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The process of manufacturing OSB involves a pressing process that releases water and extractives from wood. This type
of water is known as process water and contains wood extractives, phenol/urea formaldehyde resins, terpenes, and other
organic compounds which increase the biological oxygen demand (BOD) and total suspended solids (TSS). In order to discharge this water, it must be treated to reach a regulated discharge levels for BOD and TSS. A 30 day laboratory study with
bioreactors filled with OSB process water and treated with air only, air plus fertilizer and air with fertilizer and duckweed
were conducted to evaluate the removal of BOD and TSS from this type process water. Three untreated controls were used
in this experiment. Significant reduction of BOD occurred for all treated replicates after 30 days. No significant differences
observed among treated samples. For TSS, again all treated treatments showed significant reduction but reactors treated
with only air showed the highest reduction of TSS. Bacterial population remained sufficient throughout this experiment.

Introduction
Treating wastewater is an important aspect for wood
processing plants. In recent years, the production of OSB
(Oriented Strand Board) and other materials such as Wafer
board (WB) worldwide has grown dramatically (over 50%)
[Steinwender et al., 2009]. These two are referred to as
flake boards because of their composition of being reconstituted wood panel products. OSB is manufactured
by obtaining strands and wood wafers taken from logs at
the plant and aligning each of the 3-5 layers, blended with
resin, in a perpendicular fashion to give OSB a far superior
flexible property unmatched in regular wafer boards [Steinwender et al., 2009]. These types of engineered boards are
commonly used for sheathing, single layer flooring, and
underlayment in light frame construction [EPA, 2003].
Trees have high water content, so the process of making OSB and other boards which involve pressing, results
in the water being released [Mangum, 2001]. The wastes
generated from the production of OSB type products includes wood, water, resins, waxes and organic compounds
such as terpenes, resin acids, phenol formaldehyde resins,
and other wood leachates [Diehl et al., 2003]. These are
all commonly combined with water to create a wastewa-

ter that must then be treated for proper discharge. The
amount of these wastes that remains in the water affects
the biological oxygen demand (BOD). The BOD will determine whether the wastewater can be properly discharged
[Diehl et al., 2003]. BOD will determine the degree of water
pollution and is the most important measurement taken
for treatment plants [Hach et al., 1997]. Because bacteria
within bodies of water will oxidize organic matter and will
consume oxygen faster than it is dissolved back in from
the air causing significant depletion of oxygen and it will
negatively affect the ecosystem of the river leading to a
high mortality rate of fish and other living organisms[Hach
et al., 1997]. This makes it an important factor to monitor
prior to release.
Current wastewater strategies to decrease BOD include
aerated ponds and bioreactors. These two techniques
incorporate air to help stimulate microbial breakdown. Filtration can also be used after coagulation and flocculation
treatment [Ali and Skreerishnan, 2001; Huang et al., 2004;
Pokhrel and Viraraghavan, 2004]. Although these processes do work, they tend to be costly as well as create a need
for disposal of the filter cakes and spent filtrate produced
from the process of coagulation and flocculation [Mangum,
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2001]. The use of aquatic plants is another process that
has been considered and experimented with as a way to
alleviate cost and disposal. There have been many positive results using aquatic plants to remove heavy metals in
addition to filtering the process water [Koner et al., 2003;
White, 2008; Masbaugh et al. 2005; Keith et al. 2006, Ran et
al. 2004]. One such positive treatment facility is in Columbus, MS at a local paper manufacturing facility that uses
three steps to successfully to treat wastewater. These steps
include a cooling pond which is fed into an aerated pond
that suspends solids, which is then fed to a cattail artificial
wetland that reduces BOD level before being discharged
[White, 2008]. In this study, the use of Common Duckweed
(Lemma gibba) will be explored to potentially help decrease BOD.
Objectives
Air sparging is a technique used to remediate wastewater,
and can be defined as introducing air beneath the surface of water to begin volatilization and biodegradation
[Hinchee, 1994]. The main objective with air sparging is
to provide oxygen which will trigger biological breakdown
processes [Hinchee, 1994]. In this experiment, air sparging
was used in order to provide oxygen for microbial breakdown of organic compounds and to determine that if it is
a reliable treatment technique to decrease BOD and TSS.
The use of fertilizer and Common Duckweed will also be
used to find their correlating effects on decreasing BOD
and total suspended solids (TSS).
Materials and Methods
Wastewater Characterization
The wastewater used in this study was obtained from an
engineered wood manufacturing plant in northeast Mississippi. The wastewater was untreated and contained resin,
a small amount of fertilizer and other organic compounds
present in wood extractives. The wastewater was plated on
day zero on nutrient agar to find a bacterial count. The total
counts can be found in table 1.
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Table 1. Bacterial counts, BOD, TSS and pH for samples.
Treatments

Bacterial
Counts
(colonies/ml)

BOD
(PPM)

Total Sus- pH
pended
Solids
(PPM)

C

3,633

240

847

6.78

A

3,800

240

847

6.78

AF

3,867

240

847

6.78

AFD

3,700

240

847

6.78

Note: Treatment ID refers to the treatment. C=Control,
A=Air, F=Fertilizer, D=Duckweed
Treatment Conditions
Twelve 4L bioreactors (tanks) were placed under a chemical ventilation hood where 1.5L of OSB wastewater was
randomly and evenly distributed among all of them. Tanks
were kept at room temperature. Environmental conditions
such as temperature, light, and aeration were controlled
to ensure proper homogeneity in the experiment. Samples
were taken from each tank for bacterial counts as well as
biological oxygen demand (BOD) and total suspended
solids (TSS) for day zero. Three tanks were just air sparged
(A). Three had the addition of air sparging and fertilizer
(AF), and the last three had air sparging, fertilizer, and the
addition of Common Duckweed (AFD). Three containers were set aside as a control with no treatment(C). Final
samples were taken after thirty days. Deionized water (DI)
was added to each tank daily for water loss (due to evaporation) to keep the initial water level.
Biological Oxygen Demand (BOD)
Biological Oxygen Demand (BOD) is the amount of oxygen present for utilization of bacteria to use when they
oxidize organic matter, measured in mg/L or parts per
million (ppm) [Hach, 1997]. This organic matter consists of
carbohydrates (cellulose, starch, sugars), proteins, resins,
petroleum hydrocarbons, etc. [Hach, 1997]. These accumulate in water during manufacturing processes and will
either dissolve or become suspended particulate matter.
BOD samples were run by an outside analytical laboratory
according to EPA Standard method 5210B [Clerceri et al.,
1998]. Two samples of the wastewater were taken on day
zero and sent to a lab to determine the amount of oxygen
required for the microbial decomposition of the organic
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matter in the wastewater. This procedure was incredibly
helpful for the monitoring of water quality and was useful
in the comparison to day thirty, in which it showed how
much oxygen was consumed by microorganisms and was
performed using the procedure as [Walker, 1992] describes.
Total Suspended Solids
Total suspended solids are an analytical method used to
determine concentrations of suspended solid-phase material [Gray et al., 2000]. It is important with water quality
because it indicates negative effects the water may have
on the ecosystem when discharged [Zhang et al., 2013].
Suspended solids are organic and inorganic materials
such as sediment, algae, metals, nutrients etc., with a grain
size larger than 2 µm suspended in water [Zhang et al.,
2013]. These suspended materials can change turbidity,
reduce dissolved oxygen, and harm wildlife [Zhang et al.,
2013]. Some of the suspended solids are natural from the
environment while others are the result of effluent water
from industrial activities such as making OSB wood. In this
experiment, samples of each treatment were taken and
filtered through filter paper using a funnel and vacuum. The
initial weights of the filter papers were taken and once dry
at 100C for eight hours, were reweighed again. The difference between the weights indicated the TSS found in the
treatment water.
pH Analysis
The pH of each sample was determined using an expandable Orion research ion analyzer. The initial pH of the
wastewater was tested and found to be 6.78 and reduced
slightly to 6.67 at day thirty. The procedure was followed as
Walker (1992) reported.
Bacterial Counts
As seen in Figure 1, bacterial counts were taken for each
treatment. All samples were plated on nutrient agar petri dishes and incubated for 48 at 27C hours and then
counted. Bacterial counts are important because they
help to understand the processes occurring in the water.
Higher levels of bacteria indicate higher rates of microbial
decomposition. Increased bacteria is healthy and good up
to a point with water and after that, it can become harmful
which is why bacteria counts are another important indication for the health of water. These comparative numbers

show which treatment is best when compared to day thirty
bacterial counts.
Statistical Analysis
A completely random design statistical analysis was performed using SAS where the means was separated and
used to compare treatments.
Results and Discussion
The initial identical samples revealed a BOD average of
240 mg/l. Final BOD for the control was an average of
138.33 mg/l while air was found to be 45 mg/l. Air plus
fertilizer was 49 mg/l and the air/fertilizer/duckweed was
75 mg/l. All treatment including controls showed a surprisingly significant decrease in the BOD (table 2 and figure
1). All treated samples had significantly lower BOD levels
than controls but no significant differences were observed
among treated samples. Initial pH was measured at 6.78
and final pH was found to be an average of 6.68 at the conclusion of the experiment showing no significant changes
for pH levels of any samples. Bacteria counts were also
taken at the beginning of the experiment as well as at the
conclusion of 30 days. Initial and final bacteria counts for
the control, were 3,633 colonies/ml and 6,833 col/ml, for
the air was 3,800 col/ml and 29,000 col/ml. For air and fertilizer were 11,600 col/ml and 79,666 col/ml. Last, air/fertilizer/duckweed was 3,700 col/ml and 127,166 col/ml (table 3
and figure 2). This shows that there was significant bacteria
available for all treatments. BOD showed to have the largest change from the initial tests with a substantial decrease
which could be due to the large release of VOC’s present
in the water (table 3, 4 and figure 2). A high increase in
bacteria count shows that there was a natural microbial
activity going on within the water and that the air/fertilizer/
duckweed had the highest increase in bacterial counts.
Total suspended solids were also taken after the 30 days
to get an understanding of the initial and final status of the
treated water. Day 0 results found the water to be at 847
mg/l. After 30 days, the control was 871 mg/l while the air
treatments were slightly lower at 696 mg/l. The air/fertilizer
treatments were 716 mg/l and the air/fertilizer/duckweed
was 740 mg/l. Although the results show that there wasn’t
a large difference in suspended solids throughout the
course of this study for treatments but sparging of air into
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processwater showed most significant change (table 4
and figure 7).
Table 2. Shows table of BOD averages of all treatments measured in mg/l and percent reduction.
C=Control, A=Air, AF= Air/Fertilizer, AFD=Air/Fertilizer/Duckweed
Treatments

Day 0

Day 30

% Reduction

Initial

240

-

-

C

240

138

42.5%

A

240

45

81.3%

AF

240

49

79.5%

AFD

240

75

68.8%

Table 3. Shows summarized bacterial counts (col/ml).
C=Control, A=Air, AF= Air/Fertilizer, AFD=Air/Fertilizer/Duckweed
Treatment

Day 0

Day 30

C

3,633

6,833

A

3,800

29,000

AF

3,867

79,667

AFD

3,700

127,167

Table 4. Total suspended solids in ppm. Initial= Day 0
control, C=Day 30 Control, A=Day 30 Air, AF=Day 30
Air/Fertilizer, AFD=Day 30 Air/Fertilizer/Duckweed.
Treatments

Day 0

Day 30

% Reduction

Initial

847

-

-

C

847

874

-3.1%

A

847

696

17.82%

AF

847

716

15.46%

AFD

847

740

12.63%

Conclusion
This study was designed to test the uses of air, fertilizer,
and duckweed and to examine their effects on the reduction of OSB process water. This study found that the process water with low initial bacteria counts and high BOD
can be treated to much lower levels. The process water was
reduced from about 240 mg/l to the lowest (air) 45 mg/l
which shows a significant change.
It was also determined that all treatments resulted in a
decrease in suspended solids and an increase in bacte-
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rial activity. Air proved to be the most effective at treating
the water with the lowest BOD and suspended solids. The
duckweed treatment was not as effective as the other two
showing higher BOD and TSS levels but surprisingly higher
number of colonies resulted. A higher suspended solids
and BOD levels for duckweed treatment was possibly due
to the increase in organic matter from dead plant tissues
and root exudates. Highest bacterial counts for duckweed,
far surpassing the other treatments was possibly due to
duckweed’s exudates providing extra nutrients for the
microbes. The addition of fertilizer showed an intermediate range of values when compared to the duckweed and
air. Overall, it was determined that the use of air by itself is
enough to reduce BOD significantly and should be considered a major part of any remediation on this type of process water.
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Figure 1. Shows distribution of BOD results. C=Control, A=Air, AF= Air/Fertilizer, AFD=Air/Fertilizer/
Duckweed.
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Figure 2. Distribution of bacterial counts. C=Control, A=Air, AF= Air/Fertilizer, AFD=Air/Fertilizer/
Duckweed.

Figure 3. Distribution of total suspended solids. C=Control, A=Air, AF= Air/Fertilizer, AFD=Air/Fertilizer/Duckweed.
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