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1. INTRODUCTION

The following review summarizes information available on the removal
of cheilieal substences {rom wastes during treatment of gewage by
conventional combinations of physical and biclogical processes, and on
the amounts which can be tolerated without harm to the processes, Fossible
means of restricting the release of some of the potentially more harmful
gubstiances vhich can penetrate conventional processes are alse sugpested.
It should be appreciated that in practice removal may be betier or worse,
or the foxic conceniration lower or higher, than that implied by the
information, becausze local circunstances such as the efficiency of the
particular scwage works and the degree of acelimatization that can be
achieved, will vary., When it is necessary Vo reduce ihe concentration of
soine¢ constituent of a aewnge effluent this is often most economically
achieved by removal of this constituent from trade ef fluent by pre-
treatment ai zource. -

The substances listed have been chosen as being the ones on which infore
mation has been most freguently requested in the United Kingdom from tha
Information Service on Toxicity and Biodegradability (INSYAB) of the ater
Pollution Aesearch laboratory, Stevenage, Sngland. This is probably a reasonable
local basis for the establishzent of such a list of subatances important in
wiste treatment; there are currently no data available for the conatruction

of & ligt based more directly on world usage.




The substances have been broadly clsssified in four ETOUDS : inerganic
chemicals (listed under the important element or ion - e.g. arsenic,
sulphide), organic chemicals, pesticides, and surfactants. In the case
of the laat two the time aveilable has alloweﬁ only a very brief murvey
and & broad clsssification of the types available to be made, together
with an indication (sometimes only o tentative one because of the
absence of adequate data) of their biodegradability and toxicity in treatment
proceszes, An attenpt has been made vhere possible to assess acceptable
levels in sewage but, quiie apart from the lack of suitable inlormation,
conditions vary ao much that this can be regarded only as a rough guide;
thess levels do not allow for protec%ion of receiving waters.

A selection of references is given; thig does not cover the literature
comprehenaively but gives a reasonable co;erage of the information surveyed.
The review ia of nacessity &n incomplete ome, but it should give an
overall view of some of the more important aspects of the problem of the
discharge of chemica) substances either direetly through pipelines or via

rivers and estuaries to the =es,.

Notg. In the following pages the dagger mark after & substance heading denotea
that an annoteted bibliography on the behaviour of the substance in zercbic
and anaprobic sewage~treatment processes is availsble.

2. INORGANIC CHEMICALS

Ammoniumt

Anonium salts present in sewzge and trade wastes of neutral pH values
are generally deslt with at sewage works without much difficulty, and
processes have been known to acclimatize to at least 6000 ng/1 of
ammoniacal nitrogen. Ammonia also results from breakdewn of nitrogencus
organie compounds., In fully-nitrifying plants, smmonia is oxidized by
bacteria to nitrate, but many compounds inhibit this oxidation and, where
it is necessary to reatrict the samnonis content of an effluent, the
conditions of treatment at the sewape. works need careful control; these are

nov well understood.




Jhere it is necessary to remove inprganic nitrogen in gny form,
concentration of ammenia can be reduced by counter—current.atripping with
air after addition of nlkali to rnise the pi value te a favourable range,
or by ion—exchange; but such processes are expensive, egpecially if a high

degrec of removal ia required.

Heferenceas
Ashmore, Catehpole, and Cooper, 1967; Downing, Jones, and Hopwood, 1965;

bowning, Painter, and Knowles, 1564; Tomlinson, Boon, and Trotman, 1966,

Antimony

iaite lovw concontrations of antimony salts would inhibit oxidation
of carbonaceous matter: although the levels affecting aerobic sewage-
treaiment processes have not been determined, a concentration of 0.5 mg/l
haa becn found in US3R to inhibit the B0D determination, Antimony forms
ingoluble compounda in natural waters and therefore does not persist in
golution except in the very low concentrations satisfying solubility
product relationships., Its fate is otherwise unimown. It it were
aecessary to reduce the concentration of antimony in & sewape efTluent
this would be best achieved by pre-treatment of the trade waste water
before discharge to the sewer, for example by co-precipitation with a
hydrous metal oxide. ilydrous manganese dioxide would probably be most
effective.
Helecrence

Arzamastsev, 1064,

Arsenict
lieither arsenates (e.g. N33A304) nor arsenites {e.g. NaAsDQ)
gre particularly toxic to aerobic treatment processes, but at least
the forwer (there is no information about the latter) hiave to be
resiricted o low levels in sowage at works where anaerobic digeation im
employed; the exaect threshold toxic ;evel is uncertain but is prebably
below 2 mg/l in gewege, The ameunt of removal by sewage sludges is alse

uncertain, but may be apnrecinile.
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In order to rcduce the congentration of arsenic in a sewage effluent

the arsenic-bearing waste waters should preferably be treated at source

pefore discharge to the sewer. Laboratory tests have indicated that a high

proportion (70-85 per cent)} of arsenic in & raw water supply could be

removed by cold-time softening of the water and filtration through
activated carbon. Pasaage through ferrous sulphide followed by addition
of bone carvon, sebtlement and filtration through sand and coke is
reported to reduce the concentration of arsenic in waste waters from

0.8 mg/1 to only 'a trace'.

Referances

Hermann, 1959; Heukeleldan, 1947; Rudolf's, 1937; Tomlinson, Boon, and

Trotman, 1966,

Berylliium
The fate and toxicity to treatment processes of this extremely toxde
metal are unknown; in Ussd, 0.01 mg/l has been reported as the threshold
concentration inhibiting BOD. A% beryllium is chemically very similar to
aluminium it is possible that it could be removed from waste waters by
jrecipitation with aluminium #3 the hydroxide in the presence of ammoniun
Saltg. Although very toxic to mammals, ita foxicity to bacteria may De

crently reduced in the presence of organice matter,

gelerence

Lebedeva, 1960.

Very nearly all the boronm in boratea and similar inorganic compounds
enterin; o dewsge works reasches the stream to which the effluent is
discharged virtuzlly unchanged. Zvidence so far augmests that the fairly

low concentrations to be expected do no harm to the treatment proceases;




harmful effecta would probably not occur ot leonst until lovels above

100 o/l us boron were present. However, concentrations of boron in seil
witer exceeding 0.5 mr/1 are harmful to certain crops, particularly soft
fruits, Thus only a reletively low concentration can he foleratcd in
river water used for irrigation purposzcs, and for similar reasons the
concentration of boren in liquid digested éewage sludge and other sludges
arplied to land must be limited, It i recommended that the maxinmum rate
of application ol boron to land should not exceed 4.5 kg/ha yoaTs

Boron may be removed from waste wateras by absorption in strongly basic
anion-exchange materials at pH values hetween 7.5 and 9.0. More
specifically, ion-exchange resins wﬁich are highly selective for the

removal of borate and boric acid can be used.

Relfcrence

Wagrott, 1969.

Cadmiumt
Cadmium is one of the wmogt toxic ﬁetals for sewage~treatment
processes, hut hes not been studied as extensaively as othérs such as
copper and zine. The extent of its removal by sludges has not yet been

definitely determined, but it ia reported to be considerable at low

concentrations (e.g. 97 per cent ai 0.09 mz/l at one works, and 85 per
cent at 2.1 mg/l by treatment in percolating filters). The tentative
acceptoble level purely from the standpoint of toxicity t5 tréatment
processes, ignoring subsequent effects on the streamland takigé no
necount of the presence of other toxic metals, would be of the order
of 2 or 3 mg/l when ¢ontinucusly present., However there i3 no reason
why more then a few parts per million of the more costly heavy metals

~ pregent in waste waters should be discharged to sewera: water and
metals can be reclaimed by procesaes such gg electfolysis‘and ion

cxchange, and the relatively small amounts which cannot be recovered
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in these ways can be precipitated as hydroxides or basiec carbonates by
controlled addition of alkalis sueh as sodium hydroxide, lime, or sodiun
carbonate. Whe addition of coagulants (e.g. aluminium sulphate, ferric
chloride, or polyelectralytea) can improve ;he efficiency of separstion

of the hydroxides by seitlement, aond residual suspended matter can be
removed by filtration through beds of sand. The concentration of cadmium
may be reduced to 2 mg/l by precipitation at pH %10 and settlement, and %o

less than 1 mg/l if sand filtration is also provided.

Reforences
Burrows, 1968, Heukelekian and Gellman, 1955; losey, Swanwick, and Hughes,

1971; Pettet, 1956; Tenny and 3tanley, 1967.

Chromium t

Chromiun may be discharged in waates in twe different forms,
hexavoalent (c.g. chroontoes, dichromntes) or trivalent (chromic aalta,
such as the sulphate). 7The latter form is precipitated at the works
and only reaches a river in ascociation with 50lids which escape removalj
the former, however, is not removed to such an extent, and amounts
reported to be removed at sewape works vary between about 35 to about
80 per cent. oStudies on chromium have been very extensive and it is
now agreed that 10 mp/1l of hexavalent chromium alone in a sewagse influent
would notl greatly affect a normal works; this value, however, is
senerally reduced to 1 mg/l in order to maintain an acccptabdle lavel in
the works effluent. .

Chromium is a relatively cxpenaivé pnetzl and economical reclamation
may be possible from wasle vaters st source. Eexavalent chromium may be
reduced to the trivalent state by treatment with sulphur dioxide at a pll

valua below 3.0. adjusiment of the pE value to 7.5 will then precipitnte




chromic hydroxide which can be romoved by settlement to leave leas than

1 me/l in solution.

dgserences

Bailey, Dorrell, and Robimnsen, 1970; Barth et al., 1963; Barth et al.,
1965a, 1965b; English et al., 19643 Ingols, 1954; Jenkins and Hewitt,
1940, 1942: Lawson and Fearn, 1970; ilasselli, lasselli, and Burford,
1967; vosey, Swanwick, and Hughes, 1971; Pettet, 1956; Stoneas, 1955;

Tomlinson, DBoon, and Trotman, 1966.

Coppert

iemoval of copper during scwage treatment is only moderate, as in
the case with hexavalent chromiwm; the amounts of removal reported vary
from about 40 to gbout £C per cent. The acceptable level in sewsge at o
treatment works would be not nmore than 0,3 or 0.4 mg/l. The presence of
copper in sludge digestion and disposal is a matter of concern, being
considerably more toxic than chromium both to treatment processes and
CTOp3.

ilany methods are available for the reclamation of copper from waste

waters at seurce: theas inelude electrolysis, ion exchanpge, nnd cementation

with iron. Itesidual copper in solution can be precipitated at pH 8 by

alkalis.

References
Aanen, 1956; Barth et al., 1963; Barth % al., 1965a, 1965%; Burrows, 1968;
Department of Jeicentific and Industriol Research, 1963; Lavrence and

elarty, 19385; Lawson and Fearn, 1970; kasselli, Kesselli, and Burford,
1961; rosey, Swanwicl, and Hughes, 1971; Pettet, 1956; Salotto et al.,

1864; Stones, 1958; Tomlinzon, Boon, and Tyrotman, 1966.

Cyanideodt
Althouph cyonidea gre potentially mere toxic to sewape-ircatment
processes than most heavy metals, the processes can be acclimatized to

trent relatively lerge anounts with complete destruetion of the cyanide
- -




present. Under suitable conditions ps much as 330 mi/l or even more of
eyanide ean be destroyed elfeeciively. In surface vaters c&anide ia
removed both chemically and biologically, the rate depending on pH
volue, light intensities, and temperature.

Complex cyanides have not been studied 5o thoroughly, but cupre-
and nickelo-cyanides are only partially destroyed in filters (about 75
ner cent destruction of the cyvanide) and ferrvocyanides arc, apart from
being oxidized to ferricyanides, not attacked. 7These, together with
the zinec complexes, all release cyanide in surface waters; ferrous
cyanide iz first converted to ferric ferrocyanide in sunlight, and at
pii values below 8 hydrogen cyanide Is lost from solution by volatilization.
Cyanides and many of its complexes are often most suitably destroyed by
nlkaline chloprination; however, ferricyanide cannot be removed in thim
way and is normally precipitated by 'copperas' (ferrous sulphate) in the
presence of lime. DBiological treatment of cyanides is less effogtive at
extremes of temperatures (above 25°C and below 10°C) and upexpected

talug' doses will inhibit nitrification.

References

Ashoore, Catchpole, and Ccoper, 1967; Barnea and Braidech, 1942
Lautenbach, 1966; Lockett and Griffiths, 1947; Ludzack and Schaffer, 1962;
Lure and Panova, 1964; Murphy and Nesbitt, 1964; Pettet and Mills, 1954;

Pettet and Thomas, 1948; Vare, 1958.

Fluoridet
The solubility of caleium fluoride in distilled water at norual
temperatures is about 9 me/1 as fluoride; in hard water its solubility
would be sbout 2 mg/l. Solubility increazes with salinity. It is not
pogaible, therefore, to predict the chomical removal of fluorides during
gewage treatment, DRemoval by biologiecal treatment from sewage
conteining up to 3.6 mg/l of fluoride has been reported in one case to

be obout 57 per cent. Amountsof fluoride up to at lemst 30 mg/l have heon
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found not to inhibit treatment by biological fillration (PRL, unpublished
data), but the possibilities that they may have an ndvcrse'effect on |
seouring organisma {metazoa) present in & filter camnot be ruled out.
It vould seem that although a considerable proportion of the fluoride
preseant in o waate would reach the stream %o which the effluent is
discharged, much would be subseguently removed from solution in river
water and hard woter, and rather less in soft waier. However, fluaride
wight remain in selution in saline conditions, in estuwaries and the sea.
igh concentraticons of Tluoride (more than 20 mg/l) in woter can be
reduced by preecipifation vy lime followed by sedimentation. Reasidusl traces
of Iluoride can be removed if necessary by absorption on activated alumina

which can be subsecuently regenerated.

deferencag
Department of Scientific and Inlustriel Research, 1954, 1955; Kasuda,

1963; Terhoeven and iuchhoft, 1949; Zabban and Jeweit, 1967.

Lead t

Lead is usually precipitated in natural swrface waters. itemoval
during gewage treatmeni would probably be considerable, but there is
only one published report zbout this: sedimentation removed %0 per cent
of lead from concentrations of 0,3%~0.9 mg/l; biological filtration and +the
aclivated-aludge process removed %0 and % per cent respectively from
setiled sewage. It is likely that the concentration of lead and other
heavy mctals in a biologically treated sewage effluent could be
significantly reduced by addition of lime to pH £.5 or higher, followed
by settlement. Lead iz not particularly troublesomé to sludpe digestion.

Complexed lead in selution in waste waters can be released by
chlorination or ogonization and the lead then precipitated from allkaline
solution before the waste wators are discharged to sewers. Suall smounts

remaining in zuspension after grevity settlement can be removed by sand

filtration,




iteforencos

liosey, Swanwick, and lughes, 1971; 5Gtones, 1960,

Hereuryt
Hercury oceurs in wostes as the wetal, and as inorganic and organic
coupounds. The metal is appreciably soluble in water containing dissolved
oxypen. Inorponic mercury is known to be strongly adserbed by organie
matter and therefore removal during sewege treatment is likely to be
considerable. The fate of organic mercury is uncertain, but appreciable

pdzorption is 1likely to oceur. Although inorganie mercury is one of the

mopt toxic meotals to BOD, in treatment prectice adsorpilon caunes a

conaidarable reduction in toxicity and as much as 100 mz/1 hos been

tolerated by sn activated-sludge process without inhibition of nitrifieation

taking place.

There are no data available about organic mercury compounds. If
they zre biodegradable they would release inorganic mercury which would
Le subsequently bound on orgonic matter if this were present. However,
it is known that such mereury renains bielegically available, so the
question whether or not organic mercury coapounds are biodegradable is
mainly of academic interest and not practically important. It would
seem therefore that effective control of mercury pollution would not be
achieved solely by biolopical sewnze treatment and the aim must be to

econtrol the diascharge of all foma of mercury inte liquid wastes.

noference

Department of the Envirooment, 1971.

Iickelt
Removal of nickel during sewage treatment is usually poor. FPublizhed
reports show that removal varies from about 30 to about BO per cent, most

reperts giving values in the lower part of thia range. The acceptable

concentration for sewage treatment for nickel alona would be about 2 mg/l,
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when continuously present. Nickel is not so foxic to sludge digestion as
gopper and zing, but as it is much more harnful to plants than either,
its prescuce is of considerable importance in $lﬁdge dispozal.

Kiglkel, lilke other teoxie heavy netals, is best removed at source.
Precipitation at plf 10,5 has been recomacnded. It should be possible to
reduce the concentration of dissolved nickel to about 0.0% mg/l by
precipitation at this pff value followed by settlement. It ia advantageous

to 2dd a ferric salt in order to improve filtration properties.

References
Barth et al., 1963; Barth et al,, 1965a, 1965b; Burraws, 1968; Lawrence
and iiclarty, 1965; Lawson and Fearn, 1970; losey, Swvanwick and Iughes,

1971; Pettet 1956; Stones, 1959; Tomlinson, Boon and Troiman, 1966.

Sulphidet

Sulphide is oxidiged to sulphate during aerobic irectment, tut can
te toxic at fairly low concentrations, Values reported for toidc levels
vary from 25 mg/l upwards and at least 200 mg/l ecan sometimes be
treated; the acceptable level depends on the degree of amcclimatiszation
that can be achieved. The combination of sulphide and cyanide is
particularly inhibitory. The presence of sulphide in sewage sludges helps
to reduce heavy metal foxicity in anacrobic digestion.

Other possible methods of troatment are the chemical oxidation by
chlorine to sulphates, or nore cheaply by air in the presence of

-

manganous ions 28 catalyst to form thiosulphate,

ashmore, Catchpole, and Cooper, 1967; Bell and Jones, 1955; Lavrence,

lieCarty, and Guerin, 1964; iesselli, keszelli, and Burford, 1967.




sulphite
Sulpiite is oxzidized to sulphate; its main dmportance in scwage
troatment and in surface woters is its rapidly exerted oxygen demand,
Chenical oxidation of sulphite by dissolved oxygen is effectively

catolyaed by small concentrations of cobalt szalis,

Thiceyanate ig relatively statle in naﬁural waters, out is feirly
ensily deatroyed during sewage treatment. The toxic levels depend
very much on conditions and amounts as low as 5 mg/l of thiocyanate

have beon reported as toxic. On the other hand, 300 mg/1l has been

reported as not affecting nitrilication and 500 mg/l a= being completely

deastroyed during treatment. In addition te oxidation in biological
treatment plants, thiocyanate can be destroyed by treatment with ozone

or by alkaline chlorinaticn.

idglorencea
ishmore, Catchpole, and Cooper, 1967, 1968; Gwilliam, Crudge and Jenkins,
1954; Ludzack and Schaffer, 1562; Schénborn and Lautenbach, 19664 Tomlinson,

Boon, and Trotman, 1966,

Tint

Inorganic tin iz of lower toxicity to aerobic process than most other
toxig metals, being of & similar order of toxicity to lead; at laast
20 mg/1 way be tolerated by the activated-sludge process. Tip iz similar
to lead in forming insoluble compounds in natural waters and would not
normally thercfore puse a hazard to stresms, Organic compounds of tin can
be very toxic to micro-organisss; information about them iz sparse, however,
but it is suspected that they would be difficult to degrade biolegically.

Tin can be recovered sz ietastannic acid from waste waters

containing sodium stannate using hydrogen cation—exchange materials.

Aesidual tin can be precipitated at pH 9.

deference
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Titaniun
There is no information available on titanium,. but it may be sajd
that soluble titanium compounls would no doubt prove to be toxic teo
aerobic processes in the same ways as the 'heavy metals' are. Insoluble
compounds, e.g. titanium dioxide, would not,‘of gourge, be g hazard in
sewage treatment,
Soluble titanium zalts in acid solution con be removed by techniques

similar to those for other heavy netals, namely neutralization and

settlepmant,

Vanadium

The pentavalent vanadium ion (that is, in basic solution, V043h) ig no
doubt toxie¢ %o micro-organisms, but there is no information available about
its behaviour during sewage treatment. pH values of 6.8 or less, vanadium
pentoxide is precipitated. The reduced form 5f vanadium, vanadyl (V02+),
is probably alse toxiec, but might in any case be bxidiéed to pentavalent
vanadium under gerobic conditions. A concentration of 5.6 mg/l of
pentavalent vanadium (as vapadium) has been re50rtéd fo inhibit the
BOD of a surface water,

Vanadyl iong noy be retioved from wasté wafers by co—precipifation
with ferric hydroxide. The method is most efficient when the metal ions

are in the ratic 5:5.

deference

3elyankina, 1961,

Zingt
It appears that about o0 t0 90 per cent of the zinec present in sewage
would normally be removed during treatment. Although relatively hipgh
concentrations (25 mg/l or cven more) can beltoleratcd by the activated-
gludge proceas, removal is poor at sueh levels, and the usuasl acceptable
lavel would be } or 2 mg/l, zine being very toxic to nnaerobic digestion and
of major importance in the disposal of sludges, |
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4inc con be precipitated from waste waters at pif 9 and the hydroxide
separated by settlement; a residual concentration of about % mg/l can

usually be achieved.

Referonces

Barth ¢t al., 1963; Darth gt al., 1955a, 1965b; Burrows, 1968;
Department of 3cientific and Industrial Research, 1963; Lawrence and
..cCarty, 1965; Lawson and Fearn, 1570; Hather, 1964; Fosey, Swanwick,

and Hughes, 1971; Pettet, 1956; Stones, 1959; Swanwick and Bruce, 1965,

If the experience of the JPAL Information Service on Toxicity and
Biodesradability (INSTAB) is a reliable guide, only a very small number
of pesticides (about 20) have been regerded as o problem at sewage-
treatment workhs or in rivers in the United Hingdom, and some of these
problens {e.g. accumulation in sewage sludges disposed to land) are
outside the geope of thisz survey.

Highly persistent or fairly persistent pesticides (organochlorine
insecticides, triazine herbicides, polychlorinated biphenyls, some
organopheosphorua compounds, nitrophenols and other nitro~compounds, ete,
can be regarded as alsc resistant to breakdown at sewage works (or
subsequently in rivers) although appreciable removal in some cases by sorption
on sludpes or on bottom deposits in streams may occur; this, however, does
not always imply that they are no longer available in the hioaphere, Other
posticides thot are regarded as rapidly biodegrad-ble ('non—éersistent')
in field uze would probably be fairly readily destroyed during scwage
treatoent, Thege include carbamate insgecticides, some {but not all)
chlorinated phenoxyalkaneic acid and urea—~derived herbicides, many
organophosphorus compounds, 'natural' insecticides, auch as allethrin,
pyretirum end rotenone (derris); bipyridylium herbicides are probably
entircly adsorbed by sludges without breakdown. Hetallo-organic

compounds, €.%. Dercury, tin, should be regarded as baing in the first
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cotegory; discharges of these, partieulerly of the former, if known
about, would probably be refused by the sppropriate authorities in the
United Kindom, lwi mangonese and iron compounds, for cxample, would not
be go severely regarded.

Unfortunastely little work hag been published on the fate of pesticides
in sewage treatment snd what there is hardly permits of more definite
statenents to be made than those zbove. As far as toxicity to treatment
processes are concerncd, discharges of insecticides, fungicides and
beetericides would need strict econtrol, while herbicides ﬂould normally
be more romdily acceptable, Until nore specific information is
avail-ble, cach matcrisl haza to be ireated on its merits from a
knowledge of the amount used, its behaviour in seil and its lknown
toxicolopical properties: st the moment, however, such knowledge at
pest only allows an intelligent guess to be nade.

A few pesticides which have received a fair ;mount of attention
under ILNSTAD enquirica are dealt with separately in the General
Organic Chemicals section of thias report following.

A wide variety of pesticides gan be removed frdm waste waters by
adsorption on activated carbon and destroyed during the subsequent
thermal regeneration of the carbon at 75000. Wihere possible this
treatuent should be provided shead of biclogical treatment, A plant
treating effluent from a factory manufacturing pesticides has been
deaeribed in which over 90 per cent of the aromatic constituents were

resoved from the waste waiter treated at a rate of 220 m3/tonﬁé activated

carbon,

iieference

Sharp and Lemden, 1955.
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4. GENEIAL QRGANIC CHIMICALS

Many organic chemicals are ezsily depraded by bacteria and the
most ecconomic method of destruction is usually by biolopical oxidation
in conventional ani wodified plants similar to those used for the
trentnent of sewapge. A period of acelimatization is of'ten necessary
for the development of suitzble nusbers and strains of sicro-organisms
before many of these chemicals can be oxddized efficiently. The
presence of other organic compounds which are toxic te baecteria or
protozoa or both, or which can only bLe desraded very slovwly, neceasi tates
the use of more coatly methods of treatment auch as adsorption on
activated charcoal (e.g. pesticide;), pre-treatment by chemical
oxideation using.chlerine or ¢zone or, in some cased, reduction.

It may be convenient o remove snall concentrations of velatile organic

compounds by atepun- or air-stripping and burning.

Acetic acid is readily degtroyed during seware treatment, the

acceptable level being mainly deterwiped by the 0D load that can be
toleraled by the plant. Under normal cenditions, it is of course of low
toxicity to the anaerobic dipestion of sewage sludpes. However, slug
doses of acetic acid to sewage works inereasing the concentration of
volatile orpanic acids in the sludge to over 1000 mp/1l may inhibit the

second stage of annerobic digestion unless the condition is corrected

by nddition of lime. -

deforencea (ﬂelected)
Gernhold and Malaney 1966; inecfer and Urtes, 1962; Kumke, Hall, and

Oeben, 1968; HeCariy and icKinmey, 1961, Wilsen, 19%4.

ceatonet
hoetone iz biodepradable; a period of acclimatization io sometiuen
necessary boforec efficicnt removal can be uchieved, particularly at
higher loadings., Nitrification may be affected by high concentrations
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of the solvent, the precise thresheld level of inhibition being uncertain,
though 2000 mg/l has been reported to produce 75 per cent inhibition in
asctivated sludge. Generslly spesking, however, acetone can be regarded

ag of low toxigity.

deferences
Gerhold and ilalaney, 1966; Kumie, Hall, and Oeben, 19£8; idiniatry of
Technology, 1965a; Tomlinson, Doon, and Trotman, 1966; Young, Ryckman,

and Buzzell, 1968.

Acotonitrilet

Acetonitrile is apparently rather difficult to destroy -during
sowage trestment, but after acclimatization and under suitable conditions
it may be removed to at lesst some extent, {A rclatively low sludge
lsading achieved by provisien of a relatively long periocd of retention
and & high concentration of activated siudge and the use of the
complete~uixing type of plant provide the most favourable conditions for
successful deatruction of this clazs of substance.) There is evidence
that at low concentrztions breakdown is slow. The nitrile may glso ber
toxic to both aerobic and anaercbic processes, being atable in the
latter, but the acceptable level is uncertain., It is suggested that
concentrationa be kept ss low as poszible and, as is always desirable
with compounda that are potentiaily toxig and difficult to degrade, that
the concentration in the scvage reaching the treatment works should be

built up ;jradually and then be kept as conatani as practicablé.

deferences
Chekhovsiiayn et nl., 1966; Ludzack, schoffer, and Bloomhufl, 1961;

Ludzaclk et al., 1959; Lutin, 1970; Flacak and Ruchhoft, 1947.

scrylamidet
Thia compound may be diacharged separately or occur as an impurity
in polyacrylamides; for some purposes (e.g. water treatment) the monomer

content of the pelymer is strictly controlled. It can be ireated
- 17 =




biologically at very low concentrations (0.1 or 0.2 mg/l) but may be toxic

at higher levels (WPRL,unpubliched data). There is some evidence, hovever,
that higher amcunts (50 mg/1) can be oxidized in river water after
acelimatization., Information, however, is sparse and its general fate

during sewage treatment remains uncertain.

Reference

Cherry, Gabaccia, and sean, 1956.

Aerylic geidf
Aerylic agid, one of the raw materials used in plastiiecs manufacture,
iz readily destroyed during aerobic sewage treatment, thouxh a peried of
acelimatization izay sometimes be necessary. Toxieity is aet very great
and a concentration of 100 mg/l may be acceptable. It is net known whether
or not toxic levels can accumulate on sludpes to affect digestion, but this
conpound would not be regnrded as a particularly hazardous ecompound in

this respect.

Xumke, Hall, and Oaben, 19G8; Pahren and DBloodgood, 1961; Stack, 1957.

Aerylenitrilet

After auitable acclimatization of the mieroflors, acrylonitrile can be
destroyed by biolopical treatment, for example in polymerization waste waters.
Evidenge sunpests that levela nbove about 40 or 50 ng/l will normally be toxic
and that removal is retarded at low temperaturca, It might be.necessary to
reatrict concentrations at sewage works where anaerobic digoeation is
employed, as direct-dosing experiments have shown it to be highly toxic;
however, the concentration that will be harmful when present in sewage

reaching a works is unknown,

deferonceos
Chekhovoslaya ¢t al., 1966; Cherry, Gabaccia, and senn 1956; Xumke, Hall,
and Ueben, 1968; Ludzack, ichaffer, and Bloomhuff, 1961; Ludzack et =l.,

1959; Hinistry of Technology, 196%9a; Young, Ryckman and Buzzell, 1968.
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Anilinet
aniline is viodesradable during aerobic sewage treatment and is not
very toxic cxcept possibly te nitrifying baeteria. It does not appear to
be metabolised during sludge digestion; its toxiecity to this process is
unknown but high toxicity is unlikely. In tﬁe circunstances the
concentration acceptable at a sewnge works would be determined by the

amount of BOD loading that could be satisfactorily dealt with.

References
Gubser 1971; 0ldham and Pearson, 1962; Tarvin and Busweil,; 1934; Tomlinsen,

Boon, and Trotman, 1966; Wilson, 1954; Young, adyckmen, and Buzzell, 1968,

Bengenet

This solvent ia biodegradable, though it is often recessary for the
treatment process to be gerefully ascclimatized to the level diacharged
to ensure eff'ective rcmoval. It can be appreciably toxic, both to asrobic
and anaercobiec proccases, and it is not destroyed iuring sludge digestion.
It is diffieult to sugpest an acceptable level in = sewage effluaﬁt, as thia
iz affected by the degreec of acclimatimztion than can be achieved, but
tentatively it would a.pear that up to 50 mg/l would normally not be
harmful and that an order of magpitude higher could frequently be

treatable under appropriate conditions.

dalerenges
Burash, 1955; leulelekion and Schulheff, 1940; Xumlke, Conway, and
Creagh, 1968; Xumke, Hall, &nd Oeben, 1968; Zudolfs, 1944; Tarvin and

Duswell, 1934,

Benegic acgid
Zenzeic aeid is readily biedeopraded; it is indeed an intermediate
in the microbial breakdown of many aromatic compounds. It is equally
readily destroyed during anaerobic sludpge digestion and the level
scceptable to a sowape works would therefore depend simply on the

capacity of the woris to treat it.

- 10 -



iefercnges

Kwace, [all, and Ceben, 1968; Tarvin and Buswell, 1934; Young, Ryckman, and

Duzzell, 1988,

jenzyl aleoholt

lenzyl alecohol iz biodegradable and of low toxicity to sewage—
treatment processes. It is at least slightly attacked during sludge
digestion. AS with other readily bicdegradable compounds, the
scceptanie level will depend on the load that can be nccepted by the

particular treatment plant.

deforonces

ilammerton, 1957; Karion and lalaney, 1963; Tarvin and Buswell, 1934,

IHE

[1,2.3,4,5,6~hexachlorocylohexane; various isomers, of which the
Y-izomer is the most biologically active when used as sn insecticide,
but other isomers may also be present in commercial materials. Also
known ag HCH, lindane {99 per cont y—BHC), benzene hexachloride, and
hexachloran (U353). ]

BEC is probably not degraded during sewage treatment; although a
proportion may be adsorbed on sewnpge sludges, at least 50 per cent may
appear in the effluent {(WPul, unpublished data). It is possible for the
accumilation of Y-LHC on cludpes to reach amounts toxie to digestion,
but zome deztruction can occur, though the degradation produ?ts have
not been identified and the metabolic changes may be slighi.

Poxicity to serobic migro-orzanisms appears to be low but, as with

other insecticides, the effeet of BHC on predators is an important factor.
There iam, however, soma evidence that nitrifying bacteria are harmed by
low concentrationa of y=ILIC, but the significance of this to sewage
treatmont ig unknown. Acceptable levels for discharge of the inaecticide
to sewers would depend primarily on the need to protect surface waters,
though some account would need to be taken of accumulation in sewage

aludges. - 20 =




References

Department of Scientifie and Industrisl Research, 1349; Sichelberger and
Lichtenbery, 19713 Garretson and {lemente, 1968; Iili and lcCarty, 1967;
Leigh, 1969; Okey and Bogan, 1963; Philipp gnd tuentin, 1965; Raghu and

lacRae, 1966,

Biphenyl
(diphonyL)

Information on the benaviour of this chemical, which is used as &
heat transfer agent or in orgenic syntheses, in sewnpe-treatnent processes,
i3 very sparse. It appears, however, that activated s'udpge can be
acclimatized to break it dowm, but it may also be toxic, though the actual
level at vhich toxieity ocecurs is not lknown. It also appears that some
bacteria can metubelize it completely, and such bacteria have been
found in so0il and waste watcrs containing it. No information is

availzble as to its behaviour during sludge digestion.

Jefercnocs
Catelani et_al,, 1970; Catelani, Sorlini, and Treceani, 1971; Lunt and
Bvang, 1970; lalaney and cXinney, 1946.
1-tutanolt
(butyl aleochol)

A commonly used solvent, 1-butanol is readily bilodersradable and
of low toxiciity to asrobic treatment procesées. It can also be
deatroyed during the anaerobie treatment of sewape sludges, but there
iz some evidence that appreciable amounts cen be inhivitory. It seens
likely that the presence of a few hundred mg/l of the alechol in

sowege would normelly be harmlessa,

fefarenges
Gerhold and alaney, 19663 Hammerton, 1955; Kumke, Hall, and Oeben,

1968; Rudolfs, 1944; Sywmons and Buswaell, 1933,
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2-Dutanone t
(nethyl ethyl ketone)

Jwite high concentrations of this solvent {up to 1000 mg/1), which is
of low toxicity to serobic processes, are treatable in acclimatized
biological ircatment planta, and the acceptable level in aewage treatment
would therefore be determined by the load that could be dealt with by the
purticular plant. Although there is no information on this aspect, it is
not expected that effects on the anaerobic digestion of sewage sludges

would be of significence in practice.

delcronges

Gorhold and Halaney, 19063 Hinistry.ﬁf Technolopy, 1965b; Young,

Ryckman, and Buzzell, 1968.

Chilorobenzcne

In normal cirewsstances, chlorobenzene may be regarded as net
treatable by aerobic biological processes. There is no evidence that
procosses can be ncelimatized to break it down and this may e
regarded as uaproven, though it remains a possibility. 3Some accumulation
on sewane slulges to levels toxic to sludge digestion may cccur, but the
acceptable concentration in the influent sewage of a works has not been
sgscortained, What little evilence there is suggests that harmful effects
to acrobic procecses will not occur below at least 10 pg/l, but whether
or not this conceniration would eventually affect the digestion of the

asevare sludges ia not Mnown.

Referernces
Okey and Bogan, 1963; Oldham znd Pearson, 1962; Gubser, 1971; Swanwick

and Poullkes, 1971.

Chlorocresolst

Cnlorocreacls are used as antigeptics and disinfectanta. Az far
us can be pscertained, 4-chloro-m-creasol is the isomer most likely to
occur in sewage or industrinl waste waters, but 6-chloro-ge-cresol appears
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to be used as well, It ia possible als¢ that various igomers may occur a3
breakdown producis of phenoxyalkanoic acid herbicides, for ;xample FCPL .«
Information obout these compounds is very sparse indeed and therefore no
definite conclusion about them can be drpwn. It does, however, scem

likely that low concentrations could be bicdegraded by acclimatized asrobie

ireatment processzes. For removel of hi her concentrations, biological

troatment could be preceded by adsorpiion on activated charcoal,

Reference

Chambers, Tabek, and XKobler, 1963.

Chlordformt
This solvent is of mosl interest in the sewage—treatmeﬁt field as

a result of ita very high tomicity to the anserobic digestion of scwage
sludges, In general it mey be concluded that the concentration entering a
sowage works would need to be limited to at least Q.1 me/l in sewage, but
there are many factors involved, ameng which the presence of other
inhibitory compounds is of considerable importance, Fairly low concenw
trations may also affect zerobvic processes, particularly nitrifiestion.

There ia some evidence that chloroform is bicdegradable.

deferences
ALlelsandrova, Zhdanova, and Kollerova, 1962; IMinistry of Technelogy,
15643 lieukelekion, 1947; Tomiinson, Boon, and Trotman, 1966; Swanwick

gnd Foulkes, {971.

o—, m—-,p-Chlerophcnolt

lonoehlorophenola are difficult to degrade, but if suitable
soclimatization can be carried out it is pessible to destroy them, at
least partially, at sowage worlks. In practice the concentration would
noced to be kept low to ongure effective removal and it is pug eoted
thut this sheuld not oxeeed about 20 mg/l Tor the moat effigient brealrdown

to ocgcur, oflacts on sludge digestion are unknown.
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Bunch snd Chambers, 1967, Zittinger ond Ruchhoft, 1950; Gubser, 1971; Ingels,
Gaffney, and 3tevenson, 1966; Okey and Bogan, 1963; Oldham and Fearson, 1962;

Wilson, 1954.

o=,m=, p~Cresolt

No grent difficulty is ugunlly experienced by sewage works in dealing
with moderste amounts of eresols discharged to them. Destruetion zlae
ocours during the digestion of sewaze sludges. Low concentrations (11=16
mg/1) seriously inhibit nitrificstion, but acclimatization to higher levels
would probably occour in practice. The ncceptable level for trestment

wvould depend on the circumstances of ithe plant concerned.

deferences
Ashmore, Catehpole, and Cooper, 1567; Bunch and Chambers, 1967; Couneil
for 3cientifiec and Injustrial Zescarch, 1959; Zttinger ond Ruchhiof:, 194%;

Panlchurst, 19%9; Tomlinson, Loon, and Trotman, 19663 Wolmer, 1949.

Cyclohexanolt

“his solvent can apparently be biodepgraded after appropriate
acelimatization; toxicity is presumably low. Information is non-existent

about anaerobic digestion, but there iz no reason %o expect high foxicity

to ocgur.

fhambera, Tabak, ond Kebler, 1963; lieisaner, 1954; Pitter and Xuzderkovd, 19T1.

2440
(2 4=dichlorophenoxyacotic acid; it is manufacturcd asz the acid,
ac the sodiun salt, os amine saltseor as ESUETS-)
The herbicide 2,4-) iz biodepradable and non~persistent in soil, so
it would be expected that it could be destroyed in bielogieal zewage-

troatment pilanta, but in foet published information iz somewhat equivoeal,

probably zhowing thut in nctual practice there is a need for careful, and
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perhaps lengthy, acclimatization, 1Y can also persist for‘relatively long
pericds in surface waters, No informetion is available od to whether or
not 2,40 and ivs galts and esters accumulate in sewape sludges, nor on

its beheviour during anaercobic digestion of the szludges. DBecause its
toxicity to micro-organisma is low, it scems unlikely thet a limit on

its concentration in vastes based on toxicity to treatment precess would

be necessary, although of course a limit to protect surface waters may need

to be inpoged.

References
Aly and Faust, 1964, 1965; Howe, 1965; Kearney and Xawman, 1969; Okey and
Bogan, 1963; Philipp and mentin, 1969; Robson 1966, 1968; Schwartz, 1966,
RIT
[ 1.1, 1~trichlore-2,2-bis(4-chlorophenyl)ethane]

PIT is resistant to biodegradation, but some bidlesicel converaion
to other co.pounds of similar structure, such as T0Z [1,1-dichloro-2,2-
bis{4-chlorophenyl)ethane] and 'DIA" [1,1-dichloro-2,2-bis(4~chlorophenyl)
ethylene}, is known to oceur szlowly in animals, plants ond goil, Toxicity
to wost microworganisms is low, but TIZ is very toxic' to [litrobacter.
In asrobic sewage treatment DUT may be partially cornverted to TDE {and
perhaps other compounds) and also toth it and TDE' =t least of its
netabolites, are adsorbed by sewage sludges to a considerable extent;
precize quantitative data are not available (WPRL, unpublished data).
Laboratory tests of the troatment by the activated-sludge process of sewage
containing DDT have also shown that a concentration of 89 mp/ky of 00D .
(including TDX) in activated—-sludge did not prevent the prcduétinn of a
well-nitrified effluent with o D0OD of less than jongg/l; Dot did not
appear to be toxic to protozoa in these tests, Pfé&ﬁtOry organiama,
particularly in percolating filtcrs, may be illed by troces of DOT present in

sewage, but there is little publiched information about thia.
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DOI adsorbed on sludpes iz converted via D2 to other compounds during
anaerobic digestion, but these have not been identified. As with dieldrin
{see below) accumulation in sludges and the oceurrence in a sewage=
works ef{iluent of an appreciable prop&rtion of the DIT (including
metabolites) originally present in the influent sewage would make ita

absence from wastes desirable.

lHeferences
Department of the Environment, 1971; Zichelberger and Lichtenberg, 1971
Hill and leCarty, 1967; Okey and Dogan, 1963; Philipp and Quentin, 1969;

Winely and Clemente, 1970,

Dicklobenil
(2,6-dichlorobenzonitrile)

Dichlobenil, apart from its normal herbicidal use, is alse used
a8 an aquatic weed-killer (at concentrations of % mg/l or less in the
United Kingdom). Residues in surface waters slowly decline, but it iz
net clear whether this is & result of complete metabolism or merely
bogause of ita conversion to 2,6-~dichlorobenzoic acid., It seems fairly
likely that the latter compound would be biodegradable, but the rate at
which it would break down, either in aecil or in water, is not know.
No information is available about the fate of dichlebenil in sewapge
treatment and, with the present lack of lqmowledge, predictions are not

posgible,

Referencss

Cope, kicCraren, and #ller, 1969; Kearney and Kaufman, 1969; Valin, 1966.

o-lichlorobenszenet

(torthodichlorobenzens')

Thiz golvont nppenrn Lo bo reusictant to biedejrndation, but theore io
tog liltle infopantion to bo gertnin of thio and it is ponaible that zuitnblo,
if porhaps lengthy, ecclimatization of an sorobic sewnge-treatment process
might result in its brookdown. Between 40- and 95-per cent removal has been
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reported during activated-sludge trestment. Jince ztteampts at acelimatization
made no sipnifiecant difference to the awount of removal, i¥ seemns likely

that this resulted larpely [ron adsorption of the sludge or perhapa

stripping in the stroam of air. Low concentrations (about 50 mg/l) are
apparently not toxic., Sludge digestion is afiected by the preéence of
appreciable amounts of g-dichlorobenzeﬁe, but the tolerable level in

sewzge lies not beon ascertained. A limit of about 5 2z/1 in sewage could

be nazarded, but the effeet of this mmount on digestion, if it were

contimicusly present, would need to be watched.

goeferonces

Gubzer, 1969, 1971; Oldhan and Pearson, 1962; Swanwick and Foulkes, 1571,

1,2-Dichlorocthane
(ethylene dichloride, ethylene chloride)

There iz only o little information available about thias selvent,
which su;-osts it is not degradable in sewage treatment. However, it is
not known if a process would eventually acelimatize to its breakdown.
The solvent accumulates on sludges, and low concentrations have been
found to cause inhibition of sludge digesiion (iests were made at the
low temperature of 21°c): data are inndequate to prediect toxic concen-
trations in the sewage influent to a works, but concentrations would no

doubt have to be low.

delcronces
Lanmb and Jemkine, 1952, 1iills and Stack, 1953; Rudolfs, 1944.
Jichloroshen

[2,2-metnylenedi(4~chlorophenol), bis{5-chloro-2-hydroxylphenyl)methane]

If soens unlikely that dichlorophen, = fungicide and pharmaceutical
product, would be readily degradable during sewnge treatment, It has

besn shown to have no cffect on the activated-sludpe process at 0.1 mg/l,
while 1 mg/l wig initially toxic to nitrifieation. Some =zdsorption {about
50 per cent) cceurs on primary sludse, ond the limit for inhibition of
sludge digestion is 1 mg/l in the cewage.

I




Raferance

lMinigtry of Technology, 1965a.

2,4-Dichlorcphenolt

Thia conpound is biodesgradable, thoupgh & period of acelimatization
may be required before efficicat removal is achieved during sewage
trentment., It may be toxic to unncclimatized systems. It is difficult
to sugzest an acceptable level for sewage treatment but something of the
order of 20 mg/) seems reasonable on the inadequate evidence. Such levelas
wauld probably net affect sludpge digestion, but there is a complete

abaence of dnta on this aspect.

Relferences

Bunch and Chambera, 1867; Gubser, 1971; Ingols, Gaffney, and 3tevensen,

19€6; Wilson, 1954,

Jicldrin

s2drin moy be ineluded under this heading as it is biologiecally
gonverted to dieldrin by epoxidation in plants, animpls, and micro-
orpanisms, Both insceticides aprear to be of Lairly low toxieity to
aiero—orgonizms, but they may be highly toxie to predatery organisnma,
particularly in percolating filters. Dieldyin is highly resistant to
biodeyradation and destruction during sewage troatment is negligible,
Considerable removpl of dielipin on gewase solids has beon reported to
ogour; nevertheless appreciable amcunts will apprear in a sewage-works
effluent znd the sceeptable level will depend on this as well as on the
accunulation of the insecticide in sewage éludges. Deastruction of
dieldrin during sludge digestion would also seem to be negligible. In
the circumstances its complete absence from wastes would appear to be a

desirable aim {o.f. D),
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Laboratory tests on the effeect of dieldrin on the nct;vated—sludge
process showed that concentrations of 125 ang/lkg of dieldfin in activated
g2ludpme in the mixed liquer did not prevent the production of wellenitrified
effluent with a 0L less than 10 mg/l; at this concentration the insecticide

did not appear to be toxie to protozoa.

Jeforences
Department of the Bnviromment, 1971; Zichelberper and Lichtenbore, 1971;

IIill and deCarty, 1967; Okey and Yegan, 1963; Philipp and Juentin, 1969.

Diethrleno Glveolt

Diethylenc glycol appears to bé rather difficult to degrade
biologically in sewage treatuent, even with asoclimatization, and in the
only reports vhere biodegradation was achieved, only slow breakdown
coourred. It appears to be of low toxicity. Bacteria have been isclated
from soll able to utilize the compound however, and‘énaérobic dagradﬁtion
after prolonged acclimatization has also been repqrted; ﬁﬁre thofough
investigation seems to be necezaary before sccurate éénqlugiona canlbe

drawn about this compound.

deferences
Gerhold and ialaney, 1966; Hatfield, 1957; Hayberry, Prochazksa, and Payne,

-1867; ilills and Stack, 19%4; Young, Ryckman, and‘Buzzell, 1968,

Dimethylformamidet

This very versatile solvent can be treated by éhe activaéed—aludae
process at mederate concentrations after a long period of acclimatization.
A limit.of about 20 mg/l appesrs to be reagonable on present evidence;
this amount in sewage would not affect digestion of primary sludges
{JPRL, unpublished data), lowever, much higher améunts have been reported

to b biologdendly troninblo undov upeeinl oondd Liorias

Aeforenges

arenshtein, Dmitrieva, and Jvitsyna, 1962; Chudoba, Pitter, and Madera, 1969;

futear, 1067, 1071, _ e




Digunt
(9,10—dihydro-ﬂa,10a-diazoniaphenanthrene fon; 1,1'=ethylend=z,2'=~
bipyridylium iom; usually supplied as the dibromide)

This herbicide may be used in water (at 2 mg/l or less in the United
Hingdem). It is rapidly lost by adsorpiion on sediment in natural waters
and subsequently persists for a long time though inactivated. There are
no specific date on its fate during zewspe tresatment, but it seems g
reazeonable asswmption that it would be strongly adsorbed by anionic

materials in sludges and thereby removed, and that its toxieity would be

insisnificant.

Leferences

FPunderburk and 3ozarth, 1967; Grzenda, Nicholson, and Cox, 1966.
Gthanol
(ethyl alcahnol)
Ethanol ig readily biodegradable and of low toxiecity to both merobie
and annerobic sewsge-treatment proccases; it is also destroyed anaerobically.
The acceptable concentration at a sewage works would he determined by the

DOD londing that could be dealt with by the particular plant.

Aeferences

Gerhold and .alaney, 1986; Kumke, Hall, and Oeben, 1968; Oldham and
Pearaon, 1962; fudolfs, 1944; Synong and Suswell, 19%3%; Tomlinson, Boon,
and Trotwman, 1966; Young, dyclman, and Duzzell, 1968.

2=Sthowvethancl -
(ethylene glyeol nonoethyl ether)

A widely uaed solvent, 2-ethoxyethanol is readily assimilated during
acrobie zowape treatment, and is of low toxielty., There are no data abouf
ita behaviour during sludge digestion, but it is a faoir assumption that ita
toxielity would be slight and thot it would be metabolized. The smount

treatable would depend on the plant capacity.

leferences
Bogan and 3awyer, 1955; Hills and Stack, 1953; Pitter, 1968,
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Dihvicnediaminet

Ethylencdiamine, which is used a2z a solvent and a stabiliger, iz
biodegradable after acclimatization, but there ias ne infermation available
about toxiec levels. It would scem that 50 ag/l would be acceptable. Its
behaviour in gludge digestion is uncertain, bﬁt Presumably it would react

with anionic noteriuls and not be harmful.

seferencoes

Lyon, 1950; 1ills and stocl, 1954.

dthylenglianinctetrascetic aecid

Prescnt evidence suggests that 2D0A is rogistant to bicdesradation
and has no apprecisble toxicity to seware-treatment rrocesses, bul there
may be some physieal effectis on settlement of sludses at low concentrations.
nowever, the main preblem with strong chelating agents.of this kind is the
carrying through of toxic metals into Sowame effluents, which may be
undesirable although it reduces their immediate toxicity., It seems
improbable that there would be apyrecizble adscrption of EDTA on sewage
substances, by analory with nitrilotriacetic seid. It is not possible
at present t¢ suggest an acceptable concentration for discharges fo
sewers, but it is obviously desirable to keep the quantities diacharged

to as low a level as practicable.

Keferences

Dunch and Zttinger, 1967; Potes, 1955; fomlinson, Boon, and Trotman, 1966,

Nthylene Glveol?
(1,2-ethanediol)

sthylens glycol is readily biodegradable and of low toxicity to zerobic
processes, It is also metabolized during the snaerobie sludpe digestion
process. A8 with other biodesradable chemicals the comcentration that can ha

accepted atl a sewage works.would be deteruined by the capacity of the plant

congerned,




geforences
ferhold and ilalancy, 1966; Olidham and Pecrson, 1962; symons and Buswell,

19%3%; foung, lyclman, and buzzell, 1063,

Formaldchydet
Formaldchyde way be treated at nuite high concentrations after

suitable acclimatization, but for the most efficient destruction under

normal conditions, concentrations nced to be xept to moderate levela,

say about 100 mg/l. Shock doses can be very toxie. There i3 some evidence

that sludre digeation can be affceted by fornaldehyde, but this is inadequate

to predict tolerable levels in the sewage influent.

geforcnens
Dickerson, Campbell, and JStankard, 1954; Gilcreas, 1946; Hinistry of

Dechnology, 1968; strong and Hatfield, 1954; Waldmeyer, 1952.

Formic Acidt
Pormic acid is readily biodepgradable and is easily destroyed in
woth nerobic and anscrobic trestment procecses; in the case of the latter,
in perticular, centrel of pil may he necessary. The acceptable level for

sewage treatment would depend on the plant capacity.

goeforoncos
Gerhold and Halaney, 1966; leefer and Urtes, 1963: 1ills and Stack, 1953;
Symons and Buswell, 1933.

Hexachlorophene

[6 6V =methylonebis{2,4, e—tricniorophenol), bis(2-hydroxy-3,5,6-
trlchlorOﬁhenyl}methane, hexachlorophene

4 widely used germicide and dizinfectant, hozachlorophene is known to
be highly toxic to sludge digestion when present in seéwnfe. It iz not
Lnown what lovel would prove toxic te acrobic proceascd, nor ia there any
specilic inloruation about itg biodesradability. 1t secms roagonabla o

suppose that it would be rezizstant to couplete breoakdown; and in view of
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thaig and iis hijh toxiecity to sludpe dipestion, a scvere restriction on

its concentration in scwepe is likely.

noforence

Sumiers, 1066,

Homamethrlenetetraminet
{hexaminc, nethenamine)

licxamine, whien has many uses such as in the vulscanization ‘of rubber,
medicine, and chemical manufacture, is of low toxicity but if it is
biedegredable at all it is degradable only after a long periocd of
acelimatization of the mibro-organisms in serobie processes. Ita;

behavicour in sludpe digestion is not known.

deforenees

Hermann, 13%89; liewdelelian, 1950; Swope and Kenna, 1950.

faleie hcid/inleic Anhivdridet

These compounds are used in chemical mamufacturing: the anhydride
iz hydrolysed to the acid in water. [laleic acid is biodegradsble and
not perticularly toxiec {0 asrobic processes. 3Some acclimatizztion may
be necessary for the wost efficient treatment to occur. There is no
rsason to suppese that fexieily to sludge digestion would be significant
and the acceptable concentration in sewage would therefore be determined

by the capacity of the particular sewage worlks.

dofnvorces
iicwleleltian and ltand, 1955; Halaney and Gerhold, 1969; Swope” and Kenna,

1950; Wilsen, 1954; Youns, Iyckman, and Buzzell, 1968.

2=Mereaptobenzethiazole

This compound, which is ugsed in the vulcanization of rubber, is
Lighly texie to nitrifying boctoria in the netivatoed-sludpe proccos;
it may luo be texie Lo the other orpunioms at low concentrations, thoush

there iz no infornation about this. ‘here is soce evidence that acelinatization
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to the compound can ogcur, but it seems to be largely reasiatant to

vreakdown. A Limit of & few ms'l would seem to be desirable for
intermittent discharges, but it might be possible to inerease this if
acclimatization can be achieved, though it is doubtful if it would be

substantially removed. Effects on sludge digestion are not known.

neferences

Tomlinson, Doon, and Trotman, 1966; Vilson, 19%4.

viethanolt
Hethanel is readily destroyed during sewage treatment, though
acelimatization to the expected levals ia often recessary for efficient
removal to oceur. The limit treatable would be determined by the load
acceptabie to the particular plant. It is also metabolized during sludge
digestion, though appreciable amounts present in a digester may cause

initial toxicity.

defercnecs
Gerhold and lalaney, 1966; Xumke, iall, and Oeben, 1958; Rudelfs, 1944;

Symons and Buswell, 1933: .nldzeyer, 1952; Young, Ryclman and Buzzell, 1568.

nethvlene Bisthioe onate

This industrizl microbiocide is hipghly toxie to both aerchic and
anoerobic cewage-treatment processes and 1t would appear on limited
evidence thal concentrations above about 0.5 mg/l would be harmfulj
sone degradation to release thiccyanate slso oceours, The pos;ibility
of %reatment processes acclimatizing to the compound in the leng-term

has not yet bean investigated.

leference

Brown, Iitehin, and Harmoton, 1971.
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Hethiylene Chloridet

Kethylene chloride is not very toxic to serobie procesges and there
is evidence that it iz biedegradable, However, the zolvent haz a very
high teoxicity to sludpse dipestion, vhich ecauses it to be reparded as an
undesirable constituent of induatrinl wastes ot sewage works, and

congentrations of | mg/l or wore in the sewage influent are harmful.

Refaerences
Asleksandrova, Zhdanova, and Kollerovs, 1962; Tugarinove et al., 19G5:

Miniatry of Technology, 1964,

ethyl Pethacrylate

The monomer of Perspex, methyl methacrylate appenrs to be
bicdesradable and of low toxicity in aerobic biolopical processes. It
ia difficult to express an opinion about its effect on sludpe digestion

with any degree of certainty, but it seems unlikely to be a problem,.

ieferonces

Pahren and Bloodgood, 19613 Stack, 1857.

A=Fethyl=2-pentsnonet
{methyl isobutyl ketone, isopropylacetone)

A fairly common selvent, this cospound is gapparently biedegradabls,
but sowe acclinmatizatiorn is necessary. It is not highly toxig to
acrobic processcz, and this is probabvly also true of anacrobic digestion™

althouph there are no published data about it. -

References

Gerhold and Kalaney, 1966; Lyon, 1950; Mills and 3tack, 1955.

sorphelinet
A uzeful industrizl chemienl, morpholine is difficult to deprede
biologiczlly, but biodesradation cen anparently be achieved alter s
prolonged peried of acclimatization.  Toxieity to asrobic processes is

low, but nothing is imown about its effect on gludpe digestion. It would
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appear to be desirable to keep concentrations in sewage to fairly low

levels.

Referene:s

Lamb and Jenrins, 1952, ilills and Stack, 1953, 1955; Swope and Kenna, 1950,

itrobenzene
Aslthough geuerally recistant to breakdown and appreciably toxie, low
congontrations of nitrobenzene (about 30 mg/i) may be treated by an
ceclimatized activated-slud;e plant (VPIL, unpublished data). Nothing

iz rmown aboub its offect on sluwdpe digestion.

ugferences

Chombers, Tabali, and HKabler, 1963; !arion and !lalaner, 1963.

Oxnlic Acid
Oxalig ncid and oxanlates are biodegradable, thourh acclimatization
my he neccugery. These are of fairly low toxicity to acrobic processes
and are alse destroyed during snperebic digestion. There iz, however,
evidence that hish concentrations can esuse acewnulation en sludges to
an extent that inhibits digestion, bui precise co:lciusions are not posaible.

Amounts of 50-100 mz/l in sewage may be tentatively regarded as tolerable,

deferences
Bell and Jones, 19653 Ilalaney and Gerhald, 1969; Nelson, Reading, and
Christensen, 1954; Symons and Zuswell, 1933; Young, Ryckman, and

Buzzell, 1GA0,

Ventachlorophenolt

Thia funpicide is highly resistant to breakdovwn end, except under
excoptional ecircumstances, is virtunlly untreatable biolegically. Furthermore
it mccumulates on sevape slud;es and & concentration as low as 0.4 ne/ 1
in the influent sewage has been reported to he the toxic limit for the

anperobic digestion of sewnpe sludges. The discharge of pentachlorophenol
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Yo sewers and surface waters therefore requires strict control, Derivatives
¢f pentochlorophenol, e.g. pentachlorophenyl laurate, are at least pather
loss toxie, but, since they release the phenol slowly with tine, they

2iouwld be regarded in the same way as the free phenol,

doforences
Drew and Suwanwick, 1963; Heidman, Kincannon, and Gaudy, 1967; Ingels,
Gaffney, and Stevenson, 1566; Hinistry of Technolegy, 1965a; Sidwell, 1971.
Fhonelt ‘
(this name is uged here 1o mean the pure ¢herical, CBHBOH; for other

'phenols' see under "Cresol” and “Xylenols" and warious -
substituted phenols.)

The amount of phenol that can b; destroyed ﬁcrobically duriﬁg sewﬁgé
troatment varies according to the particular eircumgtances of the plant,
Under appropricte conditions as mﬁch‘as 2000 wg/) of rhenol can be
effic;ently treated but, in general, given a feasonable time for acclimatization,
concentrations of about 50-200 mz/l can be.regarded as the practical limit.
Low congentrations can'inhibit nitrification, but althéugh informafinn is
lacking on this aspect it is to be cxpected that ﬁcclimatiéﬁtion would

occur. Fhenol does not normally affect siudge digestion; indeed econaiderable

amounts can be destroyed in the process after acclimatization,

delcrencas

Ashmore, Catchpole, and Cooper 1967; Bunch and Chambers, 1967; Council

for Zeientific and Industrisl Research, 1959; Lespérance, 1561 ; Meiésner,
1993, 1955; Gchénborn and Beyer, 19667 Tarvin and Buswell, 1934; Tomlinson,

Boon, and Trotman, 1966; Wilzon, 1954,

L~TFhenylphenolt

This fungiciie, which iz also avallable as the godium salt ('Bodium
orthopnenylphenate'), is somowhnt toxic to aerobie processes, but might
be treutable after acelimutization at low goncentrations, However,

inforaeation is sparze =nd conclusions remsin uncertsin.
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deferenceas

Chanbers, Tabalk, and Kabler, 1963: Oldham and Pearson, 1962; Wilson, 1954.

Phthalie Anh-dridet

Phithalic anhvdride, a compound of considerable technical importance
in the syntheosis of other organic compounds, is readily bicdegradable.
It ig also destroved during sludge digestion, The acceptable concentration

for sewnge treatment is probably simply dependent on plant capacity.

deferences
Chambers, Tabak, and Kabler, 1863%; Heukelelian and Rand, 1955; Pitter
end Kozderkovﬁ; 1971; Tarvin and Buawell, 1934; Wilson, 1954.
2-Propanolf
(isopropyl alcohol)

A widely used solvent, Z-propancl is of low toxicity to aerobic
sewase-treatnent processes and may be readily destroyed after
acclimatization. Concentrations of 100 mgz/l or so should be easily
dealt with. There is ro inforpmetion available on its effect on sludge
digestion, but there is no reason $0 suppose that it will normally be

of significant toxiecity.

delferences
Gerhold and lalaney, 1%66; Hammerton, 1957 Kumke, Hall, and Oeben,

1968; Young, .yckman, and Buzszell, 1968,

Pyridinet
Pyridine ia rather resistant to Liolegradation during sewspe
tyreatment, but with prolonged acclimatization it can be destroyed.
It doecs not gocom to be eppreci~bly toxiec to aerobie processes, there

are no dota sbout its effect on zludpe digestion,

iteforonccso
Bttinger, Lishko and Kroner, 19%4; Cerhold, 1962: Grinwald, 1968;
Gubser, 1969, 1971; Youn, fyckmen, and DBuzzell, 1968.
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quinol
(hydroquinone)

This compound, whien is ugsed in photopraphy, -is biodegradnble;
some acclimetization may be neccusary, ag it can be fairly toxic., It
is apparently also destrored during anserobic digestion after
acelimatization. Comparable concentrations can be dealt with . in a

gitmilar way to phenol,

deferances
Chembers, Tebak, and Habler, 196%; heissaner, 1953; Young, Ryckman,

and duzzell, 1965,

Stxgenef
dtyrene, whieh iz an important compound in the manufacture of
plustics ets, ia treantable by aerobic procesaes at low concentrations;
inforzation is inadequate to sugrest an acceptabis level., It is toxic
to sludge digestion nt moderate levels (above 200 mg/l in the digester

contcnts).

defercnees
City of .ristol, 1968; Hariness and Jonkins, 1959; Kumke, Hall, and
Qeben, 1960; 14ills, 1969; Ministry of Technology, 1969b; Pahren and
Bloodgood, 1961,
2,451

(2,4,5-trvichlorophcnoxyacetic ncid; used as salts or eaters)

Although regarded ms wuch more perﬂisfent in 50il than 2,4-D,
tiis herbieide nppears to be biodepradable during sewase treatment to
at least some extent. lligh concentrations are toxic, but this would be
of lituile practical significance normally. Its effect on sludge digestion

is unkmown; it asecems unlikely to be of appreciable toxicity.

Relcrences

dearney and Xaufman, 1969; Okey and DBogan, 1963; Philipp and juentin, 1969,
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Tetrachloroetinylene
Iperchlorethylenes
An important solvent, tetrachloreth:lene isg probably not easy to
trent aerobically, thouwsh it iz not of high texieity. Ilowever, low
congentrations present in sewage will irhibit sludge digestion.

Information is inadequate to predict the precise safe levels in sewage,

but it iz tentatively supeested that 2 mg/l would be tolerated in the

aosence of other inhibitors.

O0ldham and Pearson, 1962; Swanwick ond Poulkes, 1971,

-

Toluenet
Toluene is biodegradable and apparently not very toxic to aerobic
treptment processes, though there is some indication of toxicity to
nitrif'ying bacteria. However, it iz not possible on the available
intormation to supsest acceptable levels. Toluene is also somewhat

toxie to the anserobic digestion process and is not metabolized.

Refergnees
Baresh, 1955; Kumke, lall, and Oeben, 1968; Hudolfs, 1944; Tarvin amd

Buswell, 19%4; Younp, Ryckman, and Duzzell, 1968.

ny

p-Toluenesulphonic Acidf

A dye chemicsl, p—-toluenesulphonic zeid is biodegradable during sewage
treatnent, thoush acclimatization may be necessary for efficient’ removal.
There i3 no information about its toxicity to sludge digestion, but it
seems roasonable o suppose that this would not be an impertant congideration

in proctice.

doinroncoes
Crin and dare, 1068: Pittor, 1908; Jawyor and Ryekman, 1957; Symongs and

Valle-ivera, 1961,




1,1,1,Trichloroethane
(mathylchloroform)

no information iz available on the biodegradability and toxicity of
this solvent in aercobie biological treatiwent processes. It is doubtful
vhethor 1% would he serdcusly toxie and it is possible thot it might be
brolion lown aftur acelimatization. It is, hovever, extremely toxic to
tiwy annrosic diostion of sewsse sludpes and for this reason its
coneentration in sewase needs 50 be controlled. On present evidence

the torie linit would be below C.1 mg/l,

L TRT.a0
LI L L

Swanwiex and Foulkes, 1971,

Trichloroethrlene
(urstable in lizht; commercial grades may contain stabilizers)

Wria solvent ig net vory toxie to aerobic frentment processes,
~he litlle infermatieon available supgrests it is not hiodegradable, but
it is not mmown whether or not acelimptization can ccour. Though not &s
highly tosio as 1,1 ,1=trichloroethane, trichlercethylens is still very
toiic to cninretic dipestion and the toxie limit night be tentatively
taien 10 bo about 1 or 2 2g/1 in the influont sewnge, though information

is inudequate for an accurate estimate to be gade,

saforonces
Oldhaz and Pearson, 1962; Swanwick and Foulkeg, 1971.

Irichlorophenols
(6 isomers of this compound exist; the more important ones
are the 2,4,5- and 2,4,6-izomers)

2,4,5- and 2,4 ,6-trichlorophencl are inportant bactericides and
fungieiles, and 50 are probebly toxic to aerobic ireatment procesges
at fairly low concentrations., Inhibition to [OD by thae 2,4 ,6-isomar
vcours above 50O mp/1, Comnlebe brealdown of this icomor has boen

cchieved by the activated-sludge process after prolonged acclimatization;

inforization is lacking about the others.
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[ ]
It is pomszible that accusulation on sewage sludses would oceour with

subsequent inhibition of eracrobic digestion, but there iz no information
about this. It is therefore impossible to suggest accepiable levels for

gevape treptment.

Referencag
Chambeps, Tabak, and Kabler, 1963; Ingols, Gaffney, and Stevenson, 1963;

Okey and Bogan, 1963; 0ldham and Pearsen, 1962,

Trigthanolaninet
It iz apparent from the limited informatien available that tricthanclamine,
g compound widely used in the manufaéture of synthetic chemicals, mipght be
biodegradable nfter suitable acclimatization. Toxiecity is probably alipht.
Serious effects on sludge digestion are unlikely, but no data are available.
Under normal circumstances a concentration of 50 mg/l in sewage ahbould be

acceptable.

Referenges

Heukelelkian end Rand, 1955; Lyon, 1950: Mills and 3tack, 1953, 1954.

Trigthrigminet

Triethylamine, which is used in the manufacture of gquaternary
ammonium compounds, is apparently diffieult to treat bielogically; it

nay also be somewhst toxic. Its behaviour in sludge digeaticn is unknowvn,

- References -

Aleksandrova, Zhdanovz, and Kollerova, 1962; Chudoba, Pitter, and Madcra,

1369,

Triethvlene Glveolt

friethylene glyecel appenrs to be difficult to degrade but there is
some slight evidence that some biodegradation, at least, might oceur after
acclinmatization. Toxicity seems to be low. The glycol is destroyed

anserobhically after acclimatization.
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defoarenans
Gerhold and ialaney, 1966; Hatlficld, 19973 Hayberry, Prochaska, and

Payna, 1967; 14ills ond Stack, 1953, 1954,

o, o=, p=Xylenet

(couinercial xylene is predowinantly Iz-xylene, but all three
isozers are present

Xylenca, which apert from their use as solvents are important in
the preduction of many synthetic chemicals, are proyably rather difficult
to deorade durdng sewage treatment; toxieity ia probably not very great.
b-Xylene is apprecisbly teoxic to sludge digestion (at 2100); the amount

in sewage which would affect digestdon is, however, not known,

Holercnens
khalaney and lekinney, 1906; wdolfs, 1944.
Avlenglst
fsix isgnery culst: 2,35-, 2,4-, 245=y 2,6—, 3,4~ and 3,5-xylenol;
'xylenol' is synomymous with 'dimethylphenol' in the IUPAC
romenclature. Hedlstein's nomenelature (vic1g-xylenol, ete)
is now not olten used and may bo most gonveniently
rolurred to in the Merek Index (1968) p.1122]

although nicro—organizms capable of utilizing all 6 isomera of xylenol
have beeon iselated from activated sludge frealins carbonization wasie
liquor and from various other sources,for = few isomers, xylenola are
rather resistant to biodegradation in sevwage treatment. KNowever, it scoms
that with eareful ncclimatization, breakdown can be achieved, Information
on toxic levels iz slight and unsatisfactory, but it appeara that xylenols
can be toxic to nitrification. It would therefore be sengible to keep

their total concentrations in Sewage to quite low levels, say 5—10-mg/1,

but this can be orly a tentative suggestion.

Joefeorences
Chambers, Tabak, and Habler, 1963; Xaplin, Semenchenko, and Ivanov, 1968;

~ckinney, Temlinzon, and Wilcox, 1958; Heissner, 1953; Finiastry of

Technology, 196Gc,




9. SURFACTANTS
The classes considered, which are believed to be thoge most important
commercially, have been classified as follows im Table 1:
Very soft (vs)s, Virtuslly complete removal to be expected

by efficient zewage works at all ambient

temperatures,
soft {3). Jore than S0 per cent Temoval.
ard (h}. Less than 90 per cent removal.

Very hard (vh). Removal insignificamt (less than about 20 per

cent).

Note: references have not been prdvided for this section; however, a

review of this subject has been published by Swisher, R. D. (Surfactant

biodegradation, Marcel Dekker, New York, 1970, 49 Ppe) s
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