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ABSTRACT

The present study was conducted on Indian Spinach irrigated by groundwater (control) and seven
different types of textile dyeing wastewater to assess the suitability for further utilization in vegetables
cultivation. The impact of dyeing wastewater was assessed regarding the growth, yield and nutritional
qualities of Indian Spinach. The different types of dyeing wastewater were analyzed for a wide range
of parameters and compared with irrigation water quality standard. The results revealed that pH,
biochemical oxygen demand, dissolved oxygen, chloride and color of the mixed wastewater sample
(D8) were exceeded the irrigation water quality standards of Department of Environment, Bangladesh
while these properties of other wastewater samples were almost within allowable limits. The mixed
wastewater was not suitable for irrigation considering the intensity of pollution and yield of Indian
Spinach. The average yield of Indian Spinach irrigated with five less polluted wastewater

(2 nd wash after scouring and bleaching, enzyme treated wastewater, 2nd wash after dyeing,
neutralized wastewater and fixing wastewater) was 58.54 g which was about 28 percent lower than
the groundwater irrigated Indian Spinach. However, number of leaves, plant canopy area, stem
diameter and plant height did not varied significantly with groundwater treated plant. Nutritional
qualities of Indian Spinach irrigated with wastewater were similar to those irrigated by groundwater.
The concentration of ascorbic acid in Indian Spinach irrigated with wastewater was found amost
identical with groundwater irrigated plants. Chlorophyll a and chlorophyll b of different wastewater
treated plants varied from 0.17 to 0.29 mg and 0.05 to 0.08 mg per gm among the treatments
respectively while groundwater irrigated Indian Spinach contained in these range. B carotene in
wastewater irrigated Indian Spinach was aso higher than the groundwater irrigated plant. From
overal assessment, selected wastewater of a dyeing factory could be directly reutilized in irrigation
purpose of vegetables cultivation.
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Introduction

Bangladesh is an agricultura country where industrialization is taking place in a gradually increasing
phase. Water pollution by industrial effluent is one of the vital issues of the environmental concern in
Bangladesh (Jolly and Idam, 2009). The important industries are textiles, leather tanning, fertilizer,
sugar, chemical, pharmaceutical, oil refining etc. Among these industries, the textile dyeing is
considered to be one of the world’s worst polluters because it uses huge amounts of both chemicals
and water which after processing becomes wastewater (Khan et a., 2011). To dye 1 kg of cotton
goods with reactive dyes, it requires an average of 70-150 L water, 0.6 kg NaCl, 40 gms reactive dyes,
alkais (NaOH) and other pretreatment and dyeing auxiliaries (Allegre et a., 2006). Due to
continuous disposal of wastewater into river bodies, the surface water quality is being polluted
gradually in an around the industrial zone because of the mixing of various chemical pollutants of the
effluent with water. On the other hand, the continuous withdrawal of groundwater is responsible for
the depletion of underground water resource and this continuous lowering of the underground water
level isthreatening our agriculture and environment. It has been reported that the groundwater level of
the country is going down gradually due to its large scale yearly extraction for crops production (Jolly
and Idam, 2009). The use of industria wastewater for irrigation purpose can reduce the water
pollution and dependency on agricultural use of groundwater. However, it is not possible to
circumvent the industriaization for the contributions of textile sector in the economy of Bangladesh.
Under this situation, it has become urgent to think of an aternative way to reutilize the industrial
wastewater as irrigation aspect for crops production. Ultimately that would be helpful to reduce the

environmenta pollution of wastewater as well as effluent treatment cost.

The use of industrial or municipal wastewater in agriculture is a common practice in many parts of the
world (Sharma et al., 2007; WHO, 2006). Rough estimates indicate that at least 20 million hectaresin
50 countries are irrigated with raw or partially treated wastewater (Hussain et a., 2001) as this
effluent contains various micronutrients essential for plant growth. However, several studies were
conducted using wastewater as irrigation for crops and vegetabl e production where treated wastewater
can be used safely for this purpose but untreated wastewater were adversdy affected both
qualitatively and quantitatively.

There are more than 15 steps in knit fabric dyeing process where the wastewaters of al sections are
not strongly polluted. In some dyeing process, both chemicals and water are used and some other
process only water is used for fabric washing and cleaning after a chemical treatment. Hague (2008)
stated that about 50% of wastewater are polluted and needs to be treated and the rest of the water can
discharge directly or subjected to very mild treatment. So there is a scope to use such type of
wastewater for crops production in Bangladesh. Moreover, as dyeing is a continuous process so it will
not hamper to get irrigation water relentlessly. The aim of the present study was to observe the yield,
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growth and nutritional qualities of Indian Spinach irrigated with less polluted wastewater from the

dyeing process comparing with groundwater.

Materialsand M ethods
Sample Collection

The less polluted wastewater samples were carried in 120 liters plastic container for irrigation of
vegetables from dyeing process (D2, D3, D4, D5, D6 and D7) of a knit fabric dyeing factory in
Bangladesh (Fig. 1). Mixed effluent sample (D8) was taken from equalization tank of ETP (Effluent
treatment plant) and groundwater sample (D1) was collected as control treatment from a tube-well
near experimental site. For wastewater characterization, samples were taken in two liters plastic
bottles with good stoppers from the plastic container. Bottles were thoroughly washed with 1 (M) HCI
and rinsed severa times with de-ionized water before sample collection. Sampling was carried out
using the grab method except mixed effluent (Stone et al., 2000).

Fabric L oadi né\
v
Scouring &
Water +Chemicals —> Bleaching — Drain by Rinse
water +Acid  —— ) Hot wash — Drainby Rinse
Water — Cold wash — Drain —>D2(2_ndwashafter _
scouring and bleaching)
Acid+Enzyme ——» Enzymeprocess ||, Drain — 3 D3 (Enzymetreated
wastewater)
Water ——» Cold wash —» Drain
Chemicals + Color ‘* Dyeing ’—» Drain by Rinse
Water ——f Hot wash — Drain by Rinse
Water  ——f Coldwash  [|—— Drain ——» D4 (2nd wash after dyeing)
Acid+Water — »  Neutralization | —p Drain — 3 D5 (Neutralized
wastewater)
Water+ Chemical —— soaping —» Drainby Rinse
Water ——» Hot wash —» Drainby Rinse
Water Cold Wash —» Drain ————» D6(2nd wash after
soaping)
Water + Chemicall Fixing |—_» Drain — D7 (Fixing wastewater )
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Figure 1: Typical dyeing process and Sample Collection Steps
Laboratory Analysis of Wastewater

The pH, electrical conductivity and temperature were measured on the spot before acidified according
to the standard procedures (APHA, 1998). Colour, nitrate (NOs ), sulphate (SO4), phosphate (POx)
were carried out in the laboratory using DR-2800™ Spectrophotometer. Electrical conductivity (EC)
was determined by conductivity meter (EC150, HACH). Biochemica oxygen demand (BODs) was
measured by dilution method (APHA, 1998). Dissolved oxygen (DO) was measured by chemicad
method and Chemica oxygen demand (COD) was determined by dichromate digestion method.
Chloride was determined by Mohr’s method. Total solids (SS) was measured gravimetrically while
suspended solids (SS) was obtained by subtracting the TDS from TS. The determinations of heavy
metals (nickel, zinc, copper and chromium) were carried out using Atomic Absorption
Spectrophotometer (SPECTRA A.A-55B, VARIAN, and Austraia) as per standard method.

Cultivation of Indian Spinach

Pot experiment was conducted at the nursery of Horticulture Department at Bangabandhu Sheikh
Mujibur Rahman Agricultura University, Gazipur, Bangladesh on March-May, 2012. 24 pots were
arranged according to the RCBD (Randomized Complete Block Design) with three replications for
eight wastewater samples including one groundwater irrigated plants. After rising of plants, thinning
and wedding were done properly and each pot was irrigated with equal amount (500 ml) of
wastewater from respective drum at one alternate day to keep soil moistured. Harvesting was done 70
days after seed sowing because maximum yield and growth of Indian Spinach was obtained in this
period (Rashid, 1993). At least five plants were taken randomly from each replication of treatments to
analysisthe growth and yield of Indian Spinach.

M easur ement of Growth and Yield

Total Plant height and shoot length were measured by measuring tape. Leaf length and leaf width
were also measured in the similar way. Stem diameter was measured in mm by dlide calipers in the
three position of a plant. Plant weights were measured by using electronic balance precisdly. All
measurements were taken 5 randomly selected plants from each replication and average value was
caculated. Leaves per plant were counted from 5 plants of each replication and average was
calculated. Plant canopy area was measured by using the following formula

Canopy area= Leaf expansion at the north-south direction X Leaf expansion at the west- east
direction.
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Nutritional Analysis

Fresh leaves were sampled manually for estimations of chlorophyll and § carotene. Chlorophyll and

B carotene pigments were extracted in 80% acetone and estimated according to the methods of
Maclachlan and Zalik (1963) and Duxbury and Yentsch (1956), respectively. Ascorbic acid was
determined by the methods described by Keller and Schwager (1977).

Statistical Analysis

The data was analyzed using MSTATC datistical software. Analysis of variance (ANOVA) was done
according to Gomez and Gomez (1984). The means were compared by Duncan’s multiple range test

(DMRYT) at 5% significance level.

Results and Discussions
Physiochemical Propertiesof Wastewater and Groundwater

Physicochemica properties of different textile dyeing wastewater and groundwater were compared
with irrigation water quality standard suggested by DOE (Department of Environment). The analytica
results are shown in Table 1. The highest amount of Colour, TDS, electrical conductivity, sulphate,
chloride were detected in mixed effluent (D8) and 2nd wash after bath drop. Chloride, Electrica
conductivity of these two samples were exceeded the recommended value of Department of
Environment (DOE), Bangladesh.

Table 1. Physicochemica properties of textile dying wastewater

Treatments
é.
i) a8 o O w) @] w) @) o @]
< o = ~o 1) = 15, > J ®
o) =)
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1) o s o = g O = o = D= o T c =
302 Bie/fyisg) Exidd Eo) 93;
2| 32 (33| =2 38| da| g "z8
@ ) g ) 3
pH 69 | 7.2 9.1 6.1 8.2 7.1 7.4 7.3 9.5
DO (mgL™) 458 | 65 5.85 6.12 | 458 5.0 5.8 477 0.58
Color NA | 16 97 67 | 477 | 367 | 171 | 348 1038
(pt.co- unit)
TDS(mgL™) | 2100 | 300 910 650 | 2070 | 1840 470 1290 3320
TSS(mgL™) 200 | 30 40 50 60 66 40 40 310
EC (uscm™) 1200 | 350 850 900 | 1350 550 480 700 4200
BOD (mgL™) 100 | 15 68 28 23 83 143 203 223
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COD (mgL?) | 400 | 4 755 610 98 195 317 393 450
NiratleNOs) | 1 | 15 0.8 0o | 06 0 03 08 0.8
(mgL™)
Phosphate(POx) 0.5 0.40
(mglLY) NA | 5 0.52 081 | 023 | 027 | 019 1.06
2

S“'phite(so“ ) NA | 0O 9.0 25 | 380 0 5.0 8.0 65
(mgL)
Chloride(Cl") 2700
(maLY) 600 | 31 8 5 | 2500 58 64 42

Note: na- not available
The wastewater discharge from 2nd wash after scouring and bleaching (D2) and mixed effluent (D8)
were strongly akaline. Dissolved oxygen was the lowest in D8 which indicates the severity of

pollution. Very little amount of nitrate and phosphate were found in different wastewater samples.

Growth and Yield Characteristics of Indian Spinach

Number of Leaves per Plant

There was no significant variation found for the totd number of leaves per plant among the
wastewater and groundwater treated Indian Spinach. The number of leaves in groundwater irrigated
plant was 19.11 while in other wastewater treated plants varied from 14.11 to 16.50 dtatistically
(Table 2).

Leaf Length

The highest leaf length of Indian Spinach was found in D1 (17.83 cm) treated plant while leaf length
of different wastewater treated plants ranged from 12.0 to 13.28 cm and statistically similar. Islam et
al., (2011) studied that the maximum leaf length was 17.0 cm and minimum leaf length was 10.4 cm
in Indian Spinach grown in wastewater irrigated soil which isidentical with the present study.

L eaf Width
Leaf width of Indian Spinach was found the highest in groundwater treated plant (10.78 cm).
However; leaf width of different wastewater irrigated plant was within the same group ranged from

6.78 t0 8.39 cm and has no statistical variation each among.
Plant Canopy Area

There was no significant variation observed in plant canopy area of different wastewater irrigated
plants with groundwater irrigated plant. The highest plant canopy area was seen in D3 (745.00 cm?)
while the lowest value was found in D8 (581.30 cm?) (Table?). Higher Plant canopy area enhances the
exchange of gases and photosynthesis process. lersel and Lee (2008) found that leaves area of plants
decreased with the increasing of salinity of soil for irrigation. Salinity not only decreases the area of

individual leaves, but also the total leaf areaof plants (Brugnoli and Lauteri, 1991; Romero-Ara-nda
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et a., 2001). The concentration of chloride (CI°) in D8 and D4 was the highest. Therefore, the canopy

area of those treatments were seems to lower.

Stem Diameter

No significant variation was found in stem diameter among the wastewater and groundwater treated
plants. The highest stem diameter was found in D1 (10.47 mm) closely followed by D3 (10.35 mm)
and D5 (10. 17 mm). The lowest stem diameter was measured in D8 (8.597 mm).

Plant Height

Statistically there was no significant difference observed in the plant height of Indian Spinach. The
maximum plant height was recorded from D1 (60.34 cm) while it was the minimum in D6 (35.76
cm).The height of other treatments (D2, D3, D4, D5, D7 and D8) were varied from 38.23 to 51.51 cm
(Table 2). As D2, D4, D7 and D8 wastewater contained higher amount of nitrate (NOs) therefore, it
seems that the plant height was aso higher than the other wastewater treated plants.
Rop et d., (2012) stated that the height of a plant depends on plant vigor and growth habit. Indian
Spinach is a vigorous growing plant and nitrogen had a significant effect on the length of stem.
Nitrogen is essential for plant cell divison especially during early vegetative growth in plant
(Salisbury and Ross, 1986). This implies that timing and application of nitrogen levels is crucial in
production of leafy vegetables.

Table2: Growth and Yield of Indian Spinach Irrigated by Textile Dyeing

Wastewater
Number L eaf L eaf Plant Stem Plant Pl_ant
Treatments | of leaves | length | width | "% | piameter | height W?gg)ht
per plant* (cm) (cm) (cm?)* (mm)* (cm) (vield)
D1 19.11a 17.83a 10.78a 654.00a 10.47a| 60.34a| 81.33a
D2 16.50a 13.28ab 8.39ab 740.00a 9.28a | 45.28a | 60.67ab
D3 15.55a 12.83b 7.22b 745.00a 10.35a| 42.26a | 58.00ab
D4 14.67a 12.00b 7.97b 602.00a 9.80a | 40.38a | 49.00ab
D5 15.44a 13.22ab 7.44b 631.30a 10.17a| 38.23a | 57.33ab
D6 14.11a 12.22b 6.78b 617.30a 9.16a | 35.76a| 45.33b
D7 15.56a 12.78b 7.22b 619.00a 9.13a| b51.5la| 67.67ab
D8 14.89a 12.56b 7.11b | 581.30a 860a | 45.07a| 45.33b
CV% 21.48 19.57 19.44 27.36 20.54 39.85 31.65
LSD vaue 5.92 4.57 2.67 312.00 3.46 31.30 31.98

* In the same column followed by common letters are not significantly different from each other at 5% level of
probability by DMRT.
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Plant Weight (Yield)

The yield (fresh weight) of groundwater irrigated Indian Spinach was 81.33 g while the yield varied
from 45.33 to 67.67 g in different wastewater irrigated plants. According to the MSTAT-C software
analysis, the yield of D2, D3, D4, D5 and D7 were within the same group and the average yield was
58.54 g. The yield of D6 and D8 were significantly varied with groundwater (D1) irrigated plat.
Solaimalai and Saravanakumar (2004) stated that excess TDS within the plant root zone has a
deleterious effect on plant growth primarily because; it increases the energy that must be expended to
acquire water from the soil of the root zone and to make biochemica adjustments necessary to survive
under stress. In this Study, mixed wastewater (D8) contained the huge amount of TDS (3320 mg L™)

which may be hampered the yield of D8 wastewater treated plant.

Nutritional Qualities of Indian Spinach
Ascorbic Acid

There was no significant variation observed in ascorbic acid (vitamin C) of Indian Spinach among the
treatments irrigated with wastewater comparing with groundwater. Ascorbic acid was varied from
4.25 to 5.13 mg in Indian Spinach per 100 g while groundwater irrigated plants contained 5.13 mg
(Figure 2 ).
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Figure 2: (a) Ascorbic Acid and (b) B carotene in Indian Spinach

B Carotene
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The highest amount of 3 carotene in Indian Spinach was found in D5 followed by D3 and D2 with the
amount of 0.54, 0.43 and 0.30 mg per 100 g respectively (Figure 2 b). These amounts of [3 carotene
were much higher than the groundwater irrigated plant.

Chlorophyll aand Chlorophyll b

The amount of chlorophyll aand chlorophyll b of different wastewater treated plants were very close
with the amount of groundwater (D1) treated Indian Spinach. Chlorophyll a and chlorophyll b was
varied from 0.17 to 0.29 mg and 0.05 to 0.08 mg per gm among the treatments respectively while
groundwater irrigated Indian Spinach contained in these range (Figure 3).
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Figure 3: Chlorophyll aand Chlorophyll b Indian Spinach
Conclusion

The physicochemical properties of studied dyeing wastewater were not uniform and mixed
wastewater were strongly polluted considering pH, DO, TDS, TSS, BOD and COD according to the
water quality standard of DOE (Department of Environment) for using in irrigation. Therefore, the
mixed wastewater was not suitable for irrigation considering the intensity of pollution. The average
yield of Indian Spinach irrigated with five less polluted wastewater (D2, D3, D4, D5 and D7) was
58.54 g and this amount was about 28 percent lower than the groundwater irrigated Indian Spinach.
However, number of leaves, plant canopy area, stem diameter and plant height did not varied
significantly with groundwater treated plant. Moreover, nutritional qualities of this vegetable were not
affected for irrigation with these less polluted dyeing wastewater. There was no significant variation
was observed in the concentration of ascorbic acid, 3 carotene chlorophyll a and chlorophyll b of
Indian Spinach cultivated with dyeing wastewater irrigation comparing with groundwater. From the
overal aspects of the study, Selected these five less polluted dyeing wastewater (without treated) can
be considered as suitable aternate for irrigation of vegetables where groundwater is not available on
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the condition of monitoring the long-term effect on soils which can reduce the effluent treatment cost,

groundwater dependency for irrigation, ultimately save the environment.

Acknowledgements

Authors are grateful to the higher education and qudities enhancement project (HEQEP) of
University Grant Commission of Bangladesh for financia grant and Tex Euro Bd Itd. for giving
permission to collect wastewater samples for the present investigation. The authors aso thankful to
the Dhaka University of Engineering & Technology (DUET), Gazipur, and Bangabandu Sheikh
Mujibur Rahman Agricultural University (BSMAU), Gazipur for providing lab facilities.

References
Allégre, C., Moulin, P., Maisseu, M., Charhit, F. (2006). Treatment and reuse of reactive dyeing
effluents, Journal of Membrane Science, 269: 15-34.
APHA, AWWA and WEF (1998). Standard Method for the Examination of Water and Wastewater,
th
20 Edition; American Public Health Association (APHA)/ American water works
Association (AWWA)/ Water Environment Federation (WEF). Washington, USA.

Brugnoli, E. & Lauteri, M. (1991). Effects of sadlinity on stomatal conductance, photosynthetic
capacity, and carbon isotope discrimination of salt-tolerant (Gossypium hirsutum L.) and salt
—sensitive (Phaseolus vulgaris L.) C3 non —halophytes. Plant Physiology. 95: 628-635.

Duxbury, A. C. & Yentsch, C.S. (1956). Plankton pigment monographs. J. Mar. Res., 91-101.

Gomez, K.A. & Gomez, A.A. (1984). Statistical procedures for Agricultural Research. Jhon Wiley
and sons Publication, New Y ork. P P. 91-97.

Haque, M. (2008). Treatment of wastewater in Bangladesh. Cotton Bangladesh. Retrieve at:
http://www.cottonbangl adesh.com/A pril 2008/Wastewater.htm

Hussain, |., Raschid, L., Hanjra, M. A., Marikar, F., & Vander Hoek, W. (2001). A framework for
analyzing Socioeconomic, health and environmental impacts of Wastewater use in agriculture
in developing countries. Working Paper 26. Colombo: International Water Management
Ingtitute (IWMI).

Islam, M.M., Karim, A.JM.S,, Jahiruddin, M., Mgid, M., Miah, M.G., Mustaque Ahmedand,
M., and Hakim, M.A. (2011). Effects of organic manure and chemical fertilizers on
crops in the radish-stem amaranth-Indian spinach cropping pattern in homestead area.
Asian Journal of Crops Science. 5(11), 1370-1378.

Jolly, Y. N. & Idam, A. (2009). Characterization of dye industry effluent and assessment of its
suitability for irrigation purpose. Journal of Bangladesh Academy of Science, Vol.33: 99-106.

Khan, G. M., Deniel Konjit, M., Thomas, A., Eyasu, S. S. & Awoke, G. (2011). Impact of Textile
Wastewater on Seed Germination and Some Physiological Parameters in Pea (Pisum sativum
L.), Lentil (Lens esculentum L.) and Gram (gram arienum L.). Asian Journa of Plant
Sciences, 10(4): 269-273.

AJASET, ISSN: 2158-8104 (Online), 2164-0920 (Print), Vol. 2, Issue. 1

79



e)/\g
-Palli American Journal of Agricultural Science, Engineering and Technology

Keller, T. & Schwager, H. (1977). Air pollution and ascorbic acid. Journal of Plant Pathology.12:338-
350.

lersel, V. M. W & Lee Kate, M. (2008). Sodium Chloride effects on Growth, Morphology, and
Physiology of Chrysanthemum (Chrysanthemum X moratorium). Hort. Science 43(6): 1888-
1891.

Maclachlan, S. & Zaik, S, (1963). Plastid structure, chlorophyll concentration, and free amino acid
composition of achlorophyll mutant on barley. Journa of Botany, 41: 1053-1056.

Rashid, M. M, (1993). “Shabjee Biggan” (in Bengali). Bangla Academy, Dhaka, Bangladesh. P. 489.

Romero-Aranda, R., Soria, T. & Cuartero, J. (2001). Somato plant-water uptake and plant water
rel ationships under saline growth conditions. Plant Science, 160:265-272.

Rop, N.K., Mutui, T.M. and Kiprop, E.K. (2012). Influence of Nitrogen Fertilizer on the
Growth, Yield and Quality of Indian Spinach (Basella Alba L) Afr. J. Hort. Sci 6,111-
117.

Salisbury, F.B. and Ross, C.W. (1986). Plant physiology. Wadworth, California. pp. 319-329.

Sharma, R. K., Agrawal, M. & Marshdl, F. M. (2007). Heavy metals contamination of soil and
vegetables in suburban areas of Varanasi, India. Eco-toxicology and Environmental Safety.
66:258-266.

Solaimalai, A. and Saravanakumar, R., (2004). Assessment of irrigation water qualities, In
water pollution assessment and management, Daya publishing house, New Delhi,
389-395.

Stone, K. C., Hunt, P. G., Novak, J. M., Johnson, M. H. & Watts, D. W. (2000). Flow-proportional,
time-composted and grab sample estimation of nitrogen export from an eastern coastal plain
watershed. Vol. 43(2): 281-290.

World Health Organization (WHO) (2006). Guidelines for the safe use of wastewater, excretaand
grey water: Wastewater use in agriculture (Volume I1). Retrieved from persistent URL:
http://www.who.int/water _sanitation_health/.

AJASET, ISSN: 2158-8104 (Online), 2164-0920 (Print), Vol. 2, Issue. 1

80





