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l.

SUMMARY

The research carried out under the contract dealt with lazbeoratory
experiments on chemical phosphate rtemoval from biologfcal fileer
efifluents and with desk and pillee seudies on the removal of nlcro—
genous comppounds by blologlcal means,

It is generally accepted that phosphates can only be removed chemic-
ally from humug tank effluents ess biolegical filter systems do oot
pravide for the necessary conditions tequired for blological phosphace
removal. Ferric chloride was used a4 a precipitant in beaker experi-
ments on the mechanlsm of chemical phosphata removal from wastewater,
It wag ghown thac the degree of phosphate removal depended on tha
speed of mixing and that cthe pracipitation of orthophosphate was not
stelchiomerric. Since wostly orthoephosphats is precipitaced by farric
chloride 2t the pH common in wastewater ona hss te be awara that
gapecizally demestic sawage contains considerable amounts of copdensad
phosphates, derived mafnly from synthatic laundry detergents, These
condensed phosphates arte not ramoved by FaCls, but are hydralyzed by
blological wastewater treatment, thus yislding an increasse in rhe
orthophosphace concentration in the final =ffluent. It was shown in
beaker experiments that chemical addicion to humus tank effluent
rasulced In a batter over-all phosphate temoval than chepical addicion
to raw sewage due to the fact that all orthophosphate including that
deriving from condensed phosphates could ba precipitated,

48 far as che remeval of nitrogenous compounds is concerned, only
biological removal appeared feasible, Ag blological depitrification
requires carbonaceous enetgy In the form of COD, which is a limiting
factor In bilological filter efflusnts, tha use of external carbon
sources as engTgY supplement avallable at sewage treatment plants was
investigated. Preliminary studiss carriad out at Daspoort, Pretoria,
and two mass balance studies at Rociwal, Pretoria, and Vlakplaatsa,
Boksburg, showed that raw and digested sludges sesmed to be the most
promising carbon sourcas, as far aa C:N ratic was concerned. Digeated
sludge, however, was considered nat to be available in sufficient
quantiries, as 1its unblodegrable Eracction 1Lz higher than of Taw
sludge. Also, not every sewage trsatment works has digested aludge at

its disposal. Therafore, for pilat plant experiments carriesd oucr at



Daspoort and using biological filter efflusnt, Taw sludge and raw and
settled pawage wera salpcted as thea most suicable externgl carben
sourced. It was showm that in 2 denicrvificaecdion unit denftrification
of humus cank effluent te values below 1,0 mg/f NO3=N was fazsible. &
denlerification rate of 1} mg NOy~N per g V55 per h was achileved at a
one-day sludge age. Sattling problems observed in rthis seudy which
caused leoss of sludpge in the afflunent were overcome In full=-scale
exparimencs by chemical addicion.

In addition cto the information veportad in this document, fyurther

informacion may be Found in publications lisred at the end of chis
Tepore.



INTRODUCT TON

During 1978 the Wacional Instituce for HWater Hesearch (NIWR) submicced
a project proposal to the Warer Research Commission (WRC) to investi-
gate tha chemical removal of phosphate Erom biological f£iltar plants.
[t was realised that with more scringent phosphate reaquiremants for
genaltive areas in the near future that serious attenticn be given to
conventional type wotk., A tripartite contract batween the WRC, the
NIWR =and cthe Munieipality of Pretoria was duly signed 1in 19795,
Reggarch carried out by cthe NWIWR uynder this contract dealt with
laboratory-scale sxperimants on chemical phosphate remeoval from
blofilter effluents and with desk and pilot studias on the removal of
nitrogenous compounds by biological means.

According to figures obtained from the Department of Heglth, Welfare
and Pensfons, 50 % of the number of all sewage tresatment plants
oparated hy municipalitias in South Africa make use of biological
fi{lcers, while 10 % use biological f{lters zs well as activated sludge
sygtems. Forty par cent use only the activated sludge process.
Although not all of thass biclogical filter plants zre located in
criticzl catchmants, whare vhosphorus concentrations are limited by
the wffluent apecifications promulgated in 1980, thae necessity of
upgrading these axisting biological filter plants justifies research
on the feasibility of nucrient cremoval in blalogical filter effluents.

Although up to novw only orehophosphate i3 limited in specific areas to
concantrations not exceeding 1 mg/2 (ag P) in the effluent, stricter
limita for nitrogenous components are expected in the near future.
The only nitrogen limit generally in force sllews a maximum ammonia
concentration of L0 mg/% (as N). However, moves are afoot to imple-
ment more stringent standarda, which will drastically affect the
vperation of currsnt systems.

Extensive research has baen conducted in the field of nutyient ze-
moval, especially biological nitrogem and phosphats rsmovil, by means
pf the modified acecivated sludge process, Although good tesults have
been achieved and thesa are rapidly being implemented in new Full-
scale plants the problem of nutrient removal In the case of exiscing
conventional sewage purification system=, including blologlcal fil=-
ters, acill paralses,



An important potencial advancaga of chemical nutrient removal is that
the crganic load on a bieloglcal filter can be decrzased sc that the
hydraulic load may ba increased. This is the major advantage in cases
where sewage wotks already have teached thelr wmaximum capacicty, An
organic energy fource and proper contact of sludge, nitrate=bearing
effivent and substrzte under anexic conditions are prerequisites to
bioclogical nitrogen removal. Ir is also necessary to work within a
well-defined tamparatures range rto angure optiwum perforpance. The
conditions required for biolegical phosphate removal include passage
of the biomass through an anaeroblc zone in the presence of sufficient
concentratiovns of chemical oxygen dewand {(COD} followed by an aerobic
stage, where the pheogphate 1s cakan up by the biomass or adsorbed onto
the sludge, Since the metabollc proceasea in the latter zome leads to
the formation of ammonia, which subaequently 13 oxidized to nitrate,
an anoxic scage must ba included in the system to achieve denitrifica—
tion. For this purpose mixed liquor ouset be recycled from the aerchic
zone to the anoxic zowe (a=-Tecycla).

Tha principles of pure blologicsl nutriant temoval have not yet been
applied fully to hiological filter systams. Therefare combined blolo—-
gicalechamical treatmant 15 considared to be 2 woat promising way of
achieving nutrient rameval from biolegical filter affluents,

In view of the akova considarationa, the Water Research Commission,
tha Municipalitias af Pretaria and Bolksburg and the Hationzl Tnstitute
for Water PResearch have sntarad Jnto & quadripartite agreement which
provides for resaarch into ways and means of upgrading the performance
af existing biclogical filltar systems, Two substudies were for-
melated:

Substudy 1 provided fov investigationa on phosphate removal by weans
of TFeClj-precipitation using axisting full-scale blological filter
systems, This study was carried out by rthe Munlcipality of Pratoria
at Daspoort and by thae Munieipality of Bokaburg at Vlakplaats, respec-
tivaly.

Substudy 2 dealt with labaratory tests to develop chemical-biological
methods to remove phoaphace as well as nitrogen from biological filter
effluenta. Thase {invastigationa were carrled out by the HNatiomal

Institute for Water Research,



3.

OBJECTIVES OF THE PROJECE AND MODUS OPERANDIY

The aim of thae research projact was to develop and demonstrate prac=
ticsl means of upgrading or supplementing the performance of biologi-
cal filter treatment works with respect to the following:

(1) Removal of phosphate in the &ffiuent to levela of | mg/ {as P}
or less.

(11) Oxidizing rasidual nicrogsnous compounds 1in the effluenc, Eol-
lowed by blalogicsal removal of tha reasction prtoduces to a total
nitrogen concentratfon of 10 mg/i (as W) or leasa,

{1i1) Removal of COD from raw sewage to increase the treatment capa-—

bility of biological filtar systems which have reaerve hydraulie
capacicy but which are organically overloaded.

The removal of carbonaceaous macerial and phosphate can be achievaed by
precipitacion, flocculation and goagulation with necal salts, To
investigata the metal salt requirement for COD and phosphate removal
jar tests were carried ocut using ferric chloride. Thasa expariments
involved tests on the effect of coagulant concentration on phosphate
removal, the inflnence of coagulant mixing on phosphate precipitation
and the effect of ferric sludge recycling.

The literatura on the phosphate pracipitation was raviewad in order to
establish whether these findings could be applied to local sewage
treatmant worka and whether they were in line with local results.

Colloidal nitrogenous compounds may be removed by coagulation, while
ammonia may be removad, for axample, by lime addition fellowed by air
stripping or by precipitation as magnesiom asmonium phosphate saleta
under carefully controlled conditions. Denicrification, however, has
bean shown to be feastihle only when implemented biolegically., The
combination of a blological filter system and an activated sludge
procass was considered for this purpose. A tinimum ansrgy supply in
the ferm of COD is required for such & process, Especlally the C:W
ratip, expressed as COD to TKN is considered to be very important. As

most af the carbonaceous energy, howsver, 1z tamoved by passage



through che hiologlcal filter ar by preceding chemical creatmant, a
lack of energy for further biplogical trestment 1is likely re aries,
For thls reason the possibilicy of supplementing COD by means of
extarnal carbon scurces was considersd, particularly carbon sources
gvailable a2t sewyagse treatment plants such as digested aludge, raw
sludge, digaster supernmatant, vaw and settled sewage. The chemical
composicion and biodegradability of chesea sources were determined,
Mass balances at two different sewage treatment works ware cartied out
to estimace tha available gquantities of theae carbon scurces. Fimally
the use of the most promising energy supplements werzs tested under
pilot plant conditions.

The research programme waa reconsidered periodically on che basis of
resulcs avallable at that stage and amended when unecessary at Techni-
cal Subcommittes and Sceering Committes wuweetings held vegularly
threughout tha thres yaar tenure of the contrace, It cherefore
happsned that certain ressarch tasks wera dropped from the programme
gnd more meaningful ones added. The overall programme, as approved
afcer various interim amendwenes, has baen coudensed and cabulated for
sage of veference (Table 3.1}.

LITERATURE SURVEY ON BACKGROUND TO NUTRIENT REMOVAL 1IN BLOLOGICAL
FILTER STYSTEMS

Mueh work has been carried cut inm the USA to investigare the upgrading
of existing biological filter systems by aither chemical treatment or
design modificacions. These studies ineluded jar tests as well as
plloe and full=scalms investigations, Differant coagulanta ware usad
and different ways of plant operation iovestigaced, The plants
tongldered in this literature rTeview ara summarized in Table &.1.
Rslavant information 1a summarized and ezenclusions for practical
application at local sewapge works are drawnm,



TABLE 3,)1: Centract research programme (1979-1982})

Jdan ek  Har Apr  May Jun Jul bug Sept Ot Hov Dac

197%

Laboratory studies on the flocculant t 1
requirements EFor phosphate precipita-

Lion

Literature survey

1980

Laboratory studies on the flocculant t !
requirements for phosphate precipita~

tion

-

Literature survey

Evaluatrion of degradabilicy of
external carbon sources

-
—_

1981

Evalvation of degradability of extar- |
nal carbon sources

.

Maszsa halance at Rocoiwal

Pilot plant studies on denicrification I i

1982

Pilot plant studies on denitrificacion |

Mass balance at-Vlakplaats b




4.l

4.1.1

4.1,2

Phwosphate species in sewage and the chemlstry of phosphate removal

Phosphate_species in sewsge

If chamicals are added to remove phosphorus from sewage one must be
aware Qf che fact that ir is moscly orcthophesphace which is precipi-
tated at oormal operating pH levels, It ia therefore of Importance to
take cognisance of the various phosphate species in sawage. Thres
conpenents arve of particular interest in commection with chemical
phosphotus removal: orthophoaphate, condensed phosphate and tokal
phosphatsa.

Grthophosphate {Pﬂu3'} iz defined ag 2 chemlcal struceure in which
each phosphorus atom is tetrahidrally surrounded by four oxygen atoms.
This orthophosphate group may occur as a triply charged anion [?043'}
or as & structure in which there are covalant bonds from one or more
of the four oxygen atoms te an atom other than a phosphorus atom, far
example HyPJ,, which exhibies an 0-H bond, or acecyl phosphate
(0,C{0)0F0,H , which showa a C=0 bond (Vau Wazer, L973}.

Condansed phosphates are formad by repearad condensation of catrsa-

hedral Pﬂu3hgroup:. which by lipking through comon oxygen atoms can
shzre thelr carners with similar tetrahedra. 1In this way, highly
polymarized one dimensional (chain}, two-dimensional (sheer} or
threa~dirensivnal necworks can be bullt up a3 well as smaller tTings
{Corbridge, 1974)}. Condensed phosphates occur in detsrgenta and they
are udad as softensvs due to cheir ability to saquastar calcium ifons
and thersby reduce the affecrive water hardness by formiog poly-
phosphate calcium complex lonz (Van Wazer, 1973),

Total phoaphate includes orthephosphate, condensed phosphate and
organie phosphate, All these fractions can be determinad together if
converted to orthophosphate by digestion in the pressnce of strong
acids (Scandard Methods, 1975).

Chemistry of phosphate precipitation by iren galcs

The most frequently used form of iron to precipitate is Fe(III)=-salts.
The chemistry of this salt in water 1s a fairly compleax one and has



bean described in detaill by Lijklama (1979}, The Eollowlng reacrions
will take place in water:

- L N0 F;{DH}=+ +u rersressnsrennnas sreasess (1)
+ i,,ﬂH +
ZFE(DH}Z @ F }iq LN NN EEENEEERENN RN ] {2]
\m{/

In the beginning thars i3 not only tha formation of irom hydrozide but
also the start of polymerisation, which will carry on:
LOR OH, _OM, OH_

- F4 e
2 Fe  Fe"’ 4+ 20H ewd F&' Fe Fo{ FeS* ... veee (B
~oR “OH” “OHS TOH”
A

Due to further reactions with OH -ions chese lowg chaing (structure A)
will dncrease according to attucture B :

on, on| ou. ofl on om pHl\ on. 0| on
,Fe, | Fe  Fey Fe — Fe, | Fa Fe frg + nl . (&)
OH onl” oH o ~ “OH on” oul|l” a7 O ol
B c

This polymerizacion stap {s ralacively quick, buet there {3 alsc a slower
reaction which convarcs scructurs B to structure C., This conversion can
finally lead to the formation of goethite or haematice, where more and
more af tha UH-—bridsia hava bean changed to O-bridges. It is known
that adsorption of phosphata can take place on the surface of these
mees]l oxidas by forming bridgas batwaen physphate iona and two hydroxyl
groups at the surface acearding to aguacion (5):

Fa = OH HO 0 Fe = 0, ©
/ N % 4 \~¢ -
0 + P geaQ P. O+ OH +Ha0 uio.. (5
\ ;N \ IR
Fe — 0H HC 0 Fa - 0 OH

It can be seen that the adsorption capscity depends very much on the
number of free hydroxyl groups availabla. The fact that clder solutiomns
of iron hydroxida show less adserption capacity than freshly precipi-
tated solutions, can ba axplained by further polymerisation which
decreases the number of bipding sites. On the other hand if phosphates
are in contact with hydvoxides the adsorpciom capacity increases again.
The most likely explanacion is that changes in the structure and the
length of the polymars cayse this improvement. The decrease in charge
accompanying the phoaphate binding, favoura the adsorption of protons



4,2,1
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and therafore a shift from structure € to B (squation 4), This resulrs
an increase in binding sites.

Very lwportant is the molar ratio R of OH :; PO, adsorbed. According
to equation 5 R=I 15 expected, but in practice different cypes of
phasphates oceur and the distribution of charges changes due to precipi-

tation, Therefore the following equatrion is likely to be closer o
reality:

FeOHZ' H,PO,
4 4 0

W -
(2)Fe=08 + H,PQ, e=a P +O0H ...... cerrriiaae (6
HO  O=Fa
b _+t _ et
Fa-0 HPO,, 2 0, ,O-Fe
o 0’ 0-Fa
PO,

The quotient R depends on the pH values &8 an increasing pH causea a
dacrease in positive charges of the hydroxidae.

At pH values above 7, FePO, is believed to be the dominant reaction
product, The Fe:P ratle (W/W} in FeP0, 1a 1,8, but examples from
practice show that a dosage of ac least 10 mg/f 1iron to the sewage 1a
required for hydroxide formation (Culp and Culp, 1971).

Kinetic studies on EhnsEhate pracipication using jar tests.

Experiments using synthetic phasphate solutions

Studying the kinetics and mechanisém of phosphata precipitation with
Fe{l1), Fe(III) and AL(IIL) salts, Racht and Ghassemi (1570, 1971} used
a 9gynthetic phosphate solution which countained different forms of
phosphate in concentrations simulating wastawater. The orthophoaphate
solution used contained 12 mg/t P added as Na,HPO, . The authors
determined the kinetics of precipitacion by means of a batch reactor
studies with continuous monitoring ¢f pH and conductivity. Five hundred
L gquantities phosphate solution was stirrad at 90 rpm whils 5 mi of an
aluminium or ferric aitrate sclution was added ro eatablish cation=-to-
phosphate melar ratios of 2:1, 1:1 and 0,5:1. After 2 min. of rapid
aixing at 90 rpm, the stirring rate waa reduced to 20 rpo and mixing was
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continuad at this tate for 10 min., followed by a settling period of 2D
min. They found that changes in pH and conductivity happened rspidly
and occurred within 10 te 60 seconds sfter the addition of the precipi-
tant, with no measurable change in pH or conductivity after this peried.
In one axperiment at & 2:1 aluminium=to~orthophosphate molar racle and a
final pH of 5,9 in the solution it was found that a drop in phosphate
concentracion from the inicial 12 mg/2 P to 0,10 mg/t P occurred in less
than 60 seconds after adding aluminium nitrate. After this period no
further removal of phosphate was obhssrved, momitoring wp ta 32 minurces,
despite 2 very nociceable gradual growth and agglomeration of the pre-
cipitate flocs, Recht and Ghasesmi (1970}, in an experiment designed to
glve a finer resolution of reaceion time, showed that the reaction of
orthophasphate with both AL{ITI)} and Fe(III} i3 completed in less chan

one second.

The removal of orthephasphate was found to be affected by both pH and
concentration of added matal salts. If a 1:1 cation-to-orchophosphate
molar ratio was used the residusl phosphate concentrations were 1,85
mg/% using iren and 3,5 mg/%2 using seluminium. At s 2:1 cation=-to-
orthophosphate tatio the phosphata rasiduals were 0,07 mg/t and
0,10 mg/2 wich iron and aluminium salta respectively. The optimum pH
was found to be close ea 6,0 for AL{III) and in the order of 3,5-4,0 for
Fe{III). Figure 4.1 shows that the optimum pH ranges were quite narrow,
If the precipitation was carried out near the optimum pH the formaticn
of large, settlsable floes was cbaerved, Outside this pH range col-
loidal suapenszicns wera formed which in some cases could enly be removed
by filtration. 4t higher as wall as at very low pH levels no turbidity
was cboserved after settling using sluminium.

However, at highaer pH levels the iron phoaphate solution, remainad
turbid afcer sectling due o dispareion of ferric hydroxide floca, This
phenomenon was net observed at very low pH levels,

Recht and Ghassami (1970) also tested to what extent cordenmed phosphate
could be removed. They usad a solution consisting of 1B mg/2 P added as
tetrasodium pyrophoesphate and 21,6 mg/t added as sodium cripolyphos—
phate. The removal of these condenssd phosphates by precipitation with
aluminium as well as wich iron selts was foumd to be strongly dependent
on pH and on tha concentration ratis of the coagulant. The optimum pH



TABLE 4,1: Sewage tregtment plants investigated in che USA with regard ro vparading existing blofflrer
syatems,
Plant Modus of upgrading lged for Muchor

Tapia Park Treatment Plant,

Las Virvgenes Municipal Water

Digcrice in Calabaeas,
California,

Mason Farm Sewape Treatment
Flant, Chsepel Hill, Horth
Careolina

Richardson Treacment
Plant, Texas

City of Boulder, Coelorado

Fourteen plants in Michigan
{no detalls given on
locations).

Six plants in Minneaota
{noc detalls given an
locations),

Alum addicion

Alum addieion

Activated sludge
system {planned)

FeCi; addition {11
plants)

Alum addicion (1
plant)

Lime addicion (1
plant)

Hydrated lime addi-
tion (1 planc)

Activated sludge
sEystem

Seconary effluent from
activared sludge plant used
for phosphate precipitacion
studles.

Jar tests, pilar and full-
scale experiments an lime,
FeCl, and alum additicn,

Pilocr and full-scale
experiments on FeCRa and
alum addicion

Evaluation of the possibi-
lity to upprade exiating
biofilter system.

Full-scale operation

Full-gcale aperation

Chasgeml and Rachr,
1970, 1971,

Brown and Liccle, 1977

Derrington, Scevens
and Laughlin, 1973

EPA HRapart

908/5-78-003, 1975.

Pierca, 1978,

Pierce, 1978,
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levels were cleose to 4 and 5 for Fe{III} and AL(III), respectively,
At the 2:1 caclen-to-phosphate agquivalence rtatie the pyrophosphate
ragidual was ¢,9 mg/% P when Fe(IIl) was added and 0,06 mgf: P, using -
A1(III). For tvipolyphosphate the residuals were 3,80 mg/: P aod
0,65 mg/e P, respectivaly, Practically no phosphats was rvemoved, if
the pH deviated by * 1 unit frem the optimum level. Thea authors also
testead the i{nflusnce of ageing of diluce coagulanc solutions on the
orthophosphate precipicaction., Fe{ILl) secluticns were found to undergo
hydrolysis which could ba observed by a change in colour and alsc by
tapld changes in pH and conductivicty. The szolution pH dropped from
3,00 to 2,58 during tha firac 24 hours and there was a steady drop of
phosphate removal capacity.

On the other hand Al{III} was found co be stable over a perlod of two
months. Wo changes in pH, conducedviey and che capacity to precipi-
tate phosphate were observed,

Chassemi and Reeht {197]1) also reportaed on phosphate removal experi-
ments carrled ocut using Fe{Il) . Thay found that disaolved oxygen had
a great influence as it oxldised iron from the ferrous te the ferric
gtate, The Eerric ions are then hydrolysed subsequently. The pH of
optimum orthophosphiata removal ia higher for Fe{II) than for Fe(II])
at A1{I1I) and is in the vieinity of 8,0. At that pH the equivalencs
capacity of Fe{ll) for phosphate removal is highaer chan that of
Fe(ILI1) and AL(ILI) ., A weolar ratio of 1 was found to be sufficient
for removals down te 1,0 wg/f ., Although from these data Fe(II} saems
to be more suitable for phosphata precipitation than Fe(III), there
are several practical problems which arise from its use, which make it

lase suitable for generzl applicaticns, as will be pointed out below,

Experiments using effluents from sewage treatment works

Ghasseml and Reacht (1970, 1971} used secondary effluent from a small
treatment plant at Calabasaa, Californige for thelr invastigations.
The plant treats about 7 600 mw?/d of primarily domestic sewage.
Sludge is digested ssrobically with the supernatant liquor returned
to the head of the process. The effiluent used In the kinetic experi-
ment contained ¢ mg/: ovthophosphate (as P}. A partial analyais of a
filvered effluent sampla showed a total phosphate concentration of
7.75 ngft P. The pH was about 7,3. Mora detalled informationm about
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tha &ffluent was not avallable., They Ffound that che removal of
phosphate frow seacondary effluent is similar to the phosphate removal
from pure solutions in that in both cases the efficlency of phosphate
depends on solntion pH.

Ghasseml and Racht (1971} also found that treating secondary effluenc
with Fe(II} in a molar ratio af !:;1 in the prasenca of dissolved
oxygen yielded a very fine precipitate which did not settle well,
Compared to .the precipitates formed with Fe(III) and AI1{IIT) the
sattling proparties of cthe precipitace obtained with Fe(Il} was
inferior., The use of Fe(I1X} sources such as waate plckle liquor from
steel mills may be an inexpensive source of Fe(II) to ramove phosphate
Erom wastewater under oxidising conditions and this salt may be used
advantageously under such conditiona,

Jar tests carried out by Brown and Little (1977) at Chapel Hill, MNorth
Carelina, evaluatad slso the vse of lime basides ferrie chloride and
alum. The affluent was obetained from a high-rate blologlcal filrer
planc ctreating relatively aoft water. Tha alkalinicy was about
140 mg/? (as CaC0s3} and the total phosphate concentrationa 10 mg/R {as
P). The diurnal orthophosphate loading rate canged from 9 to 112 kg
per day in the influent. The authars found that lime dosage up to 300
to 400 mgff (as Ca(UH);} at a pH of 1l or greater ylelded cemoval of
total inorganic phospharus to a residual af less than ! mg/% (as P).
A pH of 11 was found to be aptimal, hecause atr pH lavals less than 11,
lima reacted with seluble phosphorus te form a finely dividad in-
s0luble materizl, much of which did net seccle out during the jar
ceats. The addicion of a cationic polyeleccrolyte, howaver, enhanced
coagulation and settling properties at a pH of 9,3 to 9,5 and gave
total inorganic phosphorus removal to tesiduals less thaa 1,0 mg/t P
at a lime dosage of zbout 80 mgfi .

Investigating the effectiveness of alum dosage Brown and Lictle (1977)
used plant influent and aseecondary effluent, * The influent had an
average BODs concentration <f 134 mg/i, while the total phoaphate and
TEN concentrations were 10,4 and 31,2 mg/f casgpectively. The second-
ary effluent had 2 total phoaphate concentration sf 10,5 mwg/f . Thay
found that, to achlave a 97 to 98 par cent remsval of total phosphate
an alum dosage of 200 mg/f as Al;(%0y)3.18H30 was required using plant
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influant, whersas 150 mgfi alum was rtequired GCo treat secondary
effluant. With regard to the Al=-to-total-phosphste ratioe, hovevar,
they Found thar a molar ratio betwasn 1 and 2 1a required ro a&ffwet
the same removal, regardless of whearher plant influent or secondary
effluent iz used. Brown and Little {1977} used two different sources
of Fe(III) dans in thair jar tests, They found that lesser concentra=-
tions of ferric chloride was required to remove phosphates, solids and
turbidiry than of ferric sulphate, On the other hand, precipitation
with ferric sulphate yielded lass sludge and atronger flocs. With
both ferric chloride and ferric sulphate the phanomeanon of iron-leak-
aga, which means 1ron going back in solution and causing brownish
colour ef the efflusnt, was observed. 4n experiment was carried out
to determine the optimum pH for both temoval of phosphate and elimina-
tion of effluent 1iron. Browm and Little (1977) found, rthat with
Fe{IIT) dosed at 50 mg/%f phosphate removal was tha same over the pH
range 6 to 8, but iron capture was enhanced by incresasing pH to levels
greatar than 7 by adding lime. The authors cencluded that the 'iron-
leakage' observed in practice 1s most probably due to the eacape of
collolidal irvom parcicles which do not setble under novamal operating
conditiens. Using blelogical filear effluenr from the Chapel Hill
treatment plant approximately 90 mg/f Ca(OH); was required to raise
the pH above 7 after dosing 50 mg/i Fe{III} . They alsv found that if
lime was used for pH control ferrie swlphate was superior to alum for
phosphate removal, but less effective than ferrie chloride.

Phosphate remcvsl studies at pilok and full sczla

Pllot plant studies

Browm and Lictle {1977) used for thair exparimenta zt Chapel Hill a
pilet plant which received its waatawater from the main plant after
passage through a bar rack, degritting chamber and a f£ine bar rack.
The pilot plant consisted of a primary settling tank, a biological
filcar, and a Final settling tank. Recirculation of biological filter
effluane to the head of works was provided around the filrer through
the primary settling tank, using a 2:1 reecirculation racio, The
influent characteristies were as given above in &.IT;. The authors
added alum in concanerations of 100, 130 and 200 mg/ rto the primary
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clarifier influent and secondary clarifier influent ahead of recir-
culation,

There was an increase 1a the total suspended solids (T858} coancantcra-
tion in the effluents from che units where alum had been added, which
iz ecoatradictery te the resulis from tha jar tests and the apthors,
therefare, concluded, that under the conditions of this pilot plant
study TS8 removal was not enhanced by alum precipiration, Thay rather
found by visual observation, that the character of effluent TSS during
zlum addition differed from that when no alum was added, 4{n that alum
flocs were visible during alum addition and most probably contributad
te the affluent TEE . Alum addition to the primary clarifier was
found to be more effective than addition to the biological filcter and
2s good or better cthan split-ereatment to the primary and secondary
clarifiers, Alum addition to blolegical filcer influent or to bio~
logical filcer effluenc above the take-off point of zrecirculation was
less effective for phosphorus removal than addition to primary clari-
fier influent or to influent Lo the secondary clarifier below the
take-off point or recirculation,

Full=scale studies

The results obtained from pflat plant studies by Brown and Little
{1977) were applied on a full-scale plant and evaluated further. They
added alum in a molar ratie of 2:1 (Al:P) and returned settled sludpe
from the final clarifiers to the primary clarifiers. As a parameter
of interest they examined the diurmal characteridstics of the blologl-
cal filter effluent antering the final clarifier, They tested for
total phosphate, because it was thought to be most significanc in
terma of alum requirements. During the sampling pericd the recir-
culation of biological filter effivent to raw sewage was held at a
ratio of 2:1 and this recirculation was found to suppreas almost
completely the diurnmal variation in BOD, TSE and tecal phosphate. The
dosage of alum was between 175 and 220 mg/ , which is equal to an Al:
influant tetal phosphate mole racdo of 1,7 to 2,1, Tt was found, that
when this ratlo approaches 1,0 phosphate was precipicated but not
effectively settled, The total pheosphate reamoval averaged B2 per cent
using alum treatment compared to an 18 per cent remoaval in the control
uniz without chemical addition, The average total phasphata concen-
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tration in the influent was 12 mg/i and that in the =ffluent was sbout
2,2 mg/t in the unit treated with aluym and about 9,7 mg/t in the
contrel unit, The concentrations of foluble phagphate in the effluent
was 0,45 mg/L and 6,7 mg/® respectively, In the case of BODs an
average removal of 91 per cent was achieved compared to 77 per cent
without chemical addivion, which 1s aqual to average effluent concen~
tracions of L5 mgff and 40 mg/L reapactively, Total suspended solids
was ramoved by 88 per cent and 77 par cant cespsctively, which yielded
affluent concentrations of 28 and 56 mg/%, respectively,

Brown and Little (1977) found that thea recursn of alum sludge had a
significant effect on the performance of the primary clarifiers to
which tha sludge was pumped., The total phoaphate concentration in the
primary clarifier receivipg alum sludge wes reduced from 11,6 mug/® to
6,5 mg/% which is equal to a removal of 44 par cent., The contral unit
without chemical treatment only showed a reduction to 10,0 mg/t P,
#qual to 2 temoval of 14 per cent, Thers was also an improvement of
BOD¢ and total suspended solids removal due to alum sludge recircula-
ction.

Darrington, Stevens and Laughlin (1973) investigated the effectiveness
0f alum and ferric chloride additien at Richardson sewage worka,
Texas, This plant {s a typical stcandard-rats single-stage biclogical
filter system, traating domestic sewage. The influent BODg concen-
tration was 166 mg/t and the rotal phosphate concentration was
11,0 mg/f on average,

Liquid alum was fed at points respectively just bafora the final
clarifisr, befors the primary clarifier and in a split-treatment mode.
Chemical treatment preceding the final clarifisr yielded an effloent
phosphate concentration of 2,0 mg/! equalling a removal of B1 per
cent, The suspended solids concentration was reduced by 92 per cent
resulting in 13 meg/t in the effluent and BODg was removed by 95 per
cent yisldipg 6,2 og/f residual,

Whan the chemical dosage was changed to a point preceding the primary
elarif{er the performance of the plant deteriorated; phosphate was
removed by 77 per cent, giving =2 residual of 2,6 mgff, BODs was
raduced by BD per cent to a residual of 27 ggf! and the suspended
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solida concentration in cthe effluene was 14 mg/2 (91 per cant re-
moval). The primary afflvent was describad as ourky or turbid mest of
the time and the characctaristic persisced all the way through the

final clarifiar, Due to tachnical problema turbldimetric results ware
not available.

Two different ways of split—feeding were tried. Firstly, 80 per cent
of alum was dosed to the final clarifier and 20 per ceat to the
primary clarifler., At an Al:P oele ratio of unear 2:1 phosphate was
reduced to a residual of 0,3 mgf¢ in the effluent, equal to a removal
of 96 per cent. Sludge recireulacion of 1fsnu of the influent was
mzintained, When a splic-feeding of 70 per cent to the fimal clari-
Eier and 30 per cent to the primary clarifier was tried, the results
ware not 35 good as when a higher parcentage was dosed to the final
clarifier, After eighteen days the plant started to develop prablems

gimilar to those which had baen found when all the chemicals wera fed
to the raw influene,

For longer lasting experimants it weas thervefore declded to only dose
zhead of the fingl clarifiar. Over a pariocd af 11% monthas a phosphate
removal of 26 per cent, BODs removal of 97 per cent and a remdval of
suspended solids of 95 percent waa cobtained yielding residuals of

0,49 mg/2 P, 4,5 mg/f and 7,0 mg/f, respectively. The average AlL:P
mole ratie was 1,6,

For comparison liquid ferric chloride was added in a similar way a=s
alum. The Fe:P mole ratio was 1,9, When thea chemical wasg added priot
to the final clarifier phosphate was veducad by 80 per cent, which
gave an effluent concentration of 2,4 mg/# . Svepended solids and
BODs were removed hy 36 per cenc, resulting in effluent residuala of
26 mg/2 and 28 mg/?, respectively, These affluent concentrations were
higher than without chemical treatment. When ferric chloride was
added prior to the primary c¢larifier phosphate was removed by 85 par
cent {reaidual: 1,8 mg/2), BODs was raduced by 79 %, ylelding 38 ng/2
residual 2nd suspended sclids vemoval was B6 per cent, which gave

23 wg/2 residual and suaspended soilds removal was 86 per cent, which
gave 23 mg/2 residual,
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The phenomenon of 1iron leakage was obsarved in both cases, but
conslderably more irom was found iIn che efflvent, when ferrie chloyide
wad 3dded prior to the final c¢lariflar than vhen it was dosed ghead of
the primary clarifier. The addition eof pelyelasctrolyte to the final
clarifiet reduced iron leakage by settling colloidal dicon.

Froblems in plant ugeration during chemical traacment

§ludge productiaon

Chemical treatment results in congiderably mora sludge (by voluma)
than convenctional sewage treatment, This is of 1mportance when
considaring whether sufficlent digester capacity 1s available to
handle the additional ampunt of sludge, Brown and Lictle {1977)
raported that in the case of alum traatment the totzl volume of aludge

removed from the unit was 32 per cent greatar than from the unit

"without chemical addirion. In che unit with alum additiom, 6,28 /u®

was pumped to che digesters compared to 4,75 £/u® in the unit without
chemical addition. The total solids was 3,57 par cent in the case of
chemical treatment, which gave an absolute figure of 107,28 g/m® .
Tha volatile fraction was 67 per cent or 151,88 g/m® . The aludge from
the ynit which did not receive any slum showad a percentage of total
solids of 3,85, 177,96 g/m’ solide ware pumped and the volatile
fraction was 76 per cent, which givaa an ameunt of 134,4 g/m® solids
pumpad. This means that in the case of chemical treatment the amount
of total solide which is withdrawm 13 28 par cent higher and the
amosunt of volatile aplids withdrawal is 13 per cent higher than for
the unit without alum dosage. Derrington ot al, {1973) found that if
dlum was added at a paint preceding the primary clarifier at the
Richardson plant, Texas, 50 percent more primary sludge was produced
than when the plant was run in a convencional mods without any chemi-
cal addicion. Experiences from biofilcter planta in USA wsing chemdcal
3ddicion for upgrading showed rthat, although chemical treatment
increased the solids loading on aludge digaster, no additional or
noedified solids processing facilities ware need;d. Increasad quanti-
tias of digester supernatant was treatad with the raw sewage and no
particular difficulties ware observed,

48 &ll chese full-scale studiea had bean cartied out using alum

addition, no results were reported oun the use of iron-salts.
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4.4.2 Digegter problems

4,5

In general no or only miner problems ara reported from digescing
gludge containing metal salts and polymera, Derrvingcon et af, (19771)
obgerved problems in sludge digasting at Richardson only when alum was
added preceding the primary elgrifiers. Stratification was cbsarved
withian the digester which rasulted in two layers of solids, one heavy
large layer on the bottom and one fresh light layer at thes rap, Both
layers were separated by a layer of velacively clear supernatant.
This situation developed within ona wesk, The same problem occurred
vhen split-feeding was tested at 2 percentage of 70 per cent to cthe
final clarifier and 30 per cent to the primary clarifisr, but not when
the telation was B3/20 per cent. The authors also noticed a drop in
the concencration of digested 4ludge from 8 to 6 per cant during alum
addition. Tha digested sludge was found to dewater quite capidly, In
the Richardson study che drying time of 22 days was reduced from § to
10 days. 1Lron sludge was found to dry even quicker. Brown and Little
(1977} deacribed a drop in pH in the digestar due to the alum treat-
ment, but this problem could ba overcoeme by adding lime, The diges-
tion process itself, howevar, continued to produce 2 normal reduction
in volacile solids throughout the whole pericd of alum treatment.
Another problem arcee from the supernatant from the secondary diges-
ter. Thae tocal suapended solids concentration increased from normal
less. than 1000 wg/f, to 8000 to 20 000 mg/f€ . The sludge in the
secondary digester did not thicken in a normal manner. This 'heavy'
supernatant, due to the higher concaentration of suspended solids,
especially, caused problems as the supernatant return line tended to
clog. On several occasions "haavy' supernatant had to be discharged
to the undosed units, which caused upsets in chat system. Ho problems
ware reported concerning dewatering of digested alum sludge.

The use of activared sludlt unics in conjunction with biolegical

Eilter syatems.

Tha combirnation of biologieal filtar aystems and activated aludge
plants 1a already in use in tha USA and more of these units are
planned. Piarce (19738) reported on & plants in Minnesotz which use
activated sludge units following a bioclogical filter system, Dif-
ferent flow pattarns are usad at thess plants, At one plant the flow
from the primary sedimentacion tanka ia divided in 2 equal parea: one
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half is pumped to a biclogical filrar, the other half to the activated
sludga reactor, Tha effluent from the settling tank fellowing the
biolagical filter mixes wicth the primary effluent going to the aera-
tion tanks., The filter effluent and the actlvated sludge mixed liguor
are teturned to the raw sewage well and recyclad te the primary
sedimencation tanka with the raw wasces, The load on the activated
sludge systems is about 1,2 kg BODg/m® (aerator volume) and the
averige detentiom time including return activated sludge 1s 4 hours.
Both the raw ﬁﬂﬂ5 and suspended solids are zTeduced by 96 per cent
ylalding 11 mgf8 and 7 mg/P, respectively, in the sffluent.

At ancther plant at Minnesota tha blological filter effluent is
discharged directly te the activated sludge procesa without integ-
mediate settling. Suapended solida and BODs wera reduced by 94 and 96
per cant Iin che whole syatem, which gave effluent concentrations of
28 mg/L and 24 wg/L, respectively,

The other 4 plants which were mentionsed showed resulets in the sama
srder. Unfortunataly no figurea are available concernlng nltrogen
remeval or the astrength of cha blelegical fllter affluent antering the
agratisn tank.

Prelimipnary studies have been carried out by ctha U,5. Envirommental
Protection Agency, Reglon ¥III, Denvar, Colorado at Boulder, Colorade
(1978), to upgrade an existing biological filrer to meet effluant
standards as this plant 1s in a sensitive area and discharges in the
Boulder creek, which is part of a nature reserve. The addition of =
purs oxygen activated sludge unit had also been considered amongst
other poasibilicies, such as chemlcal treatment, infiltration ponds,
palishing ponds, high-rate irrigaticn and multi-media filtratien, Two
diffarant configuracions were testad: an activataed sludge unit prior
to tha erickling filtay and an acrkivgted sludgae unit following tha
biological filter, respectively., The activated sludge units conaiated
of an on-site oxygen generation plant, aeration baasins and additicnsl
secondary clarifierg, The oxygen-activated sludge was deaigned co
produce an estimated 90 per cent raduction in organic pellutants, in
the cage where it 1s located prior to the blologieal filter. The
efflusnt from this unit would then be treated in existing blological
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filtera, whare amonia-nitrogen could be converted to nitrata=-nitro-

gen, In the case of the activated sludge unit following cha trickling
Eilters the activated sludge would oxidize any biodegradable gqrganic

matter leaving the biclogical filters and convert ammemla-nitrogen to
nitrate-nitrogen. Both possible conflguratiens are shown in Figure

4,2. Preliminiry estimatas of treatment effaceivenass are summarized
in Table 4.3,

Imfartunately no data concerning phosphorus temoval or denierificacion
are available from this report, Both configuractions were conaidered
superior tg other upgrading facllities such as infileiration ponds,
polishing ponda and high-race irrigation of effluent, but che activ-
ated sludge unlt following the trickling filter was favourad by the
Murmicipality of Boulder,

TABLE 4.2: Preliminary estimatas of creatmant affectiveness,
Activated sludge unit prior to biological filter gﬁz.
varsus activated sludge unit aftar biclogical filtar (B).
Frow EPK report 53805 76-003. 1078 -

Suspended solids BODs HHy-H
(mg/2) (mg/2) (mg/2)

Raw wastaewater 140 147 10
estimace
Colorado monthly a0 30 4,3
effluent scandards (waeltly)
Baulder wonthly 24 2q b,1
effluent standards (wpekly)
& 15 10-15 <1
B 10 iq <1

Conclusiona relarding chamical pddirion Iin conjunction with hiulngical

filter treacment.

The fallowing conclusiona are drawn from the literature study:

Alum and farrie chloride ars the moat frequently used chemicals to
remcove phosphorus from biological filter effluents to levels of approxi-
mately 1-2 mg/f . In most of the cases alym is favoured. In those
casas where Fayric chloarids was usad, it wad not clear if ir wag prefar-

red as a result of superior phosphate removal capacity or dus to aco-
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namlcal conslderations. The choice as ko which coagulant is used alse
depands on tha type of sewage, as both coagulants showed different pH
optima. For ferrie chlorida the cpcimum pH 1s ab valuea of ahout 4

while Ear alum it is about 6 at a molar ratio of 2:! {cation-to~ortho-
phosphate).

Folyelactralytes ara ofcen required to improve settleabiliey of chemical
sludge and teo prevent ‘iron leakage' in the case af ferrie chleoride
dosage.

Becirculation af hiological filtar effluent to be head of warks was
found to almost completely suppress the diurnal wvariation in BODsg, TSS
and total phosphate in the raw sewage. The return of zlum sludge to cha

prlmary clarifier was found to raduce total phoaphate, BOBs and TS5 in
the primary clarifier.

Dosage points of metal salts both before or after tha trickling filecar
have been scudied. Polyelectrolytes ara added mostly before the £inal
clarifier. In the few cases where lime has been used the dosage point
ig ahead of the final eclarifier,

Split=-feaeding of coagulant was found to yleld a slight improvement in
phosphate removal hut the result did not jusctify practiecal application,

Adding chemicals causad a 30 ta 50 ¥ increase in sludge volume to ba

treated in digester, but undipested sludge handling propertiss ware not
adversely affected.

Both alum and iron sludge could be dewatered sasily afeer digestion,
mostly in shortaer cimes than notwmal digested sludge.

Some digester problems, such as a drap in pH, stcaeification, forming
sludge hlankats in the digester and an increase in suspended solids
concantratiens of the digester supernatanc, which caused clogging op
plpelinea, have been reported., These howevar seem to hava bean caused
rather by operaticnal misjudgements chan metal salt doagge., Drapa In pH
could be overcome by adding lime, but these pH changes did not affect

the digester performance as far as gaa production was concerned.
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LABORATORY TESTS OB THE METAL SALTS REQUIBEMFNTS FOR CODI AND FPHOSPMATE
HEMOVAL .,

Introduction

It 15 generzlly agraad cthat chemical treatment 15 the only feasible
mathod to rvemove phosphatas from biological f£iltear =ffluents. The
choice of coagulant ia baaide economical consideration dapendant on the
type of wastewater to be treated. Parameters like centact time of
coagulant and wastewatatr and stirving intensity are glse to be invesci~
gated on laboratory scale. In order to determine the parameters neces-
sary for full-scale application of chemical phosphatsa temoval extensive
jar tests were carried out, Ferric chloride was chosan as coagulant.
Experiments wusing diffarant concentrations of farric chloride amnd
different stirrer speeds wara carried cut, in order to establish the
optimum conditions for phosphate precipitation. Tha affect of chemical
addition on the removal of nitrogenous and carbonacecua components in
wastewatar was also investigated. A 24=hour phosphats profile of
Daspoort domestic wastewatar was carried out to sctudy the diurnal change
in the concentration of different phosphate specles with special regard
to condensed phosphatea, The effact of prefiltey and poac—filter
treatwent was studied and che effect of condensed phosphate concentra-

tions In the raw sewage was investigated.

Materials and Methoda

Sewage samples

Screaened raw 2ewage of mainly domestic origin from Precoria Westc,
Pratoria Central and sema sguthern suburba such am Brooklyn and Hat-
field, was sampled at 09h00, 11h00, 13h00, 15h00Q aud 17h00 at Daspoort
sewage works. The avevage transit time in the sewers is approximately
four hours (Thirion, perscnal commmunicatrion)}.

Jar tests

e e -

Samples of 500 mf scresned raw sewage each ware vigorously stirred (20
rpm) for 2 nin using a Phippe and Bird stirrer, immsdiacaly after the
simultanacus addition of different concentrations of FeCl,, This was
followed by gentle atirring for B min at 20 rpm followed by a 10 min
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secttling period afcer which samples were taken from the supermatant and
chemically analysed.

Tha ferric chloride usaed in these tests was wade up a3 a stock solution,
containing 20 nmg of 43 par cant (w/w) FeCly in 2 mf distillad water.

Chemical analyses

Chemical oxygen demand (COD), TKN, ammonia {Hﬂu+l, total phosphats,
ctthophosphate and condensed phosphate were datermined panually aceocrd-
tng to the Analytical Guide (1974). Nitrite-nitrate (N0, -BOy )} was
measured using the Technicon Autoanalyzer technique,

Results

Phosphotus profile ovar 24 hours

In order to measure the diurnal varlations in the phosphorua content of
the sewage a 24=-hour profils wes taken. The paramaters total phosphate,
condensed phosphate, orthophosphate and COD were determined using
samples acr hourly intervals. The cow- densed phosphats determination
had been carried out immediately after sampling. The results are shown
in Figure 5.1 and listed in Table 5,.1.

The orthophosphate content does not vary much during the daf and re-
mained more or leas constent &t & mg/f as P, On the other hand, large
diffarencea in total phosphate and condensed phosphata concentrationa
were obecrved. The condansad phosphate content showed 2 maxioom at
about 10hG0 to 16h00 and & ainimum of mear zerc betwasn 1Bh00 and Q6hQ{.
This variation in the cendensed phosphate content reflects daily life
practices., Most of the condensed phosphate in dowestic sewage origin-

gtes from deterpgents and scaps mainly in use doring che morning hours.

The total phosphate content exhibited peaks at 1ithQ0 and 15h00.
Mterwards the valuss decreased, reached anothef maximum at 0ZhO0 and
showad a minimum at O4h00 after which the amount of total phosphate
increased again. The flow rate of the influent sewage showad a diurnal
change pattern similar to that of the change in phosphorus composition:
There was a maximym at 12h00 and a winimem during the night hoursa,
Figure 5.1 illuscrates that the phosphate was mora efficiently removed
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TARLE 5.1: UDiurnal chanEes in the concencration of Ehuaghate species in

DaspooTt raw sewage

Samplizng etime| Orthophosphate| total phosphata| condensed phosphate| COCD

(mg/¢ as P) {mg/k as P} (mg/2 as P) (mg/2)
08h00 1.7 T.h 6,74 485
09h 00 1.8 10,0 B,17* 636
LOhOCG 1,7 10,4 9,24% 351
11h00 4,4 14,8 4,53 1048
12h00 3,7 11,6 8,74% 444
E3h00 3.6 6,4 6,88 435
L4h00 1.6 6,8 5,88% 470
15h00 3,9 9,2 7459% 556
L&6h00 b,7 7.0 9,75% 746
L7h0D0 b 5,3 &, 10% -
18h00 1,6 5,4 0,06 443
19000 3.4 4,6 0,14 422
20h00 £ 4,0 0,09 14
21h00 3,0 b,2 0,00 243
22hQ0 2,9 4,0 a,0q 213
23h00 2,0 3,4 £,05 266
26h00 2.6 3,0 0,34 181
01hO0 2,1 2,0 0,00 81
02h80 5,0 1¢,8 1,72 718
03O0 1,2 1,4 0,22 63
06hQ0 0,7 1,0 0,75 a9
05h00 0.9 k.2 0,51 34
06h00 2,0 2,4 0.00 a4
Q7h00 3,8 5,0 0,00 264

*Diascrepancles due to analytical error
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precipitation with FeCls at times when the condansed phosphate concen-

tration in the sewage was lower.,

Studies an the mechanism of phosphate precipitation

Figure 5.2 shows the relationship betwean phosphate removal From Dasg-
poort sectled sewzge and tha appliad Fe:P molar rvatio under the condi-
tions af jar tests. The precipitation of phosphate by iron salts 1is noc
stolchiometrio, with Fe:P ratics of 2 or mors being required For total
phosphate removal to residual levels lower tham 2 mg/f {as P)., This is
ascribed to the onformvion of ferric hydroxide, which, however, may
adaorp phosphates according teo the follewing eguation (Lijklema, 1979);

Fe=OH EHO, 0 -
G} [ \ - fFi ID,\ /D )
+ P 0 P’ 4 0B + H.D
\ VAN NN :
Fe-OH HO' 0 Fe~0 oW

The adsorption is Favoured by thorough mixing of coagulant and the
wastewater to be treated. The influence of stirring on the phosphate
ramaining capacity at different Fallp=econcentrations is shown in Tsable
5.2 and Figure 5.3. This experiment rafarg to the second phase in tha
stirring experiment, the slow stirring to allow flocculation. Thae
reaulty show that stirrer speeds batwaan 20 and 30 rpm were the most
favourable for successful phosphate precipitacion. At higher speeds the
floc might be disrupted agsin. A lowar spsad also did not produce the
rasult desired.

An for a particular water and cype of coagulant appliasd the optioum
rapid mixing time i3 dependeat on the velocity gradient and the coagu-
lamt dose applied the root mean square velocity gradient (G) as defined
by Cawp (1946) was calculated for the aexparimental jar tests systems:

m
¢ = (W )E

whare E gverage veloeity pradient IR

= absglute viscosity of the floeculating regime (Ns/m32)
= 107° Ns/m? for water at 20,°C

W = dissipation function (K/(m .s))
* total power disaipaced per unit velume of chamber

= mean shear per unit volume per unit lina.
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In Figure 5.4 the relationship betwean stirring speed and velociry
gradient 1a ahowm. The best pracipicacion of orthophesphate by FaCl,
wan therefore achieved at a2 mean velociey gradient G betwaen 19,5
sec ! and 37,5 sec !, caorresponding to a stirrer speed betwean 20 and
3¢ rpm. These reeults ara in line with findings by Culp and Culp
{1971}, who reported of veloclty gradiencs commonly uaed af 9 te 30

gec L,
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TABLE 5.2: HRaesidual orthophosphate content (%) as a function of scirrer spasd
and FeCl; dogage Egcrannad raw s:wl&_l.

Stirrer speed

Dosage {rpm)

(mg/t FaCly) 10 20 10 35 49 43 50
75 41 al 34 47 45 42 40
BS 33 27 25 b 40 3B 40
80 a3 25 24 42 6 k1S 37
100 : [ I 22 . 18 34 31 1§ 32
120 22 18 10 2l 18 1B 17
130 21 16 9 12 13 LS L&0

5.)3.3 BHydrolysils of condensed phosphatas

Domestlie sewage, in particular, contains a conaldarabla amount of
_condensed phosphates which can be hydrolized during wastewatar treatment
(Finstein and Hunter, 1967; Heinke and Norman, 1969). The comcentraciom
of condensed phospbhate in Daspoort ssttled sevage and the amount of

octhophosphate which can derive Erom its hydrolysis ars listed in Table
5.3.

Hydrolysis by strong acid treatment under presaura (138 kPa) caussd an
increase of orthophosphate fa all caseas. In screened rav ssvage che
amount of orthophosphate vose by 66 per cant. In the samples treacad
with FeCly rhe amount of orthoephosphacs incrsased by 10 co 20 par cent
after hydrolysis, Addition of FeCl; subsequent te inicial dosage and
hydrolysis resulted in removals from 96 to 99 par cent., To invescigace
whether this very good orthophosphate removal was due to the vigorous
hydrolysis conditions, the responses of screened raw sewage and biclo-
gical filter efflusnt to FeCly treatment wera compared, The rasulis are
listed in Tablae 5.4.

By dosing 120 mg/f FeCl; to screenad raw sawage an orthephcoaphate
removal of 83 per cent was achieved which yieldad 1,0 mg/¢ (as P) in the
affluent, Total phosphate could be removed dewm to 1,99 mg/é (as P),
which iz eaqual to a removal of 82 per cant.
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TARLE 5.3: Effect of Fally addition on phosphate concenktration in Dagpoort
screened scwags, before and after hydrolysis of condensad phos-

phates.
Faramastar I Condensad
e | e | e |
{mg/% FeCls) iz residue % residus 2 residue i
i {unhydrnlysedi
o i 100 100 100 7,36
70 | 34 29 85 6.36
80 o 23 15 25 6,84
90 f 20 22 2 6,76
100 16 22 19 6,70
120 ; L2 18 19 6,57
130 ' 9 21 20 6,56
Hydrolysed supetnatant
i
Initisl
dosage
0 166
70 46
80 34
80 34
100 30
120 23
130 a0
Chemically treated hydrolysed supernatant
Chemical addition followed by hydroelysis and further chemical addition
Initial. Additional
(1) 70 4 0 23 6,88
(2) 80 2 0 6,60
(3) %0 2 0 6,33
{4) 100 1 0 5,99
{5) 120 1 0 11 5,08
{6) 130 1 0 12 4,56
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The untreated biological filter -affluent atill contained 6,0 mg/e
orthophosphate (as P}, which is 97 per cent of che cencentration in
the incoming sewage. The amount of total phosphate cencantration was
was 7,2 mg/f (as P), mqual to 67 per cent of the influent value.
Biological filcer effluent with these characteristics, upon the
addition of 90 mg/f FeCls had its crthophosphate content reduced to
1,! mg/2 {as P), which constitutea a removal of 82 per cent, Similar-

ly, tha teotal phosphate of 1,3 mg/i (as P) in the efflusnt constituted
an 52 7 removal.

Removal of COD and TKN by FeCli addition

in addition to phosphata, carbondceous energy, here axprassad as COD,
can be removed by chemical addieion. (Figure 5.5). Tha addition of
ferrie ehloride at a Fa:P ratis of 1:1 was sufficiant to remove about
50 per cent of the COD in the incoming raw sewage, but at a ratio of
2:1, 70 par cent nof cthe COD was removed. The practical implications
area that ecrganic overlcading of erickling filters may be reduced by
chaaical addition pricor to the primery sedimentation tank, or that the
hydraulic Ioad can be increasad, provided the minioum recention time
tequired for the oxidation of carbonaceous and nitrogensus compounds
within ¢he biologilczl filter 1s maintainad.

Removal of nitrogenous compounds by FeCly addition alone is insuf-
ficient to weet the standards required. Filgure 5.4 shows that only
about 30 par cent of the influant TEN could be removed by adding FeClg
at ration up to 3,5:1 {Fe:P), This result, however, was alrveady
achieved at a Fe:P ratio of 1:1.

TABLE 5.4: Ca rison of phosphate residuals after adding Fally Eo
gcrasned Taw Sevage and biulogical £ilter tEElunnt.

Fecl, Orthaphosphatae Total phosphata
dosage Screenaed Biological Screensd Blological
ﬁmg!i) raw sewage |filter affluent | vaw gewage | £ilrar effluent
0 6,1 5,9 10,8 7.2
20 2.2 1,1 1,9 1,3
100 1,6 0,7 2.1 1,1
120 1,0 0.3 1,9 1,1
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mg/f (COD)

i

rigura 5.5.

| L
i (8t 2 284 3:{  35:
Fea : P molar ratio

434

mg/{N

Removal of carbonacecus and nitrogenous compounds by

adding farric chlaride to raw sewage.
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demonstrates that treatment with iron salts does net bring down the

total nitrogen concentration to the desired low level,

Discusslon and conclusion.

Different degrees of success in phoaphorus removal were achieved at
diffarant times during the day, ceoinelding wicth the varyiag concen—
trations of condensed phosphetes fin che Influent sewage.

4 ramarksble amount of orthophosphats can be derived from condensed
phosphate as a result of hydrolysis. This amount of orthephosphate must
be taken into congideration, when the dosaga of FaCl, required to rtemove
sufficient phosphorus is calculated, Ketchum and Higgina (1979} report-
ed that condensed phosphate had a mueh groater affect on increased metal
dossge raquirements than orthophosphate. This also explainsg why post-
treatment by FeCl; was found to be so muech more efficient than pre-
treatmenc. Post-treatment should be chosen if phosphate removal alone
ia the objective, IE, however, one 1s dealing with an organically
overloaded system pre-treatment might be prefarred. Up to 70 per cent
of the COD in the incoming sewage was removed chemically by adding FeCl,
in a Fe:P ratio of 2:1. This would eithar ameliorate the organic
overload or allow cthe hydrauliic lead ro be increased to the plants
maximum capacity. Split-treatment may be tha ctreatment of choice 1f
boeh abjectives should be met,

Hett nltrogen removal amcunted to 3 par cant af the influent TEN.
This amphasizes the need to consider other means, such as kiological
nathods eo meat the nitrogen atandatds,

Scirrer wpeed had a significant Influence on the effectiveness aof
phosphorus temoval by Fella precipitation, The rceason for this is
thae, if metal salts are added to a phosphorus sclution while stirring
very effactive phosphate adsorption ctakes place (Lijklema, 1979).
This enables the metal ions to react with tha phosphate before Tela-
tively unreaccive OH-bouds are formed. On the other hand the stirrer

spasd should not be too high in order tc pravent shesring of already
formed flocs.
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MASS BALAMCE STUDIES FOR CARBDON SQURCES AVAILARLE AT SEWACE TREATHIHT
WORKS ,

In contrast to the cemoval of phosphates and COD which cam be athieved
chanically, the ramoval of nitroganoye compounds i3 much pore complax.
Colleidel nitrogencus compounds may be removed by coagulation, while
ammenia may be removad, for example, by line additiorn followad by air
stipping or by precipication as magnesium amwonlum phosphate sales
under carefully controlled condiciens. Dendltrification, hawever, 13
anly feasible if done biologically, The combinatiom of a biological
filter system and an accivated sludge process might be considatad eo
upgradsa existing biological Eilter systems in order to meet the
nitrate standards. Thia process, however, requires carbonacesons
energy In the fora of COD, Chemical addicion rewmoves carbonaceous
energy, which even in the ghsence of chemical treatwent is a limiting

" gubstTtate in most local wastewaters. The supplementation of aenergy

has, therefore, to ba considered. The use of extarnsl anergy sourcea
such as methanol or wmolasses may not in all eases be suitable.
Reoearch workers Iin Camada Iovestigated the use of effluents from food
procesaing industriea, breweries and distillecias aa potential gub-
straces for blological denitrification (Monteith, Erildle and Suteon,
1579}, However, no detailed informatlon is avallable as yet, Thare-
fors, the use of external carbon sources availabls at sewage treatment
works 1s being considered.

As a preliminary study various potential energy sources avallable at
tha Daspoort sewaga works wera investigsted regarding thair suitabil-
ity as energy supplements as far as C:W ratlio and biodegradability are
concetnad. This research has chen been expanded to wass balance
aeundies at Roolwal aawage treatmant works, norch of Pretoria and
Vliakplaats sewage treatment works at Boksburg to evaluate the smounts
in which these carbon eources are availabla.

Preliminary studies at Dagpoort/Pretoris.

The following potantial carbon sources were dinvescigated. (For
illustration, see Figure 6.1).
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Supernatant liquor from anaeroblc digescer No. 7. This digester
which Is mixed and heated, recaives sludge from che primary
sectlers,

Sludge from the bottom of digester Wo. 5. This is a primary
digester rteceiving sludge fvom che units treating sewage of

mostly domestic origin. This digester i3 3130 wmixed and heated.

Sludge from the battam of digestar Ne, &, Thia is a sacondary
digester recelving sludge from digester ¥o, 5,

Supernatent liquor from digester No. 6.

411 thrae digestera are two-staga 27,75 o diameter Dorr digesters with
a total capacity of 906/m? ., The primary digaster is heated from 35

tos 37,5 °C by direct injectien of stasm. The digester content is

mixed by 6 pumps circulating sludge gas. The secondary digester is an

open tank, Supernatant is drawn off enly when necessary and 1f so
until it becomes turbid (Thiriom, personal comemwmication).

(e)

(f)

{g}

¥

(i}

(3}

{k)

{1}

Raw sludge from biological fileer units 1 to 6, which receive

sewage of moatly domestiec origin,

Supernacant from ‘rectangular canke'. These tanks serve as
gsecondary clarifiers for the digestar affluents.

Sludge from the bottom of the raccangular tanka.

¥Mixed ligquor from activated sludge unites 9 to 1ll. Thaese units
treat mewage which also contains industrial effluents.

Return sludge from activated sludge unics ¢ to 11.

Humus £rom secondary humus tanks of the biological filter unite 5
and 6.

Centrifuge centrate, This centrifuge aserves for dewatering of
the gludges from digesters 1 to 5 and 7,

Urying bed effluents.
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Layout of the Daspoort sewage purification works:

Schematic of the various unicta.
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Two sets of samples were collected on Jifferent weekdays at Daspoorc

sewage works. All the samples were analyzed for COD, TEN, votal P and
+

in the case of cthe second set, also for NHy .

The first set of samples were analysed without prior filtration buc
those of the second set were analysed separately for the liquid and
solid phases. Faor this purpose the samples were ftilrered tchrough
Whatman 2V filter paper. Mixed liquor suspended solids (MESS) and ¥SS
were also determined. The results of the chemical analyses and the
C:N:P racios are listed in Table 6.1 and 6.2, respectively.
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TABLE 6,1: Chemical anzlyses of potential suppleméntary carbon sources
for biclogical denftrificacion (Samples taken at Daspoork,

sewage treatment works).

Carbon Ssurce cob TEN Totel P
BATCH | (1980-05-27) (a1l values are mg/P}
Bupernacant ligquor digescer Ne., 7 2300 904 L4
Primgry digested sludge (digescer No. 5) 33200 1900 370
Secondary digested sludge {(digeater Wo. 6)}] 57400 1800 400
Supernatanc liquor digagrer Wo, & L50G 300 46
Raw sludge units 1 te & LO400 500 130
SupeImatant rectangular tanka 1800 00D 52
Bottom sludge rectangular tanks 24200 3300 945
Mixed ligquer unies 9 co 11 200 300 1n
Recurn sludge units % to 11 2000 200 480
Humus frem secoodary humus tank units 234400 2900 580
5 and &
coo | ks | wmt | Toral B ss | vss
g/t g/t
mg/kg sludge

BATCH 2 (1980-06&=12)
{a) Total Sample

Supernatant liguor

digascar No, 7 11604 1104 ago 200 10,90 7:36
Primary digested sludge .

(digestar No. 5) 33890 1500 700 350 43,25 29,54
Sacondary digested

sludge (digester No. 6) 40320 LBQ0 500 450 44,18 30,0%
Suparnatant liquor

(digester Ho, 6) 26300 400 400 asn 0,51 a,n
Raw sludge unics 1 co &) 50800 | 19200 | 1200 450 52,881 43,03
Supernatant rectangular

ranks 7315 700 500 KLl d,78 0,62
Botton sludge rec- 5300 | 2800 | 700 850 | 84,10} 52,20

cangular tanks

H;ng iiquur units 2500 200 0 550 2,27 2,24
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- 55 =

con | tRw [T {Totar R} 88 | wss
g/t g/L
mz/kg sludge
Recurn aludge unics s200 | 300 | 20 675 | 2,88| 3,06
9 to 11
Humus from secondary
humys tznk unics 5 39909 | 2309 1200 550 35,27 | 5,01
and 6 ;
Centrifuge centrate 6300 500 400 55Q 4,57 4,00
Drying hed effluant 30 400 400 150 0,068 o
(b} Soluble Eraction {all values are mg/L)
Carbon Source coD TRH wy Total P
Suﬁernatant iiquor {digescer 1100 1100 1000 20
o. 7}
Primary digested sludga
(digester No. 5) 500 500 350 24
Secondary digeated sludge
(digester No. 6) 600 o000 500 17
Supernatant Iiquot (digeater 300 400 400 30
No. 6)
Raw sludge unita 1 co & 77100 400 200 1540
Supernatant rectangular tanks and 70Q 400 16
Battom sludge rectangular a00 200 500 11
tanks
tixed liquor unifa ¢ tg 11 40 20 4 39
Beturn sludge units 9 to 11 20 100 30 46
Homis from secondary humus
tank vnits 5 and & 1300 200 140 66
Centrifuge centrate 300 400 400 b
Drying bed effluent 200 400 310 16




- 46 -

{#) S5olid fractien (all values ars mgfkg dried sludge)

Carbon Scurce cop T¥R Total P
Supernatant liquor digester No. 7 274000 17000 12000
Primary digested sludge (digester Ho. 5) 34000 2450 750
Et;gnd:gy digeated sludge (digester 18300 1100 800
Raw sludge units | to 6 AHB00 1300 700
Supernatant recrangular tanks 11100 47600 60600
Bottom sludge rectangular canks 10650 2100 100
Mixed liquor units 9 to 11 725100 67300 28300
Return sludge units 9 ta 11 3093504 65800 20600
Humus from sacondary humis cank
unlts 5 and 6 14009 s0G0 100
Centrifuge centrate 1297000 45200 31400

TABLE 6.2: C:i:W:P raeios of diffarane potential supplementary carvhon
gourced for blological denicrificacion sampled at Daspoort.
Carbon Sgures C . P
BATCH 1
Supsrnacant liquor digeater 2,4 1 0,05
Ha, 7
Primary digested aludge {diges-
cer No. 5 17,5 1 &,20
Secondary digesced aludge
{digester No. 6} 1,2 L 0.20
Supegnatant liguor digester
Ne. & 3,2 1 0,10
Raw sludge unita 1 to & 4,1 1 0,05
Supernatant rectangylar tanks 1,5 1 0,05
Batcom sludge rectangular
canks 1.3 1l 0,30
Mixed liquor units % to 11 7,5 1 0,12
Return siudge units 9 co i1l 8,1 1 1,95
Humys from secondary humusa
tank units 5 and & 80,0 1 020
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TABLE 6.2; C:M:P racios of diffarent patential supplementary earbon
sources for blological denitrification sawpled at Daspoort.

+
Carbon Source c H P (T of TRY)
BATCH 2
{a) Toccal sampnle
Eug:fn?tant liguor digester 10,8 1 0,18 24
Primary digested sludge
{digescer Wo. 5) 22,3 1 0,24 48
Secondary digested sludge
{digester No. &) 22,8 1 0,25 28
Supernatant liquor digester
Ho. 6 85,9 1 0,74 100
Raw sludge unlcts 1 to & 26,5 I 0.23 LT
Supernarant rectangular tanka 1,0 1 0,50 72
Bottom sludge rectangular
canks 26,7 1 0,30 24
HMixaed ligquor units 9 to 11 13,0 1 2,86
Return sludge unics 9 to 11 15,5 1 0,40
Humys from secondary humus
tank unles 5 and B 17,7 1 0,24 57
Cantrifuge centrate 12,6 1 1,10 71
Drying bed effluent o,1 1 0,40 95
b) Soluble fractiom
Supernatant liquor digeater Ho. 7 1 1 0,02 93
Pripary digesated sludge
{digeater No. 5) L L 0.03 73
Secondary digestad sludge
(digester No. 6} L 1 0,03 63
Suparnatant ligquor digester 0,6 1 0,07 a1
No. &
Raw sludge units 1 to 6 30,4 1 0,37 52
Supaernatant rectangular tanka 0,4 1 a,02 93
Boteom sludge rectangular tanks 1 1 0,01 68
Mixed liquor units 9 to Il 1,7 1 1,73 16
Return sludge units 9 to 11 0,2 1 0,42 29
Humue from secondary humus
tank units 5 and 5 6,3 1 0,34 72
Cantrifuge centrate 0,7 1 0,06 94
Drying bed efflnent 0,6 0,6 1 0,04 93
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Carbon Source c .| P

{c) Solid fraction
Supernakant liquor digeeter

N 16,1 1 0,74

o, 7
Primary digested sludge

(digestar Ho. 5) 13,9 ! e.30
Secondary digested sludge

{digestar No. &) 33 L 0,24
Sypernatant liquor digestar _ e -

Ha. &
Raw sludge units | to 6 27,1 1 0,52
Supgrnatant Tectangular tcanks 0,23 1 1,27
Bottom sludge ractangular

ranks 3.1 i 0,08
Mixed liquor units 9 co 11 10,8 1 0,42
Beturnt sludge units 9 to 11 46,9 1 0,31
Humus from secondary humus

tank unite 5 and & 2.8 1 0.02
Cantrlfuge centrate 28,17 1 0,69
Dryivg bed effluent - - -

The resulcs of the two sets of samples exhibit wide differances among
the various parameters. With regpect to the C:N ratio bottom sludge
from digestars Ho. 5 and 6 as well 23 humus from tha sacendary humus
tanke of units 3 2nd & wers tha carbem sourcea in cha first set of
samplas which were considersd potencially suitable as supplementary
energy sources., In the second set all the samples showad a C:N ratio
kigher ehan 10:1. All ehe soluble fractions showed a C:H ratio lower
than [0:1 except for raw sludge from units 1 to 6,

The ammonia concentration was very high in all the samples, It
constituted wpwards of 75 % af the TFN. There wera only cthree excep~
tions: raw sludge from unies | to 6 with amponia constitueing 52 X of
the TEN in the soluble freetion, mixed Iliquor from units 9 to 11 with
16 £ and return sludge from umits 9 te 1l wich 22 %, Another factor
of extreme lmportancea ralates to the blodegradability of thase energy
sourcea, For these 4investigations only the most promising carbon

gources, with respect to CiN tatlo and availability, wara used: Taw



- 4G =

gludge, fed to a primary digester (digester No. 5), primary digescad
gludge, going from digester He., 5 to the secondary digescer No. b,
bottom sludge and supernatant from digester No. 6. All these samples
were monitored in unfiltered form for COD, TEN, HHu+ and total P. The
liquid and scldd fractioms were separaced again., this cime, however,
by centrifuging for 20 min at 5000 rpm. Two separate sets af samples

wetg analyzed, which again showed large differences in composition aa
summarized in Table 6.3.

Blodegradabllity of the different carbon sources was tested using the
Warburg technigue (Umbreit, Burns and Stauffar, 1959), by measuring
the oxygen consumption over a definmed tima period under conatant
conditions. Glucose In a2 concentration of 2 2 was monitered as a
reference, Tha temperature during the experiment wae kept conatant at
25 °C and the reaction vessela were shaken at a frequency of 50 rpm.
From each cartbon source a sample of 3 nf was taken and the experiment
gtarted by lnoculation with | nf mixed liquor from the aserated reactor
of an activated sludge lIaboratoryscale unit. As a control distilled
water inoculated with aixed ligquor was uaed. BSupermatant from diges-
ter Ho. 6 showed good blodegradability im the firast see, compared to
the results obtained with glucocse. The second set showed poor blode-
gradability. There was alao a difference between these two sees with
regard to C:N:P ratio (Table 6.4}, The firae batch showed a rvatlo
which was [avourable for biological denitrification, but the same good
result was not abtained for the second set. The ovarflow Erom diges-
ter Ho. 5 to digester Ho. & also showed poor biodegradabllity in beth
sets of samplen. The C:N:P ratio was also favourable in both cases.
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TABLE 6.3: Chemical analyses of potential extermal ecarbaon sources at

Daspoort sewage treatment works (Sampla separation by

centrifugation)
cop | Tew [mmet [Toval 2| ss | wss
Carbon Source g/t | g/t | mg/t mg /L g/t g/t
BATCH 1
fa) Tatal sampla
Raw sludge 70 360 160 2300 &0 50
Primary ﬁigastad
sludge 70 10 FabH 2400 25 50
Secondary digested '
sludge 50 310 290 2300 60 40
Supernacant second-
ary digester 1 220 70 2300 i 1
(b} Supernatant after
. centrifugacion
Raw sludge 7 340 240 140 - -
Primary digssced 3 | 460 | 370 60 - -
siudge
Secondary digested 3 480 450 &0 - N
sludge
Secondary digeater
sludpge 3 410 350 80 - -
{c) Pallet aftar
centrifugacion
{all values g/kg
driad sludge)
Baw sludga 420 4D - 10 - -
Primary digeated N - -
sludge 350 20 10
Secondary digapted - _ _
aludge 400 a0 10
Secondary digaster _ . _
supernatant 500 40 L0
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Hupeinatant

coo | Tew | oyt |Torar P | ss | vss
Carbon scurce g/t mgfi | mgft mg /L g/L git
BATCH )
{a} Total sample
Baw sludge 50 200 200 00 30 25
Primary digaated
slndge 20 220 160 300 0 20
Secondary digastad
sludge 30 420 200 400 40 30
Supernatent second-
ary digester 5 550 110 8a 2 ]
(b} Supermatant after
centrifugation
Raw sludge 2 170 150 a0 - -
Primary digastad _ -
aludge 1 330 300Q 20
Secondary digaestad - -
sludga 1 260 200 20
Secondary digescar
supernatant 1 200 160 a0 - -
{c) Peller after
centrifugacion
(gll values g/kg
dried sludge)
Raw sludge 900 100 - 10 - -
Primary digested _ - -
sludge 600 30 19
Secondary digested 200 60 - L0 _ _
sludge
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TABLE 6.4; C:iNiP ratlos of different carben sources invescigated

% NH,
c ? {of TFM)
BATCE 1
(a) Total sample
Raw sludge 194 6,3 %)
Primary digested sludge 223 7,9 66
Becondary digested sludges 157 7.4 94
Saz::iz:y digeataer supey 4,3 10,4 A0
{b) Eupefnatant aftay
centrifugacion
Raw sludge 20,5 0,4 70
Primary digested sludge 8,5 0,1 B0
Secondary digested sludge 3.4 0.1 94
Sa;:::::y digestar auper 6,3 0,2 85
(e} Pallet after
cantrifugation
Raw sgludge 9,8 Q,2 -
Pr:::s;ediggsted 15,3 0,4 _
Secondary digescad 12,2 8,3 .
sludge
; Sacondary digestar
! supernatant 13,5 0,3 -
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TABLE 6.4
1w, *
C H P {of TEM)
BATCH 2
{a) Total sample
Raw sludge 240 1 1,6 100
Primary digested sludge 71,4 1 1,2 71
Secondary digescad sludge 66,7 1 0,9 48
Se::::::y digastar supar- 7,6 1 0,1 17
(b) Supernatant aftar
centrifugation
Raw sludge 10,3 1 0.5 92
Frimary digested sludgs 0,5 1 0,07 96
Secondary digested sludge 1,3 1 a,t 97
Sqgcondary digestar super- 1,02 1 0,1 89
natant
{¢) Pellet after
centrifugation
Raw sludga 7.3 1 4,1 -
Primary digastad 1.6 1 0.1 -
sludga ' !
52:;2:;:? digested 12,0 1 a,1 -
Secomiary digester o | o | e |-

Mass balance for potential carbon sources at Roolwasl sewage treatment

works.

The carbon sources which sessed to be the most promising in the
Daspoort praliminary studies ware chosen to be evaluated In a masa
balance study conducted at Reoiwal sewage ctreatment works (Figure
6.2). The purpoEs of this study was to detetming the compopition and
quality of lecally avallable raw siudge, primary and secondary diges-
ted sludge ag wall as digestar supernstane, The Rooiwal sawage treat-
ment works ~ the sast works - north of Pretoria 1la operated under
fairly conatant conditions in contrast to the Daspoort sewage works.
The east works traat & daily avarage flow of 54 ML sewage which 1s of
mainly domestiz origin. The industrial portion, which conatitutes
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1 Mi/day, 1s composed of 0,9 % tannery effluent, 0,6 ¥ of metal
engineering works effluent and 0,4 X pharmaceutical industry effluent
(percantage of total flow). The raw sludge production rate at Rooiwal
ampunts ta L X of the incomiong flow.

Samples were taken daily over a four week perind. Raw sewage was
sampled hourly and composited in proportion to flow over 24 h,
Sattled sewage was sampled two~hourly and otharwise treated similarly.

For raw, primary and secondary digestad sludge one sample was taken
from evary sump filled and composited,

Table &.5 shows the average concentrations of parameters of Intareat
for raw and setiled sewage, raw, primary digestad and secondary
digascad sludge. Tabkle 6.6 showa tha C:N:P ratios, the rtacio of HH4+
to TKN and the ratic of orchophoaphate to teotal pheaphate., It {a
obvioys that the C:N ratlos of raw sludge and the two digested sludges
vere very Eavourable as potential anergy sources for biological
denfcrificarion. As far as biodegradabilicy wan concerned raw 9ludge
showed the best results, followed by primary digested and secondary

digasted sludge, During the period of sampling, nc digester superna-
tent was genarated.

To caleulate the energy tequirements for blological denitrificacion
the aquatfion of MacCarty, Beck and 9¢. Amant (1969) was used, baged on

methanol a5 an eneTgy sSourca:

Cy = 2,47 . N + 1,53 . Ny + 0,87 . D_

whare CH = maethanol concentration, mg/?
N = mitrate concencratiom, mgfL
N; = nitrite concemtratiom, wg/t
00 = disgolved oxygen, wg/t .

For biological filter effluents with 15 mg/R nitrate (as M) 0,5 mg/t
nitrite (as N) and an assumed DO of 2,0 mg/E the required methanol
concantrsction would be 39,5 mg/f for complate danitrificaecion. The
COD squivalent of 1 mg/% methanel is 1,5 mg/% COD, which gives a COD

requirement of 60 mg/f for complets denitrificacion, or a 4:1 COD :
HO3=-H rario.
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Figure 6.2, Layout of Rooiwal East Works
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TABLE £.5: Parameter valuas for various carthon sources potentiall
suitable as enar Jources for biclogical denitrffication

e
(Roaiwal Sewage %teatnnnt Works)

Variable H!a;g;:lue HiE;?:m Hn:;?:m
Raw sewage
cop 580 130 80O
TEN 51 34 76
¥y ¥ (unfileared) 33 14 "
HH4+ (filtered) 21 12 36
W0y MOy~ 0,3 0,2 1
Tortal N {(unfilcered) 51 35 76
PO~ 8 ] 12
Total P 11 6 14
Settled sewage
£OD 476 180 890
TN 48 36 63
WHy* (unfiltered) 35 23 &
Wb, ¥ (Eiltered) 26 13 46
NGy ~NOp 0,4 0,2 1
Total ¥ (unfiltered) 48 k! 63
PO, 3" ] 5 11
Total P 11 8 17
Raw sludgae
COD 44400 10350 62550
TRN 1700 850 2480
B, (filtered) 180 95 260
NO3 -HOa 0 0 0
PO, 3" 160 95 210
Primaty digested sludge
COD 30100 14800 47350
THN 1900 1580 2280
My (filceted) 530 48 64D
NO3 -RD3~ 0 0 "o
PO, 3" 140 105 , 16
Total P 540 320 ' 660
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Varisble i‘:;zﬂ Mind num Maxiamm
mgft mg/t ng /L
Sacondary digested sludge

COD 24250 13450 34500
TEN 1710 1160 2280
Myt (filtared) 570 250 700
NGy =NO3 ¥ 0 0
Po,3” 100 80 140
Total P 430 260 540

TABLE 6.6: C:H, N:P, ammonla and orthophoaphate pertion of

ctential

tarben sources at Roolwal Sewage Treatment Works,

Carbon sourca C:H P:H HH4+ {unfdlt.):TRW | POy 3" :TP
Raw sewage 11:1 0.2:1 0.6:1 0.8:1
Settled savage 10:1 0.2:1 0.7:1 0.3:1
Raw shudgs 25:1 0.26:1 - 0.3:1
Primary digested 16:1 0.3:1 - 0.26:1

sludge
Secondary digestad | ..., | g5 24:1 - 0.23:1
sludge

6,2.1

[rm——————

Buring the sampling period 0,5 Mi/day of raw sludga had baen produced.
Tha COD was 44 ODQ mg/t and TN was 1 700 mg/Ek (as W),

ia uaed as carbon source for demlcrification one must be

1f raw sludge

aware that

the oxidacion of TEN yielda nitrates vhich should be Temoved as well.
Assuming & 10:1 C:N requiremenc 17 000 mg/t COD will be consumed for
this purpose, The unhiodegradable fraction of che COD in raw sludge
ts assumed %o be 15 % or 6 600 wg/h .

Therefare, tha COD remaining for denitrificacion will ba:

44 00D - 17 000 - 6 500 = 20 400 mg/f ,
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45 B0 mg/R COD is required for complece denierification of the repain-
ing nitrate-nitrite, E,Eh.lﬂ-a B raw sludge per & biolegleal filter
effluent 18 necessary, vhich is wequal to 0,14 Mtfday, This shows,
that under the assumprions stated, ample raw sludpe 1s availahle at
Foodiwal for complete denitvificarion of biological fillter effluent.
This estimation, however, depends amongs others om the carrectness of
the estimate of the unblodegradable fractjon of the COD., If the
unhiodegradable Eraction 1s estimated higher, the following figures

are cbtained :

Unbiodegradable fraction Raw sludge requirement

20 % 0,16 M2 /day
an % 0,21 Mt/day
50 2 0,30 Mt/day
50 X 0,57 Mefday

It is obvious cthat even with an unblodegradable fraction as high a=
40 %, which is considered most unlikely, the denitrification energy
requirement can s5till be met.

Primary digestad sludge

Based on the calculations mentioned above the following figures were
ohtained for primary digestaed sludga: a COD of 31 000 mg/P and a TKN
of | 900 mg/% {as N) ware maasured. The sludge production amounted to
0.37 Mtfday. If a 15 X unbilodegradable fraction 1s assumed the
requirement for primary digesced 3ludge would be 0,39 ML/day, which
approximates the wvolume which 15 daily available. In the case of
primary digested sludge a higher unblodagradable fractfom must be
assumed, For 20 I unbiodegradables ©,48 ML/day would be required and
in the case of 30 Z unblodegradablas 0,95 Mt/day. Primary digested
sludge 13 therefore considersd unlikely to meet the energy r=quire-
ments for complete denicrificaclon of bilological filtar effluept.
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6.2.3 Secondary digasted sludge

6.3

The secondary digeasted sludge =analyssd at FRooiwal had a COD of
24 000 mg/t and a TEM of ! 700 mg/i . 4 total volume of 0,43 ME/day
is available. Foar 15 % unbiodegradablaes 0,81 MR fday secondaxry diges-
ted sludge would be required and for 20 2 1,3 Mt/day. Again, the true
unbiodagradable fraction is unknown. Thae results, however, show that
secondary digested sludge is not suiltable as an external carbon source
for blological denfcrificacion.

Mass balamce at Vlakplaaty Sevage Purificarion Works, Boksburg.

The results obtained from tha Roglwal mass balance were compared with
those of a similar scudy parformad at the Vlakplaats Sewage Purifica~
tion Warks at Boksburg. The lay-cut of this wotks and the sampliing
polats are given in Figure 6,2, The survay was conducted over 4 waaks
and dally samples were composited according to flow. Mercury chleride

was used for presercvation.

Table 6.7 shows the mean values of paramsters of interesc at different
gampling points and the gquantitiss availaghle of the differsnt poten-
tial carbon sources. In Table 6,8 che C:N ratios are indicated,
Siwilar te the {indings from the BRooiwgl study, raw and digestad
sludge seemed to be tha most promising sources for external ecergy
supplementation for bioclegilcal danitrification. The mixture of humus
sludge and drying bed supsamatant, which 13 recycled to che head of
the works (Fipure 6.3), had a C:M ratie of 15:1. The samplea taken
from the different drying beds had been omitted from the calculacion
as for each drying bed only one or two analyses were available, which
did not allow the calculation of statiscically relevant mean values.

Assuming an unhiodegradable fraceion of 15 ¥ similar ealculations to
those given abave show that the raw sludge requirement for complete
biological denicrification of humuwa ctank effluent would be 21,5
mafday. During the pericd of moniecoring 113,04 m  raw sludga was
produced daily. Digested sludge and the humus sludge=-drying bed

supernatant mixture wera not available in sufficient gquantities.
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TABLE 6.7: Parameter values for carbon sources potentially suitable as energy sources for blological

denitrificacrion at Vlakplaats Sewage Purlfication Works

(mean values in mg/t)

{uantities + _
Sampling point available COD TKN i, NOq PO, ? TP
and numbar (o3 /day) (unfilt.,} (unfilt.) (E1ic.) (filt, (filc.) funfilc.)

Raw sewage (1) 21100 ElO 46 L3 [ 4 11
Settled sewage (2} 360 29 L6 1 & &
Setcled sewage and re-

cyciad humus tank 15800 430 26 il 1 5 Fi

effluent (3)
Biclopgical filter

effluent {4) 100 6 ! é 3 !
Humus cank effluent (5) 100 5 | 7 5 6
Final affluent after 19600 100 6 2 3 3 4

ponds {(6)
Huomue sludge and

drying bad super— L1270 1108 76 39 2 [ 27

natanc (7}
Drying bed super- ] q

natanc (18) 320 6350 940 475 0,4 5 9
Raw sludga (A) 110 84450 2800 264 3 91 565
Primary digaster

sludge (B) 11¢ 44100 1170 682 0,2 23 496

_rg-
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Paramgter values for carbon sources potentlally suitable as energy sources For hiuln;ical

denicrification at Vlakplaacs Sewape Purification Warks
(mean values in mg/8) (cont.)

(uantities + _
Sampling point available Con TEXR NH, N0y PO, 3 T®
and number (w? /day) (unfilt.) {unfile.) | (Filc.) {filc. {f11c.) | (unfilr.)

Sec. dig. sludge

to drying beds:
Drying bed 1 (D1) 195 117600 3:00 1400 0,2 64 490
Drying bed 2 (D2) 195 81200 3300 900 ¢,2 kli] 320
Drying bed 3 {(D3) 195 36000 1940 500 0,4 21 4490
Drying bed 4 (D4} 195 9600 L4 100 0,3 12 a0
Drying bed 7 (D7) 195 104100 5460 200 0,1 16 3040
Drying bed B (D8} 195 604040 2500 1000 0,2 44Q L3BD
Drying bed 9 (D9) 195 167600 2650 1000 0,2 15 L4400
Prying bed 10 (b10) 195 &0700 2550 800 0,3 60 1160

_zg_
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For digested sludge 36,7 mafday ia raquirsd but only 28,3 mafday is
avallable, in the case of humus sludge plus drying bed supernatant
4 578 mafday is vequired and ! 270 m° 1s available,

TABLE 6.8: C:N ratios of potential extérnal carton sources for
bivlogical denitrificacion at ﬂlakglaats Sevage Purifica=

tion Works.

Parameter COD:TKK
Raw sewage - . 15:1
Sattled sewage 12:1
Sercled sewage and recyecled humus tank effluent 16:1
Humus sludge and drying bed supernatant 15:1
Dryving bed supetrnatant 7:l
Raw sludge 0:1
Primary digested z2ludge 381

Discussion and Concluzion

The studies on ehe use of external carbon souvces for energy supplemen—
tation of biological denierification of biclogical fileer effluent
show that raw sludge is the most promising energy source, The quamti~
ties in which raw sludge 1is availlable as well as its C:H ratio is
Favaurable. Alchough the use of digested sludge seemed feasible in
the Roodiwal study this source was not avallable in sufficlent quanti-
ties in the Ylakplaats study. Digestar suparnatant was not praduced
at Rooiwal during the pericd of menitoring, All the calculations on
the ragquired guantities of exrarnal aneargy sources were bagsed on the
assumption that complete denltrification of biclogical filter effluent
must be achieved, However, cthis mey net ba necessary. Therafore,
carbon sourtces llke digested sludges might well be a propesition in
cazez where only partial denferifiesprisn is required, On the other
hand digested sludges will contain a higher umbiodegradable fraction
of COD than the 15 % assumed in tha caleculations, 40% may reflect a
more reallstic figure. This howevaer, can nnly'be deternined in bench
scala or pilor scale experiments, |
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FILOT PLANT STUBIES O THE USE OF EXTERNAL CAREON SOURCES FOR RIQ-
LOGICAL DENTTRIFICATION

Te invesrigate whether the findings obtained from che studies at
Daspoort and the mass balances at Booiwal and ¥lakplaats, respective-
ly, confirmed in practical experimencs a piflot plant was operated
using vaw sludge, screened raw sewage and settled sewage respactively

as excarnal carbon sources for the denltrification of blelogleal
filtar =fflyent,

Plant speciflcations

Tha spacifications of this pilot plant ara given in Table 7.l and the
lay-out i3 given in Figurae 7.1,

TARLE 7.1: Piloc plant phyeical data during cthregs diffarent experi-
mental erinsl in the study aimed at svalnatin dii%erent
carhon sources for bilological denitrificacion,

B B
fead
Total volume, % 552 190 45
Aerataed volume, U 2x 116 - -
Anoxic volume, 2 2 x 85 2x95 95
Clarifier, L 56 58 168
Clarifier surface area, n? 0,15 0,15 0,28
Totel feed flow, m°/day 1,2 1,2 1,2
Sludge age, days 20 20 about 1

Activated sludge system with raw sludge as carbon soutce (1981=-06~22
te 19Bl=10=31)

For the firac experiment the plloet plant was operated as an activated
sludge unit, cowprising asrared and anoxie stages (Plgure 7.1). The
rational of this lay=-ocut waa that all nitrogenous componants should
be canverted to nicrates., The fasd comprised of two flows of equal
magnitude, namely 0,6 mafday sach. The first feed flow was humus tank
effluent (HTE} which was drawn directly from the wundcipal biclogical

fileter and vas fed continuously into a holding tank. The use of that
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tank had the same affect as & balancing tank in cthat concentration
peaks were attenuated, The second feed flow was the carbon scurce, in
this experimant 7aw sludge diluted with HTE., This feed was drawn from
one of two holding tanks of approximately 1.4 m capacity, and fed
directly inte the reactor. Each tank was used to supply carbon Feed
for two days, excapt ovar weskands when the currant tank suppliad faed
for the period from Saturday co Monday.

The carbon feedstock was made up by dileting a volume of raw sludge,
collected from a discharge somp fn the municipal works, with HTE.
From inicial tests the humus cank effluent was found co hava the
following characetaristics: a COD of 55 mg/f, nitrvite-nitrates amount=-
ed to 12 mg/t {28 N) and ammeonig-nitrogen was 15 mg/i {as W), Fron
the Rooiwal analyses the quality of raw sludge was raken to have 3 COD
of 44 000 wg/t and a TEN of 1 700 mgf/t {as N}, No nitrates were
assuymed to be prasent. In this phase of the axperiment it was in-

tended to use all raw sludge available per day for denitrificaticm,

In crder to preovide & carbon source fzed with & COD of approximacaly
1 000 mgft the raw sludge was diluted in the ratio 1:45.7 (raw sludge
: HTE). This dilution step was nacassary to make the raw siudge moTe
readily pumpable. The theoretical composition afcar dilucing the raw
8ludge with HTE in this proportien was then expacted to be a2 COD of
896 mg/l, a TKN of 51 mg/t {as N) and a nitrate concentration of
11,7 mg/L (as N). This carbon source was then pumped into the reactor
st the same rates as the humus cenk effluent faed and therefora the
final thecreticel qualicy of faad to the reactor was the aversge of
chage twa flows,

The operatiom of cthe pilot plant actarted on 22 June 198i. The plant
was seeded using wixed liquor taken from the Phoredox pilot plant and
providad an inirial mixed liquor suspended solide (MLSS)} cancentration
of approximately ! 000 mg/2 . $Sludge wasting was copmenced on 9 July

198] at a rate of 26 £ par day, thus providing a sludge age of
2Q days.



- /7 -

The dissolved oxygen concantration in the aeration zone was mailntained
within the range of 2 to 3 mg/L by means of a hand operated pressure
regulatet.

Table 7.2 showa the resulta of chemical analyses of parameters of
interest in che differant scages of the pilot plant. The quality of
raw sludgs varlad conaldarably as far as COD was concerped. The
values changed bacrwgen 30 000 and 320 000 mg/t and a mean valuye of
89 586 mg/t was determined., The feedstock COD, i.e. the predilated
vaw sludge. howaver, showed much less wvariatiom. Similarly, che

Feadsctock TEN remainad quite stable. The C:H ratio (COD:TKNH), during
this phase averaged 25:1.

TABLE 7,2: Average performance of an activated sludge unit receiving
humus tank gEfluant when using raw sludge as a carbon and
&NQTRY BOUrcd {1981=-06~02 = 1981=10-31)

(concencrations in mg/t)

cop TN W, b § Mo WO~ | EonYT
{unfile) | {unfile,) | {filtered) |{filtared) | {filterad)

Raw sludge 29700 WD ND ND MD
Diluted raw

sludge 101 37,5 13,0 KD 17.9

ffuadstock)
Humusg tank

affluant (21 ND G.7 11,9 G.4
Fead entering

pilot plant 467 ND 11,4 5,9 13,6
Fllot plant

offluant 42 WD 2,6 3,0 B,7

NI = Mot determinad,

The MLSS concentration increased rapidly a mean value of 4 611 mg/t .
This rapid increase may be ascribed to the highly favourable C:N
ratio. During the whole experimental period the pilet plant performed
very well as can be saen from Table 7,2 and Figure 7.2, The effluent
COD averaged 42 mg/t, while the ammonia was teduced te 2,6 mg/t (as
N). The nicrata-nitrice and orthophosphate concentrations im the
effluent was 5,0 ag/? (as W) and B,7 wg/t (as P}, respectively.
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Denitrification uait with raw sludge as carbon Source {1951-[1-03 -
1981-12=14).

On 2 Hovember 1951 the pllee plant was changed to a srriect denitri-
fication unit by by-passing the aeration tank. (Figure 7.1).

The change in the configuration resulted in a sharp drop in the MLSS
goncentration, (Table 7,3, Figure 7.3s), which was most probably dua
ke adaptation and equilibracion proceases. The sectling propertiea of
the sludge in the clarifier deterlovated after ocaitting the aerated
stage., This is expressed in che increase in the COD concentratiom in
the effluent. The loas was due to the formation of pin-point typs
flocs, not bulking sludge. In an attempt to improve the aattling
properties a small aeration unit was installed just bafore the slariw
fiar on i0 NHovember 1981, As this unic did not produce tha desired
regules, it was omitted two waaka latar.

As far as denitrification was concerned the unit performed well,
Micraeces in the =ffluent wera rvaduced to concentractions of 0,7 mg/i
{as N), which can be rtegardad as complete denitrification. The
average affluent amonia concentration of 4,6 g/l {(as H) was well

below the value required for the gensral standard,

TAEBLE 7.3: Averapa performance of a denitciflication unit receiving

humns tank afflusnt when using raw sludge as a2 carbon and
ENErgy Source iiﬁﬁi-ll-ﬂ! w 198l=12=14) {concentrations in

ng/t)
CcoD W, " NO2 ~NO3~ POy 3
(unfiltered) | (Eiltered) | (filtered) | (Eiltared)
w aludge 83179 ND ND ND
:ﬁiu:ﬂk 35 3,1 10,8 8,4
Mpilos piant 674 7,7 5.4 "
E::;;u:i:nt 30 4,6 0,7 9,8

NI = not determined.
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Denitrification unit with sacresned raw sawzge &5 carbon  source
(1582-01-21 to 1982-03-0%)

Raw sBludge may not in all cases be avallable as a possible carbon
gource for biolegical denierificarlion.  Therefore, other carbon
sources need to ba considered in such cases. As an alternative in
this study, tha use of raw sewage from the Daspoort sewage treatment
works was investigaced after passage through a screenm with & by 1l om
openings in order co make it more readily pumpable. This sereened raw
sewage was then fed in a [:1 dilucion wich HATE, resulting in a COD:TEM
ratio of 10:1. Ac che same time the anoxic capacity of rthe unict was
halved and a larger clarifiar installed in an attempt Lo reduce solids
carry-over in the Einal effluent,

The mixed ligyor suspended solids concentration decreaged to an
average of about ! 500 mg/t during the experimental period, whilea the
settling propatiies of che sludge in the clarifiar decarlorated
Eutchar. $§ludge wsas coneclnususly lost In the effluent, the average
suspended sollds concentratian being about 90 mg/? and consequently
the sludga aga could ne longer be controlled positively and was

reduced to an sffactive average of only about one day.

As it is shewn 1o Table 7.4 and Figure 7.3b, however, tha unit per-
formed very well with regard ¢t¢ denitrification, The influent nitrate
concentration of about 5,0 mg/t {as N) was reduced te an average of
0,8 mg/t (a9 W) in the effluent. The high efflygnt COD wvaluea of 182

pg/t on an average wara due mainiy to the solids carry-over in the
efflvent.

Dentrrification unic with settled sewage as carbon source (1982-03=10

to 1982-05-05)

During this leg of chae study settled sewage instead of screened raw
sewage was used aa carbon source,. This was done in order to imvestig-
ate the performance of chis unit at even lower iInfluent COD concen—
tratilons. The lay-out of the dendtrification reactor remained un—
changed and the wixing ratio with HTE was 1:1.



TABLE 7.4: Average performance of a denitrification unit receiving humus tank effluent whan using
screened raw sewage a8 carbon and enerpgy scurce {1942-01-21 - 1982-03-09)
{concentraticns in mp/t).

coD TKR ni, ¥ {no, T-noy T | Boy, 3T TP
(unfile,) | (unfile,) |C€11e.) | (file.d | (E11c.) | (unfile.) | MLSE | vss
Screened raw sewage 2849 29,2 19,4 ND HG 7.8 ND Wb
Humus tank effluent &5 HND 2.5 9.5 6,9 ND ND ]
Feed entering pilo: planc 67 1] 10,9 4,8 ND HD WD HD
Denitrification reactor ND HD 10,8 a,7 6.6 ND Y405 | 1130
Plilot plant effluent 182 ND 12,1 0,8 6,3 ND BY g1

HD = Hot determined.

TABLE 7.5: Averapge performance of a denitrificaction unit vecelving humus fask eifluent whan using
settled sewape as carbon and energy source (1982-03-10 - 1982-05-05) {concencrations in
mg/r).

+ - - :
[un??gt.} {un:§¥:.) iy | Giies) {:21:.} MLSS | V8BS
Sectled sewage 230 33.3 21,4 HD N ND HD
Huous tank effluent 356 HD 2,8 10,8 1.2 HD D
Fzed entering plloc plant 133 [J11] 12,1 5,4 ND HD WD
Denitrificarion reactor 111 WD 14,0 0,7 6,7 1734 1498
Pilat plant effluent 183 ND 13,2 0,7 6,7 118 105

ND = Hot determined.
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The results in Table 7.6 and Flgure 7.3z show that even at feed COD
values of as low as 131 mg/t practically complets denitrification was
achieved, resulrting in affluent nitrate concentrations of 0,7 mgft (as
N). However, the formation of pin—-point flocs was still cbssrved and
sludge was lost in the effluant as indicatad by average suspended
solids concentrations of 118 mg/t in the effluent. Therefora, the
sludge age was still uncontrolable at about one day., The avarage MLSS
in the reactor during this period was 1 700 =g/t .

By using raw sludge or raw and settled sewage the denitrification
capacity of the unit was never exhaustad. In order to determine the
maximum depltrification rate in the rTeactor the feed consilating out of
settlad sewage and ATE mixed in a ratio of l:1 was spiked with WaNOg
resulting in an average Influent nitrate concentration of 24 mg/t f{aa
N}. This experipent waa carried out over the period from 82-05-06 to
82-06-25, The denitrification capacity of the system was extended ta
the full by this addition as indicated by an average effluent nitrate
concentration of 9,2 mgfit (as H} (Tasble 7.6, Fig. 7.3d). This net
denitrification rate was calculated to be 17 mg BO3-N par g V5SS per h
(Figura 7.4). This rate i3 about 2 to 3 times highar than that
reported for the activated sludge process (Simpkins and Gerber, 1981).
This rate waa achleved at an average MLSS concentratfon of about 500
mg/% and an effective sludge age of only about one day. Most of the
biomass may thus be asgumed as having baen in a very active state.
This iz also expressed by the small diiferenca harwean MLSS and V¥55.

Discussion

The results achieved in these series of experiments indicara that
denitrification of humus tank effluent procaeds in a straight forward
mapner. The most important preblem area which should be considered in
the deaign of a slurry denitrificaticn reactor appears to ba the loss
of suspended solids in the effluent and its effeet upon the mainten-
ance of tha proper oean ¢sll residence time,” In aituations where
upgrading with respect to phospherus removal is required as well, this
is unlikely co be a point of major concern. Im such applications the
denitrificatfon reactor would be Laocated priar te the filter but
following chemlcal dosage f£or phosphate removal, with humus tank
effluent being recycled in this point. Figare 7.5 showa just one of
several possible arrangements.
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258/h x Omg/L N

e ion
Carbon

source

95 2304/h

) |x8.amq/e N

253t/h

x47.0mg/f N

ta0t/h x 9.2 mg/t N

{25 % O0) + {235 x 47,9) + (180 % 9,2) - {230 x 8,8) =
o * 1195 + 1656 - 2024 = B2t mg/h N

827 ' -
= ——— - rh
Denitrification rate STI%5 = 17 mg NQy=N per g V55 p=

Flgure 7.4. Calculation of denitrificaticn rata.



TABLE 7,6;

Average performance aof a denitrification unit recadving bumus tank effluenc when using

nicrate-enriched settled sewage as carbon and enargy source (1982-05-06

~ 1982-06-25)

{concantratlons in mg/%)

+

cOD TKN NHy, NOz -NO3 POy 3" p wss | vss
(unfile,) F{unfile.) § (filc.) (f1ic.) (f1dc.) | {unfilc,) !
Sercled sewage £ L 34,4 24,8 ND ND 6,9. ND ] 1]
Humus tank effluant 60 3.0 6,7 6,5 7.0 7,13 ND 2] 1]
47.6
afrer
splking
Feed entering pilot plant 202 21,2 15,8 24,0 ND 7,0 KD 1]
Dendcrificarion reactor ND HD 13,1 g,8 6,8 ND 618 | 502
Piloc plant sffluent 153 Z1,6 16,1 0,2 6,5 6.% 71 54

Hb = Not determined.
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- 76 =

Settling propercties of the biological sludge can be expacted to be
much iopreved under these cnndl:iuns due to tha presencea of chemical
coagulant, Since the contract for this project was terminated end ﬁ}
June 1982, no experiments with chemical addition could be carried out
anymote, But cthat the assumpticon 1§ right has been shown by Van
Vuuren and co=workers (1981} in applicacions of the LFB process as
wall as by results abtsgined from a full-scale erial of a pre-deni-
crification unit ar Daspoort (Pretaria), where phasphate was rewmoved
chemically by pre-treatment with farric chloride, which was added im
concentrations of 120 mg/Y as Fa. The lay~out of the full-scale plant
1a given in Figure 7.6, Typical rtasults are shown in Table 7.7, the
valuey in brackets referring to a control biclogical filter ayatew.
The S¥I of the sludge in rthe denitrification reactor was reportad to
be ahoyt 50 mf/fg (Thiriom, persanal communication).
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Genitr. Trickl.
reacior filter
Chem, Sedim. Humus
el tfI«:m MiKer tank tank
e o River

Waste

Figure 7.5: Schematic layout of plant for chemical phoaphate
removal and biologicsl denitrificacion in crickling
Eileer effluants,



FeCly

Flocculalion

Row sewage é_w_ DL

2,2Mb/d

'

2,2 ML/d

Clariflocculotor

| | '4‘ 2,2ME/a

Trickl. Fijit.

Prim. clarif. Humus tank
| 4,4M£z’dA | | _
= River
| 2,2 Mt/d

Fipure 7.6:
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TABLE 7.7: Results of full=-scale axnarimanes with a pre-deniteifi- .
cation unit using raw sewage as carboun source at
Daspoort, Pretoria, (Yaluea in brackets show control
values).

Parametar tean value (mg/fi)
Raw sewage
Cop 406
TER 11,6
w, * 19,6
PO, 3" 6.5
Biological filter effluent
con 60
e, * i4
MOy~ 5,1
PO, 3" 2.0
Reacror affluent
Cop 106
i, ¥ 3,5
N0y~ 0,4
PO, 3" 6,1
Final effluent
CaD 49(63)
TFH 3,7(7.0)
un,* 1.8(8,0)
LM 6,4(11,1)
PO, ? 2,4(5,4)

CONCLUSIONS AND RECOMMENDATIONS

Based on our findings, cbtained during tha study on upgrading existing
biolegical fileer systems to comply with the affluent standarda for
nutrient removal, the following, conclusions and recommendacions arae

made:



- 80 -

Orthaphosphate can ba effectively removed by chemical precipitation.
The choice between pre~-creacment, post—treatment or split-treatment
should be made based on tha concentration of condensed phosphates at
the point of chewlcal additlon. TIf high concentratlons of condensed
rhosphates are expected, darived mainly from synthetic laundry deter-

£ents past-treatment 15 recosmended,

If only the removal of COD is required, e.g. in the case of an organ-
ically overloaaded but hydraulically underloaded plant chamlcal pre=-
treatment should be considared,

If COD removal as wall as orthophosphacte removal fs required, split-
creatment should be considared.

Removal of nitrogenous compounds, especially by the way of bioclogical
denitrification should be seen as part of a comprehensive upgrading
process comprising facilitiaea for chemical treatment to remove ortho-
phosphate and COP and cha possibiliey for blological denitrification.
Based on cur pilet plant experiments and full-scale sxpariments atc the
Dagpoort sewage works a pre-denitrification unit 1s recommended.
Biological filter effluent hap to be recycled to the head of the works
where it should be mixed with raw or settled gsewage. In a following
flash-mixer, chemicals will be added to remove ovthophosphate and to
lmprove floc-forming in the subssquent denitrification tank. The raw
sludge/denitrificacion sollds should be temoved in the pripary sastt-
lers and recycled to the denitrificacion reactor. The primary sectlar
effluent should than go on to the biolegical filtsrs. Mo adverss
effect on the blologiecal filters have been cbserved in practice. The
use of raw or zertlad sevage as external czrbon source for denitrifi-
cacfon might be preferred to the use of raw sludga, This practice
allows all the raw sludge being produced, to be used in che digesters
for gas production.

The use of digested sludges might be counsidered, but dus consideration
must be given ta its higher unbiodegradable COD fraction than that of
raw sludge.
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Regearch 1s required on cthe full-scals application of pre-biolegical
filtar danitrification. Espacially the preblew of sertleabilicy of
the sludge and the capacities of che primary settlers to handle the
increased flows nead further invastigation,
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