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Abstract

A three year investigation was undertaken on the Boksburg and
Pretoria, Republic of South Africa (RSA} biological filter sewage
purification works to evaluate and further develop existing rech-
niques for phosphate and nitrogen removal. It was demonstrated
that the upgrading of this type of works to meet the RSA
regulatory effluent phosphate standard of 1 mg/? dissolved or-
thophosphate (as P), is practically feasible under local conditions.
It was also shown that by relatively minor process additions and
modifications an effluent with a nitrogenous matter content of
less than 10 mg/f (as N) can be produced.

Introduction

In the Republic of South Africa {RSA) 53 per cent (on 2
volumetric basis) of the sewage generated in eutrophication sen-
sitive river catchments is treated by biological filter processes
{Davidson and Howarth, 1983). The main reason for the
popularity of biological filter sewage trearment is the reliability
and stability of the process in meeting effluent standards for
BOD, COD, ammonia and suspended solids, as well as its low
maintenance and energy requitements. However, the effluent
from this process still contains high concentrations of nitrogenous
compounds, typically 10-30 mg/f (as N) and orthophosphate,
typicaily 5-10 mg /€ (as P). Discharge of effluents with such a high
nutrient content to the water environment has resulted in over-
fertilization (eutrophication) of recipient water bodies. As a con-
sequence, prolific growth of water plants and algae has taken
place in river courses, lakes and impoundments downstream of
effluent discharges, which in turn has resuited in the detcriora-
tion of water quality, as well as giving 1ise to health and aesthetic
problems, all with significant economic implicarions. Further-
more, although phosphates are not considered toxic, free am-
monia has 2 high toxicity rowards aquatic life, while nitrates can
cause faral methemoglobinemia in infants (Kempster e /.,
1980).

In order to minimize and control eutrophication as well as
overcome the other deleterious effects of high nutrient concentra-
tions, a wotld-wide trend has developed, i.e. to limit the dis-
charge of nuttients to the water enviconment. Considerable re-
search and development wotk was undertaken on chemical phos-
phate removal in the late sixties and early seventies in the USA,
Scandinavia and Europe, the results of which have been widely
published and applied (US EPA, 1976; and Wiechers and Van
Vuuren, 1979). Nitrogen removal by physical, chemical and
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biological means has also been widely researched (US EPA, 1975,
and Wiechers and Van Vuuren, 1979), but has not been applied
extensively.

In the RSA cutrophication has been increasing steadily, par-
ticularly since the introduction of the Water Act in 1956, which
tequires the return of all treared effluents to their sweam of
origin, a measure aimed at maximum indirect water reuse in this
water-scarce country. The situation has deteriorated to such an
extent that the regulatory authorities have introduced legislation
requiring point dischatgers of phosphases in sensitive river catch-
ments to limir the soluble orthophosphate concentration in their
effluents to less than 1 mg/# {as P} from August 1985. Limitation
of nitrogen is also receiving close scrutiny, particulatly for an im-
portant stretch of the Vaal River (Brodisch e7 &/., 1984). In order
to assist local authorities and other operators of biological filter
works who have to meet these standards, the South African
Water Research Commission in collaboration with the City Coun-
cils of Boksburtg and Pretotia and the National Institute for Wazer
Research of the Council for Scientific and Industrial Research
evaluated and further developed existing rtechniques for
phosphate and nitrogen removal.

Chemical phosphate removal
Pre-filter chemical phosphate removal

Pre-filter phosphate removal using ferric chloride was in-
vestigated over a three year period (1980-1982) on an experimen-
tal basis at the Daspoort Sewage Purification Works, Pretoria.
The works consist of eight parallel units of which Unit No 8 was
used for chemical phosphate removal (Fig. 1 and Table 1} and
Unit No 7 as a control, Ferric chloride (43 percent solution, ex
Klipfontein Organic Products) and polyelectrolyre (0,2 percent
solution, Cyanamid Superfloc A130) were sprayed by means of
nozzles onto a turbulent flowing raw sewage stream in an open
channel; flocculation took place in a grit chamber and the resul-
tant chemical/raw sludge was separated from the liquid phase in
a primary sedimentation tank. Average results for the period July
1981 to June 1982 ate listed in Table 2.

The phosphate load on Unit 8 varied significantly, both as a
tesult of changes in the total phosphate concentration, i.e. from 7
to 15 mg/{(as P) and as a result of changes in flow, i.e. from 80 to
125 kf/h. In order to meet this changing load 1 was decided 1o
dose fertic chloride proportional to the raw sewage flow-rate.
Although it was also considered desitable to adjust the ferric
chloride dose rate in phase with changes in the phospharte con-
centration, this was not done since continuous analysis for
phosphate in raw sewage was problemaric and not considered
practically feasible. Dosing ferric chloride on average at 28 mg/¢€
(as Fe) over a onc year period, resulied in the lowering of the
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Figure 1
Process schematic for Unit No 8 of the Daspoort Sewge Purification

Works,

average total phosphate from 10,5 mg/f in faw sewage to
3,7 mg/¥ (as P) in the final effluent. Although it was possible to
reduce the orthophosphate concencration in primary settler ef-
fluent to 1 mg/E (as P} or less, the total phosphate concentration
could not be reduced to this level, even at high dosages of ferric
chloride. The inability of pre-filter ferric chloride treatment to
produce a humus tank effluent (i.e. the effiuent from the secon-
dary clarifiers) with an orthophosphate concentration of 1 mg/f
(as P) or less, was caused by the fact that the ferric chloride did
not effectively remove organic and polyphosphates from the raw
sewage. These complex phosphates passed mostly unaffected
through the pretreatment stage, hydrolysed in the biological
filters and appeared predominantly as orthophosphate in the
filter effluent.

TABLE 1
DESIGN AND OPERATIONAL DETAILS FOR UNIT NO 8,
DASPOORT SEWAGE PURIFICATION WORKS, PRETORIA

Average dry weather flow (ADWEF): Design - 2,5 M#/d
Actual - 2,3 Mfid

Primary Settling Tank: Type - Dortmund
Diametet -9.1m
Upflow velocity - 1,4 m/h

-3 % 30 m diameter,

1,8 m deep, single filtration
Media - stone
Design loading rate — 18 g.PV/m?/d

Humus tank: Type

Biological Filvers: Type

- Dorr clariflocculator

Diaineter -12.2m
Upflow velocity - 1,6 m/h* and 0,82 m/h**
Denitrification Unit: Type - Dortr Clagiflocculator
Diameter -195m
*Denitrification reactot’’
tetention time -=2h
Solids tetention tirmne -=5-10d
Upflow velocity -0,32m/h

*Design upflow rate when handling effluents from both Units 7 and
& during pre-filter chemical phosphate removal experiments.
**Llf of design upflow rate when handling effluent from Unic 8
only during pre-filter denitrification (and chemical phosphate)
removal experiments.

To obtain a residuzl orthophosphate concentration of the
order of 1 mg/f (as P) in primary setcling tank effluent, required
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Pretoria.

on average a mass ratio of fertic to orthophosphate removed
(Fe'* : APO,-P)of 4,3:1, as compared to the stoichiometric mass
ratio of 1,8:4, if it is assumed that all the iron is precipitated as
FePO,. The excess ferric chloride is utilized in the formation of
fetric hydroxide and other iron complexes, for example, with
heavy metals, sulphide and organic matter. As can be seen from
Table 2, fertic chloride treatment resulted in considerably im-
proved removal of organic matter which was also reflected by im-
proved nitrification by the filters teceiving chemically treated
primary settling tank effluent. This demonstrated the potential
of pre-filter chemical treatment for relieving filters which are
organically overl»aded. A further interesting observation on the
control filter swstem (Unit 7) was the greater removal of
nitrogenous com pounds (Table 2) probably due to denitrification
in anaerobic pockers in the filter, However, the major portion of
the nitrogenous compounds in the effluent from this unit was in
the environmem ally less desitable ammonia form.

Ferric chloride treatment had two distinct disadvantages.
Firstly, it increased the total dissolved solids and more specifically
the chloride coctent of the effluent. For example, for the ferric
chloride dosage of 28 mg/f (as Fe) the effluent chloride concen-
tration increased by 53 mg/¢ (as Cf). Secondly, ferric chloride
neutralized 2,7 parts of alkalinity (as CaCQ;) for every 1 part of
iron added, i.e. 76 mg/¢ alkalinity were neutralized by the addi-
tion of the 28 ng/f Fe. Although this did not result in an unac-
ceptable effluert at Daspoort, for other raw sewages with low
alkalinities this may require the addition of alkalinity, for exam-
ple by adding lime.

Three furth er aspects related to chemical pre-treatment wete
noteworthy dur ng the investigation. Firstly, ferric chloride pre-
treatment resulied in considerably larger volumes of sludge, i.e.
13 versus 8 kf sludge/M? raw sewage treated, and larger sludge
masses, i.e. 801 versus 400 kg sludge (dry mass basis)/M{ raw
sewage treated However, the existing primary settlers and
anaerobic diges ers coped adequately with this additional load.
Secondly, it wa: found thar the biological filters treating normal
settied sewage tended to pond during the study period, whereas
the filters treating chemically pretreated settled sewage did not.
Thirdly, the I'retoria Municipality was concerned that the
phosphate removed chemically in the primary settlers would be
released when the raw/chemical sludge was anaerobically
digested. However, one year's continuous operation proved con-
clusively that co significant phosphate release from the sludge
took place in the anaerobic digesters.



TABLE 2
COMPARISON OF SEWAGE PURIFICATION WITH (UNIT 8) AND WITHOUT (UNIT 7) PRE-FILTER FERRIC CHLORIDE TREATMENT
AT THE DASPOORT WORKS, PRETORIA®

Chemical Total Nitrate Total Ortho-
Waste Stream Oxygen Demand Nitrogen® (mg/fas N) Phosphate phosphate
(mg/ ) (mng/f as N) J (mg/fasP) {mg!f as P)
Raw Sewage 528 {440 - 660) 43 (36 -56) - 10,5 (7.0 14,5) 7,5 (5,0~ 9,8)
Biological Filter Effluentt 85 (30-160) 19 (11-27} 7.8 (1-25) 7.8 (6,8 -94) 6.8 {3.0-8,2)
Biological Filter Effluent with
chemical pretrearment” 60 (30-100) 24 (16 - 38) 16 (10~ 25} 3,7 (2,0-6,0) 2,6 (1,0-4,0)

of humus tank efftuent, was then analysed.

*The values listed are annual averages for the period July 1981 —June 1982. Samples were collected daily, composited over a week and then analys-
ed. The analyses were made on unfiltered samples except for nitrates.
T Analyses for Unit 7, i.e. control unir. Samples were collected and sertled for one hour in an [mhoff cone and the supernatant, i.¢. the equivalent

* Analyses for Unit 8, i.e. chemically pretreated with fertie chloride, 28 (15— 44) mg/fas Fe3+ . Sarnple preparation identical 1o that for Unit 7.
#Total nitrogen = Tota] Kjeldahl nitrogen plus nitrate and nitrite nitrogen.

The figures in brackets give the tange of weekly values found,

Post-filter chemical phosphate cemoval

Post-filter chemical phosphate removal was studied over a three
year period (1980-1982) on an experimental basis at the Viak-
plaats Water Pollution Control Works, Boksburg. The wotks
comprised two paraltel units, with Unit No 2 being used for this
investigation (Fig. 2 and Table 3). Based on extensive laboratory
and pilot-scale (2 M{/d) studies, fessic chloride was selected as the
most cost-cifective chemical for phosphate termoval at this wotks.
Ferric chloride (43 per cent solution as FeCf; (m/m) and polyelec-
trolyte (0,2 per cent solution, Cyanamid Superfloc A130) were
addeqd to the biological filter effluent stream; flocculation and
floc conditioning took place in the conditioning zones of the
humus tanks (secondary settlers) and the humus/ chemical solids
wete then remaved from the liquid phase in the settlemnent zones
of humus tanks. Effluent from these tanks was recycled
(=9 M¢/d) to a point upstream of the filrers and mixed with set-
tled sewage (=25 M¢/d) to ensure thar the surface of the filver
media was fully wetted at all times. Typical results for two
representattve intensive sampling runs are listed in Table 4.

The flow to the biclogical filters varied significantly over the
day, typically between 1,0 to 1,7 M&/h, bur the average daily flow
was fairly constant at approximately 34 Mé/d. The ortho-
phosphate concentration in the filter effluent tanged between
3 10 12 mg/f (as P), with annual average of 6,8 mg/#(as P). In
order to partially meet this changing phosphate load, it was
decided to dosc ferric chloride {and polyclectrolyte) proportional
to the flowrate of biological filter effluent. Dosing ferric chloride
at 20 mg/¢ (as Fe?*) and polyelectrolyte at 0,2 mg/¢ (as A130)
over 2 one year period (1982), resulted in an effluent which met

the RSA regulatory phosphate standard 85 per cent of the time.
The average mass ratio of ferric 1 orrthophosphate removed
(Fe** : APO;-P) was 3,4:1, as against the stoichiometric ratio of
1,8:1 for FePO, precipitation only. However, this chemical
precipitation also resulted in improved COD (Table 4) and
suspended solids removal from the biclogical filter effluent. In
order to further utilize the phosphate removal capacity of the
predominantly chemical sludge, it was recycled to the head of
works where it was mixed with raw sewage and resulted in im-
proved phosphate removal and sedimentation in the primary set-
tlers.

As in the case with pre-filter ferric chloride teatment, the
chloride content of the effluent was also increased, in this case by
about 38 mg/t (as CP and the alkalinity dropped by about
54 mg/f {as CaCO;). A recurring problem was the carty-over of
colloidal and pasticulate iron. The use of polyelectrolyte reduced
the problem but did not completely solve it. Based on further
laboratory jar tests it is anticipated that the problem will be over-
come once the overloaded hydraulic conditions of the humus
tanks are relieved when a new extension to the plant {Unit No 3)
is commissioned and chemical precipitation and flocculation have
been further optimised. Scraped-bottom secondary clarifiers in-
cluding proper flocculation and floc conditioning zones and with
an upflow rate of 1,0 m/h as against 1,9 m/h, are currently
being commissioned.

Post-filter chemical phosphate removal required increased
hamus tank sludge withdrawal rates, from once per day
{15-20 ké/d) to continuous withdrawal (=700 ké/d). This thin
sludge was recirculated to the head of works, mixed with raw
sewage and setded in the primary clarifiers where the normal rate
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Figure 2

Process schemattc for Unit No 2,

Vigkplaats Water Pollution Control

Works, Boksburg.
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TABLE 3

DESIGN AND OPERATIONAL DETAILS FOR UNIT 2 OF THE VLAKPLAATS WATER POLLUTION CONTROL WORKS, BOKSBURG

Average Dry Weacher Flow (ADWTF):

Primary settlers {6x):

Biological filtets (8x):

Humus tank (8x):

Design 18 Mfid
Acrual 25 Me/d
Type - Dottmund
Diameter I1m
Upflow velocity ~ Design 1.3 m/h
Actual 1.8 m/h
Type - Single filtration, stone
Diameter 378 m
Ave Depth 2,3m
Loading rare - Design 25 g PV/m3/d
Acrual 48 g PV/m3/d
Type - Dorunund
Diameter I1m
Upflow rate: Design (with 1:1 reci culation) 2,0 m/h
Actuaf (with 0,36:1 t=cicculation) 1,9 m/h

MATURATION PONDS (17%):

Total Retention time - 12 days

TABLE 4 -
COMPARISON OF SEWAGE PURIFICATION WITH AND WITHOUT POST-FILTER FERRIC CHLORIDE TREATMENT IN UNIT 2 AT THE
VILAKPLAATS WORKS, BOKSBURG*
Chemical Total
Total Ortho- T
Waste Oxygen Ammonia Kjeldahl NO, +NO, Ni o froo oual Alkalinity
. itrogent Phosphate Phosphate
Stream Demand (mg/éas N} Nitrogent {mgifas N) (mgifas Ny (mgifas P) (mg/tas By (mg1f as CaCOy)
(mgif {mg/f as N} 5 €
WITHOUT POST-FILTER CHEMICAL TREATMENT (16 w0 22 MAY 1981}
Raw Sewage B4d 33 33 1.8 55 6,5 15,3 230
Serrled Sewage 452 32 45 1,2 46 4,6 8.5 244
Biotogical Filter
Effluent 152 8 16 9.9 26 6,3 o1 163
H Tank
Eta 93 8 13 10,2 2 6.3 7.8 165
ucnt
Maturation Pond
Effluent 64 6 8 2.3 10 4.8 5.6 200
WITH POST-FILTER FeCf; TREATMENT (20 mg/¢ as Fc} (20 10 3¢ JANUARY 1982)*
Raw Sewage 615 (270-951) 20 (13- 26) 32 (26 - 40) 1(0,4-10) 36 4.6(2.8-65) 91{56-17,6) 202(171-265)
Settled Sewage 369 (261 -518) 21 {14-31) 29 (2442} 0,9(03-34) 30 38(1,5-54) 7.2(3,6-13,6) 210 (169 - 260)
Biclogical Filcer )
Effluen: 137 (75-347) 3.8(3.1-10.2) 9,0(63-12,0) 6,5 (48-96) 18 4,1{5,0-58 48(3.6-76) 145(122-18%)
FeCH; Treated
Hurmus Tank 68 (38-95) 49(3.1-92) 638(51-98 69(435-9.2 14 08(0,4-19) 28(1,6-88) 106 ( 78-153)
Eftluent
Maruration Pond _ . .
Effluent 67 (29-102F 35(27-53) 44(34-352) 14(07-19) 5. 34 (2,5-4,5)° 3,5 (24-62) 141 (112 - 165)
*Results listed are averages for seven day* and cleven day * * intensive sampling runs; Samples were co lected hourly and composiced proportional to flow on a daily
basis and wese then analysed; Analyses were made on unfiltered samples except for ammenia, nitrate | lug nitrite, and alkalinity.
}Toal nirrogen =~ Toral Kjeldahl nitrogen plus nitrace and nitrive nitrogen.
*Pond effluent is approximately twelve days ouc of phase with rest of samples and corresponds to a pe iod whea no FeCf, was dosed, as is apparent from the high
phosphate concentrations.

of raw sludge withdrawal of once per shift ( = 550 k¢/d) had to be
increased to twice per shift (=660 ké/d). The raw/chemical/
humus sludge withdrawn from the primary settlers was thinner
than the normal raw sludge, approximately 5,6 versus 6,2 per
cent solids (dry basis). Because of the higher hydraulic load on
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the anaerobic ¢igesters, the digestion time decreased from abour
22 to 18 days. Notwithstanding this shorter digestion rime 2
stable digested sludge was still produced. However, in plancs
where existing digesters are already operating at full capacicy,
pre-digester thickening of primary settling tank studge may be re-



quired. No phosphate release from the chemical sludge took
place duting che digestion process.

Biological Nitrogen remaval

Studies were undertaken at both the Daspoort and Vlakplaats
Waorks to quantify the nitrogen removal obtained under conven-
tional operation and in addition various techniques were in-
vestigated for enhancing nitrogen removal. The most promising
technique was pre-filter denitrification of recycled nitrified
biological filter effluent, using raw sewage as a carbon source,
This technique has been thotoughly reseasched for the acuvated
studge process (Water Research Commission, 1984) and widely
applied in the RSA (Pitman ¢f /., 1983).

Pre-filter nitrogen removal

A pilor-scale unit (1,2 ké/d) for testing vatious modes of opera-
tion for the denitrification of biological filter effluent using
settled sewage as an energy source, was operated for about a year
at the test site of the National Institute for Water Research,
Daspoort, Pretoria. Settled sewage was mixed in a 1:1 ratio with
nitrified humus tank effluent and allowed to react in a complete-
ly mixed 95 £ reactor. The settled sewage was spiked with sodium
nitrate to raise the nitrate load on the reactor in order to assess the
unit’s full denicrification potential. Typical results are listed in
Table 5.

An average net denitrification rate of 17 mgNO,-N/gVASS*/h
was maintained which compares favourably with a rate of 30 mg
NO;-N/gVASS/h reported for activated sludge systems (Water
Research Commission, 1984). This rate was achieved at an
average mixed liquot suspended solids concentration of 600 mg/¢
and an effective studge age of zbout one day. Most of the biomass
was in a very active state as indicated by the small difference in
concentration berween the mixed liquor suspended solids
{618 mg/f) and the volatile suspended solids (502 mg/f). A dif-
ficulty experienced with the system was the development of pin-
point flocs which resulted in loss of suspended solids, i.e. the
average solids in the settling tank effluent was 71 mg/l.
Although this did not significantly affect the reactor's denturifica-
tion potential, it was anticipated that in practice solids loss from
primary clarifiers may present an additional and possibly unac-
ceptable load to biological filters. However, this problem was
overcome during prototype-scale tests by combining pre-filter
denitrification with chemical phosphate removal.

The pilot-scale study was followed-up with a preliminary
evaluatien at prototype-scale (2,3 M#/d) at che Daspoort Works.
A disused clariflocculator was incorporated into the conventional
flow scheme of Unit No 8 and used as a make-shift denitrification
reactor/sertling 1ank {Fig. 1 and Table 1). The floc conditioning
zone of this unit was used as the *'denitrification reacror’” and
sercling zone for separating solids from the liquid phase. The
denitrifiers were tetained in the system by recycling the
underflow from the unit to the ““denitrification zone'’. Typical
results are listed in Table 6.

Pre-filter denitrification resulted in 2 humus tank effluent
(i.e. secondary clarifier effluent) low in both ammonia and
nitrate, with a total nitrogen concentration of less than 10 mg/{
(as N). This compared favourably with the average total nitrogen
concentration of 20 mg/f (as N} for biological filtration without
pre-denitsification (Table 2). Combined biological nitrogen and
chemical phosphate removal produced a good quality effluent,
i.e. alow COD (52 mg/¥), total nitrogen (8,1 mg/{as N) and or-
thophosphate (1,1 mgfi as P), respectively.

Within-filter nitrogen removal

Mass balances for nitrogenous matter over the biological filters at
the Daspoort and Vizkplaars Works indicated significant within-
filter nitrogen losses, e.g. at the Vlakplaats Works the total
nitrogen concentration of 46 mg/f (as N) in the setded sewage
was reduced to 26 mg/¢ (as N) in the filter effluent {Table 4).
Analysis of this data indicates that the major mechanisms
through which nitrogen is removed in the filtets 1s by mcorpora-
tion into the arrached growth bactedial cell mass, as well as
smaller losses due to denirrification in anoxic pockets of the
somewhat organically overloaded fileers and possibly loss by am-
monia volatilization. Attempts to increase nitrogen removal
through denitrification within the filters at Daspoort, by recir-
culating nitrified effluent back to the filters, were not successful.

Post-filter nitrogen removal

Monitaring of the macuration ponds at the Viakplaats Works over
the 1980-82 period, indicated significant nitrogen removal. For
example, during rthe intensive sampling run during 1981 (Table
4) the total nitrogen concentration to the ponds was 23 mg/{(as
N) and the pond effluent contained 10 mg/{ {as N). The factors
controlling nitrogen removal in the Viakplaats maturation ponds
were not identified and quantified in depth. However, it was
noted that zlgae played an important role, since filamentous

TABLE 5
TYPICAL RESULTS FOR TECHNICAL SCALE DENITRIFICATION OF HUMUS TANK EFFLUENT USING SETTLED SEWAGE AS CARBON
SOQURCE
Total Total Kjeldahl + - LNOT
Waste Stream CoD Nitrogen (m rﬁ,{; N) N(,g; ,,;' as %
{mg/¢ as O) (mg/fas N) &
Sectled sewage 345 34,4 24,8 nd
Humus tank effluent 60 8,0 6.7 6,5 (47.6)*
Feed entering unit 202 21,2 15.8 24,0
Denitrification reacior
conLents nd nd 13,1 8,8
Sextling tank effluent 193 216 16,3 9,2
Results tepresent avesages for 20 samples taken over a two monchs period; nd = not determined.
*Humus tank effluent nitrate concentration after spiking wirth sodium nitrare

*VASS - Volatile active suspended solids.

Water SA Vol. 10, No. 4. October 1984 209



TABLE 6
PRE-FILTER BIOLOGICAL NITROGEN AND CHEMICAL PHOSPHATE REMOVAL I UNIT 8§ OF THE DASPOORT SEWAGE
PURIFICATION WORKS, PRETORIA*

Total

. Ammonia Ortho- .
Svg- 2;:; (51:102) g:::(‘)i;tl:ll'l Nitrogen ﬁif;j;g% Phosphate C::;Ifgr:%cs pH
£
(mg/f as N} {mg/f as N) (mg/¢ as P)
BIOLOGICAL NITROGEN REMOVAL ONLY (18/19 NOYEMBER 1982)

Raw sewage
(3,0 MI/d) 305 37 14,5 — 9.7 — 7.5
Primary settler
effluent 225 20 115 — 9.5 80 7.6
Humus tank
effluent G0 3,2 0,9 5.4 9.3 82 8,0

BIOLOGICAL NITROGEN AND CHEMICAL PHOSPHATE REMOVAL (55 mg/¢ FeC#, as Fe) (21/22 DECEMBER 1982)

Raw sewage (4,2 M#/d,

55 mg/¢ FeCl (as Fe)) 320 29 19,5 — 5.6 88 7.5
Primary settler

effluent 200 15 .8 - 0.6 152 7.3
Humus tank

cfluent 32 2,0 0,3 6.1 1,1 148 79

*Two sets of dara listed above give average results for 24 samples taken over 24 h period and composited proportional to flow,

algae grew profusely in chis system, necessitating mechanica)
remaoval twice per week in summer and once per month in winter.

Congclusions

The investigations at the Daspoort and Viakplaats sewage
purificarion works demonstrated that the upgrading of existing
biological filter sewage purification works to meetr the RSA
regulatory effluent phosphate standard of 1 mg/! dissolved or-
thophosphate {(as P), is practically feasible under local conditions.
Furthermore, by relatively minor process additions and modifica-
tions an cffluent with a nitrogenous matter content of less than
10 mg/ (as N) can be produced.

Pre-filter chemical treatment of raw sewage is 2 suitable
technique for partial phosphate temoval as well as relieving
organically overloaded filters. Post-filter chemical rreatment js
the most suitable technique for meeting the regulatory effluent
phosphate standard. One area of concern is the need for the more
accurate quantification of the masses and volumes of chemical
sludge formed during these processes, as well as their physical
charactreristics. Although this was not an important factor at the
Daspoort or Vlakplaats works, it may be important for wortks
where the solids handling, treagment and disposal equipment is
already operating at its maximum capacity.

Pre-filter denitrification using raw sewage as a carbon source
resulted in excellent nitrogen removal. Significant nitrogen
removal from biological filter effluents can also be achieved in
marnration ponds. Both techniques therefore hold considerable
potential for upgrading existing filter works for nitrogen removal.
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