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INTRODUCTION
Production of wastes is an inevitable consequence of t ndu s t r t a-l

processing. In other words industrial wastes symbolise technological

progress and development. In a developing society industrial progress

and waste ~eneration are unavoidable. The question is how the pace of

development can be maintained and accelerated without equivalent waste

becoming a social or environmental liability. Most of the important

industries produce wastes of some kind in va r t ab l e quantity. Develop-

ment of app~opriate technologies to mana g.e these wastes is a major con

cern of research and development activities throughou~ the world.

Paper industry, like many others, has not remained untouched by

the malaise of waste production and its proper management. To produce

one ton of paper it has to utilise anywhere upto one hundred thousand

gallons of water, most of which comes out as an industrial effluent,

which though non-toxic, is, nevertheless, an a e s t h e ti c pollutant of

river water resou-rces. Nearly one third of the effluent discharge

carries in it non-biodegradable ligno compounds rendering it brownish

. in colour. It has above normal leve1s of alkalanity and poor oxygen

contents~ Characteris~ics of this effluent are given in Table No.1.

At Orient Paper Mills, Aml a i (M.P.) this effluent is broadly termed

as Grade-Ill effluent which 'consists of brown stock washwater, dig-

,ster house spills and leaks, chemical recovery section waste-waters

and caustic extraction stage wastewater from bleach section and dil-

uting quantities of chlorination and hypochlorite bleach wastewater.

To-tal quantity of this combined effluent. is nearly 4.5 million gallons

each day.

* Birla Institute of Scientific Research, Amlai (M.P.)

Orient Paper Mills, Amlai (M.P.)**

JPPTA Convention Issue 1987



81

Thi s condominium bf 'effluent s und e.rg-ee-s asyst ematic t rea tmen t

both under aerobic and anaerobic conditions. Despite this high ,cost

treatment the aesthetic pollutant qua l tt y remains in the trea~edeff-

1uent ~

IH s cha rg e of t hts effluent in the river result s in' sl tgh t dis-
colouration of river water. Only economical solution to this problem

is alternate discharge on land-which is an excellent absorbent. Con-

sidering the non-toxic nature of effluent the land dispos~l can pro-

fitably be linked to crop irrigation. It is, thus, p o s st b l e not only

to prevent river water pollution, but also to augment already -s caec e

irrigation water resources of the nation where nearly 70 per cent c:rf

the cultivated land depends solely on natural_precipitation~

Over past twelve years investigations carried out, at i Or t en t Paper

Mills, Amlai have conclusively' shown .rha t the mill effluents can be
used to irrigate on l a rg e inumb e r of agricultural and forest tree crops

,Thi; paper sums up the, findings of theinv~stigations carried out at

·,.the Mills in collaboration with National Environmental Engineering

Research Institute, Nagpur (1974-78) ~nd Birla Institute of Scientific

Research (1978- continuing).

MATERIALAND METHODS:
As indicated in the introductory section the effluent with major

pollution potential is b r own coloured grade-3effluent. Its pre-tre-

atment and post-treatment characteri~tics are given in Table No.1.

During field investigations the pre-tieatment efflu2nt has been used

for itri~ating more tolerant fbrest tree plantation species. Eucaly-'

ptus hybrid. The po~t-treatment effluent is being used for experi-

mental irrigation of a number of cereal, fodder.' annual and biennial

cash crops and perennial frui t trees. Ali st of crops grown over the

years is given in Table No.2~

Soils. being the primary absorbing medium for the effluent waters

were carefully selected to r ep r e s en't various soil formations to' be

found in the experimental area. In Amlai region the soils are. mostly

sandy l oams w i r h scattered pockets of clay l oams , black co t t cn soils
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and sandy clays. Two types of soil f ermat i on s have been t ak en up for
field experimentation -

Ti:Ee A - Light.
water

r;n~eB - Heavy
water

textured sandy clays with greater p.rosity'and le~ser
retention capacity.
textured ·clay loams with lesser p0rbsity and greater

,
retention capacjty.

Field t nv est t ga t t on.s on l t rrt ga t t onal utilisation have been carried
out through two series of experiments -

Series 1 Periodic flood irrigation of 30 atres of Eucalyptus planta~
.tiori s in type A soils, with raw untreated effluent.

Series 2 ""Controlled irrigation of mt cro=p lot s in rand omt sed block
design experiments growing annual and perennlar cereal and
~ash crops plots are laid in both type A apdTy~e B soils.
For irrigation anaerobically treated effluent is being used
in various dilutions with p.l.ain wa te r , Six djlutionshave
been used ranging fr~m 100 per cent pure e~flu~nt to 100
per cent pure water.

During 1978-1986 period average quantities of effluent t rrt ga t t oru

for major groups of crops have been as follows:

1.~ucilyptus hybrid
.2~ Rahi cereal s(wheat,

barley,oats etc)
3. Kha rt f cere-a1s 4.l Paddy
4. Kharif cerea ls (maize,

jowar, bajra etc)
5. Perrennial ca~h crops

(banana,coconut etc)
6. Suga r cane

425 atre feet per year .

15 acre feet (Nov v=Ma rch L,

30-40 acre feet (Jluly':':'October).

10 acre feet (June-October)

90-100 acre feet per year
50-60 acre feet (March~November).

Irrigation water quantities listed above hav~ been found to be
§ll'flicient to maintain optimum soil moisture regime specified for
each crop under tropical conditions.
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For annual agricultural crops grown in mt c r-o=pl ot experiments

regular data have been collected for grain and dry matter yields.

Bost-harvest soil samples are also collected and analysed for phy-
sico-chemical charact~ristics.

..
For raw effluent irrigated Eucalyptus 15 year old stems in

experimental strips were removed alter 8 years of continuous irri-

gation du r ing which the 30 acre plantation block received 3400ac,re

feet effluent irrigation whtch is equivalent to nearly 960 million

gallons. Yield and wood characterisation, pulp and paper making

qualities and post-felling soil characteristics were determined."

USULTS ANI> DISCUSSIONS:
EX:perimental details of various experiments and results in respect

of some soils and annual agricultural crops have been published(I,2,4

and 5). Simi lar detai 1s in respect of Eucal yp t us hybrid ate under pu-

bl t ca t Lon Ld L, Results lor all other crops are being computed and pub-
f -, . •

lished in a series,of papers as parts of (1) above. In this communi-
cations from the published and to be published results.

Soil is an extra-ordinarymeditim of absorption and f i Lt e r a ti cn
.pecially when it is in. la light textured formation. Lysimeter stu-

dies conducted by NEERI at Orient Paper Mills, Amlai have revealed

.tha t a two meter dee~ .s o t 1 p r of t Le canvremov e the colour of effluent

from perc-olates as wel'l as r edu ce the BODand COD loads to almost zero

level. In natura 1 regu La r Iy cu l ti va ted field s exce s s iv e d i scha rge of

effluents as lrrigant, is, therefore, unlikely to disturb the under--

groundwater qualities, as the nature's soil system goes several meters

mor e deeper than the arJtificially erected soil profile of a l y s t mete r ,

This is an t mpor t an t vc on s t d era t t on when planning for heavy flood irri-

gation of forest tree plantat'ions by the mill effluents.

Irrigation of soils to grow crops' leads to a con t inu ou s adjust-
ment of .va r t ou s ions present in the sOirmedium.Characted~tics of

the .irrigationwater naturally affett this process of adjustment and
i>a,lancing ./-<Paper mil i ef fluent s ca rry a r eas onab ly ,high load of che-

.at~l'twhic;h.,"Wh~n,;interniixedwith ·the already existing soil chemical
envt ronlael1t ••. resul.L'tn ;Irell.t ~:_~s9il ch emt cal ac tiv i t y. Compara t i ve
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study 'of Table 'L' shows the levels of va r t eu s parameters rn tlu ,ftlu.(
ent t n v compa r t sbn to plain water. Special noticeable are the much
higher levels of sodium, chloride and bicarbonates in the-1elfluent •••

In Table_No.3 weighted, averages are given for various parameters'

studied in v~rgin sdils and the same soils after sUi1atned eftl~e~t
irrigation f6~ 10 years. As expected, sdil alkal~nityhas tended tq

increase in both-types of 'soils,more so in heavy textured: soils due
to their relatively higher capacity to bind free ions. Orgl\nic rna ..•

tter level has t n c r ea s ed due to build up of organic suspended 'Q~ide
present in the irrigant effluent. Build up in the lev'el ,of va r teue

,ions is also obvious. Increa~ed ~lectrical conductivity of the irr-

igatedsoils can be attributed to this salt accumulation. In heavier
soils the increase inEC is proportional to their greater capacity ~f

sa 1t reten t ion. Leach tng property and capacity of the soils, there-

fore, are impor t art t considerations in deciding .what type of soilssho;..
, , '

ul d be u sed for g r owt ng crops under .ef fluent i r r t ga t ion.

Response of various crops to effluent, irrigation is given in
Table 4. Most of the crops s t ud ied i so far have shown remarkably good

tolerance to the effluent. In fact, during initial period of irrieSa-

tion high~r yields were obtained in effluent irrigated plots oveT the
plain water irrigated ones. In subsequent cropping cycles, however,

there is slight reduction or equillibrium in the yields, which.R-Qw-

eyer, has been found to be s t a t t e t t ce l l y t n s t gn t f t can t, Abt'lityof

c e r ta t n crops 'to tolerate high levels of salt accumulation in the soils

has also come out during the investigations. Barley, o~ts~ sugar.
cane, saf f tower and some 'others hav e ibe en found to be more to l erant

than wheat, 'paddy aq~ maize while most of the pulse crops like 'gram,
moong •• u r id and arh'ciHhave sh own. relatively poor tolerance to pulp

mill effl~ents. Among green fodder crops, perrenn~al grasses like

napier ,grass have yielded conSistently, annual f6dder crops ,like
bar-seem and lucerne hav e- given decreasing y t e l d s ra f t e r 4-5' years' of

sustained irrigation with effluent. Fibre crops like kenaf, reselle

and aunn=hempjhav e also given better and consistent, yields in c ompa.r-s
t s cn Jt o normally irrigated cond t t t on .
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Gr~dU4:nA)u"J.;t 'up of salts .in the so tLs has b e en found to interfere

wnh seed germination of some' crops. In -case of wneat t t has been ob-

serve~ that ineffluerit irrigated plots the seeds germinate one we-ek

: later than the p l et n water ~irrigateq plots. This .c end t t.t orr was obs.er-

ved seven' years after the start up of e f f l u en t irrigation. Th e, crop,

however. developed no rma l l y and yield levels wer-e about the same as for

plain water irrigated ~rop. Pulse ~rops hav~ been found to be more

sensitive to effluent at g e rmt na t t qn stage, D'tf f t cu l t y in germination

in saline sons has been reported for many crops(6). In such crops,

mod t f t ca t t on ct n sowing or planting 'p ract t ce s has been recommended to,

counter the effect of soil salinitydur-ing early stages of crop deve-
lopment.

Rema,rkab-le abili~tyo/f soils to recover c r tg tna I phys t c o-ich emtca l

balance hasbe,en demonstrated in some experiments where effluent irri

,ga t ion~wa s totally s t.cpp ed af t er 8th ye~ r whi l e con t inu ing the cropping
, I

patterhestablished at the beginning of the re s ear-ch project. Various

physico-chemical characteristi~s have tended to revert to ori~inal

levels after two cropp t ng s vund e r plain water irrigation • .t.berration

,in ger'minatian behaviour has_also been observed to be removed in these
'soil s ,

Of ,the perrennial tree crops unde.r effluent irrigation data for

two species are now available. In Table 5 selected data recorded for

large sc~ 1e ~uca lyptus hybridp Ian ta t ion under flood i r r t ga t i'on for 8

years are given. Effluent irrigation has induc~d higher wood volume

p ecdu.c t t on , This has resulted in about 50 ,per cent higher pulpable
wood yield t'n e f f lu en t ' irrigated plantations. It can be pointed out

,that th e irrigation was started when trees were already 7 years old.
'" Lat e r res:earch, has shoWn that U effluent irrigation is begun from

I . . . . .-

second year onward then total wood p r odu c tt on can increase 100 per cent.

Fi rst coppi ce crop' current ly unde rtobse rva t ion" is a 1so sh owtng more

vigorous growth than unirrigated coppies c r oo . Faster growth has

resulted in longer fibres ~nd less dense wood. Pulp and p~per qualit-

, i es hav e shown t mpr cvement .in general in ef fluent i rr,iga ted tree s ,

Except tear factor ,all the other streng,th properties have given p,(lHer
valu~s over un t r r Ig ated trees.

IPPTA Convention I•• "" , ••. ~
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Other tree species, Sesbania ~radiflora ,(Shewari or Augu s t ij ,

has similarly given higher yields. In effluent irrigated conditions. ,.,.

four year old crop has yielded 30MT wood per acre as compared to

20MT wood per 'acre 'from un i rriga ted and 27 MT wopd per acre 'from

plain water irrigated plantations. It is significant to note that

even in t r rt ga t ed conditions the effluents ....ones have given higher
y i e Ids over p l ai n wa t e r i r rig at ed on e s •

Research onirrigationat utilisation of pulp and paper mill efl-
1u en t s ha sal so en compa s sed several import an t med i cinal and a r omat.t c

herbs and shrubs Table 2). In t h e se cases, in addition to normal

yield data, evaluation is being done in respect to changes in the

contents and chemistry of active ingredi~nts like ~ikaloids'and ess-

ential oils. Tissue analysis of effluent 'irrigated crops has also

been taken up for selected crops,todeterm1ne salt accumulation in

various parts of the plant receiving effluent. ,In a 'r ec en t l y ccn c Luded

study it has been found that in plain water irtigated sugar-cane

the can juice contains 30 ppm. sodium, -whi I e in effluent' receiving

sugar-cane the cane juice contains up to 145 ppm. sodium.' Thi s· accu-

mulation ~ydetermine 'the nutritive value of, effluent irrigated

crops. Plant tissues react in a definite way to salt c on c en t ra t Lon s ,

Bett e¢ pulp and paper cha ract e r I st i c s ob served for effluent i rr t ga ted

crop1· P~ant tissues react I n a~~finite way to salt c on c.en t ra tt on s ; .

Better puI p and paper c~aracteristicsobserved for effluent irrigated

Eu ca l yp t u s wood can be explained on this basis. Plant t t s su-e and in-:-

g r ed t en t reactions, therefore, require micro-level studies to p.t n-pot n r
the na tu re of change s t he t may have been t akt ngplace in the sp.e c i f tc
environment c rea t.ed by sustained effluent irrigation;

The studies carried out at Orient paper MiUs have made it poss-

ible tod::aw a cropping pattern and a,ni~rigation system which Can help
in reducing the pollution load on rivers and other good water resour-

ces by way of diverti~,g a major part or the, effluents forirrigati.onal

use" and in the meantime, increasing crop yields peiimlt area. In ~ur

s t ud t es y i e'ld compa r i sons .hav e been made,bet~ee~ :e.fl~ent irrigation

aoo'_ plain water irrigatioq,. It may, howe"er"De stres'sed.thaLplain
water irr'1gation.is hardly available t030 Per cento~'agricultuial
land t n IJ'l~ i,a.. In the Amla i project area the percen t ag.e oflrriga t ed
IPPTA Convent,or'l" •• ue1987 ' '
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agricultural landis less than 2 pe r cent. - In '~ch localities the
effluent q'rigation of c r ops ina s c t.en t.tf t ca l Iy designed way c~n

greatly boost agricultural production. Likewise, effluent irrigated

plantation forests in the vicinity of J)ulp and paper mills can .c on t rt

bute greater quan t ttt e s of better quality pulpwood, t he r eby reducing

the pressure on already depleted forest wood resources.
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TABLE ..... 1

.AYEIAGE CHARACTERISTICS OF MltLWASTEWA'"TERS

AND PtA IN WATER QSID 1w tRIt IGAT ION STUD IES.'

• • • • • • • • .'. • •• • • • • • "". • • • •• • _. • • • • '. • • • t", , .• '. '." i i' -..............~...'...........
Parametell"s Unt rlla t ~d

Grade- ttl
Effluent •

Treated Efflu'ent
Orade-I II
Ahaetob,ical Iy

Plain Water

• .' ••••. " •••••••• ' .••••• '.' •••• !( ••••••.• '.' • it , _.' ••••.•• it.' •• '•.••• '. ',' ••• !" , •.••••• • •

pH' 8.8 8.2 8~O
EC lnmhos/cm at 25°C 2.2 .2.0 0.28
Cal ctum meg/L 5.2 4.9 1.51

.t.t&gnesfum.meg/L 0·.8 0.3 0.7
S,odtum .meg/L .-20.0 18.3 1.'73
Potassium rrieg/L 0.7 0.4 0.051
Chloride meg/L 9.0 8.2 1.26
Carbonat e,meg/L 0.1 0.2
BicarbonaJe meg/L 14.0 12.8 1.96
Sulph.t'e meg/L 1.8 , 1.6 0.45
BOD Mg/L ·250 100 nil
COD Mg/~ !VO·SO 590 nil

..-

Total dissolved
solids Mg/L 1800 1550 250
Suspended solids Mg/L 380 170 30
•• '.' •• '0 •• ~ •••••.••••• '0' •••••••• '••• " ••• • • Ii •••••••• " •••••••• '.' ••••••• -•••

<II
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TABLE - 2
LIST OF 'LANTSANO VARIETIES GROwN UNDER

EFFLUENT IRRIGATION
(A) Rabi Crops

1. Whea t - Varieties

2. Ba rl ey Varieties

3. Oa t s - Variety

4. Gram - Varieties

5. Saf r i ower
6. Japan rape

(B) Kharif Crops
1. Paddy

- Vari ety
- Variety

- Varieties

2 •. Maize - Varieties

3. Jowar Varieties

4. Baj ra - Variety

5. Ground nul - Variety

6. Moong - Vari.eties

7'. Urid - Varieties

1 •. Ka lyan sona
2. U.P. 301
3. Hybrid - 65
4. HDM - 1593
5. Mot i
6. HDM - 15537. Narmada - 4
8. RR - 21
9. Heera

10. Local strain
1. K :...12
2. Local strain
1. L oca 1 stra in
1. Gulabi Chana
2. T-87
3. Local strain
1. Standard cultivated
1. Light green leaves.

I. Padma
2. lET 1991
3. Anupama
4. Kaveri5. Ratna
6. Ba sma ti (T i1ak )
1. Ganga.., 2
2. Ganga - 5
3. Double Deccan
4. Chandan - 3
1. NJ - 156
2. PSH - 2
3. CSH - 1
1. SB - 1

1. 'SB - X I

1. Pusa baisakhi
2. S - 8
3. Kopa rgaon
4. Chamki
1. Kri shna
2." No. 55
3. S - 1 IPPTA Convention Issue 1987
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8. Arhar Varieties

9. Soyabean - Variety
10. Sugar-cane - Variety

(C) Miscellaneous croEs
1- Kenaf - Variety

2. Roselle - Variety
3. Banana - Variety
4. Napier grass - Variety
5.Urena - Variety
6. Sun-hemp - Variety
7. Lucerne - Variety
8. Cot ton - Varieties
9. Barseem - Variety

(D) Tree croEs
1. Eucalyptus - Variety
2. Coconut - Va riet y

3. Sesbania grandi-
flora Va riety

4. Su-babool - Varieties

5. Po!, 1a r - Vari e ty

1- UP PAS - 120
2. Local st ra in

1- Gaurav
1- CO - 1307
2. CO - 1148

1. G - 12
2. HC - 583
1. Kalasin green.
1. Basrai (Kabul! dwarf)
1. Standard cultivated
1. Congo hybrid strain
1. Standard cultivated
1. Improved hybrid
1. AK 235
2. H 4
1. Tetraploid.

1. Hybrid
1. Hybrid T X D.

1. Standard cultivated
1. K - 132
2. K - 28
3. Silvi. - 4
4. El - Salvador
1. Clonal hybrid G - 3.,

(E) Medicinal and aromatic Elants
1. Costus sEeciosus (Keu kanda)
2. Rauwolfia serpent ina (Sarpagandha)3. Centella Asiatica (Brahma-rnanduki)
4. Catharanthus roseus (Soda-bahar)
5. Abrus Erecatorius (Gunchi)
6. Hyoseymusniger (Khurasani - a,jvayan)
7. Hyoscymus muticus ( do ) •
8. Ocimum ba si licum (French basil)
9. Mentha a rvensi s (Peppermint.)

10. Hibi scus ab lernoschu s (musk-sdana )
11. Plantago ovata (isapgul)
12. Solanum khasi~num (Badi Katili)
13. Spilanthes acmella (akarkora)
14. Ammi maju~
15. Metricaria sp.

iPPTA Convention Issue 1981
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Paran;leters
................................................................................

TABLE -- 5
RESPONSE OF EUCALYPTUS HYBRID TO EFFLUENT IRRIGATION

, -••••••••••••••••••• ,. ••••••••••••••••••••••• '••••••.•.•••• -'t •• ' ••.••••••••••••• _:.
Effluent irrigated Unirtigated

1. Mean tree height(Met ers ) 17 14
2. Mean annual increment (m3) ,per acre 5.440 3.6203. Bark cQntents(w/w) 9.20 7.654· Wood densi ty 0.497 0.6075. Wood fibr e length(rnm) 1.14 1.04
6 .. Wood fibre dIame t erCmi c ron ) 10.80 10.707.• Bulk densi ty(kg/m3) 230 2348. HollocelluIQse(S) 74.55 72.789. Lignin (S) 26.35 25.00IO.Reject free unbleached pulpyi e.l d (% ) 45 •.-50 47.30I II.Tensile index(n.m/g! 75.72 61. 76J

j 12. Bu rs t index(Kpa.m2/g) 5-.8-2 4.3713.Tea:r index (ni.N .m2 Ig) 5.81 7.61
14 .Doubl e fold 788 310 '
15.Brightness(%P.V.) 28.0 24.0

. ,.............. ,. ..' ' " ., _ ' , .
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