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PRELIMINARY STUDIES OF THE LABORATORY
TREATMENT OF SOME UNDERGROUND WATERS

Thaaer Hamed ABED !, Daniela Simina STEFAN?, Mircea STEFAN?®

This paper presents preliminary studies on the removal of sulphide hydrogen,
ammonium and organic compounds from groundwater through aeration,
biodegradation and adsorption. Natural groundwater taken from a borehole located
in the Lehliu Gara area, Calarasi county, was used. The raw water was introduced
into an experimental laboratory installation, in three batches. The following
parameters were monitored: pH, conductivity, sulphides and sulphide hydrogen,
ammonium and total nitrogen, organic compounds, CCOMn, and dissolved oxygen.
The experimental laboratory facility was operated for a period of 72 days, when a
volume of 110,472 L was passed, during which 436.87 g of ammonium was removed
from the 558.49 g entered into the system. From the total amount, 114 g of ammonium
(20.4%) were removed by aeration and 436.9 g, i.e. 57.8% of ammonium, were
removed by microbiological processes. To remove sulphide hydrogen and ammonium
by aeration process, 63.47 m® of air, 3 L of quartz sand and a mass of approximately
5 kg were used.

Keywords: groundwater treatment, aeration, adsorption, biodegradation, sulphide
hydrogen, ammonium, and organic compounds

1. Introduction

The greatest challenge for water operators is the application of cheap and
efficient technologies that ensure the achievement of the specific parameters for
drinking water imposed by the new European legislation for drinking water
Directive 2020/2184/EC harmonized in Romanian legislation by Ordinance 7/2023
[1]. The classic technologies used in treatment plants are based on processes such
as desorption of dissolved gases, peroxidation of dissolved salts and organic
compounds, coagulation, flocculation, sedimentation, and filtration for the
removing of particles and disinfection to remove microorganisms [2, 3].

Pre-oxidation of reduced compounds like ammonia, sulphide hydrogen and
sulphides, is a particularly important step in the water treatment flow. The most
used oxidants are: Oz from air, Clz, ClIO2, Os, hypochlorite, KMnQOy, etc. Oxidation
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with chlorine compounds can result in toxic chlorinated compounds,
trihalomethanes, for which concentration limits have been imposed. Therefore,
changes are needed in the technological flows to limit the use of chlorine
compounds [4-7]. From the oxidation processes there can result in colloidal
particles that are removed from water by coagulation-flocculation processes, using
coagulants such as aluminium sulphate, ferric chloride, aluminium polychloride,
etc., and polyelectrolytes such as polyacrylonitrile. Filtration can be done on silica
sand, manganese greensand, iron sand, sand/anthracite, ceramic, etc. Activated
carbon, chlorination (for the destruction of bacteria, algae, and fungi in the
treatment plant), or ozonation are used to remove organic compounds [3, 8-14].

H>S has the unmistakable smell of spoiled eggs. The specific odour of water
containing H>S is felt at concentration values between 0.025 - 0.25 pg H2S/L. In
water, it is provided by natural and anthropic activities, by aerobic or anaerobic
degradation of organic and inorganic compounds with sulfur. Sulphide hydrogen
from water is a sum between many species like free sulphide that includes a
dissolved gas [H2S(g)] and it dissociated ions, bisulphide (HS") and sulphide (S%),
and complex sulphides as dissolved metal-sulphide complexes [15].

The presence of H2S in water is harmful to health when water is transported
in lead pipes because the lead sulphide formed is soluble and can determine lead
poisoning. Copper pipes can also be attacked by sulphides-containing waters. [16].

Sulphide hydrogen can be removed by aeration (gas transfer), and above the
carbon filters, by cascade aeration, and in concentrations lower than 1-2 mg/L by
spraying; in the same process, oxygen is simultaneously added to the water.[16]

NH4" cation is present in natural surface waters and wastewater. NH4"
concentrations of groundwater are low because it is absorbed by soil particles and
clays and does not spread easily through infiltration. NH4™ results from the
deamination reactions of nitrogen-containing organic compounds and from the
hydrolysis reaction of urea:

(NH2)2 CO + 2H20 —»> (NH4)2 COs

The presence of ammonium (NHs"- N) in water causes high levels of
chlorine required in the disinfection operation, which leads to the formation of
trihalomethanes or other organochlorine substances that have been proved to be
carcinogenic [17].

In the presence of oxygen, the organic substance can be decomposed
aerobically, resulting carbon dioxide and ammonia. 1.4 g of Oz is required for 1 g
of organic substance, producing 0.16 g of NH4*. For oxidation of 1 g of NH4*, 3.6
mg O2/mg NH4" are required. The oxidative process can occur in the presence of
oxygen directly or mediated of microorganisms. Simple filtration through quartz
sand contributes to the removal of iron and manganese, organic substances, and
ammonium by nitrification. By conventional rapid filtration, ammonium is
removed in concentrations of 2-3 mg/L. When raw water (usually groundwater) has
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ammonium in higher concentrations, double filtration with intermediate aeration is
a solution that gives good results [18-20].

This paper presents preliminary studies on the removal of hydrogen sulfide
ions, of ammonium and organic compounds from groundwater through aeration,
biodegradation, and adsorption. Natural groundwater taken from a borehole located
in the area of Lehliu Gara village, Calarasi county, was used. The raw water was
introduced into an experimental laboratory installation, in three batches.

2. Materials and methods

The raw water used in these studies was characterized by concentrations of
ammonium, sulphides and sulphide hydrogen parameters and organic compounds
having values above the maximum admissible limits. The values of maximum
admissible limits (MAL) for interest parameters are presented in Table 1.

Table 1
No. | Parameter MAL, RO MAL, MAL, MAL, MAL,
name Ordonance |2020/2184 USEPA |WHO Iraqi
7/2023 Directive (World Health | Legislation
Organization)
1 Conductivity | 2500 pS cm | 2500 pS cm™ 700 pS cm?
1
2 Iron 200 pg/L 200 pg/L - 300 pg/L 300 pg/L
3 Manganese 50 pg/L 50 pg/L - 0.1 pg/L 0.1 pg/L
4 Sulphides 100 pg/L - - - 0.1 pg/L
5 Ammonium 0.5 mg/L 0.3 mg/L - - 0.2 mg/L
6 Nitrate 50 ug/L 50 pg/L 10 ug/L 45 ug/L 50 pg/L
7 Nitrite 0.5 pg/L 0.5 pg/L 1 ug/L 3.2 ug/L 3 Mg/l
8 Oxidability 5 pg O2/L 5 ug O2/L - - 5 pg/ OJ/L
Permanganate
index
9 Sodium 200 pg/L 200 pg/L - - 200 pg/L
10 |pH 6.5<pH<9.5 |6.5<pH<9.5 |- - 6.5<pH< 8.5
11 | Sulphate 250 pg/L 250 pg/L - - 250 pg/L

In Fig. 1 the pilot installation used in the experiments was shown.
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Fig. 1. Water treatment laboratory installation

The raw water is stored in water tank 1, from which it is pumped by
peristaltic pump 2 into the aeration basin 3. The water supply flow in the aeration
basin is 6 I/hour. From the aeration basin, the water is pumped by pump 4 into filter
column 5. The water is filtered through the square sand column with a height of 550
mm and a diameter of 45 mm, where the sulfur formed by oxidation and
microbiological degradation processes take place. of compounds with sulfur and
nitrogen. Treated water is collected in basin 6. Air is pumped into the aeration basin
with pump 7. The flow of pumped air is measured with an air rotameter. The
pumped air flow rate is about 180 L/h. It was measured with the air rotameter 9.
The water in tank 6 is pumped with the pump 8' in the adsorption column with
active carbon 10. The treated water is collected in tank 11.

The initial characterization of the water was carried out during the treatment
process in the treatment laboratory installation through aeration and
microbiological degradation on a filtering layer of quartz sand. Samples were taken
at the entrance to the installation (called input), after the aeration basin (called
aeration), at the exit after the sand layer (called filtration), and after the adsorption
column (called output). The values were compared with the maximum admissible
limit value, MAL.

Parameters were determined as following: pH, using Janway pH-meter,
concentration of hydrogen sulfide and sulfides, using kits from HACH Langhe type
LCK — 032, ammonium content, using kits LCK-304, conductivity, using Janway
conductometer, nitrogen content with kits HACH Langhe LCK 339 and total
nitrogen with HACH Lange LCK238 Kkits, dissolved oxygen content using a
selective electrode method, using Janway oximeter. To determine the parameters
with kits, (was used) a Spectrophotometer DR3900 was used. To determine the
content of organic compounds, the concentration of oxygen produced from the
reaction between potassium permanganate in an acidic environment, CCOMn
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expressed as mg KMnOs/L or mg O./L was determined. The experimental
laboratory installation was operated for a period of 72 days. The experimental
results are presented in Figs. 2-19.

3. Results and discussion

The results obtained after water treatment in the pilot laboratory installation
for the first batch of water are presented in Figs. 2 - 7. The initial values of the pH
were below 8.5 and, as a consequence of the processes of oxidation and biological
degradation, it increased above 8.5, but not more than 8.75. These values are below
the admissible limit value of 9.5 imposed by the legislation in force.

The initial conductivity of the water sample was of 925 uS cm, and after
the start of the experiments, there was a decrease in conductivity, due to the
desorption of hydrogen sulfide. The conductivity at the exit from the biological
oxidation system decreased during the first 75 hours of operation, after which it
started to increase slightly. This phenomenon is correlated with the weak increase
in the concentration of organic compounds. The values are far below the maximum
admissible limit value of 2500 uS cm™.

The concentration of organic compounds is below the maximum admissible
limit. The concentration of dissolved oxygen in the underground water at the
entrance (to)/in the experimental installation is very low, close to zero, a few hours
after sampling, and increases as it sits in the laboratory. After aeration, the
concentration reaches values above 6 mg/L.

The ammonium ion concentration (initially) has initially values of 6 mg/L,
7 times higher than the maximum admissible limit, and gradually decreases to
values lower than the MLA after aeration, filtration, and adsorption, after more than
40 hours of operation. (to values lower than the MLA). From the analysis of Fig. 7,
it can be observed that there is a variation in the concentration of total nitrogen. It
proves that there is a loss of nitrogen in the system, which can be other than in the
form of ammonium during aeration and adsorption, or gaseous nitrogen after
filtration under the action of microorganisms.
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The results obtained after water treatment in the pilot laboratory installation
for the Second batch of water are presented in Figs. 8 - 13.

The values of the dissolved oxygen content increased in the aeration vessel,
reaching around 5 mg/L, which proves that the aeration is efficient, and decreased
at the exit from the microfiltration column, which shows that it is consumed in the
column, i.e. they take place oxidative redox processes.

The concentration values of organic compounds decreased from the entry
into the installation to the exit from the installation, the values are below the
permissible limit value of 5 mgO»/L for Batch 1 - well 1. Regarding Batch 2, the
concentration of organic compounds is higher than the maximum admissible limit
both at the entrance and at the exit, a fact which requires completing the installation
with an adsorption column for organic compounds. It can also be observed that the
CCOMn increases at the exit from the quartz sand column, due to the activity of the
microorganisms present at this level.

The total nitrogen concentration decreased from the level of the feed vessel
in the aeration installation, and slightly, at the level of the biological degradation
processes on quartz sand. A decrease in total nitrogen concentration at the exit from
the aeration installation is observed, a fact which can be explained by the partial
desorption of ammonia through aeration.

The initial concentration of sulphide hydrogen for both batches had values
around the permissible limit and fell below the maximum permissible limit (after)/
in the first days after the application of aeration.

Ammonium is a parameter that undergoes changes during the process. It is
observed that, after two weeks of continuous operation of the installation, values
below 0.5 mg/L are reached. This proves the effectiveness of the microbiological
layer that has developed on the sand grains. During the experiments, it was observed
that the sand layer became loose in the 4-5 days after the start of the experiments.
The nitrate concentration for the second batch (representative of the experiments
performed) increased from the entrance in the installation to the exit from the
installation. This proves the efficiency of the biological oxidation processes that
take place at the level of the microfiltration column. The nitrogen concentration at
the exit from the column does not exceed the maximum admissible limit value.

In conclusion, the aeration installation correlated with that of ammonium
oxidation proves to be efficient.
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The results obtained after water treatment in the pilot laboratory installation
for the Third batch of water are presented in Figs. 14 - 19. Work was carried out
over a period of 33 days, 8 hours a day. The initial pH values were above 7.5 and
below 8.7, and following the oxidation and biological degradation processes, it
increased above 8.5, but not more than 8.75. These values are below the admissible
limit values of 9.5 imposed by the legislation in force (see Fig. 19).

The initial conductivity was of 879 uS, after which it increased both in the
aeration basin and at the exit from the sand column, this phenomenon being
correlated with the weak increase in the concentration of organic compounds,
because of the activity of microorganisms (see Fig. 15).

The content of organic compounds in the water at the entrance and during
the experiment has values higher than the maximum admissible limit of 5 mg/L, as
it can be seen from Fig. 16. Fluctuations in the concentration at the entrance occur
(due to)/ because the fact that the water has a long period of stationary in the
laboratory, during which the physical-chemical characteristics are changing. A
decrease in concentration compared to the start of the experiment is observed when
the water has characteristics close to those existents at the exit from the natural
source. At the exit, sometimes the concentration of organic compounds is higher
than at the entrance, due to the synthesis of organic compounds by the
microorganisms developed on the sand column.
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The hydrogen sulphide concentration at the entrance in the laboratory
installation was of 40 mg/L (see Fig. 14). This particularly high concentration was
only partially removed in the first days of the experiment, reaching a concentration
of 18.5 mg/L after aeration, and 16.5 mg/L after the quartz sand column. The
aeration ensured dissolved oxygen concentrations in a range of 4-8 mg Oz /L, that
was not sufficient to ensure the removal of high concentrations of hydrogen
sulphide (see Fig. 17). As the water samples settled, hydrogen sulfide was desorbed,
and we found that, at initial concentrations of H>S and sulfides lower than 18 mg/L,
aeration became efficient and hydrogen sulfide was removed to values below the
LMA, of 0.1 mg /L. At very high concentrations of hydrogen sulphide, it is
recommended to use much higher concentrations of dissolved oxygen, in order to
have an efficient process.

The initial ammonium content was higher than the maximum admissible
limit, reaching over 10 mg/L at the entrance. During the processes, we observed a
decrease in the concentration of ammonium in the aeration basin, which proves that
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there is also a desorption of ammonia through aeration, and in the microbiological
degradation column with quartz sand, the removal of ammonia occurs at values
below the maximum admissible limit, of 0.5 mg/L. One can see in Fig. 18 that, after
12 days from the start of the process, the microbiological film becomes effective.
In order to better understand how the processes took place in the quartz sand
column, we must say that the installation did not work between the three bursts.
The reactivation of the microbiological activity was achieved after a few days, the
efficiency of the microbiological layer was better or worse, batch 1, where the
ammonium ion concentration was around 2 mg/L, the biofilm reached the required
efficiency after 1 day, for the second batch, where NH4* had a concentration of
around 5 mg/L, the biofilm reached the required efficiency after 5 days, and for a
concentration of 10 mg/L (Third batch), the biofilm became effective after 12 days.
This variation in efficiency can be compensated by increasing the aeration level.

6. Conclusions

Based on the experimental results carried out, it is possible to evaluate the
effective values of the desorption processes by aeration and microbiological
degradation during the ammonium ion removal process for Batches 1, 2 and 3. The
weight of the desorption processes by aeration varies between 0.1 and 50%, the
usual values vary in the range of 8-24%, with an average weight of 20.4%.
Microbiological degradation processes have a weight between 14-90%, the usual
weight being between 30-70%, and the average weight is of 57.80%.

The sulphide hydrogen and ammonia removal facility was operated for a
period of 72 days, when a volume of 110.472 L was passed, during which 436.87 g
of ammonium was removed from the 558.49 that entered the system. From the total
amount, 114 g of ammonium (20.4%) were removed by aeration, and 436.9 g, i.e.
57.8% of ammonium, were removed by microbiological processes. To remove
hydrogen sulphide and 114 g of ammonium by aeration, 63.47 m? of air, a volume
of 3 L of quartz sand and a mass of approximately 5 kg were used.
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