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PREFACE

Three interrel ated parﬁ of work have been compiled
in this dissertation. . The first part; thevimpact and charac-
teristics of.refinery effiuents}on water bodies reveals the 
pilot works carried out in the different“paris‘of the world
\on.refinery.effluénts pollution aspect. It is the guide linés
fo; the developing country like India ghere little work has
been done in this field. Similérly in the second part, a
case study qf Gauhati refinery views.the effects~of refinefy
poliutahts on public health through water system which leads
the enthusiasm to study the fate of.inland water b&di&s by
-otger re fineries of India. Finaily.third part represents how ,
to balance the aquatic ecosystem against thelrefinery effluents

and contral of pollution problem.
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SUMMARY

This review paper'givés'thg clear picture of
pilot study carried out on the oil refinefy'effluénts
of the;differenﬁlpaits of world; The major cmmponépts"
vof the refinery ef?iuents, disposal of it on the water
bodieé resulting effect on_aquéfic eco-sys tem tﬁraughv
the biodegraaation of‘hydrobarbons as well as inorganic
compounds, bio;accumulatién of it_is_representéd to stﬁdy
the fate of,envirﬁhment._ The joihtjeffecé of the pollu-
tant toxiéity_on/%he system and the water management
control of refinery effluents is an integral part of the

impact on.water system.
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CHA'PTER 1
INTRODUCTION

At present in our country the number of refineries
are increasing day by day (Fig.1). It is necessary to view

EEFNEiEEEEE of)the effe;t on Watgribodies. The discharge of
noxious orvhawmful substances in‘the refinery effluent has.
been substantiélly reduced during the past decades. . Very
often much-redhctio%s have been the result of iﬁdustry's
decisions rather than legislative pressure. Since the effluent
quality éannof be expressed in a single meaSﬂrément, for the
purpose of this combarison two paramet ers were chosen, viz.,
0il content and biochemical oxygén deménd (BOD 5), which are
Q:he) repre sentat ives) for) other ef“Fl.uLents - ‘ .

Parame ters of-refihery wastes water and the potential

for ecologicél.damage in general:

OIt CONTENTS: The 1950's. measurements showed average
oil and Qreééé content of 20 ppm with some measurements very
significantly higher, this level continuously has besen reduced,
primarily as and when new refineries have been cammissignéd. It
expressed in terms of'gn# of 0il discharged per ton of oil pro-
cessed the above reduction ratio of 10:1 could be easily

represented a decrease from 19gm/ton to less than 0.,2gm/ton.
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BIOCHEMICAL OXYGEN DEMAND: Reduction of this para-

me ter has been the same order of magnitude, while p;evidus'
vélues.of 100 mg%>02/litre were éonéidered average, modein
refineries havé proved to read much_loWer‘levels. Again the-
.general reduction in the quan%i;y of water used and dfscharged

7

has a similar impact on the BﬂD'ﬁ per crude-through out as in

S

-

the >case of the o0il content.

The environmental protection Agency (EPA) has defined
sigbificant pollutaﬁts paramefer for the petroliﬁm refinery as
_a contrast}ng of BOD S COD,'TOC,.oii grease (Q and G) NH3-N,
phenolic compounds, sulphides'énd chromium BOD 5 COD, NH4=N,
’and provide a ‘measure of ‘oxygen-depleting sfréss placed on
a refinery séream. Thé sdbstances NH3-N, chromium, phenoliéé;
sulphides and thE‘like_prﬁvide measure of toxigity placed on
indigenous biological s pecies. Parametér which relate to taste,

odour, and miscellaneous "nuisance" properties include phenolics,

+

0il and grease, phosphates and NH3-N (9).

Handlingland digposing of the solid wastes can be ma jor
cdét items imn the re finery watér management problem. OUne case
study in U.S. conduéted'that the following guidelines would
reduce wetyéludge quantities by more than 50% and help&tﬁ&ﬂ
opfimise the end of pipe sequence: (A) Removél of solids from
making watef (B) Removal of all ocily solids from e ffluent prior

to the secondary.treafmenf (C) Use of the Bioiogical (Activated

’



siudgé) treatment element in the end of pipe ééquence\to
remove stable contamin%ﬁt.

., To study the antagénistié and synergistic effect of
the‘p;llutants.the Arbitré;y E@ference Wﬁxtqre (ARMi‘can be
introéuced ( Dr Lee's Ph.D. Thesis) (6).

Specific enzgmes exists in micrc-prganisms such as
bacteria, fumgi, and yeasts and animals, to metaboli}e and
cataboiize hydrocarbons.. Paraffinic hydrobarbbns are most
liable to microbial attaik.but olifins and napthenes are also
Eiqdegradable. 'Argmétic cunpqunds.with or without paraffinic
side chains are readily met abolized by various baéteria, such
as some strains of microcmccds, mycobacterium, pséudomonas
vibrio, nocardio, Flavobébterium, and otﬁérs. The available
evidence sUgéests that a long term accumulation of hydroéa%bons
in marrine and esturine organisms is unlikely, while most of
these organisms may temporarily, store all kinds of hydrocarbons
as long as they are exposed. When they excrete them the source
of pollution is removed.(5).

THE OVERALL REFINERY WASTE WATER, TREATMENT SEQUENCE{9).

(1) Minimize removal of soluﬁle contaminants contributing to
BOD, ; (2) Minimize Ammonia removal; (3) Maximize removal of
contaminants coﬁtributing to COD and (4) Maximize final effluenf
?Elarﬂ$; (5) Effect the effi;ient removal of gross quantities of
the olids and'oil;.(ﬁ) Provide for hydraulic and chemical equi-

lization of refinéry wastes (7) Minimize the generation of



excess of biological.sludges; (8) Minimize ény odour and
‘bulking problem from biological sludges; (9) Minimize the
immediate oxygen demand (I0D) of wéter entering secondary -
treatment;and (10) Minimize sulphide in the effluents and
(11) discharge on efflueht_contaminating»dissolved oxygen‘and

a -good thresﬁold odour number.



CHAPTER 2

CHARACTERISTICS OF THE EFFLUENTS

The liquid effluents emitted ffom 0il refinary has
‘its own interesting characteristics to influence the Water
bodies. @63 aspect is not endugh to study the entire chara-
cteristics. The following Four parameters should be considered

to the efflueniﬁstudy.

2.1 Principal sources and the typeg of pollﬁténts(9);

The petrolium point source categofy,.the environmental
Protection Agencx'(EPA) has defined significant pollutant para-
meters for the pétroléum. Refining industry as consisting of
B0D., COD, TOC, oil and grease (0 and G), NHq-N, phenolic com-
pounds, sulphides, and chrqmium.'TyFical fefinary waste load
concentrations in mg/1l for;each of the refinary sﬁbcategories
~are listed in»Table‘(1). The 6xygen-deplefing parame ters BQDS,
Cob, NHa—N; aﬁd T0C provide a measure of the oxygen-~depleting
stress placed on & receiving stream, The toxic substances
NHaeN, Chromium, pheno}ics, sulphi?es, aﬁd the like'provide-
measures. of toxicity.placed on ind;genous biolog ical species.,
Parameters which relate to taste, odour, and miscellaneaous
"nuisance®™ properties include phﬁﬁolics, oil énd greases, phos-
phates, and NHB—N.

The EPA has considered 65 poféntiélly toxic campounds-or

classes. Until suitable malytical procedures are developed, it
A .

IS



remains unclear how many of these 65 compounds, if any, are

presenthin refinary effluent.in significant quantities.

2.2. Disposal Refinery Wastes (9).
Handling and disposing of solid wastes can be major cost
items. in a refinary water management problem. Much, however,

'can be done to alter the nature and quality of water-treating

sludges. One case study in U.S. concluded that implementing

the followiqg guidelines would reduce wet sludge quantities by

more'ﬁhan 50%, generate sludge that'are easier to de-water,
énd"help optimize the gﬁd-of-pipevtrEatment sequence:

B i, Remove all the solids from make up water. Combine
these.remcved‘solids with lime-softening sludges for

' é»syngegistiq e ffect in dewatering properties and
chemiCal,psage. Dispose of these solids Wastés inde-

pendently of organically contaminated solid wastes.

ii. Remove all oily solids from the effluents prior to
the secondaﬁy treatmenf. Using very efficient filters,
oily sludge of "primary" type, which is easiest type
to dewater. This goal is achieved by removing esse;tially
all dispersed phase o0il and grease as well as suspendedv
and colloidal sci‘ids‘, leaving only residual soluble con-
taminants for removal by bioldgical pfocesses.

iii. Use the'biologiCal (activated sludge) treatment element
in th¢ end pipe treatment sequence to remowve only soluble
confaminants. This practice has a major impact on minimiz- )

ing the quantities of waste-activated sludge requiring

disposal. Two mechanisms are invalved:



(a) THe quantity Df.BDD/CUD available for conversion

to cell material is minimized; and
’ A N

(b) The process can be operated in an unsual mode,

NS,

that very high'sludge age, which minimizes the
net conversion of BOD/COD to cell material, thereby

minimizing the quantity of waste-activated sludge.

2.3 Study the inﬁeraction of different pollutants
" and their effect on ecosystem (12).

Terminology: A simple approach for determining how to

- classify_ the interaétion of two\toxicants is to expose organism to hal
concentration of toxicant 'Af necessary to proddcé a given response
and half the concentration of toxicant ‘B! nétessary far the
same response, If this combination just causes the response the
a;tions of Avand”E are exactly additive; if it causes more than
_giveh response they are ﬁore than additivg. If it does not cause
the réspoﬁse.the toxicants are either less than-additive, show
no interaction, or are‘aﬁtagogistic and further exper imentation
is”necessary. This approach will now be decided in more detail
with reference to figure 1la. |

The diagram (Fig.1s represents the combination of two
toxicanté. The axes represent concentrétions. The concentration
of 1.0 unit of toxicant 'A' produce the regponse (death in case)
in ébsence of toxicant 'ﬁ'—and 1.0 unit of B will do the same in

absence of A, If the response is produced by combination of thé

two toxicants represented by points inside the square, the toxicants
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describe the combined effect of two
pollutants (Modified from Gaddam,
1948; after Spragque 1970)



are helping one apother, tﬁig is calléd joint action whicﬁ may

be further broken-down into 3 séecial cases, as follows; If the
response is‘juét ﬁroduced by combinations falling in the lower

left triangie (e.g. 0.5 A + 0.2 B), the effect is more than
additive. The upper right angle (e.g. 0.8 A + 0.7 B) the toxicants
are still wérking in joint act on but one lesé than additive. Those
combination falling exactly on the upper ana right boundaries of
squére.show no interaction between the toxicahts. For example, if
1.0 unit of 'A' is required fo just produce the response, no

matter what concentration 0% B, below 1.0 unit, is present, then .'A'
is céuéiﬁg the response and B is neither helping nor hindering.

If more than 1.0 unit of A is required to produce the effect,
because of the presénce of B,-thié is antagohism, with B antagoniz-
ing the effect of 'A'? That combination of concentrations which

would fall outside the square would represenit antagonism, and

loosely represented by the broken curve line.

BOINT TOXECITY STUDY

The effects, if any, of contaminants present in re finary
effluents on the aquatic environment can be determined by the

bicassay technique (Dr Lee's Ph.D. dissertation).

Arbitrary Reference Mixture(6)

! 1 2
UThis study was carried out first in useful invertibrates and
' L—

finally on Fish. It was impossible to define an "average effluent"
or a "Typical value" for each component of an effluent because of

variability of refinwery effluent.
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ngcause chemical changés occur during storage of refinary
éffluents, an arbitrary reference mixture.(ARM, Table 2) was for-
mulated to approximatelyvthelSame levels in the EPA guidelines for
1977. The.ARM contained several components of refinary wastes. No.
2 fuel oil was used as the 6il and grease component of the ARM,
becausé trea ted refinégy effluents were not expected to have sigf
nificant amounts of hydrocarbons with relatively iow’boiling points.
Zinc ion was not included in the ARM because of high.concentratidn
it forms an ihsoluble'cémplex with sulphide. Additional chemicals
would havé made the ARM unnecessarily canﬁlex for the initial

phases of bicassay development.

TABLE 2

ARBITRABY REFERENEE MIXTURE (ARM)

Parameter Concentration ingredient
NH3(N) 10 mg/l _ NH4cl

Cr (Total). 0.25 mg/1» K,Cr,0,

0il and grease 10 mg/1 No.2 Ffuel oil
Phenol ° - 0.1 mg/1 Phenol
Sulphide 0.17 mg/1 Hs,S, 9H,0
Total suspended sol ids 20 mg/1 Kaolinite

pH | 6.8-7.2 NaOH/H,50,
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2.4 The fate of effluents in environment (5).

The detérmining factor for the environmental impaét»and

resulting ecotoxicological effects of any product is the ratio
between quantity released and rate af removal,”i.e:, the con-
centration of a substance persisting for séme length of time
and in extended regions br éven globélly._ The removal may be
brought by two principal mechanisms.. Firstly, the substance
may undergo dégradation or conversi on withinja relatively short
period of time after their discharge. The degradation may take
place under bioctic conditions, i.e.; the sﬁbstancés are métabolized
or catabolized by‘Micro-organisms, plants or Animals.v

‘Secondly, the substances ma& be physically transported away
from fhis point of origin, thé most important transport media
being the running water (sewers, rivers, streams, sea etc.). The
result is a. dilution at local levels and a regionai or global
dispersion. The extent of dispersion is determined by the persis-

tance of the chemical substance and the sinks available.

2.4a Biological degradation of aliphetic hydrocarbons:

Specific enzymes exist within micro-organisms, such as
bacteria, fungi and yeasts and in animals, to métabolise hydro-
carbons. Paraffinic hydrocaxbons are most_iiable to microbial
attack but difins and naphthenes are also biodegradable. 1In most
cases, the first step is an oxidation of the terminal - EHa,
followed -~in case of odd-numbered alkanesGK,-ogidation also takes

place. While the hydrocarbon-oxidizing eﬁzymes are not very‘specific,

and an adaptation may occur to some extent, a correlation between
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oxidizability and alkane structure still exists. A prefefence'

for n-alkanes is well gstablished, branched alkanes are less
'easily'(particularly the presence of a quar?ernary C-atan) reduces
the biodegradability.' Alternati%e pafhways exist for the bio-
degradation of olefins: The primary attaek may be oxidation of
the double-bond or the oxidation of tHa saturated end of the

o/ : e s .
molecular. The intermediates of all these oxidative reactions are

—

=

alcohols, aldehydes and ketones, fatty acids and esters. Naphthenes

are only slow%ly oxidized by microbial enzymes.

2.4b Biodegradation of aromatics and polynuclear aromatics:

Aromatic compounds with or without paraffinic side chain are
'readily metabolized by various bacteria such as some strains of
micrococgus, pseudomonas vibrio, nocardia, flavobacterium and
others. _ The first step in ﬁ?nzene degradation is anroxygehaSe—
induced 1,2-addition of molecular oxygen, the resulting cyclo-
he*adiene-diol is then dehydrogenated to form catechol. Catechol
is\an inte#mediate iﬁ the degradation of many aromatic compouﬁds,
including naphthalene, anthracene and edd-numbered alkylbenzenes.
Catechol is further metabolized to either acetic acid and pyruvie
acid or to 3-oxoadipic acid, all of which may eventually, enter
the tricarboxylic acid cy&le. |

Several of these degradation mechanisms are possible not only

in bacteria but in Higher'animals, including mammals. (Diamond and

Clark, 1970; Daly, Jerina and Witkop, 1972).

i
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The microorganiéms-effecting the biochehical degradation
of aliphetic andiafomatic hydrocarbons are,fdﬁnd in the hydro-
sphere while it is known that pelagic and benthic oréénisms-
utilise hyd rocarbons, the authors point out the complexity of
the ErOblem of biodegradation of hydrocarbons iﬁ the mar%iﬁe
envirenments, which make it difficult to arrive at a quantitative
statement as to the rate of biodegradation‘by marrine (and
estuarine) organisms. One may séfely assume that the oxygen,
content is .always sufficienﬁ to allow oxidation of hydrocarbons,
Other mechanisms areralso at work. Several organisms e.g. some
kinds of‘plankton and barnacle larvae ingest large quantities of
oil-dropiets, but the o0il passes uncﬁaqged though the guts and
is excreteé in the form of faeéal pellsts, For instance, copepods
may enbapsule»up to 1.5 x 10_4g of 0il per day per individual. A

popﬁlation of 2000 individuals/ma,covering an area of 1km® to

a depth of 10 m could remove 3 tﬁns of 0il per day if the cancen-
tration wss 1.5 ppm or greater. The o0il precipiated in faecal
.m;tter may serve as nutrient for other marrine organisms and
either be metabolized by them or accumulated.

2.4c Bioaccumulat ion

The availablé evidence suggests that a long-term accumulation
of hydrocarbons in marrine and esturine organisms is unlikely while
most of these Drganisms‘may temporarily store all kinds of
hyd rocarbons as long as they'are exposed to them-‘they excre te

them once the source of pellution is removed. For instance, upto
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95% of the amount of hydrocarbon retained in mussels afe
excreted within two weeks. Molluscs which excrete aliphetic.
fastef than arbmatics, discharge the latter to levels below
0:1 pﬁm withiﬁ 2-7 weeks. However, some bivalve‘molluscs appear
to retain a small proportion of arﬁmétic hydrocarbons fof at
least(pefiods of months.

National Academy of Sciences,Washington, D.C. 1975
indicates hydrocarbon stored in haq&ing macfQOrganishé. It has
to be borne in mind that long-chain paraffinic hydrocarbons
(CiZ-CSO) are common constituents of marrine Drganisms, also in
particul;r, di and trioclefins. These biogenic hydrocarbéns are,
in many cases, clearly distinguishable from petioleum hydrobarboné,
(For methods of distinguis hing petraleum hydrocarbons from native
biogenic hydrocarbons), While hydrocarbons, on account of this
stofe in marrine organisms, may enter the'food chain, it is suggested
(Burns and Teal, 1973) that there ié no‘relaticn between the total
amount-of pollutant hydrocérbons stored and the animals position
in the food chain. This is explained with the fact that the most
important route of hydrocarboh uptake for|/most aquatic animals is
probably through direct adsorption from the water passing'over the
.,gills rather than‘through ingestion of other organisms. The:efore,
a magnification along the food chain is not to be expected.

The available egidence does not appear to support the
assumption of actual bio-accumulation of hydrocarbons in marrine
and esturine animals and neither are data avail able with respect

to bigaccumulation in terrestrial animals.
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CHAPTER 3

~

~ THE ENVIRONMENT AL IMPACT OF REFINERY EFFLUENTS(T)

A petroleum refineryjis a complex combination of
independeht operatiohs engaged in the separation of crude
molecular fractions, molecul ar cracking and rebﬁilding, and
~_sozlvenj: finishing to produce a varety of'prﬁducts. ‘

These réfineries require lérge émounts of water, mainly

for heat removal and in various procéss operations.. Each .
prcéesg'Operation has different water usages ass ociated with
'it; énd the'chrécteristics of the waste-waters produced
differ considerably.

~The moSt‘significant pollutants pweseﬁt in these various
Wésfe-waters aie oil and grease, ph;nols, ammonia, suspended
and diséol&ed éélids, sul phides, and chromium. In additbn;
some waste-waters are highly alkaline while others are acidic.
As a result of widely diffefing water uséges_and process in
ffef#neriss, the quantity and quality qf waste—wateré varies con-
siderably from réfinery to'refinery. Theée wastes, however,
-réadilybtreatable wifh a combination of in-plant controls and
treatment techniques and end-of-pipe treatment. The last
‘consists mainly of primary separation of oil and éolids and
ﬁeutralization, followed by biological treatment using activated

sludge systems, aerated lagoons, or oxidation ponds.' The
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pollutants‘named above arevlargely removed; the effluents
discharged from most refineries contain them in only low con-
centratiaons.

‘TOXICltV of Major Contamznants
in Refinexry Effluents

The toxicity of individual contaminants present in

these efflueﬁts, however, is'fairly well documented.

Ammonia: The toxicity of aquous éolutions of Ammonia is
attributed to the NH3 speciesf Because.of the equilibrium
relationship among NH4, NHZ,'and OH, the toxicity of
Ammonia is very dependent upon PH as well as the con-
centration of total ammonié. fhe concentration of
NH3 increases with increasing temperature and decrease
with increasing ionic strength. NH; concentration
decreases with increasing sal%nity. ‘

Fromm7 found that at total Ammonia (NH3+ NH4) concentra-
tion of 3mg/1 ammonia nitrogen, rainbow trout became
hyﬁere%?table. At 5 mg/1 ammaonia, exﬁretion was inhibited;
and at 8 mg/l, 50 per cent died in 24 Hys. Anderson7
reported that the threshold cqncéntration of'NHAOH faor

mobilization of D. magna was less than B8.735 mg/l.

Chromium: Fish appears to be relatively tolerant to chromium.
But some aquatic invertebrates are quite sensitive. Toxi=-
city varies with species, chromium oxidation state, and

pH. Pickering and Henderséng conducted static bicassays
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With warm water fish species. They obtaiq\soft water

96-hours  LC values for hexavalent chromium ranging

50
from 1706>mg/l for faﬁ:head minnows to 118 mg/1l for blue-
 gill. The Bard water 96 Hrs LC50 value for hexavalent
chromium was 27.3 mg/l for fathead minnows. Trivalent
chromium values-rangedvfrom 3.33 mg/1 for guppies to

7.46 mg/l for blue gill in soft-water. The-LC50 for
fathead minnows exposed to potassiumrchromate in soft
water was 45.6 mg/1l.

10

Raymont and\&hields' reported chromium threshold

foxicity levels of 5 mg/l for small p:awns,fHendér~§qui;;§,

20 mg/1 (as Na, Cr@a) for "the shore crab, Carcinas maenus

and 1 mg/l for polychaetes, Nereis-nirens. Dendenning and

North3 showed that 5.0 mg/1 hexévalen% chromium reduced

photosynthesis by 50% in the géﬂnt kelp; Macrocystis
-pyrifera, during four days of exposure. |
Oil: One of the assumed effects of 0il on aquatic organisms is

the coating of the respiratory surface, fhereby inhibiting
gaseous gx;hange (Wilber)1f TarWell13 summarized some of
the early litératﬁre on the toxicity of o0il on aquatic life.
He reported that oils and its coﬁponan#s adversely affected
the ciliary activity of the molluse gills and the chaemo-
tactic reaction of the invertebrates.

Phenol: Phenolic compounds can affect fresh water fishes adversely

by direct toxicity to fish and fish pond organisms, by lower-

ing the amount for available oxygen because of the high



e

oxygen demand of the cmopounds, and by fainting of

fish.flesh. Varous environmental conditions incréase

fhe toxicity of phen?l-loWer dis solved oxygen éoﬁcentra—
- tions, increasedlsalgnity, and decreased temperature

all enhance the tdxi;ity‘of §hendl. |

MéKee and WU;fB following a reviéw of worla literature,

concludedvthat phenol in a concentration‘of 1 mg/1 Qould

not interfere with irrigation, and 1,DDD,mg/l would not

interfére with stock watering. b

4

ﬁhlbrinatad phenols present problems in drinking
water supplies because bhenol is not removed efficiently
by éonventiohal watef treatment and can be chlofinated
during'the final-wate£ treatment processtto form persistent
odourfproduciﬁg compounds,

Sulphides: The degrees of ha?ard exhibited by sulphides to
équétic animal life is dependent upon the temperature, pH
and D.0. At lower pH,values, a greater portion is in the
furm of the toxic undissociated H25.~In winter, when the
pH is neutral or be;ow or when D.0. levels are low but
an lethal‘tO‘fish,'tHe hazard from sul phides 1is exacerbat e
Fish exhibit a stromg avoidance reaction to sulphides.

‘If they encounfer a lethal concen{ration of sulphides,
there is a reasonable chance they will be repelled by it

before they'are harmed .



1,8

Adelman and Smith | found that the maximum safe level

of H,5 for eggs of northern pike was 0.014 to 0.018 mg/l

2
andifor Sac fry at the same species, the maximum safe level
was 0.004 to .DDS mg/ 1 fofv96 Hrs exposure. Smith17, WO I Ke
ing on the walleys and fathead mihnows,-fdund the safe levels
varied from G.UDZébto 0.012 mg/1l, with eggs béing the least

sensitive. and juveniles being. the most sensitive in 96 Hrs

tests.

Total Suspended Solids: Fish and other aquatic life require-

ments concerning suspended solids can bé divided int o those

whose'effect accuréfin thé_watér column and thbse effect

occur foliowing»sedimentation to. the bott&ﬁ of the water body.

Noted effects are similar for both fresh and mé}riné wa ter.
The‘effects of suspended soclids on fisH have been

reviewed by the European Inland Fisheries Advisory Commission

(1965). This reviewsd identified four effects on the fish

~and fish food populations. (1) By acting directly on fish

¢, . . . . .
swgmming in water in which salid are suspended, and either

~killing them or reducing their growth rate, resistances to

diseases, and the like; (2) Bylpreventing success ful develop-
ment of fish eggs and larvae; (3) By modifying natural move-
ments and migration of fish; and (4) By reducing the abundance
that some species of salmonids will not spawn in'sucﬁ areas.

pH is an important factor in the chemical and biological

-systems of natural waters. The degree of dissociation of



weak, acids orvbases is effected by pH.  This effect is-
importént because the toxicity of many compounds is
effected by the degree of diSso;igtion. One such example
_is hydrogén cyggide. Cyanide'toxicity to fish increases
as the pH 1s lojered, because the cHemical equilibrium is
shiftedrtoward an increased concentration éf HCN; Similar
results have been shown. for hydrogen sul phide.

Present evidence indiﬁatas that a pH range of 6.5
to 9.0 provides adequafe protection for the life o%_fresh—
water fish and bottom dwelling invertebrate fish food
organisms. Outside this range, fish suffer adversely physio-
logical egfects,increasing in'sevefity as the degree of
deviation‘incraéses'until‘le%ha; levels are reached.

Some magfine communitieslafé more sensitive to pH
change than others. Normal pH values in sea are 8.0 to
8.2 at the surfece, decreasing to 7.7 to 7.8 with increasing
depth. Plankton and benthic invertebrates are probably
more sensitive to. pH change than fish, and mature forms

‘and larvae of oysters are adversely affected at extremes

of the pH range of 6.5 to 9.0,



CHAPTER 4

WATER MANAGEMENT CONTROL
OF REFINARY EFFLUENT

RefinerQIWater uses .can Eé_categorized as (1) cooling,

(2) boiler feed, (3) direct processing, (4) Sanitary and miscell-
aneous utility uses, -and (5) fire protection.

Water management of coblingmiowers is ohe’of the most
importan£ means of controlling effluent volume; Inigeneral
fefinéry; abo&t 650,000,000 gal/D of cooling water recirculate
throuéh towers,_the.wa§te heat being‘dissipated by the evapora-
tion of some 13,000,000 Q%l/D of water; The cyéles of concentra;
tion achieved in the recirculating cooling water relate directly
_ tohthe volume of slow down in the refinery effluent and the
consumptive use of water, as'shown,in'Tablg 4.

Recirculating cooling water may contain fixed concentra-
tions of such materials as metallic corros%% inhibitors, biocides,
slimicides, diSpersanfs, and crystal modifi%;. Direct reduction
of the\amount of these materials lost tc the effluent is achieved at
higher cyﬁles of concentration. Ehemical costs énd the impact aof
the added chemicals on e%fluent treatment, particularly bioclogical,
are reduced.

Optimizing the overall refinery
waste treatment seguence (9).

When desiéning and end ~of-pipe treatment sequence for

maximum contaminant removal efficiency (Fig.2), the objective are
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usually tao:

1.

Maximize removal of soluble contamihants ébnfributing

to biochemical oxygen éemand (BOD) ;

Maximize ammonia removél;

Maximize removal of contaminants c@ntributing to chemical
oxygen demand (COD); and |

Maximize final effluent clarify.

Achieving the foregoing objectives give rise to secondary

design objectives, namely,'to-:

5.

1.
12.

Effect the efficienf removal of groés guantities of
golids and 0ils

§royides for the hydradlic and chemical equalization' of
refinery wastes;

Minimize the generation of excess bioloéical sludges;

Minimize any odour and‘bulking problems from the biclogical

sludges;

‘Minimize immediate oxygen demand (I0D) of water entering

secondary treatment;

Minimize sulphides in the effluent and

Discharges an effluent confaining dissolved oxygen and

a good threshold odour number.

Raw effluent waste contains high amount of toxicants.

The end-of-pipe sequence treatment for remdval of pollutants

indicates the outline of pollutants removal and amount required

to be reducted as indicated in Table (5). In API separatorvétep,

TH- 246 |




%2
90 P;C..t0r98 rP.C. ﬁf oilvénd gfease would bé-remowed and in
Dissolved Air Flotation metﬁod'?U P.C: and in Filtration s tep
80%. Similarly activated slu§98'anq final filtfation éteps‘the
removal amount range should-be 80 P.C. and 20 P.L. respectively.
Thus the range of;the aQUJnt of the oil and'grease present in
o discharging liquid effluents is 1 mg/l to 4 mg/l. No removal
of phenolics in API SEparator~step., But should be highly removed
( i.ef 95 P,C;vto,QQ PZC.) ih the activated sludge step. NHB—N
must be reduced. to 0-99 P.C. 'in the activated sludge process.
The maximum BOD removal should be doné in steps activatéd sludge

and filtration by the percentage amount 90P.C. to 95 P.C. and 50

P.C. respectively.



TABLE 1

AN ESTIMATE OF RAW WASTE LOADS FOR
EACH REFINERY SUBCATEGORY(9)

. ( mg/l) i
H BOD : ' —-T : 0 & G | \ - *
Refinexry N 5 ' CoD ! oc g _ NH4=N o P N . )

_ . ! . R ' Medi R ! Medi R _ Phenolics Sulphides Total Chromiu
Subcategoxry j Median Range ] Median ange edran ange ; Tecxan 8% iMedian Range_ Median Range | . Median _ Range Median ‘Ranggﬁm,
Topping 23.4 10-50 107 50-150 20 10-50 25  10-s0 272 04-20 08 0-200 ° 24 0.5 0 0-3

' Cracking - 169 30-600 468 150-~1400 81 SD-SQD - 65 - 15<300 35 . 5.2 00 74 | 0~100 15 0-400 vy 0-6
Petro - - N ' ' C | ay _ : ’ . | |
Chemical . 141 50-800 © 415 ) 300-1400 135 - 100-250 45 20-250 S 4300 10 5-50 N 0~200 46 0-5
Lubes . 2135 100-~700 ~ 415 400-1400 . 115 100-400 128 . 40-400 - {49 1=120 5 1.25 06 0-40 > 0o
Integrated 15 100-800 366 - 300-1400 _52A ' 50-500 44 . 20-500 14 1-250 2.28 | 5-50 125 0-60 28 D=2




TABLE 3

COMPARATIVE TOLERENCE OF SELECTED FRESH WATER:

INVERTEBRATES AND FISH

EXPOSED TO AN ARBITRARY

REFERENCE MIXTURE (ARM), THE LCsgp DATA EXPRESSED
AS MULTIPLES AND FRACTIONS OF THE KRM SHOWING(6)

\

Organism | LCSU‘
24 Hr. 48 Hr 96 Hr
Gastropoda : S S~
Ph!sa Sp. 902 - 22 .U 708 - 20.0 6.4 ",1900
Helisom_é sp.' 704' 7.4 . -
Nitocris sp 3.7 1.4 1.8
Goniobasis sp. 4,6 - 7.4 4,5 - 4.9 0.37 - 3.3
Amphipod .
Gammarus Sp. 5.6 3.2 1.3
Cladocera ~
Daphnia pulex 0.11 0.07 0.3
Daphnia magna 0.16. 0.06 - -
Oligochasta o
Dero sp 5,6 o 5.6 5.6
Tubifex sp. 1.8 = 5.6 1.8 0.21 - 0.56
StylarioJSp. 6.0 - - 6.0
- ——j;§
Aeclosomg Wadleyi 8.3 - 6.0
Planaria ‘ '

(L Dugesi_a__ T_j_._grina 409 - 6.3 2.0 106 - 200
Xotifers* ‘
Philodina acuticornis 1.0 or 6.0 1.0 or 6.0 1.0 or 6.0
lnsects

drd inster 2.3 —-— 1.8
1st inster 0.5 - 0.8 . - -
Osteichthyea
Salmo gairdnexi ** 4.0 4.0 -
Lepé?&s'macrochirus 7.4 - 5.6
Carass%%é auratus 7.0 6.4

7.8

* Two level of the effect

**Trout fingerlings



TABLE 4

CYCLES OF THE CONCENTRATION
AND VOLUME OF BLOWDOWN

Cyvcles of Coneentration % blowdown Gal/D blowdown
2 2 13,000,000
4 ' .67 4,400,000
6 .4 | 2,600,000




TABLE 5

TYPICAL REMOVAL EFFICIENCIES FROM END-OF -PIPE
TREATMENT ELEMENTS FOR A RANGE OF EXPECTED RAW -
WASTE LOAD (RWL) (9)

End Pipe Process ~ Parameter % Reduction Conc.range,
Step - : mg/1 )
1. API Separator BOD; - - ' - 250-350
' ’ Total suspended -
~ solids . - : 50-200
"0il and grease
(D0 and G ) 90-98 20-100 -
NHy~ N o ~ 5- 35
‘Toc . - -
‘Phenolics . ‘- -
'2(a) Dissolved BOD, .. 40 150-210
Air Flotation : :
Total suspended o
solids 80 _ 10-40
0 &6 70 - 6-30
. NH g=N o o 5-35
\ . TOC - '60-100
_ _ Phenolic 10-30 2~13
(b) FiXtration. BOD, | 50 125-175
T Total suspended 50 S-ZU
solids A
0&6G . 80 . 4-20
NH, =N .0 5-35
TOP - 50-80
Phenolics 10-30 2-13
3. Activated Sludge JU 90-95 12
' Total Suspended
Solid 0 6-40
0 &G 80 1-5
NH3-N - 0-99 6-35
ToC ' - 60-80 10-40

Phenolics 95-99 »,02-2

Cont'd..



Table 5 Contt'd,

4. Filtration =~ BODg
' Total sus-_ '

pended
solid

0&6G
NH 4=N
TOC

Phenolics

.10-30

65
20

- 10-25

J*Attainabie concentrations from the

of BPCTCA claimed by the EPA,

10

2-15

t-4
0-35

8-30

'01'02-@2

épplication

KE

10
5

'80% Reductior

2.2
el
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CHAPTER 1

INTRGDUCTION

| In North-Eastern Region thére are two operating
refineries, one is at Digboi and the other is at Noonmati. The
third refinery-cum-petrothemical complex is located at Bongaigaon.
At p:eéent»there are four operating refineries of Indiah 0il-
.Corporation'Ltd., located at Noonmafi, Barauni, Jawaharnagar (at
‘Gujrat) and Haldia with a desighed annual capacity of 0.75, 2.8,
4.5 and 2.5 million tons respectiveﬁy. The fifth refinery which
is under construection is located at Mathura and is of 6 million
tonnes annual capacity (3).

The Gauhati Refinery was Cﬁmmissiohed on ist January 1962,
-and if is using "once through system for industrial system™., The
refinery is situated very near to the Brahmaput;a river just above
the "Gauhati~-city-water-supply-plant (GCWSP). The liquid éffluents

. ’ : 8rahmaputra '
from refinery is discharged intojriver at about 15 km away from the
refinery to avoid the contamination of drinking water. The disposal
of polluted water plan was approved by Prof. J.M. Déve (formerly,
Chief Public Health Adviézr, Government of India, year 1972). The
most interesting point‘e%ﬂviaé to be ché%e$vthe Gauhati refinery
as field study centre is that - previously polluted waste water
" directly discharged into Bfahmpufra hearxSaraighat bridge throggh
pumping main. But at tHa# time "water pollution control Act® was

not introduced in India. Yet, the refinery was possessing Agration

Basin Settling Basin to minimize the pollution load. Shri B.B.Rao



successor of Professor Dave, (the Chief Public Héalth,Advicer

~ Govt. of Iﬁdia, 1974) expressed that the effluent coming from

the Aeration Basin would not exceed the In&ian standard tolsrance
limits. But Gauhati refinery was built based on Romanian and

' Russian standards (4). Recently, modern design. Efflueﬁt treat-
ment plant (ETP) has been come up and now its working efficiency
test is going on. So Rao's statement is true or faﬁe is a matter
of research problem. At présent expected noﬁ contiminated effluents
ére discharged into open channel which leads-td the Brahméputré
v%a Bﬁarelu nallah. General public and the official circles are
lgsfgpinion that the refinery is solely responsible for the
-pollution and feeding of Bharalu.

The problem of inundation of low laying areas of basin, Bharalu
nallah is the 'only channel of the city serving a major part
inhabiféd area, carrie$ all washing,‘effluenf'waste originating
small industrial units. There is no treatment system in Gaﬁhati
city. The pollution load carried by this channel could thus
influenée the quality of water on in turn the biota including
the fishes. It is felt that the ﬁresent study may throw some
light on ﬁhis aépect also in addition to pollution levels at the

di fferent sites in the Bharulu proper.



CHAPTER 2

GENERAL DESCRIPTION OF GAUHATI REFINERY

2.1 Petroleum Précessing Plant(5)

.The_petroleﬁm proceSSing'plaht is shown in the fig.(1).
fhe piocessingvof crude o0il is same as other refineries'ofvlndia.'
The following major steps are very essential to study the Gauhafi
ﬁefinery. | | _
1. Crude distillation: separation of different hydrocaibons (HC)
by boiling paint;
2. Kerosine_treating unit: Removal of'ardmatic compounds by liquid

_502 extractian'for'improving the burning property of kerosine.

3. Coking unit: vDelvayed themal cracka_‘.hg of reéidue, under the high
~ pressure and temp;aratuzje, bigger molecul&es of HC crack into-s‘mallex."
molecule. Mixtu,re.‘of c;_':/ackled products is again distilled to get
higher pro-ducts.\ | |

The simplified device of 0il processing principle of Gauhati

Refinery is shown below:

—f_koL.P.G. & Own Fuel

Crudewd  thPetrol — rlglending |——————s Petrol
=>Kerosine -|}502 Refining '1——-—)Ker_osine

L’—rij:i.ess.el ' T »Diesal
' ._%;J_Thermal Cracking Fuel TD‘il
i’ ' : ' : _pPetroleum Coke
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Fig.1 Graphical representation of petroleum
processing plant of Gauhati Refinery.
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The following produéfé are producing ih refinery operations.
(A) Prlmary Products: -
1. - LPG (quu1f1ed Petroleum Gas or Light Gasollne)
2. Motor Spirit (Petral)——’(nght gasollne)
3. Naphtha (to petrochem1cal/fert1llzersLq(Heavy gasaline )
4, Superzor%eros;ne——o(nght and Heavy Kerosine)
5. Aviation turbine oil—(1light keros1ne)

6. HSD (ngh Speed dlesel oil )

(B) Secondary Products A

7. LDO (Low speed diesel 011)
-B. FO  (Furnace oil) | M
9. PC  (Petroleunm ﬁbké)

1b. Aromatic extract as ﬁbméx

11. Low sulfure heavy stock —e{residue)

2.2 Characteristics of Discharged Liquia Effluents
Gauhati Refinery is using once through system for
industrial system (i.e. taking wafer from Brahmaputra using it
once and allowing it go out at a temperature 40-45°C) The liquid
effluents coming out is a combination of the folloﬁihg.channels:
i. CLEAN WATER SYSTEM (W-1line)~ When,water has no chances to
contact with contaminants (i.e. oil & grease). The waters is
used on only coiling purpoée of the heat exchangers. Only
heat contamination i.8., therwater'temperature rises upto
45$C, Formeriy negligiblé'amount of metallic zinc was present.
Bu; recently all the zin& (Zn) containing pipes .are replaced

by steel pipe. Therefore, there is no chance for zinc conta-

mination.



Treatment - Normally no treatment is applied.

ii. COWENTIONALLY ELEAN LINE (C-line)- Effluent being
contaminated with oil if any equipment fail. Normally
free from oil. |
Treatment- if oil is present‘in-the water it is paésed
into the o0il separator. Generally clean water is thrown

~

directly to open channel.

‘iii. CﬂNTAﬁiNATED‘EFFLUENT_LINE (k-line)- The effluents contain
'all\the'confaminaﬁts sdch és Spenf céUsfic, acidé ;nd other
chemical e ffluents from Refiner& Laboratory;,phen;lic,
e%flueqts from refinery system, coke cqtting_water; refinery
and ;;;itary sewage. | .

Treatment—— (1) Purification is done by removing oil. Before
0il removing coke fines are separded by coke fine

separator.
(2),Sénita¥y effluents jéin with K-line after o0il
éebaration.AAt p:qseﬁt there is no design for outlet
;nlet.‘ﬁther effluen;s are sent to new EPT for
7 treatmenf. ‘ v _
iv. STORM WATER EFFLUENTS: It carries all waste water(surface run
off watef) from whole réfinery area. It is collected by drain-

age systems. There are oil skimmers to remove the floating oil
. _

from open channel. After that a sets of hay screens are

provided to absorb remaining traces of o0il from this storm

water effluent.
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Treatment- Hay screens are replaced periodically after saturation

of oil.

) 2.3 QEFLUENT TREATMENT PLANT (ETP)

i.

Unused Plant - In the original deszgn of reflnery the
effluents from the o0il separator was to pass through
Aeration basin for supplying oxygen and then was allowed
to settle down the sludge:in settling basin. Biolbgical

treatment dbnevautomatically. From the settling basin

the liquid effluents were discﬁarged through under ground

pipe line to KAMAKHYA (Near Saraighaf Bridge) into Brahma-

putra river at a &istaﬁce of 15 km from the refinery

‘proper (Fig. 2).

New ETP: The details of ETP is explalned by fig. (2) The
deszgn capaczty is 16%m /hr. The flow of 11qu1d effluent
b;fercatea into two parallel structures of capacity of

800 ma/hr.. For emargency storage capaczty (due to heavy

rain etec.) provision is made 10,000 m /hr.
FERRO BIOLOGICAL PROCESS

Step (1) - FeS0, - (chemical treétment)
Step (2) - Biological process - Activated sludge
o extended surface system.
(1) Chemical Treatment - It is done to reduce the remaining
oil in thé efflugnts‘ébming from separator, to trgét
suspended sclids; to reduce 50-60% EOD. Although BOD

reduction is not done in this system but it is done

naturally.



FeSB4 provi&!esfe(BH)3 flocs on'hydrolysis. Lime is used for
increasing pH and providing oH group for hydrolysis. And Fuller's
earth (clay) is used as the settling edges. Fe(OH)3 is a good -

co-agulent and absorb oil.

(2) Biolagical Process - Degradatidn of organic matters such as
eil cﬁntents, phenops‘efc._fhus it is reduc;ng the BOD load
of system. This feductionvof BOD is dong by bacterial organisms.
- '‘For the proper growth of bacteria the following chemicals are
used as food of them.A- V L
i. Urea Eo(NHZ)Z provides nltrogen
ii, SuperphOSphate Ca(HPﬂd)z ‘provides phosphorus.

‘The significance of chemical added in the biological systém are

as féllows:

Species of chemical C Dose | Action
1. FeSQ, ' . 50 ppm ' Reduction for 150 ppm
: . of oils and 200 ppm of
2. Fuller's earth 20 ppm T.35.5.

: - : : Corresponding to FeSOa.
3. Lime . e To increase the pH

at a range 8.5-9

4. Urea and super ,\ The dosing propor- Supplimeht for nitroger
’ phosphate tion required for and phosphorus

a balance diet syn-
thesis of cell is
BOD:NsP=100:5:1

Lime, FeS@4 and Fuller's earth are added into the effluénfs in
chemical treafment process and pass through fbr the mixing and
disposing the floc. Then it comes cla:iflocgulator whergénverted
wire is provided at the out let of chemical flocculator to hold the

’floétingvoil inside. 0il is mechanically removed and recover. '



From the clariflocculator it goes to oxydation tank. Nutrients

are added before oxydatioﬁ tank. The bacteria are living_inéide ﬁhe
basic sludge”[f Fe(ﬁﬂ)j 7. 1In oxidation tank air is mixed by cage
" rotars. It is found fhat oxygen is pfoportional to_éonSUmption of
food, BBD increases in the éése of disintégrétion o? bacteria. If
is supposed that the cause of disintegration of bacteria due to virus
.infecfion, more»aé;ation, less food. Biological sludge is fed back

to two oxydation ditches. Excess sludga is sent to drying beds.



CHAPTER 3
3. WATER POLLUTION FROM THE REFINERY
3.1 Sources and types of refinery pollutants:

K The major pollutants released from refinery and its effect

on tﬁebwater system as well as public health are as follows:

S.No. Types of -Sources . Effects \
' Pollutants . : '
1. 0il and grease - Petroleum It is the major pollutants.
: : processing ., It keeps on floating very
plant and ~ difficult to biological
storage degradation. It may cause
tanks lot of fire hazards. There

was a big fire in a Gauhati
city because of high accumu-
lation of it. Fish population
vanished in Bharalu and dec-
reases in Brahmaputra. The

DO becomes less. The migra-
tory fishes of Bharalu cannot
be esaten because/kercsine [/ o

N : o _ : | smell.,
2. Phenols ( © . Condensate . 1t is water soluble and

" water from odour causing agent. It kills
cracking, dis- fishes. _
tillation pro-
duct washing
caustic treat=
ing operations
Solvent produc-
tion process
using phenols.

3. Sulphides €rude o0il in Bacterial oxidation causes
the form of the acidic condition of
H,S,RSH(Hs,S) water body.
c%ude desaiting
gasoline con-
dens ate receivers
at distillation
“unit and cracking
units.

4, Spent caustic _ Trace - - - -

AL

Cont'd..
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Se - 2inc (Zn) Brass eduip- Highlyztoxic metal. New
. ments (con- brass condensers are .
, densers) - replaced by steel ones.

At present there is no
pllution e¥fect.

6. " BOD - Organic matter Reduction in dissolved
S and sanitary solidse fishkill.
sewage .

7. suspend ed sludge from Fishkill
" solids tank bottom
' coke from )
equipment.
tubes, filter
clays etc.

3.2 Waste Water Treatment:

At the time.of designing refineiy at Noonmati and there was
clear'stipulationsviegarding'the tolerance limits of the pollutants
from the refinery efflueﬁts by the ISI as such the limits aﬁd adapted
&egé those which were in vague:in the Eountry where provided assistance
for setting up theée'refineries. The Romahaian‘and Russian standard

was adopted at the refinery at Noonmati is given in Table (1).

151 laid down the tolerance limits of the effluents discharged
into 1nland sur face water for the flrst time in 1963 vide 2496 -1963

and revised in 1974, It is given .in the table II.

ASPECT OF TREATMENT (3)

The treatment process for refinery waste water can be classified
broadly into :

i.’ Physical Operation
ii. Chemical Operation

. o

ii. Biological Operation

b
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'Physical methods:‘are adopted for primary removal of free oil and
in aimesf all cases Qravity‘differehtial separators areAused‘fof
the purpose (API). | |
Chemical Co-agulation: Grayity 0il separetion (API) cannot be
- expected to remove the emulsi%ied oil,ephenols and ot her disselved
organic matters from the waie weter — necessary oil: separatlon
:effluent to chemlcal and/er blOnglcal treatment to render the
eflluent fit for dlscharge into a rece;v;ng water course..

Actlvated sludge process upset at an 0il content of above

25 to 35 mg/l thnugh trickling leter can talerate upto 100 mg/l
' wzthout‘effectlng 1ts BOD and phenql removal efflczency (Watson,
Ray, 1952, end'manual equiepoea1 of Refinery Waste).

Chemleal treatment tu remove emulslfied 011 and also to
condition ths waste for further blOlOglCGl treatment for removal. of
' BOD and phenols. (Béf. emulszan—- mlxture of two 1m1301b1e liquids
qne llqu1d be;ng dlspersed thoughout the_other in the-shape of very
fine drbp‘let‘s). Both the oil~ in weter and water in oil emelsion
are piesent in refinery‘wasxefwater.

The water eeu131fy1ng agent whlch are normally abeorbed on the
'eurface of the emulszfled partlcles renderzng the emulsion stable
-are sogg, sulphate, sophonlc and napthenlc acxds, quartﬁrnary ammonium
eompounds,.erganlc ‘ethers, and esters.

eThe.baSie ﬁecﬁanism by which an o0il in water is broken involved:
t(e)_Neufralization of the change,_carried by.the 0%l droplets by forming
a'floc that is .initially prediated with a charge opposite to that of

on the oil.



'(b) Absorption of the @&l by floc which initially has 'a high

ebsorptive'capacity for the oil.
(c) Entropment of the 0il as floc forms and grows around the ocil
esufhe flbe forms and grows arcund the o0il droplets. The above
objective can be achieved By adjusting the pH of fhe ﬁaste.ﬁater
between between 5 and 6 and eubseeuently precipitating the sul-
phonic and napthenic acids as water insoluble calcium salts by additioi
of hydratedvlime,centent of pH 7.5 to 8.5 is feached. |
‘Co-agulating agent used = Fe584'and Fuller's earth (clay).'The floc
'thet are formed by such treafmeqt absorbs meet of the oil. depending
on the initial oil qonbeﬁtratipn;bn effluent may be produced with an
0il content of 10 mg/1l or even less. Hydrolic deccking and delayed |
coker in the reflnery produces an effluent containing between ‘
1,500 tp_15,600 mg/l coke fines and eignificant amount of o0il and
waxes.,Piugging of drains and chokege of sewer in the refineiy are
often caused by this refinery., |
.BIDLGGICAL TREATMENT s |

In the blologlcal purlflcatlon of eewage and organic waste
weters in the presence of euff1c1ent ‘air, bacteria being about
numﬁer of changes in the following order:.
1. Coagulstion stage, i.e. coagulation and flocculation of

colloids and pseudo~colloids.
2. Oxidation stage, i.e. dxidatian‘pf carboneeeous matter to

- carben dioxide. . |

3. Nitrification stage, %.e. Oxidation of ammonia, derived from

the breakdown of nitrogenous organic matter, to nitrite and

eventually nAitrate.
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In the activated-sludge plant it has, in the past, generally-

been considered uneconomic to nitrify the sewage (7).

Data are available on a number of biological treatment

method for remaving'miérobrganisms-from sewage. One of the

greatest interest at the

moments is activated sludge. Trickling

filters and oxidation ponds appear erratic also, sometimes, remov-

ing large quantities of viruses from the waste-water, but often

removing.little or more (6)‘

The general treatment methods of waste water employed

ét Gauhati refinery aré,as follows:

Pollutants

1. 0il and éréaée

2. Coke fines

3. Phenol

4., Alkalinity/acidity
5. ‘BDD

6, Domestic Sewage

/

Treatmeﬁt

API separétor
Hydrolic coks.fina separator
Biologically | |
Neutralization

Activated sludge process
(Oxi dation dlitches)

Activated sludge pbocesa

(Imhoff Tanks).
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3.3 Disposai of Waste Water to

Brahmaputra Through Bharalu.

The diSpasalef.waste water from refinery is done in a
sequence 6f chanbeli;ed system gu&h as-draiQS'-open_channéls-_;
Bharalqualléh — Brahmaputra river. Some other waste waters
join td this channelized system from tHe different part of the
'city.‘ A gross idea of it is giQen in the map of effluents carry-

ing water system (Fig. 3).

(1) Refinery Waste Streams and their Disposals:

The main wéste generated in the refinery 6perations are
process waste waters, and move or less clean waters used as_coolents.
The ;efinery_génerate approximate 1200 m3/H£ oil contaminated waste
water. The non contaminated wast waters of approximately 2000 m3/Hr'
are directly discharged into open drain rumning by the side of
re%inery plant, which finally joins Bharalu nallah near the Gauhati
zo0 ., ' o
(2) Open Channel Upto Zoo Road -

Confluence, and Flow:

(1) The major part of the existing ppén channel from the re finery
plant upto the end of the boundary of the Bamugimaidan Railway
colony was jointly constituted by the railways refinery durihg
1961-62 with thé intention of effecting proper drainage of
their area. The portioen qf the channel from the railway colony
bbundary upto the confluence with Bharalu near Zzoo, remain in
original condition. The portion const ructed by the railway and
railway authoritiss is mostly lined and is maintained in good

condition.
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(11) Though the reflnery and rallways had constructed a part of

o thzs channel, a natural draln existed originally to drain
the xun off frqm Noonamati-Bamunimaiden- Chandmari areas.
The tributary area céntributing to the run off to be carried by
this drain.

(141) The masterlplan prepared by Calcutta Metropolitan Plamning
ﬂrganxzatlon for water supply, sewage and draznage of "Gauhatz
Metropolitan Dzstrzct" has made the following observatlans on
the Noonmati sub basin drainage system., There is already an
éxisting channel constructed by failways and réfinery. passing
through this area uitimatelyvmeeting the Bharal@ at zdo-roaq |
point. the part of the'up stream part of this.channél is
fully lined and capacity of lined channel is 19300 L.P.S. This
channel recaiﬁes the waste waters discharges from the refinery '
and all other surfaces water'run.off from its tributary area

' whicﬁ includes also the area oqcupiédvby railways at Bamunimaidan.
Since it has.not yet been found economiéally justifie& to'increase

- the rate of prctect;on in the area belongzng to the upper reaches
of the drain, which is s;tuated at a higher alti tude and no
flooding problem exists, it has been proposed to keep the lined
portian of the channel unchanged. Thus the refinery and railway
havé not only taken ca;é of drainage problem§ of their own.areas
but also of the entire sub basin.. |

(3) The Bharalu Nallah; Its
Drigin and Course:

The Bharalu nallah into which the open channel frcm'Noonmati
sub basin discharges, is the natural surface drainage channel that

serves the major part of the populated areas of the city and part of



its hzlly env;fons. It orlglnates from the Kh351 Hills range and

" has a large tributaxy area maasurlng approx;mately 128 5 sq.. kms.

~ From its origin in the hills range it flows into the plains areas

of JéWaharﬁagar, then.cfoséihg the Gauhati Shillong road, fbllo&s

‘the road aligment.till it meets fhe';ributary stream from the Noon-
mati sub basin, Fromvthis point if takes a righf anglé turn and flbws
" due west upto Bharalumukh area where agaln, takzng rzght angle turn,
it meets Brahmaputra river, Its entlre course in the plaln area, 1t
may be seen, is though the developed areas of c1ty.

(4) Bharalu Nallah- The Arterial

Sullage Channel of Gauhati
Clty. ‘

It carried storm water run éff”ﬁf %hE'éntireiBQafalu sasin
measuring about 123.5 éq.‘km in,additioﬁ to_ali thé sullage and
effluent stream of the éntire areasQ Gauhati city does not get‘a.
process of sanitary §ewe¥h5ystan_asvsuqh all sanifary and other waste
“of the area is drained off into the nallah.

(5) Control and Presumptive
. Measure by Refinery:

(i) Conscious of its social reépoﬁsibiliiies, the refinery has

on its own along with railways continuated and maintained a drain
along the alignment of the original nature drainage stream drain-~
ing this sector. This channel is capablavof haDAIing not only

the flow from the refinery\aﬁd raiiway areas but also the run
off from the complete‘tributory areas without any flooding or
even topping of the banks. |

(ii) The refinery has also now compléted“the constfuction of

Rs .80 lakhs effluent t:eatment plant’for the comprehensive
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treatment of the contaminated effluent emanating from the
.refinery, its colcﬁies an@ railwqy\coloay ét-Bamunimddan. The
saﬁitary sewage of railway colony is treated by Imhoff Tank

and finally it is taken to the refinery ETP. The treatment
plant Has facilities for treating all probable pollutants in
fhe waste waters, viz.; expected value of removal of oil upto
10 pﬁm, chemical treatment for breaking oil water emulsion |
énd flocculation, sedimeafation of suspended solids, secondary
~treatment for biological oxidation of orgahic'matter to achievé
reduction of BOD and phenols and final sedimentat ion before
disposal. After the above treatment the water shall conform to
the taleiahcevlimit specified by ISI for oil refinery e%fernt.
But it was observed that ETP does not follow the tolerance limit

of ISI (Table VIII),



PLATE 1.

The photograph (1) shows the open channel
at New Gauhati as it emerges from Gauhati
Refinery battery area. It carries refinery
waste and run off water wastes. On the bank
beauti ful veg*tatinn growth.

PLATE 2

The channel as it flows through railway colony
It carried only washing water and refinery
waste water. There is an Imhoff Tank in the
Colony. The sewage is collecdted from it to the
ETP of Gauhati refinery for further treatment
z00 road sides are submerged during the monsoon-
thus solid refuse are collected in the Bharalu.



. . PLATE 3

This view is of confluence of the open channel
from refinery area and the Bharalu nallah from
Kedo Hills. There is a well defined channel to
contain the flow. A number of temporary cross
built over the channel disturb the free flow of
water. Effluents mixed from steel rerolling mills
and Kamrup flower mills A.T. Road.

PLATE 4

This ‘is the Bharalu nallah as viewed from the cross
of G,5, Road — it shows indiscriminate construction
of toilets and hutments. Direct discharge of faecal
matters and o0il and greases from Assam Transport,
garbage are the major pollutants. Besides these there
is no proper garbages for solid refuses which are
added into it during rainy season by submerged water.



This is Bharalu nallah as viewed from the
bridge of Rupnagar. Series of Latrines are
discharging sewage directly into it. Besides
these 0il contaminants are added from state
Electricity Board -~ results high BOD load.

This is viewed from Phatasil market area. The Bharalu
nallah carries the very dirty water from that area.The
colour and odour of water is unpleasant. Solid waste

and faecal matter are discharged on the both sides of
bank, where new houses are coming up on the solid refuse
Some people are using this polluted water for domestic
purposes. '



PLATE 7

1

This is the view of polluted water body at
phatasil market. The water surface is cov=-
.ered with water Hycinth. This polluted
water body is comnected with Bharalu nallah
through a small passage. Glass factory is
situated towards the up-stream side.

PLATE 8

This is Bharalu nallah as viewed from Phatasil
No.2. The source of pollutants is as same as
Plate No.6. Building are still constructed over
the bank. So also the toilet built over the
nallash converting. ‘



PLATE 9

This is Bharalu nallah as viewed above the
sluicegate from Bharalumukh. Here the BOD
load is very high. Besides the domestic re-

fuses people are dumping the Dead Animal
‘bodies. '

i

PLATE 10

This is end point of Bharalu nallah opens at
Brahmaputra river as. viewed from Bharalumukh,
The Saraighat bridge is seen 8 km from Bhara-
lumukh,through the course of the river.



CHAPTER 4

A GENERAL SURVEY OF OTHER SOURCES CONTRIBUT ING
TO THE POLLUTION OF BHARALU (4)

A survey of the course of Bhéralu and its tributary
nallah from Nocnmati sector would reveal allarge number of
sources of poilution. The major industries which produce
industrial waste of appreciable.quantity.are Gauhati Refinery,
'industriél gaseé, Indian carbon etc. located at Noonmati sector,
The bicycle factoryﬁ(praducing Nitric acid effluent from pick-
ling and electroplating) in Kalapahar area and some small
_industries like "Frutos” ( a food processing industry) and
some heavy arid hedium siée motor garages (contributing ocil
and grease of appreciablevquantity) and some hea&y'and medium
size industries like steelé worth, a feQ flour mills, biscuit
‘manufacturing company located at Bispuriarea. These are the
effluents that Bharalu;Car;ies today. ana.bf the industries
except the refinery have any treatment system.
(1) Gauhati city does not haera‘saniéary sewer system. It
does not even héve.a propéf surface drainage system. Large ares
of the city ére served by dry latrine syétem with night soil
being periodiéaliy collected bx&municipality. Some of the better
areas have individyal septic tank for disposal of sanitary
wastes. Most of the slum areas have periodically no facilitisé
at all, House holds on both baﬁks of the Bharalu nallah along

its entire course, invariably have built lavotories directly
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over this stream for direct dispoéai of tﬁe wastes inta the

stream bed. |

(ii) fheré are also 1aige ﬁumber of small and medium industries
and trade,'discharging effluents and other'wastes and washing intﬁ
this streém wiéhout.giving any Qridr.treatment . These ara‘par;
tially enumerated under (Table Via). | |

(iii) From the abqve it is to be noted that the entire city and
its acfivities contributeé a considerabie degree of pollution gf
Bh%ralu and by allowing indiscriminéte cdnstruction of toilets
directly over the stream.

(iv) Additional Waters:discharged by the Refinery ( from 1962
onwérds) into the open drain and thence to‘Bhaia;ﬁ is so insigni-
ficant by small as to‘deserbe a?yhmeqtion. The propaséAdesign
discharge of Bharalu of the sla?egate of Bhéralumukh as computed
by EMPD in fheir master plan proposals in 715001 i.p.s. The

~ additional water‘discharged by refinery viz., about 2000 ma/Hr-of
clean water and about 1200 m3/Hr treated water. Gauhati Refinery
reported open channel upto 268 road has the requisite capacity to
han@le their flow without any adverse effgcfs. But it should be |
noted that the sluicegate was made with a capacity to carry out
the original water of Bharalu plus storm water run off and addi-
tional refinery water (2000+1200=3200 m3/Hz) may affect the
sluicegate. | | |

. The section of tributﬁgy nallah bethen railway colony
boundary and the zoo-road confluence is badly damaéed by siltation,

~encroachment ‘of water way, weed growth and construction of flow

due to construction of a large number of crossings. The main reason



for siltation is the carry over of'loose_earth from the .

const:uctional‘activities in the tributory area through

storm water run off., Because of this, there may be some:

influx.heading inundation of low areas.



CHAPTER S
. RESULTS

TABLE 1

Romanian and Ruséian_Standards

&4k

Sl.No.:

Nature of Conc. after Conc.after
discharge treatment discharge
, in mg/1 into river’
in mg/1
1. Petroleum 50 - 100 0.02-0.04
Products ‘ '

2. Phenol 4 0.004

3. - Napthenic :

4. HyS (Sulphides) 3 0.003
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TABLE II

ISI Tolerence Limit of Refinery Effluents

S1.No. Characteristics Tolerence Limit
1. Total sus pended matter
ng/1 (max) | | 100
2. pH S - 5.5 -9.0
3. - BOD for days at 20°C mg/1
(Max) , 30.0
4. 0il and grease mg/l (max) 10.0
5. Phenolic compbuﬁds mg/1 (max) 1.0
6. Sulphides (as S ) mg/1 (max) 2.0
7. - ‘.Ammonia céi Nitrogen mg/l (ﬁax) 50.0

8. COD mg/1 (max) . - 250,00




~

TABLE III

[

-

Typical Characteristics of treated effluent
from Gauhati S

Refinery after treatment by the previous
facilities (1973)

S.No. Characteristics ' Limit
1. - T.5.5. mg/1 . .

2. pH 7.4
3. BOD at 20°C mg/1 30
4, 0il and G;easé_mg/l -

5. o Phenolic Compounds mg/1l 5
6. Sulphides (as S ) mg/1 -

7. ' COD mg/l ’ -

N.B. ; Sulphides are generally not checked
as it is usually 2 mg/l.



TABLE IV

%3

Arbitrary Reference Mixture derived from
the Gauhati Refinery ETP in year 1978.

S.No. Char_:acteristiv;:s timits
1. 1.5.5. mg/1 361.08
2. ' pH | 8.17
3. 0il and Grease,mg/i 43.05

4, Phenolic.»Con-’cen‘bs mg/1l 7 2'.41

5. Sulphides ( aé S ) mg/l 4.40
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5a SURVEY REPORT
" TABLE Vla

(&) These sketchesof open drain from
. Refinery upto Zoo-road

0il and grease,
acid and alkalis,
*dyes and chemicals,’
lubricating other
organic and inor-
ganic matters.

1. A'number of motor-
garages

2. Industrial units at
‘Bamunimaidan Indus-
trial estate

D p W b on = W

3. Railway Marshalling " Suspended solids and
yard washing ~ other organic matter
- + contributing BOD etc.

(B) Stretch from Khanapara to Zoo-road

'IndustriESZTrades : Main pollutants
‘4. Cattle and poultry farm Sanitary wastes contribut-
' ) ing BOD etc., main pollu-
tants.’
2. Milk Dairy Plant Acids, volatile solids,

suspended solids, oil
and greases etc. and
large BOD contribution.

3. Frutos, Food processihg Solid wastes, large
plant contribution of BOD

4. A number of motor garages 0il and grease

5. Coffeine manufacturing Benzene, solid waste

' plant BOD etc.

6. Indian oxygen Ltd. ‘ Alkali, Solid wastes

7. Steel rerolling mills 0il and grease, fine

coke, Iron oxide

8. Cattle feed mixing plant  High BOD



(€) Stretch from Zoo Road to Outfall:

~

1. A number of medium sized motor

garages

2. .Flour mills (3 in nos.)

3. Central Wérkshop of State
road transport corporation

4, A, S.E.B. Station, Ulubari

Uil‘and‘grease’

Solid wastes and

BOD

0il and grease;
solids

Lubricants

S(b) ALGAL GROWTH IN GAUHATI REFINERY EFFLUENT
EARRYING WATER BODIES. .

A Survey was made on 22/04/78 to 1dent1fy the

algae (Phytoplankton) in open channel, Bharalu-
nallah, Brahmaputra. The observatlnns are given
in the Table (VI)

TABLE VIb

(Highly diluted of
refinery effluents
at the mouth of
Bharalu nallah)

Sl.No. Habitat Types of Phyto-
' plankton
1. Open channel . 1. Fragelluria
(Direct discharge -sps (diatom)
of treated effluent 2. Euglena
water body)
2. Bharalu nailah 1. Diatom sps.
(Diluted refinery 2. Microcystis
effluents plws sp.(maximum)
other pollutants 3. Cladophora sp.
from city
3. Barahmaputra river 1. Microcystis sp.

(Maximum)
Anabaena sp.(Minor)
Diatom sp.




TABLE VII

Data of treated effluent before ETP*start. All
the monthly data as produced, are derived from
the average value of daily results in the year

1977 i :

MONTH

f R PARAMETERS

"0i1 & Phenol] pH | Sul- }7.5.5.; BOD § COD

} Grease |} H iphides ! ! .

1 1 1 ] - 1 1 ﬂ
August'TT 6 2.2 B4 - - 25 -
Sept.'77 10,79 1.6  7.23 =, - 17.92 33.00
Oct.' 77 9.48  0.80 7.39 - -  51.30 38.17
Dec.' 77 35 0.60 8.0 - - - -

All the data except pH as expressed in ppm



-TABLE VIII

Typical characteristics of effluent from Gauhati
Refinery ETP after treatment for last four months
(monthly value derived from the average daily
value). :

PARAMETERS
? ? >l . [ ] s . ] -
Months | 0il and ! Phenol} pH | Sul- ! T.5.5.] BUD | COD
+ Grease !} H ! phides]| ; !
Jan'78. 61.15 - 1.06 . 7.53 - 693.33 - -
Feb. 78 42.11 - - e . - -
‘Mar.'78 30,79 - - - - - -
Apr.'78 38.14 3.75  B.8 4.40 28,77 - -

All.the values except pH are expressed in ppm.



Fig, 5. Comparison of Tolerence limits of liquid
effluents with. Gauhati Refinery effluents
discharged into Brahmaputra surface water
after ETP.
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"Fig. No. 4. Comparison of Tolerence Limits of liquid
- effluents (ISI) with Gauhati Refinery
Effluents discharge into Brahmaputra sur-
face water before ETP.
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CHAPTER §

DISCUSSION

‘The liquid effluent treatment Aeration basin of
GaubétivRefinéry'was built based on Romanian and Russian
standards(4). Rao (1974) réported\that'it would nbt exceed
the ISI tolerence limit. Bqt'iﬁ was found that some para-
meters had éxceeded the tcierence limit of ISI‘(fig 4). T
'average data of last four months {August'77- Dec.'??ilzf
Gauhati reflnery 1nd1cated that the range of phenoiQWas 8 ppm)

. $0-2+2-ppms- 0il and grease was 6 ppm to 35 ppm; BDDS was 17.92
to 51 30 ppm whereas the ISI limit of these parameters are

1.0 ppm, 10 ppm and 3o ppm respectlvely. Most peculiar obser-
vation was that COD value was lesser than BOD in BSGD5 (17.92- )
'51.30 ppm) €0D (= 33 ppm to 38,11 ppm). \

| Slmllarly four months (Jan.'78- Aprll'?B) average data

after ETP 1nd1cated ‘that it also does follow the ISI tolerence’
limit., (Fig. 5) "The range of T.S.S. was 28.77 ppm to 693.33 ppm,
phenol was 1.06 ppm to 3.75 ppm, 0oil and grease was 30,79 ppm to
61.15‘ppm. The removal of pollutants and efficiency of EfP_wés
shown in the appendix I. The upper limit of removal of o0il and
grease is 98.18% yet it was observed that the oil and.grease
content is out-going water was very high.. The phenol removal |
efficiency range was 32.50 % to 61.17% sulphide removal efficiency
was 50% to 99%. It was kndwn that the sulphide contants in the

raw effluent is ndt so high, But the T.S5.5. removal efficiency
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is not sufficient. It was fbund.that the highest value of T.5.9.
was 693.33 ppm. According to NEERI report the higher value of
T.9.5. perishes the fishes in aquatic ecosystem. Chakrabarty and
Bh;skaxan (1973) (3) stated that the destruction and other
aquatic flora and fauna, to risk of the fire in rivers and other
enclosed areas due ' to the high oil contents on water. Similarly
sulphides, marcapténs,-pﬁenols ére toxic and taste odour produc-
ing substances and destroy the fish and other aquatic organisms.
They may also seriously affect the public water supply projects
iucated down stream. There fore it is necessary to reduce éhe

concentration of pollﬁtants since the ETP is on test.

The Bharalu will remain as fhe arterial drain channel
of Gauhati city and it traverses the most, polluted areas of
: Géqhati. It cafries hot only refinery effluents but also all
sorts of pbliutants from the-GauhatiIEity (Table VIa). It was
found that there is no fishes in the Bhara;d due to pollution
load. Besides these the problem of indndatiqn of low'%éying éreas
"of the city has éiways been there. The design of the present
sluicegate is défective is the caqsé'of ma jor problem. Most of
the time the outlet from the sluice gate is submerged and as
such will not permit 0o escape intoc the river, fu£ther aggravat-
ing the situation, though the accumulation of weeds, water hycinth
etc. Any o0il and grease particlés which float over the surface
of the stream watei upstream of the sluicegate tends to
accumulate over a period of time due to the construction of the

sluicegaté which prevent the floating matters from escaping.
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Further the weeds and water hycinth which again accumulate

and grow as it cannot escape into Brahmaputra along with the
flow acts as a continuous filters for the oil and grease
enteapping the same in its fold. It was known that Gauhati
refinery had already contributed a sum of Rs.10 lakhs in 1974
to Government of Assam and that amount could be invested for
the improvement‘of-s;qicegate and garbages along with stream
cbursé. Thus the pollution load of Bharalu could be reduced
partially.l _ o »i »
SINHA (1) reported that algal disfribption'in terms of

diversity and density indicates the level of pollutian load..In
present study it was found that the diversity'and density;bf the
algae in the Bhafalu nallah is very low, It wés‘knGWn that the

N and P are poor and low in refinery efflqgnts in ponnectioﬁ with
algal production (kumar f970) (3). The nitrogen fixing algae
{i.e. cyanophyceaevor_Mixophyceag pr'blﬁeAgreen algée) was not
found in the Bharalu nallah p:bper.vﬁg§§§2h34 pollution resistant
 b1ue green algae are present in the Eutrophic condition (1). The
'Anébeana'sps. are predominant in the junction of Bharalu nélléh and
Brahmaputra, indicates the sufficient N and P. in that part of
water body., It was supposed that the‘source'of N and P are due

to domestic sewage and detergents. Phenolic compounds, hydrd-
carbons or 0il substances are utilized for the growth of algae(3).
Fragglleria,Euglena, Mf%gcystis and Ghadbphuravare_the'dominant

algal groups in Bharalu nallah carrying phenolic and oil cumponénts.
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The fauna héve not analysed in thé‘ Bharalu as well és
Brahméputra. It is reported that there.are 126 existing spé of
" fishes 3 € in Bréhmaputra (Appendix II1), But it is known that
density oflfish species is deéreasing tgrough the course of
river from the junction of Bharalu nallah and Brahmaputra. It

may be due to refinery and other industrial effluents and domes-

tic sewage'of city.
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"CHAPTER T

SUMMARY

It is investigated that the effluent ﬂiséharged
from Aeration basin of Géuﬁati_refinery did not follow ﬁ»ﬁédek
the ISI tolerence limit. Some case is observed new ETP,
Besides the refinery effluents,Bharalu nallah carries
the pollutants from the small industries garages and
domes tic sewage, are the causes of high BOD and COD.
There is no nitrogen fixing algae (indicatbr of Eutro-
ﬁhic condition) in Bhsraiu proper. The densit; of 126
sps. of_fishes of Biahmaputra decreases from the outfall

of Bharalu nallah.
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APPENDIX I
R S ) -NDIX .
The efficiency of Effluent Treatment Plant of Gauhati Refinery,Assam.
. (1) 0il and Grease ’ (2) Phenol
(3) AcidityfAlkalinity (4) Sulphides
(5) Total Suspended Sclid (6) Biological Oxygen Demand
A1l Values except pH are.expiessed in ppm o -
. F_
——— [] .
1 : : .
INLETS OF ETP ' FINAL CLARIFIER REMOVAL OF POLLUTANT i ; % REMOVAL OF POLLUTANTS
Date & 4 % 2 't a t s } s i 6 9 12 13 i a + 5 i 6 g 4o b a4 4 8 05 4g "% o1 W2 i3 14 15 16
N ‘ - ' ~ | - . " _ . 16 -  99.97 50% - 94 85.29 -
7.4.78 645.0 5.0 7.3 0.4 136 - 26 2.5 8.5 Trace 14,0 = 619 |2.5 1 _
8.4.78 625 5.6 6.8 - - - 46 2.8 7.8 - - - 580  [2.80 = - - - 92.80 50% - - - -
9.4.78 148.6 5,84 .5 - - #4020 2.9 8.7 - - - | 127.60 |3.45 - . - = = 8587 6147 - - - -
' 10.4.78 32 4,07 7.6 0.48 62.4 - 15 2.5 8.8 0,24 20 - T 1157 - 24 42,40 & §3.13 38,57 = 50 67.95% -
11.4.76. 170.8 4.0 ~ 7.5 =~ - - 24 2.7 9.3 - - - | 146.80 [1.3 - - -, - 8595 32,50 - - - -
12,4.78 1157.0 18.57 7.4 - 164 . 21.0 2,82 9.7 - 67.0 - | 1136.00 |17.22 - 97.00 - , -  98.18 75'49 - - 89.15 -
| . , | _ 7 ! ! ; A ‘ h
13.4.78 144 - . T.4 - - - 12 10.9 9.4 D0.16 26 - o132 |- - - - = 91.67 T - - - =




APPENDIX (1II)

The existing fishes of Brahmaputra river which are
- compitent of refinery and city producing pollutants
- (Recent survey report of Flshery Regsearch Department
of Assam Government).

~

LIST OF FISHES

Series ... Pisces

Class ... Teleostomi
Sub-Class,.Actinopterygii

Order ... Clupeiformes
Sub-order..Clupecidei

Family ... Clupeidae . :

1. Hilsa ilisha (Hamilton) ... Migratory
2. Gudusia chapra {Hamilton) '
3. Gudusia Variegata (Day)

Family Engraulidae

4. Setipinna phasa (Hamilton)
Sub=order Notoptercidei.

‘5. Notopterus chitala (Hamilton).

6. Notopterus Notopterus (pallas)

Order Cypriniformes ‘ ’
Bivision Cyprini

Sub-order Cyprinoidei

Family Cyprinidae

7. Oxygaster bacaila (Hamilton)

8. Oxygaster gera (Hamilton)

9. Chela atper (Hamilton)
10. Chela laubuca (Hamilﬁon)
11. Raiamas bola (Hamilton)
12, Barilius barila (Hamilton)

13. Barilius barna (Hamilton) _
14, Barilius bendelisis var. chedra (Hamilton)
15. Barilius shacra (Hamilton)

16. Barilius vagra (Hamilton)



17.
18,
19.
.20,
21.
22.
23.
24,
25.
26.
27.
28,
29.
3g.
3.
32,
ia.
34,
35.
s,
7.
s,
39.
40.
41,
42,
a3.
44,
4s5.
46.
a7.
48,
49.
50.
51.
52.
53.
54.

Danio (Danio) aequipinnatus'(McClelland)
Danio (Danio) dangila (Hamilton)

Danio(Danio) devario (Hamilton)

. Danio (Brachydanio) rerio (Hamilton).

Esemus danricus (Hamilton)
Rasbora elanga (Hamilton)
Rasbora danicenius (Hamilton)
Rasbora rasbora (Hamilton) ‘
Amblypharyngodon mola (Hamilton)
Aspidoparia jaya (Hamilton)
Aspidoparia morar (Hamilton)

Accrossocheilus hexagonolepis (McClelland)

Tor putitora (Hamilton).

Tor tor (Hamilton)

Tor progenius (McClelland).
Puntius chagunioc (Hamilton)
Pubtius chola (Hamilton)
Puntius conchenius (Hamilton)
Puntius phutunio (Hamilton)

Puntius sarana (Hamilton)

Puntius stigma (Hamilton)
Puntius tetrarupagus (McClelland)
Puntius ticto ticto (Hamilton)
Catla catla (Hamilton)
Cirrhinus mrigala (Hamilton)
Cirrhinus reba (Hamilton)
Labeo bata (Hamilton)

Labeo calbasu (Hamilton)

Labeo dero (Hamilton)

Labeo dyocheilus (McClelland)
fabeo gonius (Hamilton)

Labeo nandina (Mamilton) .

Labeo panguisa (Hamilton)

Labeo rohita (Hamilton)

Dsteobrama cotio cotic (Hamilton)
Semiplotus semiplotus (McClelland)
Schizothorax progastus (McClelland)

Crossocheilus latius latius (Hamilton).
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Family Psilorhgynchidae

55. Psilorhynchus balitora (Hamilton)

56. Ps;lorhynchus sucatio sucatlo (Hamllton)
Family Homalogterldae -

57. Balitora brucei brucei, Gra&

Family Cobitidae. | |

58, Neemacheilus beavani, Gunther

59. Noemacheilus botia (Hamilton).

60. Noemacheilus corica (Hamilton)

61. Noemacheilus savona (Hamilton)

62. Noemacheilus scaturigina (McClelland)
63. Noemacheilus sikmaiensis, Hora -

64. Noemacheilus zonatus (McClelland)

65. Botia dario (Hamilton) ‘

66. Lepidocephalichthys annandalei Chaudhuri
67, Lepidocephalichthys berdmorei (Blyth)
68. Lepidocephalichthys guntea (Hamilton)
69. ‘Samlleptes gongota (Hamllton) '

- Division Siluri.
Sub-order B11uro;del

_Famllg Sllugldae -
" 70. Ompok bimaculatus (Black)
e Wallago attu (Bluck & Schnelder)
Family Bagrldae ’
72. Batasio batasio (Hémilton)
73. Mystus (Mystus) bleekeri (Day)
74. Mystus (myétus) cavasius (Hamilton)
75. Mystus (mystus) menoda (Ha@ilton)

76, Mystus (Mystus) montanus var
dibrugarensis (Chaudhuri).

77. Mystus (Mystus) vittatus (Bloch)

78, Mystus (Osteobagrus) aor (Hamilton)
79. Mystus (Osteobagrus) seenghala (Sykes)
80. Rita rita (Hamilton)

Family Amblycipitidae ;

- 81.- Amblyceps mangois (Hamilton)

i



Family Sisoridge

82. Bagarius bagarius (ﬁamilton)

83, Erethistes Pussilus (Muller and Troschel)
84. Erthistoides montana montana, Hora.
85. Gagata Cenia (Hamilton)

86, Gagata nangra (Hamilton)

87. Gagata viridescens (Hamilton)

88, Glyptothorax rabeiroi (Hora)

89. Glyptothorax striatus (McClelland)
90. Glyptothorax telchitta (Hamilton)
91. Sisor rhabdophorus (Hamilt on)
Family Schilbeidae )

92. Ailia coula (Hamilton)

93, Ailichthys punctatus, Day

94. Clupisoma gafua (Hamilton)

95. Eutropiichthys vacha (Hamilton)
96, Eutropiichthys mirius (Hamilton).
97. Pangasius pangasius (Hamilton)

98, Pseudeutropius atherinoides (Bloch)

99. Silonia silondia (Hamilton)

100 Family Heteropneustudae
* Heteropneustes fossilis (Bloch)

Family Llaxiidae
101. Clarias batrachus (Linnaeus) -

Order Anguilliformes
. Sub-order Anguilloidei
- Family Ophichthyidae

102, Pisoodonophis boro (Hamilgon)
Orxrder Begloniformes -
Sub-order Scomberesocoidei

Family Belonidage _ ~

103. Xenebtoden cancila (Hamilton)
Order Mugiliformes
Sub-order Mugiloidei

- Family Mugildae
104, Mugil corsula (Hamilton)
105. Mugil cascasia (Hamilton)



Order Ophiocephali formes

 Family Channidae |
106. Channa gachua (Hamilton) .
107. Channa Marulius (Hamilton)
108. Channa punctatus (Bloch)

109. C€hanna Striatus (Bloch)

Order Symbranchiformes
Sub-order Symbranchoidei

Family Amphipnoidae
110. Amphipnous cuchia (Hamilton)

Order Percifcrﬁes
Sub-order Percoidei

Family Centrogomidag
111. Chanda baculis (Hamilton),
112. Chanda nama (Hamilton)
113. Chanda ranga (Hamilton)
Family Sciaenidae

114. Sciasena coiter (Hamilton)
115, 'Pama pama (Hamilton)
Family Nandidae o

116, Badis badis (Hamilton)
117. Nandus nandus

Sub-order Anabantoidei
Family Anabantidae

118, Anabas testudineus (Blach)

119. Eolisa chuna (Hamilton)

4120. Colisa fasciata (Bloch)

129. Colisa lalius (Hamilton)

Sub-order Gobioidei ’

Family Gobiidae

122. Glossogobius giuris giuris (Hamilton)

Order Mastocembeliformes
Family Mastocembelidae.
123. Mastocembelus armatus armatus (Lacepede)



124. Mastocembelus pancalus (Hamilton)
125. Macrognathus aculiatus (Bloch)

Order Tetraodontiformes
Sub~order Tetraodontoidei
Family Tatraadontidae

126. Tetraodon cutcutia (Hamilton)
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STUDY OF TL_. FOR INDEFINITE PERIOCD OF

TIME WITH R@FERENCE TO GAUHATI REFINERY

EFFLUENTS ON Puntius Phutunie (Ham) AS
BIGLUGICAL INBICATDR

CHAPTER 1
INTRODUC TION,
The increase in the use of automobile vehicles,-industfial

uses etc. the consumption demand of o0il is increasing in a large

) scale., This has caused the establis hment of more and more refine~

"ries in India. The liquid effluents of refinéries being discharged

into'the inland water bodies after processing oil has a major

toxic effects on publlc health through the water system. In India
little work. has been done in the fzeld of canposlte reflnery
pollutants effects on aquatic organlsms by bioassay techniques.

The case study of Gauhati refinery (Part II of same thesis) reveals
that there are no fish in the part of Bharalunallah where the
refinery pollutants are present, whereas the upstream of Bharalu
nallah is having fishes. Since the inland fishes are important
source of proteins in a nation's diet, the needs fof understanding

the toxicity of ligquid effluenfs of Gauhati refinery on fish and

evaluating circumstances when poisoning occurs is greater. The

-presént investigation gives the information of the toxicity effect

L

on physiological activities of puntius phutunie (fish species
existing in Brahmaputra). Lee (1972) reported the effect of ARM

T
derived from seven reflnerles of USA on Salmo QE&E%?QL (TL50 for

24,48 Hrs was 4. 0); Carassius auratus (24 Hrs-7.8; 48Hrs-7.0; 96 Hrs
6. 4) (s).



It was difficult to produce unigue quantity of each /

component of refinery effluents ir in reflne Ty laboLato ry, because

comglag& y of chemicals and their concentratlon. The average value

of liquid pollutants for 120 days (i.e. 4 months) was considered

as ARM (Arbitrarv Reférence Mixture) Gauhati_ refinery for present

study. Because the design capacity of ETP is 1600 m3/h and com-
prises two barallel structures of 800 m3/h. In general the dis-
charged polluted water load of Gauhatl Reflnery 1200 m /h to 1400
m /h The effluent is discharged directly into the common out let
‘with treatmen t. |

The grabs'samplihg méthod was employed for the collection of
sample from Gauhati refinery outlét. Th:ee days were required to
bring the samplé to JNU by train in closed condition whére the
temperature range was 29°C to 42}&. And it was kept for 5 days in
cold room of labératory at a tem;erature (25°C-26°C)

The flrst experiment was done w1th orlglnal sample, which consis
ted of two sets of different dilutions- one with low: concentra-
 tion_of.pollutants (the range was 1 ml1/10 litres to 2.5 ml/10 litres)
anothgr with high concentration of pollutants (the range was
3 ml/10 litres to 5.5/10 litres). The interval between dosages was
0.5 ml only. The observed negative result in this experiment due
to - the following defgzts: (i) store of sample for longer period of
time; (ii) he at stroke, (iii) lack of acclimatization of fish at
labor;tory coqdition,'(iv)high dilution of effluent cbncentrati;n.

The second experiment was performed as same manner of first

one to understand the effect of raw waste on experimental fish with



modi fied sample prepared based on ARM of Gauhati refinery as

t

well as rectification of above mentioned dsfdcts.

The Arbitrary Reference Mixture (ARM) of Gauhati

Refinery ' '

Parameter . ’ Eoncentratiﬁn
0il and grease (0&G) - 43.05 mg/1
Phenol - ' . 2.41 mg/1

 Sulphides : » 4.46 mg/1
T.S5.5. o 693.33 mg/l to

28,77 mg/l

361,3 mg/1*

. *Mean of range

It is interegting to understand the acute and synergistié
.effect o% ARM on expefimental fish. In second experimgnt the volume
of-expefimental water was 1,750 ml'and the range of low concentra-
tion was (0.5 ml/1 to 2.5 ml/l)g the range of higher concentration
Iml/1 tﬁ 5 ml/1l. The positivevi.e. decrease of concentration with
increase of time was observed in this experiment. : '

The aim of the precent inveétigation is to evaluate the acute
- toxic ranges TLm‘or TL50 for 3,24,48,72 and 96 hours intervals and
the relative susceptibility of Puntius phutunie for ARM, The study
will decidedly hélp in'controlling the pollution ﬁroblem caused by

'

refinery effluent.



CHAPTER 2

MATERIALS AND METH QD

Reed and Muench Bioassay technique‘was used for present
study. (1) (7). The grabs sambling method was employed for the
coliection of sample, because time was very short. The date of
 collection was 25/6/78,-time 8 AM and seven minutes required for
the same. The temperature of sample at Gavhati was 29°C. The
Three déys were required-to Sring the sample.to JNU bg train . in
closed condition where thé temperature range was 29°€-429C, And
if was ke?t for 5 days iﬁ cold room of laboratory a; a témperaturé
(25°C-26°C). The equal size of eleveﬁ AqUariﬁms were used the
vol@me of each was 30x27x27 cu.cm. vThe firsf one was used for

control experiment.

DESIGN OF EXPERIMENT

The first exberiment was conducted with origihal.efflﬁent sample.
The sample was diluted by ad0pting:Reed and Muench method (1)(7).
The interval between doses was 0.5 ml. The first sef of experiment
was done with low coﬁcentration (i.e. 1 m1/10 lit;es to 2.5 m1l/10
litres) and the second sef was performed with high concentrat ion
(i.e. 3 ml/10 litres to 3.5 m1/10 litres). But two sets of experi-
ment were done in the same time using single control experiments,
For easy calculation, the two sets of experimént were combined

\

in the same table.,



s Chart Showing Dilution of Pollutants v

Aquarium | , 'Volume of Actual amount
No. o Expt.Water - of original
: effluent sample
add ed
“Control 10 Litres -
FIRST "
SET 2 | 1 ml
(18w Conc) 3 " 1.5 ml
4 " 2.0 ml
5 " 2.5 ml
6 " 3.0 ml1

. 2ND SET 7T ' "
(high conc) 8 ' "
- 9 ’ . . "

10 "

11 ) 114

3.5 ml
4.0 ml
4.5 ml
5.0 ml
5.5 ml

The oxygen was supplied 12 hrs/day in the first experimental period.

 Fifty milligraw# of Na, 3, 0,

0 SHZE was added

per litre of tap water.

to remove the chlorine. The physico chemical characteritics of chlorine

free water as follows:

Parameter Initial
Tempera ture 42°C
" pH o 6.5

b, 0, ~ 8.6 ppm

Final

a20¢C

Highly saturated
with oxygen. .






Fig.1 Diagram showing the structure of Puntius
phutunie - T

Systematic position-

Llass - . Teleostomi
Order - Cypriniformes
Family - . Cyprinidae
Genus - Puntius

Species - phutunie

\



The D.0. was calculated witﬁn“ﬁnkler's method. The fishes were
fed 3 hours before the experiments and only 24 hours acclimatiza-

tion of fishes Qas done.

The fish% Puntius Rbgﬁﬂfif belongs to the order cypriniformes
and familyrcyprinidaev(fig. 1). Oxygen was passed canfinuously
throughout the aéclimatizatioh period.

For assessing the toxicitg o% each concentration 10 fishes
were used, which is homogenous as possible (same age, sex, recent his
tory and genetic béckground etc. and the test fish should be hea 1t hy
welllfed.befo£e test). The test fish was'transférred into aquarium
one by oﬁe from storége tank. (The water should be same at the same
temperature as that in the holding tank to avoid thermal shock). The
éxperimental fishes were observed for any pathological symptoms
before being transferred them into experimental containers.. During,
the experiment no feeding to the fish was made because such feeding
might increase the rate of metabolic activify and the excretory
substances hich may influence the toxicity of the test solutions.
The reacéions of fish tb@ards the toxicants i.e. loss of equilibrium,
opefculﬁm movement, swgmming movement, bremthing and mode of dis=~
tress were observed throughbut the experimental period. The fishes
were-copsidered dead when they gave no response to touch with a
glass rod, |

At the end of experiment (after 4 days) a fish from the store
tank was trans ferred into one litre of 100% effluént sample., The
fishAshawed erratic movement for five minutes and it was alive more

than five days . From that observation it seemed that significant

degradation of pollutants was occured.



In the second exper iment to rectify these errors and

to understand the effect of raw waste on Puntius phutunie a modi fied
samnple was prepargd based on the recommended ARM of Gauhati
Refinery (Table 1V, Part II). The folloving pollutants were added

in original sample:

Pollutants Concentration Ingredient
0il and Grease  43.05 mg/l-: . ND.2 fuel oil*
(0 &G ) | _ '
Phenol . © 2.41 mg/1- Phenol (cénsun=94,11)
‘Sulphide 4,40 2-Marcapto-
) ' . benzothiczole#*#*
pH - 8 . NacH/H,S0,

*¥Furnace oil from Indraprastha Pcwer Station,
- New Delhi (India)

**Imported from England (Technical) BDH.
6H . C(SH): N = 167.25.

The tap water used for dilutent for the present experimen t,%8%mg of
Na25203, SHZD'added per litre of tap water for chlorine removal.

The experimental volume of water was 1,750 ml.



The modi fied ,sample was diluted in

the following way:

Aquari um Actual Dose . Actual Amount of
No. Volume Modified Sample
Expt. Added.
Water
1 Control 1,750 ml Oml/1 -
FIRST SET 2 " 2.,5ml/1 0.88 ml
OF EXPT. . - .
(Low Conc.) 3 " 1.0ml/1 1675 ml
4 " 1.5ml1/1 2.63 ml
5 " i 2.0m1/1 3.50 ml
6. n 2.5m1l/1 4,38 ml
SEGOND SET 7 " 3.0m1/1 5.25 ml
OF EXPT. )
(High Conc.) 8 " 3.5m1/1 6,43 ml
9 " 4,0 m1/1  7.00 ml
10.' " \ 4.5 ml/l 7.88 ml
11 " 5 ml/1 - 8.75 ml

The physico-chemical characteristic of the experimental

foll ows

Paramet er
Temperature
pH

D.O.

Initial

28.5¢°C

804 Ppm

Final

- 28,5°

8

c

6.4 ppm

4

water as
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Feeding of fish was stopped 2 days before the present experiment.
The fish ranging in weight from 0.102 gm to 0.345 gm (2.1 cm to

3.2 cm in length). were used in all experiments. It was kept in the

mind that test containers were to allow 0.5 litres of test volume
o v4 Hrs/day ,
per gram_of Animal weight (5). Aeration was dong/with low speed to

prevent effervescent loss of polldtants. Twenty five alive fishes
were cecllected from the first experiment and accliﬁatized for 6 k
days with proper food and well aersted condition. These 25 fishes
alsb were used in fhe 2nd experiment. Of these 10 fishes were dead
in the control one.

To interpret the data interms of sdrvival over infinite
period of time is ecologically more significant. Green's met hod
(1)(7) was used in present experiment. The basic assumpfion is that
survival varies inQéréely with time of exposure. As time approachés
zero, the TL& shou 1d abproachvinfinityEéut)aﬁothér way, any 6rganism
can sﬁrvive on infinitely high amplitude for an infinitely short
time. On the other hand, as the exposure becomes longer, the
TL, should approach some low asymegtic value. This relationship
can be expressed byvtheenuation for a straight line written in the
form t

TL, = atb (%7)
where "t" is the time exposure, If the réciprocal of time (t7)

n_u

 approximate zero ( as "t™ approasches infinity) then "a" approximate

TLm.



it

Experimentally determingd TLm'versus the reciprocal of time
were plotted on graph paper. The x—éxis was used for the timev(f-)
Fitted a line to, these pointé (by'tée best fit or least square
metgod). The'paint’at which the line would intersect the y axis

7

would represent the TL% for an infinite period.

PROCEDURE

 The method was described by‘é refereﬁcaff;ble of Sampleidata {shown
Table 2.2). The data for first five columns arevself-explanafory. Ten
test animals were exposed to each concentration of.polluténts
(Ecological complitude), aﬁd the number dead and alive in each grcup at
the end of test period were recorded. The.accumulatedAdeath and

survivals were calculated as follows:

1. Acc umulat ed deaths wefe found by adéihg ali the deaths in
colgmn‘d from the top of the column to the parficulan amplitude under
qonside:ation.‘Thus were added all aniﬁals that were killed by that
amount\a lossiof the poliﬁtants. |

2. Accumulated survivals were found by adding ali survivals .in
column S5 from the bottom of the column to the particular ampliitude
under consideration. Thus were.added all animals that cawld survive
that amount of pollutant er more. |
The TLm or TLSO was interpolated.from the per'ﬁent mortalities bracketi
it. In Fhe example of 3 hours, 49‘per cent and 65 per cent bracket
the 169 TL, which was ~ 0.4474 (Derived from the straight line of

two poinfs{ details as shown in calculation example of 3 hour

Table 2.2.  The log TLm was used for convenience in subsequent cal-

culations.



il

Each group should be selected a different exposure time:
(if possible on the basis of data) and calcul ated the TL for the
time. The calculation of the standard error and confidence limits

as follows: _
Standard error of log TLm'ijfvg;lg_h_ﬂ
= S5.E. of log TLm'

.where n = humber of aﬁimals pér test group i.e. ten
J‘h’; log interval between the doses i.e.
ing of 5ml = - 0.3010.
R = Interquartiie.rangé (i.e. the range of toxicant

concentration between log TLzé and Log TL75

If the TL,, orvTLTS is not available from the data, the
interquartilé_range,can be estimatedAby either 2(log TLsoflog TL25)
| | or 2(log TLog-lag TLSb)
Then standard error can be calculated.
S.E. of TLm_= TL (log etOx &.E. of log TLm);
(conversion facgor: Log e 10 = 2.30 )
The confidence limits can be calculated. 95% confidence

limits = log TL_ # S.E. log T

Example of standard error of TL_ and 95% confidence limit of

3 hours exposure time as follows:

Ecological Log amplitude percent mortality
amplitude - '

1.5 ml/1 0.1761 - 13

2.0 ml/1 0.3010 , 33

2.5 ml/1 0.3979 49

3.0 ml/1 - 0.4771 : 65



i%

From the above figure it was éssumed thﬁ% 25% would lie between
13 p;c. and 33 p.c. similarly. 50% would be in between 49 p.c. and
65>p.c. . |

" Therefore TL25*°r TLSD cduld.be calculated from a straight

line: : . 3

(a) Tlyg
33 = 0,3010 m + ¢
13 = 0.1761 m + ¢
20 = .1249 m

m =160, 1281 = '
13 = 0.1761 x 160.1281 + ¢ |
C = 15.1985 ‘

25 = 160.1281 x x - 15.1985

(b) Similarly Tleg

65 = 4771 m + ¢c
49 = ,3979 m + c

16 = .0792 m
m = 202. 0202
c = 48, 6162

Antilog = 1.014
R=2( log 50 - log 25 )

1

= - .4884



S.E. of Log TL_'= w// 0.79 x h R
n
WHERE h = log. 5 = - ,3010

R -0, 4884

jﬁ' 0.74x -0.3010 x -0.4884
! 10

= 0.,1078

S.E. ofTLm = TLm (log e x §.E. of log TLmz

(conversion factor: log e 10 = 2.30)

.-

]

1. 014 x 2.30 x 0.1078
= 0.25 18
95% confidence limits = log TL, + 1.96 S.E. log TL_

id



CHAPTER 3

_ RESULTS .14
TABLE 1.1 ,
OBSERVED MORTALITY RATIO OF Puntius phutunie (Ham) ON TL
WITH REFERENCE TO ORIGINAL GAUHATI REFINERY EFFLUENT ™
SAMPLE - \
Aquarium dActual 4 /7/79 5/1/78 6/1/78 7/7/78 8/7/78
Jadded 2.30 PM 24 Hrs 48 Hrs 72 Hrs 96 Hrs
igtlgs (ai gf;o PM) (at 11.30AM ) }(at 11.30AM ){(at 11.30 AM){(at 11.30 AM)
jof waterjyo, RatioiNo. _ Ratio §No.  Ratjo | No. Ratis § No. Ratio
1. Control - o - 3 3/10° 3+1=4 4/10 4+%4=5 5/10 - e
2. 1.0m1 2 2/10 2+2=4 4/10 4+1=5 5/10 5+1=6 6/10 | - -
3. 1.5m1 2 2/10 2+1=3 3/10 3+2=5 5/10 - - 5+1=6  6/10
4, 2.0m1 - - - 5  5/10 = - - - . - -
5. 2.5m1 1 1/40 - - - 1+1=2  2/10 - . - -
6. 3.0m1 1 V2T 1+1=2  2/10 - - - -
7. .3.5ml - o T S 1/10 0 =~ - - - -
8. 4.0m1 . _ T ) 1/10 - - - -
9. 4.5m1  _ T I V2 [ R R - . - -
10, 5.0m - -~ _ 2 2/10 - — -  2+1=3  3/10 3+i=4  4/10
110 5,5ml 1 1/10 3+4=7 T7/10 T+2=9  9/10 - ’




TABLE 1.2

SAMPLE TOLER ENCE DA TA FOR 4 HRS -~ REED AND MUENCH METHOD

15

Ecologicaly DObserved Deaths Survivals ;____f_gg_tﬂ_tggj_gg___ Mortality Percent
amplitude § mortality ‘ Death Surv., Total ratio mortality
0 ml/10 - - 10 T - 104 104 - -
1.0m1/10 2/10 2 8 2 94 96 . 2/94 2
1.5m1/10 2/10 2 8 4 86 90 4/90 4
2.0m1/10 - - 10 4 78 82 4782 a
2.5m1/10 “1/10 1 9 5 68 73 5/68 7
3.0m1/10 1/10 1 9 6 59 65 6/65 9
3.5m1/10 - - 10 6 50 56 6/56 10
4.0m1/10 - - 10 6 40 46 6/40 15
4.,5m1/10 - - 10 6 30 36 6/36 16
5.0m1/10 - - 10 6 20 26 6/26 23
5.5m1/10 1/10 1 7 10 17 T/17 41




) . TABLE 1.3
' SAMPLE TOLERENCE DATA FOR 24 HOURS- REED AND MUENCH METHOD

—— w— ———

Ecological |Observed Deaths P Surviva ls ____A_g_ggm.:_;_g_tgg_____ Mortality Percent
Amplitude - §mortality § - Death Surv. Total Ratio mortality
Om1/10 3/10 3 - 7 3 38 \ V61 3/58 5
1.0m1/10 4/10 4 6 B 51 - 58 7/58 12
1.5m1/10 3/10 3 7 10 45 55 10/45 22
2.0m1/10 5/10 5 5 15 g’ 43 15/38 39
2.5m1/10 - - - 15 33 48  15/48 31

' 3.0m1/10 - : - - - 15 33 .48 15/48 31’
3.5m1/10  1/10 1 9 16 33 . 49 16/49 32
4.0m1/10 - - - 16 24 40 16/40 . 40
4.5m1/10 1/10 1 9 | 17i 24 41 17/41 41
5.0m1/10 2/10 2 8 19 15 34 19/34 55

 5.5m1/10 3/10 3 7 22 7 29 22/29 75




TABLE 1.4

SAMPLE TOLERENCE DATA FOR 48 HOURS~ REED AND MUENCH MET HOD

17

-7/10

Ecological }Observed Deaths Survivals §_____ Accumulat ed Mortality Percent
amplitudg Imortality) Death Surv. Total] Ratio mortality
Om1/10 4/10 .4 é 4 74 78 4/74 5
1.0m1/10 5/10 -5 5 g 68 77 9/77 11 -
1.5m1/10 5/10 5 's 13 63 76 13/76 17
2.0m1/10 - - - 13 58 71 13/71 18
2.5m1/10  2/10 2 8 15 58 73 15/73 20
3.0m1/10 2/10 2 8 17 50 67 17/67 25
3.5m1/10 - - 10 17 42 59 17/59 28
4.0m1/10 1/10 1 9 18 32 50 18/50 36
4.5m1/10 - - 10 <18 23 41 18/41 36
5.0m1/10 - - 10 18 13 31 18§31 58
5.5m1/10 7 3 25 3 28 25/28 89
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TABLE 1.5

SAMPLE TOLERENCE DATA FOR 72 HOURS- REED AND NUENCH METHOD

- 18

Ecological | Obsérved | Deaths | Survivals DeathAccﬁggisted To{;ﬁ~£ﬁor§ality Percent
amplitude mortality , * Ratio mortality
Om1/10 5/10 5 5 5 67 92 5/92 5
1.0ml/10 6/10 6 4 11 82 93 11/93 11
1.5m1/10 - - 10 11 78 89  11/89 12
2,0m1/10 - - 10 11 68 79 11/79 13
2.5m1/10 - - .10 11 58 69 11769 15
3.0m1/10 - - 10 11 48 59  11/59 18
3.5m1/10 - - 10 11 38 49  11/49 22
4,0m1/10 | - - 10~ 11 28 39 11/39 28\
4.5m1/10 - - 10 1 18 29 11/29 37
5.0ml/10 3/10 3 7 14 8 22 14/22 64
3.5m1/10 9/10 .9 1 23" 1 24  23/24 95




TABLE 1.6

"SAMPLE TOLERENCE DATA FOR 96 HOURS- REED AND MUENCH MET HOD

19

Ecological B Observed & deaths g 5urvivals§_____ﬁ_c_g_t_nm‘u_l_§;t_gd Mortality Perceq‘tb
amplitude mortality Deaths Surv. Total ratio " §mortality
Om1/10 - 10 - 100 100 - -
1.0m1/10 - 10 - 90 50 - -
1.5m1/10 6/10 4 6 80 86 6/86 6
2.0m1/10 - 10 6 76 82 6/82 T
2.5m1/10 - 10 6 66 72 6/72 8
3.0m1/40 ° - 10 6 56 62 6/62 9
3.5m1/10 - 10 6 46 . 52 6/52 11
4;0m1/10 - 10 6 36 42 6/36 16
4,5m1/10 - 10 6 26 32 6/32 18
5.0m1/10 4/10 6 10 . 16 26 10/26 38
5.5m1/10 - 10 10 10 20 14/20 70
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TABLE 2.1

OBSERVED MORTALITY RATIO OF Puntius phutunie (Ham) ON TL
DETERMINATION FOR INDEFINITE PERIOD OF TIME WITH REFERENPE
TO MODIFIED EFFLUENT SAMPLE

Aquarium | Dose | 13/7/78 | 14/7/78 15/7/78 16/7/76 17/7/78
No. 3 Hrs ' 24 Hrs ' 48 Hrs 72 Hxrs 96 Hrs

. : (at 9AM ) (at 10AM ) (at 10 AM ) (at 10AM ) (at 10AM )

No. | Ratio No. Ratio No. Ratio No. Rlatio No. ~ Ratio

. Control O 0/10  © 0/10 - 0 0/10, 1 1/10 1 1/10
2. N 0.5m1/1' 0 0/10  © 0/10 3. 3/10 3+=4 4/10 4 4/10
3. T 1.om/1 0O 0/10 1 /10 143=4 4/10 4+41=5 5/10  4+1=6 6/10
a.  1.5m1/1 4 4/10  4+1=5 /10  5+1=6 6/10 6+1=7 7/10  7+1=8 8/10
5. 2.0ml/1 5 5/10  5+1=6 6/10  6+1=T 7/10 7+1=8 8/10  8+1=9 9/10
6. 2.5m1/1 'S 5/10 8§+2=7 T7/10 7+1=8 8/10 8+1=9 9/10 9+1=10 10/10
7. 3.0m1/1 6 6/10  '6+3=9 9/10  9+1=10 10/10 - - - -
8.  3.5ml/1 6 "6/10 6+3=9 9/10  9+1=10 10/10 .= - - .
9. 4.0m1/1 7 7/10  7+3=10 10/10 = - - - - -
10, 4.5m1/1 9 9/10  9+1=10 1§/10 - - - - - -
11. 5.0m1/18 10 = 10/10 - = - - - - -
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] | TABLE 2.2 _

SAMPLE TOLERENCE DATA FOR 3HRS- REED AND MUENCH METHOD )
Ecologicalé Log 5 DbservediDeaths§SUrinalsE___;_ACCUmulated i Mortality s Percent
amplitude }amplitude } mortali-} ! !Death Surv. Total! ratio ! mortality
- ; V. : 1 . : i
Oml/1 - 0/16 . 0O 10 0 56 58 < - -
0.5ml/1 -0.3010  0/10 0 10 0 48 48 - -
1.0ml/1 0 0710 0 10 0 38 38 | - -
1.5ml/1" ,0.1761 4/10 4 6 4 28 32 4/32 13
2.0m1/1  0.3010 5/10 5 '8 11 22 33 11/33 33
2.5m1/1 0.3979  5/10 5 5 16 17 33 16/33 49
3.0ml/1  0.4771  6/10 6 4 2 12 34 22 /34 65
3.5m1/1 0.5441  6/10 6 4 28 8 36 28/36 77
4.0m1/1 0.6021 7/10 7 i a5 4 39 35/39 90
4.5m1/1 - 0.6532 9/10 9 1 a4 1 45 - 44/45 98

5.0m1/1 0.6990  10/10 10 0 54 0 54 54/54 100
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TABLE 2.3

SAMPLE TOLERENCE DATA FOR 24 HOURS- REED AND MUNCH METHOD

22

0.6990

Ecologicals Log -ObsefvediDeathsESU'rvivélss___ Accumulg_t_gg_____' Mortalityi Per::_e;m
amplitude }amplitude [mortali~-} H " }Death Surv. Total} ratio { mortality
i ey 1 - _ i
Oml/1 - 0/10 O 10. 0 43 43 - -
0,5ml/1  -0.3010  0/10 O 10 g 33 33 - -
1.0m/1 O 110 1 9 1 23 24 174 4
1.5m1/1  0.1761 5/10. & 5 6 14 20 6/20 30
2.0ml/1  0.3010 . 6/10 6 4 12 9 21 12/21 57
2.5m1/1  0.3979 /10 7 3 19 s 24 19/24 71
3.0m1/1 0.4771 9/10 9 1 28 2 30 28/30 93
3.5m1/1  0.5441 /10 9 1 .37 1 38 37/38 98
4.0ml/1  0.6021 10/10 10 0 47 0 47 47/47 100
4.5m1/1  0.6532 10/10 10 X 57 0 57 57/57 100
5.0ml/1. 10/10 10 - 0 67 0 67 67/61 100
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TABLE 2.4
SAMPLE TOLERENCE DATA FOR 48 HRS - REED AND MUENCH METHOD
Ecql?gicals Log @bs erved 'Deaths Surv1va ls:____ Accumul ated ___i Mortality s Percent .
amplatude tamplitude .mor‘call- H H iDeath  Surv. Total | ratio y mortality
i ity I ; i L

Oml/1 - ‘o/20 . 0 10 o 31 31 - “
0.5m1/1  -0.3010 /0 37 3 21 24 3/24 12
j.omi/1 0 4/10 4 6 7 14 21 7/21 33
1.5m1/1 0.1761 6/10 6 4 13 9 22 13/22 59
2.0m1/1  0.3010 7/10 7 3 20 5 25 20/25 80
2.5ml/1-  0.3979 8/10 8 2 C 28 2 30 28/30 98
3.0m1/1  0.4771 . 10/10 10 o 38 0 38 38/38 100
3.5m1/1  0.5441 10/10 10 0 48 0O 48 48/48 100
4.0m/1  0.6021 - - - - - - R .
4.5m1/1  0.6532 - - - - - - - | -

5.0m1/1  0.6990 - - - . - - - -
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TABLE 2.5
SAMPLE TOLERENCE DATA FOR 72 HRS~ REED AND MUENCH MET HOD
Ecol Ogicals Lo iﬁbs erved !Deaths‘ é Survivals L_______&gg_gﬁg_.}._a_t_e_g__ : :,Mortalitys Percent
amplitude ’sampligude sm:rtali-s s iDeaths Surv. Totali ratio E mortality
' Y : : H i !
Oml/l . - . 110 1 9 1 26 27 1721 4
0.5ml/1 ~0.3010 ~ 4/10 4 6 5 17 22 5/22 23
1.0m/1 0 5/10 5 5 10 1 21 10/21 48
1.5m1/1 . 0.1761 - 7/10 7 3 17 6 23 17/23 74
2.0ml/1  0,3010 8/10 8 2 285 3. 28 25728 89
2.5m1/1  0.3979  9/10 9 1 4 35 34/35 98
3.0ml/1 0,471 . .« e e e e . S
3.5m1/1  0.5441 Y e . . « e .
4.0mi/k  0.6021 .. Y . . . . .
4.5m1/1 | 0,6532 . e . o B . . e

5.0ml1/1  0.6990 = ., . e e . . e .
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TABLE 2.6

SAMPLE TULERENCE DATA FOR 96 HRS- REED AND MUENCH METHOD

_ £
Ecologicali -Log E ﬂbservedibeathsi Survivalsg__, Accumulated _iMortalit;-i Percent
amplitude gamplitude.g zsrtali—g g gDeath Surv. Totalg ratio g mortalit

Oml/l -0, | 1/10 i 9 1 22 232 1722 5
 0.5m1/1 ~0.3010 4/10 4 6 5 13 18 5/18 42
1.0m/1° 0O 6/10 6 4 1 7 18" 11718 60
¢.5m/1  0.1761  8/10 8 2 19 3 22+ 19/22 86
2.0m1/1  0:3010  9/10 9 1 28 1 29 28/29 98
2.5mi/1  0,3979 10/ 10 © 38 & 38 38/38 100

- 3.0m1/1  0.4TTH x . e . . T e . ‘.
3.5m1/1  0,5449 . . e . . . .
4.0m1/1  0.6021 . P .
4.5m1/1  0.6532 . SRR . .« ..

5.Uml/1 T 0.6990 n ‘ . ) . - o » . . .




TABLE 3

TOLERENCE LIMIT OF SELECTED FISH EXPOSED TO
ORIGINAL EFFLUENT SAMPLE OF GAUHATI REFINERY
THE TLSO EXPRESS AS MULTIPLES AND FRACTIONS
OF THE™ "ORIGINAL EFFLUENT SAMPLE*

S / _

Brganism  TLgg values and acute toxicity /range**‘

4 Hrs 24 Hrs - 48 Hrs 72 Hrs' - 96 Hrs
Puntius ' ,
phutunie - 4.5-5.0 405'5-0 4.5"'5.0 N 5.0"595

. % The values were derived from the Table 1.1 to 1.6

*% \/glues shown are the acute toxicity ranges
TL = concentration in ml/l of ordiginal ‘
eff luent sample at which 50% mortality occur.

~




&1
VTAéLE 4

TOLERENCE LIMIT OF SELECTED FESH EXPOSED TO . \
MODI FIED EFFLUENT SAMPLE (MES) OF GAUHATI.

REFINERY THE TL., DATA EXPRESSED AS MULT IPLES
AND.FRACTIONS. OPOMES SHOWN IN TABLE. I¥.

Organism TL 50 values and acute toxicity range **
3Hrs 24 Hrs . 4BHrs 72 Hrs 96 Hrs

Puntius 2.5-3.0 1.5-2.0 1.0=1.5 1.0-1.5 Oe5=1,0

phutunie ' '

1.852%%% 1 ,3D4%%x 1.031%%%  0.6805

* Vales were derived from the table 2.1 to 2.6

**% Values shown are the acute toxicity range
TL = concentration in ml/l of MES at 50%
moxrt ality occurs. v
#**Aéyual value of TLSD calculated by Reed- and Mu%h&ﬁ"Method.

¥
e



RESW. T

OBSERVED PHYSIOLOGICAL BEHAVIDUR:

When groups of ten fishes were trans ferred into_differeﬁt
contéiners having different modi fied efflyenénsample concentrations,
the fish showed rem;rkéble changes in thg;~behaviour. The éffects
, were counted by erratic swimﬁing; difficulfy in respiration and
convulsions of tHe test fis'h prior to death, The rapid jerking
movement of the body and Xins were easily observable. Disorder of
central nervous system was observed when.the fishé;.in-the lethal
concentrations (3.0 ﬁl to 5.0 ml) ;ostyfhe sense of equilibrium
and turned with the belly upward and finally falling td the bottam”
and dying. Excessive secre tioﬁ of the.mucus by the fishes was also

observed when ttey were introduced in the tes t sdlution. The fishes

repeatedly came to the surface to avoid the toxic envircnment and

. 77
for gulping the atmospheric air directly. The air bubbles were
N — d/'

visible to come from the mouth of t?e'fisheg. Shqlﬂing of the
scales was also observed.
AIn Idwer concentrations (i.e. original effluent sample-0ES)
all the above.mentioned effects were visible but to a lesser extent.
Increase Opercular.hovements were observed in the 1 ower concentra-
tions of pollutant mixture.(i.e. 0ES). | 5 l
However in the control experiments mortality of fishes was #

A

abserved (i.e. in the first expt.=50% and in the second expt.=10%)
the rest of the fishes showed normal behaviour in respiration and in
opercular movement thrarghout

TLgy and acute toxic range: :



A

In\the pres ent workﬁthe acute toxic raﬁge of puntius
phutunie for each of dfigihal e ffluent sample and modified
eff luent sample at differéntAéoncentration andcéiffera1t\ tim'e
ihtervalé'had been worked éut ana the value so obtained were
shown in table 3 and'table 4, Thé harmless concentration
(i.e. 26ml/l of MES) was calculated from Flg. 2 whlch was drawn
from table 5. ’
TABLEFS
DATA ESTIMATED FOR TL FOR INDEFINITE PERIDD OF "’
- TIME WITH MODIFIED EFFLUENT SAMPLE

Exposure jlnversion |95% Lonfidence -
Period of time Limits= Log TL ?Etual Stagia:d
(¢=1) + 1,96 S.E. af" m 8rrT
Log TLm , ml/1 :
24 Hrs 0,0416 0.2678+ -0.2632  1.852 -1.3447
‘48 Hrs  0.0208 0.1152+ -0,2032 1,304 ~3.1037
72 Hrs 0.0138 0.0135+ -0.2303 1.031 -0.,2786

96 Hrs  0.0104  -0,1672+ -0.0545 0,6805  -1,8436
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CHAPTER 4

DISCUSSION
o ,

In present work an attempt has been made to determine the
A ,

ATLm and harmless concentration of Gauhati Refinery e ffluent and for

¥

a fish species existing Brahmaputra river,fg;gﬁius phutunie (Ham)

using Reed-Muench Bioassay method. The time inte:val selected for
-this study was 3 to 4 hours, 24 hrs., 48 hrs., 72 hts, 96’ hrs.

‘Several changes in the physical behaviour if the fiéh were observed
during experimental period, such as fast jerky movements, increased
Opercular'm0vem2nt, erratic swimming aﬁd difficulty in respiration.

Similar changes in behaviour were observed by Verma gt al (4) in

Labeo rohita both at lethal and sub-lethal'aqhbus concentrations of

a few biocides (viz., chlorodane, Ekalaux, Ekatin, Sumithion).
Aderson (1968) (4) reported si¢ilar behaviour in brook trdut, Salee-
linus fontinzlis due to the influencé'of sub—lgthal concentratiﬁns
of.DDT on lateral line,

From the experimental observation of original effluent sample,
the range of TL50 for 24 hours, 48 hours and 72 hours were same i.e.,
4.5 ml to 5.0 ml and Qh&se dilutiOn factor was 1.2222 to 1:2000,
similarly for 96 hours was S.Obﬁl to S.é ml and its diiution factor
1:2000 to 1:1811. The observed negative result in the first expt. may
be due to (1) chemical changes occurred in the sample for 5 days
étorage period; (2) dilution of original effluent sample;(3) non-

acclimatiz ation of experimental fish; (4) high temperature shock
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(5) excess of NaZSZDi, 5H,0 addi tion for chlorine removal;

(6) Highrsaturation of oxygen'in exper imental water. If was'

supposed that, these Qere the causes of failure of first experi-
ment; But positive fesult'was observed Qitﬁ modified effluént |
sampie (being prepared for the study of the effect raw effluent)

- i.e. fhe TLm concantratiﬁn(c)°{~?§%;r;7'. The range of TLm of |
modified effluent sa@ple (MES) for 3 hrs., 24 hrs., 48 hrs.,

72 hrg., 96 hrs. were 2.5 ml/l to 3.0m1/1, 1.5ml/1 to 2.8ml/1;
1.8m1/1 to 1.5mi/l, i.Oml/l to 1.5ml/1; 0.5ml/1 to 1.0ml/1 and whose
dilution factors were 1:400 to 1:333,3} 1:666.2 to 1:500; 1:1000

to 1:666.6, 1:1000 to 1:666.6; 1:5000 to 1:1000 respectively. It

- may be because of nondegradation of freshly prepared modified
effluent sample. (when oxygen supply was'd hrs /day) . iThe range of
lethal dosé W as 3.0 ml/1l to above and the range of sublethal dose 0.5
ml/1 to.j.Oml/l; All these effects were oﬁserved after add it ion

of phenol§, 0il and grease and sulphidé (Arganic) int o degraded
driginal samples. Thus it can be said that phenol, oil and grease
and sulphide are toxic to the fish groups. Thq harmless concentra-
fion was 0.26 mi/l (i.e. dilution factor 1:38462). It was clear
from the1€;ble 5 that the harmless concentration or safe con-
centration was.a fraction of TLm values. 1If, however, ecologists
are willing to assume, that such a fraction of the TLm would provide
an adequate production for this species or other species ih nature.
the value worked out in the présent investigation as>permissible
harmless, concentration for the Gauhati refinery effluent, id of
great practical utility for requlating énd controlliné the pollution

in the water body by this effluent.



CHAPTER 5 o
SUMM AR Y

Reed and Muench Bicassay method was employed to study
‘the synergistic g ffect o f Gauhati Refinery driginal effluent
taking Puntius f%utunie as test fish, The failure of the firét
experiment was due to,high temperature, storing of sample, and.
dilution of it, non-acclimatiaafioa of fish. Second experiment
‘has'proved that phenols, organic sulphides,. 0il and grease are
toxic to fiéh. The TLm of modifieq effluent sample for 3 hrs.
24 hrs, 48 hrs. , 72 his and 96 hrs. were.1.014ml/1, 1.852 ml/1
1.304m1/1, 1.031ml/1 and 0.6805ml/1 respectively. Similarly the
harmless concentration is D.26ml/l.estimated by adopting Green

met hod.
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