was 0 for the highest AH
concentration of 5mg.g* as all the adults earthworms
died.
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Fig. 4: Variation in fresh weights (biomass) of juveniles’
earthworms of Eisenia fetida produced by adults after the
561 day of survival, growth and reproduction test in soil
contaminated with an increasing series of AH concentrations
(mg). Each histogram represents the mean fresh weight of
juveniles produced in each concentration.

Effect on cocoon production.

The concentration-response relationship was also
demonstrated in the form of cocoon production. The
number of produced cocoons in the last days of the test
(56 day) is presented in Fig.3. Results revealed that
the number of cocoons formation at the end of the test
decreased with the increase of ammonium hydroxide
concentrations. The total number of cocoons per 10
earthworms varied from 2 to 25 cocoons. The
maximum cocoons occurred at the controls boxes, and
the lowest was observed in 1 mg.g* AH concentration.
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No cocoon formation was recorded at the highest AH
concentration (5mg.g™).

A very high significant difference was obtained for the
total number of cocoons produced at all AH
concentrations (H= 36.99, p < 0.001) and significant
differences were found between control and (1mg.g*
and 5mg.gY) treatments. Thus, the obtained LOEC
value was 1mg.g* and the NOEC cocoon production
value was 0.5mg.g’?, similar to the obtained NOEC of
mortality and body weights. The ECso value for AH
effect on cocoon production was 0.11mg.g™.
Observations on earthworms’ behaviour

In this test, some behavioural responses (reduction of
activity, reduction of movements) and physiological
symptoms (bleeding, burns) were observed on tested
earthworms’ E. fetida.

The tested earthworms placed in 0.5 and 1mg.g?
concentrations have difficulty withstanding the
presence of AH in the soil; therefore, it makes
responses like the migration towards the bottom
containers followed by the reduction of their activity.
Moreover, at the highest AH concentration (5mg.g™);
the earthworms initially exhibited avoidance
behaviours and were observed climbing the walls of
the container, and remaining on the soils surface.
Unexpectedly, most of the earthworms appeared to
have died after 24h due to the toxic effects of AH on
breathing with signs of burns observed on their corps.
Cocoon hatching test

Hatching success and number of juveniles
emerging per cocoon

Dose-response relationships for the effects of AH on
cocoon hatching of E. fetida under different test
concentrations are presented in Fig.5. The cocoon
hatching reached its maximum (80%) of success for
the control’s boxes; 30 juveniles emerging with an
average number of 2 juveniles emerging per cocoon.
According to [38], the number of young earthworms
hatching from each viable cocoon varies from 2.5 to
3.8 depending on temperature. Both AH test
concentrations of 0.05mg.g™* and 0.1mg.g™* were the
less toxic for cocoon hatching, with 67 % and 47%
hatching success rate and 22 juveniles emerging from
cocoons respectively, with an average number of 1.46
hatchlings juveniles per cocoon. However, both
concentrations of 0.5mg.g*and 1mg.g* of AH have a
negative impact on the cocoon viability with a
percentage of 13% and 20% hatching success and a
mean of 0.46 and 0.33 juveniles emerging per cocoon
respectively. No juveniles emerging with the highest
concentration of AH (5mg.g™).
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Fig. 5: Variation of cocoon hatching success rate, number of
juveniles emerging per cocoon and the total number of juveniles
emerging from all cocoons of Eisenia fetida placed in contaminated
soil with an increasing series of AH concentrations (mg) after 28"
days of cocoon hatching test. Each point represents the average
hatching success rate and juveniles emerging from three replicates
for each concentration

The number of cocoon hatching and juvenile emerging
from 15 cocoons at all AH concentrations was
significantly different between treatments (H=14.75, p
< 0.05) and (H= 16.04 p < 0.01) respectively. The
signification of the difference from the control was
obtained for 5mg.g? AH concentration ( p < 0.05).
Thus, for this test the obtained values of NOEC and
LOEC for hatching success and juveniles emerging
were (1mg.g* and 5mg.gt) respectively.

DISCUSSION
The objectives of this study were to investigate and
assess the potential toxicity of AH on

the Eisenia fetida worms through the chronic toxicity
tests (survival, growth and reproduction test) and
(cocoon hatching test) in order to provide informative
data for use in ecological risk assessment on soil
ecosystem and to protect the earthworms from
hazardous exposure to ammonia deposition generated
by poultry farming; which return on soil in the form of
aerosols of NH4* into precipitation and also potential
exposure to the organic wastes (poultry droppings)
contains high levels of this cation particularly in
poultry droppings storage areas.

Overall, we found in the present study negative effects
of AH (ammonia solution) were measured on E. fetida
earthworms (i.e., on mortality, growth and
reproduction). The AH effects were increased
progressively with increasing concentrations and
exposure time. Additionally, the obtained results
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upheld our expectation that cocoon hatching impacted
significantly AH concentrations.

According to [32], the chronic test was considered to
be valid if adult mortality was less than 10% in the
controls at the end of the test, which is similar to our
case in the first test. The obtained LCs after 56-d was
lower than LCs after 28-d (0.83 and 0.85mg.g*
respectively). Otherwise, it has been obtained in a
previous study conducted by [11] on the effect of AH
for the soil acute test, that the LCso value after 14-d
was 1.05mg.gl. Thus, the effect of AH on
earthworms’ mortality varied with exposure time, its
toxicity was considerably harmful after 8 weeks of
exposure compared to 2 and 4 exposure weeks.
According to [39], all earthworms are very sensitive to
ammonia and did not survive long in organic wastes
containing much ammonia (e.g., fresh poultry litter).
Laboratory experiments showed that both ammonia
and inorganic salts have a very sharp cut-off point
between being toxic and non-toxic i.e. < 0.5mg.g* of
ammonia and < 5 % salts for earthworms, in the
present study the 28-d and 56-d NOEC and LOEC
were 0.5 and 1mg.g%, respectively, which means that
the significant effect starts from 1mg.g* after 28-d of
exposure.

In a study conducted by [40], they have used
ammonium chloride (NH4CI) as a toxicant, and
ammonia (from NH4Cl) was measured by an ion-
selective electrode, and their results showed an
increase in the ammonia concentration with increasing
in NH4CIl and found a correlation between high
ammonia levels and high mortality. Significant
amounts of ammonia are being added to the soil
through microbial ammonification of dead worms, and
at higher pHs, the form of the toxic free ammoniais in
a greater proportion. Studies of [41], have shown that
ammonia NHs; is toxic and that ammonium NH.*
would not be toxic or that its effect would be
insignificant. Since the concentration of free ammonia
(NHs) in solution depends strongly on pH, the toxicity
of an effluent contaminated with ammonia is,
therefore, a function of the pH. The toxic-free
ammonia in the solution increases with increasing pH.
A simple way to reduce the ammonia toxicity of an
alkaline effluent would undoubtedly be to decrease its
pH.

Our results confirm that the exposure time and the AH
concentration affect the earthworms’ biomass; it
decreased with increasing AH concentrations. The
initial increase in weights of control worms, was 0.05
and 0.1mg.g”* AH concentrations were due probably
to ingestion of soil and organic matter (compost).
Although, worms were fed once a week during the test,
with 5 g per container of wheat bran and pre-exposed
to the soil for 7" days before being placed in the
treatment containers. After 56-days, it was reported
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that earthworms showed a dose-related biomass
reduction. The observed earthworms’ loss of weight
can be attributed to the lack of compost (organic
matter), and to the high level of AH which inhibits
earthworms to ingest soil, also to the mortality of
worms due to the AH effect. In a study conducted by
[11], it was obtained that earthworms showed a dose-
related biomass reduction after 14-d of exposure to
AH without food. Although this conclusion was based
on laboratory experiments, a similar earthworm’ loss
of weight can be expected from field systems. It is
most likely that ingestion of organic waste and soil by
earthworms stops when a critical level of ammonia
solution material appears.

According to [42], the compost temperature and
humidity are the most important environmental factors
affecting the growth and development of earthworms.
The proper humidity is 70 to 80% [43], which was
adjusted in our study. Otherwise, according to [44], the
E. fetida species is resistant to the changes in
environmental conditions and has a high alimentation
and reproduction rate. Ref. [14] proved that
earthworms did not survive long in organic wastes
containing much ammonia. However, organic wastes
containing large amounts of ammonia can become
acceptable after their removal after a period of
composting.

For the last parameter which is reproduction, it was
assessed on the last day of the experiment throw (total
number of juveniles produced and their biomass,
number of juveniles per earthworm and total number
of cocoons produced), our results showed that cocoons
and juveniles production were sensitive to AH
concentrations, the number of juveniles produced after
56 days and of cocoons produced at the last day was
significantly different between different treatments; 41
cocoons were collected in controls at the last day of
the experiment. According to [32], the test was
considered to be valid if at least 25 cocoons were
produced in the controls at the end of the test. [45],
recorded a production rate of 0.2 cocoons per worm
per week in worms not supplied with animal manure,
compared with the 1.2 to 2.0 cocoons per worm per
week in those supplied with food. Edwards’ studies in
animal wastes showed that the maximum reproduction
rate of E. fetida is 3.8 cocoons per adult worm per
week [42]. In this regard, [46] reported 0.35 cocoons
per adult worm per day. E. fetida produces 900 egg
capsules per worm per year [43]. Each worm of this
species produces an egg capsule every seven to ten
days and there are two to twenty eggs in each capsule
[47]. In our study, cocoon production after 56 days
was low in all AH concentrations due to the mortality
of adult earthworms resulting in insupportable
exposure to AH, moreover, the number of juveniles
produced and their biomass decreased with increasing
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AH concentration. What is more, results revealed that
the number of juveniles with all AH concentrations
was lower than controls, this significant reduction is
considered as a sign of a toxic effect of AH on the
reproductive success of earthworms and due probably
to the effect of AH on hatchability of produced
cocoons. This conclusion explains the need for such a
test to study the cocoon hatchability in presence of
AH.

Cocoons are tiny and roughly lemon-shaped with
specific characteristics; their mean size is 4.85 x 2.82
mm, containing the fertilized eggs. Cocoon laying
begins 48 hours after copulation, and the number of
cocoon production is between 0.35-and 0.5 per day.
Under optimal conditions, the hatching viability of E.
fetida cocoons is 73-80%, and the incubation period
which varies according to the earthworm species and
environmental conditions, ranges from 18 to 26 days
for this species. The number of young earthworms
hatching from each viable cocoon varies from 2.5 to
3.8 depending on temperature. If the conditions of
temperature and humidity are not favourable the
capsules remain [38; 3; 48]. In this study, the cocoon
hatching reached its maximum success for the control
bottles with 80% hatch success and an average of 2
hatchlings emerging per cocoon, what else, [49] found
96% for cocoons incubated on artificial soil, and a
mean value of 2.8 juveniles per cocoon using E. fetida
Andrei, in 1989 [45] obtained a higher mean value of
3.5 juveniles in controls using E. fetida Andrei which
were preconditioned for one week with 2% cow dung.
Both AH concentrations of 0.05mg.g-1 and 0.1 mg.g-
1 were the less toxic on cocoon hatchability. However,
both AH concentrations 0.5mg.g™* and 1 mg.g™* were
not favourable to the cocoon hatching. In the highest
AH concentration 5mg.g™* no juveniles emerged from
cocoons in all replication and all cocoons capsules
remained. It is concluded that the high concentrations
of AH in culture substrate preclude the cocoons
viabilities (i.e., the proportion from which juveniles
emerged).

CONCLUSION

In conclusion, the result of the present investigation
shows that a high concentration of Ammonium
hydroxide (AH) affected the survival, growth,
reproduction and cocoon hatching of the earthworms
E. fetida. For the all parameter assessed, the low AH
concentrations (0.05 and 0.1mg.g™) were less toxic on
worms and cocoons compared to other AH
concentrations, in adverse the higher AH
concentrations 1 and 5 mg.g* was the most toxic for
worms and cocoons. The 56 days' NOEC values for
the effect of AH on survival, growth and reproduction
were similar (0.5mg.g) and show that survival,
growth and reproduction are sensitive to AH,



HSE
|0/

Iranian Journal of Health, Safety & Environment, Vol.7, No.4, pp.1536-1546

otherwise, the obtained NOEC value for the effect of
AH on cocoon hatching rate and juvenile emerging
was higher to theses obtained for the first test (1mg.g?)
which indicate that survival, growth and reproduction
are more sensitive to AH than cocoon hatching
success. These obtained results can be used in
environmental impact assessment, and therefore,
provides important information on the ecological
relevance of these types of toxicity data for use in
ecological risk assessments or derivation of soil
quality standards, more precisely, in agriculture
regions well known by massive poultry husbandry and
spreading of poultry droppings in an anarchic way.
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