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SUMMARY 

Traditionally fellmongery wastes from freezing works have 

been treated by ponding before discha rge to the ne a rest water­

course. Unfortunately, this does not always produce a 

satisfactory effluent . 

These studi e s seek to provide a method of i mproving the 

quality of fellmongery effluent . 

Th e lim e and sulphide compone nts of fellmonge r y wastes 

limit e d many of the chemical a nd biological systems cons idered. 

Biofiltra tion offered a simple a nd inexpensive method of 

tr ea tment. Batch and continuous loading s wer e consi dered, the 

batch load ings being subjected to a r a nge of r e circulat ion 

r a tios. Emphasis was directed a t determining the mechanism 

of sulphide remova l from th e waste during tr ea tm ent. 

Batch ope r a tion (8 hour/day per 5 day -we ek) was shown to 

be marginally superior to a continuous ope r a tion on the bas is 

of COD removal. Both systems exhibited 90 - 100% sulphide 

removal, which was shown to occur by a biological mechanism. 

Thiobacillus thioparus, a n autotrophic sulphur-oxidising 

bacteria, was the main agent of sulphide removal, sulphate 

being the end product of the oxidation process. Thiorhodaceae, 

the purple sulphur bacteria, was also isola ted from the filter 

during continuous operation. The mechanism of sulphide removal 

from fellmongery wastes was incompletely defined. 

Effluent pH was shown to be independent of changes in 

influent pH. A decrease in pH during treatment was due to 

the increases in sulphate concentration and the precipitation 

of lime by carbonation reactions. 

Biological filtration of fellmongery wastes provided · a 

satisfactory method for the simultaneous reduction of COD, 

sulphide concentration and lime concentration. 
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INTRODUCTION 

The fellmongery proces s i nvolves the removal of wool from 

she e p and lamb skins p~ior to t anning. The pelts also must be 

free from e p i dermic , sweat a nd fat glands , muscle tissue , blood 

vess , ls, f at cells and collage n fib rous t i ssue . The process 

consi s ts of th e follo wing operati ons :-

(1) Washing of pelts . 

(2) Lime/Na
2
s paint a pplicat ion. 

(3) Dool removal; manual pulling . 

(4) Li ming ; removal of re s i dual wool, pelt conditioning , 

carried out in a 11dolly" or drum . 

(5) Del i ming and bat ing ; r emoval of lime li quor and 

extraneou s pelt matter, "dolly" or drum processing, 

(6) Pickling; preserva tion; " dolly" or drum process ing . 

Thirty-nine fcllmongeries, which wer e operating in New 

Zeal and at the end of 1 972 (1~2), wore a l l departments of mea t 

proces s ing ~orks . 

Fellmongering 7 as a completely separate process from tann­

ing , is relatively u ni que to New Zeal and . The majority of 

fore i gn fellmongerie s ar e integrated ui th the t a nning process. 

This situation aro se from New Zealand ' s early trading role as 

a producer of raw materials for the more indus trially developed 

countries of Western Europ0 . Thus New Zealand exports only 

partially process ed pelts, although this is likely to change in 

the future. Approximately 36 million pelts , valued at 

$N . Z. 48 . 7 million , were exported in 1971 ; the majority to 

Britain , the U. S . A., the Netherlands and France (84). 

The lamb and sheep kill of a meat processing works will 

influence the size of the associated fellmongery . The pelt 

throughput of the fcllmongery determines the volume of effluent 

discharged. 



The or~a~ic portion of fellrnongcry ~aste is represented 

bJr its high BOD : ·;;hilc the s 11lphide a:1d lime compone:1ts const:'.. t ·cl ·cc 

the ~ulk of the inorgA~ic fractic~. ~h~ ~aste is characteristic­

r. ::'_J.:1 P.lkaline.. ! .:i offJ.uent with IJt'.ch chara cteristics iD no·c 

:·ead:'..ly amenabl e to biologica::.. treo.·cr.10n,c: al though biological 

fi:trat~on i o en excopt ~o~. Costl; c~e~icRl treatments are 

require~ -c~ ~chic~e , s~tisf~ctorr r~cd~ c~ fo r discharge . 

After n p~imary s2di~entat~ o~ tre~tm~nt the majority of 

fcllr~ngery cff).u9nt8 arn di~ ~har~e6 to po~ds or to tho main 

moat ~Tocessing nas~~ stream n Addit~ on G of fellmongery effluen~ 

to existing effluent streams only s e rve to increase their 

r espr;cti Vt: voJ.-..... :co aL·:-. or r,a:1ic 1.oads c Treatment by po:::ding 

::i0 -:: 0F:s i ta:os lareo l ~nd a1·t?as. a:nri :::-es'.::'.. ts in the e :1:i.ssion of 

un)::... casant odours durir.g ::-~atme :1t. 

Discharge of untreated fellmongery wRste to sewer systems 

or r ece ivi::ig waters is unde s irable o~inG to the toxic effect cf 

the s ulphide and lime com,one~ts o~ bi u~cgical life present in 

both systems. ~he corrosive effec: is ~321 recogni sed , and 

accordingly sulphide concentrations ?n~erir.g sewers are set at 

lon limits by lo~al a~thorities. Tho ~i Gt BOD of the waste will 

caus e severe depletio~ of dissolved o~ygc~ in receiving waters 

i f i cRufficient ~ilution is prcs3~t. 

With an increasi ng public awareness of environmental 

conservation, treatment of cfflue~ts such as fellmongery, will 

become mandatc~y o ~aste treatme~t systems must be selected on 

the basis of economy and pp-formancc characteristics. In 

addition, maintenance and degree of attention must be minimal~ 

A system with a specific mechanism for simultaneous removal of 

BOD, sulphide and lime is desirable~ ·Several processes when 

combined t ogether may accomplish this, but biological filtration 

exhibits the potential to accomplish these objectives in a 

single operatio~o Accordingly, these studies were concerned 

with the invostigation of the performance of a biological 

filter treating fellmongery waste, The nature of the mechanism 

of sulphide removal and the alkalinity of thP waste were also 

the subject of a detailed studyo 



CHAPTER ONE 

LITERATURE REVIEW 
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1 . LITERATURE REVIEW 

1 . 1 CHARACTETIISTICS OF FELLMONGERY WASTE 

l . l . l Introduction 

Since the fellmongery process is unique to New Zealand, very 

little published data pertaining to the composition of fellmongery 

waste is available , and so the literRture relating to tannery 

waste composition has been consulted . The two wastes differ by 

virtue of the additional constituents found in tannery wastes 

such as chrome salts, vegetable tannins , dyes and oils . 

Table 1 . 1 presents a breakdown of the components of fell­

mongery effluent . 

1 . 1 . 2 Physical Characteristics 

Koziorowski and Kucharski (64) indicated that 86 . 5 per cent 

of the total water consumption in a tannery was attributed to 

fellmongery operations . 

Water us a ge within a fellmongery will depend upon several 

factors:-

(i) Type of operation (drum or paddle processing) 

(ii) Scale of operation 

(iii) Water availability 

(iv) Process management 

(v) Discharge facilities 

Southgate (106) quoted 20-30 gallons (91-136 litres) per 

skin , as water usage for a fellmongery unit in Great Britain . 

Water consumption of a New Zealand fellmongery (89) has been 

estimated at between 45 -136 litres per pelt . 

Individual waste waters originate from several operations 

within the fellmongery . In order of processing these are:-

(i) Soak and wash waters; dirt, fleshings, wool and 

dissolved proteins are present . 

(ii) Lime liquors; large quantities of suspended matter , 

consisting of lime, wool and proteinaceous material 
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TABLE 1.1 

COMPOSITION OF TANNERY AND FELLM ONGERY WASTES 

pH 

BOD
5 

(m g/l) 

Total Nitrogen 
(m g/l) 

Chlorides (mg/l) 

Sulphides (mg/l) 

Tot a l Suspe nd ed 
Solid s (mg/l) 

Se ttleabl e 
Soli ds (mg/l) 

I 

0 1S rome 

Tannery Vfas t e 1 

7.5 - 12 . 2 

235 - 2700 

177 - 470 

2140 - 3950 

9 - 140 

452 - 20,645 

I "uss1a n 
w 2 I Tannery aste 

451 - 1239 

83 - 159 

810 - 2210 

1320 - 2559 

I 

I 
I 

I 
! 
1 
i 
' 

. . e.L -

mongery Was te3 

9. 5 - 12.4 

1100 - 2400 

400 

3000 

10 - 150 

7360 - 15 ,097 

539 1457 

760 - 5920 

I 
I 

i 
. i 

I 
'I 
I 
I 

I 
l 
I 

! 

I 
1 
' COD (m g/l) 

·~~~~~~~~~~~~~~~~~-'-~~~~~~-~~~~~~~~~J 

1 . Perkowski , s ., Mechaniczne i chemiczne oc zyszanic sciekow 
garbarskich , Przegl. Skorza ny, 13, (24), (1958). 

2. Fi gures presented a re average v a lues of 10 t anneries. 
Konorova , E .F., Kozhevennye Zavody, in Proizvodstvennye 
Stochny e vo dy 1 Boldyrev, T.E. (Editor) Moscow 1948 . 

3. "Pelt Effluent Treatment with Reference to Islington Works" 
N. Z . Refriger a ting Co. Ltd., Report• , 1972. 
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are found. Very alkaline and high sulphide concentrat-

ion. 

(iii) Deliming and bating liquors; weak and slightly alkaline . 

Skin-proteinaceous material a nd fatty pelt substances 

may be present. 

(iv) Pickle liquors; characterised by a low pH and the 

presence of sod ium chloride. 

Each of the above operations is followed by a washing stage. 

Soaking and wash waters and washings from the limed and delimed 

product are the major contributors to the overall waste (64). 

From the above descriptions it is extremely difficult to 

define fellmongery wastes with any degree of exactness. This 

difficulty is further compounded by the fact that the respective 

waste streams are discharged at different times of the day , 

depending upon the operation in progress (64, 106). 

Primary sludge production is considerable in fellmongery 

waste . Lime and wool are the most significant contributors. 

Additional sludge may arise as the pH decreases , since this will 

cause large amounts of protein and their degraded products to 

precipitate (122). 

Fellmongery wastes produce very pungent, ammonia - like 

odours. Hydrogen sulphide, a very unpleasant odorous gas , is 

prevalent when a pH decrease occurs. 

The wastes display a grey to green colouration caused by 

the sulphide-lime depilatory paint and liming liquors present. 

1.1.3 Chemical Characteristics 

One of the main characteristics of fellmongery waste is 

the high organic matter content. Large variations occur in 

recorded BOD and COD values for different fellmongery wastes 

(42). BOD values may range from 500 to 2400 mg/l, while 

variation in COD is greater - 760 to 5920 mg/l (42). These 

values correlate well with values presented for analyses 



effected on total wastes from Polish tanneries (64), and 

figures for English tanneries (79). Moore's figures (79) 

indicated that liming and soaking wastes are the main sources 

of BOD . 

5. 

Nitrogen levels of fellmongery wastes are also considerab ly 

high . Polish and Russian figures (61~) show a range of 80 to 

470 mg/l total nitrogen . Analysis of a New Zealand fellmong ery 

waste yielded an average total nitrogen concentration of 

400 mg/l (50). As with BOD, the main source of nitrogen is in 

the soaking and liming liquors (79). Wool and skin proteins , 

as well as their degraded products, contribute significantly 

to the nitrogen levels in the waste . 

Sulphide is an important component of the t~l waste . 

Arising from the depilatory paint and liming liquors, sulphides, 

especially hydrogen sulphide, are very toxic, particul arly to 

fish and biological life importan t in purification proce sse s 

(42, 122). Some fish species will not tolerate a concentration 

of even 1 mg/l sulphide (18). The toxicity of sulphide is 

influenced markedly by va riations of pH . Longwel l and Pentelow 

(71) f o~nd that the duration of exposure for brown trout 

(Salmo trutta L.) was increased fifte en-fold by increasing the 

pH from 7.5 to 9 .0. Hydrogen sulphide is p oisonous if inhaled 

and concentra tions of 0 .06 to 0.08% will cause acute poisoning 

in a short time (114). 

If fellmongery wastes flow into a sewer, the pH will 

decrease by virtue of dilution with other waters, particularly 

if they encounter a stream of acidic industrial waste . This 

will allow the liberation of hydrogen sulphide, which may 

penetrate into the pores of the concrete and exert a corrosive 

effect if converted to sulphuric acid by the action of groups 

of sulphur bacteria (26). 

Sulphide concentrations encountered ·in fellmongery wastes 

range from 10 to 150 mg/l (42), depending upon the water 

consumption and the operation in progress at a particular time. 
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Another toxic compound present is lime, Ca(OH)
2

, concentrat­

ions of which hav~ been estimated as high as 3000 mg/l in fell­

mongery wastes (89). Bianucci a nd de Stefani (18) noted that 

the harm c aused to fish may be due to the hydroxyl ion content, 

corresponding to pH 12-13. Since the optimum pH for fish 

ranges from 6 to 8.5, the discharge of large volumes of fell­

mongery effluent to receiving waters with small flows is not 

recommended. 

Lime is the main component contributing to the high pH and 

alkalinity of the effluent. Sodium sulphide, a strong basic 

salt, will also contribute to the a lka linity portion of the 

waste . Since s a turated lime solutions are utilised in the lim­

ing process, a reserve of lime is always present and i s 

instrumenta l in maintaining a high pH. 

Fellmongery wastes may often bring about a reduction in 

the cross-sectiona l areas of pipes, because of the lirresludge 

forming crusty deposits on the insi de walls . If temporary 

hardness is present in the s e wer water, this phenomenon proceeds 

more rapi dl y since calci um hydroxide present in the waste r eacts 

~ith the temporary hardness yielding c a lcium carbonate. This 

"limestone" will deposit on pipe walls forming a hard crust (64). 

The remaining inorganic compound~ found in the effluent are 

sodium chloride, ammonium chloride, ammonium sulphate, small 

quantities of sulphuric acid and fungicides from the pickling 

operation. Sodium chloride may be present in concentra tions of 

up to 2500 mg/l Cl- (89), Salt-laden waters can deposit scales 

on municipal water-distribution pipe lines, thus increasing 

resistance to flow and lowering the overall capacity of the lines 

(49) . Chloride concentrations similar to that reported do not 

af~ect biological life or treatment processes . Sawyer and 

McCarty (98) reported that water with chloride concentrations of 

2000 mg/l may be used without the development of adverse effects, 

once the human system becomes adapted to the water . The remain­

ing components will not be present in large concentrations and 

should cause no problem in treatment systems or receiving waters . 



1.2 THE TREATMENT OF FELLMONGERY WASTE 

1.2.1 Introduction 

This section attempts to review both biochemic a l, chemical 

and physic a l methods of trea ting fellmongery ~aste. Tannery 

~aste trea tment methods have been incorporated and are used to 

supplement fellmongery waste data. 

7o 

In many c a ses information has been obt a ined from abstracts, 

which while providing a brief description of a pa rticular 

process, a re often l a cking in essential design and operating 

data. 

Fellmongery effluent poses several probl ems when biological 

trea tment is co ntempl a ted. The alkaline pH and high lime a nd 

sulphide concentrations are often thou ght to inhibit b iolog ical 

stabilisation. 

Ch em ica l tr ea t ment methods a r e normally use d as pre ­

treatment processes, directed towards e limina ting one specific 

component, e . g . s ulph ide . Although this is satisfactory in one 

sense , it is economically desirable to remove as ma ny components 

in one proc e ss as is pr a ctic a lly possi ble . Biolo g ical treatment 

lends itself to simultaneous BOD, sulphide a nd lime remova l by 

a combination of microbiological a nd chemical me c hanisms. 

Both aerobic and anaerobic mechanisms of biologic a l waste 

treatment are considered. 

1.2.2 Biological Treatment Methods 

1.2.2.1 Aerobic Treatment 

Biological oxidation of an organic waste is a process 

whereby the indigenous heterotrophic microorganisms degrade the 

waste. Part of the waste acts as the substrate for respiration, 

producing the energy necessary for life processes. It is broken 

down to carbon dioxide, water and other end-products such as 

ammonia, sulphate and phosphate compounds. The remainder is 

used in the synthesis of new cells, which is seen as a build-up 



of sludge in the form of a "film" on filter beds, or the 

microbial floes of activated sludge. An excess of sludge is 

likely to occur which must be removed from the effluent prior 

to discharge. Large sludge quantities can block biological 

filters, and if discharged without removal from treated 

effluents , will impose biological loads on receiving waters . 

Sawyer (97) showed that 0 . 5 - 0.6 lb (0.23 - 0 . 27 kg) o f sludge 

remained for every 1 lb (0.45 kg) BOD removed from the waste . 

Inorganic compounds such as cyanides, sulphides , thio­

cyanates and thiosulpha tes may a lso be metabolised (52). 

Oxidat ion of these is a ccomplished by groups of autotrophic 

bacteria. 

8. 

Dissolveioxygen a cts as the source of oxygen for both 

heterotrophic and aut otrophic microorganisms . Their metabolism 

wi ll deplete dissolved oxygen concentrations which must be 

maintained at a certain level to prevent anaerobic processes 

from overcoming the aerobic ones . The most important me chanism 

for repleni s hment of dissolved oxygen is absorption.from the 

atmosphere . Reae r at ion r ates a re dependent upon several factors : 

(1) Degree of deficiency of dissolved oxygen based on 

saturation conditions . 

( 2 ) Surface area available for oxygen transfer . 

(3) Resistance of the surface film to oxygen trans fer. 

Of the aerobic treatment methods available , biological 

filtr a tion, activated sludge units, oxidation ditches , and 

oxidation ponds are the most commonly reported systems for the 

treatment of fellmongery and tannery wastes . 

1.2.2.1.1 Biological Filtration 

Besselievre (17) remarks that high rate filtration is 

especially applicable to the treatment of tannery wastes. 

A biological filter is a packed bed of stones or other 

natural or synthetic media over which the waste is applied . 



Over a period of time a growth of microbial film on the pack­

ing may be observed . As the liquid trickles over the medium , 

organic matter and oxygen diffuse into the film where they are 

oxidised to carbon dioxide , water and metabolic by-products . 

New slime is synthesized and the carbon dioxide and water 

diffuse out of the film. 

Biological filtr a tion is considered in more detail in 

Section 1.3 of this chapter . 

1.2.2.1.2 Activated Sludge Units 

9. 

Activat e d sludge systems are simila r to trickling filters 

in that they bring air and liquid waste into intimate contact, 

apd so promote the aerobic biologic a l breakdown of the organic 

constituents of the waste . Contact between organisms, dissolved 

oxygen and substrate is achieved by turbulent mixing ~hich is 

induced by turbine brushes or sparged a ir streams . The micro­

organisms form flocculent growths that are suspended in the 

liquid phase. The effluent overflows from the a erated chamber 

after a certain residence time. The floes are removed by 

sedimentation leaving the clea r, treatef effluent . Excess 

sludge is removed, the remainder r0cycled to maintain ccnstant 

solids concentration. 

Koziorowski and Kucharski (64) referred to the activated 

sludge tre a tment of tannery wastes in Germany and France. 

Dilution with domestic sewage in ratios of 1:1 and 1:2 

respectively, was necessary in both cases for satisfactory 

treatment . The presence of lime was found to inhibit biological 

action. However, carbon dioxide production by the microorganisms 

will neutralise the excess lime, reducing this inhibitive effect. 

If insufficient carbon dioxide is produced, then biological 

treatment cannot be used. This is substantiated by the observat ­

ion of Koz iorowski and Kucharski (64), that long a eration periods 

a r e r equi r ed for high lime concentrations. Poszto (91) confirmed 

this and stipulated that a 60% dilution with domestic sewage 

was required prior to activated sludge treatment of tannery waste 0 

Dilution with domestic sewage was found necessary by Hunter 
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and Sproul (56) to accomplish a 90% BOD reduction of tannery 

waste by activated sludge. The dilution was required to avo id 

the high pH effect . This contrasts with the proposition that 

dilution is necessary to achieve a satisfactory start-up 

process ( 64). 

Increased aeration of tanner~ effluent in an activated 

sludge unit has been reported by Emerson and Nemerow (34) as 

a means of lime removal . The aeration caused the lime to 

precipitate as calcium c arb onate, reducing the pH . They claimed 

that the production of carbon dioxide by the microorganisms is 

the key to the formation of calcium carbonate , since the carbon 

dioxide is then converted to c arbonic acid which reacts with 

the lime to give calcium carbonate. Eye and Liu (38) made a 

similar observation and noted that combined tannery wastes are 

amenable to biological treatment provided that suspended lime 

is removed prior to treatment . 

Rosenthal (94) achieved a 95% BOD reduction in an activated 

sludge system with a preliminary flue gas aeration . The 

activated sludge unit was loaded with 100 lb/1000 ft 3 .day 

(1.6 kg/m 3 .day) aeration capacity. 

Thafaraj et. al (119), in a compariscrn of the activated 

sludge treatment of tannery waste with lagooning, found that 

activated sludge gave better performance. 

An activated sludge process with extended aeration was 

found to be effective for tannery waste treatment by Dobolyi (30), 

whose work was in agreement with that reviewed by Koziorowski 

and Kucharski (64). Dobolyi (30) also found that excessive 

foaming occurred in the presence of large quantities of suspended 

solids , high sulphide concentrations and over the pH range 

7 . 0 - 12 .0. 

A U.S . Department of the Interior (U.S.D.I.) report (120) 

indicated that activated sludge treatment of tannery waste 

yielded a 90% BOD removal in addition to a 90% decrease in 
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suspended solids and 99 - 100% sulphide removals. 

Pilot plant activated sludge studies in Czechoslovakia 

(118) showed 98% BOD removals and 77 - 85~ COD removals in 

tannery waste . Although treatment was carri ed out wi thout the 

acldi tion of domestic sewage , it \las foui1d that the add ition of 

phosphorus was necessary . Liquors w~re am c1w.ble to treatment 

by high rate (3 hr) , conventional (6 - 9 hr) and extended 

aeration( ~ 24 hr) p rocesseG. OxyBe n c onsuu~tion and sludge 

producti on were dependent on the load removed and sludge 

concentration . In contrast , act ivated sludge treatment of 

fell mongery and tannery wastes in France (11 8 ) ~educed the BOD 

by only 60%. The na ~te was appli ed a t th e rc-,te of 0.6 kg/m3. 

day. A 2 day residence time resulted in very poor sludge 

set tline;. 

The previously cited works do ~ot mention th e effect of 

sulphides on efficiency of treatment. Dobolyi (30) foun d the 

sulphides present in the wastes were a3 sociat e d with excessive 

foaming, The U. S . D. I. report (120) indica ted almost total 

removal of sulphide~ suggesting t hat its p~esence does not 

affect the overall process o~ degradation of this type of 

effluent . 

Aulenbach and Heuke lekian ( 4 ) investi gated the transform&t­

ion and effects of red11ced sulphur compounds in act ivated sludge 

treatment. They found that microflora solutions may be 

conditioned to treat wastes containing as rnu ch as 100 mg/l 

sulphide, similar concentrations as found in fellmongery and 

tannery effluents. The sulphide was completely oxidised to 

sulphate within 6 hours aeration. Elemental sulphur and thio­

sulphate intermediates were detected. The workers also 

investigated the effect of sulphide on BOD removal from the 

wasteo It was found that activated sludge could purify sewage 

containing 25 mg/l sulphide without decreased performance . A 

sulphide concentration of 50 mg/l was tolerated for two weeks 

before BOD removal efficiency commenced ~o decrease . Additions 

of 100 mg/l sulphide resulted in rapid BOD rem oval efficiency 

decreaseso 



A h i gher sulphide concentration was tolerated by the 

activated sludge used by Dawson and Jenkins (27). Sulphide 

was found to depress oxygen uptake by the sludge only when 
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its concentration exceeded 10 1 000 mg/l. This study, however, 

neglects to relate changes in sulphide concentration to the 

BOD removal ability of the microbial mass. The oxygen uptake 

recorded in the inve Gtigation may b e a ttributed to endogenouG 

respiration~. There is no me ntion of a n exogenous metabolisable 

substrate which would require additional oxygen. The ability 

of the organisms to metabolise an organic substrate in a 1% 

sulphide solution is doubtful. 

Leafe et al. (69) found a lower sulphide concentration of 

40 mg/l than the 100 mg/l quoted by Aulenbach and Heukelekin.n 

(4), decreased the performance of an activated sludge unit. 

20 mg/l of sulphide had no effect on the performance. All 

sulphide added to the plant was converted to sulphate during 

treatment . 

In contrast to the r esults published by Leafe et al (69) 

and Aulenbach and He ukelekian (4), Villa (124) demonstrated that 

a small, two - stage a ctivated sludGC unit , used to treat tannery 

wastes , tolerated sulphid e concentrat ions u p to 300 mg/l . 

Concentrations up to this value were not detrimental to the 

performance of the unit. 

Since complete operating data of the afore - mentioned systems 

are not presented, it is difficult to judge the effect that the 

presence of sulphide has on activated sludge treatment . However , 

it is possible to conclude that activated sludge units will 

satisfactorily treat sulphide - bearing wastes with the s:multaneous 

removal o f t he sulphide . 

1.2 . 2 . 1 .3 Oxidat ion Dit c hes 

Oxidati on ditches are very similar to activate~ ~udge 

units . Both aeration and settling are carried out in the 

ditch . Based on an original design due to Pasveer (88) , an 

oxidati on ditch may be described in its simplest form as 



consi c'.; ing of a "rar;0-track" type ditch, into which a revolving 

rotor of adjustable speed is placed a cross the path of the 

ditch. The brush promotes vigorous aeration of the liquor in 

the ditch and controls the rate of flow of waste through the 

d itch. Typical l e ding figures are 45 gm BOD/(kg D. M) .day, 

which is only approximately 6% of the loading in an activated 

sludge system, with the result that endogenous r esp: ration 

prevails in the ditch. 

Van Vlimmeren (122) described a pilot plant oxida tion 

ditch for the treatment of tannery wastes which had a pretreat­

ment stage consisting of sedimentation for 30-45 minute periods. 

Retention .... o.,J.me in the ditch varied from t wo to three days, 

depending upon the loading rate. Average BOD load was 22.2 
3 3 g/m .hr., while the a verage oxygen c apacity was 32.5 g/m . hr. 

BOD was reduced from 1000 mg/l to 20 mg/l. Waste flow was 

very low at nights and during weekends . He concluded that the 

system was a highly satisfactory method of treating tannery 

wastes. Capital costs evaluated on a 200,000 population 

equivalent (p.&.) bas i s were $1 mi llion lower than those of 

a conventional activated sludge system . Operating costs per 

p.e. were 30 cents lower. He made no mention of sulphide 

removal . 

Another Pasveer ditch system which includes a pre-settling 

stage has been described (32 ). A 900 mg/l to 20 mg/l BOD 

reduction with t annery waste was achieved. Operating paramets r s 

were not provided. 

1.2.2.1.4 Oxidation Lagoons 

Oxida tion lagoons, with and without induced aeration, 

have been used to treat tannery wastes (64 1 86, 103, 118). 

Aerated lagoons primarily differ from activated sludge 

systems in the degree of system control. The mic~oorganism 

population in the activated sludge system is controlled by 

recycling sludge from a secondary clarifier, whereas the 

aerated lagoon is strictly a "flow-through" aeration basin, 
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where the solids concentration is a function of the waste- water 

characteristics and basin detention time. Oxygen is supplied 

to the basin by mechanical or diffused systems . The induced 

turbulence level is sufficient to maintain an essential 

dissolved oxygen concentration but insufficient to keep all 

solids in suspension" 

The use of an oxidation pond without induced ner~tion 

has been reported for tannery waste treatment (118) . These 

systems differ from aer~ted lagoons in several ways . Oxidat­

ion ponds utilise the sy~biotic growth of bacteria and algae to 

fulfil waste tre~tment requirements . Bacteria oxidise the 

availnble org~nic matter in the waste . Algae utilise the 

bacterial metabolic products in a photosynthetic process produc ­

ing oxygen , which in turn is used by the arrobic bacteria . 

Partridge (86) reported the use of a pilot plPnt aerated 

lagoon for the treatment of tannery effluent . He expressed a 

difficulty in maintaining a necess~ry sludge concentration . 

Cont~ct stabilisation lagoons were also investigated and 

operated satisfactorily with long aeration periods . 

In a French pilot plant lagoon (118) aeration of fell ­

mongery and tannery effluent for a period of 20 days resulted 

in a 70% reduction in BOD for a system loading of 0 . 1 kg/m3 . day. 

Italian work reported (118) involved the treatment of 

tannery wastes, diluted 25% with domestic sewage , in an oxidat­

ion pond . The pond depth was 0 . 9 m, and a residence time of 

40 days was used . For vegetable tannery effluent , the BOD was 

reduced in 40 days from 802 to 219 mg/l , a 73% r eduction . 

French investigations presented in the 1971 IULCS report 

(118) demonstrated that a two stage pilot plant lagoon system 

could handle tannery wastes of 113 mg/l sulphide without 

altering the BOD removal performance. Additions of 199 mg/l 

sulphide resulted in zero BOD removals . The first lagoon 

operated with a one day residence time, and the second , three 

to five days . 
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An important factor not considered in any of the consulted 

pnpers on lagooning is the possibility of sulphide production 

within the pond , ~nd the occurrence of mal - odours ~ssociated 

with opera ti on of the .system ,.. The chcrnica: co;npounds , most 

often associRted with odours from pon<ls ~nclude : sulphides and 

mercapt~ns, both recogniced co~ponents of tnnncry and fell­

mongery wastes, nnd 3lso the nminac and poly~mines produced 

during b..,cterial deco::1posi t:;.on of proteins (36) . 

Espino and Gloynn (36) stated that the most important 

sulphide source i~. 1. pan i stems from t~c biological a ti vi tics 

of tl1c sulphatc-roeucing bacteria . These bacteria have been 

associated with pipe corrosion and odour problc~s in sower 

lines and sewage plants. 

1~2 . 2 .2 Anaerobi~ Treatment 

In an anaerobic trc·· tr.ient process 1 organic wastes c;i::-o 

stabiliacd by ~icrobial degradation to ~ethane and c~rbon 

dioxide in an anaerobic environmcn~ . The gro~th of excess 

microorg~nisms is minimised , thereby reducing the amount of 

sludge to be disposed of, an<l the need for nutrients , 5uch as 

nitrogen ~nd phosphorus, which arc required for cell synthesisR 

A promising system is the anaer0bic filter in which bacteria 

rrow on n suitabl0 packinr :rediur.t in '1n aaacrobic en·.rironment. 

A long bio:ogicul solids re ~ention tir:1e iG : . '"t:·_ritained .. 

Anaerobic trcat~ent of tann~ry or fellmongcry wastes seems 

to have few advocates. Ivanov (58) had an anaerobic stage prio~ 

to his aerobic process for treating tannery wastes . The raw 

influent exhibited variable characteristics: - pH 7.6 - 10 .0 7 

BOD 840 - 2350 mg/l . It was diluted with domestic sewage to a 

BOD of 380 mg/l prior to anaerobic condic:£.oning . A r esidence 

time of 2 hours was maintained in the anaerobic tank . No 

reference to sulphide influence on the anaerobic digester 

performance was made . 

Gates and Lin (41~) also ~tudicd an anaerobic type system 
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which consisted of a model lagoon with an aerobic upper section 

and anaerobic lower section. ~esidence times of 2 .64 days and 

1.64 days in the anaerobic and aerobic sections respectively 

were maintained . Using a synthetic tannery waste , they a chi eved 

92% COD reduction with loadings of o.45 kg COD/m3 . day . The 

mean COD was 1000 mg/l . On varying the influent COD a 

rel a tively stable effluent COD was achieved . The aerobi c 

section was used to control odours ori g ina ting from the anaerobic 

unit. 

The IULCS report (118) briefly mentioned the operation of 

an anaerobic treatment system for vegetable tanning liquors in 

Italy . The waste had a vol at il e solids content of 800 mg/l of 

di gester capa city p e r day, a nd its BOD was reduced by 90% . 

The us e of an anaerobic filt er for tannery effluent 

treatment has been reported (29) but no det a ils accompany this 

report. 

The effect of sulphides on anaerobic digest ion is well 

documented (74). Sulphide concentrations of 50 - 100 mg/l 

have been tol e r a ted with little adverse effect on the process 

(74). Concentra tions above 200 mg/l are consi der ed to be 

toxic. McCarty (74) noted that sulphides , as well as those 

entering the digester in the waste, can result from the 

biological reduction of sulphates and othe r sulphur-containing 

inorganic compounds . Anaerobic protein degrada tion is also a 

source of sulphide (36). 

Sulphide may induce the precipitation of toxic heavy 

metals such as copper, zinc and nickel from the liquors (68) . 

In addition to removal by precipitation, sulphides may remain in 

solution as soluble sulphides or be removed as a gas in the form 

of hydrogen sulphide (H
2

S) . 

The l arge quantities of lime which are present in the 

fellmongery waste streams are likely to affect the operation of 

an anaerobic process . It has been demonstrated that high 
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concentrations of alkali and alkaline earth metal salts , such 

as those of sodium, potassium, calcium or magnesium arc frequently 

the cause of inefficiency in , or failure of , an~erobic treat­

ment (65 , 66) . 

1 . 2 . 2 . 3 Aerobic/Anaerobic Treatment Compari sons 

It is difficult to present a comparison of the aerobic and 

anaerobic methods reviewed, owing to the small amount of 

quunt i tative data accompanyine the respective reports . On a 

cost basis , waste stabilisation ponds would prove the most 

attractive (45) . However the problems associnted with these , 

such as odour production and large land requir&ments , diminish 

their appeal . Activated sludge and associated methods seem to 

produce substantial BOD reductions and sulphide removal from 

fellmongery and tannery wastes . The application of anaerobic 

digestion to tannery and fellmongery waste tre~tment is not 

common . The high pH and sulphide components of the wnste may 

be deterrents . 

1 . 2 . 3 Physical and Chemical Treatment Methods 

1 . 2 . 3 . l Physical 

Physical treatment methods of tannery and fellmonrery 

wastes are similar to th~ conventional methods applied to 

sewage and industrial wastes . The first step normally 

encountered is the removal of coarse suspended solids using 

grids and screens . Koziorowski and Kucharski (64) noted that 

grid spacings of 20- 25 mm and screen meshes of 0 . 5 - 5 mm were 

used for tannery waste treatment . Boley (20) has described 

the satisfactory use of screens for tannery effluent ~ 

Koziorowski and Kucharski (64) maintained that an equal ­

isation tank is required following scr eening . This uni t 

minimi ses hydraulic and organic fluctuations in subsequent 

treatments. 

Primary sedimentation is a necessar y operation in tanner y 

and f ellmongery waste treatment , since t hese wastes exhibit 



high settleable solids concentrations. Willis (129) has 

reviewed the principles of sedimentation and flocculation and 

relates the design of sedimentation tanks to the different 

modes of particle settling. 

Rands (42) investigated t he use of hydrocyclones in 

primary fellmongery waste trea tmento He concluded that they 

were ineffective because of t he high moisture content of the 

separated solids . These findings contrast with claims of 

satisfactory suspended solids removal from tannery wastes 

using a large-scale hydrocyclone (93). 

The practice of coagulat ion in aiding the sedimentation 
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of fellmongery and tannery wastes has been ext ens ively reported. 

Acids (16, 19, 64, 83 ), ferrous and ferric salts (19, 51, 64 , 
80, 104), polyelectrolytes (37, 39 1 107), cl ays (16) a nd 

alum (51; 64 , 73, 80) h8Ve be e n found to be successful 

coagul ants . Ko~ iorowski and Kucharski (64) showed tha t the 

a ci d coagulat ion of tannery was t es r esult ed in a 61.4% BOD 

r eduction. 73% BOD r emo vals were obtained by Ni wa (83) with 

HCl a nd H
2
so4• The optimal pH r a n ge for bo t h processes was 

4.5 - 6.0. Sierp (104) stated tha t a cidific a tion should be 

c a rried out in closed tanks; if necessary the hydrogen sulphide 

libera ted may be used to regenerate sodium sulphide . Acids 

have been used successfully to complement tre a tm ent wi th clays 

(1 6), ferrous and ferric salts (19), and a lum (64). Lime with 

subsequent carbon dioxide trea tment has been used in conjunction 

with ferric, ferrous and aluminum salts (64). Lime contributed 

to improved sludge settling while the c a rbon dioxide reduced 

the pH. 

Ferric sulphate, ferric chloride and aluminum sulphate 

effect BOD removals of 40 - 80% (39, 64, 73). BOD removal 

efficiencies are influenced by pH, coagulant concentration and 

the nature of the waste. A most effective coagulant is 

ferrous sulphate when used with carbon dioxide and calcium 

hypochlorite or lime (64). Hal'perin (51) reported that 

alum, used in comparable concentrations to ferrous sulphate 

(500 mg/l), gave satisfactory BOD removals. 
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1.2 . 3 . 2 Chemical 

Chemical methods of sulphide elimi nation include:-

(i) catalytic and non-catalytic aeration . 

(ii) acidification . 

(iii) ferrous and ferric salt treatment. 

(iv) flue-gas treatment. 

The most common method of sulphide removal is by catalytic 

or non-catalytic oxidation. Oxidations are normal ly carried 

out in conventional aerati on systemG. 

Manganese sulphate and manganese chloride are the most 
of CAtAl.'fdz 

commonly reported of a wide rangeLthal have been investigated 

(6, 15, 40, 133). Concentrations are found in the range 

50-200 mg/l. Reaction products have been identified as thio­

sulphate and small quantities of sulpha te (6). Eye and Clement 

(40) co n firmed this, but proposed that a small nmount of 

elemental sulphur could also be present . pH considerations led 

Berg et a l (15) to surmise that oxidation converted sulphide to 

sulphate . Th ey proposed tha t manganese forms Mn(OH) 2 in 

alkaline solutions , which they believed to be the a ctive 

cata.yst. The workers also stated that catalysts may be removed 

from the reaction by poisoning with hair and other proteinaceous 

material. 

Catalytic agents are not confined to manganese salts . 

Eye and Clement (40) investigated the effect of potassium 

permanganate and found it to be more satisfactory than 

manganese sulphate. Schwab and Butterworth (101) reported the 

use of nickel and copper salts as catalysts , and claim good 

sulphide removal rates . They did not publish quantitative 

data . 

Aeration without catalyst addition may be used to 

remove sulphide from waste streams (10, 43, 48). The data 

of Bailey and Humphreys (6) and Eye and Clement (40) 

indicated that long aeration times were required. 
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Oxidative sulphide removal has been accomp~Sbed in packed 

columns and pipe ejectors at elevated temperatures and pressures 

(1, 22 , 115). Abegy (1) described a packed column operating 

at 115°C and under 3 atmospheres pressure. Sulphides were 

converted to sulphates , thiosulphates and thiols, and were 

subsequently removed with the spent air and burnt . 

Jones and Pearson (61) and Collins and Roetman (24) 

reported that the acidification of wastes assists sulphide 

elimination. Collins and Roetman maintained that pH adjustment 

to a range of 8 - 10 is necessary . In contrast, Jones and 

Pearson acidified the liquors in the presence of cmso
2 

radical 

to a neutral pH, to precipitate the sulphide . Pepper (90) 

cautioned the use of acidification for sulphide removal, and 

claimed that liberated hydrogen sulphide was undesirable . 

In addition to their usefulness as coagulants, ferrous 

sulphat e and ferric c hloride have been extensively utilised in 

s ulphide removal from tannery and fellmongery effluents (42 , 

51, 64 , 77, 80, 87, 90, 92 , 131) . 

Pepper (90), Rawns (92), Wolfe (131), Munt eanu and Weiner 

(80), and Hal 1 perin (51) described the use of ferrous sulphate 

to remove sulphide as ferrous sulphide. In contrast to the 

other workers , Pepper (90) found that the precipitated ferrous 

sulphide was bulky and difficult to settle . 

The use of ferric chloride has been proposed by Mehner (77) 

and Cooper (42) and also reported by Koziorowski and Kucharski 

(64). Mehner (77) found that a pH range 4.7-7.2 was necessary 

for satisfactory sulphide removal. Cooper (42) made no pH 

adjustment but used higher concentrations (900 mg/l compared 

with 500 mg/l quoted by Mehner) to achieve comparable removals. 

Bianucci and de Stefani (19) and Koziorowski and Kucharski 

(64) described the use of ferric hydroxide as a sulphide­

removing agent. Initial acidification assisted the process. 

Biannui and de Stefani (18) described a tannery waste 
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treatment process which consisted of a flue gas treatment stage, 

the effluent pH was decreased to 7.5 and all the sulphides 

removed as hydrogen sulphide. 

1.3 BIOLOGICAL FILTRATION 

1.3.1 Introduction 

Biological filt e rs are one of the most widely used devices 

for industrial wast e tre~tm ent. The bed provides support for 

the biological film that develops on application of the waste . 

Purification of the waste i s accomplished by the biochemical 

activity of the film. 

1.3.2 Definitions 

The classification of biofil tration procesces is based on 

three parameters:-

(i) organic loading 

(ii) hydraulic loading 

(iii) recirculation ratio 

Eckenfelder and O'Connor (31) class ifi ed trickling filters 

into two broad categories:- high-rate and low-rate systems. 

The distinction is based on hydra ulic and organic loading to 

the filter. Low-rate filt ers opera t ed at hyd~aulic loadings of 

1.2 - 3.3 m3/m3 .day , with organic lo ad ings of 0. 55 - 2.77 kg/m 3 .day. 

Hydraulic loadings for high-rate units were claim ed to vary from 
3 3 6.1 - 18.4 m /m .day. No range for organic loading was provided. 

They reported that high-rate filters may employ recirculation 

in single or tw0-stage units. 

McKinney (75) classified biofiltration processes in a 

similar manner to the previous scheme, using recirculation 

ratio to assist classification. Low-rate organic loadings 

ranged from 0.16 - 0.41 kg/m3 cday, whereas high-rate loadings 

ranged from o.60 - 1.19 kg/m3 .day. Organic loadings in e::cess 

of this were classified into a super-rate category. A low­

rate filter was claimed to have no recirculation; high-rate 



filters a recirculation ratio range 0.5 - 10:1; super-rate 

filters a range of 10 - 50 :1. 

Bruce and Me rrki ns (23) stated that high-rate filtration 

is encountered when the hydraulic loading is in e~cess of 

3 m3/m3 .day, discounting recirculated flow , or when the 

organic load is greater than 0.6 kg BOD/ m3 . day . 

22. 

The efficiency of a trickling filter is computed from the 

BOD removed by the filter, expressed usually as a percentage of 

feed BOD . Efficiency is influenced by both waste characteristics 

and filter geometry . 

Excellent reviews of the mathematical modelling of trickl­

ing filter operations are given by Behn (11), uehn and 

Monadjemi (12) and the National Research Council report (82). 

1.3.3 Application of Biofiltration to Fellmongery and 

1'annery Waste~ 

Gurham (49) has reported that t e.nnery wastes can be 

treated on trickling filters provided the wastes are adequately 

pretreated by sedimentation and possibly chemical coagulation. 

Coarse rock was recommended for the media, to minimise clogging 

from grease and fragments of flesh, hide and hair . He stated 

thnt the high nlknlinity of tannery wcstes requires a period of 
itir 

accli11f-'ltion for the film microorganisms o Recircula tion is 

needed to reduce the effect of excessive changes in alkal inityo 

Thafaraj et~! (119) confirmed the report of Gurh~m , on the 

biologicnl filtration of tannery wastes . 

97% BOD removals were obtained by Akriska et al (3), when 

tannery effluent was applied to a stone packed filter at a 

hydraulic rate of2"MGAD (6.2 m3/m3.day; c alculated on a 1.83 m 

filter depth). The pH was adjusted to between 7 and 8 prior 

to treatment. They did not specify recirculntion ratios or 

organic loadings. Sarber (96) reported 80 - 90% BOD removals 

with biological filtration of effluent from a sole leather 

t a nnery. Additional information was not provided. 



Poszto (91) found that for satisfactory BOD removal, 

tannery wastes had to be diluted 90% with domestic sewage prior 

to biological filtrationo 

The packing used by Bailey et al . (?) in their studies of 

the Liofiltration of fellmongery waste , was a plastic medium . 

It was housed in a 0 . 36 m3 tower, 3 . 65 m tall . The tower was 

charged with 5000 l/day of effluent, with a BOD range 600 - 1000 

mg/l. The method of feed ing was not specified . They reported 

a 50% BOD removal with organic loadings of 2 . 95 kg/m3 . day, but 

made no mention of any changes in pH or sulphide concentration. 

In a review of tannery wa ste treatment, Bianucci and 

de Stefani (18) regarded biological filtration as a secondary 

treatment, subsequent to all methods they cited. In particular, 

they described a filter column which was flushed prior to 

operation with a suspension of river mud, which was aerated in 

the presence of sulphide in order to provide an inoculum of 

sulphur-oxidising bacteria. Effluent was recirculated at a 

rate which was sufficient to ensure that not only was the 

medium in the filter adequately wetted, but also that the pH 

was reduc e d to the optimum re quir e d for the acid-tolerant 

sulphur-oxidising bacteria. 

Biological filtration forms one part of an aerobic ­

anaerobic biological treatment pla nt for fellmongery effluent 

described by McDougall ~ta~. (42). Effluent was pumped to 

the anaerobic unit, then subsequently recirculated through the 

filter. Typical daily readings showed 100% sulphide removals, 

90% COD reductions and a fall in pH from 10 . 95 to 9.05 . 

1.3.4 Effect of Sulphides on Biofiltration 

Green (46) has reported the effects of sulphide on 

biological filtration. Results indicated that his filter 

tolerated sulphide concentrations of up to 400 mg/l H2 S 

(corresponding to 0.1% Na2s) . A combined chemical-biological 

sulphide oxidation process was proposed. He postulated an 

atmospheric oxidation af sulphide to thiosulphate and a 



biological oxidation of thiosulphate to sulphate . This 

mechanism docs not conform to the postulate of Vishniac and 

Santer (126), that during biological thiosulphate oxi dnt ion 

by a utotrophic sulphur-oxidising bacteria, the thiosulphate 

enters the cell as sulphide. Accordin~ to the proposed 

mechanism of Green, sulphide would be chemically oxidised to 

thiosulphat e , then biologic a lly transfor med back to sulphide, 

prior to oxidat ion to sulphateo 

Hill (54) investigated relat ive sulphide removal r a tes 

from solution by biological and chemical mechanisms. He 

found that biomass obtained from a biological filter treating 

fellmongery effluent accelerated sulphide removals . Manganese 

additions at a 25 rng/l MnC1 2 conc entration st imulated sulphide 

remova l s in uninoculated a nd inoculated solutions, greater 

rat es being ach i e ved in the inoculated system . 

Results presented by Heukelekian and Lassen (53) con fi r m 

those of Hill (54). Inoculation of s ·ilphide solutions with 

filt er slime a c celerated sulphide removals. Sulphate was 

found to be the terminal oxidation product . 

Bailey (5) dem onst r ated that ptrcolating filters can 

tolerate sulphide concentrations of up to 250 mg/l without 

apparent effect on BOD removal efficiencyn This confirms the 

earlier work of Gre en (46). 
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Complete sulphide removal from tannery wastes was reported 

by Rosenthal (94) . A 40% domestic sewage and 60% tannery 

waste mixture was trea ted by biological filtration. The 

influent sulphide concentration exhibited a mean value of 

82 mg/l . 

103 . 5 Effect of pH on Biofiltration 

pH influence on biological filtration has received little 

consideration by workers. Walter (128), however, has examined 

the effect of a high pH waste on trickling filter efficiencyo 

Although the described waste is textil e effluent, its pH was 
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similar to that of fellmongery wastes. His study indic a ted that 

influent pH significantly influenced BOD removal and efflu ent 

pH. An optimum BOD reduction, 60%, was achieved over an 

influent pH range of 8 .0 - 9 .0. A 45% removal was obtained in 

the pH range 11. 0 - 12.0 . Walter claimed that carbon dioxide 

production by the filter microorganisms exerted a buffe ring 

a ction with in the waste , inducing lower pH values . 

1 . 4 CHEMICAL AND MI CROBIOLOGICAL SYSTEMS PRESENT IN BIOLOGICAL 

FELLMONGERY WASTE TREATMENT 

1.4 . 1 In~roduct ion 

The c hemical composition of t anne ry and fellmongery was tes 

is complex. It has been established ( Se c t ion 1.2 . 2) that lime 

and sulphide e x erci se a considerable influence on the biological 

treatment of fellmonge ry waste. The e ffects of th e two compon­

ents on the system chemis try and microbiology a re examined more 

clos e ly in this section. 

1.4 . 2 Physic-Chemical Asp ects 

Alkalinity asp ect s of waters and industrial was t es have 

been cons idered theor e tical ly and quantit a tively by Sawye r 

and McCarty (98). They commented that the maj or contribution 

to the alkal inity of a solution was c aused by three major 

classes of materials . These were ranked in order of their 

associ at ion with high pH v a lues as follows:-

(1) Hydroxides 

(2) Carbona tes 

(3) Bicarbona tes 

The following equations express the equilibrium between 

carbon dioxide , alkalinity and pH in water : 

co2 + H20 ·:...-= H2C03 ~ 
- + HC0
3 

+ H 

( ) ~ 2+ -M Hco
3 2 
~ M + 2HC0

3 
2- + 

Hco3 ~- co
3 

+ H 

co~ - + H2o ~ Hco3 + OH 



Lijklema (70) stated that in effluent , the main factors 

governing pH will be the equilibria of carbonic acid. Up to 

pH 8 . 3 the ionisation step is dominant; at 20°c 

4.17 x lo- 7 fco l 
-- 2 J 

In the pH r egion 8. 3 - 10 . 5 the equilibrium 

= 

dominates , and above pH 10 . 5 the concentration of free OH 

26 . 

ions det e rmines th e pH. Since industrial wa stes are ess entially 

non-ideal solutions, corrections for electrolytes and non­

electrolytes would have to be made , e . g . the depression of the 

solubility of C02 by NaC l . 

Waste water pH change is controlled by two factors: -

(1) The production of a cid or a lka line substances during 

biological purific a tion . 

(2) The buffer capa city of th e influent . 

Lijklema (70) presented v a rious chemical and biochemical 

reactions, charact eristic of biological was te treatment 

systems, that c ause changes in alkalinity values . The 

significance of nitrification and the production, absorption 

and desorption of co2 we re closely examined . 

Fellmongery and tannery wastes are highly alkaline 

because of the large quantities of lime used in processing . 

Also , the presence of Na
2
s, a~£trong basic salt , contributes 

to the effluent alkalinity . A typical fellmongery waste pH 

range , 9. 5 - 12 . 3 (89) , indicated that carbonate.and hydroxide 

components will largely determine the alkalinity, according 

to the scheme presented by Lijklema (70) . 

The other inorganic component demanding consideration is 

sulphide . The form of sulphide in solution has been found to 

be pH dependent (18, 98) . The relationship between H
2

S , HS ­

and s= with changing pH is shown in Figure 1 . 1 . Sulphides 

in tannery and fellmongery wastes will be present as SH-
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and s- ions, by virtue of the pH range, 9.5 - 12.3, exhibited 

by the wastes. 

The equilibrium-composition di a grams presented by 

Bianucci and de St e fani (18), and reproduced in Figure 1.2, 

a ssist in a ssessing th e removal of sulphide from solution by 

o x id a tion. The se S-H2o system diagrams, which h a ve pH Rnd 

redox potentia l a s coordina tes, indic a te tha t t h e type of 

s ystem (eithe r stabl e or metastable) and the form of sulphide 

in solution, will influence the rea ction product form e d on 

sulphide oxidation. The stable equilibrium d i a gram in 

Figure 1.2 (B), shows tha t if very strong oxidising a gents 

such as chlorine in a cid medium or hy drogen p eroxi d e in 

~lkaline medium a re pre sent, the y overcom e t he consider a ble 

redox potential barri e r involved, allowing sulphide to be 

oxidised dir e ctly to s ulphate. The meta stabl e diagram ( A), 

ho wever, shows tha t a we a k oxida tion, a s tha t which c a n be 

obta in ed by a eration, give s a poor r e sult, i.e. t he co nv e rs­

ion of sulphide into sulphur in a cid medium a nd into thio­

sulpha te in a lka line medium. The l a tter process cha r a ct e ris e s 

th e aer a tion of fellmongery a nd t a nne ry wastes. Seve r a l 

worke r s h a ve co n firmed tha t thiosul ph a te i s pro d uced o n t he 

ae r a tion of t a nne ry was tes containing sulphi d es (6, 1 8 , 40). 

1.4.3 Microbiological Sulphide Transformations 

27. 

Jenkins ( 60) h a s report e d tha t the n a tur e of a ny ef fluent 

will profoundly affect the developing flor a of a treatment 

process. He stated that inorganic compounds, toxic and non­

toxic, in wastes entering a biological treatment system, will 

select groups of microorganisms that are capa ble of metabolis­

ing the compound. Products of metabolism will depend on 

substrate, type of microorganism, nature of waste and the 

operating characteristics of the system. The sulphide component 

of fellmongery waste exhibits the potential to select a group 

of microorganisms capable of sulphide metabolism, when the 

waste is biologically treated. 

The transformations that sulphur undergoes in nature may 
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be represented by a clos ed cycle, similar in concept to 

nitrogen and carbon cycles, which is shown in Figure 1.3 (36). 
Geochemical sources of sulphur are not included in this 

di agram ; their contribution to biological waste treatment is 

minim a l. 

The microbial transfor mations of sulphur compounds have 

been described by several authors (36, 47, 98, 105). For 

these studies, it has been considered pertinent to examine 

all the microorganisms which may be implic Rted in the oxidat­

ion of sulphide from fellmongery wastes. 

28. 

Thiobacillus thioparus is the most likely sulphur-nxidiser 

to develop in an aerob ic biological system treating an a lkaline 

waste (132). Starkey (111) and Sokolova and Karavaiko (105) 

confirmed this postulate. Data presented by Sokolova and 

Karava/iko (105) indicated that the optimum pH v a lue for Th . 

thioparus g rowth fluctu a ted between 8.5 and 9.8. No bact eri a l 

g ro wth was detected at pH 10.0. At pH va lues belo~ 8, bact e ria 

did grow but oxidised the substrate at a significan tly lower 

r ate . 

According to Nathansohn (81), Beijerinck (13), Jacobsen 

(59) a nd Vishniac (125), Th. thioparus oxidises hydrogen sulphide 

and sulphides to sulphur and sulphate . Starkey (112) a nd 

Parker and Prisk (85) failed to confirm the oxidation of 

sulphides by growing cells of Th. thioparus. 

Sokolova and Karavaiko (105) observed that the oxida tion 

of sulphides by Th. thioparus is affected by the sulphide cation. 

Calcium sulphide was metabolised at greater rates than sodium 

sulphide. Sulphate was the metabolic product for both sulphides. 

A pH decrease accompanied the sulphate increase. 

In contrast with the carbon assimilation of heterotrophs, 

where only 3% of the total carbon is gained from co
2

, the 

Thiobacilli utilise co
2 

as their sole carbon source (105). 

co
2 

fixation is linked to the energy-yielding oxidation of 

sulphur compounds. co
2 

produced by heterotrophic organisms 
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could provide the Thiobacilli with a carbon source. 

Th. thioparus is considered a strict aerobe. However, 

these bacteria have been isolated from environments where 

oxygen availability is restricted (105). Sulphide removal 

rates in such environments are relatively low. 

29. 

The development of the purple sulphur bacteria, 

Thiorhodaceae, has been associated with anaerobic pond treat­

mect of fellmongery effluents (21, 25). These bacteria are 

autotrophic anaerobes and require both light and sulphides . 

Zajic (132) listed the gro wth requirements as: -

(1) light 

(2) minerals (co;, Fe, s-, Po4, Cl -) 

(3) alkaline pH 

(4) strict anaerobic conditions 

The oxida tion of hydrogen sulphide i s carri ed out in two 

main steps (121):-

co2 + 2H2S light) (CH20) + H20 + 2S 

2C0
2 

+ 2S + 5H
2

0 light) 3(CH
2

0) + 2H
2

so4 

An important feature of this reaction is that no 

molecular oxygen is formed. Due to their photosynthetic 

activity, this group of bacteria does not help to reduce the 

BOD of the wastes treated, and may even tend to increase it 

(36). The sludge load imposed by these organisms on an 

effluent being treated in a system consisting solely of 

Thiorhodaceae, would cause an increase in waste BOD. 

The development of Thiorhodaceae is favoured in the pH 

range 7 - 8.5, this range being slightly lower than the 8.5 -
9.8 range necessary for optimum Th. thioparus growth. 
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2. PRELIMINARY CONSIDERATIONS 

This chapt e r introduces the concepts behind the develop­

ment of the experimental work described in the subsequent 

three chapt e rs. Justificat ions for the p rocess sel e ction, 

and expla nations of experimental developnent a rc presented . 

The majority of New Zealand f e llmongeries a r e assoc i ated 

with meat processing works where pelts a re readily obtained . 

Effluent from fellmong ery departments may enter the main works 

effluent stream or be treated separa tely. Separate trea tment 

has many advantages. In a concentrated form the waste will 

r equire a smaller treatment unit. A plant desi gned for the 

treatment of sulphide wastes can be opera ted a t conditions 

which produce optimum growth and a ctivity of the sul phur ­

oxidising organisms. The di s cha rge of sulphide waters into 

the meat processing effluent st re am , which usua lly possesses 

a n eutra l or slightly a cidic pH, may precipitate the liberat ­

ion of hydrogen sulphide with the r e sulting corros i on a nd 

environmental probl em s. 

30. 

A tr eatment system for fellmongery effluent must be 

sel ected on the basis of ope rating , environmental and cost 

considera tions. An efficient a nd sta ble ope r a tion is n e cessa ry 

with minimal maintenance requirements. Health hazards , mal ­

odours and hydrogen sulphide evolution should not be pr e valent . 

Fina lly a low c a pit a l and operating cost is desirable . 

The methods most readily lending themsel ves to fellmongery 

wa ste trea tment are activated sludge, anaerobic and aerobic 

lagoons and biological filters. Anaerobic digesters and oxida t­

ion ditches are not considered due to the lack of data regarding 

the operati on of these systems with fellmongery or tannery wastes . 

Recent work, however, indicated that oxidation ditches may prove 

very satisfactory for tannery waste treatment. The presenc e of 

high lime concentrations in fellmongery and tannery effluents 

provide operational problems during anaerobic digestion. The 

sensitivity exhibited by activated sludge to shock loads and 

high sulphide concentrat ions precludes the use of the system. 



Foaming associated with the aeration of alkaline liquors 

containing saponified grease and fat may similarly pose problems 

(30). Odour problems, l arbe land requir ement s and sludge 

removal limit the use of oxidation ponds and l agoons (45) . 

Health h a zards may a rise if the lagoons a r e adjacent to water 

supplies or grou~d wells. 

Di olo 6~cal filtraticu i a clai~ed to satisfactorily manage 

shock loads ~f subjected to them (2). Such ~oading is 

cha r a cteristic of fellmongery was te discharge (: 4) . The select­

ion o~ this system to treat fellmo~gory liquors was influenced 

mostly by the a~ility of biological filters to treat effluents 

with high .s.l:i.phide concencra ·~io:1s, v.i thou t adverse affect on 

their p erformance. Although t he capital c os t of biological 

filtration is large, runnins costa ~re minimal in comparison 

with activa ted sludce (2). Maintenance requirements are small 

but periodic ch e cting of process efficiency, filter conditions, 

pumps and pipes are necessary. 

This study i s an exte~sion of }relimina ry work on 

biological c~lp~ide r cm o va~ from fel~ffi .ng0~; waste b y Hill (54). 

The pilot plant used for th e bio:osical f~ltration studies was 

based upon the s~·sts -1 descr:i_beu by McDougal:::_ _e_t ~.l· (42). 

The objectivec of this study we re:-

(1) to investigate the mechani:"": ~ and effic iency of sulphi de 

removal in the pilot ~lant. 

(2) to evaluate the COD removal efficiency of the pilot 

plant, and the influence 0f rH and sulphide on this 

efficiency . 

(3) to study pH end alkalinity changes. 

(4) to investigate the implications of the sulphur­

oxidising bacteria in the system~ 

The operating procedure of the filter was selected from 

a consideration of the discharge chrtr acter1st ics of a typic a l 

New Zealand fellmengery. An 8 hour , 5-day week cycle is 

typicale Invcstig~tions with this cyclic loading were made 



for a range of recirculation ratios, 5:1 - 35:1. In a second 

series of experiments, a continuous loading wa s imposed on the 

filter for each of three te~peratures 1 21; 31 and 34°c, with 

the aim of supplementing dat a collect e d for the sulphide 

32. 

oxida tive studies. A constan t r ecirculation r a tio was maintained, 

the value of which wa s b a sed on da t a obt a ined from the first 

series of e xp e riment s . 

Initially the me cha ni sm of s ulphi de oxida tion in the sys tem 

was not clear; doubt exist e d as to whether a chemic a l or 

biologica l me chan i =1n , or both, wa s r e sponsibl e for sulphide 

remova l. Gr een (46) expressed simila r doubts perta ining to 

sulphide r em oval in biolo g ic a l fil ters . Two e xpe riments were 

d e signed t o as s ist elucida tion of thi s mechanism. 

The fir ;· t ~nvolved a sudd e n cha n g e in the tem pe r a ture of 

the filt er system, with subse qu ent monitoring of the effluent 

sulphide a nd s u:pha te conc entrations~ It was postula t e d th~ t 

if a chemic a l oxi dat ion mecha ni sm e xist ed , t h e sulphide a nd 

sulpha te conc entrations of th e e fflu e nt would cha nge quickly 

with t em pe r a t ure, s inc e the r a t e and e quili b rium of a chemic a l 

rea ction is temp e r a tur e depe nd ent . I f n b iolo gica l oxi dative 

mechani s m was pre s e nt, the t empe r a tur e cha n ge would upset auto­

trophic met a boli sm with sub sequent fluctu a tions in effluent 

sulphide and sulpha te concentra tions. Ori gina lly t he filter 

was to be subjected to seve ral s ha rp tempe r n ture increases , but 

he a t losses set an upper tempe r 2tur e of 34°c a nd limited the 

number of changesn 

The second series of experiments involved the a e r a tion of 

pure sulphide, lime-sulphide and waste solutions, with and 

without filter biomass inocula. These investigations provided 

further data on the mechanism of sulphide removal from the 

waste, as well as information pertaining to the effect of waste 

components on the rate of chemical sulphide oxidation. As 

oxygen transfer to solution is required for both biological a nd 

chemical sulphide oxidation, these aeration studies were carried 

out in a laboratory-scale fermentere Chemical and biological 
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oxidative mechanisms were compared by relative sulphide removal 

rates and subsequent sulphate increase ~ a The increase in 

sulphate concentration served as an indic a tor of the degree of 

aut otrophic metabolism. 

The fermenter studi es vere completed prior to the 

experiments involvinc the temperature change to the filter 

system. Results obt a ined froc: the fermenter studies showed 

that filter biomass accelerated sulphide removals from fell ­

mongery waste . Microbiological isolations of the organism, 

Thiobacillus thiop~, postulated to be primarily responsible 

in sulphide oxidation from the waste , were made from the 

biological filter. Isolations of this organism a ccompanied 

each temperature change . The metabolic rates of these organisms 

in the isolation medium were correlated with the sulphide and 

sulphate fluctuations of the pilot plant effluent following the 

temperature ch~nges. The results obtained supplemented data 

previously compiled on biological sulphide oxidation from 

fellmongery waste . 
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3. BIOLOGICAL FILTRATION OF FELLMONGERY EFFLUENT 

3ol Introduction 

In this investigation a stone-packed biological filter 

and an equalisa tion/sludge concentra tion tank were used to 

treat fellmongery waste . The system was subjected to batch 

and continuous loa dings. Bat ch investigations were conducted 

over a range of recircul a tion ratios at a constant feed input. 

Organic loadings vRried over th e experimental period 2 by 

virtue of the manner by which the waste was synthesized. A 

constant recirculation ratio cha ract e rised the continuous 

operation, during which the effect of three temperature 

changes were observed. 

Th e batch process was eva lua ted on the bRsis of the 

cha~ge in COD, sulphide and nitrogen. In addition, data rega rd­

ing sulphn te production, a nd pH a nd a lka linity changes, were 

also collected, so that the influence of pH a nd sulphide on 

COD remova l could be evaluated . 

In contra st to the batch ope r at ion, the continuous loa d­

ing investiga tions were of prime import a nce i n elucidating 

the mechanism of sulphide oxida tion in the system . COD 

removals a nd pH were also me asured to suppl ement the data 

collected in the batch experiments . 

Additional studies included chemical analysis of the 

sludge, sludge settling tests and evaluation of oxygen tra nsfer 

within the filter. 

3.2 Materials and Methods 

3.2 .1 Waste Source and Make Up 

A source of fellmongery waste with reproducible 

characteristics was required. The large volumetric demand 

of the system, 66 litres per day, ruled out any collection 

and storage of actual fellmongery effluent, since such a 

procedure would have involved large transport costs and 

considerable storage facilities. Instead a synthetic effluent 
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was used. 

Earlier work a t the New Zealand Refrigerating Company 

(89) had yielded an approxim ate a verage composition for fell­

mo n gery waste (Table 1 .1 ). The synthetic waste cha r a cteristic s 

were based upon these results. Effluent characteristics will 

depend on the method of liming practised wi thin a fellmongery. 

The trad itiona l practice of lime li quor r etention, in contr as t 

to periodic discha r ge , determine d the e ffluent composition in 

thi s investigation . 

The waste used in these trials was prepar ed from a dilute 

solution of lime li quor. To this were a dded measured quant iti e s 

of s a lt s to give th e desired composition . 

A d ilution of 3 .5 li t r es of lime li quor in 66 litres of 

water produced a satisfactory was te f eed for t he filter . Wool 

fibres a nd skin materi a l were sc r eened out prior to us e of the 

lime li quor. 25 mg/l Na
2

S a nd 150 mg/l eac h of NH 4c1 and NaCl 

we r e added to t he mixtur e . 

Lime li quors we r e coll e ct ed from thr ee sourc es :-

(1) The Taikorea Fe llmongery, Taikor ea . 

( 2) The Longburn Freezing Works Fellmongery Department, 

Pa l mers ton North. 

(3) The New Zeal and Le a th e r and Shoe Resear ch As s oci a t ion, 

Pa lmerston North . 

Liquors were collected fortnightly in 45-litre quantities 

a nd stored in polythene containers at 8°c . Large va ri a tions 

in strength and composition of the liquors were recorded. The s e 

were attributed to the liquor age prior to collection and to the 

mode of opera tion of the dollies within the respective fell­

mongery sheds. The COD of the liquors lay in the r a nge 

30,000 - 66,000; nitrogen concentration varied in the r a nge 

1120 - 9650 mg/l, a nd sulphide con9entrations within a r ange 1000 -

5000 mg/ln Further streng th varia tion arose from lime precipitat-



ion, nnd the associAted removal of suspended and colloidal 

solids , during storage. The precipitate formed a compact 

cake on the container bottom, which would not redissolve on 

agitation . 

3 . 2 . 2 Pilot PlFnt Eguipment and Operation 

3 . 2 . 2 . 1 Eauipment 

The biologicRl filtra tion systeM is sho~c in FiRure 3 .1 . 
The filter and sump arrangement is indicated in Plate 3.1 . 
Plote 3 . 2 shows the assembly of pumps , feed lines and temp­

erature control equipment . Details of the individual 

components ~re described below . 

(1) Feed Tank 

A C. 61 ru x 0 . 61 m x 0 . 61 m fibre-glass lined tank was 

used ns the feed tank . Waste was pumped from the bottom of 

the t~nk to the sump through a muslin screen located over the 

outlet . This minimised the risk of wool fibres and precipit,tcd 

lime entering the system . 

(2) Sump 

The sump wao pl~ce~ directly under t~e filter . It was 

constructed from a 44- gallon (200 1) oil drum . A pl~stic 

casing lined the drum to minimise corrosion . 

Feed entered the sump directly ~bove the recirculation 

take - off , 0 . 20 m from the sump base . Liquid then passed to 

the filter from this take - off . 

Effluent discharge facilities were provided by a downcomcr 

pipe attached to the side of the sump . Effluent was effectively 

removed from t he centre of the sump , 0 . 32 m from the surfaca . 

Di scharged wastes passed directly to a drain . 

A baffle system was constr ucted to minimise the turbulence 

induced by the by- passed recirculation liquors . A bypass 

system was required to control the flow to the filter , si nce 
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the recirculation pump could not be sufficiently throttled 

down to give the required flow . The baffle consisted of a 

small stainless steel cubical container with perforated sides 

se.t in the sump as indicated in Figure 3.1 . 

(3) Filter Column 

A 2 . 45 m high , 0 . 305 m I.D . concrete pipe packed with 

37~ 

rive r bed stones, 0.051 - 0 . 064 m in diameter, was used as a 

biolo gical filter . Sampling points, located 0 . 76 m and 1 . 52 m 

from the filter top, permitted biomass collection from different 

filter depths . 

The stones were pa cked to a height of 2.25 m in the 

filter . Liquid was distributed over the packing by directing 

the flow over a perfora ted piece of metal placed over the top 

of the packing . 

A 0 . 66 m x 0.55 m reinforced steel grill supported the 

filter structure over the collecting sump . 

(4) Recirculation Pump and Lines 

Re circulation of the waste was provided by a Dalhoff and 

King , 0 . 25 HP Mono pump, model DK/FA/3826 . 

The recirculation lines were constructed from 0 . 012 m 

I . D. transparent P . V. C. hosing . This pliable hosing permitted 

the removal of excess growth on the wall interiors. Simple 

squeezing or tapping of the lines released the adhered 

biomass . 

Recirculated flows were controlled by a gate valve a nd 

a Saunder s valve located on a bypass line on the pump delivery 

side . The bypass and valve arrangements are indicated in 

Figure 3 . 1 . 

(5) Feed Supply System 

The freshly-made effluent was c o nducted to the system by 

one of two pump s . Initially , a Hughes DCL metering pump 



No. 6 - 6305 , was operated , but towards the end of the 

experimental period it developed mechanical problems (leaking 

sealing glands), and had to be replaced by a Sigma pump , 

Model T68H . Silicon reinforced rubber ho s ing was r equ ired 

for the latter. Normal rubber tubing was found to abrade 

r api dly and needed frequent ad justments . 

(6) Tem perature Control Unit 

38. 

The sump li qu ors were maintained a t a constant temperature 

with an Alfa-Laval countercurrent plate heat exchanger , Type 

P . 20 . The liquors were pumped counterc urrent to a stream of 

hot wat er from a const a nt temperatur e bath . Sump temperatures 

were controll ed with a thermostat loc a ted in the sump c ent re . 

A rela y served to cut out the hot water pump when the preset 

sump temperature was attained . 

The de terminat ion of oxygen transfer coeffici ents a t 

d iffe r ent flow r a tes through the filter required alterati ons 

to t he equipment . These a r e shown in Figure 3 . 2 . The column 

had to be isol a ted from the sump prior to experiments . Liquid 

passing through the filter was col lected in a funnel arrange ­

men t set in the sump and piped to an outlet set in the sum p 

wall . 

Sulphite solutions were pumped from a h olding tank by a 

0 . 25 HP Gryphon centrifugal pump (serial no . BS 2048) opera ting 

under a flooded suction head . Flows were controll ed by the 

bypass arrangement shown in Figure 3 . 2 

3 . 2 . 2 . 2 Operation 

3 . 2 . 2 . 2 . 1 Batch Oper ati on 

The pilot plant was c ommissioned seven months pr i or to 

c ommencement of the experiments . An 8-hour , 5-day per week 

l oadi ng cycle was selec ted for reasons previ ously stated . 

Re c irculation ratios of 5:1 , 9 . 3:1 , 14 . 5 : 1 , 25 . 7 : 1 and 34 . 5 : 1 

were used for the evaluation of filter performance . 

Re c irculation ratio , C , is defined as: -
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Figure 3.2 Equipment Arrangement for Oxygen Transfer Determinations 



c R - I 
= I 

where: 

R = flo w to the top of the filter 

I = flow to t h e sys tem 

(s ee Figure 3 .3) 

Ori gina lly r at i os of 5:1 , 10:1, 15:1 , 25: 1 and 35 :1 we re 

planned , h o we ver s mall f low variations produced slight deviat ­

ions fro m these pl anned r at ios. For convenience, th e 

cxp 0r i mental r e cycl e r at io s are rounded of f to the originally 

pl anned values. Excessive foam ing at high flow r a tes prevented 

inv es tigations of the hi~her recircula tion ratios (40:1 and 

gr ea ter). 

Each exper im ent consisted of mainta ini ng t he same r ecircu l at ­

ion r at i o for 3 weeks. A week was al lo wed for t he filt er to 

a tt a in equili b rium, data being collected during t he r emaining 

2 weekSr 

The waste f eed and column flows we r e c~ecked t wic e d a ily 

with a stop clock and measuring cylinder. Difficulty was 

experienced with column flow control particula rly a t r ecj_rculat ­

ion r a tios o f 15:1, 25 :1 a nd 35:1. Sludge pa rticl e s lo dged 

in the ga t e val v e as well as t he Saunders valve on th e delivery 

side of t he recycl e pump , resulting in de creased flo w r a tes . 

This decre a se amounted to 40% of the set flow in two c a s e s; 

31.2 and 34% COD removals were recorded a t these flows. This 

occurrence was attributed to the excessive turbulence, 

induced a t higher recircul a tion flows, disturbing the sludge 

a t the bottom of the t a nk a nd c a using it to enter the recircul a t­

ion line. 

400 ml samples of influent and efflu e nt were taken through­

out the day and analysed sepa rately after 30 min settling. 

Random sampling was not used since the number of, a nd time 

required to per form the analytical procedures, limited sampling 

to certain times of the da y. For the same reasons sampling was 
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Figure 3.3 Filter Flows 



not carried ou~ on a daily basis~ 

Th e samples were analy~ed for:-

( i) COD 

(ii) sulphide concentration 

(iii) sulphate concentrat i on 

(iv) pH and alkalinity 

(v) nitroge n concentration 

The asu o c~ ated analytical p r ocedures arc desc ribed in 

Section 3.2 . 2" 

In contrast to the batch operation, the filter was 

al lo wed t o perfoi'i:l conti nuous l y at a lovrer hydraulic loa ding , 

but at a si1.1il_ar COD loading. This lacilitated COD removal 

compa ri sons ·c o be 111ad0 1-ie~wee:i. tho "':,wo modes of operation for 

similar COD ioAding~ 

4o . 

Howe~or , the ma in objective of th o continuous r un WRS to 

r tud y sulphid e ~c rn o 7als and su~pha t a i ~creaseG at a r ange of 

system tempe r a tur es . Experiments ·i:c ro r,a.;:-ri e d out at te;npe r at ­

ur~s of 21°c 1 31°c and 34°c . The ~~ it ope rated for three 

weeks at each terapcraturc. The recirculation ratio was 

constantly maintained at approximat e ly 12: l . 'l'his particulrir 

r a tio WPS selected since it gave a r ate of flow through the 

filter , which at 21°c, provided a measu r able sulphide concentrat ­

ion in the effluent. 

Analysis was commenced immediately follo wing the temper a ture 

changes with the result that the data are of a transient nature . 

Settled 400 ml samples of influent anQ effluent were analysed 

for the par3meter~ with the exception of nitrogen concentration, 

outlined in Section 3 . 2.2 . 2 .1 . 

3.2 . 2.2 . 3 O~ygen T_:r:_a_nsfer Studi es 

Oxygen transfer coefficients were determined at the filte r 
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flows used for the batch loading experiments . 22 1 of sodium 

sulphite solution contained in a holding tank were pumped 

through the filter and collected at the sump base (Figure 3 . 2). 

The l a tter operat ion was accomplished with mi nimum agitation 

to prevent any undesir ed oxidation of th e sulphite . Flow 

rates were checked before and a ft er each experiment which 

we re carried out in duplicate. 50 ml samples were also 

collected at the beginning and end of each run and were 

analysed for sulphiteo The analytic a l procedure for sulphite 

determiriation i s des ~ ribed in Sec tion 3.2.3 . 

Settl ed sludge was removed from the sump base at the end 

of each ba tch experiment and a t the conclusion of the continuous 

run . A Si e;ma pump , model T68H , was us ed to remove the sludge. 

Sludge samples were analysed for total solids concentration 

on collection , and then frozen before the subsequent analysis 

for ash and nitrogen. Unfortunately , samples collected at 

recirculation ratios of 5:1, 10:1 ond 25:1 were lost during 

freezing, providing an incomplete sequence of re suJ.ts . 

3 . 2 . 3 ~·nal;ytical Tec1:_nig~~ 

3 . 2 .3sl Chemical Oxygen Demand 

Chemical oxygen demand (COD) is defined ~s the amount of 

oxyge n, expressed as mg/l, consumed under specific conditions 

in the oxidation of organic and oxidisable inorganic matter 

in waste water . Correction is made for the influence of 

chlorides. Samples a re refluxed with known quantities of 

potassium dichromate and sulphuric acid , and the excess 

dichr omate is titrated with ferrous ammonium sulphate . The 

amount of oxidisable organic matter is proportional to the 

dichromnte consumed. 

The method is described in full detail in Standard 

Methods (109) . 
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3 .2. 3 . 2 Biological Oxygen Demand 

Biologic a l oxygen demand (BOD) indicate s th e quantity of 

oxygen t ha t will be utilised by natural agenc ies in stabilising 

organi c matter . 

Sampl es were d ilu ted with a ir-satur Rt ed dilution water, 

and sub s equ ent ly analys ed for dissolved oxygen before a nd 

a fter 5 day , 20°c incubation periods . Sampl e seeding was not 

required. Dissolved oxygen determinations were made a ccording 

to the Als t e rbur g modification of the Winkl e r method. 

Th e procedures followed were those described in Stand a rd 

Methods (109) . 

3 .2. 3 . 3 Total Kjeldahl Nitrogen 

Total Kjeldahl nitrogen includes ammoniacal and organic 

nitrogen , but not ni tri te or nitr~ te ni trogen . 

Procedur es p~ralleled those present ed in Standa r d Me thods 

(1 09 ). 

3 . 2 . 3 . 4 Sulphide 

Sulphi de concentrati ons we r e colorimetrical l y de termined 

by the me t hod r e ported by McMillan et a l (76) . This method is 

based on the r eaction which t akes place , under suita ble condit­

ions, between pa ra- am inodimethylaniline , ferric chlori de and 

sulphide ion, resulting in th e formation of methyl ene blue . 

Ammonium phospha te is added prior to tr a nsmittance measurement 

to remove the colour due to the presence of ferric ion. 

Transmittance values of the solutions we re determined with a 

Hit a chi - model 101 Spectrophotometer a t 730 mµ . A di stilled 

wate r blank was used as a comparison. 

Standard curves were obtained with sulphide solutions 

previously standardised by the zinc a cetate titration method 

(109). These are shown in Appendix 1 . 



3c2.3.5 Sul£hate 

Vo gel (127) has presented a turbidometric method for 

sulphate determinations wh ich may be applied to wastes and 

sewage (109). This method is based on the prec ipita tion of 

sulphate in a hydrochloric a cid mediu~ with barium chloride. 

Barium sulphAte crystals of unifo~m size are formed , and the 

resulting increase in t~rbidity i c dete r mined colorimetrically. 

:he sulphate i on concentration is determined by comparison 

of th e re aci i: -. g -.vi th a standard curve n Determinat ions wer e 

made with th e previously descr i bed spectrophotmeter at 

420 mu, The standard curve is prese nted in Appendix 2. 

3~2 . 3.6 EB a nd Alkal initi es 

pH was measured with a n E350B Metrohm Heris a m pH meter. 

Phenolpthalein and total alkalinities were determined 

as described in Standard Methods (109). 

The degree of settling is determined by noting the 

position of ~ he falling int e rface a t r egul a r intervals . This 

is expressed as a dec r easing volume of sludge and will yield 

data for plotting settling rate curves. 

Sludge settling characteristics were studied in a 1-litre 

glass measuring cylinder~ 

3.2.3.8 Ash and Calcium Determinations 

Sludge ash concentra tions were determined at 8oo
0 c , as 

described by Vogel (127). 

In order to ~ssess th e quantity of lime entering the 

sludge , samples of the sludge were analysed for calciumo 

Calcium was determined as calcium oxide, by the oxalate method 

presented by Vogel (127). 



3 . 2 . 3 . 9 Total Sol ids 

Tot a l solids were obtained by the aluminum dish method 

described in Standard.Metoods (109) . 

3 . 2 . 3.10 Sulphite Determination 

44 . 

An iodome tric titra tion was utilis e d to det e rmine sulphit e 

conc e ntr n tions in the oxygen tra ns fer studies . 

A 10 ml s a mpl e is pla ced in a fl a sk with e xcess O. lN 

iodine solution (25 ml) . Sulphite present in the sample r educ e s 

th e iodine, and excess iodine is back-titra ted with O. lN 

sodium thiosulpha t e s olution, using a st a rch ind ic a tor . The 

titr e r e vea ls the quantity of r educed iod ine a nd i s a measure 

of the conc e ntra tion of s ulphite in solution . 

3 . 3 Results 

3 .3 . 1 Ba tch Fe ed 

Th e compl e t e ~pe riment al da t a obta ined from t he filt er 

afl!. t abula t e d in Appe ndix 3 . All sub s e qu e nt c Rl cula tions a re 

d e rived from this t a ble. 

3 . 3.1 . 1 COD Lo adi ng a nd Remova l 

Sampl e calculations for det e rmining t he va lue s of a ppli e d 

COD a nd COD removed a re pre s ented in Ap pe ndi x 4. Wh e re seve r a l 

s amples were taken ove r the course of one d a.y, a me a n v a lue 

wa s used . These values a re presented in Ta ble 3 . 1, which 

include average va lues for each recycle ratio . 

Applied COD is plotted a gainst COD removed in Figure 3. 4 
for each recirc ulation ratio . A linear regression curve of 

the type:-

where : 

Y = o. 97x - o. 44 

Y = COD removed 

X = COD applied 

was fitted to the data in Figure 3 . 4. 



TABLE 3 .1 

SUMMARY OF COD MEASUREMENTS FOR BATCH LOADING 

COD 

Date c 
i I Reml 

' I ' i Influent I Effluent I Eff A D R 

8 .1.73+ 13.5:1 
9 .1.73+ 15 :1 

1

10 . 1 . 73+1 15:1 
11.1 . 73+ 15: 1 

112 .1.73 15:1 
' 15 . 1.73+ 14.5 :1 

I
I 17 .1. 73+ !1 4 . 5 :1 

19 . 1 . 73 jl4 . 5 :1 

1

23 .1. 73 14 :1 
2L~ .l. 73+ 1 4 .5:1 
26.1.73+ 14 . :1 

i 7. 2 .73+ ! 25.7 :1 
' 8 . 2.73 i " 
i 9 . 2 . 73 I " 
113 . 2 . 73+ 1 " 
I 14.2.73 · 11 

I 1 2 i " • • + ; 

2 . 2 . 73 134 . 5 :1 
27 . 2 . 73 i II 

28 . 2 . 73 I 11 

1. 3 . 73 1' " 

2 . 3 . 73 " 
5 . 3 .73 I " 
6 . 3 . 73 I " 
7 . 3 . 73 I " 
8.3 .7 

22 . 3 .73+ 
22 . 3 . 73 5:1 
26 . 3 .73+ 5:1 
27.3.73+ 5 :1 
28 •• 73 :1 

11 •• 73+ , 9 . 3:1 
18.4.73 ! " 
19. 4. 73 ' " 
20 . 4 .73 " 
21.4.73 II 

Average 9.3:1 . 

+ Mean daily value 

A = Applied 

D = Discharged 

m 1 

3335 
3560 
3400 
3975 
38Lro 
2910 
4305 
3580 
2580 
2210 
28so 

1 40 
2040 
4500 
4800 
4400 
4q 0 

722 
2400 
4270 
4225 
3680 
3900 
4940 
3720 
3930 
4210 

1 5 
2500 
2430 
2530 
2620 
23 9 
30 5 
2910 
2330 
2500 
2900 
2737 

m 1 

775 
1205 
1235 
1420 
1660 
1240 
1820 
1420 
1500 
1520 
1 17 
1 7 

760 
735 

1000 
1195 
1470 
1 50 

900 
1310 
1485 
1490 
1500 
1470 
1540 
1680 
1700 

725 
970 
988 

1130 
1730 
1109 

523 
1050 
1170 
1000 

8 

% ' k/m3 .d~ 
76 .s i i.35 l 0 .31 : ~ "~?. I 
6 6 . 2 : i. 42 ; o . 48 ; o . 94 I 
63 .7 ,. 1. 33

1 
o.48 : 0 .85 I 

64.3 1 1 .• 60 I 0 .57 ; 0 .98 
56 . 8 ! 1.55 I 0 . 67 ! o . 88 i 
57 . 4 ' 1.17 10 .50 ! 0 . 67 
57~7 1.72 0.73 I 1.00 
60.3 1.43 ' 0 . 57 0 . 87 
41.8 i.03 I 0. 60 o . 43 
31 .2 I Oc8 9 i 0 . 61 j 0 . 28 1 
53 . 8 ! 1.11 : 0 .53 o . 9 

53 .7 ! 0 . 5 , 0 . 30 I 0 . 35

1 

61+ .o i 0 . 81 I 0 . 29 1 0 . 52 
77 . 8: L79 1 o . 4o! 1.39 
75.1 1 1.87 I o . 48 ! 1. 39 j 
66.G I i.75 j 0 . 58 ! 1 .16 
68 . 7 : 1. 97 , 0 . 62 I 1 . 35 

2,5 '0 . 95 I 0 . 3 I o. 0 ! 
6 9. 3 i 1. 71 ,, o. 52 ; 1.19 I 
64 . 9jl.69 0 . 59 1 1.10 1 
59 . 5 i 1.47 1 0 . 60 I o . 88 
61.5 11.56 ! On6010 . 961 
70.2 I 1.98, 0.591 1. 39 I 

58.6 : i.49. 0 . 62 ! o . 87 i 
58 . 5 I 1.57 ! 0 . 67 I 0 . 90 I 
59 . 6 t 1. 69 I 0.68 1.01 I 

5 .5 o . 7 0 . 29 0 .3 ! 
61.2 1. 00 I 0 .39 0 . 61 I 

59. 3 0 .97 i 0 . 39 i 0 . 57 
55. 3 1~01 i o.45 0.56 
34.o l.o 0.69 0.36 

1.22

1

, 1.01 I 
i.12 o .42 1 0 .70 1 
0~93 o.47 o.46 
l.oo l o.4o 0 . 60 
1.16 ; o. 7 

R = Removed 

C = Recycle Ratio 
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Fi gure 3~5 depicts the percentage COD reduction as a 

function of the COD applied . The curve suggests little ma jor 

incre a se in COD reduction over the range of COD values investign t -

ed . 

The effect of recycl e r a tio on per centage COD reduction 

i s sho wn in Figure 3. 6. COD removRl appears to be independent 

of recirculation r a tio ove r a r ange 5:1 - 35:1 . 

Th e effect of cha nge in the pH and in the sulphide 

conc ent r a tion of the influ e nt on th e percentage COD r emoval 

is s hown in Figures 3.7 and 3 . 8 r e spectively . DRta is taken 

from Appendix 3 . Ove r th e pH r ange inve s tiga ted, 9. 8 - 11 . 5 , 

the influent pH appears to h a ve littl e effect on the efficiency 

of removal . However , the influe nce of sulphide conc e ntration 

in the r ange 60 - 120 mg/l is more pronounced . Maximum COD 

remo val occurred in t he r a nge of sulphide conc entrat ions 

90 - 105 mg/l . Remo val efficiency decreases slightly outside 

thi s r anf,e . Th e two points corresponding to 31 . 5 and 34% COD 

r emo v a l were obtai ned when blockages occurred in th e r e circul a t ­

ion line . 

3.3 . 1 . 2 Sulphide Removal 

Da t a for th e parame ters, sulphid e remova l and sulpha te 

production are given in Ta ble 3 . 2. The percenta ge sulphide 

removed for each r ecirculation r a tio i s presented a s well as 

a r a tio defined as :-

s = decre a se in sulphur conc e ntr ation as loss in sulphide 
increas e in sulphur concentra tion as gain in s ulpha te 

A sample c al culation of S is provided in Appendix 5 . 

Figure 3 .9 shows a graph of percentage sulphide removal 

against recirculation r~tio, d a t a for which is taken from 

Table 3 . 2 . Mean va lues of sulphide removal for each recircul at ­

ion r nti o a re also plotted . Although a wide scatter of data 

was obtained in most instances , the average values show an 

exponential increase of sulphide removal with increase in 

recirculati on r at io, maximum remova l being obtained at a 
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TABLE 3.2 

SULPHIDE-SULPHATE MEASUREMENTS FOR BATCH LOADI NG 

i Influent 
I 
I 2~- · so2-
I s Da te c : 4 

i 
\ mg/l 1 mg/l 

L__ 

I 
I I 

I 8.1. 73 + i 13 .5:1 103 
I 9.1. 73+ 15:1 105 
. lOcl.73+ 1 14:1 i 80 
11.1. 73+ 15 : 1 I 

95 I 
. 12 .1. 73 j 15:1 66 I 

I 

115 .1. 73+ : 14 . 5 :1 67 I 

6L1- ·I 1 i 7. i. 73+ : 14. 5 : 1 
125 I j 19 .1.73 : 14.5:1 

I 23 .1. 73 i 14: 1 125 
' 2'+ .1. 73+ i 14.5:1 100 

2G.l. 73+ : 14 . :1 
Avera e ' l . :1 

I 7 . 2 .73+ 25 . 7 :1 

I 8.2 . 73 " 77 
9 . 2 . 73 " 92 

13. 2 . 73+ II 92 
14.2.73 II 125 
1 . 2 . 73+ " 100 

. 7:1 92 

.5 :1 50 
" 77 
II 65 I 

II 68 
" 62 
II 75 
" 63 
" 68 

6R 

+ Mean daily values 

2-s = Sulphide 

Effluent 
s2 -

s2 - I 2- RML ! so4 : 

mg/l 1 mg/l % 

0 100 
0 ·100 
0 100 
0 100 
0 100 

94 . 03 j 4 i 

4 405 ! I 

93 . 75 : 
7 480 ! 94 . 90 : 
6 450 95 . 201 
5 460 95 ,00 
8 47 93 . 04 
3 5 ' 9 • ! 

3 3 95 .45 ! 

2 480 97 . 40 
0 470 100 
6 425 92 .39 
3 500 97 . 60 ' 
0 450 I 100 I 

2 1 97 .1 
0 30 100 
0 420 100 
0 512 100 
0 430 100 
0 420 100 
0 500 100 
0 520 100 
0 480 100 
0 490 100 
0 100 

10 
4 
5 

13 
9 

I 

I 
i 
I 

3 I 
J 

so2-
4 

s2- RML = Sulphide Removal 
= Sulphate 
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a recycle r atio of 35 :1. 

There was no apparent rel a tionship between the recircul a t­

ion r at io and th e ratio s . The increase in sulphur as sulpha te 

does not corr espond to t he r emoval of sulphu r as sulphide in 

any ins t ance . Mean influent sulphide concentrations rnnge 

from 66 - 95 mg/l, whi l e the mean effluent sulphate conc entra t­

ion rnnge is 415 - 468 mg/l. The stoichiometric conversion 

of sul phide to sulphate for the influent sulphide r ange 

pr esented , yie l ds a sulphate conc ent r at ion r a nge of 1 98 -

285 mg/l. This is significantly lower than the experimental 

value s ob t a ine d for sulphide and sulphate concentra tions in 

t he effluent . The concentrat ion of sulphate in the influent 

i s t aken into a ccount . The S r a tio is less than unity over 

th e flow r ange studied , which suggests that the sulpha te 

present in the effluent may a rise fro m sources other t han the 

oxidised s ulphide . 

Effluent sulphide conc ent r a tions wer e also monitored at 

each r e circulat ion ratio . These r esults a re shown in Figur e 

3 .10. 

At a r e cycl e r at io of 5:1 t he effluent sulphide conc entrat ­

ion incre a s ed s t eadily throughout the 8 hours of ope r a tions . 

On r esumpt ion of the f eed sixteen hours l ater, 4 mg/l of 

s ulphi de we r e r ecorded in th e effluent from t he filt er, a 

r educti o n of 1 0 mg/l from th e pr e vious day . Th i s suggests a 

2 - stage me c hanism in which, initi a lly, the sulphi de i s adsorbed 

on to the biologic a l film and then subsequently oxidised. 

For recircula tion r a tes of 10:1, 15:1 and 25 :1, a sudden 

increa se in effluent s ulphide conc entrati o n was obs e rved 

during t he first four hours of ope r ation, while the filter was 

seeking to establish equilibrium conditions. In each case, 

the steady- state va lue a chieved fe~i to zero on reintroduction 

of the fe ed on the follo wing day . At the highe st recircul n tion 

r ati o of 35:1, no sulphide a p peared in the effluent stream a t 

any time. 
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3.3 .1.3 Nitro~n Hemoval 

Table 3.3 summarises the a verage total nitrogen removal 

effi ci enc i es of the system. Nitrogen values exhibit0d the 

gre a test variation of any paramete~ measur ed throughout the 

experiment. An opt i mum removal occurs at a recirculation 

r at io of 10:1. It was not possible to collect data at n recycle 

r atio of 15: 1. 

The pH cf the influent and effluent streams a re recorded 

in Appendix 3 and plotted in Figure 3.11. Effluent pH values 

a r e plotted aeainst the correspcnding vnlues of influent pH 

and shoR thnt ~.~:lue=t pH appears to have little effec t on 

effluent pH, in the influent pH range 9.7 - 11 . 5. The effluent 

pH varied between 8 . 05 ._ ·1d 8. 80 over the b· ·.tch feeding period. 

Mean values of phenolpthalein alkal ini ty and total 

a lkalinity fo~ each run are pr esented in ~able 3 . 4 . These 

r esults 8llow the stoichiometric classification of the e fflu ent 

in terms of bicarbonate , carbcnatc and hydroxide concentrations 

which are shown in Table 3.4 with the corresponding alkaliniti es . 

Carbonate represents the l argest alkalinity fraction of t he 

influent. Bicarbonate is the sole contributor to the effluent 

a llrnlini ty c 

3.3 .2 Continuous ~£eration 

Experiment : l data collected at 21°c , 31°c and 34°C a r e 

included in Appendix 6. Subsequent evaluations of param e ters 

are derived from this appendix. 

Emphasis within this section is placed upon the changes 

in effluent sulphide and sulphate concentrations. 

3.3.2.1 COD Loading and Removal 

COD loading and removal data for the three temperatures 

are shown in Table 3.5 . A sample cal culation of applied and 

removed COD is presented in Appendi x 4. Data were coll e cted 



AVERAGE NI 'rROGEN REM OV ALS FOR BATCH LOADI NG 

r 
l i I ~ 

Nitrogen Cone e n tr a ti on'' 

·--1 Nitrogen I 

I 1 C"' I nfluent Ef flu ent I Rem ova l* I 
I 

mg/l mg/l , ,~ 

I ,~ 

5 :1 252 182 27. 6 

10 :1 290 161 44 . 7 

25 :1 410 262 3?1 .5 

35:1 452 328 27 . 2 

• Mean value s C = Recycle rat io 
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TABLE 3 .4 

ALKALI NITY DATA FOR BATCH LOADING 

-· ~ -· 

I 
Alkalinity ( as mg/l CaC0

3
) 

I 

c I nfluent Effluent 

I I I i I -
I 

J nco; I i - co3 I - I co3 

I 

p 
I 

T OH l HC03 
p 

I T ; OH I 
I l 

I I 

I T I 
5 :1 363 934 0 726 208 0 583 0 0 583 

340 680 I 427 
I 

427 10:1 i I 931 0 I 251 0 I I 0 0 I 

I 
I I ! I 

15:1 472 11339 0 944 399 0 I 768 0 

I 
0 I 768 

I I I 
I 461 

I 

401 I 
I I I 25 : 1 1 323 0 I 922 0 i 523 I 0 I 0 i 523 

i i I 

i 
111 64 I I 

I 

I 
! I 

! 35 :1 i 583 1 358 0 ! 294 0 I 682 i 0 0 I 682 
: I I 

p = Phe nolpha l e in Al kalinity 

T = Total Alkalinity 

OH = Hydroxide Alkal i nity = 0 whe n p < ~-T 

co3_ = Cr:trb ona t e Alkalinity = 2P when P < ~T 

Hco3 = Bic a rbona t e Alka linity = (T - 2P) when p < ~T 

All pa r ameters presented a r e mean va lues 



TABLE 3.5 

COD MEASUREMENTS - CONTINUOUS LOADING AT RECYCLE RATI O OF 12 . 2 : 1 

COD j 
i . i 1Removal ---------,--- I 

;TempjinfluentjEffluent !Efficiency ; A D R ! 
I Date 
I 0 c mg/l mg/l % : kg/r.i3 . day i 

9.7 . 73 
I 10 . 7. 73 j 
I 11. 7. 73 · 

12.7.7 

A = Applied 

D = Discharged 

R = Removed 



infrequently during the three temperatures owing to the 

greater considera tion given to the sulphide studies . 

Mea n COD remova l p e rc entages from Tab l e 3 . 5 indic a te th n t 

r em ova l e ffici ency increases with increa se in temp er a ture. 

The mean va lue obt a ined a t 21°c at a recycle r at io of 12:1 1 

52 . 9% , ~hen compa red with th e int e rpol ated va lu e of 61.6% 

from th e b a tch op ~ ration (between rec y cl e r a tio s of 10:1 and 

15:1), indic ates tha t th e batch process i s sl i ghtly more 

efficient than the continuous. 

From ind ividua l remo va l perc ent ages presented in Table 

3 . 5, the filt e r app ears to be undergoing a transien t period 

of opera tion since a t temperatures of 31 °c and 34°c , COD 

remova l p e rcentages incre a s e with time. 

3 . 3 .2. 2 Sulphide Removal 

Da t a for the c hange in t he chemical st a te of sulphide 

i s r eprodu c ed i n Tab le 3 . 6 , and is evalua ted in a manner 

simila r to tha t us e d in th e sulphur studies of the batch proc ess . 

At 21°c, t he mean effluent sulphide conc entrat ion, 9 mg/l , 

was g r eate r than the interpola ted concentration for the bat ch­

fed system , 4 mg/l . This would imply that t he continuous 

r ppli c a tion of a waste with a high s ulphi de com ponen t is lsss 

desirable than a batch dosing . 

On completion of the experiment at 21°c the sy s t em 

tempera ture was increa sed to 31°c. This l e d to a n increased 

effluent sulphide concentrati on and a marked d e crea se in 

effluent sulphate concentra tion . This effect is portrayed in 

Figure 3 . 12 . Sampling commenced t wo days following the 

temper a ture change and this datum point is designa ted as Day 0 

in Figure 3 .12. The system responded sl owly in returning to 

equil ibrium ; sulphide concentration in the effluent fell to 

zero after 17 days, whe reas sulphate concentrati on slowly 

increased over a period of 30 days , reaching a value of about 

440 mg/l , which is similar to tha t a chieved with batch 



Ti-\BLE 3 . 6 

SULPHIDE- SULPHATE DATA - CONTINUOUS LOADING 

(Re cycl e Rati o - 12.2:1) 

I n fluent • Effluent 
, I 'S 1 h" d . 
; · , I , l U p l e; 

r Date Temp !Sulphide ~Sulphate ; Sulphide ; Sulphate 1

1
Removal . S l : 0 c I mg/l mgjl 

1 
mg/l mg/l % ! 

r28.5.73: 21 66 12 7 400 89 .39 I o .46 
: 29 . 5 . 73 , 21 91 13 6 370 93 .41 i 0 .71 
I 30 . 5 . 73 1 21 110 12 11 340 90.00 i 0 .90 

I 1. 6 . 73 1 21 97 1 9 5 310 94 . 85 : 0 . 95 
2 6 r ·i 21 97 19 11 305 88 . 66 i 0 . 90 

l' 5:6:~31 21 83 9 11 350 86 . 75 ; o.6lt 
7 . 6~73 21 89 10 10 300 88 .76 I o . 82 

'. 12. 6. 73 i 
1 13 . 6 .731 
I 14. 6 .73 
i 16.6073 
i 18.6.73 
! 20 . 6 .73 
I 21. 6 • 73 
! 22 . 6073 

I
' 26 . 6 .73 
_29 . 6.731 

Avera e , 
I 9 • 7 • 73 

10.7.73 , 
11. 7 . 73 i 
12 •• 7 ! 

31 102 7 2 130 I 72.55 I 1. 0 

~~ ~~ 9 ~; 120 ;t~~ 11.621 

31 So 9 19 125 76 . 25 ; 1.58 I 
30 105 9 16 120 84 . 76 I 2.40 
31 So 8 16 175 80 .00 ! i.15 I 
31 81 10 15 220 81.48 : 0 . 94 
31 79 9 10 230 87 . 34 ; 0.94 
31 82 12 4 300 95.12 ; 0 . 82 
31 84 10 31 100 0.83 

1 1 .01 1. 
3 11 375 100 : 0.56 
33 11 395 100 10.57 
34 12 380 loo . o.66 
4 6 4o lOO 1 0. 7 
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~· oper a ~ion . 

An additional temperature increa se of 3°C did not alter 

the sulphide removal from the system. 

3 . 3.2 . 3 pH/Alkalinity Consider a tions 

The effect of cha nge in influent pH on effluent pH is 

shown in Figure 3 . 13. As for the batch fed system, cha nge in 

influent pH over a r a nge 9 . 7 - 11.2, has littl e influence on 

effluent pH . The effluent pH values range from 8 . 05 - 8 . 55 

a nd appea r to be indopendent of temper~ture . 

Alkalinity data a re reported in Table 3 . 7 a nd ~low a 

s imilar pa tt e rn shown for th e batc h fed system. The tot a l 

a lka linity of the effluent gr 2dually approa ched that of the 

influent and e ventua lly exc eeded the influent value a s the 

exp eriment progressed . 

3 . 3.3 Sludge Analysis 

3 . 3 . 3 .1 Chemic a l Analysis 

Nitrogen , t otal solids a nd ash det e r mina tions fo r t he 

s ludge samples ~re presented i n Table 3 . 8 . 75~ of th e a sh 

from the continuou s run was foun d to be c a lcium , de t e rmined 

a s c a lcium oxide. This would sugge st tha t the lime entering 

the system is precipitated , a nd contributing significantly to 

th e ash content of the sludge . 

The results obta ined for the three samples i n Table 3 . 8 

a re in good agreement with each other . The small number of 

samples prevented a statistical a na lysis of th e results . 

3 . 3 . 3 . 2 Sludge Settling Tests 

The rates of sludge sedimentation are shown in Figure 3 . 14 . 

The curve for the highest sludge solids concentration , 12 , 620 

mg/ l, indicates that hindered settling occurred . However , the 

curv es for the other concentra tions demonstrate unhindered 

p a rticle settling , with extrem e ly rapid settling rates . 
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Temp 

oc 

21 

31 

34 

p = 

T = 

OH = 

co3 = 

Hco3 = 

TABLE 3 . 7 

ALKALINITY DATA - FILTER CONTINUOUS OP~RATION 

(R ecycl e Rat io ·· 12 . 2:1) 

Alka linity Ce:t s mg/l CaC0
3

) 

Influent Effluent 

p T OH co; Hco3 p T OH - 1 co= 
: 3 

226 1019 0 452 567 0 1086 0 0 

305 994 0 610 384 0 1037 0 0 

211 548 0 422 i 126 0 468 0 0 

Phenolph ;:,le in a lkci.linity 

Tot al a lkalinity 

Hydroxide alkalinity = 0 when P< ~T 

Carbonate alkalinity = 2P when P <. ~T 

Bicarbonate a lkalinity = (T - 2P) when P< ~T 

All parameters presented a re mean values 

I HCO-
3 

1086 

1037 

468 



Sam ple 

15 :1 

35:1 

21°c C. L. 

* 

1 

C. L . 

TABLE 3. 8 

SLUDGE COMPOSITION 

t 
I ! I 

Moisture Total I Nit ro gen Ash 
Content Sol i ds I 

% % %*1 %*1 

I 
93.6 6.4 I 5.15 27 . 3 

I 

94.o 6. o I 5 . 0 28.5 
I I 

I j 93.0 7. 0 I 5~5 26 .1 I i I 

On dry we i gh t ba sis 

Ca rri ed out by New Zeal a nd Lea t her nn d Shoe 
Res earch Associ Rti on, Pa lmer s ton North . 

Continuou s Loading 

I 
I 
I 
! 
I 
I 



35 

KEY 
Solids Conc.(mg/ 1) 

1 - 12.620 

2- 6460 
30 3- 4000 

4- 2880 

e 
() 

25 

Cl> 
u 
c.s .... 
"4 
Cl> 
+> 
s:l 

H 20 
Cl> 
ti() 
'O ., 
r-i 
Cl) 

..... 
0 

+> 15 
..c: 1 
bO 

•ri • QI 

::c: 

---0----------...2 
____ __..__ _____________________ 3 

---__._ ______ .__ ____ ~4 

0 ._ ______ __.i.o-______ ..... ________ .L. ________ ,a_ ______ __. ________ ..J 

0 10 20 30 40 50 60 

Time (min) 

Figure 3.14 Sludge Settlinf Characteristics . 



Approximately 100% sedimentation of settlea ble solids was 

obta ined after 40 min for solids conc e ntrat ions of 6460 , 

4000 nnd 2880 mg/l. These r a tes a re greater than those 

presented by Fair and Geyer (41) for the sedimentation of 

dom e stic sewage . The r apid r a t es a re probably induced by 

the pre sence of lime in the fc&d, since lime is r eported as 

being a commonly used chemica l for the sedimentation of 

sewage and indus trial wnstes . 

3.3.4 Oxygen Transfer in the Biological Filter 

K
1

a values were expressed in two forms : 

(1) per unit volume of liquid, 

(2) in the conventional manner for a packed column 

(True K1~, i.e. per package volume. 

Values for each hydraulic flow applied to t he filter 

surface were as follows: 

I I I I j 
Flovr Rate I 48 . 6 

! 
84 

I 

126 
I 

180 288 
(l/hr) I i 

Kt a/unit vol. I 
a 10°C 73 5 8 . 7 43 . 6 33.6 17.9 

True K
1

a I 
(hr -l) at 10°C ! 5 . 1 I 7.,18 8,,04 8 . 55 7 . 5 

' 
I 

Sample calculations are presented in Appendix 7 . 

Experimental K
1

a values were obtained at 10°C. K1 a 

values per unit liquid volume were corrected to yield values 

at the filter operating temperature (20°C) by using the 

equation due to Eckenfelder and O'Connor (31):-

KLa(T) = KLa(20) . 1.024 (T-20) 

where: KLa(T) = mass transfer coefficient at 

temperature T 

KLa(20) = mass transfer coefficient at 20°c 

50. 
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T t t 1·n °c . = empera ure 

Figure 3.15 shows K1 a per unit li qu id volume as a function 

of liquid flow rat e . A linea r rel a tionship ~as demonstrated 

at each t empe r a ture 1 and was of the form: 

3 L· • r 

3 . 4 .1 

= Se-o .0058Q 

whe re: S = some function of temp e r a ture, system 

g eometry and liquid properties . 

Q = liquid flo w rate (l/hr). 

Discussion 

COD Removal 

5L. 

The batch and continuous treatment of fellmongery waste by 

biol ogical filtration provided a satisfa ctory r o duct ion in COD. 

0 .50-1.03 kg COD/rn3 eday we r e removed during batch ope r at ion, 

over a recycl e ratio r a nge 5:1--35 :l n This represented a mean 

COD remo va l of 5 7n3 - 67 . 7%. On a BOD basis, this is a 57 - 70.5% 

decre ase . Simultaneous BOD and COD analyses of the biological 

filt e r influ e nt and effluent ~reduced l inear curves shown in 

Appendix 8. These wer e used to evaluate BOD decreases from 

corresponding COD data . The calculations a re also loc a t ed in 

Appendix 8 . A linear rel a tionship r esulted on plotting COD 

removed against COD a ppJ.ied. Similar results 1 but in terms of 

BOD, have been obtained by many worke r s. 

Data from the continuous op eration at 21°c show a mean COD 

decrease of 52.9% for an applied load of 2.23 kg COD/m 3 .day 

and hydraulic loading of 1.82 m3;m3 .day (lt.45 m3/n
2

. day) . Mean 

removals at 31°c and 34°C were 70.6 and 83 . 6% respectivelyo 

However, the filter appeared to be in a transient condition at 

these higher temperatures, since the COD removal progressively 

increased with time (Table 3.5 )0 

Over the batch loading period, maximum COD removal occurred 

a t a recycle ratio of 25:1 . Figure 3.6 indicated no apparent 

relationship between COD removal and recycle ratio. Difficulty 
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in controlling recirculation flows resulted in low COD removals. 

In the last three runs at a recycle ratio of 15:1 for example , 

sludge part icles wer e trapped in the valves in the recirculation 

lines . The resultant decrease in Ilow yielded COD removals 

with reduced val~es 41.8, 31 .2 and 53.6% respecti vely . 

wc- t ~ fed to the system exhibited a variable COD , 

which would account for the va riatio>s in COD removal dur ing 

the batch and continuous experiments. Velz (123) and St a c k (108 ) 

have sta~ed that variations in applied Joading will result in 

varia~le removal efficiencies . However, Schulze (100 ) demon­

strated that the efficiency of a biological filter was independ­

ent of the organic load , provided that the hydraulic lo ading 

remained constant. Such was the case at e&ch recirculat ion 

r at io in the present investigation . It i s possible that the 

Gyclic pattern of feed introduction to the plant , as well as 

the var i able loading1 may have influenceQ the performance of 

the system . 

Removals are lower than those obtaine d from a b iolo gical 

filter tr e nting a chemical waste, with a similar BOD to that 

of fellmongery v1astc. Majev•sk:i_ e~. al ( 72) achieved a 92 - 96% 

BOD reduction of a vaste with an ini t i a l BOD of 1800 mg/l. 

Al though these experiments were carried out during the s ummer, 

temperatures were not specified . The hydraul ic loading was 

4 . 9 m3.~ 2 .day, nith a 10:1 recyc le rntio and an organic loading 

of 0,38 k5 BOD/ m3 .dayo Du1·ing winte r op er at ion, an applied 

BOD of 2200 mg/l and a 10 :1 recycle r at io produce d a 65% BOD 

removal. The ir o perating parameters, hydraulic loading 8.1 

m3/m
2

.day and organic loading 0.77 kg BOD/m 3 .day , are simila r 

to those of this experiment . For the bat c h operation, BOD/COD 

correlations ( Appendix 8 ) show an organic loading r ange of 

0 . 23-0.75 kg BOD/m 3 .day. Hydrauli c loads r anged from 

3.98-23~6 m3/m
2

oday during the batch experi ments and were 

constantly maintained at 4.45 m3/m
2

.day f or the continuous 

operation. ~he continuous experimental ope r at ing va ri a bles 

closely approximate those described by Ma jewski et a l (72) 

for the summer operating conditions but a difference in results 

is apparent. 



The gr a ph of percentage COD reductio n with a pplied COD 

for the batch l oading , Figure 3.5, demonst r a tes tha t COD 

r emoval efficiency increased only s li ght l y over the applied 

6 3 ~ 
COD r ange 0, -2 . 0 kg/m ,day (0.23-0e75 kg BOD/m-' . day ). A 

s imilar plot pr esented by Wal ter (128) for the biological 

filtr a tion of an alkal ine waste e xhibited an identical 

pattern over the same BOD loadi ng rangea 

Th e only dat a publi shed on the b iological filt r at ion of 

fellmonger y wa ste is that r eported by Bai ley (5). Us ing a 

pl a stic packing 1 he obtain8d a 50% DOD r emoval at a loading 
3 of 2 . 95 kf BOD/ m . day . The h ydraulic loa d i ng of the filter 

was not pr 0se nted. Removals obtained in these experiments 

a re h i gher than those r eported by Bailey . 

Akrisl-:-·-~ e t .§.l (3 ) a chi e v ed a 97% BOD r em ova l from tannery 

waste on a stone pa c ked filter. The filter was operated a t 

a hydraulic loading o f 2.3 m3/m
2

. day . Preliminary pH a djus t­

ment to be t ween 7 and 8 was ne c essary to attain this de crease. 

A pre - trea tment of this nature would effec t considerable 

co~gul etion and sedimentation of protein with subsequent 

r eduction of BOD " 

Influent pH changes were f ound to h a ve no e ff ect on the 

COD removal for th e batch operation. Insufficient data. 

prevented a study o f t he influence of pH on the performance 

of a contim?~usly ope r ated filter. Results ob tained for the 

b a tc h lo ading a re contrary to tho se presented by Walte r (128 ). 

His studies on the biological filtration of an alkaline waste 

dem onstr a ted tha t BOD removal is strongly influenced by pH 

cha nges . A maximum BOD removal , 60% , occurred in the pH 

r a nge 8-9. Out s ide this r ange r emovals de creased , with a 

25% lower r em oval in the pH r a nge 11-12. 

Cha nge s in the input sulphide concentration influenced 

the COD removals more significantly than pH changes . Figure 

3 . 8 indi cates tha t maximum remova l occurred in the sulphide 

concentra tion range ; 90-110 mg/l~ The decrease 

53 : 



in perform«ncc at high~r concentrations occurred probably as 

a result of the toxicity of sulphide to the filter organisms. 

Ec~enfelder and O'Connor (31) observed that sulphide concentrat ­

ions of leos than 10 ~g/~ appear to have little effect on the 

oxidation process ~i~hin n biological filter . However , the 

inferior pcr~o~·mance at concentrations below 90 mg/l is more 

difficult to explai~n It is prop~scd (refer Chapter 6) thAt 

a syr.:biotic r c l a tic:whip b-:tv;een t he sulphur-o:~idisers (if 

responsi blr: for the sulpnid~ cli .. ,inn tic.in) and the heterotrophs 

was established in the filter. This relationship is mo~t 

favoured in ti.0 sulp:1id0 Goncentration range 90-110 mg/l . 

Bail~y (5) an~ Green (46) subjected biological filters to 

greater sulphide concentrAtions. Bailey (5) r~portPd that nn 

oxpe:rimentnl filter tolerated concentrations of up to 250 mg/l, 

without advcrac effect on the BOD rQmovals. Concentr~tions 

of 400 mg/l of sulphide o~ H2S were nccommod~ted without ~ny 

delet~rious effect by n filter describ<d by Green (46). Both 

investigations, however, involved additions of sulphide to 

sewage effluent. llorcver, f0llmcn~0ry waste is more complex . 

An clk;-ilinc pH and hi~h col.centration of lime predol"!inate 

\'.'hich, it wn~· thought, \'!oul<l :·dvc·r s cl y ,~f.lc>ct the rnetc.bolis:!'I 

of sulphur nna organic compounds in ~ biological treatment 

unit . This was, in fact , found to be the cese . 

An exponential ir rease in sulphide removal with increasing 

recirculat~on rntio is demonstrated in Figure 3.9 for the 

batch loading experiments . Since the true mass transfer 

coefficient, K1 ~, exhibited very little increase over the 

recycle flow r,nge inveotignted , the mechanism of sulphide 

removal appca~s unlikely to be chemical. Oxygen is required 

for the chemical oxidntion of sulphide. This oxygen must 

diffuse from the gas phnse into the bulk liquid phnse prior to 

reaction with the sulphide component. The increased sulphide 

rcmov~ls nt higher recirculntion reties are not totally 

consistent with the notion of a chemical sulphide oxidation . 

The results mny be explained in the light of a biological 
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mechanism of sulphide oxida tione The rate of sulphide applicat ­

ion is constant. Thus a t high recycle ratios, sulphide 

concentrat ions applied to the filter will be low with a 

possible resultunt decrense in toxicity and increased removal 

rates . Higher concentrations a re applied at low recycle 

rntios, exert ing a gr eater toxicity and associ n ted slower 

removnl rates . 

Sul~hur studies for both batch and c ontinuous opera tion 

(Tables 3 . 2 Gnd 306) depict sulphate as the terminal product 

of sul~hide oxidation . Sulphur balances show that sulphide 

was not stoichometrically converted to sulphate. In the 

batc h loading experiments sulphate increases were in excess 

of those calculated for compl ete conversion from sulphide . 

Had 100% conversion occurred, a S value of unity would a rise. 

Al t ernative potenti al sources of sulphate must have existed 

within the system . Roy and Trudinger (95) r eport thnt 

sulphate i s liberated from the metabolism of sulphur-conta in ­

ing am ino a cids. Since proteinaceous wool products , of whi ch 

cystine is a constituent am ino-acid , exist in fellmongery 

waste, metabolism of cystine may i ncrease sulphate concentrat­

ions . Table 3 . 3 yields an average Tiaste nit rogen content of 

350 mg/l, and hence a protein concentr~ tion of 2180 mg/l 

(nitrogen concentration x 6 . 25) . Woo l exhibits a sulphur 

content of 4% . Assuming all the protein present in the waste 

ori ginated fro m wool products, the waste contains a sulphur 

concentration of 87 mg/l (excluding inorganic sulphide-sulphur). 

Direct metabolism of this component to sulphate would give 

concentra tions of 261 mg/l so4. The average sulphate increa se 

of the waste a fter treRtment was 395 mg/l (Table 3.2). 

Consideration of a theoretical sulpha te increase from protein 

sulphur degr a da tion yields a sulphate concentration of 134 mg/l 

which arises from sulphide oxidation. A mean sulphide 

removal of 83 mg/l was obtained during the batch experiments 

(Table 3 .2), which would have produced 249 mg/l so4, if 

stoichometrically oxidised. This is greater than the 

theoretically c alculated 134 mg/l SO~. However , the assumpt ­

ion tha t the waste is composed entirely o f protein aris ing 



from wool products is questionable . Degraded :clt proteins 

would contribute to the tota l protein content of the waste, 

thus lowering the theoretically estima ted sulphate increase . 

F~rthcr~ore th i oc~lphnte and poly t h iona t ec we re 

poss ibl ; pre se nt in t h e wa ste, a utotrophic me t a bolism of 

which result s in s ulpha te form a tio n (1 05). These t wo 

s ourc es ma y ha v e contribut ed to th e tot a l sulpha te concentra t-

ion. 

Th e results obtained a re consi s tent with t hose of 

He~keleki an and La ss e n (53), Aulenb a ch a nd Heukeleki a n (4) 

a nd Leafe e t a l (69) . The s e workers demonstra ted thn t 

sulphate was the t e rmina l me t aboli te of biologic a l sulphide 

tr a nsformation . Stoichometric sulphide oxida tion wa s 

revealed in a ll c ases . Ho weve r, as with the work of Bailey 

(5) a n d Gre en (46), sulphi d e was t he only s ulphur source 

prese nt. 

Sul phid e conc en tr a tions r e corded in the effluent on 

typica l ope r a ting days f or t he bat c h land ing experiments 

(Fi gur e 3 .10), s ugges t ed a s ul ph i de adsorption onto t he 

b iologic a l f ilm, with subseque n t o x i da tion . Sulphide concen­

t r a tions a pplied to t he filt er su r f a c e were a function of the 

r e circula tion r a tio. The lowest concentra tions wer e a pplied 

a t the hi gh es t r e cycl e r a tio by virtue o f the dilution 

volum e . Efflue nt sulphide conc e ntra tions a t a recycl e r Rtio 

of 5:1 increased steadily ove r the fe e ding period . Concen­

trations a t this recycle r a tio were the highest applied to 

the filter surface , a nd the s a tur a tion concentra tion was 

exceeded, indicating that the ma x adsorption rate had been 

exceeded . Termination of the feed resulted in a decre a se in 

AP 1.phide concentration in the recycled liquors . Effluent 

sulphide concentra tions at recycle ratios of 10:1, 15 : 1 and 

25 :1 attained equilibrium six hours after feed commencement . 

Adsorption rates in these cases reached steady-state values 

after an initial transient period. Since no sulphide was 

recorded in the effluent a t a recycle ratio of 35 :1 , the l o w 

concentrations in the recycled liquors were such that the 



maximum adsorption rate was not attained. 

The sulphide/sulphate investigations implemented during 

the continuous load ing experiments sugges ted tha t sulphide 

oxidation was a biological mechanism . 0 A 10 C temperature 

increa se was ac compani ed by a n immedi a te effluent sulphide 

concentra tion increase and associated sulphate decrease . As 
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the system rega ine d steady - state conditions, effluent sulphide 

concentrations decreased slowly, while sulphate concentrations 

gradually a ttai ned a value of 380 mg/l , consistent with that 

present before the tempera ture change . Figure 3 . 12 indicates 

that sulpha te increase lagged behind the sulphide disappearance , 

steady- state concentrAtions being r eached in 2 8 days . Had a 

chemical oxida tion mechanism been responsible for the sulphide 

removal, sulphide and sulphate concentra tions would have 

reached equilibrium va lues a t greater rates than those shown 

in Figure 3 . 12. The depe ndence of a chemi~al reaction on 

temper a ture would have produced an immedi a te change i n reaction 

rate, with a subsequent product concentrAtion cha nge . 

The results may be explained by the presence of a 

biological mechanism of sulphide remova l . Section 1. 4.3 of 

the litera ture review indic a tes that the autotrophic sulphur­

oxidising bacteria , Thiobacillus thioparus is the most likely 

organism to oxidise sulphide to sulpha te in an alkaline 

environment (105) . The 10°C filter temper~ ture change probably 

induced a metabolic shock, which required a readjustment of 

the associBted growth cycle . This metabolic shock was 

accompanied by a sulphide concentration increase in the effluent , 

and a decreased sulphate concentration . As the microorganisms 

re ad justed to the new operating conditions, sulphide utilisat­

ion gradually increased. The lag in sulphate increase is a 

characteristic of sulphide oxidation by Th . thioparus. 

3 . 4. 3 Nitrogen Removal 

Maximum nitrogen removal at a recycle ratio of 25 : 1 , 

evaluated for the batch loading , did not correspond to the 

maximum COD removal attained at a r at io of 15:1. A 44% total 



nitrogen removal was recorded at the former recycle ratio. 

Although nitrite and nitrate concentrations were not 

recorded, according to the pathway presented by Eckenfelder 

and O'Connor (31), nitrogen is removed in biological waste 

treatment via a nitrification process . Balakrishnam and 

Eckenfelder (8) demonstrated that nitrification increased 

with an increase in hydraulic loa ding . The results of Table 

3 . 3 fail to confirm this observat~on, if the assumption of 

nitrogen removals reflectinf, nitrific ation is made . The 

pH range 8 . 05- 8.85, exhibited by the treated wastes of the 

present system , is unlikely to have a deleterious influence 

on nitro0 en removal (35). 

3.4.4 pH/Alkalinity ConsiderRtions 

pH and alkalinity investigations were made for batch 

and continuous operations . These factors have been linked 

with both chemical and biological sulphide oxidati ons (18, 
105), the latter mechanism possibly implicated in the biol­

ogical filter . 

For both batch and continuous loading, effluent pH was 

independent of influent pH cha nges over the influent pH 
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range 9 .7-11. 5 (Figures 3 .11 and 3 .1 3 )" Walter (128), however, 

demonstrated that effluent pH was dependent upon i• _:lubnt pH 

changes in a trickling filter. The effect was more pronounced 

in the pH range 9-12. Lijklema (70) indicated that alkalinity 

relationships governed effluent pH changesft Equilibrium 

relationships presented (Section 1.4.2) involving carbonate, 

bicarbonate and carbon dioxide, are implicated in the present 

s~t~. 

Tables 3.4 and 3.7 show that carbonate represented the 

largest portion of the influent, ~hereas the effluent 

alkalinity consisted solely of a bicarbonate portion. The 

pH of the recycled liquors, 8.05-8.75, favoured the convers­

ion of feed carbonate ions to bicarbonate. The bicarbonate 

ions may participate in a further reaction (Section 1.4.2), 



with carbon dioxide formation occurring. This reaction is 

favoured at pH values below 8 .3. The preceding reactions 

were instrumental in mRintaining a pH range in which biological 

waste stabilisation occurred. 

Differences between batch and continuous operation 

alkalinity data are apparent . Effluent total alkalinity values 

for batch load ing r ange from 40 to 60% of the corresponding 

influent values (Table 3.4), whereas effluent values associated 

with continuous op eration (Tab le 3.7) are equal or slightly 

gre ater than corresponding influent total alkalinities . 

Continuous feeding ensured tha t the carbona te portion was 

continually conve rted to bicarbonate. However, the batch 

operation had periods of sixteen hours in which no feed was 

applied . This may have permitted the bicarbonate to participate 

in a further equilibrium re a ction, with subsequent carbon 

di oxide production. An occurrence of this nature would assist 

a decrease in total a lkalinity. 

The pH decrease in both batch and continuous sys tems is 

also aided by the sulphate production from sulphide oxidat ion. 

Lijklema (70) s tated that the production of ac id substances 

during biological purification is a major factor influencing 

pH change. 

3.4.5 Sludge An~lysis 

A high mean ash content of 27 .2% (Table 3 .8) , of whi ch 

75% was calcium determined as calcium oxide, shows that 

significant lime quantities were precipitated from the influent 

during treatment. This would have occurred through a carbon­

at ion reaction. 

Eckenfelder and O'Connor (31) reported that the ash 

content of most biological sludges is in the range 2-15%. 
Higher values are due to the presence of non-biological inert 

substances. Assuming all the calcium determined originated 

from the lime component, a 7% ash remains which is due to the 

presence of organic matter. This is in the range presented 



by Eckenfelder and O ' Connor . 

The a v e rage nitrogen content of the sludge was 5 . 2%. 
Data p rovided by Hoover and Forges (55) for a ctiva t ed sludge 

from synthe tic dairy waste , indi cated a nitrogen content of 

12 .3%. However , a l a rge non-biological sludge fr a ction 

occurred in the present studies, whic h lo wers the true 

biological nitrogen concentrat ion. An adjusted va lue of 

6 . 5% is obtained , which is markedly lower than the va lue 

preeent ed by Hoover a nd Porges (55 ) . This difference may be 

a ttribu ted to the influenc e o f pH and environmental f a ctors 

on sludge composition (31) . 
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Sludge settling investigations dem onstra te d tha t v e ry 

r apid se ttli ng r a tes we r e obtained at a total solids conc en­

tration of 6460 mg/l and small er . Figure 3 . 14 shows tha. t 

h inde r ed par ticl e settling occurred a t a solids concentra tio n 

of 12, 620 mg/l , unhindered settling being achie ve d at the 

r emaining concentrRtions . The r api d settling r ates a re 

attributed to the lime component of the sludge . 

3 . 4 . 6 Oxygen Tr ansfer i n the Filter 

The oxygen transfer investiga tions we r e of prime 

importance in comparing the rate of sulphid e r em ovals in th e 

biological filt e r and th e f e rmenter. However, the rel a tion­

ship of li qu i d flo w r ate through the filter with overall mass 

trans f er is bri e fly considered. 

Determinati on of K
1

a based on a l i quid volum e tric basis 

reve a led that K1 a decreased with increased flow rate (Q) 

through the column. A relati onship of the form 

= Se - 0 . 0058Q 

was obtained, where S is s ome functi on of tempera ture , system 

geometry and fluid properties . This increase may have occurred 

by virtue of the increased liquid hold - up in the filter with 

increasing liquid flow rate. 



In contrast the true K1 a ~alues, based on the volume of 

packing, increased over the flow range studied to a maximum 

at a flow of 180 l/hr. The magnitude of these values, 5.1-

8 -1 .55 hr , was relat ively low compared with that of the 

fermenter , 311 hr-l ( Sect ion 4 . 3 . 6) . This K
1

a increase with 

increased flow rate is similar to that reported by Sherwood 

and Holloway (102). 
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4. COMPARISON OF CHEMICAL AND BIOLOGICAL REMOVALS OF 

SULPHIDE - FERMENTER STUDIES 

4.1 Introduction 

Data obtained from the biological filter continuous operat­

ion suggested that sulphide oxidation occurred by a biological 

mechanism. To assess the degree of biological oxidat ion the 

previous results were complemented with studies of the aerat ­

ion of sulphide , lime-sulphide and fellmongery waste solutions . 

The effect of pH a nd fil ter biomass on sulphide removal rates 

were investigated. Little work has been published regarding 

the influence of pH on aerated sulphide wastes. 

Factors affecting the rate of chemical oxidation of 

sulphide in the waste were also studied. For the chemical 

oxidation of sulphide , oxygen must be transferred from the 

8aseous phase to the bulk liquid, where it may undergo chemical 

reaction with the sulphide to form a product dependent upon 

the initial pH and type of reactir.g system (18). Eckenfelder 

and O'Connor (31) indicated that the components of a waste may 

have a marked effect on the degr ee of oxygen transfer in 

solution. 

Additions of manganese in trace quantities to inoculated 

and uninoculated wastes were made to inve3 tigate the extent 

of its reported effect on the metabolism of the sulphur­

oxidising bacteria (85) . 

Studies were carried out in a small l aboratory fermenter. 

This had facilities for metered air flow, a gitator and temp­

e r a ture controln 

4.2 Materials and Methods 

4.2 ol Soluti ons and Waste Samples 

Three different systems wer e used in these investigations :-

(l) Pure sulphide solutions: made up from hydrated sodium 

sulphide and tap water. 



(2) Lime-sulphide solutions: solutions comprising hydrated 

sodium sulphide in a concentration range 80 - 100 mg/l , 

and c a lcium hydroxide (lim e) in concentrations of 

50, 100, 200 , 500 and 1000 mg/l . The solution pH 

was maintained at a constant value of 10. 85 . 

(3) Waste : fellmongery effluent identical in composition 

to that treated in the biological filter was used . 

The pH of the above solutions was adjusted by additions 

of HCl , NaOH , NaHco
3 

or Na
2

co
3

• 

For the biological ae r at ion studies , inocula were 

prepared from biomass collected from the filter. The biomass 

was then incubated with 200 ml of waste, similar in composit­

ion and pH to the waste used in system (3), a nd subsequently 

placed in an orbital incubator a t 23°c and 100 rpm, for 24 

hours prior to inocul a tion. 

Manganese was added in the form of manganese chloride a t 

a conc ent r ation of 1 0 mg/l . 

4 . 2 . 2 Fermenter Design and Operat ion 

Aeration was c a rried out in a 5 litre glass fermenter, 

shown in Figure 4 .1. The ope r a ting conditions for each 

experi ment were :-

(1) Airflow= 0 .033 m3/sec (2000 cc/min) at 1 .013 N/m
2 

(2) Agitator speed = 215 rpm 

(3) Temperature = 23°c 

5 litre volumes were aerated for periods ranging from 

360 to 420 minutes in each experiment. Samples were withdrawn 

at approximately 20 minute periods for analysis. The 

frequency of analysis was greater Rt the commencement of an 

experiment. 
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4 . 2 . 3 Analytical Technigues 

Sulphide , sulphate and pH values were determined as 

described in Section 3 . 2 . 3. Attempts were made to determine 

thiosulphate and sulphite concentrations in the solutions , 

but a satisfactory method was not found . Problems were 

encountered when sulphur compounds in solution interfered 

with each other on executing the analytical procedure . 

Several titrimetric methods were inve s tiga ted , which , while 

proving satisfectory for pure solutions , were unsuitable for 

solutions with mixed sulphur components . 

4 . 3 . Results 
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This section is divided into five parts . The first three 

deal with the ae r ation of pure sulphide, lime-sulphide and 

waste solutions, while the remaining two i nvolve the inoculat ­

ion of the waste solutions with filter biomass . 

4 . 3 . 1 Ae r ation of Pure Sulphide Solutions of Different 

pH Values 

The change in sulphide concentration with time of aerat­

ion for pure sulphide solutions is presented in Figure 4 . 2 . 

It shows that as the initial pH of the solution is increased , 

the r a te of sulphide removal decreases . At pH 10 . 85, the 

highest va lue tested , the r a te of sulphide remo va l de creased 

to zero , no r emoval being observed for the first 77 minutes 

of aeration . 

The same results were replotted in Figure 4 . 3 on a semi ­

logarithmic scale to determine a rate constant, K (logarithmic 

rate) , for the reaction . K values obtained at each pH are 

shown below: 

I 

Initial pH 9 . 00 9 . 40 9 . 85 10. 20 10 . 85 

Log . Rate 
0 . 0137 0 . 010 0 . 008 0 . 00275 0 . 0026 

K (mg/l.min) . 
I 

Table 4.1 summarises the data obtained from this experiment 



in terms of the S ratio, defined in Section 3 . 3 . 2 , at the end 

of each run. 

Sulphate concentrations were found to increase for all 

the initial pH values investigated . However , examinati on of 

the values indicates a relative decrease in formation of 

sulpha te with increasing pH values . 

4.3 . 2 Aeration of Constant pH Lime - Sulphide Soluti ons of 

Varying Lime Concentrations 

The effect of a varying lime concentration on the oxidat ­

ion of sulphide in solution was investigated in a manner 

similar to that described in the previous section. The pH of 

the solutions was maintained at a constant value of 10.85 . 

pH values below this are conducive to lime precipitation and 

are liable to c ause variations in initi a l lim e concentrations. 

Sulphide concentrations a re plotted against ae ration 

time in Figure 4 . 4 a nd curves similar to those observed in 

Section 4 . 3.1 were obtained. For all lime concentrations , the 

rate of logarithmic sulphide decrease is given by K = 0 . 00315mg/l . 

min (Fi gure 4 . 5) . This rate is greater than those presented 

for pure sulphide solutions at pH 10.20 and 10 . 85 , 0 . 00275 

and 0 . 0026 mg/l . min respectively , since carbon dioxide in 

the air stream caused the lime in solution to precipitate, 

thereby lowering the system pH . This progressive pH lowaring 

resulted in groater Sulphide removals, as sh own in Secti on 4 . 3 . 1 . 

The semi - logarithmic plot of the r esults in Figure 4.5 
indicated an average time of 80 minutes before the rea ction 

started . The mean value closely corresponds to 77 minutes 

obtained for pure sulphide solution of pH 10.85 . 

S values for the aeration of the lime solutions shown 

in Table 4 . 2 are similar to the value of 5 . 08 achieved for 

the pure sulphide solution at an initial pH of l0.85 . 
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TABLE 4 .1 

A DATA SUMMARY FOR THE AERATION OF PURE SULPHIDE SOLUTIONS 

I - I nitia l Da t a 

I 

I J Ae r a tion I 
I 

Sulphide Sulpha te pH I Time 
- -

mg/l mg/l mi n . 

92 

I 
14 9 . 00 

I 
200 

I 
102 1 9 I 9 . 40 240 

I 

I I 
76 I 16 9080 I 320 

I 
94 16 10 .20 

I 
360 

89 10.85 17 370 

Final Data 
I 

I ' J 

Sulphide Sulphate 

mg/l mg/l 

3 160 

i 2 140 
I 

2 100 

I 39 I 70 
! 
! 67 30 

: 

pH 
! 
! 
I 

7.85 i 

I 8 .. 10 
I 

8 . 90 I 
9.40 

s 

2 . 48 

2 . 64 

3 . 06 

i 9 . 95 5 .08 
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TABLE 4 . 2 

A DATA SUMMARY FOR THE AERATION OF LIME-SULPHIDE SOLUTIONS 

(Const an t initia l pH 10 . 84) 

Initial Data Final Date 

I Aer 1. tion I 

.Sulphide Sulphate i Lime Time Sulphide Sulphate I 
mg/l mg/l mg/l min. mg/l mg/l 

89 16 50 380 44 40 

98 18 100 380 52 45 

97 18 200 380 50 40 

84 15 500 380 41 35 
i 

80 17 11000 380 36 45 

I 
I 
I 

s I 
I 

5.j 
5 olO 1 

I 
I 

6 . 41 I 

I 
6 . 05 I 
4 . 70 I 
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4 . 3. 3 Aeration of Fellmongery Wastes of Varying pH 

The elimination of sulphide from fellmongery waste by 

aeration was studied in the same way as for pure sulphide 

solutions (4 . 3 .1) and lime-sulphide solutions (4 . 3.2) . 

Graphs of c hange in sulphide concentra tion with aeration 

times a re shown in Figure 4.6. Semi-logarithmic plots of 

sulphide conc entrati on with time are pr esented in Figure 4 . 7. 
Logarithmic removal r ates , K, cal cul ated from the gradients 

of Figure 4.7 are tabulated as follows : 

I 

Initial pH 9.15 9.55 I 9. 95 10 . 50 I 10. 85 i 
Log Rate 0.0092 

I 
0 . 00465 0.0018 0.00063 0 . 000381 K(mg/Lmin) 

i I I 

The logarithmic removal r ates are substantially lower 

tha n those obta ined in the two preceding seri es of experiments 

for simil e r initial pH values . The times re quired before any 

reaction oc curred (shown in Figures 4. 6 and 4 . 7) dimini sh as 

th e initi al pH of the solution is dec r eased . 

Over the pH r ange investigated no significa nt net 

increase in sulphate concentration of th e solutions was 

obs e rved (Table 4. 3) . A decrease in pH observed during each 

run may be attributed to the precipitation of lime by carbon 

dioxide present in the air . A sediment formed on the bottom 

and sides of the fermenter which may have been precipitated 

lime . 

4.3 .4 The Effect of the Addition of Column Biomass on the 

Removal of Sulphide from Fellmongery Waste at Varying pH 

The effect of biomass inoculation on sulphide removal 

from wastes of varying initial pH is shown in Figure 4. 8 . 
Figure 4.9 is a graph of the logarithmic sulphide concentrat­

ion against aeration time . At the initial pH values 9 . 55 and 

10 . 20 , there are two linear portions of the semi-logarithmic 

plots . The first portion is termed Ka and the second Kb . 



This is contrary to the shape of the curves for the aeration 

of fellmongery waste with no inoculum and at similar initial 

pH values . The graphs of change in logarithmic sulphide 

concentration with aeration time were of one slope during 

aeration for the remaining pH values. 

Logarithmic r emoval rates from F'i gure 4 . 9 had the 

follo wing values: -

Ini ti ~<l pH I 9 .. 55 10.20 10.40 10.90 
I 

I Log . rate yr 1 

Kb K Kb l\. a 
K(mg/l.min) 

10
•0056 

a 
0 . 0139 0. 0042l 0 .0077 0 . 0021 0 . 00082 

-

It is reported that the time of the appearance of 

sulphate in the medium will lag behind that of sulphide 

disappearance (105). Consequently, t wo experiments were run 

for extended periods to verify this . An initi a l waste pH of 

9 .55 was maintai ned for samples with and without inocula. 

This pH was chosen as being most likely to permit sulphide 

oxidation by a biological mechani sm (105) . With both runs, 

aerat ion was terminated after 400 mintues owing to excessive 

foaming. However, agit a tion was maintained . A direct result 

of this change would have been to decrease th e r ate of oxygen 

supply to the solutions , with possibly a consequent decrease 

in biomass metabolic activity. This may have extended the 

time of sulphate synthesis by the organisms. 

Figure 4.10 demonstrates sulphide and sulphate concentra t­

ions of the inoculated and uninoculated systems as a function 

of time over the first llOO minutes of the experiment. Sulphide 

removal is complete in the inoculated sample, but little 

change in sulphate concentration is observed over this time. 

Figure 4.11 presents the relative sulphate increase of the 

inocula ted and uninoculated systems over the total 

experimental period, 5 days. The uninoculated sample showed 

a sulphate concentration increase of only 35 mg/l over 5 

days, whereas an increase of 247 mg/l was obtained in the 
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TABLE 4.3 

A DATA SUMMARY FOR TH E AERATION or FELLM ONGERY WASTES 

Initial Da t a Final Data 

I 1Ae r a tion 
Sul ph ide j Sulphat e pH 

I 

Time Sulph i de 
I 

mg/l I mg/l min. mg/l I 
110 i 100 I 9.15 200 17 I ' 

I 
73 I 96 9 . 55 300 31 I ! i 
77 i 107 9. 95. 300 55 i : I 

110 .50 i 420 80 100 I 53 
! I 

95 i10.85 I 420 83 

' I 
i Sulphate i pH 
' I 
I J 

i mg/l i I 
i 

136 ! 8 . 90 

i 111 9 .15 
I ! 

i 112 9 . 50 

I 10 .15 53 I 
94 i ,10.55 

s 

7.63 

8 . 40 

I 13 . 20 
I 

I 
I I 

00 I 
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68 . 

inoculated sampl e . This resulted in S values of 1 . 06 and 

4 . 9 for the inoc ulated a nd uninocula t ed systems respectively . 

pH va lues after 5 days wer e 8,55 for the uninoculated a nd 

7.50 for the inoculated . Lim e prec i pitation occurred i n 

both samples and accounted for t he fall i n pH. The lower 

pH of the inoculated sample may be attributed to t he high 

s ulphate concentration. 

4 . 3 . 5 The Influence cf Manganese on the Chemical and 

Biologi c al Removal of Sulphide in Fellmongery ~as tes 

A procedure similar to that described in Section 4 . 3 . 4 

was pursued to determine the effect of manganese on the r ate 

of sulphide remova l from samples o f waste , half of which we r e 

inocul ated with column biomass . The uninoculated fraction of 

these samples were cont r ol systems for the inoculated samples . 

Results a re shown in Figurre4 . 1 2 , 4 . 13 , 4 . 14 and 4 . 1 5 . 

Logari t hmic sulphide removal rates , calculated from Figures 

4 .12 and 4.13 a re differ ent from the corresponding values in 

the previous e xpe riments (Sections 4 . 3 . 1 , 4 . 3 . 2 , 4 . 3 . 3 and 

4 . 3 . 4) . 

Figur e 4 . 15 shows that with a waste at an initial pH 

9 . 60 , containing manganese and inoculum , the logarithmic 

s ulphide r emoval i s non-linear. This is contr ary to the 

behaviour demon strated in the e xperiments with no manganese 

addition. Linear plots were obtained at the other pH v a lues 

investigated . Although the shape of th e graph for the initia l 

pH of 9 . 60 p revented the calculation of a meaning fu l logarithmic 

rate constant , it does show that the r emoval r a te i s greater 

than others prese nted f or pH 9 . 55 - 9 . 60 (Fi gures 4 . 3, 4 . 7, 

4 . 9 and 4.14) . 

Graphs of logarithmic sulphide concentration v ersus time 

for solutions of pH 9.60, 10. 20 , 10. 50 and 10 . 90 without 

inocula (controls) are presented in Figure 4 . 14. These 

similarly exhibit an unusua l pa ttern . All the graphs consist 

of two linear portions, the fir st of which h as a s l op e g reater 



I 

I 

than the second . 

Logarithmic sulphide removal rates for both systems are 

presented below; Ka and Kb are described as in Section 4.3.4 . 

' ' ' 
Initial 9.60 10020 10.50 10. 90 

pH 
Log.rate K Kb K Kb K Kb 

c K(mg/l. 11 Cl a 
0.0045 0.00295 0.00305 0.00092 0.0021 0.00075 ~o min) 

Log.rate 

II K(mg/l. not determined 0.0074 0.00245 ~o 
min) I 

C = Control; I = Inoculated 

Sulpha t e increases in the control and inocul a ted samples 

a t pH 9.60, shown in Figure 4 . 15, follow the same pattern as 

shown in Figure 4 .11. A lag in the appearance of sulphate , 

follo\'Jing sulphide rem oval, occurred in the inoculated sample, 

but little sulphate increase occurre d in t he control. Although 

th e experiment was run for 5 days, ae r ati on was terminated 

a fter 7 hours owing to foaming. An S va lue of 1.02 r esulted 

for t he i noculated s ample and a va lue of 5.7 for the control. 

Terminal pH va lues for the control a nd inoculated sample 

were 8.45 a nd 7.30 respectively. These correspond with the 

values of 8055 and 7.50 obtained in the studies of biological 

oxidation without manganese addition ( Section 4.3.4). 

4.3.6 Determination of K1 a for the Fermenter 

To compare the oxygen transfer capabilities of the 

fermenter and biological filter, a K1 a determination was 

carried out in the fermenter at 23°c, 2000 cc/min air flow 

rate, 215 RPM agitator speed and a liquid volume of 5 1. 

The sulphide oxidation method described in Section 3.2.3.10 
-1 yielded a value of 311 hr for the oxygen transfer 

coefficient. This coefficient is based on the liquid volume. 



100 

}80~~ ... ... ...._ 
s:: 
0 

... 
..,1 

•r-1 ., 
1\1 

60 "" ., 
i:1 
QI 
(,) 

s:: 
0 
u 

14t 
KEY 

pH 

l - 10.9 
......___---..J~-------.P2 

2 - 10.5 

20 I-
3 - 10.2 

4 - 9.6 

·~. 
00 40 80 120 160 200 240 280 320 360 

Aeration Time (min) 
Figure 4.12 Sulphide Concentration versus Aeration Time: Manganese 

Additions to Inocula ted Fellmongery Waste 



100 

.-.... 

~ 80 t:__ 
..; 

s:l 
0 .... 
+' 
al 

h 60 
c 
ti 
(,) 

s:l 
0 

C,) 

Cl 
'O 

~ 40 
p. 

r-4 
::I 

U) 

20L 

00 40 

Ill' Iii t 
.... 

.... 

2 
c} 

!!! -............ 
pH 

1 - 10.9 

2 - 10.5 

3 - 10.2 

4 - 9.6 

80 120 160 200 240 280 320 
Aera tion Time (min) 

Figure 4.13 Sulphide Concentration Yereue Aeration Time: Manganese 

Additions to Uninocula ted Fellmongery Waste 

360 



l'"-l 

' bO 
I! 

Cl 
0 .... .. 
al 
s.. .. 
Cl 
Q) 

0 
r:: 
0 
u 
Q) 

't:l .... 
..t: 
p, 
l'"-l 
::s 

Cf} 

100 
80 1 

60 

40 4 
KEY 

pH 

l - 10.9 

20 2 - 10.5 

3 - 10.2 

4 - 9.6 

10 -----.--~5~0-----1·00 __ _.____.15_0 __ .__2~0-0__....__25~0---..... __,300 

Aeration Time (min) 

Figure 4.14 Logarithmic Sulphide Removals for Manganese - Uninoculated 

Fellmongery Wastes 



300 
Aeration Time (min) 

Figure 4.15 Logarithmic Sulphide Removals for Manganese - Inoculated 

Fellmongery Wastes 



M 

'-bO 
e 

s:: 
0 

•-1 
+> 
CIS 
i.. ... 
s:: 
~ 
0 
s:: 
0 
u 
Q) 

+> 
CIS 
.c 
r::i. 

M 
::s 

(/) 

350 

300 

250 

200 

150 

100 

50 

00:------~1~----~2------3~----~4------'5 
Time (day ) 

Figure 4.16 Sulphate Increases for Manganese Inoculated and Uninoculated 

Fellmongery Waste of Initial pH 9.60 



4 . 4 Discussion 

4 . 4 . 1 Ae r ation of Pure Sulphide, Lime - Sulphi de a nd 

Fellmongery Waste Sample s 

The aeration of pure sulphide, l i me -sulphide and fell­

mongery waste solutions permitted an investigation to be 

made of the effec t of individual components of the waste on 

the rates of chemical and biological oxidation of sulphide . 

Within this framewo r k the effect of initial pH of t he sol ut ­

i on was also studied ~ Graphs o f changes in logarithmic 

sulphide conc entr ation with aer ati on time , similRr to those 

used by Espino and Gloyna (36) , yielded linea r curves , the 

gra~ients of which characterised the r ate of sulphide 

decrease. These gradients d esignated K (mg/l . mi n) wer e a 

measure of the oxidative r ate in a respective system . 

70. 

Aeration of pure sul phide solutions indicated tha t the 

initi ~l solution pH influences the r ate of sulphide removal 

(Figure 4.2) . The curve obtained with an initial pH 10. 85 , 
differs from those achieved At pH values of 9. 00 , 9. 40 , 9. 85 
and 10 . 20 . There was no decrease in s ulphide concentration 

for the first 77 minutes of aer ation at the pH 10.85 . This 

was not observed at the remaining pH values . The literatur e 

revea led no data on this process Rnd it is suggested tha t thi s 

period of zero r o t e of decrease i s a function of alkalinity 

<Jnd pH. 

S values r eflec ted a dec r ease in sulphate concentration 

with increase in ini tial solut{on pH (Table 4 . 1) . On a 

sulphur basis, a 54% conversion of sulphide to sulphate was 

a c hi eved at pH 9. 00 , and 19. 5% conversion resulted at pH 10085 . 
Solution pH va lues decreased as a r esult of the presence of 

sulphate and also , the a lkalinity r eac tions involving Na
2

so
3

, 

whi ch was used to adjust the initial pH. The a l kalinity 

r eactions follo w those described by Lijklema (70), involving 

c a rbona te, b ic a rbona te a nd carbon dioxide inter a ctions. 

Equilibrium water- sulphide d i agrams, shown i n Fi gure 1.2, 

ind ica te tha t pure sulphide solutions, when aer a ted, f a ll into 



a stable s ystem classifica tiono This is demonstrated by the 

conversion of sulphide to sulpha te in quantities dependent 

upon the i nitial pH , Sul phate i s not a n oxi dation product of 

a metastable s y stem . 

Sulphid e r emoval rates in lime-sulphide solut i ons wer e 

evalueted to dcte1~ine the effect of varying lime concentra t ­

ions. Lime, an important component of fe llmongery waste , 

contributos to its high alkalinity~ The logar ithmjc r emoval 

r ates determi n ed from Fi gure 4 . 5 1 fo r lim e c oncentra tions of 

50 , 100, 200 , 500 and 1000 mg/l, wer e identicRl~ The K value 

obta ined , 0 . 00315 mg/l . min: was g r eater t han the valu e of 

0 . 0026 mg/l . min for the pure sulphi de sol ution with a n 

initia l pH 10 . 85. Thi s di ffer ence is attribut ed to the 

rel a tive alkaliniti es present in each solution~ Na2co
3 

was 

used to adjust the pH of the pure sulphi de solutions , wher eas 

the lim e provided the alkalin~ty portion of the l i me - sulphide 

so lu t ions . Preci pi tation of the lim e , on aer a tion, r esults 

~n an alkalinity decr ease , which ; f~om pure sul phi de solution 

studies , is conducive to gr eater s ulphide removal rates. 

The average period of zero sulph~dc decrease for the 

lime- sulphide solut ions was 80 mi nutes , wh ich was almost the 

same as the 77 minutes shown for a pure sulphide sol ution cf 

initi al pH l0.85 . 

The average value of S was 5 . 57 for lime - s ulphide solut ­

i ons . Thi s corr espond s to anl8% conversion of sul phide to 

sulphate on a sulphur bas i s and compares cl osely with the 

1 9 . 5% convers ion a chieved for a pure sulphide s olution of 

iu~ t~al ~H l0 . 85 . 

71 .. 

These r esults indica te that lime concentra tions in the 

r a nge 50-1000 mg/l do not ~lt e~ ~~= ~~ ~c of remova l of sulphide 

from solution~ 

A compa rison of the r a t es of removal of sulphide from 

fellmongery waste and those previously discussed, shows tha t 



72. 

some component or components of the waste , other t han lime or 

sulphide , markedly af fected the relative removal rates. Rates 

for a l l the waste pH vnlues studied were lower than those for 

correspondi ng values of pH of pure sulphide and lime - sulphide 

solutions . It is suggested that these r educed r a tes , obta ined 

from Figure 4n7, are due to the r est riction o f oxygen trans ­

ferr ed into solution. Dissolved oxygen is essenti a l for the 

chemical oxidation of sulphide in these system s . The effect 

of va rious substances on the oxygen transfer coefficient has 

been discussed by Eckenfelder and O'Connor (31) . Surface ­

a ctive substances concentrate at the liquid-air interface 

and a pparently crea te a barrier to oxygen diffusion . Grease 

a nd fats in an a lka line environment may for m soap- like 

substances , which exhibit surfactant properties . Protein­

a ceous material may display similar properties . These 

components a r e recognised constituents of a fellmongery waste. 

Figures 4 ~ 6 and 4. 7 dem onstrate a diminishing period of 

zero sulphide remo va l with decre a sing initial pH of the waste . 

These results differ from those ob t ai ned for pure sulphide 

and lim e -sulphide solutions with a corresponding initial pH . 

The period of zero sulphide de crea se was a chieved only for 

an initi al pH of 10 . 85 in the latter two systems. It v ppears 

that c er t a in waste constituents, as well a s pH , determine the 

length of this period during aeration of fellmon ge ry wastes . 

Table 4.3 demonstrates that insignifica nt quantities of 

sulphate were formed. No increase in sulphate was recordded 

for initi a l waste pH va lues of 10 . 50 and 10 . 85. This contrasts 

with results obtained for the aer a tion of pure sulphide solut ­

ions, where sulphate concentrations increased during sulphide 

removal . 

4 . 4.2 Biologic al Removal of Su lphide from Fel lmongery Wastes 

Figure 4.9 shows that inoculation of fellmongery waste 

with column biomass accelerated the rates of removal of 

sulphide at the initial pH values 9. 55, 10 . 20 and 10. 40 , when 

compared with the rates obtained without inoculation . The 



value of K a chieved n t pH 10e90, 0.00082 mg/l.min , was v ery 

low , and corresponds to the low v&lue , 0 . 0038 mg/l.min , 

obtained for the l a tter system. 

73. 

Gr aphs of the lognrithmic change in sulphide concentrat­

ion with aer a tion ti~e, fo r initial waste pH values of 9.55 
~nd 10 . 20, e xhibit different chnracteristics to those for 

pure sulphide , lime-sulphide and fellmongery w~ste solutions 

with the same pH values . The curves possess two linear port­

ions , the gradient of the first portion bein g l e ss than tha t 

of the second . Thi s may have been due to the period r equired 

by tho biomnss to ac climatise to the new system . Biomass 

fr om the filter column was incubated in an orbital incubator 

with waste , prior to t he fermenter studies . The ope rating 

characteristics of the inc ubator and the fermenter wer e 

different , and may have accounted for the l ag in sulphide 

utilisation by the b iomass. Once the biomass h a d adapted 

to the new operating conditions, sulphide remo val r a tes 

incr~ ased to a h i gher value . 

An extended run a t pH 9. 55 demonstrated tha t sulphate 

was the terminal sulphide oxidation product of a n inocul ated 

system. Figure 4 . 11 shows little sulph~te increa se in an 

uninocula ted con t rol comp.-· red with an inocula t ed waste sample . 

An increase in s ulphate concentration of 250 mg/l occurred in 

the inoculQtcd system , while only a 35 mg/l increase reeulted 

in the control. On a sulphur basis, this reflects an88% 

conversion of sulphide to sulphate in the inocul~ted system , 

a nd a 1 6% conversion in the control. These results a re 

consistent with those reported by Aul e nbac h and Heu kelekian 

(4) a nd Heukelekian a nd Lassen (53) for sludge sampl es and 

sulphide- sewage solutions. The former workers showed that 

bioma ss in a system , similf~ to the fermenter , could be 

acclimatised to oxidise at leas t 100 mg/l sulphide completely 

to s ulphate withi n six hours aerati o n . The present results 

indica ted a grea ter time lag fo r the increase in sulpha te 

concentra tion, following sulphide disappe~rance. This may be 

attribu ted to the media of the present studies consis ting of 



a high lime concentration with associnted high pH . The 

inoculum size , Reration rate, source of inoculum and in 

addition , the fact that aer nt ion was curtailed after 400 min, 

probably contributed to the longer l ag period for s ulpha te 

formation . 

Parker a nd Prisk (85) and Zajic (132) report manganese 

to be nn essential compound in the autotrophic metabolism 

of the sulphur oxidising b a cteria . The results obtained 

when manganese was added to inocula ted fellmongery wa ste 

sampl os demonstrate thn t the remova l rates of sulphide were 

increased . At a waste pH of 9 . 60 , n non-linea r logarithmic 

aulphide r emoval curve was obta ined , which ind icated progressive 

increa ses in logarithmic sulphide removal rates with time . 

The presence of mang8nese eliminated the initi al slow removal 

portion of the sem i-logarithmic plots e vident in inocul n ted 

samples without m~nganese. 

Sulph~te was Rg~in found to be the final oxidation 

product for nn initial ~aste pH of 9 . 60 (Figure 4 . 1 6 ). Ae r at ­

ion wa s termina ted a fter 7 hours owing to the presence of 

foam . S v:as found to h:-:.ve a vc.lue of 1. 02 for the inoculated­

manganese system , which represented a 98% c onversion of 

sulphide - sulphur to sulphate - sulphur. The presence of 

manganese did not alter the r ate of sulphate pro rluction a nd 

appea rs only to influence the sulphide removal r a te . Sokolova 

and Karava iko (105) indica ted tha t two distinct processes 

constitute the sulphide oxidation of aerobic sulphur-oxidising 

bacteria. 

(1) The removal of sulphide from solution by the micro­

organisms and subsequent intracellula r oxidation to 

an inte rmediate compoundo 

(2) The production of sulphate from this intra cellular 

compound which is a ccomplished after a significant 

lag period . 

Manganese a ppea rs to haye an influence on process (1) in 
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the present system . 

The additions of manganese -:;o u n inocula ted waste samples 

yielded s0mi-log~rithmic curves, o f cha nge in sulphide versus 

ae r a tion tim e , with two line~r portions. The g r ad i ent of the 

fi~st portion being gr eater than the second (Fi gure 4.14 )o 
Th:s beha viour is different from th3 t exhibited by a era ted 

wa ste sam ples with no manganese add iti on, the corresponding 

curves for wh ich a r e sho wn in Figure 4.7 . Manganese is a 

commonly use d c a t a lyst ,for the oxi da tion of sulphides in 

t a nne ry n nd fellmongery was t es (6, 15, 40) . Ho we ver, Yhil e 

proving effective ~ t concentrations of 100 mg/l (6) 1 maneanese 

is ine ff ective a t low c onc e n tr a tions (15). Ber g et al. (15) 

demonstrated tha t when added to tannery wastes , manganese 

is r api d ly r em ov ed from soluti on by a poisoni ng mechanism , 

involving adso r pt ion onto pro t einaceous materi al . This is 

part~ c~l ~ rly pr e va lent a t l ow manganese concentrati ons • 

. Once poisoned , the manganese does not pnrticipa te in the 

oxida tion of sulphi de , 3 nd sulphide remo va l r a t es a re 

decre ~sed . Such a me chanism is postul Rted for the uninoculated 

s2mples . The first p <rt of the curves r epr esents the initia l 

r api d remo v a l r ate involving a c a t a lytic oxidation of the 

sulphide, while the sec ond portion of the curve charact e ri ses 

the r educed r a te of sulphide r emoval , resulting f rom t he 

poisoning me cha nism . 

An extended run msde a t an initial pH of 9 . 60 demonst r a t e d 

tha t sulpha t e was present in insignificant quantities , 

compa red with the inocula ted system of simil~r initi a l pH with 

manganese . In thisJ S had a v a lue of 5 u 7, corresponding to a n 

18% conversion of sulphide to sulpha te on a sulphur basis. 

A conversion of 16% was nchi e ved for waste aern tion without 

inocula tion or manganese addit ion (Section 4.3.2) at initi a l 

pH 9 . 55 



CHAPTER FIVE 

MICROBIOLOGICAL 3TUDIES - WITH REFERENCE 
TO SULPHI DE REMOVAL 



5. MICROBIOLOGICAL STUDIES ·- WITH REFE.RENCE TO SULPHIDE 

REMOVAL 

The previous e~periments firmly indicate biologi cal 

oxidation to be a major mechanism in sulphide removal from 

fellmongery wastes . Ho~cver, the physic -chem ical cha r a ct­

eristics 8f the ~aste arc such that only celcct heterotrophic 

and autotro phic microbial po~ulations uould develop in a 

trea tm ent unit. 

Sinc e the experimental system is ae robic, t r eat ing an 

alkal ine sulphide-bearing waste 7 the most likely sulphur­

oxidising bacteria tc have b~on present is }hiobacillus 

!_9-_~_'2_parus (105). This microorganism was in fact isol a ted 

during the operation of the filter, and the ability of the 

organism to metabolis e sulphide determined. 

The presence of the purple sulphur Jhiorhodaceae was 

a lso observed in the plasti c recirculation line, six weeks 

prior to termina tion of the fi lter operat i on. The anae robic 

conditio~s,required for developm ent of this organism, were 

provided under the outer slime l ayer of the interior of the 

recirculation line. ~_!ii _orhosl_.~8:_~ is a photosynthet ic micro­

organism and the necessary light was transmi t ted to t he 

organism t h rough the transparent hosing . Sulphides and an 

alkaline environm ent were pr ovid ed by the :..~ecircula. te ,~ waste. 

Thi s photosynthetic microorganism was isolated from samples 

of film taken from the reci r cul a tion hose~ 

5.2 Materials and Methods 

5.2.1 Media Composition 

76. 

Thiobacillus thioparus was isolated on Beijerinck's medium, 

which had the following composition: 

Component 

Sodium thiosulphate pentahydrate 

Sodium bicarbona te 

~uantity: g/l 

5 
1 



Disodium hydrogen phosphate 

Magnesium chloride 

Ammonium chloride 

Fe rrous sulphate trace 

The medium ~a s mad e up with dis t illed water and the pH 

adjusted t o 9.2 - 9.4 . Thicsulphat e 1 bicarbonate and ferrous 

sulpha te compone nt s were st erilised sepa r a t e ly and after 

cooling were added t o the s alt solution. 

77. 

The presence of Th. ~hioparu~ is indicated by the gradual 

development of turbidity and the formation of a white pellicle 

consisting of dropl e ts of amorphous sulphur 1 as well as the 

presence of minute, rod shaped, Gram-negative bacteria (105). 

For th e isol a tion of Thiorhodaceae van Niel's medium of 

th e following composition was us ed : 

.Q.omp_s:>_p.ent 

Ammonium chlori d e 

Magne s ium chloride 

Dihydro ge n potass ium phosphat e 

Sodium bi carbo na te 

Hydrat e d sodium sulphide 

Sodium chloride 

g~ntity : g/l 

1 

o.4 
Oc8 

5 
1 

0.1 

The medium, prepared with tap wa ter , was sterilised 

separately from 10% solutions of sodium bicarbonate and 

sodium sulphide. Medium pH was adjusted to 8.5 after steril­

isation with a 10% solution of sodium carbonate. 

5.2.2 Exp~~j~~ntal Procedures 

5.2~2.1 J.E..iobacillus thioparus Isolations 

Four series of isolations were carried out during the 

operation of the biological filtero 

made when the system was operating at 

following the temperature change from 

The first and second were 

21°c 1 the third a day 
0 21 to 31 c, and the 

fourth two weeks after this temperature change. 



Samples for the first isolation were taken from: 

(1) The top stones of the filt e r. 

(2) 0tone s 0.76 m from the filter surface. 

(3) Stones 1.52 m from the surface. 

(4) The sump liquors. 

The samples for the remaining three isolations were 

taken from one site - any two stones 1.52 m from the filter 

surface. Different stones were utilised for each study. 

Bi om ass was taken from the rocks with a sterile spatula and 

suspended in 100 ml of sterile water. For each isolation, 

10 ml of this suspension was used to inoculate 300 ml of 

Beijerinck 's medium. This procedure was assumed to provide 

an equal size inoculum in all c ases . It was assumed that 

under continuous opera ting condf tions, the film thickness 

would rem a in cons tant and the film be evenly distributed . 

A constant weight of film ~ould characterise each stone and 

consequently standard inoculum sizes be obtained. 

Control flasks of 10% formalin were used for all 

experiments . Fl asks were incubated at 21 on 31°c as indicated 

in Section 5 . 3 .1. Incubation was carried out under both 

stationary and &gitated conditions. The agitated flasks were 

held in an orbital incubator operating at 150 rpm. 

Development of elemental sulphur within the medium , 

turbidity and pH decrease were used as growth indicators, in 

accordance with the descriptions of Sokolova and Karaviako (1 05) . 

Turbidity was assessed visually, since the large particles 

present made spactrcphotometric determinations difficult. 

Sulphur was identified by the characteristic blue flame 

exhibited on ignition, by its solubility in cs2 and by its 

typically strong odour. Gram stains provided morphological 

data. 

Photographs of slide preparations were made with an 

Olympus Tokyo, Photomax 200046 microscope and mounted camera. 
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A magnification of 1500 with oil immersion was used for exam­

ination and photography. Morphological dimensions were ~ederMme.d 

with a calibrated slide and eyepiece. 

5 . 2 . 2 . 2 Growth of Thiobacillus thioparus in Fellmongery 

Waste and Sulphide Solutions 

Two systems were investigated, e a ch at two pH values: 

(1) pure solutions of sodium sulphide (control) 

(2) samples of fellmongery waste . 

Three 500 ml conical flasks were used for e~ch experiment . 

300 ml of Beijerinck's medium wa s added to the flasks~ To 

the first was added heat destroye d inoculum a s a control . The 

other two were inoculated with a 25 ml suspension of 7-day 

old Th . thioparus culture from Beijerinck's medium . Flasks 

were incubated a t 21°c in a sta tiona ry incuba tor . 

Sulphi de , s ulpha te and pH were det er mine d a s described in 

Section 3.2 . 3. 

5.2 . 2 .3 Thiorhoda ce a e Isola tions 

A sm a ll section of t h e filter recircul a tion line was 

removed, from which an inoculum was a septically obtained . 

This inoculum was a septic a lly tr a nsferred to 250 ml bottles 

which were subsequently completely filled with van Ni el's 

me dium . The bottles were sealed with glass stoppers and 

placed in a 25°c incubator , 20 cm from a 60- watt bulb . 

Thiorhodaceae growth was indicated by a red colouration of 

the medium . 

5 . 3 Results 

5 . 3 .1 Thi obacillus thioparus Isolations 

5 . 3 . 1 . 1 Initi~l Isolations 

These isolations were made from samples taken from 

various filter sites , and were carried out in stationary 

and orbital incubators . 



Two days after inoculation an increase in the turbidity 

of the media was observed in the shaken fl a sks. The control 

fl a sks remained clea r . Little turbidity had developed in 

the s tationary flasks. 

On the fourth day, examina tion of the stationary flasks 

revealed a whit e l a yer o f elem e ntal sulphur on the liquid 

surface. The pH of thes e fl ask s had f a llen from 9 . 2 to 8 .1, 

whe r eas th e clea r control fl a sks exhibited no pH decrease . 

An even greater turbidity wa s obs erve d in the agitated 

inoculated flasks , compa r e d with t he corresponding sta tionary 

fl a sks . The controls aga in exhibited no turbidity. The pH 

of the exp eriment a l fl a s k s h a d decre a s ed from 9 . 2 t o 5.2. No 

decre a se h a d occurred in t he controls. 

Th e r e sults a r e presente d in Pl a t es 5 .1 a nd 5.2. Pl a te 

5 .1 s h ows a control, a s t n ti on a r y a nd a n agita t ed fl a s k a fter 

5 day s incuba tion. Flask 1 is a control, fl ask 2 i s from th e 

sta tiona ry i nc uba tor and fl ask 3 from the orb ital i ncubator~ 

Fl ask 3 i s more turb i d t han f l a s k 2 , a lthough both e xhibit 

su l phur co a ting on th e li qui d surfa ce. Thi s is sho~n more 

c learly in Pla t e 5 . 2 . Thes e photogr a phs compare very f a vour a bly 

with thos e pres ented b y Sokolova and Karava iko (1 05 ). 

To obt a in a purer culture of Thiob a cillus thioparus, a 

further pa ssage was made through freshly ste rilised medium . 

Gram stains of prepa r a tions from the resulting culture were 

carried out" The slides, on microscope examination (Plate 5.3), 
revealed the sole presence of a small Gram-nega tive, rod-

shaped organism, with slightly rounded ends . The average 

dimensions of the cells were measured as 1 . 2 - 1 . 5 microns by 

0. 3 - 0.5 microns. Several organisms were observed prior to 

division , which occurred trans~ersely. 

5.3.102 Isolations made in Conjunction with Filter 

Temperature Changes 

The remaining isolations of Th. thioparus were carried 



Plate 5.1 Thiobacillus thioparus Growth in 
Beijerinck's Medium 

Plate 5.2 Thiobacillus thioparus Growth in 
Beijerinck's Medium-Sulphur Coating 
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out to ascertain whether a change in the temperature of the 

filt er system would alter the metabolic activity of the 

organism. Isol a tions were made during the pe riod of temper ­

n ture change , and the metabolic upset of the sulphur-oxidis­

ing bacteria was measured by the extent of sulphur deposition 

and the reducti n in pH. The subsequent results all depend 

upon the assumption that the inoculum size for each isolation 

was approximately the same. 

81 ~ 

The r esults presented in Table 5.1 correlate favourably 

with the assumptions made rega rding a metabolic disturbance 

with a temperature change. The sample isolated one day after 

the temper a ture change took significantly longer to me tabolise 

th e thiosulphate substrate than a sample isolated a day pr ior 

to the change. However two weeks after the temperature change, 

a further sample displayed a ~uch higher r ate of thiosulphat e 

metabolism. This was demonstrated by the de velopment of 

turbidity one day following incubation of the inoculum. This 

rapid turbidity development was recorded only for this isolat­

ion. These results dem onst r ate that follo wing two weeks filter 

operation at 31°c, Th. !hioparus metabolis e thio8ulphate at 

greater r a tes than those recorded for a filter temper 5 ture of 

21°c 0 

5 .3 .1. 3 § ulphi de Removal from Fellmongery VJa. ste and Sulphide 

Solutions by Th. thioparus 

The previous microbiological studies involved the 

determination of Th. thioparus metabolism by thiosulphate 

utilisation in Beijerinck ' s medium. These studies did not 

indicate whether Th. thioparus could metabolise a sulphide 

substrate . 

The metabolism of sulphide by .!£. thioparus in waste 

samples at an initia l pH of 9.75 and 8. 95 was compared with 

that in pure sulphide control solutions at an initial pH of 

9.85 and 9.30. Sulphide removals for each system are presented 

in Figure 5.1. Only data obtained at pH 9.85 are presented 

for the pure sulphide solutions, since similar rates resulted 
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TABLE 5.1 

GRO .iTH OF THIOBACILLUS THIOPf,RUS 

Medium Appear ance 

1 Sampl e 1 

Inj ti c?. J. pH 9o3o 
Cl ear me dium 

Clea r medium 

Cl er> r medium 

Cle<Jr medium 

Slightly t urbid 

Tur bid with 
s ulphur depo s its 
on surfnce 

Very turbid with 
surface comple t ­
ely co ver ed with 
s ulphur . pH 7. 90 

Sampl e 1 Isolat ed 
change . 

Sampl e 2 Isol a t ed 
change . 

Sampl e 3 Isol a ted 
change . 

I 

i S - 22 arnp.1..e Sample 33 

' Initi~l pH 9 . 3 . 
1 Clear medium 

: 
I 
Initial pH 9 . 3 . Cl ear I 

I 

1Clear medium 
i 
I l c1 c~2.r medium 
! 

' I Clea r medium 
l 

I 
I I Clea r med ium 
I 

i Cl ear med ium 
I 

j Sli gl tl y turbi <l 

1medium, pH 8.95 

I 
I Turbid , s ulphur 

I 
drople t s on 
surfa c e , pH 

I 8. 80 

1 medium . 1 
I 

Turbidity commencing 

Turbid , whi tc sulphur j 
drople ts on sur f ace I 

i Ve ry turbi d , s urfRce 
' I compl etely c over e d 
I with sulphur . pH 8 . 60 

I 
I 

I 
Ve r y turbid , sulphur 

I 
droplets comple tel y 
t hroughout medium , 

' pH 6 . 90 

1 day prior to t h e 
0 

filter tempera tur e 
Incubated a t 21 C. 

1 day af t er the filt er temperature 
0 Incubated a t 31 C. 

14 days after the filter t emperature 
0 Incuba ted a t 31 C. 
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at pH 9.35. Tables 5.2 and 5 .3 summarise the experimental 

data . 

Identi c a l sulphide removal rates were obtained in both 

the control and the inocula ted flasks for the pure sulphide 

solutions (Figure 5.1). Table 5 . 2 indicates a v e ry small 

sulphate increase in the medium for this system . A pH 

decrease accompani e d this small sulphate increase. 

Graphs of sulphide conc entrati on against tim e , Figure 

5 . 1 , show that Th . thiopa rus accelerated th e removal of 

sulphide from fellmong ery waste . This was more pronounced 

a t pH 9. 75 than 8 . 95. 

Table 5 . 3 sho ws that large increases in sulpha te conc­

e ntra tion occurred for inocula ted wastes . Little increa se 

r esul t ed in the cont rols . The valu~s of S a chieve d for the 

inocul a ted s ystem, 0.87 - 0 . 96, f a ll in th e S r ange obtained 

for the b a tch filt er ope r a tion. The pH decrease of the 

inoculated flasks was slightly gr enter than that of the 

control s . 

5. 3.1.4 The Isolation of Thiorhodace a e 

82. 

Examina tion of a cross -s ectional cut from the plastic 

r ec ircul a tion line revealed t hat the red colourati on adjacent 

to the interior wall was a red microbial growth and was loc a ted 

beneath an outer coa ting of dark slime. This is shown in 

Figure 5. 2o 

Van Niel ' s isolation medium was used to obtain pure 

cultures of the organism . Growth of Thiorhodaceae was 

apparent after two weeks by the red colourat ion in the medium . 

This description of growth of Thiorhodaceae agrees with that 

of Kondrat'eva (63). 

Two successive passages were made through van Niel's 

medium to free the culture of alien microorganisms . A Gram­

stain was made on the culture resulting from the second passage 



TABLE 5 .2: THI OBACILLUS THIOPARUS METABOLI SM IN FURE SULPHIDE SOLUTI ONS 

Initial value 

Value a fte r 69 hr 

s- decrease 

so4 increa se 

l s 

i I ni t ial pH 9. 85 I In~ tial pH 9. 35 . _ l 

1 : 2 c i 1 I 2 ! c 

! 
I 
! 

s= so~ 1 pH s= so4 pH I s= 'so4 . pH j s= :so4 I pH I s= 'so4= i pH ! s= jso4= ! pH 
. "t I ' . I I I I 

mg/I mg/l 1 ~ m g/l ! mr./l : : mg/l ' mg/l J mg/1 1 mg/l , J mg/l ;mr,/l ! : mg/ l ! mg/l ! 

61 262• ,9. 85 ; .57 16~· 9 . 85 ~ 62 25 ' 9 . 90T59062 · ~ 9o35 : 59 i162 • 9 . 35 ~ 61 1

1 
~5 j9. 30 ·

1

1 

• i I I ! I I . I l 
I I !-~. I : I . 

3 220 18.40 11 8 80 :8. 95 , 2 ! 235 18. 20 ! 0 
I I 

' 
~ 230 8.10 3 I 85 18. 05 I 

210 8. 95 6 

' 
I I 58 
I I 

i 54 . I i 56 i 57 
I I 59 55 I I I I 

i 

; 68 ! i ; 60 i 
I 

48 
I 

56 j 
I I I ; I 55 73 I ~ I I 

-
2. 61 ~ 2. 90 

' i ! 3 . 44 2. 88 ' 3.05 2 .34 I 

s= = Sulphide concentration c = Control 

so4 = Sulphate concentr ation • = Initial s ul phate concentr a tions h i gh 
by vir t ue o f via ble inocu l um carry 

1 , 2 = Vi a bly inocula ted sample s ove r 



TABLE 5 .3 : THIO BACILLUS THIOPA:.:?US M.6TA30LI s ;.1 IN FELLMONGK:n v'f_i'l.STE 

I Initial pH 9 . 75 : Initial pH 8 . 95 ' J 

I 1 ; 2 : c 1 2 - ~ . c 
1 

s= iso
4
= · pH 

I I 
mg/l!mg/l I 

I 
Initial value jlOO i l70* !9 .75 

. I ! ; 
Value after 69 hr j 10 i 48o 18 . 80 

- I 
S- decrease I 90 i 
so4 increase l ; 310 i 

-----,- --,------ I - - ----; - - -- 1---------------- ----. ' J 

I 
s= : so4= : pH : s= : .so4 

1
· pH , s= : so4 1 pH · s= : so4 pH ! pH 

. I . I - I- I ' ---+--1----,-+---~-
mg/l; mg/l; ;mg/l ; mg/l j lmg/l : mg/l i : mg/l m 0 1 1 

ioo !i75•:9~75j105; 25 ! 9 .751
1

:103 !180 * ;8 . 95 j105 l 180* 8 . 95 i105 I 30 ·8 . 95 
I I i I . I ' i I I i 

12 J450 :8 . 60 ' 43 ! 30 ;9 . 45 ! 0 i 550 j6 , 65i 5 500 17e 00 1 20 30 J~ . 25 l 

· 275 ' 0 : j 320 ! : 0 i : 
s l 0 . 87 

I 
I 0 . 96 ' i 3 . 7 0 . 91 ·~" ! 

I 

s= = Sulphide concentration c = control 

so4 = Sulphate concentration * = 

1, 2 = Viably inoculated samples 

Initial sulphate concentrations high 
by virtue of via ble inoculum carry 
over 



Hose Wall 

Figure 5.2 Thiorhodaceae Growth in Recirculation Hose 



medium. The stained organism wa s Gram-negati ve and was 

encapsula ted in a slimy pink membrane. Plate 5 . 4 shows the 

mo rpholo gical chara cteri st ic s exhibited by the organism . 

The culture a ppeared t o be free from contamination. 

The or gani sm d i ameter r a nge was 1 - 4 mi cro ns . Se v e r al 

cell aggre gates were observed within the enc apsul a ting 

memb r ane ; aggr egate cells nu~bered 1 - 3 pe r memb r ane . 

At tem pts to i so l ate this organisM from t he sump li quors 

a nd t he filt er media we re uns ucce ssful. 

5.,. 4 Discussion 

5.4 . 1 Thiobacillus thioparus Studies 

I sol at ions of Thiobacillus thiopa rus from t h e fil t er 

column a nd sump li quors were acc om plished in Beijerinck's 

thiosulpha te medium. Turbi dity de velopment , sulphur deposit ­

ion and pH de crease were used to assess the metabolic activity 

of the organism. Thio sul phate is metabolised to elemental 

s ulphur and sul phate by 'J'h. thioparus (105). The appea.r ance 

of elemental sulphur within the medium pr ovides a reliable 

indicator of growth (105). 

The organi sm exhi bited an ability to prolife r ate in 

fixed bed (the filter column) and fluidised bed ( the sump) 

reactors , treating sulphide-bearing e f fluent . Sokolova and 

Karavaiko (105) indica ted that Th. thiopa rus .f..st commonly 

found in sulphide-containing waters and deposits. They also 

report that other workers have isolated Th. thioparus from 

similar environments. 

The alkalinity, salinity and concentra tion of sulphides 

and ammonium salts in the waste provided favour a ble conditions 

for the growth of .!£• thioparus in the biological filter and 

in the sump. Carbon required by these autotrophs for cell 

synthesis origina tes entirely from -C0
2 

(105) . The main 

sources of co2 are atmospheric co2 , the product of respiration 

by the heterotrophs, and also tha t resulting from alkalinity 



reactions occurring in the waste. 

The rate of metabolism of samples placed in an orbital 

incubator was greater than tha t of s am ples in a stationary 

incubator . This is contra ry to th e findings of Sokolova and 

Karavaiko (105) in which great er rates of thiosulpha te oxidat­

ion were a chi e ved at low aer at ion r a tes. Their experiments 

indica ted that redox potential was a critical growth parameter . 

Ho we ver, this behaviour was probably a function of the strain 

of Th . thioparus used by the workers. It was a pparent from 

the literature reviewed by them tha t large differences in 

metabolic physiology occur between different strains of Th. 

thioparus . The strain isolated from the biologi cal filter 

metabolised the thiosulphate of Be ij erinck's meu ium a t a 

greater r a te in ae r a ted, agitated samples when compared with 

the rate s of a stationary culture. 

Morphological examination of the isol a ted organism 

compares f avourably with descriptions r eported by other 

worker s (85, 105). The general morphological f ea tures of the 

organism closely re semble t h ose presented by Sokolova and 

Karavaiko (1 05 ), Beijerinck (13) and Parker and Prisk (85). 

All reported s trains co i1 formed to the description of minute , 

Gram -negative, thin rods. The rounded-end characteristic 

exhibited by the isolated organism was displayed by strains 

examined by Sokolova and Karavaiko (105). Cell dimensions a re 

similarly in agreement with published d a ta. The strain 

isolated from the biological filter had dimensions of n.2 -
l.5)x (0.3 - 0.5) microns . Organisms isola ted by Sokolova 

and Karavaiko (105) possessed the dimensions (1.0 - 1.1) x 

~.45 ~ 0.5)microns, while those described by Parker and Prisk 

(85) measured (1.0 - 1 . 5) x 0 . 5 microns. The observation of 

cell multiplication by transverse division is similar to that 

reported by Sokolova and Karavaiko (105) for Th . thioparus . 

Th . thioparus isolations made in conjunction with the 

filter tempera ture change of 21 to 31°c indicated that the 

change initially affected the metabolism of thiosulphate by 

the organism (Table 5.1). This was inferred from the length 



of time taken to achieve the expected t u rbidity, sulphur 

deposition and pH d ecrease in Beijerinck's medium . The 

organism s isolated one day follo wing the 10°C change re quired 

the longes t tim e to display metaboli c a ctivity, the medium 

becoming turbi d six days af t e r inoculation. These results 

diffe r ed from those obtained wi t h organisms i solat ed one day 

before, and 14 days after, the temperatu r e chc:.nge . 'rh, 

thiopa rus i s olated before the change , de v e loped turbidity 4 
days after inoculation, while the l at t er isol at ion sho wed 

tur b i dity one day follo~ing ino c ul a tion. De c rease s i n med ium 

pH f o l lowed a similar patter L , wit h the slowest decrease 

r ecorded in the sample isolated one dny follo wing the change . 

The above r esults may be linked to those obtained in th e 

filter by conside ring t he modes of metabolism of sulphide a nd 

t h iosulphate . Assum ing that sulphide me t abolisn changes 

follow s i mi l a r patterns to those of thiosulphate me t abolism, 

the biolo gic a l fil ter r esults (Fi gure 3 . 1 2 ) dem onstrate that 

th e s u dden change in filter sul phide r emo v a l par a lleled a 

decr ease in Th . th iopa rus a ctivity. This assurnf;t ion is 

justified by th e pathway for thiosul phate me t abo lism, pr esented 

by Vi shniac and Sante r (1 25) , i n wh i ch thiosulphate i s 

converted t o su l ph i de pri or to entering t he c ell . The conver s ­

ion i s a ccomplished by enzymes pro bably located on the cell 

s urfa ce . The su gges tio n of sulphur reduction at the c ell 

s urface was in agre ement with t he earli e r fi ndings of Su zuki 

and Werkman (116 ). S t a rkey (113) put forward the hypothes is 

tha t sulphur compounds enter the cell only in the form of SH 

groups. Fi gure 1.1 indicates that the sulphur in fellmongery 

waste is l a rgely present in this form. 

Th . thioparus cultures from Beijerinck's me dium were used 

to inoculate pure sulphide and fellmongery waste solutions of 

varying pH, in order to determine the ability of the organisms 

to metabolise sulphide. Figure 5 . 1 demonstrates that sulphide 

was utilis e d more easily by the bacteria in the waste solutions 

in contrast to that of the pure sulphide solution controls. 

Greater sulphi d e removal rates were achieved a t a waste pH of 

9.75 compared to those obta ine d at pH 8.95 . The initial pH 



86, 

of the isolat ion medium 9 ,50 , may ha ve influenced this result . 

Sokolova nnd Ka r a voiko (105), however, reported data which 

correlated the me t a bolism o f Th . i_h~_9.D2_I'~ \'!ith pH cha nge . 

Op timum a ctivity l ay in the pH r a nge 7 - 10 for one strain , 

whil e the narrov· r a nge .:-i f pH 8 .5 - 9 . 8 was r equired by unothe r. 

The o p timum act i vi t y f or the lat te r str a in tended to the 

h i gher e nd of t he pH r~nGc A These r~sul t s com pare favoura bly 

with the pr esent fi nd i ngs , who r e the h i ghes t r a te of elimina t ­

ion of sulphid e oc cur~ed a t pH 9.75 . 

Initi al a nd fi nal s ulpha te co ncent~Ations indica t ed tha t 

s ulphide was oxidi sed to sulphn t e in the inocul :•t ed waste 

s olut ions during t he incubation pe riod . Thi s was not observed 

in the control f lasks . Na t hansohn ( 81) 7 Beij erinck (13) , 

J a cobs e n (~9 ), Vishnia c (125), a nd ookolova a nd Karavaiko (105) 

h a v e demonstr a t ed t ha t s u lphat e i s the e nd product o f Th . 

thiop_9.r~ s ulphide ~e t~bolism . S values o f 0 . 87 - 0 .96 , 

o b t a ined f or t he in0culated waste sampl0s 1 correlated with 

t h ose o f the batch filt e r op e r at i on, o.42 - 0.93 , shown in 

Tabl e 3 . 2 . Thi s s trongl y sug;r,es t eJ that Th . t hiopa rus wa s 

r esponsible for s ul phi de r emov ql in t he b iofi lt r a ti on of f e l l -

mongcry was t e . 

A p H decrease a ccompani es the f o r matio n of sulphate whe n 

Th. thiope r us oxid ises s ulphide. Th e da t a of Tabl e 5.3 
ind icat e that a gr ea t e r pH d ecrease occur r e d in flask~ with 

inocula o f Th . thioparu~ compa r ed with t he pH decrease of the 

control was t e fl a sks . The pH d ecrea s e o f both sys tems was 

c a use d by lime pre cipita ting from the wa ste . The high sulphate 

concentrations account for the slightly lower pH of the 

inocula ted flasks . Sokolova and Kara va iko (105) presented 

d a ta which confirm the above findings. 

As anticipated , no difference in sulphide removal rates 

between control s and inoculated flasks was appar ent with the 

pure sulphide solutions . The absence of l a r ge sul phate 

conce ntrations indicates that Th . thioparus did not utilise 

the sulphide of this sy~t~~ ~T2 ~1 ~ 5.2). Fi gure 5 .1 depicts 



a reduction in sulphi de concentration duri ng the incubation 

period . This r educ tion may be attributed to a chemical oxidat­

ion by dissolved oxygen. Values of S obtained for the pur e 

sulphide solutions of this experiment were in t he range 2 . 3 -

3 . 1~ . They were simila r to those fo und for t he ae r ation of 

s i milnr solutions in the f e r ment e r studies: 2 . 4 - 2 . 6 (Tabl e 

l• . l) . The pH decrease s ho wn for all samples (Tabl e 5 . 2) i s 

attri buted to the slight increase in sulphate concentro tions . 

Since ni tro gen a nd phosphorous sourc e s were absent , autotrophic 

metaboli sm could not proceed , and Th . thiopa r us was unRble t o 

utilise the sulphide~ 

5 . 4 . 2 Thiorhodaceae I nvestigations 

The pr esence of Thiorhodaceae was detected only during 

tho continuous operation of the fil ter when a r ed colour was 

observed in t he recirculation line . Espino ~nd Gloyna (36 ) 

reported thi1t these pho tosynthetic sulphur bacteria impart a 

r ed colour~tion to t heir envi ronment . They stated that the 

coloura tion may be used to indica t e t he presence of the 

or ganism . Bavendamn (9) su~gested thRt t he habitats of these 

microorganisms be divi ded int o three groups . Of these, the 

first group b e d escri bed included sulphide - beari ng wat e rs 

with a constant chemi c al composition and constant t emper ~ture , 

and in \Jhich purple sulphur bacterin ~re found in abund&nce . 

Thi s environment closely corr esponds to thnt provided by the 

recycled liquors of t he biological filte r tre~ting fellmon gery 

WRS te. 

Van Niel (121) divided the Thiorhoda cea e into two groups . 

The first group exhibit a ctivity in the pH r a nge 8.4 - 1 0 . 5 , 

and Rn H
2

S concentration range , 150 - 200 mg/l , wherea s the 

s e cond group tolera te a wider pH r ange , 6 . 5 - 9. 5 , but lower 

sulphide concentrations. Van Niel noted tha t when the H2S 

concentra tion increased to 150 - 200 mg/l, the latter group 

only grew within a pH range of 8. 5 - 9 . 0 . The speciee 

prolifera ting in the filter recircule tion line would qualify 

for Va n Niel ' s second grouping , since a low sulphide concentra t ­

ion and a pH of 8.5 characterised the recycl ed liquors. 
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The organisms were isolated in vnn Niel's med ium for 

purple sulphu r bacteria . Growth of the organisms w~s extremely 

slow in the isolation medium - two weeks passed before the 

medium was completely red . 

Gram-staining of pure cultures obtained revea led tha t the 

isolated organism was a Gram-negative , encapsulated bacteria . 

A slimy membrane enclosed t he cell, and in many cases 

encapsulated up to 3 cell aggregates . Or gQnism diameters 

a ve raged 1 - 4 microns. This range of diameters compa res 

favourably with a similar r a nge presented by Kondrat ' eva (63) 

fo r aggregating purple sulphur bacteri a . Morphological 

cha r a cteristics were similar to those describ ed by Winogradskyi 

(130) a n9 those presented by Kondrat ' eva (63) from the micro ­

graphs of Schlegel and Pfenni g ( 99 ) for an aggrega ted 

Thiorhod a ceae genus. Van Niel (121) reported that this ge nus 

wns termed Ameobobacter in th e Seventh Edition of Ber gey's 

Manual (14)o 

Observations ha ve demonstrated tha t l a rge cell aggre gates 

a re found primarily in media with a high alkalinity (63) . 

This is consistent with the environm ent in which the isola ted 

species gr ew . The bic a rbona t e a nd carbona~alkalinities 

which are present s ~ tisfy the essential mineral requirem e nts 

of the organism (63). 

It was apparent tha t Thiorhodaceae only developed in the 

recircul a tion line interior , whereas Th. thiopa rus popul a ted 

the entire system . Since sulphi de utilisation studies of 

these photosynthetic organisms were not attempted, it is 

impossible to es t ablish their contribution to the removal of 

sulphide from the waste . However , their presence indicated 

some degree of sulphide removal . Sulphide r emoved from the 

waste by these bacteria is stored intracellulary as sulphur 

granules . When sulphide concentrati ons decrease, these gr anules 

are oxidised to sulphate and released from the cell . Espino 

and Gloyna (36) indicated that the red colour associated with 

the growth of these organisms is correlated with a decrease in 

both sulphide concentration and cellular oxidation of internally 



stored sulphur granules. A brown c olour occurred at high 

sulphide conc entrations which was said to ch&racterise 

in~racellular sulphur storage. The se findings were obtained 

from a was t e s t a bilisa tion pond inves tigat ion . Howevor, the 

me t abolic phys iology of Thiorhodaceae is unlikely to be 

influenc ed by the type o f treatment system operat ed. The 

observationa of Espino a n d Gloyna (36 ) suggest tha t the 

purple s ulphur bacteria were possible inhnbitants of the 

system p~~or to their de t ectione 
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6 . GENERAL DISCUSSION 

The important asp ec ts of the preceding three cha pters 

are integrated in this discussion to provide an overall 

interpreta tion of the biological filtration of fellmon~ery 

waste . Emphas is i s placed upon the influence of s ulphi d e 

on the process, and the mechanism of its removal during 

treatment. 

Sulphide remova l me ch ani s~s were investigated with the 

aid of three series of experiments:-

(1) The e ff ect of a l0°C temperature increase on the 

effluent s ulphide and sulphate conc entr a tions 

of the biological filter. 

(2) WRs te aer a tion studies in a ferme n ter, to evaluate 

relat ive rates of sulphide oxi da tion by biolo gica l 

mechanisms . 

(3) Microbiological inve s ti gat ions involving t he 

implic a tions of sulphur-oxidising bacteri a in the 

b iolo gical filtration of fellmongery was tes. 

Th e f ir s t experiment was conducted during the continuou s 

operation of t he filter at 21°c and the effect of a subsequent 
0 

10 C step change observed . Result s tentati vely indicated a 

biologi c a l me cha nism of s ulphide removal. Had a c hem ical 

me chani sm predomina ted, constant sulphide and sulphate (if a 

chemic al oxidation product) concentrRtions would ha ve 

characterised the efflu ent for constant values of the operating 

variables. This was contrary to that a c hieved. 

Microbiological experiments were carried out in 

conjunction with the filter temperature change. The lit­

erature reviewed indicated that Thiobacillus thioparus was 

the sulphide-oxidising organism most likely to inhabit the 

filter envi ronment. This organism was isolated and identified 

from the biological filter. Isola tions of this organism 

prior to, a nd after, the filter temperature cha nge, revealed 

that the organism meta bolism was altered by the change . 



The Th . thioparus metabolic changes correlate with the 

decreased sulphide utilisation and the decrease in effluent 

sulphate concentrat ion experienced after the tempera ture 

change - the decreased metabolism in Bc ijerinck's medium 

paralleled the decreased sulphide ~1~ ~nation from the system . 

The previous experiments did not indicate whether Th . 

thioparus could metabolise the sulphide of fellmongery waste . 

Bei jerinck's med ium employed thiosulphat e as the substr~te , 

and consequ ently provided limited data on the use of sulphide 

as a substrate. Inocul3tion of fellmon gery waste samples 

with Th. thioparus increased the sulphide removal rates from 

solution . Sulphate was the terminal sulphide oxidation 

product of Th. thiopa rus. 

9lo 

In the se cond series of experiments, samples of fellmongery 

waste were aerated in a fermenter. Some of these were 

inocul ated with column biomass . Sulphide removal rates were 

taken as a meRsure of the difference in the degree of su lphide 

oxidation between the inoculated s~plos and those that we r e not. 

R8tes obtained in the fermenter were a ccompli shed at a KLa 
-1 

value of 311 hr • KLa values for the filter ranged from 5 .1 
8 -1 

to .55 hr • The higher value of KLa for the fermenter 

indicates tha t oxygen a vail~bility was not a limiting f~ctor 

in the oxida tive mechenism in the fermenter studi e s. Chemical 

oxidations in these investigations were markedly lower than 

corresponding biological rates (Sections l+.3.3 and 4. 3 . 4) . 
Excellent sulphide removals, 90 . 5-100%, were achieved in the 

filter over the recycle ratio range 5 :1-35:1. Oxygen transfer 

in this case was lower than th~t shc• :n for the fermenter . This 

enhances the possibility of a biological mechanism of sulphide 

oxidation in the filter . The fermenter experiments also 

demonstrated that sulphate was not the end product of chemica l 

sulphide oxida tion. Had chemical sulphide oxidation occurred 

during the biologi c al filtration of fellmongery waste , effluent 

sulphate concentrations would have been considerably lower 

than those obta ined. 
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The biological filt e r oper a tion was characteri sed by two 

modes of microbial metabol ism - heterotrophism a nd auto­

trophism . Heterotrophic metabol i sm was reflected in the BOD/ 

COD decrease of t he waste, whereas biological sul phide oxidn t­

ion s uggested a n a utotrophic metabolism. An important 

produc t of heterotrophic metaboli sm is carbon dioxide r esult­

ing from orgunic matter oxidation . 

Sokolova and Karavaiko (105 ) reported that carbon diox­

i de provides the sole c a rbon source for the sulphur-oxidising 

b a c teria . The "mixed - culture" natur e of the biologi c <:!l film 

of the filt e r sugges ts tha t heterotrophically proJuc e d c a rbon 

d i oxi de would occur in Rn environm ent popula t ed by au t o trophs . 

Thi s c a rbo n dioxide would be readily a va ila bl e t o the sulphur­

oxidising bact eri a . The descri bed situation would preclude a 

gas eous di ffusion into the r ecycled li quors , wi th subsequent 

absorption back to the film for nutot r ophic m e tabol is~ 

requirements . Saseous diffusion through adjac ent microbial 

membranes could possibly hav e occurred . Thi s woul d imply 

that t he met :::bol i sm of t h e ,,utotrophs was linked to th< t of 

the hetcrotrophs . The pr evious comments do not consider the 

possible r ole of a tmospheric carbon di'"'·: i dc in the proce ss . 

It i s postulated t hat the most r eadi ly a va ilab l e carbon 

dioxide source would be more likely to be involved in the 

a utotrophic process. 

No published du t a r e l a t ing to the influence of sulphide 

concentra tion on carbon dioxide assimila tion was revealed . 

Figure 3. 8 indicates tha t optimum COD removal l a y in the 

s ulphide concentration r ange 90- 110 mg/l . This sulphide 

concentra tion ma y h a ve provided optimum energy for Th. 

thiopa rus c a rbon dioxide assimila tion . Lowe r concentrations 

would not have met the e nergy demands of the popula tions , 

with resulti ng lower growth rates , and associated decreased 

carbon dioxide utilisationo This postulated situa tion ma y 

have a ff ected the metabol ism of the heterotrophs , with a 

r esulting decrease in organic matter degradation. Concen­

trations a bove 110 mg/l possibly exerted a me tabolic toxicity 



on the heterotrophs. This would account for the decreased 

COD removals exhibited . 

The energy yiel~ed from a utotrophic sulphide oxidat ion 

is used for the synthesis of cellular material . Carbon 

dioxide acts as th0 carbon source. This process is depend ­

e nt upon e nvironmental factors such as pH, temperature, redox 

potential and mine r al content of the medium (105). Optimum 

pH for the mct~bol i sm of sulphide by ~£. th~~~:~ is 8 .5-9.8 
(105), which is maintained by th e waste liquors recycling 

througn the system. They also act as the source of nitrogen 

and dissolved oxygen. 

The role of carbon dioxide in the system is masked by 

several other mechanisms . Dissolved air and a lka linity 

re a ctions provide additional carbon dioxide . The r e lative 

contribution to the total carbon dioxi de concentration of 

the liquors, by the diffused a ir, would be minimal. An 

atmospheric c a rbon dioxide concentra tion of 0 . 03% results in 

low diffusion rates. In addi tion to autotrophic utilisation, 

carbon dioxide may be elimina ted from the system by two 

further mechanisms. Carbon di oxi de exhibits the ability to 

neutralise t he lime component of the waste . Carbon dioxide 

in solution is converted to carbonic acid, which re a cts with 

the lime to give calciu~ carbonate. Lijklema (70) reported 

that c a rbon d ioxide may be lost from solution by a desorption 

process, which involves air stripping of carbon dioxide from 

the wasteo 
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Isola tion of Thiorhoda cea e from anaerobic s e ctions of the 

recircula tion line demonstra ted that Th. th~oparus was not the 

sole biological agent of sulphide oxida tion. Thiorhodaceae 

developed when continuous filter operation wa s commenced, 

suggesting tha t growth was f a voured in a steady-state 

environment . Van Niel (121) showed that carbon dioxide was 

the sole c a rbon source for this group of organisms. As with 

Th. thioparus, carbon dioxide utilisation is linked with 

sulphide oxidation to a chieve synthesis. The metabolic 



difference between the two groups is in the use of sulphide 

by Thiorhoda cea e as n carbon dioxide reductan t . The r eac tion 

is charact e rised by c photosynthetic catalysis , nnd Rn 

a bse nc e of oxygen . 

Thiorhodn c eae we r e loca ted beneath n surfa ce sl i me layer . 

The met~bolism of organisms constituting the s lime would 

provide a c a rbon dioxide sourc e for t he Thiorhodaceae . 

Sulphides were present in the recycled liquors , a nd would 

ha v e r eached the Thiorhoda ceae by diffusion through t he outer 

slime layer . 

The previous disc ussion highl i gh t s the intric2te carbon 

dioxide nnd sulphide p~thways t hnt ma y h a ve been oc curring 

within t he biological fil te r whe n treating fellmongery was t es . 
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CONCLUSIONS AND RECOMMEND ATIONS 

Conclusions 

Fellmongery wa ste i s a compl e x ef f luent resul t ing from 

the pr e para tory processes in the t a nning o f p elts. It is very 

difficult to char a ct erise . 

The b iologic a l filt e r investiga ted, whe n tr en ting f ell­

mongery wa s te, compa res f a vour a bly with othe r r e ported s ystems . 

For r e cycl e r a tios in t he r a nge 5:1 - 35 :1, t he follo wing were 

a chi e ve d :-

(1 ) 57 - 67% COD r em ova l 

(2) 90 - 100% sul phid e r em ov a l 

(3 ) 27 - 45% nitrogen r emov2l 

(4) pH r educt ion from i ni ti a l va lue s in t he r nn ge 

10 - 11.5 , t o the r ~nge 8. 05 - 8 . 55 

COD r em ova l s we r e una f fe cted by c h ~nge i n influe nt pH. 

Ma ximum COD r em ova l was a ch ieved in a n optimum s ul phi d e 

conc e ntr a tion r a n ge 90 - 110 mg/l. 

Th e me c hani sm of s ulphide oxi da t ion in a biologic a l filt e r 

h a s b ee n inves tiga t e d by othe r workers wit h inconclusive 

results . Th e se studies tended to show tha t sulphide removal 

was a ccomplished by a biological oxid a tive mecha nism , r a ther 

tha n by a chemic a l oxidation. The sulphur-oxidising bacter~a , 

Thiobacillus thioparus , wa s primarily responsible for the 

biological oxida tiono Sulphide wa s converted to sulphate by 

an incompletely defined mechanism . 

The effluent pH decreased a s a result of the presence of 

sulpha te a nd the remova l of lime by carbona tion rea ctions . 

The l a tter mechanism appea r e d to be the most signific nnt one. 

Batch opera tion is marginally superior to continuous 



operation on the basis of COD removal, where batch operation 

is considered to be 8 hour/day per 5 day week. 

Biological filtration offers consi derRble potential a s 

a method of trea ting fellmongery wastes . 

Re commendnti on s for Further Work 

It is suggest ed that future studies be directed at :-

(1) Evaluating the relative contributions of the packed 

filter and that of the sump to the overall perfor m­

ance of a system similar to that descri bed . 

(2) Confirming the relationship between the autotrophic 

and heterotrophic populntions in a biological filt e r 

treRting fellmonge ry waste. 

(3) Evaluating the influence of th e components of fell­

rnongery waste on the metabolism of sulphide by 

Th . thioparus. 

(4) Examining the role of Thiorhodaceae in the biological 

treRtment of fellmongery wastes . 
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TABLE A. 3 : BIOLOGICAL FILTER - PI:cr FL~NT RESULT~ - 8 HOU~ FB~D 

Operating Variables Influent Effluent 
I 

I Date 1 Time j I ! R ! C Te : COD pH s- so-
4 

p T N COD nH G-
• I . so4 ' P T 

1
1973 i hr I mls/min °c mg/l 

8,.t 10. 52 137 I 1987 13 . 5 :1 21 3350 9~85 100 
n . I 14 . 05 I 137 ! 1990 t 1 3,5 :1 21 , 3320 9.85 105 i 9 .1 11005 135 I 2165 15 ~ 1 21 3560 lo.oo io5 
II 113.55 . 356() 9 ,. 9Q 105 

j 1 0 .1 I' llo05 j 1331· 1990 I 14:1 24 i 3400 · 11 .. ?0 79 
II 13 .55 I 3400 lL-35 80 

' 
mg/l 

412 1280 
426 1540 I 

542 1680 I 

47~· 1550 
G90 ~.560 
?10 1680 

l 11 .. 1 111 .. 05 I 137 I 2190 . 15 :1 22 3990 10.90 95 
II 14.05 137 2200 15:1 22 3940 10080 j 95 1 

12 ~1113.55'137 I 2200 15 :1 20 3840 ~1 . 05 66 

380 1340 
346 1200 

j 15 .1 i ll e1 05 I 136 1 2100 
1 
14,5 : ). 20 I 2700 11.05 : 67 

I II I 14~00 '136 . 2100 . 14.5:J 20 I 3150 11. 00 I "7 
1 17.1 : 11 .,00 '136 12100 . 14 5 :1 21 I 4300 10c25 i 64 

11 I 14e20 I 136 . 2100 1 14.5 :1 21 1 4310 j_0,30 I 64 
19.1 10c30 1 136 I 2100 14.5 :1 21 3580 :i.l.25 ! 125 l 23.1 15 .. 00 ! 135 I ?.025 · 14:1 21 . 2580 11,15 ; 125 
24 . 1 13.00 I 136 2100 14.5 :1 I J9 2210 10.80 ! :co 

I 11 115.,00 I 2210 10~70 100 
'26.1 10 . 15 I 136 2100'14.5:1 ~ 20 2750 10.,90 115 

II 13.25 I I ~ 2900 10c95 115 
II 115 ~30 ' . j 2800 10.95 ; 115 
" 

116 . 50 
1

1.;612100 . 14.5:1
1 

20 I 2950 10 .. 95 t Jl5 
7.2 llloOO 1

1
135 1

1

3600 1 25o7 :1 21 1640 11 0 15 G6 
II 15 .. 00 135 3600 25o'? : l 1 21 ' 1640 11.10 65 

8 . 2 ,14.50 135 3600 25.7 :1' 22 2040 i:..35. rJ? 
, 9.2 il3o30 135 I 3600 25 . 7 :1 22 4500 llo40 92 
:13.2 ;11.30 135 I 3600 25~7 = 1 19 4350 10e85 92 

II 14 ~ 15 135 3600 25,7 :1 19 4750 10.9() 92 

. 505 1320 I 
454 1170 I 
400 ' 1140 " 

30 .. 357 i:.90 
32 , 350 I 1180 ' 
56 . Boo 1820 
57 520 1460 
63 3~5 1110 
G8 335 1090 1 
70 '~70 1 1200 I 

78 I 470 12()0 : 
74 l 460 1200 : 
77 ' 465 . 1 210 • 
73 285 I 1120 
73 I 363 J.470' 
83 . 1 72 965 

.103 I 570 ~t.450 
108 ~ /, 94 ::.400 
108 1+65 1440 

m~/l 
-L-

mg/l 

720 8~20 0 
830 ; 8.,60 0 1' 

:'.230 ' 8'35 0 
1180 . 8., l~O 0 

o I 628 
I 36 630 
I 0 680 

1160 ' 8025 L~ I 
1310 8.35 7 I 

1360 8,35' 0 I 

1480 I 8,35 0 
16f.o 8,4o o 
1200 . 8 .. 40 0 
1280 8.40 7 
1300 : 8, .35 . 0 420 l 
18 1~0 ' 8 .,35 7 I 390 1 

1420 ' 8 O L.5 I 7 i 1+80 i 
1500 I 8040 6 I 450 t 

I 1520 8 . 45 4 1470 I 

1400 I 8 .. 55 5 ~ 450 
I 1 )80 I 8 .. 50 7 I 500 I 
1'~70' 8~50 I .LO '450 I 
1 2 30 '1 8 • 1+ 5 ' 7 I ' 

1190 i 8.~ol 7' I 

770 8.65 3 450 
j I ; 

750 8.75 3 ; 425 
735 ' 8,80 2 I 480 

1000 8~80 0 I 470 
10~0 . 8~70 4 ~ ~30 

400' 1370 8.70 . 9 ,420 

0 740 
0 750 
0 '190 
0 ?40 
0 740 
0 730 
0 770 
0 750 
01800 
0 800 
01850 
0 550 
0 990 
QI 900 
0 ! 830 
0 800 
0 i 830 
o I 840 
o I 480 
0 I 500 
0 j 452 
0 I 470 
0 480 

48 550 

N 

I 

j 

i 
I 
I 
I 
I 
I 

I 
I 
I 
I 

l 

I 
280 



TABLE A. 3: BIOLOGICAL FILTER - PILOT PLANT rtESULTS - 8 HOUR FEED (CONT . ) 

14. 2 1 14 . 30 1135 I 3600 : 25 . 7 :1 ~ 22 : 4400 : 10. 85 125 ; 110 400 1300 : 590, 1470 8 . 35 3 . 500 
15 . 2 I 15 . 50 r 135 j 3600125 . 7 :1 ' 21 : 4950 10 . 65 , 100 ; 61 635 1440 i 240 ; 1550 ! 8a30 I 0 l 450 
26 . 2 i 14 0 10 I 135 I 4795 34 . 5 :1 : 24 : 2400 ! llo45 . 50 ~ 89 11900 2640 i , 900 ! 8 . 70 0 I 430 
27 . 2 i 14030 I 136 4835 I 34 . 5:1 I 231 4270 : 10 . 95 : 77 . 100 : 510 ' 1340 445 ! 1310 I 8 . 30 ., 0 1420 
28 . 2 ' 09.15 , 136 4835 I 34 . 5:1 I 23 '1 4250 i 10 . 95 ' 65 I 81 ! 490 I 1310 ! 1380 i 8005 0 I 525 

" 14 .15 I 136 4835 ! 34 .5 :1 I 23 . 4200 I 10,90 ' 65 80 l 445 I 1260 ! 470 1590 I 8 . 30 0 500 
1 .3 14015 1136 ; 4835 i 34. 5 :1 : 25 ~ 3680 : 10075 '. 68 ' 77 ! 344 1 1040 1427 1490 18 . 30 i 0 430 
2 . 3 14 .15 I 136 ' 4835 , 34 . 5:1 I 25 I 3900 : 10.90 I 62 751 500 1190 430 i 1500 8.30 I 0 420 
5 . 3 14.15 ' 136 r 4835 34 . 5:1 · 24 1 4940 , 10.85 : 75 , 77 , 443 1310 1 510 , 1470 ! 8 . 55 o 1 500 
6 ,. 3 13.30 ! 136 1 4835 34.5 :1 I 22 I 3720 I 10. 60 . 63; 74 j 42011210 I 440 : 1540 '8 .45 0 i 520 
7 . 3 13.0011136 . 4835 34.5: 1 1· 20 ., 3930 ' 10.80. 68 67 ·1 393 1140; 426 i 1680 I 8.,35 0 j' 480 
8 . 3 13 . 15 136 i 4835 34 .5 :1 21 ! 4210 ! 10 ~ 95 68 ; 70 384 1140 i 466 1700 18 035 0 490 

I 22 . 3 09 . 00 
1

137 ; 800 4 . 9 :1 I 21 1 1730 , 10.80 88 25 · 334: 1030 I 216 : 685 1 8035 5 465 
1 

11 10 000 ; 88 I 1 l ' [ I 7 I 11 11 0 00 1 I l : 88 I ! I l i I 8 
i II 14000 I I I 88 I i . I 10 

" 17000 137 800 4 . 9 : 1 2111600 110 .651 88'. 30!3001 835 j 2101 765 1 8 .. 40 15 390 
23 . 3 lo.oo 136 8101 5.0:1 21 l 2500 1 10~95 88 30 332 920 i 317, 970 8 . 35 4 400 
26 . 3 09 . 15 135 810 5 . 0 :1 21 !I 2400 ' 10 . 90 77 l 30 394 920 1· I 590 8 . 40 0 455 

" 11.15 : I 2460 10.85 i 177 . 30 i 380 925 I 230 I 1060 I 8 ~ 45 4 435 
II 13 . 20 I ! I 2400 . 10.90 77 . 30 ' 335 930 I I 1170 i 8 .. 50 5 430 
II 17. 05; 135 '1 'tJJ.O ! 5o0:1 . 21 , 2460 10,.95 ~ 77 30 I 354 900 ! 1130 I 8 . 45 9 400 

i 27.3 12 . 20 1 136 810 5.0:1 21 : 2530 11.00 ! 91 40 I 383 980 : 1130 I 8 . 45 6 l 400 
II 17 .. 05 136 ' Gl O 5.0:1 21 I 2580 1L05 i 91 . 39: 334 940 ! 260: 2000 8 . 65 19 390 I 28 . 31

1
· 12 . oo 136! S].OI 5.0:1

1
. 21 1' 2620 . 1i.20 1102 ' 4o 

1 

48oi 960 J 276 
1

1730 8.45 9 420 
j 11 . 4 10 .. 30 1136 1 1395 9.3 :1 21 ! 3140 11.05 105 1 32 413 11 980 I 273 416 • 8 . 45 j Q 390 

I 
11 I 13. 00 136 

1 
1395 9.3 :1 I 21 t 2950 i 11.05 I 105 ' 36 : 400 1050 ! l 630 ! 8.55 3 1375 

18.4 13000 1· 136 I 1395 I 9 . 3 :1 / 21 i 2910 : 10 . 85 ! 105 i 23 I 344 I 935 I 276 . 1050 ! 8.50 I 2 490 
. 19 . 4 17000 136 l 1395 1 9.3:1, 21 , 2330 ' 10a65 • 70 23 1 285 I 8051300 1170 i 8 . 20 l 8 I 490 
i 20o4 1 17.,00 , 136 1 1395 : 9.3:1 '. 21·2500,10.75 , 92 : 25 290, 905 290 1000 J 8.35 ! 9 ! 490 
• 21 . 4 16.oo : 136 1 1395 ! 9 . 3:1 ; 21 ' 2900 10 . 85 · 97 29 : 310 • 910 i 310 · 985 i 8.45 · 6 : 485 

0 500 I 330 I 
I 0 750 177 
: 58 605 : 
., 0 600 284 

0 630 l 
. o 635 I 324 

0 ! 665 l 314 
0 I 775 I 330 
0 705 350 

' ,') i 750 339 
0 I 715 343 I 

0 ' 740 342 
o : 620 I 157 

I 
0 I 680 11140 I 
o I 590 247 
o I 595 
0 I 628 I 205 
6: 590 I 
0 ll 610 
0 384 I 

o I 578 i82 

0 :1 555 161 
0 305 85 
0 324 
O I 443 I 159 

0 1510 1' 178 1 
0 500 185 
0 i 480 I 200 ! 

I ! l 



TABLE A. 3 : 3ICL03ICAL FILTEi.< - PILOT PI.ANT RESULTS - 8 HvUR FEED (CONT . ) 

I = Feed rate to syst~m p = Phenolphthalein Alk~linity (~G C~C07.) 
:; 

R Flow to filter surface "" = Total Alkalinity (as c~co 3 ) = ~ 

c = Recirculation r~tio Te = Temperature 

s= = Sulphide !~ = Nitrogen 

so4 = Sulphate 
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APPEN:JIX 4 

Sample calculations for COD appli ed and COD r em oved 

(1) For bat ch fi lter loading (8 hour feed) - Table 3.1 

Consider COD results of 17.1-73 

= 4305 mg/l 

182Q mg/l 

Mean influent COD 

Mean effluent COD 

Feod rat e (influent) 

Filter volume 

= 
= 

1 36 ml/min = 80 1 5 l/hr 

0 .163 m3 

'I'ake unit "rl ay " ns 8 hr" 

Hence COD applied 

= - 6 8 8 4305 !!fl x 10 g x 1 1 x . ol5 1 x h r 
1 mg Ou l 63 ;'.) hr day 

~ 

= 1.72 kg/mJ<lay 

Effluent flow rate is equal to influent flo w r Rte , 

Hence COD diGcha r gGd 

= 8 X 10-6 k 1 20 !!!.8'. :~ x 8 .15 _! x 8 hr 
J_ ill[; 

= 0.,73 kg/m3 .day 

COD remove = COD applied - COD d ischarged 

(1.72 - On73 ) k g/m3 .da y = 

= 0.99 kg/m 3 .day 

(2) For continuous filter loading - Table 3ft5 

Consider COD results of 28.5.73 

Influent COD 

Effluent COD 

Feed r a te (influent) 

Filter volume 

Unit "day 11 is 24 hr .. 

= 
= 
= 
= 

Li "00 mg/l 

1560 mg/l 
l 
68 ml/min 

Ool63 m3 
= 

hr day 

4 .08 l/hr 



APPENDIX 4 (CONT .) 

Hence COD applied 

4-000 !!?.£ 
1 

-6 x 10 kg x 1 
mg 0 . 163 

1 x 4 . 08 _l x 24 hr - -z, 
m-' hr day 

= 2.40 kg/m3 . dey 

Effluent flow is equal to influent flow r a te 

. · . COD discharged 

= 1560 !!!ii x 10-
6 ~ x 1 1 x l+ . 08 1. x 24 hr 

1 mg 0 . 163 ;;i"3 hr day 

3 = 0 . 94 kg/m .day 

COD applied = 
., 

(2.40 - 0 . 94 ) kg/m- . day 

3 = 1.46 kg/m . day 
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Sample calculation of s . 

s = 
sulphur removed as sulphide 
sulphur increase as sulphate 

Consider sulphide and sulphate measurements of 19 .1 . 73 for the 

batch filter loading (Table 3 . 2) 

Influent sulphide concentration 

Effluent sulphide concentration 

.·. Sulphide removed 

= 

= 
= 

125 mg/l 

7 mg/l 

118 mg/l 

Since sulphide has a similar molecul a r weight to that of 

sulphur (32 . 06 ), 
Sulphide removed as sulphur 

Influent sulphate conc entration 

Efflue nt sulphate concentra tion 

.·. Sulphate removed 

Mole cular weight of sulphate 

••• Sulphate removed as sulphur 

S = 118 (mg/l) 
142 (mg/l) 

• 

= 0 . 83 

= 424 

= 118 mg/l 

= 56 mg/l 

= 480 mg/l 

= 424 mg/l 

= 96 .06 

!!!ii x 32 . 06 
1 96 .06 

= 142 !!IB 
1 
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TABLE A. 6: BIOLOGICAL FILTER : - FILO'r FL J\.NT RESULTS - CONrINUOUS FEED 

i D Ir Operating Variables / Influent Efflu ent 
I ate 1 

I
I 1973 I I i R ; c j Te i BOD 

I I ! . 
T BOD i COD 

i--:;- I 

! pH 
1 
s- l so4 1 P 

I I ' - . -! COD i pH jS I S04 p I T 

I 
ml/min j 

I 28 . 5 68 900 
j 29 . 5 68 900 

30 . 5 . ·67 900 
1 . 6 . 67 900 
2 . 6 68 900 
5 . 6 67 900 

I 7 . 6 67 900 
8 . 6 67 900 

12 . 6 68 900 
13 . 6 68 900 
14.6 68 I 900 
16 . 6 68 900 
18 . 6 68 I 900 
20 . 6 68 900 
21 . 6 I 68 900 
22.6 I 68 900 
26.6 I 68 900 
29.6 68 I 900 

9 . 7 68 , 900 
10 . 7 68 900 
11 . 7 68 , 900 
12 . 7 I 68 900 

12 . 2:1 
12 . 2 : 1 
12 . 2 : 1 
12.2:1 
12 . 2:1 
12 . 2 :1 
12 . 2:1 
12 . 2 :1 
12 . 2:1 
12 . 2:1 
12 . 2:1 
12 . 2:1 
12 . 2:1 
12 . 2 :1 
12 . 2:1 
12 . 2:1 
12 . 2 :1 
12 . 2 : 1 
12 . 2 :1 
12 . 2 :1 
12 . 2:1 
12 . 2 :1 

0 I : I 
C mg/l mg/l mg/l ' mg/ l I 

, I ------+ 
21 i 4000 10 . 25 ! 66 i 12 196 : 925 . 1, 1560 ,. 8 . 25 
21 I 3720 

1
10 . 45 I 91 ,. 13 265 : 955 i 1960 . 8.05 

21 1760 I 4500 . 10 . 25 1110 12 I 27511 200 I 720 ! 2020 8 . 20 
21 I 3720 J 10 . 00 · 97 1 19 206 11030 I ! 2000 8 . 25 
21 1150 I 3560 110 . 20 97 I 19 246 j1120 I 960 1, 1950 8 . 20 
21 1180 I 3160 I 9 . 95 831 9 . 196 ' 900 l 690 I 1590 , 8 .25 
21 1350 I 3560 ! 10 . 25 89 10 ! 200 11000 i 630 \ 1 480 8 . 25 
21 1400 3750 : I I 500 11490 
31 1170 2870 j 1i.20 ; 102 1

1 7 . 405 1240 290 I 995 I 8 . 45 
30 I 1000 2660 ·, 11. 20 I 81 . 9 ! 304 1060 370 i 995 I 8 . 55 
31! 10 . 95 , 931 I I ;8 . 55 
30 1480 3850 I 11 . 20 ! 80 I 9 I 304 1060 ; 390 1120 I 8 . 55 
31 1500 3870 I 10 . 20 :105 I 9 ! 304 930 I 410 1120 8 . 25 
31 i380 3500 1 10 . 45 I 80 I 8 j 344 1070 'i 280 1

1

1020 8 . 25 
31 1460 3740 110 . 25 , 81 : 10 326 1030 340 ' 980 8 . 30 
31 3940 j 10 . 40 : 79 ! 9 1305 1070 I I 960 , 8. 25 
31 1490 ; l o.oo j 82 i 12 148 490 , 385 ! 8 . 20 
31 I 9 . 80 1 84 I 10 I I j 8 . 25 
34 955 . 9 . 85 : 67 I 11 127 422 I I 188 8 . 30 

1

33 510 11200 ! 9 . 75 : 73 11 137 410 I 66 I 202 I 8 . 05 
34 480 1240 ! 9 . 85 : 81 12 I 138 400 69 ; 187 8 .10 

I 34 . 820 i 2110 : 10 . 90 ;io2 
1 

6 ! 442 960 
1 

105 ! 297 18 .02 

mg/l 

7 'i 400 
6 370 

11 1 340 
5 I 310 

11 I 305 
i1 I 350 
i o I 300 

28 I 130 

mg/l 

0 i 755 
0 j 835 
o I i150 
0 '1 1260 
0 1230 
o I i1 90 
0 1180 

0 1, 1260 
0 1 260 I 21 II 120 

20 
19 ! 125 0 1160 
16 1120 0 1120 
16 175 0 1040 
15 I 220 o ·1 1000 
10 1230 : 0 1 1010 

4 : 300 I o . 44 3 
o 1 315 I 
0 I 375 I 0 ' 410 
o I 395 . o i 373 

I o 1380 ! o i 382 
I 0 ' 405 I 0 I 500 i 

I = Feed rate to system R = Flow to filter surfa ce C = Recirculati on r a tio 

Te = Temperature S- = Su l phide so4 = Sulphate p = Phenolphtha lei n Al ka linity ( as Caco
3

) 

T = Total alkalinity (as Caco
3

) 
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.!S_La Ca1culations for Filt e r Column 

The basic equation which gives the rate of diffusion of oxygen 

from a gas stre am to R li quid is of the form 

.... ... (1) 

Q 

KL a 

= 
= 

rate of diffusi on of oxygen from gas t o li quid . 

volumetric mass trans fer coeffici ent. 

C* = G~ tura tion dissolved oxygen concentrat ion of 

liquid a t the temper~ture and barometric pressure 

of t he test . 

CL = concentration of dissolved oxygen in bulk solution. 

When t he sulphite oxidat ion me t hod is used to e vaulate oxygen 

t r ens fer, t he r a te of dis so l u tion of oxyge n is the controlling 

f ac tor, and since the back pressure of dissolved oxyge n is 

n e gligible in the soluti on (CL= O) , KLa i s given by: 

= £ 
C* (2) 

(1) Sample c a lcul Rtion o f KLa per unit volume for a column 

flow rat e of 81 0 ml/min 

so; concentra tion before run = 5390 mg/l 

so; concentration after run = 1200 mg/l 

• • Amount of so3 oxidised to so4 = 4190 mg/l 

The oxidation undergone by sulphite is 

so= 
3 

Co 
catalyst / so= 

4 

Consequently 5 mg/l of so; are required to r em ove 

1 mg/l of oxygen. 
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Am ount of oxygen removed = 41 90 /1 -5- mg 

= 838 mg/l 

Convert to a mo l ar basis: 

Amount of oxygen removed = 0.0261 g mole s o
2

/ l 

Volume of solution passed through column per h our 

= 48.6 1 

= 2 1 710 g moles 

Amount of oxygen tra nsferred per hour = 0 .2 61 g mole x 48 . 6 1 
1 

= 1.27 g mo l e 

Equilibrium concentra tion of oxygen in wat er in contact with 

a ir at 1 atmosphere a nd 10°C is cal cul a ted from Henr y's Law 

x = l.i. 
H 

where: p - partial pressure of gas 

H = Henry ' s Law constan t 

po = 0 . 21 a tm 
2 

H = 3 . 27 x 10
4 

a t m/mole 

~ . x = 0 .21 = 6.42 x 10-6 

4 
3o27xl0 

This is equiva lent to C* in Equat ion (2) 

Subs tituting respective values in (2 ) : 

fraction 

g mole 02 
g mole H

2
o 

= l.27( g mole) x 1 ( hr )y 1 (g mole H-J; 
( hr ) 2.7lxl03(g mole I-I}i) 6 .42xlo'- 6 (g mole o;-) 

= 73 

•• K1 a per unit liquid volume = 73 

This K
1

a v a lue is dimensionless 
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(2) .Sample Calculcil ion of true K
1 

a for n column flow r a te 

of 810 ml /min ( = 48 06 l/:u) 

Pa cking volume = Vp = 680 1 

K1 a per unit liqui d volum e for 81 0 ml/min = 73 

K
1

a x ( ·Q_ ) 
( p ) 

73 x 48 . 6 1 
hr 

= 3500 l 
hr 

= 3500 1 x 
hr 

5 . 1 hr 
-1 

= 

1 
b156 1 

K
1

a based on packin~ volume 
-1 

= 5 ol hr . 
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Figure A. 8 . 1 BOD/COD Relati onship for Filter Influent 
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Fi gure A.8. 2 BOD/COD Relationship for Filter Effluent 


