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ABSTRACT

Tobacco wastewater contains many toxic chemicalpooumds, which may have adverse impact on the enmieot
and human health. To study the toxicity or genat@atential of the wastewater, biological testsgtsas Ames
Salmonella test and SOS Chromotest test were eatpldfe variability of the results obtained frore #ntire tests,
show a correlation of mutagenic and genotoxic piaéf the wastewater. Microbiological and physitiemical
analyses were also carried out. The wastewateraioet! a large number of bacteria: (9.78 X 107 +@2X 107)
and fungi: (3.83 X 104 + 1.10 X 104). Microorgansnsolated from this study are Staphylococcus géphni
Anaerococcus hydrogenalis, Propionibacterium acipteus vulgaris, Vibrio wvulnificus, Penicillium sp
Aspergillus fumigatus, Aspergillus niger and Rhodota glutinis. These microorganisms have beenekhkvith
varieties of diseases in living organisms. Phydiemsical analysis of the wastewater shows that fttaioed
constituents that can induce mutation in livingtegss. The synergy of all the tests from this stugsquivocally
confirms that the tobacco wastewater is highlyadgiliving organisms. Drastic measures must benaby tobacco
industries to integrate the knowledge and the aaridf their wastewaters in infection and environta¢mpollution
regulatory programs.

Keywords: Ames test, Genotoxicity, SOS Chromotest, Tobaccat@/eater and Nigeria

INTRODUCTION

A quantum jump was registered by Nigerian industiiethe past few decades which contributed to kigimomic
growth, but concurrently the growth has also reghinh rigorous environmental pollution. As a resaflthat, the
quality of water iscritically affected which is far lower when compdr® the international standards. Among all
industries, the tobacco industry grades the 18tthamical waste production [1]. Tobacco wastewegetainly has
an impact on both human health and the environrigrdrt from that, wastewater from tobacco industysists of
contaminants which slow down the microbial syndicitt biological treatment plants. Flavouring cheatsc
containing glycogen, alcohol, adsorbable organlodens (AOX), and pesticides from tobacco leaves rdnotine
are known to be sources of these toxic contamin@fptdMore specifically, untreated or allegedlydted tobacco
wastewater contains variable amounts of heavy mstath as arsenic (As), lead (Pb), nickel (Ni)ntad (Cd),
copper (Cu), mercury (Hg), zinc (Zn) and chromiuar)(are known to be constituted in an untreatedliegedly
treated tobacco waste water [3; 4], which haveathility to get the germinating crops under irrigaticontaminated.
These heavy metals have a marked effect on theiedloaa and fauna. They enter through bio-magaifion into
the food chain and humans are eventually affectedvell. Contamination by heavy metal pollution le tlong
lasting escalating predicament of oceans, lakesramas. The accumulation of heavy metals in fislsters,
sediments and other aquatic living organisms irettesystems have been reported globally [5; 6; 8; 9; 10; 11].
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Major tobacco companies have allegedly taken upethéronmental impact of tobacco wastewater as qfatteir
assortment for corporate social liability. The eowmental qualifications of many tobacco compatiage been
displayed by describing on their websites their lampentation of greener, sustainable and low-impaattices
from farm to factory [12; 13; 14]. The developmant application of in vitro models of DNA damagel aellular
transformation for use in the testing of the efeof wastewater and its toxicants are alleged tinbpected by
some of these companies [15]. The tobacco indgstgethical business practices, which have beeedjiinter
alia, at deceiving the public about the extent toclv tobacco by-products harm people’s health,remene widely
accepted ethical considerations.

The screening of water contamination for potentiaharcinogenic compounds consequently presents jar ma
concern for humans, animals and microorganismisgretivironment. It is tremendously difficult to qtidy the risk
factors associated with these effluents as thewgllysaccur in concentrations too low for analytickdtermination,
and putative mutagens, with few exceptions, yetetexted [16]. Besides, the effects of mixtures oarre
measured through analytical methods. Therefotig,hitghly crucial to investigate tobacco wastewatenotoxicity

to ultimately regulate the population exposure gidiacterial genotoxicity tests such as Ames tasgusalmonella
typhimurium strain and SOS Chromotest usiEgcherichia colistrains. These assays are often employed to
determine toxicity of effluents in which a priordmledge of toxicants identity and physiochemicalparties is not
necessary.

MATERIALS AND METHODS

Area of Study

The study was carried out at a Tobacco Companyndrdlie Toll gate industrial area which is one @& thost
rapidly developing and heavily polluted industtiglts of Ibadan. The industrial area is spread 88&:18 hectares
of land consisting of about 20 large and mediuntestalustries like engineering units, steel procgsidustries,
chemical units, paints, pharmaceutical units, kextidustries etc. The study area lies betweetutii 7°23'47"N
longitudes 3°55'0"E. The main water source foritigistrial consumption is bore holes. The indabtirea utilizes
a lot of fresh water per day. However, specific antoof water used was not documented. The effldetharge,
treated and untreated is released into neighbowmviyonment. This has created health hazards migtfor local
population but also resulted in disturbances oftiquife of the Odo-Ona River, flowing near thelistrial area.

Sampling of Industrial Waste Water Effluent and Sanple Preparation

The industrial waste water effluent samples (hundfexamples collectedh, = 4) were collected randomly from all
major discharge points of the tobacco company (naittéheld for confidentiality). Polythene bottleg 25 L and
2.0 L were used to collect the grab water samples bottles were thoroughly cleaned with hydrockl@€id,
washed with tap water to render free of acid, wdshki¢h distilled water twice, again rinsed with thater sample
to be collected and then filled up the bottle wittle sample leaving only a small air gap at the idpe sample
bottles were stoppard and sealed with paraffin Wése samples were refrigerated at 4°C throughaaiptiriod of
the study.

Physicochemical Analysis

Tests such as pH, temperature, colour and odowr penformed in situ. The samples were maintainetf @tuntil
the bioassays were carried out. Chemical analyselided chemical oxygen demand (COD, mg ofLpD
biochemicaloxygen demand (BOD, mg of,@), total suspended solids (TSS, mg/L), total oiesd solids (TDS,
mg/L), total solids (TS, mg/L), nitrate (NOng/L), sulphate (S©mg/L), ammonia (mg/L), total chlorides (Cl,
mg/L) and total hardness (TH, mg/L). The analysesewcarried out according to recommended ISO metfibd
18; 19; 20; 21; 22; 23; 24]. These values are pteskas the mean of three individual values medg{irable 1).

Heavy Metal Analysis by AAS Technique

The analysis for the trace metals like chromium),(Cadmium (Cd), nickel (Ni), zinc (Zn), copper (Clead (Pb)
and iron (Fe) was done by Perkin- Elmer ASS-280nEladAtomic Absorption Spectrophotometer at the Ursiig
of Ibadan, Oyo State, Nigeria in accordance widmdard analytic methods [25]. The calibration carveere
prepared separately for all the metals by runniifigrént concentrations of standard solutions. Agent blank
sample was analyzed and subtracted from the sartgplesrect for reagent impurities and other sosirakerrors
from the environment. Average values of three ogpéis were taken for each determination.
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Microbiological Analysis

The spread plate method was employed for totalngotmunt of bacteria using nutrient agar (bactesia) potato
dextrose agar (fungi) after serial dilution of themple. The total colony count was determined asrimd by
Nwachukwu [26]. Identification was done on the basi Bergey's Manual of Determinative Bacteriologsing
various staining and biochemical tests such as Gitaming, citrate test, catalase test, sulphitdole and motility
test, lactose utilization, starch hydrolysis, métleg and Voges Proskauer test, and carbohydratesfaation.

Microscopic examination of fungi growth was achiévgy observing the colonial morphology: colour efany,
texture, shape and surface appearance; culturahateastics: asexual and sexual reproductive wtres like
sporangia, conidial head, arthrospores, septataoorseptate vegetative mycelia, [27; 28]. The readbunt
method as described by Wemestaal. [29] was used for microscopic examinations @f filingi. All identifications
of pure isolates were made on the basis of thdiural and morphological characteristics [30; 28].Z5IDEON is
an online application used for the identificatioaharacterization of the microbes isolated is gxperiment.

Genotoxological Testing

Test bacterial strains

The lyophilized genetically engineered straiBscherichia coli PQ3And Salmonella typhimurium TA98/TA 100
were obtained from EBPI kits in Canada and stote8@2C and thawed before the assay

Standard Mutagens
Sodium azide (Najl 0.5 pug/100 ul) [CAS no. 26628-22-8] — for usehwltA 100and?2 Nitrofluorene (2- NF, 20
p1g/100ul) [CAS no. 607-57-8] — for use with TA 98

The Ames Test

The fluctuation test was performed as describetldgaultet al.,[31] and conducted without metabolic activation.
The lyophilized bacteria was rehydrated and prediated the evening before the assay. This was dgne
aseptically transferring the nutrient broth (botHinto the vial of lyophilized bacteria while neidt thoroughly. The
vial was then corked with rubber stopper and intethat 37C overnight (16 to 18 hours). The bacteria were
examined for growth indicated by the existenceuabidity. Twenty millilitres (20 ml) of aqueous sion sample
was filter-sterilized using the 0.22 um steriléefilsupplied in the kit. The Ames test reactiontori& was prepared
aseptically by measuring and mixing 43.24 ml frootile A + 9.50 ml from bottle B + 4.76 ml from blettC + 2.38
ml from bottle D + 0.12 ml from bottle E into theaction mixture container supplied with the kibrl of reaction
mixture was aseptically dispensed from the tubeaoh sterile tube containing 17.5ml of the tobavestewater
and mixed thoroughly. The concentrations of thetexaater used for the assay are 5%, 10% and 1%.tdthe
volume for the tube was 20 ml. Five micolitres (% @f S. Typhimuriun{TA 100 or TA 98) suspension from the
culture grown overnight was withdrawn, added toheatthe sample test tubes and mixed thoroughlyh wie
exception of the reaction blank. The contents axfhetest tube were poured into a sterile multiceamipette
reagent boat while 200ul aliquots of the mixtureravdispensed into each well of a 96-well microation plate
using a multichannel pipette. The micro-titratidatp was covered with a lid and sealed in airtiglhstic bag (s) to
prevent evaporation. Please note that it is recomdien to store the plate containing Sodium Azidsdparate bag
as it is commonly found to contaminate surroungiteges, resulting in erroneous results. The platdéBe airtight
bags were incubated at°&7for five days.

SOS Chromotest

The SOS Chromotest was performed without metataatitvation as described by Quillardet and Hofnui3g]

with modifications. About ten (10) to twelve (12) wf LB growth medium was transferred to dried lidjzed

bacteria in a bottle, mixed well by inverting amtubated at 37°C for 12 hours. For further studies,bacterial
suspension of optical density greater than 0.05 weasl. The standard solution used was 4-Nitrodjui@mxide
dissolved in 1ml of DMSO at a concentration of 10mig(10000ug). 100! of this standard solution \adsled to
900ul DMSO. The above step was repeated two mmestio get a working standard of 10pg/ml. Thertwo<fold

dilutions were prepared with saline 10% DMSO.Digmeh10ul of properly diluted 4NQO control solutidnto

wells of Column 1. 100ul of overnight bacterial peission was added into each well of the micropéaieept in
Machine blank well. The remaining wells were usedlispense the 14 two-fold serial dilutions of tbbacco
wastewater. (The layout shown in Fig.5 is usedfandard testing).
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The micro plate was incubated at 37°C for 2 hoDnsing the 2 hour incubation, genotoxic materiaiteiacted
with DNA of the SOS Chromo test Bacteria and induttee De Novo synthesis of tfieGalactosidase. At the last
stage of SOS-Chromo test, relative amount of ttmyrae produced as a result of this interaction wassuared by
addition of a blue chromogenic substrate. The Bacteas tested for ATP activity-viability, usingkaline
phosphatase. The Blue coloured chromogen yieldetearly visible blue colour suitable for Quantiteti (by
Photometer) Evaluation of Test Result. Blue chroemwas transferred to the dry alkaline phosphatabstrate
and mixed well. 100pL of the chromogenic mix wadetlinto each well of the plate and incubated &C37or 60

to 90 minutes until a green colour developed. 50fithe stop solution was added to each well ofgla¢e to stop
the reaction. The absorbance was read at 615nm dasume the genotoxicity activity. To determine
viability/cytoxicity of bacteria, the absorbanceswraad at 405nm.

The Optical densities of the wells were measurethénappropriate wave length for chromogen. At éa5only
absorption of the blue colour was read and theenainterference of the alkaline phosphatase wesdigbstrate on
blue results.

1 2 3 4 5 6 7 8

IOGTMMOOW>

Figure 1. Experimental Design of Microplate for teing the wastewater at various concentrations

Positive Control | B | PIS| A+C
Test Substance B T/§ A+C

Solvent S A+C
Blank M| S A+C
B- BACTE TM-MEDIUM. P/S- POSITIVEUBSTANCE. S- DMSO.

T/S- TEST SUBSTANCE: GENOTOXIN /CARCINOGEN DILUTIOSI
A+C- THE CHROMOGENIC SUBSTRATE +ALKALINE PHOSPHATASMIX.

Figure 2. Photograph of Layout for Testing GRC compunds

Statistical Analysis
Analysis of variance of the data was done with SE&8puter program. One-way analysis of variance QAR)
and Duncan’s mean range test (DMR) were used.
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RESULTS

Physicochemical and Heavy Metal Analysis

The physicochemical analyses of the tobacco wastevaee shown in Table 1. The pH was 4.20 with fiensive
odour emitted. The wastewater pollution is appglhs the COD (361.02 mg/l), BOD (115.34 mg/l),S[®88.12
mg/l), TSS (788.12 mg/l) and TSOLIDS (1,776.54) abculously higher than the WHO standard [33].eTh
nutrients examined in this study were nitrogenréés), sulphur (sulphate) and phosphorus (phospteatd
ammonia. The values obtained are 42.52 mg/l, 5684/2 560.16 mg/l and 21.41 mg/l respectively ([€ab).

The heavy metals analysis showed the presence,d&&nCu, Co, Fe, and Ni. The mean concentratidumevaf Zn
(3.050 mg/l), Cd (0.050 mg/l), Cu (0.244 mg/l), @099 mg/l), Fe (2.159 mg/l) and Ni (0.127 mg/grer obtained
and presented in Table 2. However, Chromium (Co bead (Pb) were below detection limits. All thelues
obtained are high.

Table 1: Physicochemical properties of Tobacco wasivater

S/NO PARAMETERS RESULTS (mg/l) WHO STANDARD
1 C.0.D. 361.02 20.00
2 B.O.D. 115.34 0.00
3 T.D.S. 988.12 500.00
4 T.S.S. 788.12 10.00
5 T.SOLIDS 1,776.54 500.00
6 Total Hardnes 1,300.0( 200.0(
7 Total Chlorides 340.00 250.00
8 Ammonie 21.41 <1.C
9 Nitrate 42.62 <10.00
10 pH 4.20 6-5-8.5
11 Sulphat: 560.1¢ 50C

Table 2. Heavy Metal Analysis Results

S/NO Element of Choice Reading of Elements by A&B/) WHO STANDARD
1  Zinc(Zn) 3.050 <1.0
2 Cadmium (Cd 0.05( 0.01
3 Chromium (Cr) ND? 0.05
4  Copper (Cu) 0.244 0.10
5 Lead (Pb ND? 0.0t
6  Cobalt (Co) 0.099 0.05
7 Iron (Fe) 2.159 1.00
8  Nickel (Ni) 0.127 0.05
*Not detected.

Microbial Analysis

The wastewater contained a large number of bac@f8 X 10 + 2.00 X 10 and fungi: 3.83 X 1b+ 1.10 X 10
(Table 3). Bacteria isolated from the effluent a&aphylococcus cohniiAnaerococcus hydrogenalis
Propionibacteriumacne Proteus vulgarisandVibrio vulnificus (Table 4). Fungi isolated from this study (Table 5
Fig. 3-6) includePenicillium sp, Aspergillus fumigatusAspergillus nigerandRhodotorula glutinis.

Table 3. Average total bacteria and fungi count

Total viable bacteria count (CFLY) Total viable fungi count (CFU™Y)
9.78 X 1('+2.00 X 1( 3.83X1¢'+ 1.10 X 1¢*
+represents standard deviation.

Total count

The quantitative idea about the presence of migax@sms such as bacteria, yeast and mold in a samgas
recorded using total viable count (TVC) which regamts the number of colony forming units (CFU) gdpr per
ml) of the sample.
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Bacterial Analysis

Table 9: Identification Matrix for Bacteria Isolates
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Fungi in Tobacco Wastewater
Table 5. Identification Matrix for Fungi Isolates

Organism Macroscopic Microscopic
. i . Has a septate hyaline with branched
e e o o e e o e Coniophores. et phlides and coni
- vE ] " were observed. The metulae carry the flask-
Penicilliumsp were initially white and later became bluish gresrd shaped phialides. The phialides form brush-llke
then gray green with time. The reverse of the pleds ped pnia ) p L
pale yellow. clu_sters V\_/hlch were referr_eq to as penicillin
which carries numerous conidia.
Hyphae are septate and hyaline. Conidial gre
Aspergillus fumigates Colonies on SDA at 25°C are smoky gray-green with strongly columnar. Conidiophores are smooth-
slight yellow reverse. Rapid growth. Texture wailyo walled and about 300 um long. Conidia gre
smooth, subglobose, 2-3.5 um in diameter.
Hyphae are septate and hyaline. Conidial heads
Colonies on SDA at 25°C were initially white, quigk| are radiate initially before splitting into columns
Aspergillus niger became black with conidial production. Growth proelli | at maturity. Conidia are brown to black, very
radial fissures in the agar. rough, globose, and measure 4-5 pm [in
diameter
Colonies on SDA at 25°C are smooth, glistening wt. d Following 72 hours incubation at 25°C, only
Rhodotorula glutins They displayed a rapid growth, sometimes roughesatl,| globose yeast cells are produced (2.5-10 um in
and mucoid in shape. They are pink in colour. diameter).

.y LR

Figure 3. Penicillum sp Figure 4.A. fumigates Figure 6. Rhodotorula glutins

Figure 5. Aspergillus niger

Table 6. Positively Scored Wells

Number of Positively Scored Wells

Plate number Plate Description Bacteria Strain Day 3 Day 4
1 Background TA 100 9 10
2 Background TA 100 12 15
3 Background TA 98 0 4
4 Background TA 98 2 19
5 Positive Control: NaN3 TA 100
6 Positive Control: 2-NF TA 98
7 Test Sample- 10% TA 100
8 Test Sample- 10% TA 98
9 Test Sample- 5% TA 100

10 Test Sample- 5% TA 98
11 Test Sample- 1% TA 100
12 Test Sample- 1% TA 98

*Legend:
95 % significance
99 % significance
99.9 % significance
Possibly cytotoxic (less than average of backgrounds)
Value is out of range
Value has decreased over time (wells miscounted)

Genotoxicological Analysis

Ames Test

In the Ames test, the number of positively scoredlsvare 96 (TA 100) and 65 (TA98) at 10% whilelés, the
positively scored wells are 29 (TA 100) and 84 (98) as shown in Table 6. This implies that at 108 4%
concentration, the wastewater is 99.9% mutagerabIl€l'6, figure. 13-14), while at 5%, it is possibljtotoxic to
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the bacteria, as the number of positively scorelllizd2 (TA 100) and 7 (TA 98). The number of gosly scored
wells in the positive controls NAN3 (TA 100) and N@rA 98) are 80 and 87 respectively (Table 11yfgl3-14).

Muta-ChromoPlate Bacterial Strain
(TA 98) Assay

, 80 /! =—4—Background
2 60
@ == Background
£ 40
o
o 20 I; : ==—Test Sample- 10%
0 T T 1
0 2 4 g —TestSample- 5%

Day of Experiment

Figure 7. The Number of Positive Wells Scored in 86-well Microplate using the TA 98 strain

Muta-ChromoPlate Bacterial Strain
(TA 100) Assay

. 80 /4 —e—Bazckground
2 60 /
[ / ——EBackground
2 40 {
wy
£ 20 T A~ —a—Test Semple- 10%
0 = .
o 2 4 5 ——TestSample- 5%

Day of Experiment

Figure 8. The Number of Positive Wells Scored in 86-well Microplate using the TA 100 strain SOS Chrmo-Test™

123456738

=R BN R - Rl -

Figure 9. Photograph of Microplate Showing Test Regdt and Labelling of Microplate
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Schematic Layout of the filling of the each well othe Microplate:
Column 1A - 1F : 6 two-fold dilutions of 4ANQO

Column 2A - 2F: 6 two-fold dilutions of 2AA

Column 1G, 2G, 4G, 6G, 8G : Diluent Well (DMSO)

Column 1H, 2H, 4H, 6H, 8H: Machine Blank well (Baxal suspension)
Column 3A-3H and 4A-4F: 14 two-fold dilutions of StecCompound #1
Column 5A-5H and 6A-6F: 14 two-fold dilutions of StecCompound #2
Column 7A-7H and 8A-8F: 14 two-fold dilutions of §te&Compound #3

Visual Analysis of the Results

Table 7. Standard Visual Concentration Gradient Grd of positive 4NQO control

S/No Grid Genotoxic Potential
1 No
2 + I Poor
3 + I Moderate
4 +++ [ Gooc
5 ++++ [ Massive
Table 8. Test Material (Wastewater) Results in corlation to Standard Grid
S/No Concentration Genotoxic Potential
1 10 + I
2 5 + I
3 25 e+ I
4 1.25 ot I
5 0.625 v

Instrumental Analysis of the Results

Analysis of 4ANQO

The Optical Density of the wells was measured im &éppropriate wavelength for chromogen. At 615nniy o
absorption of the blue colour was read and therewaainterference of the alkaline phosphatase wetlabstrate on
blue results. The standard graph was plotted widodbance values on Y-axis and 4NQO concentratidneg on
X-axis as in graph shown in Fig.10. Table 9 shtivesabsorbance value for different concentratidriNgO.

Plot of OD vs Concentration

w

N
>

|

Absorbance at 600nm (+20) nm
o -
[

(=}

o
]

4 6 8 10 12
Concentration 4NQO {ug/ml)

Figure 10. 4NQO- Standard plot of OD vs. Concenttéon
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Table 9. Absorbance value for different concentratins of 4ANQO

Sr. No Concentration (ug/ml) Absorbance (at 615nm)
1 10 2E
2 5 2.C
3 25 1.50
4 1.25 0.14
5 0.62¢ 0.1C
6 0.312¢ 0.0¢
7 0 0.039

The SOSIP can be calculated when concentratiorgeessed in nanomoles. So the values of conceriratere
converted from microgram to nanomole using theofelhg conversion:

Nanomole Conversion = [Concentration x [Volume Ugéll/ MW ] of 4ANQO inpug]
Molecular weight (MW) of 4ANQO = 190.16g/mol.

Here Volume used is = 10(i.e. divided 10 by MW).

Table 10. 4NQO- Concentration in nanomoles

Sr. No Concentration (ug/ml) Absorbance (at 615nm)

1 0.52¢ 2E

2 0.262 20

3 0.131 1.50
4 0.065 0.14
5 0.0032 0.10
6 0.0164 0.09
7 0 0.039

Using the absorbance values from Table 10, gragkigril was plotted by taking Nanomole concentratio X-
axis and absorbance on Y-axis. The straight reignedsie was plotted using the values and the skfpehis line
was found out. The slope value was used to caketitet SOSIP.

SOS Genotox Potential of 4ANQO

y=5.1055x+0.1743
R*=0.8532

\
N\

Absorbance at 615nm
N
\ \
AN
N
\
AN

-
1[/
)

0 0.1 0.2 0.3 .4 0.5 0.6
Concentration in Nanomoles

Figure 11: SOS Genotox Potential of ANQO
The Straight Line Equation: y = mx + ¢, Where ‘m'the slope.
y =5.1259x + 0.1273
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SOSIP = 10 X (Slope of Linear Regression of the pfdNanomoles Concentration vs Absorbance)
From the equation, Slope = 5.1055
SOSIP of 4NQO =10 X 5.125 =51.05

Since SOSIP of 4NQO > 1.5, we can conclude that @Ni@as significant genotoxic potential in the SOS-
ChromoTest"

Analysis of Wastewater

Nicotine constitute 0-6-3.0% of the dry weight obacco (Kaiserman and Rickert, 1998 Systematic (IUPAC)
name is 3-[(2S)-1-methylpyrrolidin-2-yl] pyridinend its molecular weight is 162.12g/mol. Since niwetis the
active ingredient, it is used for the SOSIP analysi

Table 11. Absorbance value for different Concentrabns of Nicotine (Tobacco Wastewater)

Sr. No Concentration (nm) Absorbance (at 615nm)
1 10 35
2 5 2.6
3 25 1.7
4 1.25 0.15
5 0.625 0.1
6 0.3125 0.06
7 0 0.042

Plot of OD vs Concentration

3]

w
[ B 2 N VN R o B Y

Absorbance at 600nm {£20) nm
N

o
o u
E

4 6 8 10 12
Concentration Nicotine (pg/ml)

o
=]

Figure 12. 4ANQO- Standard plot of OD vs. Concentradn

The SOSIP can be calculated when concentratiorgeessed in nanomoles. So the values of conceoriratere
converted from microgram to nanomole using theofeihg conversion:

Nanomole Conversion = [Concentration x [Volume Ugdll/ MW] of Nicotine inug]
Molecular weight (MW) of Nicotine = 162.12 g/mol

Here Volume used is = 10(i.e. divided 10 by MW).
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Table 12. Nicotine- Concentration in Nanomoles

Sr. No Concentration (nm) Absorbance (at 615nm)
1 0.€17 3E
2 0.30¢ 2.€
3 0.154 1.7
4 0.077 0.15
5 0.038¢ 0.1
6 0.019¢ 0.0¢
7 0 0.042

Using the absorbance values from Table 12, Graptignl3 was plotted by taking Nanomole concerdrabn X-
axis and Absorbance on Y-axis. The straight regpadme was plotted using the values and the shufphis line
was found out. The slope value was used to caktitet SOSIP.

SOS Genotox Potential of Tobacco

Wastewater y¥=6.1538x+ 0.0975
R?=0.9025
4.5

IS

w
&

Absorbance at 615nm
]
w 8] wv w

[y

[y

N

{

T T T T )
a.2 .3 a.4 0.5 0.6 0.7
Concentration in Nanomoles

=
e
-

Figure 13. SOS Potential of Tobacco Wastewater (Nitine)
The Straight Line Equation: y = mx + ¢, Where ‘m'the slope.
y = 6.1538x + 0.0975
SOSIP = 10 X (Slope of Linear Regression of the pfdNanomoles Concentration vs Absorbance)
From the equation, Slope = 6.1538
SOSIP of Nicotine= 10 X 6.1538 = 61.54

Since SOSIP of Nicotine > 1.5, hence, the tobacestewater has a significant genotoxic potentiathim SOS-
ChromoTest.

DISCUSSION

An evaluation of the microbiological and genotopiatential of tobacco wastewater from a tobacco @mgpn
Nigeria (name withheld for confidentiality) was fiemed with AmesSalmonellaTest, and SOS chromotest, along
with the physicochemical and heavy metal analyResult of these tests strongly imply that the tkstastewater
present a genotoxic effect.
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Chemical Analysis

The physicochemical analyses of the wastewaterdfduto be acidic (4.20). The wastewater pollutisrappalling
as the COD (361.02 mg/l), BOD (115.34 mg/l), TD8§42 mg/l), TSS (788.12 mg/l) and TSOLIDS (1,748.5
are ridiculously higher than the WHO standard (WH®85). The nutrients examined in this study wetogen
(nitrates), sulphur (sulphate) and phosphorus (pihat®) and ammonia. The values obtained are 42¢8R2 560.12
mg/l, 560.16 mg/l and 21.41 mg/l respectively (Bath). Plants growing around the river in which tiater has
been discharged may experience excessive growthodihese nutrients. In the same vein, fish conslfran the
river by humans, will definitely have an adverskeef on them.

The heavy metals analysis showed the presence,d&nCu, Co, Fe, and Ni. The mean concentratidumevaf Zn
(3.050 mg/l), Cd (0.050 mg/l), Cu (0.244 mg/l), @099 mg/l), Fe (2.159 mg/l) and Ni (0.127 mg/gres obtained
and presented in Table 2. However, Chromium (Cd) laead (Pb) were below detection limits. A critit@ok at
the mean values of the metal content showed thtéiteabtudied metals are above the WHO threshoiddi(WHO,
1985). These studied elements are individually kmdav be mutagens and carcinogens. In other wohds, &re
toxicants. It is reasonable to say that the genoteftect of the effluent as validated from theiwvas test of this
study can be a result of the interactions of thaséals which can be more deleterious than the ididal effects.
These heavy metals have the horrendous abilitydode mutations and cancer in living cells [34Research have
shown that Fe, Cd, and Cu induced reactive oxygetiss (ROS) in eukaryotic systems [35], which canse
DNA, protein and lipid damage (35; 36; 37]. Cu fiestance has been reported to be responsible dgbrihtidence
of stickiness and c-mitosis #.cepa[38]. According to Banwet al, [39], subjection of mice to Zn results in single
strand breaks in DNA as measured by the comet aZsalyas also be shown to cause deceleration ofgroavth,
decrease in micronucleus frequency and delayeddogfiion while Ni has been reported to producecelising
damage to heterochromatin [40]. This finding idime with prior reports on genotoxic hazards afustrial wastes
[41; 42]

Microbiological Analysis

The wastewater contained a large number of bact@ia8 X 10 +2.00 X 10) and fungi: (3.83 X 1+ 1.10 X
10%. This is in accordance with Beattie and Lindow8][#vho suggest that tobacco is rich in microorgamsighat
naturally colonize the tobacco plants (Table 3)cidbes isolated from the effluent (Table 4 andd&)enbeen linked
with varieties of disease in living organisnStaphylococcus cohnitan cause catheter related blood stream
infection (44; 45] whileAnaerococcus hydrogenalis associatedith vaginal infections and ovarian abscesses [46].
Propionibacterium acnés responsible for the etiology of acne and pgesrative/device related infections such as
joint prostheses, shunts and prosthetic heart $g4/g]. Proteus vulgarigs popularly known as the causative agent
for urinary tract and wound infection [48] whigalmonella gallinarumcauses fowl typhoid [49] anWibrio
vulnificus is known to cause disease in those who eat contded sea foods and symptoms include vomiting,
diarrhoea, abdominal pain and immunocompromisedt liisease [50].

Fungi were also isolated from this study (Tabld~fg. 3-6).Penicillium sp. is of major importance in the natural
environment as well as food and drug producti8spergillus fumigatuss the causative agent for aspergillosis [51]
while Aspergillus nigercan also cause otomycosis and lung diseases ifpbees are inhaled [52]. Finally,
Rhodotorula glutinishas been associated with cases of meningitis fF8]pcarditis [54], ventriculitis, peritonitis,
endophthalmitis [55] central venous catheter-infe, fungemia, and sepsis [56] have so far begoried.

The isolation of these organisms is consequensighes effluent was collected at the point of desge into a
nearby river, which may not only serve as a soofadrinking water to the immediate community, bigoaa food
source through fishing.

Genotoxicological Testing Using Bacteria Bioassays

The simultaneous use of AmeSalmonellatest and the SOS chromotest allow the prelimirsangening of the
complex mediums like the tobacco wastewater usingamn strains ofS. typhimurium(TA98 and TA 100)and

E.coli (K-12). These two genotoxicity tests are sensitivéifferent genotoxic effect (substitution mutatidrame-

shift mutation or primary DNA damage) and the Jaitity of the obtained results tends to show a elation of

mutagenic and genotoxic potential of the wastewater
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Evaluation of Mutagenicity Using AmesSalmonella Test

Mutagenicity of the wastewater was assessed ubm@ines test wittfsalmonella typhimuriurmfA 98 and TA 100
strains. The Muta choromotest kit is 96-well plated each plate is considered a colony. The assapse
dependent and the effluent tested positive witth lsttains which suggests that reverse mutationroeduThis is

confirmed as the bacteria in the colony continugadyiow, the colour in the well turn from purple gagive) to

yellow (positive) [57]. TheSalmonellatester strains are exposed to increment doses $%o0and 10%) of the
wastewater (in the without the S9 metabolic mixtunewhich only the newly mutated, histidine-indegent cells
grow to form colonies. On the last day of the asslag number of positively scored wells are 96 (I30) and 65
(TA98) at 10% while at 1%, the positively scoredlsiare 29 (TA 100) and 84 (TA 98).

This implies that at 10% and 1% concentration,wWastewater is 99.9% mutagenic (Table 6, figure), ibile at

5%, it is possibly cytotoxic to the bacteria, as ttumber of positively scored well is 12 (TA 10@das (TA 98).
The number of positively scored wells in the pesitcontrols NAN (TA 100) and NaF (TA 98) are 80 and 87
respectively (Table 6, figure 7-8). This suggebts the wastewater is more mutagenic than theipesibntrols,
NAN; and NF which are known mutagenic substances [Biigmicals, such as ammonia, humectants (acrolein),
insecticides, herbicides, fungicides, and flavoginivhich are found in tobacco are reasonable exptan#or the
mutagenicity of the wastewater. These chemicalsf@red to be mutagenic (with and without S9) in thaes
Salmonellaest and the SOS chromotest [58].

Evaluation of Mutagenicity Using SOS Chromotest

The SOS chromotest results using tester staicoli PQ37, without metabolic activation as describe@iyllardet
and Hofnung [32] confirmed that the wastewaterdaajoxic. The criterion to consider a sample astipesn the
SOS chromotest differs between the authors [59; A&8ample is considered a sample as an SOS reystiem
inducer if the SOSIP value is higher than 1.5, hhgalactosidase activity significantly increases parad to the
solvent control, the result is reproducible, andewtit is possible there is a dose—effect relaigmsANQO was
used as positive control to compare colour gradafidsual analysis, Table 7-8, Fig. 9) and SSOIlRuesa
(instrumental analysis, Table 9) while sterileitlesd water was used as negative control.

For the instrumental analysis, the SSOIP valuehef gositive control, 4NQO is 51.05 (Fig. 11) whilee test
compound is 61.54 (Fig. 13). Since both valuesgreater than 1.5, which is the standard, we canttsatythe
wastewater has a significant genotoxic potentiawelver, it is important to note that 71 is the pait#d value for
the 4NQO in the original Quillardet al.[32] chromotest procedure, but the SOSIP may ch&ogetime to time due
to changing incubation conditions and the age efidicteria. Therefore, it is better to use theshetalue of the known
standard. The active ingredient in tobacco is medi60], however there is no found published vdbrehe SOSIP of
nicotine. From the study, we can ascertain thatrthibition of cell division by the wastewater, digeits genotoxic
potential, causes the expression of SOS functigdeddysfiA that activatesacZ operon which is detected using a
spectrophotometer [32]

For visual analysis, the colour density of the pesi4ANQO was used (Table 8). At lower concentrajq1.25 and
0.625), the wastewater is massively genotoxic (H+#hile at 2.5, it is moderately genotoxic (+++)ilghat 5.00
and 10.00 concentrations, it has a poor genotogienial (+) (Table 7-8). It is worthy to note thhigh
concentrations do not necessarily induce any pesigsponse due to acutely toxic concentrationghiich the cells
are killed outright. As the material is diluted ouwixicity is reduced and a positive reaction (dgegen colour) may then
appear indicating chronic genotoxicity.

The synergy of all the tests from this study uneqcally confirms that the tobacco wastewater ishlyigoxic to
living organisms.

CONCLUSION

In conclusion, the uniformity of the results ob&infrom the entire test carried out in this studyidates the
hypothesis that the tobacco wastewater is genotd@tie simplicity and economical cost of the progedmake
genotoxicity bioassays desirable for environmemtahitoring and risk assessment. This study alsmekéied that
genotoxicity bioassays should be a requisite tothé evaluation of wastewater toxicity beforeditscharge into the
environment. Finally, this study showed the effemtiess of combining microbiological, physicocherarsalysis
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with cytogenetic methods to better ascertain thecity of chemical pollutants and their influenca diving
organisms.
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