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Abstract

In the present study, a three-step experimental process was used
to treat the dairy cow farm wastewater (DCFW) from the Rami farm
in Balenda town, Barzan. The initial phase was sedimentation, which
was followed by coagulation using different concentrations of natural
Zeolite (Z) and Moringa oleifera seeds (MO). The final step was filtering
using physically processed rice straw (RS). Each stage evaluated
separately by determining removal percentages of pollutant, and the
entire process was then evaluated using the same method. Optimum
concentrations for each coagulant used were 0.7 g.500 ml~! for Z and
0.5 g.500ml-1 for MO, according the jar-test results. The maximum
removal efficiency for COD, BOD, TSS, TDS, EC, TN, and TOC was
obtained with 0.7 g.500 mi~! for Z during the coagulation process. On
the other hand, MO showed an improved removal efficiency for TP at
0.5 g.500 mI~! . According to the related results MO outperformed
the natural coagulant Z in the removal of phosphorus, while Z was
more effective in eliminating a broader range of organic and inorganic
pollutants. A comprehensive evaluation of the whole treatment system,
involving filtration using physically activated rice straw (RS), revealed
optimal removal performance when Z at 0.7 g.500 mI~! was employed
as the coagulant. Attained removal percentages were 75.91% for COD,
80.28 % for BOD, 79.86 % for TSS, 71.42 % for TDS, 68.74% for EC,
75.99% for TN, and 73.84 % TOC. Conversely, the specific combination
(0.5 g.500 mI~! MO + RS filtration) consistently yielded the highest TP
removal efficiencies of 72.59 %.

1. Introduction:

stock farming is one of the largest environmental concerns
in intensive management systems. Thus, a single unit with

The dairy industry is essential for the agrifood sector in
Kurdistan (Iraq), since the country has become self-sufficient
in milk production and cattle breeding has increased steadily,
intensive livestock farming must be expanded. Milk process-
ing is typically carried out using standard methods to ensure
high quality, but the amount of waste generated daily by live-
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a thousand animals in confinement may produce an ordinary
organic waste load of 750 kilograms per day[1],[2].

The water from the washing of confinement facilities that
contain urine and feces constitutes the majority of the wastew-
ater from the dairy cattle farm (DCFW). This water can mix
with surface water and have unfavorable environmental ef-
fects, such as the highest concentration of COD and BOD
and the depletion of dissolved oxygen (DO). Other pollutants
include phosphate (P), nitrogen (N), oil and grease, nutri-
ent enrichment, total dissolved solids (TDS), total suspended
solids (TSS), and unpleasant odors have increased [3], [4].
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Furthermore, untreated DCFW discharge into water bodies
may raise coliform concentrations, lowering the quality of
the water for irrigation and human usage [5]. Therefore, it is
essential for this particular type of wastewater to be treated
before being released into lakes and rivers.

Dairy waste waters are treated using several types of aer-
obic and anaerobic techniques, such as the anaerobic sludge
blanket (UASB), aerated lagoons, activated sludge process,
batch reactor sequencing, trickling filters, anaerobic filters,
etc. These methods continue to be costly, energy-intensive,
and produce an excessive quantity of sludge [6]). A further
option for treating DCFW is the physicochemical method,
which uses coagulation-flocculation units and dissolved air
flotation (DAF) to remove total suspended solids (TSS), col-
loids, turbidity, color, and lipids [7]. In wastewater treatment
systems, coagulation-flocculation is the most popular, eco-
nomical, and attractive new technology [8], especially be-
cause of its affordability and natural availability. Divalent,
positively charged chemical substances like ferric chloride
and aluminum sulfate are introduced during the conventional
coagulation process, which has an adverse effect on the envi-
ronment and human health. Toxic sludge, excessive chemical
residues, and illnesses from extended exposure are the most
common environmental impacts of using chemical coagulants
[9].

Making changes to natural coagulants can reduce the dam-
age to the environment and health hazards associated with the
usage of chemical coagulants [10]. Interestingly, natural co-
agulants are safe and mostly made from plants that are readily
and regularly accessible [11].

The use of natural coagulants as a practical substitute for
chemical coagulants in the treatment of water and wastewater
has been the subject of several recent works [12]. Accord-
ing to [13], Moringa oleifera seeds are regarded as one of
the most promising natural coagulants. As a member of the
Moringaceae family, Moringa oleifera flourishes in both tropi-
cal and dry environments [14]. Moringa oleifera seeds are a
natural, biodegradable coagulant that is safe for humans and
animals, according to several research [15]. The coagulant
made from Moringa oleifera seeds is effective at removing
heavy metals, turbidity, and microbes from water [16], as well
as softening water [17],[18].

zeolites are a class of microporous sodium or calcium
hydrated aluminosilicates that are created by joining oxygen
atoms in silica (SiO44-) and tetrahedral alumina (Al1O45-)
[19]. A wide range of applications, including absorbability,
water purification, coagulation activity, membrane separation,
and antimicrobial activities, have been made possible by the
fundamental properties of zeolites, such as their porosity and
structural diversity [20],[21], uniform pore size and shape,
cation mobility, and the hydrophilic and hydrophobic nature
of the absorbents and absorbates [21], [22]. Numerous indus-
trial, scientific, and environmental problems are still resolved

with zeolites today [23].

natural zeolites are hydrophilic, cheap, have a big specific
surface area, a significant ionic exchange capacity, and a struc-
ture with a lot of porous spaces [20]. Zeolites are classified
into two primary categories: natural and synthetic [21], [24].
Mordenite, clinoptilolite, and chabazite are among the sedi-
mentary and volcanic rocks that make up the bulk of natural
zeolites [25]. On the other hand, synthetic zeolites are made
by heating feldspar, soda ash, China clay, and other minerals
[25],[26].

Zeolites like clinoptilolite are now often utilized in indus-
trial production, wastewater treatment, grey water treatment,
and catalytic processes because of their internal and external
porosity [22]. Zeolites may be used to adsorb pollutants and
remove metal ions from wastewater, as well as to remove
contaminants, mainly ammonium, anions, phosphorus, and
heavy metals.

Many forms of rural waste, such as rice straw, wheat straw,
rice husks, maize straw, tree leaves, wood chips, and so on,
are agricultural byproducts. This rural waste matter is fre-
quently burned as a method of disposal, which is ecologically
damaging and harmful to the atmosphere [27]. To tackle this
issue, these waste products might be utilized in wastewater
treatment. In Asia, Rice is an essential staple grain, playing a
crucial role in regional food security. Across Southeast Asia,
rice stands as the predominant agricultural crop [28]. Over
time, rice production has grown quickly, which has also led to
arise in the amount of biomass known as ”waste” that is not
edible [29]. Following harvesting, non-grain material, known
as rice straw (RS), is separated from rice grain and remains
as an agricultural residue. Rice straw (RS) is a byproduct of
rice processing; it is mainly composed of 28-48% cellulose,
26.40% hemicelluloses, and 12.26% lignin; and is presented
as the cell wall structure, 12.26% ash, 2.18% wax, and 9%
silica [30]. RS is frequently used to increase soil fertility and
in animal feed. It is relevant and opportune to look into its use
as a natural adsorbent, given the volume of its production and
its inexpensive cost.

To the best of the authors’ knowledge, the comparison be-
tween the efficiency of Moringa oleifera seeds and zeolite,
as examples of natural coagulants, in DCFW treatment, fol-
lowed by filtration with physically treated rice straw, has not
been previously investigated. Therefore, this study aimed
mainly to assess the efficiency of using zeolites and Moringa
oleifera seeds as green and environmentally friendly agents in
the treatment of DCFW. Secondly, we wished to evaluate the
efficacy of treating DCFW using rice straw in combination
with zeolite and Moringa oleifera seeds.
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2. Materials and Methods:

2.1 Dairy Cattle Farm Wastewater (DCFW) Collection
and Characterization:

The DCFW used in this study was obtained from the
Rami farm located in the Balenda town, Barzan, Erbil, Iraq
(36.14080354670263N, 44.071224790323114E). DCFW sam-
ples were collected as grab samples from the drain present at
the slaughter hall discharge point, stored in 25 L polyvinyl
chloride (PVC) containers, and refrigerated at 40C. The char-
acteristics of the untreated DCFW used in this study are shown
in Table 2.1.

2.2 Pilot-Scale Treatment Setup:

In the present research, a lab-scale treatment system for
DCFW was designed, including three sequential stages:[1] a
sedimentation process for the elimination of suspended solids;
[2] a coagulation process using natural coagulants to reduce
suspended and dissolved solids, as well as (COD) and (BOD).
The natural coagulants employed included zeolites (Z) and
Moringa oleifera seeds (MO). These coagulants were applied
at varying concentrations and optimized through jar testing.
[3] The third treatment step involved natural filtration using
physically activated rice straw to further purify the effluent.
The goal of this multi-stage approach was to improve overall
treatment efficiency and comply with discharge standards.

2.3 Sedimentation Process:

Before the coagulation stages, a 10-liter volume of raw (DCFW)
has been subjected to a 24-hour sedimentation process. This
was performed by transferring the collected wastewater into
a 20-liter capacity plastic container. Samples were collected
both before and after the sedimentation period to investigate
the impact of such pre-treatment steps on key water quality
parameters, including COD, BOD, TSS, TDS, EC, TP, TN,
and TOC.

2.4 Optimization of Coagulant Concentrations Us-
ing Jar Testing:
As a natural coagulant, Sigma-Aldrich provided the natural
zeolite. To determine the optimal zeolite dosage, different
concentrations were evaluated. Moringa oleifera seeds were
procured from a local market in Erbil city. A practical method
for preparing the coagulant involves removing the hulls and
wings from the kernels; placing the crushed seeds in the oven
dry at a temperature of 105 oC for 7 h; grading the dried seeds
using a mortar and sieve within 710 sizes, and finally taking
Moringa seed powder [31]. The used dosages of (Z) and (MO)
are illustrated in Table 2. A standard jar test apparatus Figure
1 was used to assess the effectiveness of DCFW coagulation.
500 mL samples of homogenized DCFW were placed into
beakers, and initial water quality parameters (pH, COD, BOD,
TSS, TP, TN, EC, and TDS) were measured. The coagulation
experiments began with a rapid mixing phase (170 rpm, 3

Figure 1. Jar test used in the coagulation and filtration of
DCFW

min) to facilitate coagulant-colloid interactions, followed by
a slow flocculation phase (20 rpm, 20 min) to encourage floc
formation. After that, settling took place over 1 hour. After
settling, Samples were taken in triplicate from the top of each
beaker’s supernatant for investigation.

2.5 Filtration:

Rice straw (RS), provided from a local farm, which was
pre-treated by washing to get rid of contaminants, and then
oven-dried at 105°C. Physical activation was achieved by a
two-hour boiling in distilled water. After that, the RS was
subsequently drained, dried to a consistent weight at 105°C,
and safekeeping in desiccators [32]. Filtration columns were
constructed using plastic funnels (20 cm height, 5 cm diame-
ter), packed with the prepared RS to a depth of 20cm. For the
filtering step, the optimum coagulant dose was chosen based
on the maximal COD and BOD removal from the jar test. The
filtrate was collected and analyzed for residual pollutants.

2.6 Analytical Methods:

COD was measured using the closed reflux titrimetric
method [33]. BOD: determined using the 5-day BOD test
[33]. TSS is measured by filtering the sample through a pre-
weighed filter paper and drying at 105°C [33]. Turbidity
was measured using a turbidimeter (HACH 2100N). TN and
TP were analyzed using a spectrophotometer (HACH DR
6000) following standard methods [33]. All experiments were
conducted in triplicate, and the results were expressed as mean
+ standard deviation.

3. Results and Discussion:

3.1 Effect of sedimentation of DCFW:

Primary sedimentation is a fundamental physical treat-
ment method that doesn’t require chemical additions because
it relies on gravity. Because of this, the procedure is natu-
rally inexpensive and straightforward to run [34]. previous
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Table 1. The characteristics of the untreated DCFW before and after 24 hr. of settling.

Parameters Unit Untreated DCFW 24 hr. settled DCFW  Removal percentage%

pH 9.46 £ 0.51 8.75 £0.58 -

COD mgL~!  5350.00+312.25 4716.67+£104.08 11.84

BOD mg.L~! 3449.00£107.26 2133.45 £ 102.75 38.14

TSS mg.L~! 4900 + 164.58 1980.33 + 108.17 59.59

TDS mg.L~! 4497 + 81.73 4231 +100.50 592

EC uS.cm™! 7890 + 89.66 7043 +92.45 10.74
TP mg.L~! 193.95 + 20.60 170.35 £ 18.27 12.17

TN mg.L~! 598.74 +28.58 574.06 £ 31.27 4.12

TOC mg.L~! 1158.57 £46.34 1033.45 £32.11 10.80

Table 2. Coagulants and their dosage.

Coagulant

Zeolite (Z) Moringa oleifera

seeds (MO)
03 0.1
Coagulant dosage 0.4 0.2
(2.500ml~") 0.5 0.3
0.6 0.4
0.7 0.5

studies, such as [35], frequently used pre-settled or diluted
dairy wastewater as their influent. Conversely, raw, untreated
DCFW was used in this experiment, which resulted in a
greater initial pollutant load. Untreated raw DCFW, which
showed high concentrations of contaminants, was subjected
to a 24-hour sedimentation period at room temperature be-
fore the application of coagulants. This pretreatment stage
led to a significant decrease in BOD from 3449.00 + 107.26
mg/L to 2133.45 £ 102.75 mg/L, corresponding to a 38.14%
removal efficiency. This is due removal of settleable organic
matter and the reduction of suspended solids. The observed
BOD removal percentage in this study is approximately the
same as that reported by [36]. Concurrently, COD and TSS
were reduced by 11.84% and 59.59%, respectively. The high-
est contamination boundary limits decreased after a 24-hour
primary sedimentation period. However, the subsequent in-
vestigation showed that COD, BOD, and suspended solids
concentrations remained significantly high. Analysis of the
effluent characteristics after the 24-hour sedimentation period
showed higher levels of organic COD and BOD. Interestingly,
the settled effluent’s BOD/COD ratio was found to be 0.4. The
wastewater is moderately biodegradable based on this ratio,

which indicates that biological treatment can be achieved, but
is insufficient on its own [37]. On the other hand, there was
little nutrient loss throughout the 24-hour main sedimentation
phase. This can be noted by the removal of TP (12.17%), TN
(4.12%), and TOC (10.8%).

3.2 Effect of the Coagulation Process :

Zeolite (Z) and Moringa oleifera seed (MO) powder were
applied in coagulation studies to assess the removal effective-
ness of utilized coagulants in DCFW treatment. A traditional
jar test apparatus was employed to investigate how various
coagulant concentrations affected the effectiveness of pollu-
tion removal. Different Z and MO concentrations were used
in two different sets of experiments. Comparing their removal
performances and figuring out the ideal coagulant dose were
the main goals of these investigations. (Z) coagulation was
performed on DCFW samples at doses of 0.3, 0.4, 0.5, 0.6,
and 0.7 g/500mL once they had settled for 24 hours. Increas-
ing Z dosages correlated with increased pollutant removal
efficiencies. Optimal removal was observed at 0.7 g.500ml !,
achieving the following percentages: COD (68.90%), BOD
(64.92%), TSS (39.38%), TDS (66.75%), and EC (61.95%)
Figure ??. The TN and TOC removal percentage of the sam-
ple showed the highest removal efficiency of 72.95%, 62.98%
at 0.7 g.500ml~!, respectively, while the best removal per-
centage for TP was 33.23% recorded at 0.6 g.500ml~! Figure
3.this is due to low effinity of coagulant for phosphate ions.
However, beyond this concentration, the removal rate may
plateau or even decline slightly due to particle aggregation,
which lowers surface area, or saturation of active sites. When
comparing the results with those from previous investiga-
tions [38], achieved higher removal percentages, which are
marginally greater than those currently achieved using the
electrocoagulation-adsorption integrated treatment process
using zeolite. The optimal removal efficiencies for several
wastewater characteristics using MO are shown in Figure 4
and Figure 5. The greatest removal efficiencies that were
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Figure 2. Removal Efficiencies of COD, BOD, TSS, TDS
and EC from DCFW by Coagulation Using Zeolite.
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Figure 3. Removal Efficiencies of TP, TN and TOC from
DCFW by Coagulation Using Zeolite.

recorded were 50.53%, 32.50%, 60.99%, 62.66%, 65.27%,
43.00% and 52.32% for COD, BOD, TDS, EC, TP, TN, and
TOC. These optimal removal rates were consistently obtained
at 0.5 g/500ml. However, distinct optimal MO dosages for
TSS removal were 33.37% at 0.4 g.500ml~'. MO demon-
strated superior removal efficiency (65.27%) compared to
Zeolite (33.23%) for TP, likely attributable to the reason that
when MO was applied as a coagulant at a concentration of 0.5
2.500ml~!. The cationic proteins found in MO seeds function
as chemical coagulants, neutralizing negatively charged parti-
cles (such as phosphate ions) and facilitating them to clump
together for extraction [39].

3.3 Assessment of Filtration Efficiency Using Physi-

cally Activated RS.

Coagulant concentrations of 0.7 g.500ml~! for Z and
0.5 g.500ml~'for MO were chosen as influents for the suc-
ceeding rice physically activated rice straw filtration process.
These particular dosages represent the optimal Concentra-
tion determined in a prior experimental stage, for the highest
removal efficiencies of BOD, COD, and TSS for both coagu-
lants. Figure 6 presents data showing the observed removal
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<] BT55
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o L= mEC
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Figure 4. Removal Efficiencies of COD, BOD, TSS, TDS,
and EC from DCFW by Coagulation Using MO.
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Figure 5. Removal Efficiencies of TP, TN, and TOC from
DCFW by Coagulation Using MO
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Figure 6. Rice straw filtration process removal efficiency of
wastewater (0.7 g.500ml~! Z and 0.5 g.500mI~'MO)
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Figure 7. The removal efficiency of treated wastewater (0.7
2.500ml~! Z and 0.5 g.500ml~' MO)

efficiencies for various parameters achieved by the RS filtra-
tion step when Z was applied as a coagulant at a concentration
of 0.7 g.500ml~!. Specifically, removal efficiencies were
12.14% for COD, 9.10% for BOD, 17.79% for TSS, 8.62%
for TDS, 7.43% for TN, and 10.97% for TP. RS filtration
showed the highest removal for TOC with 20.76%. TOC
is made up of several organic molecules. A specific larger
surface area of RS provides more sites for adsorption, which
allows these molecules to bind to, leading to higher removal
efficiency. Physically activated process dramatically increases
the specific surface area and pore volume of RS (29,40). The
results illustrated in the Figures denote that the highest re-
moval efficiencies achieved using RS were 29.06% for COD,
30.79% for BOD, TSS (17.68%), and TOC (17.72%) at a
dosage of 0.5 g.500ml~! of Moringa oleifera (MO). An as-
sessment of the current DCFW treatment system, employing
two different natural coagulants, was conducted by evaluating
the removal percentages of the whole system’s parameters
(all three steps). Figure 7 summarizes these data, providing a
direct comparison of the efficiencies achieved by natural coag-
ulants and RS. Among the used coagulants, zeolite, a natural
coagulant, exhibited superior removal efficiencies for COD
(75.91%), BOD (80.28), TSS (79.86%), TDS (71.42%), TN
(75.99%) and TOC (73.84%) when applied at a concentration
of 0.7 g/500ml and filtered by RS (Table 3. Throughout all
three stages of the system, the MO and RS showed notable
removal of TP, achieving a removal efficiency of 72.59% at an
MO concentration of 0.5 g.500ml~!. This efficiency greatly
surpassed that of the Z+RS system, which yielded only a
47.23% TP removal and a Z concentration of 0.7 g.500ml~!
within pH 7.87. Despite the pilot-scale treatment process’s
proven ability to significantly reduce pollutants in the DCFW
treatment system, the resultant treated cattle farm wastewater
(DCFW) is persistently not able to satisfy the recommended
regulatory discharge requirements across all evaluated pa-
rameters. This is due to the extremely high initial pollutant
load of wastewater, because if the initial concentration is very
high, the “residual” concentration may still be higher than

discharge limitations even if a treatment method achieves a
high percentage clearance.

4. Conclusions :

The present investigation evaluated a dairy cattle farm wastew-
ater (DCFW) integrated treatment system that involved pri-
mary pretreatment sedimentation, coagulation using natural
zeolite (Z) and Moringa oleifera seeds (MO) coagulants, fol-
lowed by filtration using physically activated rice straw (RS).
Preliminary 24-hour sedimentation proved to be a valuable
initial step, effectively reducing BOD and TSS. While show-
ing moderate reductions in COD, TP, and TOC. However,
this stage demonstrated limited efficacy in the removal of TN,
with only 4.12% and 5.92% for TDS. The BOD/COD ratio
of 0.4 after sedimentation showed that a large portion (60%)
of the remaining organic load would need physicochemical
rather than biological treatment. Coagulation played an essen-
tial role in improving pollutant removal. The coagulant and
target pollutant were shown to have unique optimal doses. A
Zeolite dose of 0.7 g.500ml-1 achieved the highest removal
efficiencies for COD, BOD, and TSS. Although a higher Z
dose of 0.7 2.500ml-1 was necessary for optimal removal of
TDS, EC, TN, and TOC, while TP removal peaked at 33.23%
with 0.6 g.500ml-1 Z. In the first coagulation steps, zeolite
at 0.6g/500ml continuously showed better performance for
physicochemical parameters. The system’s total efficiency
was further increased by the succeeding rice straw (RS) fil-
tering process, which used influents that had been pre-treated
with optimal coagulant concentrations. Interestingly, the RS
filtering stage produced significant removal efficiency across a
number of parameters when MO was utilized as the coagulant
at 0.5 g.500ml-1: 29.06% for COD, 30.79% for BOD, and
17.68% for TSS. While the RS filtering stage showed a sig-
nificant removal efficiency for TOC at 0.7 g.500ml-1 zeolite.
A comparative assessment of the entire system’s stages high-
lighted that the MO+RS combination achieved a significantly
higher TP removal efficiency of 72.59% (at 0.5 g/100mL MO),
outperforming the Z+RS system, which only achieved 47.23%
TP removal. In conclusion, the results show that a multi-stage
approach, combining preliminary sedimentation, optimized
natural, and physically activated RS filtration, offers a viable
and effective strategy for the treatment of dairy cattle farm
wastewater (DCFW). The selection of the right coagulant and
its dosage is essential for targeting certain pollutants, even
though the RS filtration step helps considerably in overall pol-
lutant reduction. Optimizing the integration of these phases
and investigating the system’s overall long-term performance
and economic feasibility could be the main areas of future
study.
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Table 3. The characteristics of the untreated and treated DCFW (0.7 g.500ml~! for Z and 0.5 g.500 m1~! for MO)

Treated Wastewater

Parameters DCFW
Z+RS Removal % MO+RS Removal %
pH 9.46 £0.51 8.13+0 .45 - 7.87 £0.35
COD (mg.L™") 5350.00 +£312.25 1288.55 + 143.54 75.91 1655.33 £ 105.23 69.06
BOD (mg.L™') 3449.00 + 107.26  680.25 + 94.31 80.28 996.67 +77.15 71.10
TSS (mg.L™ 1) 7890 + 89.66 986.88 + 82.42 79.86 1086.33 +92.61 77.83
TDS (mg.L~1) 4900 + 164.58 1285.45 + 80.25 7142 1526.67 £ 89.25 66.05
EC (uS.cm™!) 4497 £ 81.73 2466.67 £ 112.73 68.74 2480.34 £ 100.45 68.56
TP (mg.L™!)  4866.66 + 124.60 102.35 +19.43 47.23 53.17£12.32 72.59
TN (mg.L™!)  4789.15 +118.58 143.73 £ 33.62 75.99 298.71 £ 48.37 50.11
TOC (mg.L~1")  1158.57 +46.34 303.11 £41.22 73.84 465.42 +47.42 59.83
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