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ABSTRACT

Soluble contaminant transport into groundwater fagsiiis one of the current practical
problems occuring not only in Vietham but also iany countries around the world. In this
paper, according to the main objective of estingatire ammonium (NJ) transport parameters
in soil and groundwater aquifer of Con Son IslanBistrict Con Dao, experiments with
conservative tracers (sodium chlorides) and ammmorghlorides solution had been carried out
on the Con Son soil columns. The transport parameiee estimated under supportting of
software Hydrus 1D using the inverse parametemasibn method. Results of the experiments
showed that dispersion coefficient, distributionefficient and mass transfer coefficient
characterized the ammonium transport process irCtdre Son soil and aquifers are compatible
with mechanical and physical properties of Con Smhmatrix and porous media.
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1. INTRODUCTION

Inorganic nitrogen in the form of ammonia (YHand the ammonium ion (NH is
recognized as one of the most common groundwat@aconants arising from waste disposal
activities, fertilizer use and contaminated lanf s a relatively mobile ion, NJ accordingly
would have the ability to spread rapidly and widelghe aquifers and contaminate groundwater
when it reaches into groundwater aquifers, esdgaialder supporting of rain and the favorable
hydro-geological conditions such as the sandy aciihallow aquifers... The impacts of NH
on groundwater resources in particular or wateousges in general are causing significant
consequences to environment and ecosystems. lkirdyinvater supplies, NA can reduce
disinfection efficiency, lead to nitrite formatioand cause taste and odour problems [2],'NH
itself is not directly toxic to humans and animdist when taking place in a living organism, its
conversion to nitrite N@ can damage cells and also morph into moleculésthese cancer and
various diseases such as methemoglobinemia (or bhlgy syndrome). Therefore, NYHis
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considered as one of the important criteria usedstess the level of groundwater pollution,
especially the aquifers pollution beneath the ldisdf

Being a distant islands with limited surface walee to the distance from the mainland,
groundwater exploitation and utilization is the tbelsoice of residents in Con Son Island, Con
Dao District, Ba Ria - Vung Tau Province. Howeu® increasing waste from domestic and
tourist activities, especially from the waste-latslfhave led to an urgent alarm in term of the
extremely high probability of transporting pollutidrom the surface to Pleistocen aquifer, the
major contain of groundwater for exploitation anghglying in Con Dao Island. Considering as
a special landfill, cemeteries may potentially @uysllution of groundwater due to the
contaminants derived from human corpses found soldied and gaseous organic compounds
and dissolved nitrogenous forms (particularly amiacal nitrogen) may migrate into the
underlying aquifers [3]. The degradation of humarpses normally takes 10-12 years and it is
estimated that over half of the contaminant loatihes within the first years and continue to
infiltrate through the soil to the groundwater dgrs in the next years. The time taken to flush
out contaminants from the burial to groundwater if@gsl is directly related to the soall
conditions, the effective rainfall and burial pieet(e.g. depth of burial and coffin construction)
[4].

Many models have been developed to simulate andigoréhe fate and transport of
contaminants such as ammonium transport. The raosbds models are based on convection-
dispersion equations and consider such mechanisntoraection, dispersion, sorption, and
degradation. The transport of solutes has been lwiseidied under field and laboratory
conditions in soil columns. The sorption and degtmth of ammonium are included in the
studies [5, 6].

The main objectives of this study were to simukatemonium transport in Con Son soil
columns with the HYDRUS-1D model under differenuaqus ammonium concentrations and
flow rates, to evaluate ammonium transport paramétesoil columns, including the dispersion
coefficient, distribution coefficient and mass ster coefficient for ammonium. The data used
in the case study were collected from soil columns.

2. THEORETICAL CONSIDERATIONS

Generally solute transport in soil was performedhwtihree mechanisms: mass flow,
molecular diffusion and hydrodynamic dispersion.n€ldering the effect of these three
processes in a non-steady state condition, thecakertD transport of a conservative tracer
(nonvolatile and non-degradable) in a porous mediha constant volumetric water content is
described by the convection—dispersion equatidii]as
aC(z,t) -v _ 0C(zt) 9%C(z,t)

e 8 X Ta TDX5 1)
whereR s the retardation factor, C(z,t) is the soluteasniration in the liquid phase (g émz
is depth (cm)t is time (s),v is the Darcy’s velocity (cm™, 6 is the volumetric water content
(cn® cmi®) and D is the hydrodynamic dispersion coefficient’(s’). The dispersion coefficient
D is given by:

R

D=2
)

whereA is the longitudinal dispersivity (cm).
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In order to better simulate solutes transport thhoporous media, it's necessary to take
into account physical and/or chemical non-equilibri processes [8]. The physical non-
equilibrium model assumes that the adsorption aveagurs in equilibrium, but the soil water is
divided into two parts, mobile and an immobile. Tdmemical non-equilibrium model (CNEM)
corresponds to a kinetic behaviour, because therpiiisn process takes time to reach
equilibrium between the concentration in the liqaitd solid phases. Two types of adsorption
sites are assumed to co-exist: type | sites argraxsto be in instantaneous equilibrium with the
concentration in the liquid phase, while type tesihave time-dependent kinetic adsorption [9],
[10].

Assuming that the solute degradation is negligithle transport equation for the two sites
non-equilibrium model becomes:

ac(zt) _ —vac(zt) %’czt) p _
= 2, +D 5,2 e“[(l F)K,C] 2

where F is the fraction of all sitesKy is the linear adsorption coefficient or distribatio

coefficient (cmg?) anda is the first-order rate coefficient or mass transtefficient ().

In this study, Hydrus 1D code was used to solveetgation (2) for ammonium transport
in Con Son soil columns. Hydrus 1D code has beaeldped by Simunek et al. [11] in U.S.
Salinity Laboratory and involves the numerical ol of Richard’'s equation for water flow,
the convection—dispersion equation for evaluatiolgte transport and heat movement through
the soil. Equations are solved by finite elementhmet This model can simulate solute transport
in saturated and unsaturated conditions and egsall parameters using inverse solution.

R

3. MATERIAL AND METHODS
3.1. Soil characterization

The soil samples were collected in the Con Soneyalhbout 1.8 km far from Con Dao
cemetery. Con Son soil samples were taken fromhdegitup to 75.3 m in the vicinity of Quang
Trung Lake in August 2016 (Fig. 1).

Con Son soil characteristics were analyzed andasel® by Southern Institute of Water
Resources Research, Vietnam in August 2016. Thésssandy with medium diameters: 11.7 %
of 1 + 0.5 mm, 43.5 % of 0.5 + 0.25 mm and with Brdeameters: 44.3 % of 0.25 = 0.1 mm,
0.5 % of 0.1 + 0.05 mm. The total organic carbo®C]) is low 0.36 % which indicated that this
soil is poor in organic matter. The initial ammamigoncentration of soil 0.15 mg / 100 g.

Figure 1. Soil sample location.

3.2. Column experiments
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The laboratory experiments are carried out in Con $oil columns. The columns which
has 9 cm diameter and 70 cm height were operatéhkimpflow mode (Fig. 2). Soil filled in
these columns were compacted homogeneously uathireg a soil bulk density of 1.5 g ém
which is equal to the field density. The soil mased for each single column was about 7.3 kg.
At the boundaries of the column, 5 cm of gravel wessin order to ensure the water drainage.
Each column was run from the lower boundary usingp AP3500 Lifetech with tap water,
conservative tracer and the influent containing amuamo.

E Sandy soil
B Gravel
= a0 | =
= = @ Pump
EE Valve
: (b)
@ a. Conservative tracer
b. Ammonium sclution

Figure 2. The experimental setup. (a) Setup Profile; (lys&lan.

At the beginning of the experiments, the tap watas injected at a very low flow rate for
24 h in order to have a fully saturated porous meédfterwards, conservative tracer, which is
the Chlorides anions (Glwas supplied at a concentration of 5.8 ydf sodium chloride (NaCl)
in order to determine the longitudinal dispersivify) and the hydrodynamic dispersion
coefficient (D) of Con Son soil matrix. These traassays were stopped when the measured Cl
concentrations at the outlet of the column becaqualeto the injected one. CI- concentrations
were determined by two methods: (1) using a calorapecific electrode (Windaus LF538) and
(2) by the titration solution AgN§0.0141 N.

At the end of each conservative tracer experinméptsoil in the column was leached with
tap water in order to remove the residual saliogysed by the tracer. This step was followed by
the ammonium adsorption experiments consistinguthebammonium concentrations progress
measure through the analysis of 100 mL aqueoudiaotusampled at different times by the
colorimetric method. The experiments were endednwifie outlet ammonium concentration
became equal to the inlet one indicating that @dloaption sites were saturated. During all the
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experiments, the pH and temperature were maintaitmttant at 7.8 and 30 + T,
respectively.

3.3. Ammonium experimental conditions
Condition 1: The change of aqueous ammonium concentrations

Six separate columns with respectively 4.84, 918656, 36.54, 79.82 and 102.88 m'@ L
of ammonium concentrations were used to assessfthent ammonium concentration effect on
Con Son soil adsorption capacity. These valuesnaide the ammonium concentration range of
urban wastewater discharge by Rach Ba -Vung Tatewaser treatment plant [15] and Ho Chi
Minh city wastewater treatment plants such as Gp Blauoc Hiep, Dong Thanh [16]. A flow
rate of 20 mL mift was maintained for each experiment, correspondirayDarcy’s velocity of
4.53 m day and a contact time of 10 hours.

The ammonium adsorption isotherm onto Con Sorvemdl then determined by fitting three
common models (Langmuir, Freundlich and linear)the curves relating the ammonium
adsorbed mass to the inlet aqueous concentratlm.atisorption process is best described by
the isotherm with the highest correlation coeffitidrz].

Condition 2: The change of flow rates

Three separate columns were used to assess tbeddftbe influent flow rate on Con Son
soil adsorption capacity. The used flow rates wexedfito 10, 20 and 35 mL min
corresponding to Darcy’s velocities of 2.26, 4.58 .80 m dayt, respectively. This range was
chosen based on the results of determination ofyDawelocities at different locations in Con
Son Valley [17]. The inlet ammonium concentratiomsywnaintained constant at 1002.88 rifg L

3.4. Calculation of ammonium adsor bed mass

The adsorbed ammonium massg(Mas calculated through the integration of thatre¢
concentration versus the relative volume colle@ethe outlet of the column. This integration
has been approximated using the trapeze method [5]:

Veor C Co wie
My = Co [y -dv = 2 XiZ5(Ci + Cip ) Vign = V) 3

where \; is the total volume measured at the outlet ofctiamn when the initial concentration
is reached at the outle€IC, =1), C, is the initial ammonium concentratiorG;, C;,, are the
ammonium concentrations at the moment i and i+sheetively.

4. RESULTSAND DISCUSSION
4.1. Conservativetracer experiment

After 150 min of contact time, the effluent chla®&l concentration of all four columns
became equal to the influent (data not shown). diierides breakthrough curve (BTC) was
almost symmetrical up to a value of/Cy equal to about 0.87 (Fig. 3), showing that immebil
water is not important for transport under the ulgdraulic conditions. Above this value, the
BTC shows a non-ideal flow pattern, which is likdlye to the two layers of gravel located at the
boundaries of the column. However, this behavidwutd have only a minor effect on the
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calculated dispersion coefficient. The paramete(Parcy’s flow velocity) and. (longitudinal
dispersivity) of the convection—dispersion modelreveptimized using Hydrus-1D inverse
method [11].

1 /. g o o oo
508
J
G /
15 0.6
8
G 0.4
(8]
c
S /

0.2 -
® Experimental data
0 Equilibrium model

0 0.5 1 1.5 2 2.5 3
Time, hour

Figure 3. Fitted and observed breakthrough curve of theemwasive tracer (chlorides) experiment
(Co-=5.8g LY T=30+2C, q=20ml mif).

The longitudinal dispersivit§ and the hydrodynamic dispersion coefficient D ohGmon
soil were estimated to 0.2 cm and 8.4C ¢th respectively. The small values found, indicates
that the used soil is a relatively homogeneous yonmedia. The comparison between the
experimental and predicted relative concentratgir@sved good concordance especially for the
values of G/Cylower than 0.87 with a correlation coefficient 3D(Fig. 3).

4.2. Ammonium experiments
The total ammonium amount sorbed on Con Son sdilixriaas been determined using the
equation (3). It varies from almost 1.37 mg/kg boat 24.32 mg/kg for respectively an agueous

ammonium concentration of 4.84 to 102.88 mg/l (€abl

Table 1. Ammonium sorbed concentration@volution versus the agueous ammonium conceoitrati

Co, mgl/l 4.84| 9.65 19.56 36.54 79.82 102)88
Cs, mg/kg 137 275 6.47 1041 18.74 24.32

These results show that the ammonium sorption @&se® proportionally to its aqueous
concentration. The linear model was found to bentlost appropriate to fit experimental data
and then to describe the ammonium adsorption psoseto Con Son soil (Fig. 4). Freundlich
and Langmuir models failed to fit the experimentatadand resulted in low correlation
coefficients. Taking into account the overall curves distribution coefficienty (or C/G rate)
value was estimated to be about 0.23 rilwgth a correlation coefficient of 0.9925. However,
this model seem to overestimate and underestimesteg little of the adsorbed ammonium
masses for the high aqueous concentrations (36%$42 and 102.88 mg™) and the low
aqueous concentrations (4.84; 9.65 and 19.56 Mgréspectively. In order to calibrate this
issue, two linear portions were distinguished. Titet one corresponded to the relatively low
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concentrations and the second to the higher ortes distribution coefficients and correlations
coefficients were determined to be 0.35 L& = 0.9962 and 0.21 mL'gR?= 0.9963 (Fig. 4).

o 30
4
>
E 25
@ All data
© 20 y =0.2265x
£ RZ=0.9925
§ 15 Second portion
2 y = 0.2075x
£ R2=0.9963
=10
c
o . .
£ 5 Frist portion
g y = 0.3508x ,
R? = 0.9962 ® Experimental data
0
0.00 20.00  40.00 60.00 80.00 100.00 120.00
Aqueous ammonium concentration, mg/I|

Figure 4. Equilibrium adsorption isotherm of ammonium ontonCSon soil (T =30 + 2C, g = 20 ml
!
min™).

The relatively low distribution coefficient obtainemnfirms that Con Son soil matrix
corresponds to a sandy soil lacking clay partidesl organic matter which are the most
responsible for ammonium adsorption. As statedll3y, K, increase with the soil clay fraction.
The results of transport parameters estimated luysylD are represented in Table 2.

Table 2. Predicted transport parameters for ammonium usi@g@quilibrium and 1 site chemical
non-equilibrium models in Hydrus-1D for differenitial aqueous ammonium concentrations.

c Equilibrium model 1 site chemical non-equilibriunodel

mal) | (cm) (1‘/<|gg) R (%) | 7 (cm) (1‘/<|gg) a@h)y | R )
4.84 0.2 0.35 93.81 0.2 0.35 1.00 (0.35) 99.17
9.65 0.2 0.35 89.28 0.2 0.27 2.82 (0.47) 99.44
19.56 0.2 0.35 91.53 0.2 0.35 5.20 (0.68) 98.27
36.54 0.2 0.21 93.89 0.2 0.21 5.43 (0.70) 98.90
79.82 0.2 0.21 82.61 0.2 0.21 6.77 (0.70) 99.17

102.88 0.2 0.21 76.61 0.2 0.21 7.19 (0.70) 98.85

The experimental breakthrough curves (BTCs), thedfiequilibrium (Eq. (1)) and the
chemical non-equilibrium (Eq. (2)) results are prded in Fig. 5a—f. All the BTCs simulated by
the equilibrium model appear after the experimeptads. In addition they have very steep
slopes analogous to the tracer’s, which differ smaursly from the experimental BTCs. So, the
equilibrium model could not simulate well the ammon adsorption process, predicting a faster
ammonium transport. Using the two-site chemical -equilibrium model shows that the
ammonium BTCs fit well with the experiment data. Petter simulate the experimental
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ammonium BTCs, the two-site chemical non-equilibriumodel requires two additional
parameters, the mass transfer coefficiahtafd the fraction (F) of sorption sites in equiliin
with the liquid-phase concentration [14]. The res@fiata not shown) returned very small value
of F (around 0.01). For this reason, the 1 sitarabal non-equilibrium model (F = 0) was used
in order to simulate the ammonium BTCs for diffédragueous ammonium concentrations and
the 2 site chemical non-equilibrium model was usedlifferent flow rates.
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Figure 5a, b, c. Fitted and observed breakthrough curves of ammotiansport experiments
(T =30 2°C; g=20 ml min-1).
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Figure 5d, e, f. Fitted and observed breakthrough curves of ammomtiansport experiments
(T=30%£2°C, g=20 ml min-1).

BTCs simulated by one site chemical non-equilibriumodel fit very well with the
experimental ones (Fig. 5), indicating that the amimm adsorption is chemical kinetic process
[9]. Compared with the fraction (F) of sorptionest the mass transfer coefficient) (
characterizes the adsorption kinetic process. Majbes of the mass transfer coefficients leads
to relatively fast equilibrium between ammoniumthe liquid and onto the solid phases, while
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low values lead to less adsorption [6]. It is oladhat the non-equilibrium model predicts well
the experimental BTCs without needing to fit theakpental distribution coefficients,.

The mass transfer rate coefficien} yaries from 1.00 to 7.19hfor aqueous ammonium
concentrations of 4.84 and 36.4 mg tespectively, indicating a limited mass transféthe
ammonium from the agueous solution to the soil ébr low concentrations.

The BTCs of ammonium obtained for the three apdlaa rates (10, 20 and 30 mL riin
are given by Fig. 6. Figure 6 showed an increasamuhonium adsorption onto Con Son soil
matrix with a decrease in flow rate and hence arease in the contact time (see Table 3). For
the three experiments, the correlation coefficieas Wwigher than 0.97 (see Table 4). He
values were proportional to contact time betweemamum and Con Son soil matrix. For
ammonium, a significant decrease in the mass tnasfefficient was observed as velocity
decreased.

Table 3. Ammonium sorbed concentrationg@volution versus flow rates (q) and contact t{ithe

g # const
g, ml/min 10 20 30
Cs, mg/kg 29.12 19.55 14.94
t # const and g = 10ml/min
t, min 60 120 180
Cs, mg/kg 0.11 3.80 11.70

Table 4. Predicted transport parameters for ammonium usie@ site chemical non-equilibrium
model in Hydrus-1D. for different flow rates and@nstant initial aqueous ammonium concentration.

Flow rate, 2 site chemical non-equilibrium model
mi/min | A (cm) | Kq (1/kg) a (1/h) F() | R (%)
10 0.2 0.29 1.02 (0.01 0.09 9751
20 0.2 0.19 2.34(1.04/ 0.01 99.27
30 0.2 0.15 2.89 (1.86 0.00 98.23
LA e R
o8 . W/ﬂ //,_..
2 -
6 |2 / ,/
g ¥ ,
Soa -/ ye
3 )/ ) ¢  Flow rate g=30ml/min
(.)0 2 ‘I
' rg 2 site CNEM with
0 _,’ g=30ml/min
0 2 4 6 8 10 12
Time, hour

Figure 6. Fitted and observed breakthrough curves of ammotiansport experiments for different
flow rates (T = 30 £ 2C, Gy nua+= 100 = 2 mgl/l).
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5. CONCLUSIONS

Based on the conservative tracer experiment$, (Ge longitudinal dispersivity and the
hydrodynamic dispersion coefficient D of Con Sor weire estimated to 0.2 cm and 8.40°¢m
! respectively. The small values found, indicatest the used soil is a relatively homogeneous
porous media. The ammonium BTCs for six aqueousearnations varying between 4.84 and
102.88 mg [* showed that the one site chemical non-equilibfuntesses played a major role
in the ammonium transport through Con Son soil ixalrhe two distribution coefficientky;
andKg, were determined to be 0.35 mt! with correlations coefficients’R= 0.9962 and 0.21
mL g with RZ = 0.9963. The mass transfer coefficientvas found to be dependent on the
ammonium agqueous concentration, it varied betwe® and 7.19 h for an ammonium
concentration of 4.84 and 102.88 mg tespectively. The flow rate through Con Son soil
column has an important role on ammonium adsorpfitre BTCs of ammonium obtained for
the three applied flow rates (10, 20 and 30 mLishowed that the amount of adsorbed
ammonium increases significantly and the mass easfefficient decreased when the contact
time in the column increased.

Based on the experimental and simulation resuligidd under the conditions of fine sand
with low TOC contents, it can be concluded thatah@monium attenuation in the groundwater
by Con Son soil matrix adsorption is very weak. eé&it is completely possible to applying the
in-situ treatment measures, comprising ammoniumifioétion and denitrification processes in
unsaturated/saturated zones in order to preventexiwce ammonium transport from Con Dao
cemetery to the underlying groundwater.
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