Copyright © 2017 American Scientific Publishers
All rights reserved
Printed in the United States of America

AMERICAN
SCIENTIFIC
PUBLISHERS

RESEARCH ARTICLE

Advanced Science Letters
Vol. 23, 11843-11847, 2017

The Effect of Detention Time and Plant Density to
the Effectivity of Constructed Wetland as
Wastewater Treatment Innovation in
Small Industry of Cassava Chips

Erina Rahmadyanti'-*, Andre Dwijanto Witjaksono?, and Ulil Hartono?

"Department of Civil Engineering, Universitas Negeri Surabaya, Surabaya 60231, Indonesia
2Department of Management, Universitas Negeri Surabaya, Surabaya 60231, Indonesia

The sustainable development issue provides an enormous effect on the survival of small industries, especially in
terms of waste treatment which is often discarded without any treatment processes beforehand. Cassava chips
industry is one of the small industries which grows due to the availability of excessive raw materials, meanwhile
this industry produces the wastewater. This study aims to determine and analyze the effect of plant density and
detention time of the effectivity of constructed wetland in treating wastewater produced by small industries of
cassava chips. The plants used were Typha latifollia L with density of 16, 20 plants, and 24 plants/m? and the
detention time of 0, 3, 5, 10, and 15 days. The parameter of wastewater pollutants observed were BOD, TSS,
NH;—N, Phosphate, and CN. Conclusions derived from the processing of cassava chips wastewater using sub-
surface constructed wetland with Typha latifollia L plants was significant effect on the interaction between plant
density and the detention time on the effectivity of sub-surface constructed wetland in the designated levels of
BOD, TSS, NH;—N, Phosphate, and CN in the wastewater of cassava chips using Typha latifollia L.

Keywords: Cassava Chips, Constructed Wetland, Small Industry, Wastewater.

1. INTRODUCTION

Small and medium enterprises are the backbone of the Indonesian
economy. It has role in producing, innovating and creating job
opportunities. However, in reality there are many limitations such
as knowledge, equipment, and capital come as obstacles.

These limitations cause the majority of small and medium
enterprises less or even unaware if their industrial activities pol-
lute the environment. The rapid growth of small and medium
enterprises in various economic sectors in Indonesia which has
similar characteristics causes the increase of environmental pol-
lution potentials.'

This condition becomes an important issue, especially in
global trade where SMEs must have good environmental perfor-
mance in order to compete in global market.> Reducing envi-
ronmental impacts by SMEs does not only mean to win the
global trades market but also become a key factor in succeeding
greener economy and sustainable development. Therefore, these
conditions require better environmental performance of SMEs in
controlling pollution by implementing simple and inexpensive
technology.’
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Food and beverage industries are one of the major contributors
for Indonesian economic growth, due to the availability of raw
materials. One of the raw materials widely used in food and bev-
erage industries is cassava. Cassava is able to be processed into
various products such as chips, flour, and starch.*> In producing
cassava into various products, water becomes an essential factor
used in various stages of production. Therefore, wastewater is
resulted as one of the main waste in this industry.®

Processing sub-surface constructed wetland method commonly
used in wastewater treatment in food industry is biological
treatment.” This method is difficult to be implemented by SMEs
because it requires skilled personnel and high cost. Constructed
wetland is a promising method especially for developing and
tropical countries, such as Indonesia. Constructed Wetland has
been used as green technology in treating various wastewater for
decades.® Aesthetically, constructed wetland seems like a garden
rather than conventional wastewater treatment unit. This system
emphasizes the use of local resources which is more environ-
mentally friendly than biological wastewater treatment unit. Con-
structed wetland has several characteristics namely: (1) natural
process; (2) simple construction design; (3) simple operation and
maintenance; (4) cost-effectiveness; and (5) local resources.’ '
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Constructed wetland can be used in primary, secondary and
tertiary treatment for domestic wastewater or settlements, agricul-
tural wastewater and industrial wastewater; and usually combined
with adequate pre-treatment.!! In addition, this system is possible
to treat in small quantities until large volume of waste water in
different levels and types of pollutants.'> There are previous stud-
ies mentioned that constructed wetland has potential in decreas-
ing level of cyanide and other pollutants.'> The effectiveness of
treatment using constructed wetland for domestic wastewater was
explained that the use of constructed wetlands with Phragmites
karka in Sumedang, Indonesia was able to decrease the content of
BODj into 98.94%; COD into 96.76%, PO,—P into 91.92%, total
of nitrogen into 53.71% and more than 98% of E. coli bacteria.'*
Another researcher stated that the constructed wetland is able
to decrease BODjy into 98%, COD into 95-99%, total N into
71-97%, and total P into 97-99%.'> Other researchers explained
that there was a decrease of pollutant parameters of BODs to
87-98%, COD to 59-91%, and SS to 77-99% by implementing
constructed wetland.'®

Based on the various results of the earlier studies, it was con-
cluded that the constructed wetland was an appropriate solu-
tion for wastewater treatment. Despite the extensive used of
constructed wetland for wastewater treatment, the sustainabil-
ity in successfully implementing and managing this system still
remains a challenge.'® This study aims to determine and to ana-
lyze the effect of plant density and detention time to the affec-
tivity of constructed wetland in wastewater treatment by small
industries cassava chips.

2. METHOD

2.1. Plants Used in Constructed Wetlands

Plants used in domestic and industrial wastewater treatment, were
cattails (Typha spp.), bulrushes (Scipus spp.), and reed canary-
grass (Phalaris arundinacea)."” This research used Typha latifo-
lia L. due to its availability in Indonesia. Typha latifolia L. was
planted 7 months in tropical climates before it was used in con-
structed wetlands.® It must be undergone, in order to make Typha
latifolia L. Be able to adjust from the stress which occurs during
the early plantation before it was flowed by wastewater on con-
structed wetland. In planting, periodical monitoring was needed
normally every week in order to oversee the growth, health, pest,
and rodents. Other plants which may grow along with Typha
latifolia L. should be eliminated. Typha latifolia L. populations
should be controlled according to the variables in this research
which were 16 plants/m?, 20 plants/m?, and 24 plants/m>. These
actions were taken to prevent overcrowding growth.

2.2. Structure of Constructed Wetland

Constructed wetland made in pilot scale with the surface area
A=1.4 m?, the effective depth & = 1.0 m, and an average
depth of liquid in a constructed wetland ko = 0.65 m. Further-
more Typha latifolia L. planted at a density of 16 plants/m?,
20 plants/m?, and 24 plants/m?. Plants planted on the media
of bed with a depth of 0.5 m with buds slightly open and
the water level set at 5 cm below the bed surface. Con-
structed wetland units filled with the substrate from the bot-
tom with 0:15 am thickness, the next gravel was 6 mm with
0:46 am thickness, and 0.3-0.5 mm sand-sized layer at the top
with 0:09 m thickness of. As part of the construction, before
filled by constructed wetland, media covered by impermiable
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HDPP (High Density Polypropilene) plastic with 1 mm thick-
ness to prevent ground water contamination. Wastewater through
perforated polyvinylchloride (PVC) pipe was discharged set at
100 m/min.

2.3. Constructed Wetland Operation

Wastewater was taken from the production process of cassava
chips stored in refrigerator at the temperature of 3 °C prior to
analysis.'® Analysis was performed immediately after collecting
samples. Constructed wetland subsequently was filled by wastew-
ater with varied detention time of 3—15 days to replenish pollu-
tants process from wastewater.'” In this research, the detention
time was set at 0, 3, 5, 10, and 15 days; and the samples were
periodically taken at the inlet and outlet constructed wetland. Sub-
sequently the samples were analyzed with the parameters accord-
ing to standard methods: pH (potentiometric method), chemical
oxygen demand (COD; Closed Reflux, Colorimetric Method),
biochemical oxygen demand (BODs; 5-day BOD test), total sus-
pended solids (TSS; total Solids Dried at 103-105 °C Method),
Kjeldahl Nitrogen (TKN; Kjeldahl Method), nitrate (NOs; nitrate
Electrode Method), ammonia (NH; Phenate Method), total phos-
phorus (total P; Manual Digestion and flow Injection Analysis for
total Phosphorus), total Chromium (total Cr; Nitric Acid Diges-
tion Followed by the Colorimetric Method), total Cyanide (total
Cn; Micro distillation and flow Injection Analysis) and hexavalent
chromium (Cr VI; Colorimetric Method).

2.4. Data Analysis

The objectives of this research were to determine the effect of
detention time and the plants density to the effectivity of con-
structed wetland in wastewater treatment in small industry of
cassava chips. The variables were grouped into dependent and
independent variables. The dependent variables of this research
were the levels of pollutants in wastewater in small industry of
cassava chips, such as BOD, TSS, NH;-N, Phosphate and CN.
While the independent variables of this research were detention
time and plant density. Furthermore, the data was analyzed for
its homogeneity and partially effect as well as the interaction
between the independent variables and the effectivity of con-
structed wetland using Multivariate ANOVA (Manova).

3. RESULTS AND DISCUSSION

Cassava is one of the staple food consumed by Indonesian peo-
ple. Its availability throughout the country makes cassava pro-
cessed into various types of foods; one of them is cassava chips.
Cassava chips production is mostly carried out by small and
medium industries. Lack of knowledge creates the wastes which
are directly discharged to the environment without any prior treat-
ment. As for the characteristics of the wastewater resulted by
cassava chip industry can be seen in Table I.

Table I. Characteristics of liquid waste of cassava chips industry.

No Parameter Influen (mg/l) Efluen (mg/l)
1 BOD 220 163
2 TSS 178 97
3 NH;-N 56 17
4 Phosphate 20 8
5 CN 7 0.5
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Table Il. Result of Levene’s test for equality of variances. Table lll. Result of multivariate test on detention time.
F df1 df2 Sig. Effect Value F Sig.
BOD 1.623 14 30 130 Intercept
TSS 1.254 14 30 291 Pillai’s trace 1999 5772.9 .000
NH3-N .816 14 30 .647 Wilks’ lambda .001 5772.9 .000
Phospate 3.218 14 30 421 Hotelling’s trace 1110.183 5772.9 .000
CN 1.471 14 30 .183 Roy’s largest root 1110.183 5772.9 .000
Time detention
Pillai’s trace 1.835 4.916 .000
. Wilks’ lambda .004 18.832 .000
Those wastewaters were treated using sub-surface constructed Hotelling’s trace 72.608 88.945 1000
wetland as designed in the previous section. Table I shows the Roy’s largest root 70.479 408.77 .000
significant reduction for all parameters pollutants. The optimal Plant density
reduction occurred at density of 20 plants/m?, while the optimum Pillai's trace 1.161 7.477 -000
detention time was 10-15 days. Effectivity of sub-surface con- Uil (Enlzes) s S 28y
d land d in denth d all lated Hotelling’s trace 4.230 10.576 .000
structed wetland needs more in f‘,pt .stu y, especially re a'te to Roy's largest root 3624 19.569 000
the role of Plants and detention time in reduction process in the Time detention xPlant density
level of various pollutants. Pillai's trace 1.831 2.167 .000
An initial stages to determine the role of detention time and Wilks’ lambda .075 2.358 .000
plant density on the effectivity of sub-surface constructed wet- Hotelling’s trace 4.013 2.448 -000
Roy’s largest root 2121 7.9530 .000

land was to find whether the data obtained had been homoge-
nized, hence it can be well-generalized. Homogeneity of variance
test was conducted to determine the homogeneity of dependent
variables, namely BOD, TSS, NH;-N, Phosphate and CN which
were hypothesized as:

H,: Matrix variance/covariance in each dependent variable is
different (heterogeneous).

Hy: Matrix variance/covariance in each dependent variable is
same (homogenous).

If the value of the significance of Levene’s Test >0.05 H,, were
accepted, however, if the value of the significance of Levene’s
Test <0.05, H, were accepted. The results of data processing for
the homogeneity of variance test showed in Table II.

Based on the results showed in Table II, it can be concluded
that the significance of Levene’s Test >0.05 for all of the depen-
dent variable. It means that H, was accepted; this indicated that
the variance of the dependent variable had homogeneous variance
or covariance, so the data can be further analyzed. Furthermore,
the analysis of the effect of variable partial detention time on the
effectivity of constructed wetland were:

H,: Variable of detention time has significant effect on the lev-
els of BOD, TSS, NH;-N, phosphate, and CN for any detention
time.

H,: Variable detention time has no significant effect on the lev-
els of BOD, TSS, NH;-N, phosphate, and CN for any detention
time.

Based on multivariate test, Table III shows that the value
of Pillai’s Trace, Wilks’ lambda, Hotelling’s Trace, and Roy’s
Largest Root on detention time had significance value of 0.000 or
>0.05. It means that H, was accepted or can be concluded that
independent variable of detention time had significant impact on
the decreasing levels of BOD, TSS, NH;-N, Phosphate, and CN
for any detention time. The research showed that the effectivity
of constructed wetland in the lower levels of BOD, TSS, NH;—N,
Phosphate, and CN was strongly influenced by the detention
time. This result was in line with the prior research was done®®?!
which found that the submersion time is the most important fac-
tor in the efficiency of the pollutant reduction process. The longer
submersion time of the water in constructed wetland, the more
reduction could be taken. These conditions rose to possibilities
of biological, physical and chemical interaction become more

optimal. These were also carried out to determine the partial
effect of plant density variable on the effectivity of constructed
wetland.

H,: Variable of detention time has significant effect on the lev-
els of BOD, TSS, NH;-N, phosphate, and CN for any detention
time.

H,: Variable detention time has no significant effect on the lev-
els of BOD, TSS, NH;-N, phosphate, and CN for any detention
time.

Based on multivariate test, Table IV shows that the value
of Pillai’s Trace, Wilks’ lambda, Hotelling’s Trace, and Roy’s
Largest Root on the density of the plants had a significant value
of 0.000 or >0.05. This means that H, was accepted or can
be concluded that the independent variable density of the plants
had significant effect in decreasing levels of BOD, TSS, NH;—-N,
Phosphate, and CN for each plant density. Significant effect of
plant density in reducing the levels of pollutant in the constructed

Table IV. Result of multivariate test on density of plant.

Effect Value F Sig.
Intercept
Pillai’s trace .999 5772.9502 .000
Wilks’ lambda .001 5772.950° .000
Hotelling’s trace 1110.183 5772.950? .000
Roy’s largest root 1110.183 5772.950% .000
Time detention
Pillai’s trace 1.835 4.916 .000
Wilks’ lambda .004 18.832 .000
Hotelling’s trace 72.608 88.945 .000
Roy’s largest root 70.479 408.7780 .000
Plant density
Pillai’s trace 1.161 7.477 .000
Wilks’ lambda 135 8.9737 .000
Hotelling’s trace 4.230 10.576 .000
Roy’s largest root 3.624 19.569° .000
Time detention x Plant density
Pillai’s trace 1.831 2.167 .000
Wilks’ lambda .075 2.358 .000
Hotelling’s trace 4.013 2.448 .000
Roy’s largest root 2121 7.9530 .000
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Table V. Result of multivariate test on interaction between detention
time and density of plant.

Effect Value F Sig.
Intercept
Pillai’s trace .999 5772.950° .000
Wilks’ lambda .001 5772.9502 .000
Hotelling’s trace 1110.183 5772.950% .000
Roy’s largest root 1110.183 5772.950? .000
Time detention
Pillai’s trace 1.835 4.916 .000
Wilks’ lambda .004 18.832 .000
Hotelling’s trace 72.608 88.945 .000
Roy’s largest root 70.479 408.778° .000
Plant density
Pillai’s trace 1.161 7.477 .000
Wilks’ lambda 135 8.9737 .000
Hotelling’s trace 4.230 10.576 .000
Roy’s largest root 3.624 19.569° .000
Time detention x Plant density
Pillai’s trace 1.831 2.167 .000
Wilks’ lambda .075 2.358 .000
Hotelling’s trace 4.013 2.448 .000
Roy’s largest root 2121 7.953b .000

wetland was increased. It can be caused by the capacity of the
plant (Typha latifolia L.) release oxygen to the roots. The avail-
ability of oxygen supports the growth of aerobic bacteria that
consumes and outlines the pollutants. Typha latifolia L. could
further boost the growth of bacteria through the provision of sur-
face area and nutrient. This condition also occurred in previous
researches, which benzene showed significant decrease through
P karka ability in providing surface area and nutrients to the exu-
dates root; in addition, the potential reduction in benzene was
through the absorption of pollutans.?”* Higher redox potential
was found higher in the root zone of the sub-surface flow wetland
rather than in uncultivated area.?> This was due to the presence of
microorganisms in the rhizosphere which conducts aerobic respi-
ration. Furthermore, the oxygen release in the root zone affected
the type of microorganisms live in the rhizosphere. The next test
was the effect of the interaction between the independent vari-
ables, detention time and plant density on the dependent vari-
able levels of BOD, TSS, NH;—N, Phosphate, and CN. This was
undertaken to determine the effect of variable interactions deten-
tion time and plant density on the effectiveness of constructed
wetland.

H,: There was significant effect on the interaction between
variables of detention time and plant density to the level of BOD,
TSS, NH;-N, phosphate, and CN.

H,: There was no significant effect on the interaction between
variables of detention time and plant density to the level of BOD,
TSS, NH;-N, phosphate, and CN.

The test result is seen on Table V showed by the grey area.

Based on multivariate test, Table V shows that the value
of Pillai’s Trace, Wilks’ lambda, Hotelling’s Trace, and Roy’s
Largest Root on the interaction between detention time and the
density of the plants has a significant value of 0.000 or >0.05.
This means that H;, was accepted or can be concluded that there
was significant interaction effect between variables of detention
time and plant density on levels of BOD, TSS, NH;-N, phos-
phate, and CN.

Based on these results, it can be concluded that the function of
wetland in this research was used as an independent wastewater
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treatment unit, although the pre-processing stage to reduce solids
content and dissolved material were also important. Interactions
between plant density and detention time on the constructed wet-
land in the research had a significant impact on the content of
the decreasing wastewater pollutant in small industry of cassava
chips, especially on parameters BOD, TSS, NH;—N, phosphate,
and CN. It was aligned®® which described that the interaction
between plants, water, soil, and microorganisms play an impor-
tant role in the concept of constructed wetland. The strength
of this interaction determined the reliability of the constructed
wetland as media of technology to treat various pollutants to
become environmentally friendly. The changes were due to var-
ious processes that occur in it, such as sedimentation, precipita-
tion, adsorption, asimiliasi plant and microbial activity.?’

4. CONCLUSIONS

Conclusions derived from the processing of cassava chips
wastewater using sub-surface constructed wetland with Typha
plants latifollia L. was plant that reduced level of BOD, TSS,
NH;-N, Phosphate, and CN when it was planted in the density
of 20 plants/m> (the largest space) and with detention time of
10-15 days. The test of the plant density and detention time to
the reduction of BOD, TSS, NH;-N, Phosphate, and CN in the
wastewater of cassava chips shows:

1. The density of the plants separately had significant impact on
the effectivity of sub-surface constructed wetland in the desig-
nated levels of BOD, TSS, NH;—N, Phosphate, and CN in the
wastewater of cassava chips using Typha latifollia L.

2. Time detention separately had significant effect on the effec-
tivity of sub-surface constructed wetland in the designated levels
of BOD, TSS, NH;-N, Phosphate, and CN in the wastewater of
cassava chips using Typha latifollia L.

3. There was significant interaction effect between plant density
and detention time on the effectivity of sub-surface constructed
wetland in the designated levels of BOD, TSS, NH;-N, Phos-
phate, and CN in the wastewater of cassava chips using Typha
latifollia L.
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