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ABSTRACT

A number of studies have already been carried out for the physic-chemical analysis of paper
mill effluents which are generally using wood and non-wood (bamboo, baggage etc.) as fibrous raw
material for paper manufacturing process. This study deals with a paper mill which is using cotton
comber and cotton linter as raw material for paper manufacturing. Effluents generated in the paper mill
at different stages were sampled and analyzed. The degree of relationship between the variables
under consideration is measured through the correlation analysis. The effect of correlation is to reduce
the range of uncertainty. The prediction based on correlation analysis is likely to be more valuable and

near to reality.
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INTRODUCTION

The tremendous increase in industrial
activity during the last few decades and the release
of obnoxious industrial wastes into the environment,
have been of considerable concern in recent years
from the point of view of environmental pollution.
Paper mills are generating large quantity of effluents
as a consequence of pulping and bleaching
processes.

During this pulping process a large quantity
of black liquor is generated. The main component
of which is the lignin, that is the cause for the
coloration of water and higher biochemical oxygen
demand and chemical oxygen demand of the
effluents. Paper mills used bleaching chemicals
generally chlorine based compound to improve
brightness of papert?. The effluent generated from
the bleach plant, therefore having more adsorbable

organic halide (AOX) and total organic chloride
(TOCI).

The Degree of relationship between the
variables under consideration is measured through
the correlation analysis. Thus correlation is a
statistical device which helps us in analyzing the
co-variation of two or more variables. Both the
correlated variables may be influenced by one or
more other variables. Correlation is described or
classified in several different ways. Three of the most
important ways of classifying correlation are: positive
or negative, simple, partial or multiple and linear or
non-linear.

If both the variable are varying in the
direction, i.e., if as one variable is increasing the
other also increasing or if one variable is decreasing
the other is also decreasing.
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Chemical Treatment

Basic characteristics of raw material are
that they have no free cellulose content. The
cellulose remains linked with lignin. The lignin is to
be separated from the cellulose by the process of
pulping and bleaching. As the lignin is polymeric
macromolecules, it requires drastic chemical
treatment for the separation of cellulose fiber from
the lignin. In spite of that some residual lignin
remains inside the bleached pulp ""). Whereas the
raw material cotton comber and linter has many
unique characteristics having negligible lignin
content. So, it requires very less chemical treatment
for the pulping bleaching process for the removal
of lignin in the conventional paper making process.

Generally in India most of the paper mills
are adopting Kraft process for the pulping of raw
material. In the Kraft process chemical called white
liquor having composition. After pulping the pulp thus
formed are bleached to remove the residual lignin
and to make the pulp to the desired brightness ..
Different bleaching sequences are being adopted
by different paper mills depending on the raw
material and the end product. Generally chlorine,
chloring dioxide, hydrogen peroxide and oxygen ar
being used for the bleaching process. The pulping
and bleaching process are the main process which
causes the major component of the water effluent.
The lignin causes the cellulose dark brown colour,
whereas cellulose is a colourless component.

EXPERIMENTAL

Collection of sample

The effluent generated from various
processes at the mill is segregated into two streams.
Out of which the main effluent generated by the
washing of fiber, refining and from machine
backwater which is generally called white water. The
other stream generated from the washing of
digester house is called black and yellow liquor. Both
the samples were collected separately and also
tested separately. The fiber sample recovered after
the treatment of white water and also the sludge
generated from the black and yellow liquor plant
also collected and tested separately. The effluent
samples were collected in the incubated plastic
bottles.

Analysis of Parameters

The heavy metal content of effluent apart
from Na* and K* ions other heavy metals like iron,
lead, mercury, copper, nickel, zinc were also
detected and suitably estimated, using Atomic
Absorption Spectrophotometer.

Calculation of Correlation
Out of several methods Karl Pearson’s
coefficient or Pearson’s coefficient is used to
calculate correlation. The Pearson coefficient of
correlation is denoted by symbol r.
pxy =  Cov (x,y) / {N(var x)*V(var y)}
Where, Cov (x,y) = &(xy) — &(x)* &(y)
var x = g(x?) — {e(x)}?
vary = e(y?) — {e(y)f
e(x) = X fx / =f
x = number of classes
f= frequency
€ = expected value
Cov. = covariance
Var. = variance

here,

Correlation analysis helps us in
determining the degree of relationship between two
or more variables- it does not ell us anything about
cause and effect relationship.

In this study samples are collected and
results were analyzed and tabulated. After tabulation
correlation matrix is prepared by calculating
covariance. It shows rate of dependency. A value
varies from -1 to +1. For independent attribute it is
0 (zero), for highly correlated it is -1 and for highly
positively correlated it is +1. It is a statistical tool to
show rate of dependency and with the help of
computer application i.e. SPPS software it becomes
too easy to calculate these results.

RESULT AND DISCUSSION

Result of Table- 1, 2, 3 and 4 shows that
the heavy metals are present in the effluent
samples. The results show lower heavy metal
content in effluent sample than effluents of
conventional paper mills. These results show that
all are correlated to one another. Some of them
shows negative correlation and some of them
positive correlation.



147

Agrawal & Igbal, Orient. J. Comp. Sci. & Technol., Vol. 2(2), 145-151 (2009)

I 8¥S0 GSb'0- £L020- 9610 /SE0- 2€90 €600  9l€0 8000 89€0- 2’0 l0L0- 2200 areydsoud
I €00 SILL'O 1950 €LLO- G690 €8Y0 29¥0 €620 6Lb0- 2650 €£S0-  12b0 apuolyo
I /€L0- 8810 LL¥'O 61¥0-  9L'0- 86L0- I¥O0 €£00-  L€00  IbPO- G8E0- oreyding
I 2820 /€L0- €/50 €b8°0 ¥6L0- 29¢0- 2b20- 9620- 80L0 6920 Auanonpuop
I 88L°0- 6SY'0 2650 8620 1800- G890- +¥E0 8800~ ¥¥SO aod
b 29/°0- 2.60- 180 21990 €9¥0 6860 8920- ¥L00 aoo
I €820 12000 6020- 6v0- 90L0 1200- 8SE0 SS1
Il 9800 /200- LL€0- 90L0 €500  2€90 sdlL
I €S20 9800- 1260 /8€0- 9LL0 Ayuiresy
I €0S°0 9820 90£0- ISY'0 sseupleH [ei0L
I ¥6L0- GPE0 861°0-  SsaupieH B
I 1€90- G850 sseupieH B
I €00- Hd
b dN3L
ssau ssau ssau
apu aley Apanon Ayur  -preq  -pieH -paeH
soyd -olyp -ding -puo) @Od 4AOD  SSL saL -edyv lejoL B e) Hd dway

(/6w u; sanjen ||y)

peqebueysoH je Jalem JaALl epeuleN Jo sisAjeue [elaw AAeay JoO XLjew UONe[a1I0) [| d]qel



Agrawal & Igbal, Orient. J. Comp. Sci. & Technol., Vol. 2(2), 145-151 (2009)

148

I S¥L'0  8v8'0 1€20- 6120 6EL0- ¥8Y'0- 2090- 2LF0  L¥O- L0- 91’0 SE€00 G820- ayeydsoyd
I 6¥Y00 GB6S'0- €6G°0- €650 6600- 9280- P¥LL'0- 6E0°0- 600 200  ¥.000 PO ¥LLO apuoly9
b 820 LLL'0- 90€0- GS¥'0- 9/5°0- gr'0  692°0- 2090- /S20 €220 9920- ereyding
I /28°0- 6000- 2690 I¥€0 S0€0  9GL'0 9500- 820 68Y°0- L/E0- Auanonpuop
Il 2leg’0 G§SS'0- Z/00 800- LlLOO  LZL'0 26L0- €LL'0  8E0°0 aod
L P10 9290 9¥'0  ¥00'0 €9L'0- ¥€20 ¥O¥'0-  ¥.0°0- aoo
I 9/t'0 9000- €500 €£L'0  Z900-  /20- LI2gO- SSl1
L ¥SL0 PPPO 2r'o /910 ¥65°0- €610 sdlL
I 189°0- 22/0- SLL'0  /£0- 8.0 Ayuiresy
L 9820 950 /62°0- 8150 SS8upieH [eloL
I 8vL'0- 220- 660  SsaoupieH BN
I 8220~ 9920 ssoupieH €D
I 9€0 Hd
b dN3L
sSsau sSsau ssau
apu ajey Auanon Ayjur -pieq -pieH -piey
soyd -oyp -ding -puo) @09 AOD  SSL saL -iedv leloL B el Hd dwsay

(/6w ui senjen ||y)

d13 1e Jejem auym pajeal) Jo siskjeue |ejaw AAesy JO XujBW UOIRIS1I0) (g d|qel



149

Agrawal & Igbal, Orient. J. Comp. Sci. & Technol., Vol. 2(2), 145-151 (2009)

I 9G2°0- 600 ¥S20- 8¥9°0- 86€0- 299°0- 8000 <2000- €vL0- 1S50- €820  +v00- 6%10- ajeydsoyd
I G69°0- G92°0- 852°0- 690°0- Z0L'0 I8/0 €520- €S¥'0 190  9/20 S800- vvb0 apuolyo
I €e€0 6¥L0 l20 vL'0 €8¥0- ¥6.0 895°0- 8S20-  ¥9°0- 960 /2l0- eleyding
I 2250 /b0 8020 I1620- 28L0 G220- 2be0 6950- 69L0- €LS0 Auanonpuod
I 86,0 6¥'0 €190 860 G000  8¥€0 LE0- 200  8L¥0 aod
I €590  L.¥0 87’0 1000 66£0 9S520- /800 9I20 aoo
b €20- 89Y'0 60L0- $520 ¥°0- ZLo 99°0- SSl1
b 9G°0- 9820  ¥2S0 9590 66S°0- €09°0- sdlL
I €2v’0- 8S20- 9l¥0 22E0 9ET0- Ayuiresy
Il G820  +280 9°0- IGY'0- sseupleH [eioL
I 9620 €9¢0- €€20-  SsaupieH BN
I ¥69°0- 26¥°0- ssoupieH €D
L 910 Hd
b dN3L
ssau sSsau ssau
apu ajey Auanon A -pieq -pieH -piey
soyd -oyp -ding -puo) @09 AOD  SSL saL -iexv leloL B ed Hd dway

(/6w ui senjea ||y)

d.13 1e sonbi mojjaA pajeal) jJo sisAjeue |ejow AAeay JO XLIJeW UOIB|S.I0) € d|qel



Agrawal & Igbal, Orient. J. Comp. Sci. & Technol., Vol. 2(2), 145-151 (2009)

150

I 665°0- 8¥00- 9600 6900 89€0 8¥€0 L/20- 9290 €L0- G220  $EO- G8S0- 9600 ajeydsoyd
I €620 €0G0- 8€L'0 /S20- 2LO0 ZOLO-  ¥8€0- ¥'0-  S9v'0-  /8Y0 9090 €020 apuolyo
b €0°0 95£°0- GS¥'0- €0¥'0 L8P0 GEE0- 6950- G600 LS€0- 2600  60S0 oyeyding
I €120 G020- 90L0 G910 +LO0- 9690 6680 2.£0- 2800  PSLO Aunnonpuod
I W00  ¥0- GIS0- 9SL0- 28L'0 220 2500 88F0  €8€0 aod
Il €620 €510 2080 9I20 €L00- Z120 190°0- 8€L°0- aoo
Il 9/60 20000 9S00 620 800 €S0 2EEO- SS1
Il 6L00 2900 6280 Y000 9€00- /620- sdlL
Il 9820 2¥l'0  ¥220 €2r0- 9290- Aunexy
I /80 8710 2900 G9¥'0-  SseupleH [elol
L Z/1°0- 190°0- G910  sseuplieH B
I G200- /2€0- ssaupieH B)
I S800 Hd
b dN3L
ssau ssau ssau
epu  ajey Auanon Ayur  -prey  -prey  -pieH
soyd -olyp -ding -puo) @od AOD  SSL saL -ledv lejoL B e) Hd dway

(/6w u; sanjen ||y)

epew.ieu JaAl 0} [[Iw woiy pabieyosip Jusn|ys Jo sishjeue |ejaw AAeay JO Xujew uole[a4io) i ajqer



Agrawal & Igbal, Orient. J. Comp. Sci. & Technol., Vol. 2(2), 145-151 (2009) 151

CONCLUSION

These are analyzed and they states that
the data collection for the samples collected are
correlated to one another. If one of the parameter
changes up to some level, other parameter also
changes as both are correlated to another as is

also shown in the respective tables of correlation
matrix.

Some of the parameters are related
directly and some are inversely proportional to one
another.
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