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ABSTRACT

The present study was carried out to assess the physico-chemical analysts of sugar mill
effluent and 1ts impact on so1l and seed germination of okra and tomato plants Total 12 samples
of sugar mill effluents were collected from diffcrent pomnts Simularly 12 soil samples were
collected from the fields wmgated with sugar mills ¢ffluents in radius of 500 meters and at a
depth of 8 inches All the analysis for both the effluents and soil were performed according to the
Standard Methods Mean values of the selected parameters in the effluents were of pH 6 67, total
suspended solids (366 mg/L), total dissolved sohds (3248 mg/L), biological oxygen demand (475
mg/L). chemical oxygen demand (2662 mg/LL), clectrical conductivity (3865 pS/m), temperature
{55 °C). turbidity (118 NTU), dissolved oxygen (1 8 mg'L), sodium (163 mg/L), caictum (160
mg/L), magnesium (63 mg/L), chlonine (535 mg/L) and bicarbonates (332 mg/L) With respect to
heavy metals the value differ won (1 45 mg/L), 2inc (1 51 mg'L), lead (0 18 mg/L), cadmium
(021 mg/L), copper (0 52 mg/L) and chromwum (0 17 mg/L} Most of the parameters mean
values were greater than the WHO permmissible hmits [he results of soil samples analysis
indicated that mean values of all the parameters were in permissible himits Seeds of okra
(Abelmoschus esculentus) and tomato (Solunum heopersicum) showed maxumum germination
(95% and 90% respectively) at control condiion While at 10% concentration, seed germinated
95% and 90% respectively At 25% concentration okra showed 90% seed germination
concentration while 70% tomalo sceds germinated Ohkra plant 1s more vassal as compare to
tomato with respect to effluent concentration Sugar mill effluents are good for vegetation 1f
diluted before imgation Crops and soit fertihity could be increased by applying environment

friendly techniques during effluent discharge

VIil



CHAFPTER 1
INTRODUCTION

1.1 GENERAL INTRODUCTION

Water 1s the basic requirement of life on this carth Only 3% of total water on earth makes
fresh water, of which a g.ma]l portion (0 01%) 15 available for human consumption {(Hinrichsen &
Tocio, 2002) This small quantity of freshwater 1s also under stress due to increased population,
urbanization, industrial and agricultural use of water Many nations of the world especially, 1n
South Asia, Africa and Middle East will be under pressure due to water scarcity in the upcoming
future The countnies which are under developed, problem is worse and dangerous due to lack of
suitable management and oversight of government, absence of professionals and experts and

economic limitation (Kahtown, & Aslam, 2005, Abdullah 2013)

Water 1s definttely the absolute natural resource that exists along the earth, without which
life could not be possible Water 1s essential for growth and it 1s the basic right of all hiving
things Regardless of this, human beings use water for therr own needs, pollute and spoil water
resources Nearly | 5 billion people have no access 1o drinking water globally and every year
minimum 5 million people die due to water related diseases (Javaid ef al, 2008, Appa et al |
2007) Definstely, water is the most obligatory requircment not just for life provisions but for the

economic and industrial development too (Josht er uf , 1953, Chhonkar ef al , 2000)

Throughout the world and particularty 1n developing countries, water bodies were
considered boundless dumping ground for wastes of evers kind, such as garbage. domestic
waste, industrial effluents, raw sewage, clectrontc waste nuclear waste and o1l spills and a lot
more The quahty of water 1s thoroughly associated with the water usage, water resources, to the

state of economic development and industrial growth (i{asan & Dewninger, 2010, Dash, 2012)

lmpacts ot sugar mill's effluent on soil and plant's seed germinarion |
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Chapter 1 Introduction

Naturally, the environment was very clean, which comprisecs on atmosphere, animal and
plants In the past, the nceds of human beings were imued only to food, habitat and clothes Air
was clean and fresh, water was pure and screne and land was fertile (Azizullah e af, 2011,
Misra, et al, 1991) Due to human’s luxurious life and other nceds nature was disturbed and
relation between human being and environment totally changed, polluting the awr we breathe,

water we use, the food we eat and the working place (Rajesh er al , 2014 ,ASP, 2005-06)

In rural areas almost 90% of population s attached with agriculture About more than 50%
labor force 1s engaged 1n this sector In agriculture a large quantity of water 15 used in every kind
of production in the ficld and its consumption will remain to take over waler need (Ahmed ef al .
2007, Rahman ef af , 2013) Water usage can be allocated into three calegones 1¢, domestic
consumption, commercial or industrial use and wnigation (NWP 2004, Butt ef al , 2005, Adriano,
2001) Farming s largely bent on a canal irngation system, but duc to the neghgence of
authorities and management of respective department, it 15 not efficient 1n supplying water to

fulfill the crop production requirement (Haran ef af , 2002)

In Pakistan, sewage 1s dispose of in two ways, one 1s direct application for wrigation of
vegetables and crops ficlds, while the other 1s dircer discharge into fresh water bodies like rivers
or lakes (Dhurani er a/ , 2004) Sewage water 1s the mixture of organic, mnorganic chemicals and
heavy metals It creates severe problems of saliniy hardness. and change of acidity and basicity
and 1n the end reduction 1n agriculture production (Butt e @/, 2005 Anf, 1994, Hashm er of ,
2009) In Pakistan, unluckily, most of the industries pay no attention to the regulation and
supervision of industrial wastewater Farmers are also interested to use this untreated wastewater

due to nutrient richness (Butt ef al , 2005, Yadav & Pathak 2012}

3]

Impacts of sugar mull's effluent on so1l and plant's seed germination



Chapter 1 Introduction

Environmental contamination has been known as one of the major problems of the world
The problem has come into touch due to industrial development and urbanization (Barman ef af
2000, Kisku et al , 2000) Sugarcane (Saccharum officinarum L )15 a vital profitable crop of the
tropical and subtropical nations [t produces about 70% of the world’s sugar and 30% s from
sugar beet and some other sources (Yadav & Solomon, 2006, Yaduvanshi & Yadav, 1990)
Sugar industry 15 peniodic 1n nature and functions only for 4-6 months in the season (Kolhe et af ,
2011) The industnial development and change of manufacturing methods have given rise to an
increase 1n the quantity of wastewater discharge into the environment which causes water

pollution (Marnisankar ef a/ , 2003, Bharati et @/ 2014}

Brazil 1s at the top in the production of sugar cane The following five major manufacturers,
are China, India, Thailand, Pakistan and Mexico Pakistan, with respect to sugarcane production
is at a " position worldwide (Wiedenfeld & Enciso, 2008, Qureshi e al , 2015) In this industry
sugar cane 1s used as their new material dlong with a number of chemicals added during the
working process to increase the value of output produced as an end product During the
processing large quantity of water 1s used and as a result sugar mills discharge large amount of
wastewater The effluent from mull house 1s normally mived with different chemicals used during

processing (Hsieh et al , 1995, Kohli & Power, 2011)

Sugarcane itself contain about 70-80 % water as an cffect large amount of waste water 15
generated during s crushing and processing (n the industrs {Sanjay 2005, Trivedy,1998) About
0 73 m’ (730L) of water 1s generated by every single ton of sugarcane processed The related
environmental 1ssues are disposal of effluent, molasses and air polluuon (Guven et al , 2009,
Mancera et af , 2010) Such type of wastewater contains high content of organic materials and as

a result has high biological oxygen demand (BOD) In sugarcane processing, the typical levels of

impacts of sugar mull's e[fluent on soil and plant's seed germination 3



Chapter | Introduction

BOD are 1700-6600 mg/L in the untreated effluent. the chemical oxygen demand (COD) 1s from
2300 to 8000 mg/L. and the total suspended solids (TSS) are up to 5000 mg/L. (ADB, 1994,
Kumar ef af, 2011, Jadhav ef af, 2013) All chemicals are washed away with the wastewater
discharged Thus cffluents consist of all types of chemicals which contain toxic heavy melals
Many processes have been developed 10 treat this ctfluent such as electrochemical oxidation,
bio-sorption (Lara ef a/ , 2010), membranes separation (Hinkova et a/, 2002), and biochemical
oxidation (Prasad ef alf , 2006) Effluents moves along with heavy metals and reach in shallow
water table by leaching processes and contaminants may disperse 1n a wide range of the region
Contamination of soils of close areas occurs when the cffluents or polluted water comes under
contact of soil (Afzal et al . 2000) The regular contact of polluted water with soil makes the soils
sodic and alters the physico-chemical charactertstics 1exture and profile of soil stratum (Bharat
& Kumar, 2012} These effluents are used by farmers uascientifically for urigation and due to
this excrcise the growth, health and yield of the soil 1s reduced To fulfill the water needs farmers
use these effluents Contaminants such as chlonde {C1") sulphates (SO ), phosphates (P04J'],
magnesium (Mg) and NO” are discharged with the cffluent which creates a nuisance due to
physical appearance, odor and taste (Baruah ef «f 1993} As it 1s a common practice to use sugar
industry effluent for imigation, therefore, with regards to public health and crop producton, it 1s
essenual to 1dentify how crops in the field respond when they are wrigated or exposed to
industrial wastewater For thts purpose, working has been done from different department and
from institutions to explore the effect on sced germination of different crops such as wheat,
maize, pine, rice and green gram Seed germination s a very important stage that confirms
reproduction and controls the refinements of plant populations, that 1s why, it 1s very critical to

identify effect during germination stage (Doke ef f 2011 Yadav et al , 2014)

Impacts of sugar mull's ¢ffiuent on soif and planl’s seed germination 4



Chapter 1 Introduction

1.2 SUGAR INDUSTRY IN THE WORLD

Almost over 110 countries produce sugar worldwide Study showed that 70% of the total
world production 1s used domestically and 30° 1s sold n the world market Sugar cane 1s the
harvest which 1s developed 1n tropical and sub-tropical zone perennially (Reddy et af , 1999)
Brazil occupies a leading position with respect to area by raising sugarcane on an arez ~f 25 10
million hectares, followed by India, China, Cuba and Pakistan in 442, 143, 105 and 109
million hectares, respectively In the half of 20th century world average crop was about 42 6 tons
cane per hectare and top countries were Brazil, India, China, Thailand, Philippines and
Guatemala with production of 38 8,322,353 17 6, 18 7 and 37 7 Vha respecuively (ADB,1994,

WHO, 2004)

During 2002, Brazil, India, China, Thailand. Philippines and Guatemala did much energy
to increase Ltheir production to 710, 674, 648,936 70 6 and 94 0 v'ha respecuively, hence on

average they increase of 66 1 tha (PARB, 2008)

1.3 SUGARCANE PRODUCTION IN PAKISTAN

Pakistan 1s at 5™ and 8™ number n the world by cane cultivation and sugar production
respectively In Pakistan, in 2007-08, sugar cane was produced on 1 25 million hectares, out of
which Punjab province contributed 67 % by arca, whercas Sindh and KP shared 25 % and 8§ %
area respectively The total cane production was 63 9 mullion tones of which Punjab, Sindh and
KP shared 63 %, 29 % and 7 % respectively The median output of the rural area 1s about 51 6
tones canc for each hectare Sindh province masimum sield of cane was (60 9 tha) and almost
equal production of Punjab (48 72 vVha) and KP (45 72 vha) (Rehman et a/, 2013} Sugarcane

production 1n Baluchistan province 1s almost zero only 41000 tons from 800 hectares The

Impacts of sugar mll’s effluent on sou and planl's seed gurmination 5
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climatic condition of the Sindh 1s more suitable for sugar cane production as compared to other

areas of the country Production 1s low due to the irrelevant pressure of needs and supported

methods of cane cultivation (PARB, 2008, Akber & Khawaja, 2006)

The following Table shows the sugarcane producuion in three provinces of Pakistan

Table 1 Production with respect to area of cane 1n Pakistan during Years 1950- 2008

Province Areca (ha) % Increase | Yield (tha) % Increase
1950 2008 1 1950 2008

Pakistan 2193 12413 466 0 358 5149 43 83

Sindh 81 308 8 37123 337 60 86 80 59

Punjab 1700 8272 3865 377 4872 28 89

KP 413 104 8 15375 282 4572 62 13

Source: Cane and sugar production, (PARB, 2003)

Typrcally sugar mills operate more than |5G days in the vear 30, 45 and 07 sugar mulls are
operating in Sindh, Punjab and Khyber Pakhtunhhwa respectively In Pakistan sugar industry 1s

the 2nd leading agro based industry after textile containing 82 sugar mills (PSMA, 2009)

In Pakistan, sugarcane 15 grown ¢n about 1 | mulhon hectares and provides raw material
for 86 sugar mills Furthermore sugar cane and sugar 1s used in the production of ethanol, fuel
ethanol, paper bags, chipboard work, and pressed mud used as organic fertiizer Since 2011,
sugar production has increased due to more area Sugar recovery data analysis showed that
sucrose nnards have enlarged by more than 15 °s over the last 10 years (PSMA, 2014, Agarwal

el al |, 1995)

1.4 SUGAR MILL EFFLUENTS (SME)

Greal concern has been raised regarding environmental contamination as a side event of
rapid industrnialization and subsequent urbamization (Chaurasia & Tiwart, 26012} The disposal of

wastewater from industry into rivers, lahes or strcams may disperse over a huge area (Chatterjec

Impacts ot sugar mill's effluen: on soi1l and plant’s sced germination 6



Chapter 1 Iniroduction

et al, 2010, Chaurasia & Tiwari, 2011) The flora and fauna near the water bodics are affected
directly or indirectly by polluted water However effluents containing various types of metallic
and non-metallic elements act as nutrients but at the higher concentrations may be toxic to seed

germmnation and affeching vegetable growth (Avasn ef o/ 2001, Akbar & Khwaja 2006)

During the production of sugar huge amount of untreated or partially treated wastewater 1s
discharged onto the surface nearby the industry or water bodies (Nath e al , 2007, Barman et af ,
2000) This 15 common phenomenon that once the wastewater mined with water course, it
liberates the bad odour within few days On the other hand, the effluents came out from these
industries having a large number of pollubon Sugarcane mills generate 1000L of wastewater
from 1000 kg of sugar cane crushed Effluent [rom sugar mill if discharged without proper
treatment creates pollution problems in aquatic as well as terrestrial environment (Kumar &

Srikantaswamy, 2015}

Water consumed in sugar manufaciuring can be classified n to two classes,

» External Water (Cold Water)

» Internal Water
1.4.1 Sources of Effluents
The following 1s the classification of the wastewater generated in different process in the
industry
a) Mill House

The cffluent consists of water used for cleaning the floor of mill house which 1s
responsible to be changed by spills This clearing up operation will prevent growth of bactena on

the Jjuice-covered floor Water used for cooling of mills also added to effluents from this source

Impacits of sugar mill‘s effluent on soil and plam's seed gormination 7



Chapter | Introduction

b) Boiling House Waste Water

The wastewater from boiling house comes through leakage of pumps, pipelines and the
washing of varous units such as evaporators, juice heaters, clarification, pans crystal and

centrifugation etc The cooling water from numerous pumps also added to water
¢) Waste Water from Boiler Blow-down

The water used in boiler contains soluble and insoluble selids hike salts of calcium (Ca),
magnesium {Mg) and sodium (Na), fatty salts etc These salts get concentrated after gencration
stream from the ortginal water These solids have to be released time to time to save the boiler

being covered up by scales
d) Excess Condensate water

The excess condensate does not normally contain any pollutant and 1s used as boiler feed
water and the washing operations Sometimes 1t gets contaminated with juice due to entrainment
of carryover solids with the vapors being condensed, n that case 1if goes mto the wastewater

drain
¢) Condenser cooling water

Condenser cooling water 1s re~circulated again unless it gets contaminated with juice,
which s possible duc to defective entrainment scparators faulty operation beyond the design rate
of evaporation etc 1f gets contaminated the water should go into the dram invisibly This volume

of water 1s also increased by addiional condensing of v apors from the boiling juice in the pan

) Soda and Acid Wastes

Caustic soda and hydrochloric acid are used for cleaning of the heat exchangers and

evaporator 1n order 0 remove the formauon of deposits or scales on the surface of the tubing

Impacts of sugar mill's efMluent on so1l and plant's seed germinaton g8



Chapter 1 Introduction

Most of the sugar industries let this valuable chemical go into drains The soda and acyd wash
contribute huge amounts of organic and inorganic contaminations and may cause shock loads to

wastewater treatment (Kumar & Srikantaswamy, 2015)
1.4.2 Volume of the Effluent

Volurres 2. Tl.ent vanes from industry to industry depending on the crushinz voiume of
null, consistency and controlling of water conductor of working machinery etc (Vaithiyanathan

et al  2014)
1.4.3 Effects of Effluents

The effluent that 1s generated from the industry, ol used directly for imigation then i1t will
disturb the so1l ferulity as well as affect the growth of plant and seeds germination (Ramkrishan
ef al ., 2001) The SME reduce the rate of seed germination of paddy crops These effluents also
distress the soil Bacteria and fungi which maimtan the soil fertility will be in danger by the
highly toxic chemicals releases from sugar industry (Shivappa ef af , 20607) The SME having
highly toxic chemicals and heavy metals, affect aquatic Mora and fauna (Qureshi e al, 2015,
Doke et af, 2011) [t hinders germination of seeds growth, enzymatic activities, uptake and
distribution of micro and macro-nutrients in plant tissues, transpiration rate and relationship of

water and plants, and many other mterior or extensor activihies (Yildinm et of , 2006, Jauybon,

2012)
1.5 PROBLEM STATEMENT

Sugar industry 15 one of the most significant (ndustrial sectors of Pakistan 1t 1s not only
provides raw matenial lo the agriculture as fertilizer and many other sectors, but as well offer the

hvelthood to the local ciizens It likewise. provides the electricity to the nearby villages Major

Impacts of sugar mull's effluent on soif and plant’s seed germination 9
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types of production in the sugar industry are sugar, alcohol, biogas, fertilizer, mud etc Different
stages involve duning the processing of sugar from crushing of sugar cane to packing and storing
of sugar Efflients of sugar industry are openly flowing into the field and soil may affect soil
productivity During all these processes, the industry uses large amount of water for cooling and
mixing Sugar cane also carries large quantty of water in it These effluents are used for
irgation of crops and vegetables as water and fertilizer. The use of SME may cause many
problems to the soil and plants as well This study dealt with the effect of SME on the seeds

germunation of two selected plants as well as impacts on soil.
1.6 OBJECTIVES OF THE STUDY

» To assess physico-chemical properties of SME
» To assess heavy metals in soil due to SME

» To investigate the effects of SME on soil and plants seeds germination
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CHAPTER 2
LITERATURE REVIEW

A study conducted to evaluate the physico-chemical charactenstics of sugar industry
effluent and some of the parameters were above the permussible imits of Indian urigation water
standards Effects of different concentrations of SME on seed germination, seedling growth and

biochemical characteristics of green gram and maize were studied (Badgujar, 2012)

Qureshi ef al , (2015) studied physico-chemical characteristic of sugar mill and measured
pollution contribution by sugar mull industrics to the coastal district of Badin The results
indicated that all studied parameters were within the defined hmits of NEQS of Pakistan for
municipal and industrial effluents except two paramcters mercury and COD Chaurasia & Tiwan
(2012) reported the physico-chemical analysis of effluents released from Saraya sugar factory

and disullery The result showed it unsafe to be used for agncultural purposes

Rebecca ef al, (2014) examined heavy metals hke arsemc, cadmium (Cd) copper (Cu),
lead {Pb), mercury, zinc, chromwum n sugar mulls cffluents and detected in all the samples

Result recommended that effluent should be treated and discharge within permissible range

Noel and Rajan (2015) studied effluent ¢ffect on sced germination and early growth of
okra The results showed that physico-chemicdl parameters of cffluents were above the
permussible imits Germination of seeds was examincd with different concentration There was
inverse relation between the percentage of seed germunation and seedling growth and
concentration of effluent The maximum growth rate was at 25 °5 concentration while at

increased concentrations the growth rate decreased ull 11 reached zero at 100 % concentration

Impacis ol sugar mli's effluent on soil and plant's seed getmunation 1]
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Madhu, et al, (2015) study the effect of SME on growth, yield and so1l properties of
Ratoon Cane m Cauvery Command area The resufts showed that growth was significantly
reduced when wrigated with concentrated SME Soil properties were also different from the

standards and exceeded the values as the concentration of the effluent increased

The study was conducted by Adhikary (2014} to cxamine the physico-chemical
parameters of soil with different percentage of dilution of SME and its impact on biochemical
parameters of the tomato plant The results showed that the physico-chemical parameters of soil
at different dilution of effluent were increascd and decreased over control soll Among
biochemical parameters. 25 % effluent 1n soil notced highest chlorophyll, protein and
carbohydrate content 1n leave of 25 days old tomato plant over control followed by 50 %, 10 %,
75 %, 5 % and 100 °s The results showed the effects of etfluent and indicated that plants growth
could be increased if proper care 1s done beforc use in agriculture and economical and
environmentally safe strategy to utilize the sugar industry cffluent as organic fertilizer to

improve soil health and crop system

Daulta er af , (2014) carried out a study on the cffect of SME on physico-chemical
propertics of soil collected from different location of selected area Results showed that SME
affected vanious soil parameters such as organic carbon elecincal conducuvity (EC), sulphur (S)
and potassium (K) These effluents up to certain hinuts improve the soil properties but too much
of these effiucnts decline soil property and the soil becomes toxic Therefore SME should be

treated properly otherwise it affects soul fertility as well as plants growth

Rais and Sheoran, (20135) carried out wreatment of SME The low pH. EC, and chemical

elements present in sugarcane cffluent may cause changes in the physico-chemical properties ol

Impacts of sugar mull's efTluent on soil and plant's seed germination 12
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sotls, nvers, and lakes with frequent discharges over a long period of time, and also have adverse

effects on agriculwral soils

Yadav and Renu, (2014) nvestigated the effect of sugar mill on physicochemical
characteristics of groundwater of surrounding area Results of analysis indicated that the pH, EC,
BOD, temperature and COD were above BIS himits [or drinking water Hence results showed
that cﬁ]uc‘nl should be diluted and properly discharge so that «t did not affect the nearby ground

water and productive soil

Ranjitsinh and Dipak, (2014) reported the effect of SME on so1l as well as on ground
water The results revealed the high values of Ca, Na, Ct', SO,™, mitrates and hardness n the
samples which were located downstream suggested that SME was the source of soil and
groundwater pollution Results suggested that water quality management, an important 1ssue for
the sustenance of human civilization must become a major prionty The effluent should be

treated within the industny

Goli and Sahu, (2014) studied the effects of SMI on fertility of soil and crops The work
focused on the effects ot wastewater on the sced germination of Truticum aestnvum, Arachis
hypogea and Vigna rudiate crops The investigation was carried out with different concentration
of effluent for seed germination, root length shoot length, fresh weight and dry weight of crops
The growth rate and the root shoot length were decreased as the percentage concentration

increased

Kumar and Chopra, (2010) studied the influence of SME on physico<hemical
characteristics of soil The mfluence of SME {viz 0 5, 10 2530, 75 and 100 mlkg soil) along
with control (Bore-well water, BWW) on the physical and chemical properties of soil revealed

that various concentrations of the effluents showed ettect on it and caused toxicity The

Impucts of sugar mill’s effluent on soil and plant's seed gormimation 13
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enrichment factor (Ef) of vaneus micronutrients in the soil was recorded in order of
Cr>Pb>Cd>Cu>Zn after irigation with SME The maximum concentration found 1n soil was of

Cr

Hussain ef al , (2013) analyzed the effect of SME on growth and anti-oxidative potential
of maze seedling Higher concentrations of SME decreased the growth, the low concentration
(25%) of SME was very cffective in increasing the growth of both maize cultivars when
compared with control The better growth of maize plants rigated with SME (25%) suggested

that dtluted SME could be used for imgation 1n nutnients deprived environments

Nath et al, (2007) conducted an experiment on SME to specify us effects on seed
germmation and seedling growth in different selected vegetables The seed gemmination and
seedling growth were significantly reduced with increase in concentration of the effluent Based
on the data of sclective crops barley was found to be highly tolerant as the 25 % and 50%
dilution levels of combined effluents It showed no changes 1n germination, while seedling
growth was ncreased in lower dilution levels of combined effluent as compared to controt
Almost every kind of vegetable were affected and reduced number of germunation as

concentration increased

Siddique et al , (2012) carried out a comparative study of treated and untreated effluent of
SME The high level of COD, BOD, TSS, TDS and low contents of DO were found n untreated
SME The impacts of treated and untreated SML. on seed germination of certain cereal crops
were also studted It was found that untreated efflucnts reduce the gerrmination of cereal erops
This study showed that treated effluents of sugar industry are not highly polluted and they satisfy
the BIS Indian standards and it can be used for irngation purposes The effluent with no

treatment cause serious effect on soil productivity and plants growth
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Doke et al, (2011) studied the physico-chernical parameters of sugar effluents and its
effect on sced germunation of Vigna angularis, Vigna cvchindrical and Sorghum cernum
Germunation percentages and germination values were decreased with increase in concentrations

of effluent 10 all the seeds tested

Tabriz ef al, (2012) studied SME and 1ts rmpact on soil properties The wastewater
elevated the EC and reduced the pH of soil It however improved so1l fertihty by improving the
phosphorous (P), K, S and organic matter contents It also elevated the porosity and reduced the
bulk density of soil The soid-water content at ficld capacity and the saturated hydraulic

conductivity increased due to the effects of wastewater

Nagaraju et al , (2009} assessed the impact of sugar industry effluents on se1l Some core
samples were collected from the selected sites he experimental results indicated that most of
the physicochemical propertics were significantly higher in the test sample than in the control

Growth rate decreased from control to effluent and as concentration mncreased

Ayyasamy ef al , (2008) determined the mpacts of sugar factory effluent on aquatic
plant Effluent parameter found above the permissible imiuts of Indian imigation water standard
The cffluent was divided into different concentration percentages and 1ts effects were increased
with increase n concentration Experiment was carried out using the aquatic plants water
hyacinth and water lettuce Higher concentration {above 60%) of the effluent affected the plant

growth Diluted effluent {(up to 10- 60%) favoured seedling growth

Kaur et af , (2010) reported the study of indusinal cffluents The results showed that
values exceeded the NEQS and also affected microbial community due to the high BOD and

COD values

Impacts of sugar mll's cffluent on sail and plant's seed germination 15
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Sain1 & Pant, (2014) examined the physico-chemical parameters of SME and its impact
on the germination and growth patterns of wheat and maize [t was found that concentration of
25 % and 50 % has stimulatory effects on germtnation raie and further increase in concentration
(beyond 50%) showed inhibrtory effects on germmation percentage and imitial growth of wheat
(Triticum aestivum) and maize (Zea mays L) The growth rate decreased with respect to

concentration

Kumar ef al , (2011) carried out a study on the sugar mull press mud composite for some
heavy metal contents and their bio-availability  The results revealed that concentration of heavy
metals were in safe imits as the recommended refercnce values Further, it was suggested that
press mud compost does not showed heavy metal pollution, besides a good source of soil

elements and organic matter to the agricultural land

Ajymal & Khan (1983) studied the effects of SML on soil and crop plants Due to these
effluents the nutrients of the soil has been disturbed The greatest disturbance has been observed
in the K concentration of soil when effluent was used for irrigation Germunation in the water-
imigated soil was 100 % whereas it ranged between 99 % and 91% 1n other concentrations of the
effluent The water wrigated soil and the soil wwngated with 25 % effluent were found most

suitable for germination It 1s suggested that the SME can be used for irrigation after dilution

Doke et al , (2011) examined waste water ¢ffluents from a sugar industry and determined
the effects of various concentrations of effluent on seed germination, germination speed, peak
value and the germination value of varieties of secds |he results indicated the high morganic
and organic content with an acidic load Germination percentages and germination values
decreased with increasing concentration of effluent in &ll the seeds tested The more concentrated

the effluent the less 1s the germination
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Vanitha and Rao, (2014) examined physico-chemical analysis of effluents released from
sugar mill The results showed that the SME contained TSS, dissolve sohds, BOD, COD, cr',
SO,”, nitrates, calcium (Ca) and Mg exceed than the permissible limits The continuous use of
the effluents for urigation negatively affected the crops The results showed that the effluent 1s
unsafe for domestic and agricultture purposes and should be recycled and utitized only for

industrial purposes

Impacts of sugar mill's effluent on so1l and plani's seed ecrminaiton 17



CHAPTER 3
MATERIALS AND METHODS

3.1 SAMPLING STRATEGY

Sartay sugar mill located 1n District Jhang Pumjab Pakistan was sclected for samples
collection The study area was surveyed before samples collection to identify sampling
pomnts The cffluents (SME) were collected from outlet of the sugar muill Pre~cleaned, acid
washed, plastic bottles of 2 liters capacity were used to collect wastewater samples Then
these were stored below 4 °C Four effluent sample sites were selected to collect tn triplicate
Every sample was analyzed for physico-chemical parameters and for the assessment of heavy
metals The samples were collected 1n January [n the heavy metals samples 50% HNO; were
used to bring the pH <2 All of the samples were transported to PCRWR Iab for analysis and
were analyzed according to the Standard Methods (APHA, 2005, Yadav et al, 2014}
Moreover for the seed germination 80 liter composite cffluents samples were collected in

four container having the capacity of 20 lters each {Awasare er al , 2015)
3.2 SOIL SAMPLING

Soil samples were collected from the fields where SML. was used as imigation water Four
different sies were selected for soil samples collection where effluent was used to urigate
vegetables The complex soil surface samples (at 0-30 cm depth) were collected in clean
polythene air tight bags Each bag contained 2-3 kg of soil sample and transported to the soil

laboratory NARC, Pakistan for further analysis

Impacts of sugar mi'l's effluent on soil and planl's seed germination 13
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CHAPTER 4

RESULTS AND DISCUSSION

Numerous physico-chemical parameters were examined o evaluate the quality and

characteristics of the collected effluent as wel! as soil samples according to WHO guidelines

and NEQS of waste water

4.1. PHYSICO-CHEMICAL ANAT VCI§

Results of SME analyses for pH, EC, DO Ca Na are summaries in Table 2

Table 2 Physicochemical parameters of the SME samples

Parameter 81 82 _83 54 Standards*
Temp °C 57 170 42 50 30
Color Dark yellow { Yellow ! Dark Brown | Yellow

EC  (uS/m) 3387 4760 ' 4122 3190 1000
Turbidity (NTU) | 125 116 122 110 25

pH 31 "5 54 76 58 6-9
DO (mg/lL) 118 | 35 | 55 323 458
TSS (mg/L) 410 66 37333 41333 26833 | 150
TDS (mg/L) 1846 523333 8570 5342 3500
BOD (mg/L) 487 717 366 331 80/200
COD (mg/L) 1491 1400 3712 1047 150
HCO, (mg/L) 302 4177 5107 29733 | 440
Na (mglL) 167 165 160 33 161 200
Ca (mg/l) 169 . 169 13833 162 200
Mg (mg/L) 57 .52 74 70 100

K  (mg/L) 45 33 | 427 3233 4233 | N/A
Cl (mglL) 413 | 435 863 428 1000
P {mglL) 885 1929 728 733 N/A

«  Sowrce (Khanatal 2003 WWF-Pakislan 2007 Badgupr 22y

4.1.1 Heavy Metals in Effluents

Heavy metals were analyzed in SML samples and the values are given (n Table 3

Table 3 Concentration of heavy meials (mg/L.) i SME

Parameters | S1 82 |83 S4 ' Standards*
Fe 199 [203[082[098 20
Zn 212 | 146 |14 {109]50
cd 016 [005[042]019]010
Cu ¢16 (017(015]16 (100
Cr 019 {012(021(015[10
Pb 0206 {020 013 {ND | 020-050

Source (Khanalal 2003 [adpugar 2012)

Impacts of sugar mill's efMuent on sonl and plant's scud pormination
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4.1.2 Metals analysis in Soil

As different hiterature studies showed that effluent are used for irngation Different
crops and vegetables are watered by effluent which affects so1l characteristics Soil was also

analyzed for some metal contents and the results are shown in Table 4

Table 4 Concenirstion (mg/kg) of metals in sugar effluent irrigated sl

Parameters So1 S02 S03 S04 Standards®
Fe - 2085 212 2052 2] 63 *vrm

Zn 10 86 945 1109 1142 600-1100
Cd 0063 0302 0079 0075 043

Cu 234 172 211 216 200-270
Cr 0332 0261 0344 0342 11

Pb 142 162 | 64 151 200

K 2838 1441 2558 2655 N/A

P 78 24 826 8357 7894 N/A

*  Source {Sharma ef af . 2007, Hassan eraf 2012)

4.2. BASIC STATISTICS OF SELECTED PARAMETERS IN SME

Basic tools of statistics such as mean value, standard desiation. mimimum and maximum
{range) of tested parameters in all the cffluent samples collected from the selected sites of

district Jhang are presented in Tabie 5

Table 5 Basic descriptive statistics of analyzed parameters

Parameters | N | Mimimum Mavumum Sid Deviation

H 4 (533 LY 128
ﬁ'SS 4 (26813 J13 33 67 8Y
[TDS 4 (4846 66 5570 30211
BOD 4 133066 716 66 17439
COD 4 11400 1046 bh 11202
IEC 4 |31%0 4760 719 |8
Tep 4 (4233 69 33 1149
{po 4 (118 323 0us
urbidity 4 11066 124 66 633
Na 4 (16033 167 s
Ca 4 (13833 169 1t 1445637
Mg 4 15200 71 ho 1011482
K 4 (321 43 33 371509
Cl 4 (41333 %63 11 21902568
HCO, 4 (297133 117 8b 5743115
P 4 728 929 1 03494

4

Valid N

Impacts of sugar mull’s effluent on soil and plant's seed germination
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The results of examined parameter in the SME samples are descnibed as follows-
4.2.1. The pH value

Acidic or basic nature of the pH of a solution normally range from 6-9 gave protection
for the aguauc life Figure 1 shows the pH values of analyzed of SME samples The pH
values of some of the samples were lower than the mimmum permissible level (6-9) and were
acidic in nature The lower pH value may causc of detenioration of water qualiry Extreme
changes m pH (acidity and alkalimity) can exert siress condition or put an end to aquatic Iife
The maximum mean pH value was 8 10 and the mimmum pH was recorded as 5 53 It shows
the acidic nature of effluent and may cause negative effects on nearby soul and water used for
the crops imigation {GOB, 1997) The effluents must be diluted before drainung into field or

water bodies (FAQ, 1985, Keshavarzi et al . 2013)
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Figure 1 pH of the selected SME samples

4.2.2. Total Suspended Solids (TSS)

The highest value of TSS was recorded as (413 33 mg/L) while nuinimum value was
recorded as (268 mg/L) All values were above the permissible imits of NEQS (150 mg/L.)
The suspended solids may increase the value ot wurbidity and penetration of sun light could

not be possible High TSS values are visually not favorable Tt may cause sludge in the water
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Chapter 4 Results and Discusston

and settling down at the bottom also create a blanket that may be harmful to fish and other
flora and fauna TSS may also cause depletion of oxygen supplies at the bottom and cause the
production of fowl smelling and lethal gases such as methane, carbon monovide, ammoma
and hydrogen suifide The TSS value can be decreased by dilution and by mixing properly

the effluent before discharge from the sugar mill (Agale, 2013)
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Figure 2 TSS value of the selected SME samples
4.2.3. Total Dssolved Solids (TDS)

The maximum TDS value recorded was (5570 mg/L) while the mimmum value was
(4846 7 mg/L) TDS values for all the samples were above the safe limits set in the NEQS
(3500 mg/L) TDS are associated to the total mincral contents (1e, salts, metals and
carbonates) of the water which are left after cvaporation of water The more TDS indicates
the more possibility of contamination Higher concentranion ot TDS shows high values of
dissolved 10ns which may make water more corrosive (Kaur et al, 2010) The high TDS

values may attnbute towards the turbidity of etfluent
4 2 4. Electrical Conductivity (EC)

The EC of examined samples was ranged [rom 3190 uS m to 4760 pS/m All samples

have EC above the safe himit set under NEQS (1000 S m) (Figure 4) The number of toral
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dissolved solid and 1ons present 1n water could be measured by 1dentifying EC EC increases
as the total dissolved content of effluent increases (Yasin at ai , 2012) These effluents 1f used
for urigation purposes will affect soul feruility and plants growth, therefore, the SME should

be diluted and properly momtored before discharge
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Figure 3 TDS value of the selected SVIE samples
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Figure 4 EC value of the selected SME samples
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4.2.15. Concentration of Bicarbonates (HCO,)

The analyzed samples show different concentrations of bicarbonates The maximum

value was 417 66 mg/L, 'while the mimmum value was 297 mg/L. No iimit has been set for

HCO; by Pak-EPA and WHO for industnial effluents
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Figure 15 Bicarbonate values 1n the selected SME samples

4.3. BASIC STATISTICS FOR HEAVY METALS IN SME

The standard dewiation, mean, maxamum and mimmum values of heavy metals such as

iron (Fe), ainc (Zn), cadmum {Cd), copper (Cu), chromium {Cr) and lead (Pb) 1n all effluemnt

samples collected from selected site of District Jhang are presented in Table 6

Table 6 Basic descriptive stalisiics of analyzed parameler of heavy metals

N Minimum (Maximum |Std. Deviation

Fe 4 L 43 203 0 28937
Zn 4 109 212 043308
Cd 4 003 020 006160
Cu 4 013 1 60 072072
Cr 4 012 g2l 0 04031
Pb 4 000 020 0 09430
Vald N (4

Impacts of sugar mull's effluent on soil and plant’s sced germination
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dissolved solid and 1ons present 1n water could be measured by 1dentifying EC EC increases
as the total dissolved content of effluent increases (Yasin at al . 2012) These effluems 1f used
for imgation purposes will affect so1l fertility and plants prowth, therefore, the SME should

be diluted and properly monitered before discharge

W) —— - - — -

.;Hll - T - - :T X - -
- TY{H) J— - - ' ':. _
E =:;5':=:-:
5 \:"“ - - - - E:'. '.l —
¢ ; S
=1 SH¥ - - — —_— LR
3 1300 " ':::‘:.ﬁl
) — —_ -— ) L)
£ o
2 et —— - — el —
= E_ .
wo — B — -
b
1200 R S
Site | Site 2 St 3
Lfluent Samples
Figure 3 TDS value of the selecied SME samples
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4.2.5. Dissolved Oxygen (DO)

) The minmum DO value recorded was 1 18 mg L while the maximum value was 3 23
mg/L DO 1s one of the very important parameters in water quality assessment It tells about
the physico-chemical and biological processes taking place 1n a water body Most of the
aquatic ife depends on the dissolved oxygen (DO) contents The suggested value of DO for
normal drinking water 15 8 mg/L. Increase in temperature may cause the DO level fall DO 1s
an ndicator which shows that how much oxygen 1s depleted 1n a water body (WHO, 2004)
The results indicated lower concentration of DO 1n the effluent which may decrease the level
DO in a water body when discharged with treatment and may cause death of many aquatic

orgamsms as well as negatively affect soil fertility
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Figure 5 DO vatue of the selected SME samples

4.2.6. Turbidity

The turbidity level 1n all the analysed samples were found bevond the permussible lmat
(25 NTU) recommended by the NEQS and WHO The immimum value recorded was 110 66
NTU while the maxaumum value was 12466 NIL Turbidiy could be defined as an

appearance of optical property that causes light scattered and absorbed nstead of transmitted
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in straight [mes through water It can be due to the presence of stlt particles, orgamic matters
and microorganusm Drinking water turbidity indicates the presence of bactena and other
pathogens while i1n effluents indicate the impurities which may alter the soil properties and
affect flora and fauna The presence of high turbidity level in water act as a cover for
microbiological organism and can increase their growth increase the turbidity may increase

the population of colifoerm bactena
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Figure 6 Turbudity value of the selected SME samples

4.2.7. Temperature

The temperature values of the samples ndicaled that temperature was beyond the
permissible limit set by the NEQS and WHO (40 C*) Fhgher values of temperature affect the

aquanc hife Temperature vanability affect soi1f and plants growth (Solomon, 2005}

Impacts of sugar mull's effluem on soil and plant ~ seed gernungtion 3G



Chapler 4 Resuls and Discussion

80
70
6

A
=

Fop Yalues (€)
b~

Sie ] e 2 SHE

I Hluent Samples

Figure 7 Temperature value of the selected SME samples

4.2.8. Biological Oxygen Demand (BOD)

The BODjs values of SME samples were ranged from 530 7 mg/L 10 716 66 mg/L It was
found that all the samples had higher BOD »alues than the NEQS value (200 mg/L) The
higher BOD values may be attributed 1o the leakage of molasses and sugar conlents on the

mill floor and are washed away with the effluents and thus increase the level of BOD

{Chhonkar et af , 2000)

BOD 15 the amount of oxygen required by microergamsm t stabilize biodegradable
orgamic malter in wastewater under aerobic conditions Therefore, decreased DO value 15
correlated with the degree of BOD Other physical or chemical parameters such as
temperatre, pH, etc can also affect BOD values Owidation and decomposiion of organic
waste by microorganisms produce high level ot BOD As the quantity of orgamic matter
increases, more dissolved oxygen will be needed and as a result BOD wiill be lagher BOD 1s

a significant parameter that indicates the level of water pollution due to organic waste
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4.2.9. Chemical Oxygen Demand (COD)

The highest value of COD was 4046 mg/L. while minimum value was 1400 mg/L. COD
values of all the samples were above the permissible It {150 mg/L) set under the NEQS as
well as WHO The SME 1s used for differens purposes such as irrigation, fish farming ponds
and ammals drinking directly High COD deteriorate water quality and may harm aguatie life

and decrease soil fertility Therefore, SME must not be discharged into environment without

proper treafment
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Frgure 9 COD value of the selected SYIE samples
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4.2.10. Concentration of Sodium (Na)
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Figure 10 Sodium value of the selecied S™ME samples

SME samples contained Na'* in the range o1 160 33 mg/L-167 mg/L and all the values
were under the WHO safe hmit (200mg/L) Ihgh level of Na'™ ts considered harmfu! for
agquatic life and sotl Higher concentrations of Na'" i dninking water may cause heart and

kidneys problems, blood pressure and vomiting (WHO 2004)

4.2.11. Concentration of Calcium (Ca)
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Figure 11 Calcium value of the selecied SME samples

Results showed that mmimum concentration of Ca was 138 33 mg/L and maximum was

169 mg/l. For Ca in waste effluent no limut has been set under NEQS and WHO However,

Impacts of sugar mull's efMluent on sml and plant's seed germination
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Pakistan Standard and Quality Control Authoruty {PSQCA) laboratory have the limit of 200

mg/L and accordingly Ca values in all samples were under the prescribed himit

4.2.12. Concentration of Magnesium (Mg"’)
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Figure 12 Magnesium value of the selected SME samples

The maximum and minimum values of Mg were 73 mg/L and 52 mg/L respectively
There is no such recogmzed Iimit for Mg level available in WHO guidelines or Pah-EPA
permissible levels The approved limit of Mg contents mentioned in PSQCA lumuts 1s 100

mg/L and the level of Mg in the analyzed samples was below the PSQCA permissible limut
4.2.13. Concentration of Potassium (K)

The maxuimum content of the K was 45 mg/L and the mimmum was 32 mg/L as per
analysts The average content was 38 mg/L There 1s no NEQS Imut regarding K for dninking
or for effluent of the industries From the WHO standard the safe limit for K 1s 12 mg/L for
drinhing water The value of K in the SME could be reduced by treating efftuents before

discharge 1n the environment (Sankar 2014 Akpor er uf . 2014)
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Figure 13 Potassium (K) value of the selected SME samples
1.2 14. Concentration of Chioride (CI'")

CI"' values i all the samples were below the safe hmu of NEQS (1000 mg/L) The
mimimum value was 413 33 while the maximum was 863 33 mg/L. CI”' 1on should be at
mimmum level as 1t causes salinnty and hardness C1' 1on mostls exists in natural water and
help 1n dissolving other deposits conung from industries sewage etc (Badgwar, 2012,

Pandey & Sony, 1994)
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Figure 14 Chlonde value of the selected SME samples
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4 2.15. Concentration of Bicarbonates (HCO,)

The analyzed samples show different concentrations of bicarbonates The maximum
value was 417 66 mg/L, while the mimmum value was 297 mg/L. No limut has been set for

HCQ; by Pak-EPA and WHO for industnal effluents

=~ 300

200

Site 1 Site 2 Sue 3 Site 4
Effluent Samples

Figure 15 Bicarbonaie values in the selected SME samples

4.3. BASIC STATISTICS FOR HEAVY METALS IN SME

The standard devianon, mean, maximum and minimum values of heavy metals such as
iren {Fe), zinc (Zn), cadrmuum (Cd), copper {Cu), chromum (Cr} and lead (Pb) in all effluent

samples collected from selecied site of District Jhang are presented in Table 6

Table 6 Basic descriptive stalislics of analyzed parameter of heavy metals

N Mmimum [Maximum |[Sid Deviation

Fe 4 143 303 028937
Zn 4 109 212 043308
Cd 4 005 020 006160
Cu 4 013 [ 60 072072
Cr 4 012 021 004031
Pb 4 000 020 009430
Vahd N (4
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The untreated effluent discharged 1s mostly used for irngated of crops and vegetables
These effluents also carry trace clements (especially heavy metals) in 1t which have negative
effects on aquatic ife and soil Heavy metals are non-degradable and toxic in nature and are
discharged into the environment with the untreated effluent by the industrnies (Lokhande ef

al, 2011)
4.5.1. Concentration of Iron (Fe)

The maximum value of Fe found n the sample was 2 03 mg/L and the mimmum was
1 43 mg/L Fe values in some of the samples were higher than the permissible limit of NEQS
(2 mg/L) (Khan er af, 2003} This higher concentration ol Fe may be cause pathogenic

microbial growth in the SME and other water bodies as well as soil
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Figure 16 Iron metal in selected sample of SME
4.3.2. Concentration of Zinc (Zn)

In the analyzed samples of SME the maximum and munimum values of Zn were 2 12
mg/L and |09 mg/l respectively Zn values in all samples were within the NEQS
permissible levels (5 0 mg/L) Absorption of higher amounts of Zn causes necrosis, ¢hlorosis

and also affects plants growth (Agarwal er al  1993)
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Figure 17 Zinc metal m selecied sample of SME

4.3.3. Concentration of Cadmium (Cd)

Cd was not detected 1n all the samples [he mimimum detectable hmit of Cd was 0 05
mg/L for the AAS The US-EPA set a2 maximum contammant level for Cd at 5 mg/L. The
imited value 1s 0} mg/L in NEQS The mavimum value was 02 mg/L detected in the
selected samples The average value was 0 123 mg/l. | hese values were not in the safe hmit
and may cause harm to the environment Cd 1 a supplementary component and affects
metabolic activities in plants and can bio-accumulate tn aquatic organisms and enters the

food chain {Adnano, 2001)
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Figure 13 Cadmium melal in selected sample of SME

Impacts of sugar mill's ¢[Pluent on soil and plant's sued gormimanion 38
p £ p £



Chapler 4 Results and Discussion

4.3.4. Concentration of Copper (Cu)

The results showed that only site 4 samples contained Cu values higher than the
permissible hmits of NEQS (1 0 mg/L) for wastewater Cu 15 a micro nutrient and essential
for all living orgamusm but higher concentrations of Cu njakmg water unpleasant to drink and
may damage 1n liver Even though the effect of low Cu toxcity 1in human 1s rear, aquatic fe
are possibly at risk from Cu exposures {Adriano, 2001) A medication must be obligatory for
Cu levels in the effluent of industry where high levels of metal 1n effluent It should be noted
that to most fishes, invertebrates and aquatic plants as compare 1o other metal Cu 1s highly
lethal except mercury It influence on the growth and reproduction rate of plants and ammals
The chronic level of Cu 15 0 02-0 2 mg/L (Moore & Ramamoorthy, 2012)
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Figure 19 Copper metal in selecied sample of SVE

Aquatic plants absorb three umes more Cu than plants on dry lands Extreme Cu levels
can cause damage to roots, by attacking the cell membrane and destroying the normal
membrane structure, inhibit root growth and tormation of numerous short, brownish
secondary roots Cu becomes toxic for organisms when the rate of absorption 15 greater than
the rate of excretion As Cu s readily collecied by plants and animals, 1t 1s very important to

reduce its level 1n the watercourse (Lokhande o1 af 2011
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4.3.5. Conceatration of Chromium (Cr)

The maximum value of Cr was 021 mg/L tn the analyzed samples and was below the
perrmissible limut set under NEQS (1 0 mg/L) Its toxicity is not considerably acute for fishes
and invertebrate At higher temperature, Cr 1s generatly more toxic and a hnown human's
carcinogen The toxic effect of Cr on plants shown as the roots remain small and the leaves

narrow with reddish brown stains and small necrotic spots
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Figure 20 Chromium metal 1n selected sample of SME

4.3.6. Concentration of Lead (Pb)

The concentrations of Pb 1n all the samples were within the NEQS limut (0 5 mg/L) Pb s
a toxic element that stores in the sheletal body [he loxic etfects of Pb 1o fish drops with
increasing water hardness and dissolved oxygen Although Pb s estimated to have low phyto-
tonicity because of ils strong attraction 10 orpani natier, under certain environmental

conditions ¢ g . pH change 1t may become moveable { Muwanga & Banfajo 2006)
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Figure 21 Lead metal n selected sample of SME

4.4. BASIC DESCRIPTIVE STATISTICS OF HEAVY METALS IN

SOIL

Untreated or partially treated wastewater containing heavy metals when discharged into
water bodies or used for imigation purposes cause difterent health and environmental
problems (Deshmukh, 2014} The heavy metals posc threat to the soil and plants and with
bie-accumulation and bio-magrification through plants 10 ammals and then humans leading
to severe harmful effects (Sawdy, 2010} It has been reported that consumption of toxic metals
in vegerables and com products accumulate in kidness and cause damage to 1t Some studies
have also linked skeletal damage (osteoporosisy i humans 10 heavv metals. such as migh

levels of selenium {Abdullah, 2013, Gill & Taleju, 2010}

The presence of high levels of heavy merals in a soil could also lead to the interruption of
plants growth, nutnients uptake, physiological and metabelic actuvities chlorosis, and harm to

root tips, reduced water and nutrients uplake and damage to ensymes (Akpor et af , 2014)

Following Table shows analyzed parameters tn soil samples collected from agricultural

fields imgated with SME
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Table 7 Statistical snalysts of soil irngated by SME

Parameters |N Minimum [Maximum [Std. Deviation
(mg/L)

Iron 4 2052 2163 47603
Zine 4 945 1142 86766
Cd 4 06 63 28018
Cu 4 172 234 26107
Chromuum |4 26 34 03944

Pb 4 | 42 163 09950
Potasium 4 1441 00 [285800 (637 04997
Phosphorus |4 78 00 83 36 2 89201
Vahd N 4

4.4.1 Concentration of iron 1n soil

Four sample sites were analyzed and the maximum value was 21 63 mg/kg while the

mimmum value was 20 52 mg/hg and all the values were within the permissible Limits
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Figure 21 Conceniration of {ron metal in selected samples of sail

4.4.2. Concentration of zinc 1n so1l

The concentration of Zn in the so1l samples was ranged from ¢ 45 mgkg to 11 42 mg/kg
and all values were within the permissible lumit ol W HO tor irmigaton water Zn s one of the
important trace elements that play very imporant role in the physiological and metabolic

processes of many organisms
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Results and Discussion

4.6.

PARAMETERS

values of TSS. TDS, BOD, COD. EC, temperature and turbidily were sigmficantly higher
{p<0 05) than thewr standard values The DO of SME was significantly lower (p<0 05) than its
prescribed standard value The color of SME ranged from yellow to dark brown The

concentration of Na, Ca, Mg, Cl and HCO. were significantly lower (p<0 05} than their

The average value of pH for SME (6 5} was within the permissible lmiat (6-9) The

standard values

ONE SAMPLE T-TEST FOR PHYSICO-CHEMICAL

Table 11 One sample t-test for physico~chemical Parameters of SME

Parameters |t Df |Sig (2-tailed){Mcean 95% confidence interval of
difference the difference

Lower Upper
PH 1058 |3 [0002 6 75 472 878
SS§ 1079 |3 |0002 366 41 258 38 474 44
TDS 3474 |3 |ooo 524799 4767 28 5728 72
BOD 545 |3 0012 475 08 197 42 752 75
COD 377 13 10033 2662 50 41565 4909 34
EC 1075 |3 |0002 3864 73 272037 5009 13
Tep 953 |3 [oo02 5475 36 47 73 03
DO 38 |3 |o03t t 82 031 333
Turbidity 13740 |3 |000 118 42 108 34 128 49
Na 10255 |3 |0 00 163 08 158 02 168 14
Ca 2205 |3 [000 159 42 136 41 182 42
Mg 1221 |3 [oom 62 99 36 58 79 41
K 1423 |3 |p o0} 10 66 3157 49 76
Cl 489 [3 |0016 53508 186 56 883 60
HCO; 1156 |3 |ooo 33192 240 53 42330
P 1582 |3 [000] 819 6 54 983

Impacts of sugar mill's effluent on soit and plant's seed gorminauon
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Chapter 5 Conclusion and Recommendarions

» Such plants should be introduced which could grow well in such effluents and the
plants could be used in industry

» Regular monitoring is necessary be done by the mdustry and by law enforcement
s institution

» In-house treatment plant should be nstalled by the industry

> Existing laws should be implemented 1n wrue spint

» Farmers should be educated about the proper use of the effluents

» Awarencss programs should be conducted by the NGOs and Pah-EPA to

encourage investor for investment in enyironment friendly technologies
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Table 7 Statistical analywis of soil irnigated by SME

Parameters |N Minimum |Maximum |Std. Deviation
(mg/L)

» Iron 4 20 52 2163 47603
Zinc 4 945 1142 86766
Cd 4 06 63 28018
Cu 4 | 72 234 26107
Chrommum |4 26 34 03944
Pb 4 142 b 63 09950
Potasium 4 1441 00 [2858 00 |637 04997
Phosphorus 4 78 00 83 56 2 89201
Yalid N 4

4.4.1. Concentration of iron 1n soil

Four sample sues were analyzed and the maximum salue was 21 63 mg/kg while the

minimum value was 20 52 mg/kg and all the values were within the permissible imuts
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Figure 22 Concentration of Iron metal in selected samples of sol

4.4.2. Concentration of zine 1n soil

The concentration of Zn in the so1l samples was ranged from 9 43 mg/hg to 11 42 mg/kg
and all values were within the permuissible imit of WHO lor imiganon water Zns one of the
important trace elements that play very important role 1n the physiological and metabolic

processes of many organsms
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Figure 23 Concentrahon of ainc metal in selected samples of sl

4.4.3. Concentration of cadmium in Soil
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Figure 24 Conceniration of cadmium metal in selected samples of sor

Maxmum value of Cd recorded was 0 63 mg/kg while mimimum value was 0 06 mg/kg

respectively
4 4.4. Concentration of copper 1n soil

The maximum value of analyzed sample was 2 34 mp/kg and all the samples were within

T
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Soit Samples

the safe hmit

Value of Cu
({mg/kg)

Figure 25 Concentiration of copper melal in selected samples of sol
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4.4.5. Concentration of chromum in sol

The values of Cr 1n all the analyzed samples were ranged from 0 26 mg/kg and 034

mg/kg and all were below the permissible limit
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Figure 26 Concentration of chromium metal in selected samples of soil

4.4.6. Concentration of lead 1n soil

The results showed that the maximum value of Pb n soil sample was recorded as | 63
mg/kg while minimum value was 1 42 mg/hg [t accumulales with ime in bones, aorta, liver,
spleen and kidneys It is mostly ingested through tood (65%), water (20%) and air (15%) and

thus enter the human body
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Figure 27 Concentration of lead metal in selected samples of sol
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4.5. PLANTS MORPHOLOGY

Application of industnal wastewater for irrigation of agricultural lands 1s becoming a
common practice (Ayyasamy ef al , 2008, Kumar and Chopra, 2012) Most of the crops give
greater yields when imgated with wastewater and decrease the demand for chemical
fertilizers hence save the 1otal costs of farmers (Ezhmivannan ef af, 2011) Following
calculation shows the collecled and observed germination percentages of okra (4belmoschus

esculentus L) and white polato (Solanum tuberosim)
4.5.1. Germination Percentage

Germunation means the first appearance of the radicle by optical surveillance The
germination percentage was calculated by using the following formula

Number of seeds germinated

Germinati = x 100
nation percentage Total number of seeds sown

Table 8 Effect of SME on seed germination percentage of okra and tomato plants

" Effluemt Seed germination I itne of germination
concentration (%) | percentage (%) (Hour)
Vegetable Okra | Temato Okra | Tomato
Control 95 90 24 24
5 95 85 24 ! 24
10 95 |90 24 |24
25 90 70 24 | 24
50 60 40 48 148
75 22 L0 48 48
100 00 00 18 |48

The values 1in Table 8 show that when the SML concentration increased the plants
germination perceniage decreased The maximum germination of plants was with control
effluents (okra 95 % and potato 90%) and the minimum germination was for 100 % SME
concentration Up to 25 % effluent concentration mmavimum germination of plants was
observed while above that limnt plants germination decreased and at 100% SME the

germination of seeds was zero
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Seed Germunation
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Figure 29 Okra and tomato seed germination and effluent uptake

4.5.2. Physiological Parameters of the Plants

The root length and fresh and dry weight of the selected plants were determined by the

Lerun et al | (2014) method

a) Root and shoot lengths
The root and shoot lengths of the plants was measured at 40 day of germination The

shoot length was measured from the part which was above the soil while the rootl was

measured from the part which was inside the so1l
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b} Fresh and dry weights
Garden fresh okra and tomato plants were taken and weighed Then were dried 1 an

oven at 80°C for 24 hours The dry weight of plants samples were measured by using high
accuracy electrical balance The following Table indicates the measured value of the selected

plants physiclogical parameter

Tabie 9 Root and shool length of okra and tomato grown in differeni concen*-~=z of SME
| Effluent concentration  Okra Tomate
| (Ye) “Root length  Shoot length  Root ength  Shoot length
| (em) {tm) {cm) {cm) |
Control 3355164 33815 33041 33+2 54 |
5% 3541 12 3441 67 3321 32 414295 |
"10% 1041 30 3241 76 2041 85 4343 22 '
25% 33242 59 32+ 78 3012 07 4742 84
50% 29+2 O 324230 0215 3542 o5 !
, 75% 335425 JIE2 51 283 21 3442 30 |
. 100'i 00:':_00 00100 003:0_0 B —OOiOl_)_ o

Values are mean + standard error

The results showed that maximum plants growth was observed for control and from 3%
to 25% SME concentrations Higher concentrations of SME used for wrigation decreased the

growth of plants

Table 10 Fresh and dry weight of ohra and tomato grawn at differen! concenirations of SME

Effluent - Okra "~ Tomato o
::/:l)centratwn Fresh weight . Dry wmgh_r {gm) Fresh w;éhl Dry weight (gm)
__(gm) , o (gm)

Control 3044 98 . 320 54 1242 56 610 96

5% 3743 7 1310 62 3742 58 5£1 09

10% 4042 45 " tox2 17 2743 58 9+1 54

25% 38+] 42 L7l LS 29+2 48 60 84

50% 27+1 31 132043 23£1 20 31 45 I
75% 38+2 05 8+1 12 2341 73 6+0 70 |
100% 0000 l 00200 0000 0000 J

Values are mean =+ standard error
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Results and Discussion

4.6. ONE SAMPLE T-TEST FOR PHYSICO-CHEMICAL

PARAMETERS

The average value of pH for SME (6 5) was within the permissible hmit (6-9) The
values of TSS, TDS, BOD, COD, EC, temperature and urbidity were sigmficantly higher
(p<0 05) than their standard values The DO of SME was significantly lower (p<0 05) than its
prescribed standard value The color of SME ranged from vellow 1o dark brown The

concentration of Na, Ca, Mg, Cl and HCO, were significantly lower (p<005) than ther

standard values

Table 11 One sample 1-lest for physico-chemical Parameters of SME

Parameters [t Df |Sig (2-tailed) [Mean 95% confidence interval of
difference the difference

Lower Upper
PH 1058 |3 0002 675 472 878
TSS 1079 |3 |0002 366 41 258 38 474 44
TDS 3474 |3 |ooo 5247 99 4767 28 5728 72
BOD 545 |3 looi2 475 08 197 42 75273
Cob 377 |3 [0033 2662 50 41565 4909 34
EC 1075 |3 |o0o02 3864 75 272037 5009 13
Tep 953 |3 [0002 5475 36 47 7303
DO 38 |3 10031 | 82 031 333
Turbidiy {3740 [3 {000 11842 108 34 128 49
Na 10255 [3 (000 163 08 158 02 168 14
Ca 2205 |3 jooo 159 42 136 41 182 42
Mg 122t |3 [o001 6299 16 58 79 41
K 1423 |3 (0001 40 66 3157 49 76
Cl 489 |3 |poi6 53508 186 36 883 60
HCO;, 1156 3 [oool 331 92 240 53 423 30
P 1582 |3 Joool 819 6 54 983
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41.1 One Sample t-test for Heavy Metals

The concentrations of Fe, Zn and Pb 1n SME were significantly lower {p<0 05) than ther

standard values while concentrations of Cd, Cu and Cr in SME were significantly higher

(p<0 05) than their permissible limits

Table 17 Heavy metals one sample t-test

| tarameters |t Df | Sig. (2-tailed) | Mean 95% Ceandence Interval of
Dhffercnce | the Difference

Lower Upper
Fe 12880 |3 000} 1 86330 | 4030 2 3240
Zn 6938 3 0 006 1 31325 0 8241 22024
Cd 4 345 3 0023 0 13383 00358 02318
Cu 1440 3 0245 0 51900 06278 1 6658
Cr 3310 3 0 004 016750 01032 02316
Pb 2810 3 0 067 013250 100175 0 2825

412 Independent t-test.

The concentrations of Fe, Zn, Cu, Cr and Pb in SME irrigated soils were significantly

higher (p<0 05) than their concemrations (n SME The concentration of Cd in SME wrrigated

soil did not showed a significant difference (p=0 09) than 1ts concentrations in SME

Impacts of sugar mull's effluent on soul and plant's seed germination
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CHAPTERS
CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

It was interesting to find out that the seedling growth was lower in control than the effluent
concentrations Seed germination percentage was higher for okra than tomato at the SME
concentrations of 5 %, 10 %, 25 % and 50 % The 155, TDS COD, BOD, turbidity, Na, Mg, Ca
and CI" levels in SME were higher than the pernussible imits The pH value was in acidic range
The concentrations of Cu, Fe and Cd in SME were above the limit The SME concentrations of §
%-10 % and 25 % showed better results (almost 90%) tor seeds germination At 75% and above
concentrations of SME seeds germination and plants growth rate was almost zero Concentrated
SME can have negative impacts on plants and vegetable growth ratc as well as on soil

productivity
5.2 RECOMMENDATIONS

With regards to the present study recommendations dare given as under,

» The mills cffluent should be treated before discharge into the environment by
removing suspended solid and correcuing the pH value

» Waste water gencrated from sugar canes and sugar processing should be diluted
and treated separately

Coordination between institutions and industnies should be strengthened to carry

L 4

on research and development activities w ith the objectives to convert nutrient rich

cffluents into fertilizers 10 be used n agriculture

Impacts of sugar mull's effluent on soil and plant's secd gerrmnation 50



Chapter 5 Conclusion and Recommendations

¥ Such plants should be inroduced which could grow well in such effluents and the
plants could be used in industry
» Regular monitoring 1s necessary be done by the industry and by law enforcement
. instiution
» In-house treatment plant should be nstalled by the industry
> Existing laws should be implemented in true spirit
» Farmers should be educated about the proper use of the effluents

Awarcness programs should be conducted by the NGOs and Pak-EPA to

‘1

encourage (nvestor for investment i environment friendly technologies
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