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Abstract
Background: High-strength wastewater defined by elevated levels of hazardous pollutants measured in BOD, heavy metals, nutrients and other toxic
substances. This kind of wastewater discharged to water body without treatment from different industrial sectors that adversely affects aquatic
environment and downstream water consumers. The general objective of this study is to investigate efficient substrate with selected plant type for
constructed wetland to remove hazardous pollutants from tannery wastewater. This study was conducted at Modjo town from 2016 to 2018. Plug flow
experimental study design was carried out. The substrate (Pumice) was collected around the study area and chemical characteristics were determined.
Chrysopogon zizanioides was planted and grown for five months before running tannery wastewater for the treatment. The composite wastewater was
introduced to the constructed wetland from Modjo leather industry, Ethiopia. The physicochemical analysis of the sample wastewater was done before
and after treatment at four different hydraulic retention time.

Results: Characterization of the untreated tannery wastewater revealed that the mean concentration of BOD5, COD, TSS, PO4-P, TP, NO3-N, TN and total
chromium were 1641±373.6, 6953.33±339.4, 1868±863.1, 88.06 ±40.8, 144.53 ±20.8, 116.66 ±26.6, 650.33 ±93.6 and 18.33±6.7 mg/l respectively
beyond the permissible limits. The maximum removal efficiency of the constructed wetland in pumice bed revealed that BOD5 at HRT 7and 9 days
(96.42%, 96.30%), COD at HRT 5 and 7 days (96.76%, 96.91%), NO3-N at HRT 5 and 7 days (99.99%, 99.68%), TN (98.67%, 99.00%), PO4-P HRT 7and 9
days (96.97%,100%), TP at HRT 5 and 7 days (94.79%, 96.17%) and total Chromium at HRT 5 and 7 days (98.36%, 98.91%) respectively. Whereas, the
removal efficiency of constructed wetland bed with gravel substrate used as a control subject with similar condition to pumice showed lower
performance. The result between pumice and gravel bed was tested for their significance difference using two sample t-test statistics. Based on the
test statistics, the pumice substrate perform better than the gravel significantly at 95% confidence interval, p-value = 0.01.

Conclusion: Pumice substrate and Chrysopogon zizanioides have a potential ability to remove hazardous pollutants from tannery wastewater in
horizontal subsurface constructed wetlands. 

Background
Industrial wastewater is the most common source of environmental pollution in the current situation. The discharge of high strength wastewaters with
high concentration of nutrients and heavy metals from industrial sectors can have harmful consequences on the ecological balance and ecosystem
function of the receiving environment as well as the public health of downstream end-users of the polluted water sources (Asamudo et al., 2005).

     Tanning is one of the oldest industries in the world. During ancient times, tanning activities were organized to meet the local demands of leather
footwear, drums and musical instruments. With the growth of population, the increasing requirement of leather and its products led to the
establishment of large commercial tanneries. Two methods are adopted for tanning of raw hide/skin, vegetable tanning, and chrome tanning.
Tanneries are typically characterized as pollution intensive industrial complexes which generate widely varying, high-strength wastewaters. Nearly 30
m3 of wastewater is generated during processing of one tone of raw skin/hide (Suthanthararajan et al., 2004).

     Tannery operation consists of converting of the raw hide or skin into leather which consume huge amount of water in several stages, generating an
enormous amount of liquid effluents which are hazardous to the environment to which they are discharged, consequently, make it as a potentially
pollution intensive industry. Tannery effluents again compromise the physical, chemical and biological properties of aquatic environment. Apart from
the most toxic heavy metals like Chromium (Cr) chemical impurities of tannery effluents mostly includes the following dissolved substances such as
inorganic salt cations (Fe, Zn, Cu, Ca, Na, etc.); anions such as SO4

2-, NO3
- , PO4 3- and parameters such as, Biochemical Oxygen demand (BOD),

Chemical Oxygen Demand (COD), Total Suspended Solid (TSS), Total Dissolved Solid (TDS) etc (Kawser et al., 2011). Therefore treating tannery
wastewater using natural adsorbents is very important to protect the surrounding environment. 

     In Ethiopia currently, there are more than 30 tannery industries in operation. Among them the majority found in Oromia region especially Mojo town
and around six established in the capital city Addis Ababa. These tanneries have 153,650 sheep and goat skin soaking capacity and 9,725 cowhides
soaking capacity per day. Together they also employ 4577 persons (UNIDO, 2012).

     Leather is one of the most important export item of Ethiopia earning foreign exchange. On the other hand, the leather tanning industry has been
recognized as one of the main causes of water and environmental pollution. With the high adoption of chrome tanning in most of the tanning
industries in the country, efficient methods of chromium, nutrients and other pollutant removal from tannery wastewater are important to attain
environmental quality standards.

      Conventional wastewater treatment processes such as activated sludge and biofilms are used seldom in Africa including Ethiopia due to lack of
energy and financial resources. Therefore in this case constructed wetland is sustainable option for industrial wastewater treatment. Because,
constructed wetlands can provide an energy-efficient, cost-effective, and low maintenance alternative to conventional wastewater treatment
technologies (Kadlec and Knight, 1996). They also have additional benefits that include creating habitat for plants and wildlife and an aesthetic green
space in communities.

     Kivaisi (2001) assured that there is potential for the development of CWs in developing countries like Ethiopia. The author points out this to the
location of many developing countries in warm tropical and sub-tropical climates (Ethiopia located in Tropics), which are favorable to higher biological
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activity and productivity, and hence better treatment performance.

     Compared with the conventional wastewater treatment system currently in use the constructed wetland has its own advantage. Constructed
wetlands are natural wastewater treatment systems that typically have lower construction, operation and maintenance costs than conventional
mechanical treatment systems. Constructed wetlands are therefore cost effective, eco-friendly and technically feasible approach for treating industrial
wastewater including high strength tannery wastewater.

     Even though literature cannot found in Ethiopia on the cost comparison of constructed wetland and conventional wastewater treatment, Study
conducted in Ireland by Reddy (2004) showed that the cost of a typical constructed wetland cheaper by 30% than conventional treatment methods of
the same size considering the lifespan and replacement value of the wetland. The above case studies confirmed that the maintenance cost for
constructed wetlands was eight times lower than the conventional treatment system. Furthermore, operation and maintenance require only periodic
rather than continues.

      The result of another study indicated that the total annual cost for waste stabilization pond was 21% more than that of the constructed wetlands
(Tomokin, 2000). Based on the overall results of the treatment performance and costs, these researchers concluded that the application of constructed
wetlands can be considered both technically and economically viable option for wastewater treatment.

     Conventional wastewater treatment systems contains energy demanding and mechanical treatment components which require substantial
investment and high operating costs. Experience has shown that existing wastewater treatment systems in most of the developing countries failed to
treat wastewater effectively it is because of high operating and maintenance costs, lack of local expertise and poor institutional governance.
Compared to conventional treatment systems, constructed wetlands are low cost, easy to operate and maintain, and have a strong prospective for
application in developing countries (Vymazal, 2010).

     On the other hand, adsorption has been identified as one of the most promising mechanism for removal of dissolved heavy metal fractions and
nutrients from wastewater. Although commercial adsorbents are available for use in adsorption, they are very expensive, resulting in various new low-
cost adsorbents being studied by researchers. Babel and Kurniawan (2003), reviewed the technical feasibility of various low-cost adsorbents for heavy
metals removal from wastewater and concluded that the use of low-cost adsorbents may contribute to the sustainability of the surrounding
environment and offer promising benefits for commercial purpose in the future. Therefore identifying potentially efficient substrate for constructed
wetland as an adsorbent is critical for proper practice of environmental management by tanning industries.    

Materials And Methods
Study Area and Period: This study was conducted in Oromia region east Showa zone, Modjo town at Modjo tanning industry PLC (Fig.1) from 2016 to
2018.

Study Design: Plug flow experimental study design was carried out to determine the efficiency of pumice substrate and Chrysopogon zizanioides plant
species in horizontal subsurface constructed wetland to remove hazardous pollutants from high-strength tannery wastewater.

Experimental materials, Design and setup Establishments

Pumice was collected from volcanic cones of refit valley area of Oromia region east showa zone (8◦28'36''N and 39◦14'29''E), Ethiopia 20-30 km far
from Modjo Tannery (8◦35'13''N and 39◦07'23''E) approximately 70 km East of Addis Ababa (Fig. 1). The chemical characteristics of this substrate was
determined by using XRF analysis. 

     The plant (Chrysopogon zizanioides) was collected from Holeta Agricultural research institute and transported to Modjo tanning industry. It was
planted in the horizontal subsurface constructed wetland and grown for five months before running high-strength wastewater for the treatment.

 

The horizontal subsurface constructed wetland was installed at Modjo tanning industry compound for the treatment of tannery wastewater (Fig. 2).
The treatment system consists of: a primary screening and a grit removal tank; sedimentation tank for sludge settling and equalization tank connected
with horizontal subsurface flow constructed wetland (HSSFCW), with an effective volume of 1.92 m3 each which is a length of 4 m, width of 0.8 m and
effective depth of 0.6 m. 

     The CWs are filled with medium-sized gravel, ranging in size from 6 to 20 mm as a control and pumice 10 – 25 mm grain size substrate vegetated
with Chrysopogon zizanioides in separate constructed wetland cell with similar size and dimensions (Fig 3). The pumice substrate was crushed and
graded. Effective size was determined by using standard sieve. Based on the analysis the effective size (ES) (d10) of the media was 1.5-4.5 and the
uniformity coefficient (UC) (d60/d10) was 3.5 - 4. 

     The raw wastewater is fed into a sedimentation tank from the factory after 24 hour retention time pumped to the equalization tank with volume of
5000 liter then the CWs fed from this tank through 3/4th inch pipe with control valve for each cell. Performance of this constructed wetland was
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recorded for two years based on four different hydraulic retention time (3, 5, 7 and 9 days). 

Sample Collection and Laboratory Analysis

The on-site measurement of the physicochemical parameters was undertaken. The physicochemical analysis of wastewater samples was done before
and after the treatment with the two different hydraulic retention time, using standard methods. The analytical parameters were pH, BOD5, COD,
Ammonium N, Nitrite N, Nitrate N, Total N, Phosphate, Total P, TSS, TDS, Salinity and Chromium. On-site measurement of the wastewater like
temperature, pH and DO were carried out at the site in the tannery environmental quality control laboratory using portable pH meter (Wagtech
International N374, M128/03IM, USA) and DO meter (Hach P/N HQ30d, Loveland. CO, USA) for Dissolved oxygen and temperature.

     COD, Ammonium-nitrogen, Nitrite-nitrogen, Nitrate-nitrogen, Phosphate, Chloride, Sulfide and Sulfate were measured by using spectrophotometer
(Hach model DR/3900 portable spectrophotometer, Germany) according to Hach instructions. BOD5 and total Chromium were analyzed using BOD
sensor and inductive stirring system AQUA LYTIC model type ET618-4 and Flame Atomic Absorption Spectrophotometer (AAS), (model AAS NOUA-400,
Germany) respectively. Total suspended solids (TSS) were determined according to the Standard Methods for the Examination of Water and
Wastewater gravimetric method. Heavy metal uptake capacity of the plant and adsorption potential of the pumice were determined by Ash-Modified
AOAC 923.03 and Minerals-Modified AOAAC 985.35 (APHA, 2005). 

The removal efficiency of the filter media for the selected parameters were calculated as: 

% removal ═ Ci−Cf/Ci X 100 

Where Ci is the parameter concentration in the untreated wastewater and Cf is the parameter concentration in the treated wastewater.

Statistical Data Analysis: Mean and standard deviations were calculated to estimate the concentration of each parameter of the samples. The
hypothesis has been tested by two sample t-test using R statistical software: R version 3.2.2 (2015-08-14), Platform: x86_64-w64-mingw32/x64 (64-bit)
and Originlab pro 2017 to determine whether an observed difference between the means of the groups is statistically significant or not, based on the
two hydraulic retention time.

Data Quality Management: To assure quality of the data by minimizing the errors the following measures had been undertaken: Apparatuses were
calibrated; expiry date of reagents had been checked before starting the real analysis and standard control also prepared. Each test had been
triplicated.

Result And Discussion
Physicochemical Characteristics of Modjo Tannery Wastewater 

The raw wastewater was taken from Modjo tannery for physicochemical analysis.  Based on this investigation the mean concentration of selected
physicochemical parameters were presented at Table 1.

Table 1 Characteristics of Modjo Tannery Raw Wastewater 

Parameters (mg/l) Mean value Range

pH 10.166±2.02 8-12

BOD5  1641±373.6 1243-1984

COD 6953.333±339.4 6593-7267

NH4-N 253.3333±11.6 240-261

NO2-N 1.913333±0.12 1.77-1.99

NO3-N 116.6667±26.6 94-146

TN 650.3333±93.6 546-727

PO4-P 88.06667±40.8 46.5-128

TP 144.5333±20.8 128.6-168

TSS 1868±863.1 1217-2847

TDS 5877.3±2294.8 3250-7489

TCr 18.33±6.7 14-26
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     This study revealed that the mean concentration of BOD5, COD and TSS were 1641±375.6, 6953±339.4 and 1868±863.1 mg/l respectively (Table 1).
This result is basically similar to different studies in Ethiopia with slight difference for different parameters for example a study done at the same
tannery industry indicated that the mean concentration of COD was laid between 7950 to 15240 mg/l with the mean of 11123±563.9 mg/l (Seyoum
Leta, et al., 2003). Another study also undertaken with same tannery wastewater showed that the mean concentration of BOD5 was 1054±448 mg/l
(Tadesse Alemu and Seyoum Leta, 2015) and the concentration of total suspended solid was found from 1217 to 2847 (Table 3.1) this is a bit greater
than some studies for instance a study done in India indicated that 1244 mg/l (Tamal et al., 2010). 

     Nutrients like orthophosphate, ammonium, nitrite and nitrate concentration of Modjo tannery were characterized in this study, the result revealed
that 88±40.8, 253.3±11.6, 1.9±0.12, 116.7±26.6 mg/l respectively. This result is comparable to a study done by Sivakumar et al., (2015) which
indicates the concentration of nitrate in untreated tannery effluent was 116mg/l. The result of ammonium is also similar to that of the results done at
Bahir Dar tannery wastewater characterization (96-420 mg/l) (Aseessefa and Ayalew, 2014). According to Arasappan and Kalyanaraman (2015), the
nitrite concentration of untreated tannery wastewater was 1.3 mg/l almost parallel to this study finding which accounts 1.9±0.12 mg/l (Table 1). Some
variation have been seen in some parameters. This variation may be due to the utilization of chemicals for different purposes and different tanning
activities among tanneries. 

     In terms of chromium concentration, Modjo tannery comprised 18.33±6.7 mg/l is similar to other different results presented from same tannery
wastewater by Tadesse Alemu et al. (2016) the mean influent wastewater to the constructed wetland was 18.67 mg/l. Likewise a variation exists in
values of physicochemical parameters in general like BOD5, COD, TSS, phosphate, sulfide, sulfate, etc. in every tannery wastewater characteristics, this
may be because of different tanning process, methods, technology and raw material utilization by various tanning industries.

Tannery Wastewater Treatment Efficiency of Horizontal Subsurface Flow Constructed Wetland with Pumice Substrate Planted
with Chrysopogon zizanioides(CZ)

The pollutant removal efficiency of horizontal subsurface constructed wetland under this investigation was high this may be due to the high
adsorption capacity of pumice and the uptake potential of Chrysopogon zizanioides from tannery wastewater. The characteristics of tannery
wastewater after treatment was alongside with the standard guideline value of the Ethiopian environmental protection authority and WHO irrigation
water quality standard (Table 2).

BOD5, COD and TSS Removal Efficiency of HSSFCW with Pumice Substrate and Planted with Chrysopogon Zizanioides

The three important pollutant of the tannery wastewater were analyzed before and after treatment of four hydraulic retention time, based on the finding
the final effluent concentration of BOD5, COD and TSS in mg/l were (273±91, 532.50±177.5 and 99.72±80.93) for 3 days HRT, (74±2, 225.41±11.13
and 79±13.53) for 5 days HRT, (58.67±6.5, 214.67±32.33 and 80±4.58) for 7 days HRT and (60.67±4.93, 234.67±38.79 and 74±21.65) for 9 days
HRT (Table 2). Both BOD and COD result of 5, 7 and 9 HRT were met the standard value of WHO water quality for irrigation and EEPA (200 and 500
mg/l) but they are beyond the standard at hydraulic retention time of 3 days this is because of the time shortage to degrade organic matter. In all the
allotted hydraulic retention time TSS was not achieved good result as compared to the Both WHO and EEPA guideline (50mg/l) (EEPA 2003;WHO
2011).

 

Table 2 Characteristics of Treated Wastewater by HSSFCW with Pumice Substrate and CZ at Different HRT
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Parameters  Influent (mg/L, except for pH, EC and
salinity)

Effluent Conc. at Different HRT( mg/L, except pH, EC & salinity) EEPA &WHO      
 irrigation WQS

3 days 5 days 7 days 9 days

BOD5 1641±373.55 273±91 74±2 58.67±6.5 60.67±4.93 200

COD 6953.33 ±339.41 532.50±177.5 225.41±11.13 214.67±32.33 234.67±38.79 500

NH4-N 253.33±11.6 26.83±2.93 5.00±4.36 4.67±1.53 6.83±1.44 30

NO3-N 116.66 ±26.63 10.83±2.75 0±0 0.37±0.15 0.57±0.21 10

TN 650.33 ±93.62 42±15.72 8.67±5.7 6.50±1.32 9.33±2.1 60

PO4-P 88.06 ±40.77 6.33±2.1 3.04±1 2.67±1.26 0±0 5

TP 144.53 ±20.75 19.67±3.05 7.53±2.33 5.53±0.5 83.87±11.37 10

TSS 1868±863.1 99.72±80.93 79±13.53 80±4.58 74±21.65 50

TDS 5877.3±2294.77 1504.97±1286.16 1279±75 768.67±45.54 798±17.43 2100

TCr 18.33±6.66 0.88±0.03 0.30±0.1 0.20±0.1 0.35±0.13 2

 

The removal efficiency of this horizontal flow subsurface constructed wetland filled with pumice substrate and planted with Chrysopogon
zozanioides was high for the purification of tannery wastewater considering the three polluting agents with specific hydraulic retention time. During the
first 3 and 5 days retention time BOD5, COD and TSS were reduced by  (83.36%, 92.34% and 94.66%) and (95.49%, 96.76% and 95.77%) respectively.
After the second 7 and 9 days retention time also it reduced by (96.42%, 96.91% and 95.72%) and (96.30%, 96.62% and 96.02%) respectively (Table 3).
  

     The result achieved due to the activities of the microorganisms and the networked and spongy tuft roots of the plant to make comfortable
environment for the growth of the organism in addition to absorption. The aerobic condition in the superficial wetland bed and anaerobic condition in
the bottom allow for efficient removal of organic pollutants and the filtration of the wastewater is the main reason for the removal of suspended solids.
 A vertical subsurface wetland planted with Scirpus Alternifolios and red ferralitic soil substrate was evaluated by scholars for its wastewater
purification capacity and reported as BOD, COD and TSS were reduced by (84.9%, 89.8% and 98.1%) respectively (Villara et al., 2012), the result is
 almost similar to this investigation especially with the first 3 and 5 hours retention time.

 

Table 3 Efficiency of HSSFCW with Pumice Substrate and CZ at Different HRT 

Parameters  Influent
conc.

                                                                                    Percentage Removal at Different HRT 

 3 days 5 days 7 days 9 days

Mean Conc.
(mg/l)

%
Removal

Mean Conc.
(mg/l)

%
Removal

Mean Conc.
(mg/l)

%
Removal

Mean Conc.
(mg/l)

%
Removal

BOD5 1641±373.55 273±91 83.36 74±2 95.49 58.67±6.5 96.42 60.67±4.93 96.30

COD 6953.33
±339.41

532.50±177.5 92.34 225.41±11.13 96.76 214.67±32.33 96.91 234.67±38.79 96.62

NH4-N 253.33±11.6 26.83±2.93 89.41 5.00±4.36 98.03 4.67±1.53 98.16 6.83±1.44 97.30

NO3-N 116.66
±26.63

10.83±2.75 90.72 0±0 100 0.37±0.15 99.68 0.57±0.21 99.51

TN 650.33
±93.62

42±15.72 93.54 8.67±5.7 98.67 6.50±1.32 99.00 9.33±2.1 98.56

PO4-P 88.06 ±40.77 6.33±2.1 92.81 3.04±1 96.55 2.67±1.26 96.97 0±0 100

TSS 1868±863.1 99.72±80.93 94.66 79±13.53 95.77 80±4.58 95.72 74±21.65 96.04

TCr 18.33±6.66 0.88±0.03 95.20 0.30±0.1 98.36 0.20±0.1 98.91 0.35±0.13 98.09
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Nutrient Removal Efficiency of HSSFCW with Pumice Substrate and Planted with Chrysopogon Zizanioides (NH4-N, NO3-N, TN, PO4-P, TP)

The plant (Chrysopogon zizanioides) used in this study possesses unique characteristics suitable for wastewater purification. Now a days various
research findings showed its exceptional ability to absorb and to tolerate extreme levels of nutrients, to consume large quantities of water in the
process of producing a massive biomass growth. These attributes indicated that this plant is highly suitable for treating high strength wastewater from
different industries like tanning industries. In addition to the plant type, selection of best efficient substrate based on the selection criteria including its
chemical composition is important for effective application of horizontal subsurface flow constructed wetland for the treatment of high strength
industrial wastewater.

     The main nutrient component concentrations like NH4-N, NO3-N, TN, PO4-P and TP in Modjo tannery wastewater were determined before and after
treatment using this horizontal subsurface constructed wetland to evaluate its treatment performance at four different hydraulic retention time. In the
final effluent, the concentration of NH4-N, NO3-N, TN, PO4-P and TP in mg/l become (26.83±2.93, 10.83±2.75, 42±15.72, 6.33±2.1 and 19.67±3.05) at 3
days HRT, (5.00±4.36, 0±0, 8.67±5.7, 3.04±1 and 7.53±2.33) at 5 days HRT, (4.67±1.53, 0.37±0.15, 6.50±1.32, 2.67±1.26 and 5.53±0.5) at 7 days HRT
and (6.83±1.44, 0.57±0.21, 9.33±2.1, 0±0 and 83.87±11.37) at 9 days HRT respectively (Table 2).

     When the result finding evaluated with the standard guideline value of WHO water quality standard and EEPA at different hydraulic retention time,
NH4-N and TN were under the maximum permitable limit at all retention time and NO3-N and PO4-P were met the specified limit value at 5, 7 and 9 days
retention time only. But TP removal was good only at 5 and 7 days retention time. Therefore contact time of 5 days and greater are efficient retention
time for the removal of major nutrients from tannery wastewater using horizontal subsurface constructed wetland filled with pumice substrate and
planted with Chrysopogon zizanioides. Substrate composition, plant type and some microorganisms in the constructed wetland were play great role
for the reduction of those nutrient components. 

     As various scholars reported, the removal of pollutants from wastewater are achieved by different mechanisms like sedimentation, filtration,
chemical precipitation, adsorption, microbial interactions, and uptake of vegetation. The nutrient removal efficiency of this subsurface constructed
wetland was generally effective. The maximum removal efficiency was seen at 5, 7 and 9 days retention time. The minimum (89.41%) and maximum
(98.16%) of NH4-N removal efficiency was achieved at 3 and 7 days retention time respectively. Almost all of NO3-N also removed after 5 days
treatment, more than 93.5% of TN was removed, PO4-P and TP were also effectively removed in this constructed wetland, a minimum of 92.81% at 3
days HRT and maximum of 100% at 9 days HRT of PO4-P was removed likewise TP from 41.97% at 9 days HRT up to 96.17% at 7 days HRT was
removed (Figure 4). 

     This effective result was seen mainly because of the adsorption capacity of the substrate pumice and uptake potential ability of the plant.
Especially pumice is effective to remove phosphate since it contains sufficient amount of aluminum and iron that favors for the removal of
phosphorus (Villara et al., 2012). This study results again shows that the same trend to a study done by Nese and Ennil (2004) that indicates more
than 95% nitrate removal efficiency from aqueous solution by adsorption mechanism. 

     On the other hand Chrysopogon zizanioides has high level of tolerance for high strength wastewater and very effective in removing pollutants from
landfill leachates, particularly N and P. Nitrogen and Phosphorus absorption is also expedited because roots have direct exposure to effluents (Xia et al.,
2000). Another study report which could support this findings also indicated that, the vetiver system is based on the use of vetiver grass (Chrysopogon
zizanioides), which was first recognized early in the 1990s for having “super absorbent” characteristics suitable for the treatment of wastewater and
leachate generated from landfill (Truong and Stone, 1996).

     The efficiency of this constructed wetland in this pilot study to remove most of the hazardous pollutants from tannery wastewater was excellent.
The reason may be due to the cumulative effect of the plant’s ability and the substrate potential. The use of plants for wastewater treatment is not a
new fashion. But the issue is how to improve pollutant removal efficiency. For example a project was done to examine the phytoremediation potential
of water hyacinth (Eichhornia crassipes), water lettuce (Pistia stratiotes) and Vetiver (chrysopogon zizanioides) for the removal of Total dissolved
solids from brine solution of textile industry by shallow pond system. The result reported after 10 days of operational period, water hyacinth showed
maximum removal of 55.6% on 6th day, 48.7% using water lettuce on 7th day and 39.6 % on 3rd day under Vetiver treatment system (Abinaya et al.,
2018). Another study also was carried on constructed wetland to treat an aquaculture effluent using  four species, Cyperus giganteus Vahl, Typha
domingensis Pers., Pontederia cordata L. e Eichhornia crassipes in Brazil, in this study the constructed wetland perform 85.5% removal of total
dissolved solid (Travaini and Sipauba, 2012).

Chromium Removal Efficiency of HSSFCW with Pumice Substrate and Planted with Chrysopogon zizanioides 

Chromium is a toxic heavy metal which is found in tannery wastewater and causes serious environmental problem. Constructed wetland recently used
for the removal of wastewater pollutants including heavy metals like chromium, the result of this investigation presents the chromium removal
efficiency of horizontal subsurface flow constructed wetland from tannery wastewater. Based on the finding the concentration of total chromium in the
tannery wastewater effluent after 3 and 5 days treatment time was (0.88±0.03 mg/l and 0.30±0.1 mg/l) respectively and this concentration further
reduced to 0.20±0.1 mg/l and 0.35±0.13 mg/l after 7 and 9 days retention time respectively (Table 2). The effluent concentration at all retention time
was under the standard guideline value of 2 mg/l set by WHO. 
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     The total chromium removal efficiency of this constructed wetland with pumice substrate and Chrysopogon zizanioides was calculated and become
95.20 %, 98.36%, 98.91% and 98.09% at 3,5,7 and 9 days retention time respectively (Figure 5). In previous study it was observed that through
increasing contact time, the removal efficiency of chromium in predetermined optimum dose of substrate powder increased significantly from 73.28%
to 86.63 % (Masoud et al., 2015).  In this investigation the chromium adsorption capacity of pumice was analyzed, the result showed that 58.15mg of
total chromium was adsorbed per one kilogram of pumice substrate. This result is similar to the previous research finding on phytoremediation of
chromium by model constructed wetland which accounts 97-99.6% at all system of the constructed wetland with different plant species (Catherine et
al., 2006).

     The mechanism of heavy metals removal in horizontal subsurface constructed wetlands is a combination of different processes mainly
physicochemical and biological which includes filtration, sedimentation, straining on the substrate, plant uptake, and precipitation as insoluble forms
(Kadlec and Wallace, 2009). The most important reaction zone in constructed wetlands is the root zone (rhizosphere) where physicochemical and
biological processes take place (Stottmeister et al., 2003). For this reason, this high chromium removal efficiency was achieved because of the metal
adsorption potential ability of pumice substrate and the uptake capacity of the plant Chrysopogon zizanioides. Various research works and
experiments were done in both laboratory and full scale on the chromium removal efficiency of constructed wetland, for example Dotro et al., (2011)
reported that 90-99% of chromium removed from tannery wastewater by subsurface constructed wetland with pea gravel substrate and Typha spp.

Comparison between Pumice (test substrate) and Gravel (Control substrate) on the Tanner Wastewater Treatment efficiency of HSSFCW Planted with
CZ 

The treatment efficiency of constructed wetland varied according to the type of substrate, plant type, seasonal variation, climatic change and other
factors. Even though the plant type is similar in both two beds (control and study), the result of this investigation also varied between the gravel and
pumice substrate (Table 4). In this investigation at the first 3 days HRT only BOD5  and COD were removed by gravel substrate (89.05% and 93.82% )
 better than pumice substrate (83.36% and 92.34%) but in all other retention time the pumice substrate showed better result than gravel (Table 4; Figure
6).

 

 

 

 

 

 

 

 

 

 

Table 4 TWW Treatment Efficiency of HSSFCW with Gravel and Pumice Substrate and Planted with CZ at Different HRT
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Parameters Influent conc.
(mg/l)

 3days HRT   5days HRT   7days HRT  9days HRT

Pumice
(%)

Gravel
(%)

Pumice
(%)

Gravel
(%)

Pumice
(%)

Gravel
(%)

Pumice
(%)

Gravel (%)

BOD5 1641±373.55 83.36 89.05 95.49 89.58 96.42 90.96 96.30 91.85

COD 6953.33 ±339.41 92.34 93.82 96.76 95.81 96.91 95.94 96.62 96.33

NH4-N 253.33±11.6 89.41 19.08 98.03 34.47 98.16 52.63 97.30 61.97

NO3-N 116.66 ±26.63 90.72 66.29 100 77.15 99.68 80.86 99.51 86.00

TN 650.33 ±93.62 93.54 68.27 98.67 86.11 99.00 90.42 98.56 88.67

PO4-P 88.06 ±40.77 92.81 90.92 96.55 95.20 96.97 95.68 100 96.33

TP 144.53 ±20.75 86.39 88.47 94.79 88.93 96.17 91.47 41.97 92.16

TSS 1868±863.1 94.66 95.41 95.77 95.93 95.72 96.09 96.04 96.25

TDS 5877.3±2294.77 74.39 79.96 78.24 79.95 86.92 81.96 86.42 81.23

TCr 18.33±6.66 95.20 96.40 98.36 97.27 98.91 97.44 98.09 97.27

 

The result between the study and control bed was tested using Two-Sample t-Test, the result showed that significantly differ at 95% confidence
interval, p-value=0.01and hence, this substrate can be useful for the treatment of high strength wastewater in horizontal subsurface constructed
wetland better than the conventional gravel substrate. Chromium removal efficiency of pumice substrate was better than gravel at all hydraulic time
except the first three days that pumice achieved 95.2% while gravel achieved 96.4% (Table 4 and Figure 7). 

The Plant Biometry and Chromium Uptake Capacity of CZ in Gravel and Pumice Substrate Beds

The biometry data of the plant Chrysopogon zizanioides was analyzed for both gravel and pumice substrate. The result showed that the growth of the
plant at the sixth month above the ground in cm was 58.66 and 113.33 and below the ground was 43.33 and 24.33 in gravel and pumice substrate bed
respectively. The plant dry weight also indicate that 77, 130.8 gm above ground and 80, 89 gm below the ground in gravel and pumice substrate
respectively (Table 5). The chromium uptake capacity of the plant in both substrate beds was evaluated and revealed that, the plant below the ground
uptake more chromium than above the ground that was (8.88, 36.62mg/kg) and 10.24, 39.72gm/kg) in gravel and pumice substrate bed respectively
(Table 5).

Table 5 Biometry Data of Chrysopogon zizanioides in Gravel and Pumice Substrate Bed

Substrate             Above Ground               Below Ground

Length (cm)  Dry weight (gm) Cr Uptake (mg/kg) Length (cm) Dry weight (gm) Cr Uptake (mg/kg)

Gravel 58.66 77 8.88 43.33 80 36.62

Pumice 113.33 130.8 10.24 24.33 89 39.72

 

Based on the result found from the biometry data, The Cr bioaccumulation factor (BAF) and Translocation factor (TF) of Chrysopogon Zizaniodes
plant species was estimated, (as a method described by Baker, et. al., 2000 and Shanker et al., 2004): 

                                     BAF = mg Cr/kg dw plant      

                                                              mg Cr/L Wastewater 

Translocation factor of Cr was also calculated as: 

                                     TF = mg Cr/kg dw above ground     

                                                               mg Cr/kg dw below ground

      Therefore BAF of this plant were above the ground (0.48, 0.56 Lkg-1) and below the ground (1.99, 2.17 Lkg-1) in gravel and pumice substrate beds
respectively. Whereas TF were (0.24 and 0.26) in gravel and pumice substrate bed respectively. Plants with more BAF and TF values can remove
metals like chromium from the wastewater in the constructed wetland that may be due to the harvesting the areal part of the plant removes chromium
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from the bed. Plant species with high capacity to translocate chromium from below the ground to above the ground enhances absorption of chromium
from the constructed wetland bed (Skiffington, et al., 1976; Perk, 2006). Translocation can reduce again chromium concentration and hence that reduce
toxicity potential of the metal ions to the root.

Conclusion
Modjo tannery wastewater characteristics was very high strength wastewater with different hazardous pollutants. The bioaccumulation and
translocation factor of Chrysopogon zizanioides were greater in pumice substrate bed than the gravel which means that this plant can remove more
chromium in pumice media than gravel one. The tannery wastewater treatment efficiency of pumice substrate was better than gravel substrate.

     Horizontal subsurface flow constructed wetland with pumice substrate and Chrysopogon zizanioides plant species has a potential to treat high
strength tannery wastewater by different mechanisms including adsorption, filtration, microbial activities and plant uptake. Therefore the use of such
kind of constructed wetland with locally-available low-cost substrate and potential plant type may contribute to the low technology solution for
sustainable industrial wastewater management in ecofriendly manner.
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Figure 1

Map of Study Area and Location of Pumice

Figure 2

Schematic Diagram of the Horizontal Subsurface Constructed Wetland
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Figure 3

Pumice and Gravel substrate bed (Photo by Mekonnen Birhanie, 2018)

Figure 4

Nutrient Removal Efficiency of Pumice Substrate Planted with CZ at Different HRT
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Figure 5

Chromium Removal Efficiency of HSSFCW with Pumice Substrate

Figure 6

Nutrient Removal Efficiency of HSSFCW with Gravel and Pumice Substrate
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Figure 7

Chromium Removal Efficiency of HSSFCW with Gravel and Pumice Substrate


