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dbstract

Solid~liquid separation is used widely as a waste treatment
process. A wide range of solid-ligquid separators have been
applied to agriculture overseas, but their application in New
Zealand has been limited.

This study has determined levels of pollution parameters
associated with particle size and settling time for wastewater
from a New Zealand piggery. This information has been used to
compare the effectiveness of sieving and settling on separating
solids from piggery wastewqters.

It was found that a high proportien (75-90 %> of COD, TS, VS
and TP were asscciated with filtrable solids, and therefore
indicate that some form of solid-liquid separation can remove high
levels of these parameters. Only low levels of TKN were
associated with filtrable solids so their removal by solid-liquid
separation is limited.

The study revealed that removal of particles in the 500-2000 un
range will not remove high levels of COD, TS, VS, TP or TKN and to
to remove substantial levels of the first four parameters,
particles less than 500 um need to be rewmoved.

Settling tests demconstrated that high levels of COD, TS and VS8
were removed in a short time period (5 minutes}, and that
substantial levels of all parameters were settled in longeyr time
periocds.

Comparison of the two trials reveals that very small aperture



sieves would be required to achleve a similar removal of all
parameters, compared with a five minute sedimentation period.
Sedimentation appears tc be an effective waste treatment option
for piggery wastewater. Further research is required to quantify

performance in the field and find practical methods of dlisposal or

utilization for the separated sediment.
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BOD Biochemlical Oxygen Demand

Cl = Confidence Interval

COGD = Chemical Oxygen Demnand

CH = Methane

C:N Ratio = Carbon: Nitrogen Ratio

Cu = copper

DDT = 1,1=-bis(p~chlorophenyl}-2,2,2~trichloroethene

PO = Dissclved Oxydgen
DM = Dry Matter'

Ha = Hectare

kg = Kilogramnme

1 = litre

log = logarithm kase 10

in = natural logarithnm
ml = millilitre

mg = milligramme

MJ = Megajoule

mm = millimetre

NPS = non-point source

PE = population eguivalent
ppm = parts per milllion

P38 = point source

t = tonne

TKN = Total Kjeldahl Nitrogen
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Total Phosphorus
Total Sclids
micrometre (micran)
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1.1 Agricultural Wastes.

The constituents of agricultural wastes which can affect water
guallty include corganic matter, nutrients, suspended sollds, toxic
substances, waste heat and pathogens (Hickey and Rutherford,1986).
Several problems are assoclated with these constituents. Organic
matter stimulates microbial respliration, and may cause
deoxygenation (which affects aquatic insects and fish), and it may
cause the growth of sewage_fungus (which can aggravate dissoclved
oxygen (DQO) depletion and can smother benthic invertebrate
habitats) (Hickey and Rutherfo}d, 19863, Nutrients, especially
nitrogen and phosphorus, can increase the growth rate and the
bicmass of agquatic plants. These plants can clog channels, and
cause aesthetic problems and diurnal DO vartation (Hickey and
Rutherford, 19286). Suspended solids can reduce the aesthetic
water guality and light inflltration, as well as blocking water
channels, possibly smothering benthic invertebrate habitats
(McColl,1982). Toxlec substances can cause disturbed function and
possibly death in plants and animals (Hellawell, 1986)., In
addttion some potentially toxic substances such as DDT and mercury
can be accumulated to toxic levels, Heat can reduce the DO levels
of fresh waters by raising the temperature and lncreasing the rate
of blochemical reactions (some of which require oxygen), and

reducing the level of oxygen held in a saturated solutlion. The



discharge of pathogens into water cause problems of possible
disease in other organisms and so restrict further use of that
water.

The main methods used In agriculture to measure the physical,
chemical and blological characteristics of wastewaters are:

(a) Solids, these can be total so0lids or any fraction of
interest such as suspended or volatile sollds.

(b)> Turbidity and colour, which can relate to the solids
concentration in waters, and may impart undesirable visual effects
on receiving waters.

(c> Chemical characteristics are broken intce inorganic and
organic constituents. Biochemical and chemlcal oxygen demand
(BOD, COD)> are the two most commonly used measures of organic
contamination.

(d) Biological characterist&cs of waste waters can include the
eatimatlon of numbers of any living organisms. Estimating the
presence of a specific pathogen can be difficult and so the more
simple measure of faecal coliforms is used to predlct the
possibility of the presence of pathogenic organisims.

The range of tests used to assess the characteristics of
agricultural wastewater will vary depending upon the specific

waste and the methods of treatment and disposal.

1.2 Agricultural Pollution in New Zealand.

In New Zealand, agricultural point scurce waste discharges

contribute significantly to total point source discharges to fresh

waters, (Dakers and Palinter, 1982; Ferrier and Marks, 1982; Hickey



and Rutherford, 1986). Agricultural point source discharges
emanate mainly from cowsheds and piggeries. Estimates by Hickey
and Rutherford (1986) state that agricultural polnt source
discharges to fresh waters total 0.7-2.0 million population
equivalents (P.E.) (see table 1.1) compared with 0.2 - 0.7 million
P.E. for sewage discharge. It would appear that although sewage
vaste accounts for the greatest potential organic and nutrient
load (nitrogen and phosphorus), its effect on natural waters is
rinimised for the following reasons: (a2} the number of sewage
systems discharging to fresh waters i{s only about 49% of total
discharges (Hickey and Rutherford, 1986), and (b} that in 1386 all
communities with populations greater than 1000 persons operated
satisfactory sewage disposal systems (Fitznaurice, 1987). 1In
addition Hickey and Rutherford, (1986) stated that although the
reat and dalry processing 1ndugtries potentially produce large
volumes of waste, modernisation programmes have resulted In fewer,
larger factories, which have improved waste treatment facilities.

It would appear from the research of Hickey and Rutherford,
(1986)> that the treatment of agricultural point source dlscharges
has the ability to significantly reduce the levels of potentially
polluting discharges to rivers., In fact, 1t would appear that the
level of pollution caused by the discharges from cowsheds and
piggeries may be greater than that estimated previously by Hickey
and Rutherford (19863, as Wilcock (1986) emphasised that small
point source discharges such as from plggerles and dairies are
often difficult to identify, and nay be included as non-point
source (NPS8) in estimates of loads to receiving waters.

Table 1.1 shoews that even though there s significantly more



cowsheds than piggeries discharging wastes to rivers in New
Zealand (7850 cf. 220 respectivelyl, piggeries are still
discharging 25%, 36%, and 44% of the total BOD, N and P lcad
attributable to PS discharges, respectively. This point was
supported by Dakers and Painter (1982), and would indicate that a
greater reduction in polluting load from agricultural PS
discharges could more easily be achleved by Improving plggery
waste treatment methods than dairy waste treatment methods. Since
implementation of improved waste treatment would be required on
much fewer properties. In addition the conclusions reached by
Hickey and Rutherford, (1986} do not highlight the fact that
plggery wastes are more concentrated than cowshed wastes, and that
agricultural wastes are more concentrated than nmunicipal wastes
(Mocre et al, 1975). Although the concentration of flushed
cowshed and piggery wastes, ané domestic wastes vary considerably
the following information in table 1.2 (Tchobanogious and
Schroeder, 1985; Vanderholm et al, 1984) indicates the relative

concentrations of each.



Table 1.1

Summary of Point Source Discharges to New Zealand Rivers in 1984.

tHickey and Ruther ford, 1986).

Total Produced? Discharged to Rivers
Nao. BOD N (o No. BOD N P
Sewage 137= < <4 4 96= 0.2 0.6 0.7
Cowsheds 14317 1.8 1.7 1.6 ~785%0 .6 0.7 1.0
Dairy
Factories S0 2 0.4 0.7 23 0.3 o.t 0.2
Meatworks 39 3= 2= 1.39 18 0.7 0.6 0.6
Pulp and
Paper 7 0.7 0.4 0.3 & .3 0.2 O.1
Piggeries 203 0.6 0.9 1.8 220 0.2 0.4 0.8

Notes: *BOD, M and P figures are population equivalents x
1 /1000000, where 1 PE= 77g (BOD)/Cap/day, 1ig(N)/cap/day and 1.Hg
(F3/cap/day.

=Popul ations greater than 1000, include some industry.

BAfter primary treatment.



Table 1.2

Relative Concentrations of Various Wastewaters.

Cowshed( flushed) Piggery(flushed) *Domestic

BOD average 1500 mgs1 00— 272.5 mg/l
range 1000—-4500 288012, 800 -
Cab average e6OoO = 443
range 5000-11, 000 7000-32, 800 —_
Total M average 208 1738 42
range 100—-325 10752500 e~
Total P average 39.2 237 11.4
range 10-72 109930 —_———

*These figures are averages of four indusrialized countries, not

inclugding New Zealand (US5A, UK, Japan and F.R.of Germany)
1.3 8o0lld-Liguid Separation in Agriculture,.

Solid-ligquid separation may be practiced for three mailn
reasons:

(a)to reduce total scolids which may cause blockages in punps,
pipes and waste reticulatlion components,

(bXto reduce the organic lcad on subsequent waste treatment
processes,and

{c)to concentrate or recover waste components for further

digestlion or utilization.

Seciid 1ligquid separation is a common primary treatment process

used to reduce total solids and organic loading on secondary



nunicipal and industrial wastewater treatment systems in New
Zealand (Ferrier and Marks, 1982; Moore el al, 1875). Although It
1s not widely practiced in plg farming, where it is applied
separation 1s more commonly achieved with large aperture wedgewire
screens (0.5-1.5mm) (Dakers and Painter 1982) and gravitational
settling is seldom used. Conversely in muhicipal and industrial
wastewater treatment gravitational sedimentation for solid
separation is commonly practiced and in addition more efficient
setting is commonly acleved by the use of chemical coagulants
(Ferrier and Marks, 1982).

More use could be made of solid=liquid separation as a unit
process in the treatment of high concentration piggery
wastewaters. Wall et al (1987) state that there is a lack of
design information sultable for the above objective and that there
is a further need to guantify ihe reduction in organic loadlng due
to solid-liquid separation in piggery wastewaters. This is backed
up by Dakers and Painter (1982), who state that there is a need
for better guantitative informaticn on sollid-iiquid separation
devices to enable them to be designed with greater confidence.
They also state that lagoons are becoming a popular agricultural
waste treatment method.  However there are several problems with
their use:(alsome pliggeries may be limited by the land area
available for disposal, and (b} more research is reguired on
sludge accumulation and desludging techniques. Both these
problems can be
reduced to a certain extent if primary treatment is practiced
prior to lagoon disposal, thus reducing the organic load, the land

area regired, and minimising sludge accummulation.



It would appear that the screens used In piggery solid-liguid
separation may satisfactorily remove suspended solids which are
likely to cause blockages in the waste treatment system, but do
not necessarily reduce corganic load to any significant extent.In
contrast to this sedimentation has been shown to significantly
reduce total solids and organlic leovad in several animal wastewaters
(Moore et al, 1975). It would also be of use to quantify the
level of nitrogen and phosphorus removed by any solid-ligquid
separation process for the following reasons:

{aldeutrophication in natural waters 13 most
commonly limited by the absence of nitrogen and phosphorus
(Vollenweider 1968). Consequently guantification of the reduction
in nitrogen and phosphorus content due to solid-liquid separation
is useful in waste treatment systems designed to minimlse
eutrophication. ‘

(bInitrogen and phosphorus are commonly
reguired as soll fertilizers, and thelr concentration into a solid
or slurry fractlon could be applled to scoils and contribute to
soil fertility without the associated waste liquid. The latter
(ligiud) dilutes the nutrient concentration, and may limit

application during wet periods throughout the year.
1.4 Statement of Problen.

To date solid-liquid peparation has been used in piggeries to
prevent mechanical blockages of pumps, pipelines and irrigation
systems. There are now situations where solid-liquid separation

is beling conslidered by pig farmers in New Zealand to reduce



organic leoading on waste treatment systems such as lagoons, and
also to retrieve waste components for further utilization, such as
nutrients which can be applled as fertiliser to the land.

In New Zealand the design of solid-liquid separatien systems to
achieve particular objectives is dAifficult, since it iIs unclear

what particle sizes must be removed to achieve a significant
reduction in corganic loading or retention of utilizabie
components.

In addition methods not commonly used in agricultural waste
treatment for solid-liquid separation may be worthy of
consideration. Lesscns can be learnt from municipal and
industrial waste treatment, especially In the area of
sedimentation, but because of differences in waste
characteristics, plant scale and management expertise these are
net necessarily directly trans}erable to plggeries without further

research.
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s.lilterature Review,

2.1 Characterisation of Pig Manure.

2.11 General Characteristics.

The characteristics of raw pig manure vary according tolage,
physiological state, type of ration being fed, production practices
and environment (bPay, 1983; Loehr, 1374; 0O’Callaghan et al 1971;
Overcash et al, 19753 Pearce, [977; Vanderholm, 1984,). The type of
ration Is the single most lqportant factor {nfluencing the
characteristlcs of animal waste so therefore 1t was surprising to
find that of all the papers revlewed, only four presented in any
detail the type of ration which was fed. In the research of both
Jett et al (1975) and Kottwitz & Schultze (1984) the pigs were fed a
diet consisting mainly of ground corn and soyabean meal, with small
portions of additives. 1In the research of 0'Callaghan et al (1971}
the diet consisted mainly of barley meal and wheatings while Barth
(1985) compared the effect of different feeds on manure
characteristics and showed that a 40% Iincrease in TS was produced by
changlng from a 100% corn dlet to a 50% corn and 50% barley diet.

In New Zealand by contrast the predominant feed is barley with meat,
fish or bone meal. Variation to this does occur throughout the
country where whey, malze meal of food wéstes may be fed (Cornes,
Pers Comm). Overcash et al (1975) have reported a multitude of data

on raw pig manure production from various sources which varies
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considerably from that reported by Vanderholm (1984)., Since
Vanderholm (1984) has endeavoured where possible to use New Zealand
data, this is used in table 2.! to illustrate the likely
characteristics of raw plig manure in New Zealand pliggeries and alse
to demonstrate the effect of different rations on those
characteristics. Kottwlitz and Schulte (1984) and O0’Callaghan (1971)
also point out that pig feeding practices can change with time and
this should be taken into consideration when using historical data

en waste characteristlcs.

Tabhle 2.1

Freshly Voided Pig Manure Characteristics.

Megl fed Whey fed
Weight kgl 30 S0
Raw Manure (kg/day) 3.3‘ 10.3
Density (kg/13 1 1
TS (kg/day} 0.30 0.20
ve (%TS) 80 60
BOD (kg/day? 0.10 .12
0D (kg/day) 0.29 0.24
Total N (kg/day? o 0.023 0.021
Total P (kg/day)} 0.0075 ——

Different methods of removing waste from the housing has a major
effect on the waste characteristics (Gilbertson et al, 1979).
Hydraulic flushing is popular overseas (Barker and Drigger, 1980)
and Is by far the most popular system in New Zealand (Warburton,

1980), due to low construction and labour costs, and the ease of



12

automation (Brodlie, 1975%; Jones & Nye, 1980). Due to dilution the
characteristics of flushed wastewater vary from those given in table
2.1. Table 2.2 gives a typical range of characteristics encountered

in piggery wastewater in New Zealand.

Table 2.2

Characteristics of Piggery Wastewaters

Parameter

T8 range (mg/l) S600—-40, 000

VS range (%4 of TS5 80

BOD range (mg/l) 2880-12, 800

CODR range (mg/l) 7000-32, 800

Total N average (mg/1) 1738
range {(mg/1l3 1075-2300

Total P average (mé/l) 537
range {(mg/l? 109-950

2.12 Particle 8Size Distribution.

Several people have investigated the particle size distribution
of animal wastes. The results of particle size distribution for
sWwine wastes from four studies have been presented in figure 2.1.
There is considerable variation between them, although the results
cof Gllbertson et al (1987) and Hill & Tollner (1%980) appear to be
reasonably close over a range of particle sizes from 125 um to 2000
um. This is In contrast with the results of Payne (1986) who
Investigated the particle slze distributlon of swine waste from

eleven commerclal and one research plggery. Payne (1986} showed
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that there was very little variation between piggeries with particle
sizes less than 355 um and that most variation between piggeries
occurred at about the 1000 um particle size., This fact would be
particularly critical in the evaluation of solid~liquid separatlon
screens used on farms , since the aperture sizes commonly range from
500 to 1500 um and therefore solids removal would be subject to
considerable variation between farms,.

There was considerable variation in the characteristics
associated with particle size between the work of Harper et al
{1974 and Hill & Tellner (1980). Harper et al (1974) itndicated
that a 250 um sieve removed 59% total nitrogen and 26% COD, while
Hill & Tollner (1980) achieved 30-40% total nitrogen and 42% COD
removal with a 250 um sieve.

In general Hill & Tollner (1980) found that as the aperture size
reduced, so did the ratio of VS;TS. This indlicated that organic
material is retained on the sieves. In addition it was fcund that
the COD of smaller particles was higher than that of larger
particles. This is in agreement with Chang and Ribble (18752, who
cited that Lindley (1970) demonstrated that the finest fraction of
animal wastes degraded the easiest, and therefore different particie
sizes have different biological properties. This fact has major
impllications in the use of separated scolids for anaerocbic digestion,
since the concentration ¢of coarser particles will not be
concentrating the most reactive particles for anaerobic digestion.

For dairy, beef and poultry manure the particle slize distributlion
changed with time of storage (Chang & Ribble, [975). The same would
be expected to occur with swine manure due to naturally occurring

biocherical reactions.
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2.2 Solid Liquid Separation. (based on Wall et al, 1987;

Svarovsky, 1877).
2.21 Solld-Liquid Separation Systenms.

There are three main objectives of solid liquid separation as
stated in section 1.2. Perfect separation is technically feasible
py distillation (Tchobancglous & Schroeder, 1985), but in only few
cases it is economically feaslble, (eg. recovery of high value or
extremely dangerous pellutants). Generally solid~ligquld separation
results in a stream of liquid contaminated with variable quantities
of solids, and a stream of moist solids. This imperfection of
separation ls characterised in the following ways:

(a) separation efficlency, which is the mass fraction of
solids removed, expressed as a gercentage, and
(b} scllds molsture content, which characterises the

dryness of the sc¢lids recovered.
2.22 Processes/Principles Used for Solid-Liquid Separation.

There are two principles used to separate solids from a liguid
suspension. (&) A density difference between solids and liquids can
be used to float or settle solid particles, and (b) solid particles
can be contained by a medium as in filtration or screening.

The following is a summary of methods used for solid liquid

separation.
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2.221 Solid-Liguid Separation by Density Difference.
{1) Fleotation.

Flotation is a gravity separation process in which air or gas
bubbles are attached to solld particles. It is not necessary for
the separated solids to have a density lower than the fluid, but the
agglomerate of particle and air will have a density lower than that
of the fluid, and hence will float to the surface where they will
accumulate. The success of this process depends on the formation of
an ample supply of suitably small bubbles, and the attachment of
these bubbles to solid particles. Bubbles may be generated by
mechanical agitation or lnjgction, dissclution of dissolved air
under vacuum or after application of high pressure, and
electroflotation. In the latte; method, electrolytic dissociation

of the water produces bubbles of hydrogen and ¢oxygen.
(2) Gravity Sedimentation.

Gravity sedimentation operates continuousiy by feeding a
suspension into a settling basin or chamber and while it is passing
through, solids settle ocut. The so0llds are removed, together with a
fraction of the liguid, as thickened underflow. The rest of the
liguid overflows, more or less clarified or containing a minimum of
suspended solids. Flocculating agents, and a process Known as a
"sludge blanket” may be used to enhance settling., Equipment used

for this purpose are commonly called thickeners or glarifiers.
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(3> Hydrocyclones.

A hydrocyclone s a conical shaped device which utilizes
centrifugal and gravity forces to achlieve sclid-liquid separation.
The suspension enters the hydrocyclone tangentially at the top. The
bulk of the ligquid is discharged from the top centre, while the

remaining liquid and coarse solids leave through the apex of the

cone (see flgure 2.2).
{4) Sedimentlng Centrlfuge.

A sedimenting centrifuge consists of a bowl Into which a
suspension is fed and rotated at high speed. The separation process
is based on a density difference between solids and liquids; the
particles are subjected to cent;ifugal forces which make them move
radially through the liguid elther outwards or inwards, depending
whether they are heavier or lighter than the ligquid. The dlfferent
types of centrifuge may be categorised according to the method of

discharge ©of the solids.
2.222 Solid=-Liquld Separation by Containment on a Medlunm.
(1) Filtration. (Svarovsky, 1977)

Filtration is defined as the separation of sollds from liquids by
passing a suspension through a permeable medium, There are
basically two types of fllters:

{a) surface filters, in which so0lids are retained on
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3 Coarse solids (& liguid)

Figure 2.2

Schematic Diagram of a Hydrocyclone
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the surface of the medium. These form a cake which Improve
filtration as it develops.

(b) Depth filters, where solids are deposited inside
the medium, are capable of removing particles much smaller than the
medium openings, and are used for much more dilute suspensions than
surface filters.

Both filter types reguire a pressure drop a3s a driving force,
this may be supplied by gravity, vacuum, pressure or centrifugal

force.
(2) Screens.

Screening is the process_of separating solids into groups each of
which contain only particles of a specified size range. For
example, 1in seclid-liquid separaéion, a screen of fixed aperture size
with a suspension flowlng onto it wlll have a liguid and undersize
particles passing through, with oversize particles and some liquid
passing over the screen {(l.e. particles are separated into two
groups). Moving screens may have reclprocating, shaking, vibrating
or rotating actions, which move screened solids off the surface of
the screen to a collection vessel.

The capacity and efficiency of a screen 1s dependent on the
characteristics of the influent and the type of screen. In general
the followlng factors affect the capacity and efficlency:

(i} Screen size. Generally the wider the screen, the greater its
capacity, and the longer the screen, the higher its efficiency.

(ii) Size distribution of the effluent. The particles which are

relatively near to the size of the apertures are more difficult to
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separate by screening.

(iii) Open area. The larger the percentage of open area (the
total area of aperture per unit area of screen surface) the more
efficient the screen,

(iv) Screen slope and speed. These parameters affect the
residence time of the material on the screen as well as the nature
of its movement over the screen.

It should ke noted that thls is a list of the basic principles
and processes lnvolved in solid~liquid separation., In practice
there are major variatlions wlthin these methods., Solid-llguid
separation is seldom used as an Independent waste treatment process
and so the requirements of the solid~ligquid separation methods
employed willl not only depend upon influent waste characterlistics,
but also upon subsequent waste treatment methoeds. In addition a
single s0lid~liguid separation éevice may not produce the reguired
quality effluent for any partlcular purpose and sc 1t is possible to
combine two or more solid-liquid separation methods to obtain

eptimum performance.

2.3 Performance of Sclid-Liguid Separators.

The following is a summary of the performance of a range of
solid-liquid separators used in agricultural waste treatment. One
of the major problems of comparison of this data was that the
objectives for solid-liguid separation in each case was not the
same, and hence different parameters were used to determine

separator performance.
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2.3l Screens and Filters,

There was a wide range of performance data for screen and filter
devices. In this review the devices are categorised into units with

similar modes of operation.

2.311 Stationary Units.

These are the most widely used solid-~liquid separation devices
used in New Zealand piggeries {(Cornes, pers comm). They have no
moving compeonents so the inltial and maintenance costs are
relatively low, and apart fpom punping the wastewaters across the
screen and the removal of solids, there is no reguirement for
energy.

The performance of stationary screens in agricultural
applications are summarlsed in Table 2.3

It is difficult to make generalizatlons about the reviewed data,
however the following outlines the main points:

(a) Screen apertures ranged from 500-1500 um.

(k) The screens have been applied to beef, dairy and swine
wastewaters.

(c) Problems were created by blockage of the screens with bionmass
(Bartlett et al, 1974; Dakers, 1979),

(d) Bartlett et al (1874) state that better separation efficiency
was achieved at higher dilutions, (although this waste had a
significantly higher DM concentration than any other reviewed).

(e) Shutt et al ({975) state better separation efficlency was



Animal

Summary of Per formance of Stationary Screens

Table 2.3

Source Screen Influent LTS % BOD pAMRE Y
Aperture Solids Femaved FRemoved Removed DM content Flow Rate
Lim A by Screen by Screen by Screen of golids 1/min/m width

Bartlett et al Bovine 750 12 10 —— - _ _

1374
denBoer % Wall Swine 500 G.6-1.29 10-324 - 9-43 11.6 26618

1987
Farran, 1379. BSwinhe 200 1.55 16 24.4 30.7 8.11* =97
Graves et al Dairy S00 - 3574 42-63 41-68 9.5 -

1971
Hegg et al, Beef 500 0.97-4.41  — —— — 3322, -—

1981
Shutt et al, Swine 1000 0.2-0.7 35 &2 69 .1 300

1975 Swine 1500 0.2-0.7 3.8 34 24.2 6.0 500
Watson et al, Dairy 1000 —= 42,6 - 33.7 13.0 E67=

1975
121.0 % after & hours. AV

AV

2F]low not measured, from manufacturers data.
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achieved by the stationary screen rathér than by a vibrating screen
or cyclone, but at a lower DM concentration in the separated sclids.
(f) Although the dry matter concentration of the separated scllids
ranged from 6%-22.5%, Farran (19739) states that after & hours
drainage the DM concentration of separated sclids reached 21.5% and
was comparable with other more sophisticated methods of separation.
{g) This information is of limited use in screen design for
general application. There is major variation in wastewaters tested
{due to specles differences) and it dces not reveal any concluslive
Information on what effect a change In screen aperture or flow rate

will have on screen performance.
2.312 Rotating Screens.

The performance of three rot%ting devices was summarised by Wall
et al (1987) (see Table 2.4). Comparison of the performance of
devices is complex since there are several differing modes of
operation, and in contrast with stationary screens there is an extra
variakle of rotation speed. The rotating screen evaluated by Hegg
et a3l (19812} was cylindrical and rotated on a horizontal axis with
water fed in from the top, sollds were scraped off the sides and
liquid flowed ocut of the botton.

In ceontrast Shirley and Butchbaker (1975} designed and evaluated
a conical screen which was rotated on a vertical axis, where liquid
flowed through the cone and solids were deposited off the ocutside
edge. The rationale behind this design is that centrifugal forces
are utilized in cleaning solids off the screen. Shirley and

Butchkaker (1975) report that the screen was successful as a self



Table 2.4

Summary of Per formance of RPotating SBcocreens

Source Animal Screen Influent % T5 Locaopn “ DM of Flow Rotation
Aperture Solids Removed Removed Solids  Rate Spead
Ty P4 by Screen by Soreen 1/min FFPM
Hegg et al, swine 730 Z.54 4 E, 15.6 110-307 3.0-9.6
1981 swine 730 4.12 8 16 16.6 B0-238 1.9-9.6
Shirley % beef 3000 - - - 7 F.8-24.42 50--323
Butchbaker,
1975
Miner % Verley,swine MA G.05-1.2 20-80 — 4.3 17.8-26.5 —=-
1373
Keelay, 1383 sheesp S00 2.1 23.5* 23,8 7.3 95.6 —_
sheep 1600 4.4 8.52 24 G.4 61.3 —

tguspended solids removed.
Zkg/sac/m2

AIn/min peripheral speed

Ve
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cleaning device and 4did not plug after several days of continuous
operation.

The third device reported by Miner and Verley (1975) strictly
speaking, was not a screen but a horizontally inclined rotating
cylinder, with an internal helix to settle and feed sclids out of
the top end.

In New Zealand Contrashear Englineering Ltd produce a rotating
wedgewire screen in which the effluent flow is fed into the centre
¢f a horizontally rotating screen. The llquid fraction flows
through the screen while the separated sclids are moved out one end
of the cylinder by metal lugs at 45 degrees to the direction of
rotation. The results of trlals by Keeley (1983) using a 500 um and
a 1000 um screen separattng_sheep manure have been reported in table
2.4. Keeley’s results indicated that a reduction in screen aperture
size may increase the percentagé of suspended solids and COD removed
by screening, and increase the DM content of the separated solids.

In addition it should be noted that the initial, maintenance and
running costs associated with this type of screen are substantlially

higher than for a stationary device.
2.313 Vibrating Screens.

Numerous vibrating screens are reported in the literature. It
has beén stated by Vanderholm (1984} that vibration has been used to
assist the movement of particles across the screen and to reduce
blockage. Table 2.5 summarises some of the performance data.

There was some variation in DM concentration of the separated

scllids. This was partlally due to the fact that some separators
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were used to screen solids prior to anaerobic digestion and so the
DM content of solids was Kept low, since in some cases it was these
s0lids which were used In the digester (Hill and Bolte 1984),

Shutt et al (197%) stated that at equivalent flow rates removal
efficiencies of BOD and COD for statlonary screens were better,
although vibrating screens produced a better DM content of the
separated sclids. In addition they stated that both statlonary and
vibrating screens reguired cleaning te prevent biclogical blockage.
Bartlett et al (1974) stated that with patented de-blinding rings an
18 mesh (980 um) vibrating screen treating bovine waste did not
become blocked. However, they quoted no performance data for this
screen and commented that there was substantial seepage from the
solids stack.

As long as the screen is not overloaded, then flow rate has
little effect on the DM of sepa;ated solids (Hegg et al, 1981).
Also higher solids removal rates are achieved at higher solids
concentrations, (Hegg et al, 1981) however thelir influent TS
concentration only ranged from 1.02%-2.88%. Similar results were
achieved by Haugen et al (1983) who state that the vibrating screen
performed well with TS concentrations less than 7%. As would be
expected, Hegg et al (1981) point out that for swlne wastes, as
screen apertures decrease the removal rates of TS and COD increase.

Safley and Fairkank (1983) summarised four sets of performance
data in which vibrating screens were used to separate daliry manure.
In general a decrease in screen aperture {ncreased the sollids
removal rate. Solids removal is also influenced by influent solids
concentration, and the DM concentratlion of separated solids ranged

from 5.7%~ 20%.



Table 2.5

Summary of Per formance of Vibrating Screens

Source Animal Screen Influent % T8 % BOD 428D 7 DM Flow
Aperture BSolids Removed Removed Removed 5Solids Pate
um p by Screen by Screen by Screen 1/min
Fedman et al, swine - 1.1 - — —— 14 75
1983
Prince et al, swine 980 3.2 - - — 30.7 759
13983
Holmberg et al,swine 104-2450 2.9 11.2-66.9 - Z2.2-536 2.5-18 37.5-150
1383
Hills % dairy 2000 2.1 39 —— —_ —_ —
Kayhanian, 13983dairy 300 3.2 &5 — — - ——
Hill % Bolte, swine 23 2.24 e e - 7-10 457-685%
1584
Shutt et al, swine 120-330 0.2-0.7 - 2.4-4.5 2.2-16.3 3.9-1&6.4 41110
1375

cont ..

L2



Source Animal Soreen Influent “ TS BOD %Ec0D % DM Elaw
Aperture Solids Eemovaed Removed Removed 8clids Rate
UM 4 by Screen by Screen by Screen 1/min
Haugen et al, dairy 1400 7.8-11 3242 —_ - 16.5-20.3 -
19835
Hegg et al, dairy 635-1570 1.63.2 6—16 —— 0.7 14.8-16.4 19-114
13281 beef &£35-1570 1.0-1.3 8—-16& - 3-1z 5.7-14.8 14-103
swine 635-1570 1.5-2.9 3-27 - 1-24 16.9-20,.9 15126
Gilbertson % beef BE£O 7.7 43 - —-= e 129

Nelinaber, 1979
lyrange of 1.9-5.4.

) /min/m=

3



29

Ngoddy et al (1974), examined the vibrating screen for the
solid-liquid separation of piggery wastewater. A general procedure
for performance analysis and estimation of performance of this type
of device was developed using methods of dimensional analysis. They
reported that successful operation of the machine depended on
establishing a pattern of travel over the screen cloth that gave the
desired effitciency and final product consistency. Thlis pattern was
a function of:

(a) the physical properties of the material,

(b) the rotational speed of the drive motor, ang

(c) the relative size of the weights and the phase
differentlal in thelr angular notion.
These parameters required a@justment for the mesh size of the screen
and for the relative size distribution, density and feed rate of the
applled material. ‘

Gilbertson and Nelinaber (1973} tested three vibrating screens
with beef cattle wastewater. They concluded that screen apertures
less than 500 um would reduce the screen capacity to a point where
inflow is difficult to contrel, and the total scolids coentent ¢f the

manure must be such that the fluid will act as a liquid

(approximately 6% sollds).

2.314 Multistage Devices.

Multistage devices were reviewed by Wall et al, (1987). These
combine some form of screening with a press device to achieve
further dewatering. They are not widely applied to New Zealand

agriculture due to thelr complexity and cost. None of the reviewed
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papers revealed any information on the removal of BOD or COD due to
solids separation. In addition the dry matter content of the solids
ranged from 16%-31%, which is not outside the performance for a
stationary screen, especlally after a short period of drainage as

suggested by Faran (1979),
2.315 Filtration.

In this review screening and filtration have been dlfferentiated
by classifying flexlble fabric devices as filters, although they may
not necessarily build up a filter cake. Of the many filter devices
reported compariscon between these is difficult since they consist of
different configurations. A summary of two such devices is reported
in table 2.6.

Ferdnandes et al (1988) repo;t on the performance of a contlnuous
belt fllter used for separating swine slurry. The belt was revolved
at 1.2«5.2 m/min and centinuvously cleaned by an air blower. No
plugging or mechanical problems were experienced with the filter
over three months operation, even though filter apertures were only
100 um The hydraulic loading had no significant effect on separator
performance. This s in agreement with other research on screens.
In addition, increasing the TS concentration of the influent
increased the removal efficiency of the separator.

Kroodsma (1986) tested the performance of an underflcocor filter
system, separating swine waste as It was produced by the animal. He
tested several aperture sizes and concluded that 780x780 um was the
most effective. This system was effective in restricting odours and

concentrating swine waste for transport, but [s naturally more



Table 2.6

Summary of Performance of Filtration Devices

Source Animal Boreen Influent % TS “Con DM of Flow
Aperture Solids Removed Eemaved solids Rate
um % by Screen by Screen w2 m/ m=2
Ferdnandes et swine 100 2-8 47-39 33—-40 14—-18 0.01-0.145
al 198g
Kroodsma, 1986 swine 780x780 raw 85 80 22-35 -
manur e

LE
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capital intensive since filter netting needs to be installed in all
housing.
Other filter devices reported have incorporated two stage

processes and so have been classified as multistage.
2.4 Sedimentation.

The type of settling which can occur in the sedimentation process
can be divided into four categorles: discrete, flocculant, zone and
compression settling (Metcalf and Eddy, 1979). The type of settling
under any situation depends primarily on the influent solids
concentration and the interaction between particles. Dlscrete
settling occurs in relative{y dilute suspensions where particles
settle as individual entities with no significant interaction
between particles. The velocit} of any single particle will be a
constant until it reaches the bottom. Flocculant settling also
occurs in rather dilute suspensicns, but particles tend to coalesce
or flocculate. By coalescing the particlesgs increase in mass and
tend to settle faster. So the settlling velocity of a particle is
not coenstant.

Zone settling coccurs in suspensions of intermediate
concentration, in which interparticle forces are sufflcient to
hinder the settling of neighbouring particles. The particles then
tend to remain in fixed positions with respect to each other, and
the mass of particles settle as a unit. Finally, compression
settling occurs when the weight of additional sedimented particles
compress the structure of settled sludge. All four types of

settling may occur in a sedimentation system as shown in fig 2.3.
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2.41 Sedimentation Systems.

Sedimentation systems have been used in various agricultural
applications. These have shown high reductions in TS and COD
threcugh sedimentation, but the sedimentation times varied from one
to 90 days (Bartlett et al, 1975; Edwards et al, 1985; Glerum et al,
19713,

Edwards et al (1985) used a settling basin for cattle feed pad
waste. With a one day retention time 48% TS and 51% COD was
removed. Glerum et al (1971) used a sedimentation silo to settle
swine waste. The waste was stored for 10 weeks and the total
solids, BOD and COD were re@uced by 81%-86%, 45%-53% and 75%-77%
respectively. Bartlett et al (1975) did net report the percentage
solids removal for dairy waste ﬁsing a sedimentation bed, but dld
report that the effluent from the bed contalned only 0.2% TS and
that after 90 days drainage the settled sclids had a DM percentage
of 14.1.

These results indicate that sedimentaticn can be a useful
treatment system in agriculture but do not indicate how
sedimentation time or solids concentration affect settling

performance.
2.42 Sedimentation Research.
The settling performance of swine wastes in settling columns have

been reported by several workers, (Cullum et al, 1984; Fischer et

al, 19753 Gilbertson and Nienaber, 1978; Jett et al, 1975; Moore et
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al, 1975; Payne, 1986; Shutt et al, 1975}, Various influent
concentrations were tested. In general the solids concentration had
a major effect on the settling rate. Fischer et al (197583, Jett et
al (i975), Moore et al (1975) and Shutt et al (197%) all stated that
settling rate increased as the influent solids concentration reached
1% TS, and then reduced above this value. The accepted explanation
for this fact 1s that suspensions with TS concentrations up te 1%
would follow a flocculant type settling. With suspensions of less
than 1% TS (say 0.5% TS ) then the probability of particles
coalescing and increasing in mass is reduced and so the settling
rate is lower. Conversely, particles in suspensions with a total
sollds concentration greater than 1% tend to interfere with adjacent
particles and hence zone settling occurs where particles remain in a
fixed position with respect to each other, and settle more slowly as
a unit. ‘ ¥

There is agreement between all papers reviewed that a major
preoportion of tetal solids and COP can be removed in a relatively
short sedimentatlion period. The results of 5 researchers are given

in table 2.7.
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Table 2.7

Summary of Swine Sedimentation Research.

Source % TS Removal 4 cOD Removal Bettling Time (min)

Cullum et al,
1984 58 42 a0
Jett et al, 1975 09OB-63 v 14

Gilbertson &

Meinaber, 1979 65 ——— 15
Moore et al, 1975 38-55 20-46 i

4560 35-56 10
Payne, 198& 75 o —— 10
Shutt et al, 1975 75= 85 30

1 % of those solids that would settle in 1000 minutes.

= % of Total Suspended Solids.

In most studlies no comment has been made on the concentration of
the settled selids. Thils will depend upon how long they remain in
the settling basin before removal and in many cases they will be
used as feed for anaeroblc reactors. However, It should be noted
that these settled solids will contain a considerably higher COD per
unit volume than the influent wastewater and so¢ have a hlgh
polluting potential (Fischer et al 1975).

Only two researchers considered the increase in settling
efficiency by using flocculants. Glerum et al (1971 stated that
the use of flocculants for settling swine manure appeared costly and
hence did not use them. On the other hand Hanna et al (]1985)
evaluated the use ¢f several coagulants on cattle and swine

wastewaters. Preliminary tests indicated that relatively low rates
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of FeClz3 or chitosan (used independently) could improve settling
performance eccnomically. Further tests showed that the addition of
150 ppm FeClz or chitosan improve the volatile sclids settled in 100
minutes from 76% to 85%. They also state that it is important to
match the waste with a particular coagulant to achieve optimum
settling rates,

Olsen (1988) studied the effect of sedimentation of pathogenic
and Indicator bacteria In liguid pig manure. Sedimentation periods
of 24 and 48 hours reduced concentrations of artificially added
organisms by 0.1-0.8 log units, while cecliform and total bacterlal

count of the indigenous flora were reduced by up to 1.5 log units.
2.5 Fate of Separated Components.

One major cbjective of wasté treatment systems is that wherever
possible; "components of the waste should be utilized for useful or
productive purposes”. In fact Dakers and Painter (1982) state that
waste components should be viewed as a resource,

The products of solid-liguid separation are a stream cof scolids of
varying moisture content, and a liquid with varying levels of solid
contamination. Solid-liquid separaticn itself is a process which

can render the components of flushed waste more useful.
2.51 Separated Components.
Once the sclid fraction is removed from the slurry it must be

stored and disposed of. It is generally accepted that at 19%-20% DM

cattle and pig solids can be stored with minimal seepage (Hepherd &
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Douglas, 1973; Pain et al, 1978; Sneath). Liquids may also require
some form of storage before treatment or disposal, especially in
land disposal systems where adverse soll condltlions prevent land
application (Bartlett et al, 1975). From this situation there are
nany possibilities for utlllzation and dlspesal.

Dumping sclids as land fill is probably the easliest opticn. They
may be easily loaded intc a wagon as they are separated and the
wagon emptied as regularly as required., There are several
disadvantages with this disposal method, flrstly no nutrlents or
s0ll conditioning properties of the waste are utilized. Secondly,
seepage and odour problems may follow if the sclid is too moist or
in the vicinity of waterways or human dwellings. This dump should
be Isolated from human or aqlmal contact to prevent possible
contamination from pathegens.

Disposal onto land is an att;active optlon as any nutrients in
the solid or liquld fractlon are utilized (Chang & Ribble, 1975;
Farran, 1979), and some so0il conditioning effect may be realised
(Dakers & Painter, 198B2; Dale & Swanson, 1975). A&galn care must be
taken to select a disposal site where seepage, runoff or dralnage is
not golng to enter local water courses, and any odour between
application and cultivatton will net cause a nuisance (1f
cultivation is practiced). If cultivation is not practiced,
application of solids should be at a rate that avoids pasture being
smethered,

There are several problems associated with spreading manure on
land. Weller & Willets (1977) state that: "Malodorous gases are
produced during anaeroklic storage of manure, and when 1t is spread

on land these gases are released. Anaerobic storage can be
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prevented by aerating the manure. Alternatively, odours may be
prevented by chemical treatment which inhibits bacterial action or
by simply ensuring that regard for wind direction and local
inhabl!tants is taken before spreading sollds®. Boutin et al (1988)
state that there is a disease risk asscciated with land spreading
animal manure, and that higher aero-contamination is assoclated with
gun spreading than with tank spreading. However disease and toric
risk can be minimised by applying sludge to non-food chain creps,
such as feorestry (Bayes et al, 1987).

Day (1980) states that up to 60% of nitrogen can be lost by poor
handl ing and storage. This problem may be overcome to some extent
by the use of nitrification inhibitors which have been used by
Sutton et al (1985) to increase corn yields from crops receiving
anlmal wastes.

Heavy applicaticns of manure; may lead to nutrient imbalances and
depressed crop or grass ylelds. This imbalance of N, P and K may
result in the premetion of more tolerant and less productive species
such as dock, thistle, nettle and coarse grasses, and contlnuous use
of manures at high levels may alsc lead to a build up of trace
elements to toxic levels (Weller & Willets, 1977). For example, pig
slurry may contain high levels of copper due to supplementation of
thelr diet with copper sulphate. Separated pig slurry solids have
been analysed with copper and zinc levels as high as 400 ppm and 810
ppm DM respectlively. Informaticon by Meeus=-Verdinne et al (1979) and
Kroodsma (19863 on the effect of land spreading manure indicate that
in the short term, application in quantities used for normal
fertilising has no appreciable influence on the total copper and

zinc content of the scoil. In the long term however, repeated land
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spreading of relatively large amounts of liguid manure will give
rise to problems, this is alse likely to occur with land spreading
of separated sollds. To¢ avolid possible hazards from a build up of
copper in soil Batey et al (1972), suggest a maximum application of
9.5 kg/Ha Cu annually. For example, about BO t/Ha separated solids
could be applied i1f a waste contalined 400 ppm Cu at a DM content of
30%.

Composting may be used to stabilise the waste either for dumping
or for use as a soll conditioner or plant growth medla. If utillzed
for the latter two uses some value may be derived from the product,
but care must be taken to consider the effect of possible high
levels of trace elements as in land disposal. Chang & Ribble (1975)
state that composted wastes_have lower nutrient values than raw
manure,

Composting s an aercobic metﬂod ¢f stabillsing organic wastes.
The process bkegins at amblent temperature but soon rises to between
40-70 degrees celsius due to microbiclogical activity. Aeration by
turning or forced aeration by fans is used to Keep the substrate
aercbic and help prevent excessively high temperatures (greater than
60 degrees celsius), which inhibit desirable micreobiological
activity and hence slow the process. In addition lack of aeration
will allow anaercobic conditions and malodours will result.

The separated sclids do not appear to be ideal for composting,
but composting will occur at DM contents of 18% (Pain et al, 1984).
The addition of sawdust or straw may be necessary to increase the
dry matter content to 50%~65% which is consldered ideal (Vanderholn,
18984>. In addition the nitrogen content and C:N ratio are critical

for optimum composting conditions. Vanderholm (1984) states that
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wastes will compost well if the nitrogen content exceeds 2.5% on a
dry weight basis and the C:N ratio is between 30:1 and 50:1. It
would appear from data obtained from analysis of solid wastes from a
local piggefy that nitrogen may need to be added to facilitatg lIdeal
composting conditions. The nitrogen content of the separated solids
ranged from 2.0-2.4% N before the additlon of straw; obviously the
addlitton of straw would reduce the nltrogen content below the ldeal
level.

Large scale composting is usually done either with forced
aeration or with natural aeration and windrows whilich are
periodically m;xed (Vanderholm, 19843, The windrow is turned about
once weekly to aerate, release ammonla and moisture, and to
distribute pathogens to achieve a better kill. Stabilfzation should
be achieved in 3-4 weeks, but may take longer under less ideal
conditions (Farran, 1979).

The end product should bé a relatively stable compost which is
nermally low in concentration of macro-nutrients. Pathogen content
is low if thermophillic conditions (50~70 degrees celsius) have been
maintained for a period. The maln problem with producing compost
for any particular end use is to produce the correct guality,
consistently for the end user. Using separated solids as an animal
feed ratlion has been reported. Chang and Ribble (1975) investigated
the feed value of various portions of animal wastes. They showed
that for dairy and beef cattle, and poultry the coarse fractions
were higher in crude fibre, while the fine fractions contain higher
crude protein levels. Gross energy levels ranged from 4.2-18 MJ/Kg
DM, but were not affected by particle size. Day (1980), suggests

that refeeding separated solids can reduce feeding costs, but are
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better suited to ruminant refeeding since they can utilize fibre and
non-protein nitrogen. He states that the solids need processing to
reduce odours and disease risk, and common practices Include
ensiling and chemical treatment. Meisinger (1985), states that the
ration may be fed to gestating sows, and Prince et al (1983) and
Prince & Hill ¢{985) say that raw swine wastes (without treatment)
may replace up to 60% of a sows diet without detrimental effects on
production.

Fairbank et al (1975} suggested several novel uses such as
insulation, domestic fuel through to livestock lltter (bedding).
The value of separated spolids for bedding has been investigated by
cther researchers (Dale & Swanson, [975: Lindley & Haugen, 19385;
Safley & Falrbank, 1983. This is not really applicable to New
Zealand conditiens since animal bedding is rarely provided.

Farran (1979), and Graves et‘al (1971), state that sclid-1liquid
separation can be utilized as part of a system to renovate animal
waste flush water, sc that It can be recycled for washing purposes.
Different systems have evolved for piggeries and dairies, and are
particularly useful in situations where water is in short supply or
suitable sites for discharge of wastewater are unavailable.

The most widely reported use for separated components of animal
wastes Is for anaercbic digestion producing bkbiogas. The components
used depends upen the separation processes, Results of gravity
settled components used for anaerobic digestlon were reported by
Fischer et al (1875), Hills & Kavyhanian (198%) and Hill & Bolte
(19843, About 50% of the potential methane production is lost in
the supernapant fluid. On the other hand Yang et al (1985), showed

that the dilute supernatant could be used for anaerobic digestion as
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long as the influent VS was about 25 g/1 (which is probably above
what would be expected from untreated flushed wastewater In New
Zealand piggeries).

Other researchers have Iinvestigated the effect of screening
liquid wastes on anaerobic digestion. Some of these have considered
screening to remove the less degradable portlon before anaercoblc
digestion. HILl & Tollner (1980), Hills & Kayhanian (1985), Hill &
Bolte (1984), Holmberg et al (1983) investigated the use of screened
solids for anaercbic digestion. Screenlng did not prove
particularly suitable for this process since large portions of the
total methane potential were left in the liquid fraction. Several
workers investigated the effect of screening on the performance of
the ligquid fraction under anaerobic digestion. The results are
variable. Liac et al (1984), state that screening off coarse solids
increased the rate of methane p;oducticn and CH%content of the
blogas from dairy manure, while other researghers found that
screening ceoarse sclids reduced the volume of gas produced {(Haugen
et ait, 1983; Lindley & Haugen, 1985; Lo et al, 1983: Lo et al, 1984;
Pain et al 1984). Most researchers found that screening allowed a
much sheorter hydraulic residence time and consequently resulted in a

smaller volume required for anaerobic digestion.
2.6 Summary and Conclusions.

(1. Potentially, piggery wastes in New Zealand contribute a
relatively high poliuting load to the envircnment. Any effort to
reduce this in the form of waste treatment would be beneficial.

(2). Screens and other complex equipment are relatively costly
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to install and reqguire a high degree of maintenance (Cullum et al,
1984>. Shutt et al (1975) state that settling appears to be a
reasonable treatment method compared with more complex devices. In
addition it would appear that fabric filters are more capable of

operating without blockage with smaller apertures than screens,

resulting in more satisfactory coperatlon and removal of smaller
particles.

(3).Even though several papers commented on the importance of the
effect of feed practices on waste characteristics, only four papers
reported the feed regimes in place. There seemed to be considerable
variation in particle size versus remcval rates of various
parameters. In light of this it would seem essential that
investigatlions deallng with'aspects of the animal waste problem
consider the conditions under which the animals are housed and fed,
and the waste handled, to ensuré that solutions actually relate to
the waste produced. Tt must also be noted that feeding and
management practices will change with time, and thus altering waste
characteristics.

(4) The rate of biocdegradation of swine wastewater is enhanced by
solids removal (Harper et al, 1974). Solid-liquld separation can
alsoc be used to enhance the utilization of various components in
plggery waste, although 1t does not appear to conclusively increase
or decrease the performance of anaerobic digestiocn for biogas

production.
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3.1 Cbijectives.

The preceding review of the literature pertaining to
solid-liquid separation of animal wastes revealed a wealth of
information. Unfortunately the bulk of this is cverseas data
where different management and feedling practices are applied, and
as such is not directly transferable to New Zealand conditions.
Consequently, there is a need to quantify the performance of
solid-liguid separation devices under New Zealand conditions seo
that it can be determined whether this is related to performance
of these devices overseas, and'to allow for the further
development in New Zealand of the most sultable solid-liguid
separation process in agriculture.

Piggeries in New Zealand are concentrated production units,
producing high volumes of concentrated animal wastes (gf. other
animals) at a point. This makes them more amenable t¢ new
treatment systems than some more diffuse and dilute animal wastes.
Consequently it was decided to conduct research into piggery
vastewaters under New Zealand conditions with the following
obiectives:

(a) to determine the levels of COD/BOD, total sollds, volatile
solids, total Kjeldahl nitrogen and total phosphorus associated
with certain sized particles in the waste sirean,

(b} to determnine the levels of COD/BOD, total solids, volatile
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solids, tetal Kjeldahl nitrogen and total phosphorus settled in

certain time periods, and

(c) to compare the results of screening and sedimentation on the

removal of COD/BOD, total soltds, volatile solids, total Kjeldahl

nitrogen and total phosphorus.
3.2 Scope cof the Study.

This study is limited to laboratory scale experiments to test
the performance of screen}ng and settling as waste treatment
methods. The wastes from one conmercial piggery were used to
conduct the trials, The particular plagery used was selected on
the basis that it used management and feeding practices common to
a major proportion of New Zealand piggeries.

The study was limited to two‘relatively inexpensive and simple

processes whilch may be easily adopted on a farm scale.
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4.1 Introduction.

To achieve the above objectives two trials were conducted.
Samples were either sieved or settled as outlined in the following
sections.

Before these trials were commenced, two methods of screening
the wastewaters were investigated to select the most appropriate
method to be used in the trials. The first method investigated
followed the fellowing procedure:

(a) a 2 litre sample of wastewater was measured,

(b) this was passed through'consecutively smaller aperture
sieves, without vibration or recirculation,

{c) samples of the wastewater passing each sieve were taken and
analysed for COD and T8,

(d> the reduction in each parameter dve t¢ steving was
calculated by subtraction.

The results of this trial clearly showed a reduction in both
parameters as the waste was passed through each sieve.

The second method investigated involved recirculating waste
water through a vibrating sieve so that iIf undersized particles
had not passed in the flrst fleow, then they would possibly be
washed through with subsequent flows. The procedure was as
follows:

(a) three samples were tested. From each sanple 8, 400 ml
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aliquots were collected,

(b) seven of the eight aliquots were each passed through one
vibrating sieve and recirculated at a constant flow rate with a
peristaltic pump for 15 minutes,

{¢) the filtrate from each aligquot was collected and analysed
for COD and TS.

The rationale for collecting eight dlifferent aligquots and
sieving only once, was that repeated vibration and recirculation
would ultimately affect the particle size and hence affect sieve
performance.

The results of this trial were varied and quite inconclusive.
Both COD and TS passing through each counsecutively smaller
aperture sieve increased and decreased respectively in
concentration. This was caused by the problems of ccecllecting
aligquots of similar concentrat;on. In addition to this It was
suspected that vibration and recirculation were reducing particle
size and hence affecting the performance of each sieve.

It was decided that due to the above problems, and the fact
that a one pass dry sieving technigue more resembled the action of
on farm wastewater screens, to conduct a trial using the method of

the first preliminary trial.
4.2 Experimental Design.
4.21 8ieving Trial.

The dry sieving trial was conducted in the following manner:

(a) 5 samples of piggery wastewater were processed,
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(b) each sample was subdivided into three, 2 litre subsanmples,

{c} each subsample had a 100 ml aliguot taken for analysis of
the original parameters present,

{d) each subsample was then passed through consecutively
smaller aperture 200 mm diametey "Endocotts®™ test sieves, and
finally filtered through Whatman GF/C filter paper. The sieve
apertures were 2000 um, 1408 um, 1000 um, 500 um, 125 um and 45
um, while the aperture size of the glass fibre filter paper was
1.2 um.,

(e A 100 ml aliguet was taken for analysis from each subsample
directly after passing each sieve, and reduction in each parameter
was found by subtraction. BEach allguot was analysed for COD, TS,
T¥S, nittrogen, and phosphopus.

The reason for selection of the sieve apertures as given were:

{a) to approximate the acti;n of screens used in the field for
sclid~ltquid separation, which range from 500 um - 2000 un,

(b) all grain at the piggery from which samples were collected
passes over a crushing mill and Is then subject to a 3 mm sleve,
which after digestion, defecatlon and washing under turbulent
conditions leaves few particles greater than 2-3 mm, and

(c) to ensure that the effect of removing very small particles
was revealed even though this method of removing them may be

impractical in the field.
4.22 Settling Trial.

The settling trials were conducted in a 2m high sedimentaticn

cylinder. The cylinder (as shown in flgure 4.1) was constructed
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of 150mm diameter uPVC pipe, with sampling ports at 130 mm, 805 mm
and 1425 mm from the top. It had a drainage port at the bottom
and mixing was facilitated by compressed alr entering through a
diffuser at the bottom.

The following procedure was used to test the performance of
settling piggery wastewater:

(a) 5 samples were tested,

{b) each sample consisted of 35.3 litres of piggery wastewater,
(¢) each sample was poured into the sedimentation cyllinder
(filling the cylinder to the 2m level) and mixed with compressed

alr for 2 minutes,

{A) while mixing was in progress three, 100 ml sanmples were
taken for analysls of initial levels of each parameter,

{e) sanmples were then taken from each of the sampling ports 5,
i0, 30, 60, 390 and 180 mlnutes‘after mixlng was stopped,

(f) all samples were analysed for COD, T3, TVS, nitrogen and

phosphorus.
4.3 Sample Collection.

Plggery wastewater samples were collected as and when
necessary. Collection consisted of manual sampling of an outlet
drain from the Pork Industry Board’s piggery, situated on 0ld West
Road, Tirltea. Samples were collected between 7.30 and 8.00 am
from the sow house washdown, and taken forthwith to the laboratory
for trial work.

1t was accepted that collection of samples as and when

necessary was the most practical coption for the following reasons:
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(a) it would be impossible to process all the samples in a time
period which would not affect the physical or chemical
constituents of the waste,

(b) even if one large sample was collected for all trials there
would still be difficulties in obtaining uniform concentration for
all samples,

(c) there was no storage method avallable which would prevent
physical and chemical changes in the wastewater over time, and

(d) variability in the concentration of the piggery wastewater
gave certaln advantages to the trial in that it was possible to
obhserve the effect on the solid-liguid separation processes due to
concentration,

The Pork Industry Board’s piggery at 0ld West Road was selected
as the site for wastewater collection for several reasons. This
piggery is in close proximity £o Massey University where the
trials were conducted. [t uses feeding, management and washdown
practices which are common to a large number of piggeries in New
Zealand, thus gilving the results of these trials wider
application. Details of feeding and management practices are

given in appendix I.
4.4 Analytical Techniques.

Sub-~samnples taken during the experiment were used in the
following analyses.

(a) Chenical Cxygen Demand (COD).

The COD is used as a measure of the cxyvgen equivalent of the

organic matter content of a sample that is susceptible to



oxidation by a strong chemical oxidant (Standard Methods, 1985).
CCD was selected since it is a relatively quick and easy method of
obtaining the oxygen demand. An enmpirical relationship between
COD and BOD was obtained.

The COD was determined by the closed reflux, titrimetric method
using 2 ml samples in standard 10 ml ampoules, as described in
Standard Methods (1385). Each sample was duplicated in this test
and & standard COD scolution was used to check method accuracy.
Sample dilution was required to obtaln sample COD in measurable
range.

(b) Biochemical Ozxygen Demand, (BOD).

The BOD determination is an empirical test in which standard
laboratory procedures are used to determine the relative oxygen
requirements of wastewaters, effluents and polluted waters. The
test measures the oxygen requi;ed for the klochemlical degradation
of organic material (carbonaceous demand) and the cxygen used to
oxidise inorganic material such as sulphides and ferrous iron. It
may also measure the oxygen used to oxidise reduced forms of
nitrogen (nitrogenous demand) unless their oxidation is prevented
by an inhibitor (Standard Methods, 1%85).

BOD’s were determined using Hach manometric BOD meters.

Samples were diluted up to 20 fold as required and held in an
incubator at 20 degrees celsius for B days. This method of BOD
determination is guicker and as accurate as traditional methods
(Warburten, 12773,

Only a sufficient proportion of samples were analysed to
establish an enplrical relationship between the BOD and COD

samples.
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(c) Solids.

Both total solids (TS) and volatlile solids (V8) were measured
using standard procedures (Standard Methods, 1985). TS is the
term applied to the material residue left in a vessel after
evaporation of a sample and subsequent drying in an oven at
103-105 degrees celsius. VS is the fraction ef TS which is lost
lf sample ls lgnited in an cven at 550 £ 50 degrees celsius. VS
offer an approximation of the amount of organic matter present in
the solid fraction of wastewaters.

Disposable aluminium foil containers were used to take 20-100
ml samples. The dishes were passed through a muffle furnace at
500 + 50 degrees celsius prior to Initial weighing, and were
subsequently handled with tweezers.

(3} Nutrient Analyses.

Nitrogen and phosphorus havé been measured since they are
commenly limlting as nutrlents In natural waters as well as
agricultural soils. Hence their removal is useful in reducing
eutrophlication of natural waters, and providing a nutrient source
for soils,

Both Total Kjeldahl Nitrogen (TKN) and total phosphorus were
measured using the method ocutlined by Twine and Williams (1971).
TKN is defined as the “sum of organic nitrogen and ammonia

nitrogen®, and does not include nitrogen in the forms of azide,
azlne, azo, hydrazone, nltrate, nitrite, nitro, nitroeso, oxine and
semicarbazone (Standard Methods, 1985).

The method ocutlined by Twine and Williams (1971) was adapted to

use a 5 ml sample. Four drops of acid were added to this sample

to prevent volatilization of ammonla, and it was then drled at {05
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degrees celsius until evaporated. This sample was then digested
in 4 ml of digest solution at 350 degrees celsius for four hours.
The resulting digested sample was diluted 10 fold with distilled
water and TKN and TP were analysed by a "Technicon Autoanalyser”
In the Department of Scil Science, Massey University. Standard
nutrient soluticns and blank solutions of distilled water were

used to check the accuracy of method. S8ome samples were

dupl icated.
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2. Results and Dlgscussjon.

5.1 Characteristics of Collected Wastewater Samples.

Table 5.1 shows the mean characteristics for the wastewater

samples collected for both trlals.

Table 5.1

Mean Wastewater Characteristics.

Trial 1.
FPar ameter Unit Mean Standard Deviation Max i mum Minimum
cop mg/1 24351 5885 33445 14983
T5 percent 1.30035 10.3592 2.0323 0.9398
Vs percent TS5 74.3 5.3 B4.0 67.9
TEN mg/l 1566 527 2557 815
TP mg/1 o281 217 855 246
Trial II.
Parameter Unit Mean Btandard Deviation Maximum Minimum
oD mg/1 29287 9379 46595 12864
TS percent 1.827 0.6635 2. 0902 O.6661
Vs percent TS 78.0 3.5 82.4 71.7
TKN mg/1 1584 497 2253 761
TP mg /1 473 1233 692 271

The above data indicates that there is conslderable variation

in wastewater characteristics from the piggery from day to day.
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This data is consistent with the general characteristics of
piggery wastewater In New Zealand as presented by Vanderholm

(1984).
The variability of COP and TS is greatest in the samples
collected for trial II, while variabllity cf the other parameters

is greatest in trial I.

5.2 General Trial Results.

Raw data for both trials has been manipulated to a more useful
form. The methods used in manlpulation have been presented In

appendixz II.

5.21 Sieving Trial,

All data were reduced to a common factor of cunmnulative percent
removal of a particular parameter after passing a certain aperture
size sieve., Log of the sieve aperture size was regressed
against the percentage removal of each parameter assoctated with
that aperture. Regression curves and equations are presented in
figures 5.1-5.5 and table 5.2 respectively.

The results of this trial show that there is a very high
correlation between the log of the sieve aperture size and
percentage removal of each parameter tested.

After passing through the 1.2 um glass fibre filter all
parameters except TKN were reduced by 75-90%. Since the glass
filbre flilter paper used (s that normally used in the filtrable

s0lids test (Gilliland, pers comm), then it can be concluded that
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TKN is the conly parameter which iIs not largely associated with

filtrable solids (suspended solids). It would be expected that

any solld-liquid separation process which removes high levels of

filtrable solids, would remove high levels of all parameters

measured, except TKN.

Table 5.2

Regression of Percent Removal of Wastewater Parameters versus

Aperture Size.

Dependent Independent Caonstant Correlation
Variable VVariable Coefficient
% Removed Aperture opening (um) {r=)
con = ~18.94 log x +87.89 0.9940
T8 = —19.80 log x +85.78 0.9961
Vg = -19.81 log x ‘ +91.03 0.9982
TN = ~10.48 log x +42.14 0.9769
TP = -22.37 log x +B0G. 96 0.9742

The 95% confidence

at each aperture size

interval has been derived for each parameter

tested and 13 shown In figures 5.1=-5.5, The

cenfidence interval indicates the variation of each parameter

estimate. It can be seen from figures 5.1-5.5 that the confidence

interval or variation

about the parameter estimate for COD, TS and

VS was reasonably narrow, but In the reglon cof 500-2000 um there

was some overlap of the confidence interval between aperture

openings.

On the other hand the confidence interval for beth TKN and TP
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are wider Indicating that there was wider variation in TKN and TP
than for the other parameters. This would be expected for TKN
since a large proportion of the nitrogen in pig faeces would be
expected to be in the form of ammonium, and thus not assocliated
with the particulate organic nmnatter normally affected by physical
sieving.

In all parameters tested there was overlsp of the 95%
confidence interval over the range of 500-2000 um. Since this was
in the region of aperture size for most New Zealand piggery
screens, a two-way analyslis of variance has been conducted on the
data in this range for each parameter to determine if there is a
significant difference at the 95% level between each of the four
sieves. Average values of each parameter removed by each sieve

are given in table 5.3,

Table 5.3

Mean Percent Removal of Each Parameter Sieving

(S00um—2000um sieves)

200 1000 1400 2000

con 39.5 32.4 26.1 25.3
15 32.8 27.0 23.2 22.0
Vs 38.6 32.0 27.9 26.3
TKN 15.6 9.1 11.4 7.8
T 21.9 i4.3 13.9 1¢.0

The two-way analysis of variance (appendix IIl.a) revealed that
at the 95 % significance level there was no interaction between

sample concentrations and removal of each parameter, at each
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aperture size. This means that with different sample
coffcentration, as aperture size changes, the consecutive removal
of each parameter on each sieve had the same general relationship
for sleves ranging from the 500 te 2000 um and sample
concentration ranging from 0.94 to 2.03 % TS,

Since there was ne significant interaction at the 95 % level
then a two-way analysls of varlance was conducted, including the
interaction sum of squares, in the error term {(appendix III.b).
The second two-way analyslis of varlance revealed two points:

(a) that there was no signiflicant difference (3t the 85 %
level) between concentrations for COD, V5 and TKN, but

(b) there was a significant difference between some of the
aperture sizes for all parameters. S8ince this analysis did not
reveal which aperture sizes were significantly dlfferent, then a
one-way analysis of varliance wés conducted on aperture sizes
only, for each parameter. This Is shown ln appendix IIl.c alceng
with the 95 % confidence intervals for each mean, showing which
aperture slzes are significantly dlfferent. Examination of the 95
% confidence intervals revealed that for all parameters there was
a significant difference between the performance of a 2000 um
sieve compared with the 500 um sleve. For scme of the parameters
there was a significant difference between the 1400 um sileve
compared with the 500 um sieve, and the 1000 um sieve compared
with the 500 um sieve., In no cases was the performance the 2000
um steve significantly different from the {400 um sieve, and for
ocnly two parameters was the performance of the 2000 umr sleve
significantly different from the 1000 um sleve (i.e. for TS and

Vss.



The conclusion drawn from this analysis was that although there
was an apparent improvement in performance of sieves as aperture
size decreased (except two points for TKN, see table 5.3), over
the range of sieve apertures compared (500-2000 um):

{a) a significant improvement in performance would not be
achleved by changlng from a 2000 um to 1400 um sleve for any
parameters,

{b) a change from a 2000 um to a 1000 um sieve will only give a
significant i{mprovement in performance for some parameters (TS and
v3), and

(c) a significant improvement in performance of all parameters
would only be achleved by changing from a 2000 um to a 500 um

sieve.

5.22 Settling Trial.

All data for the settling trial was converted to a common
factor of percentage removal of each particular parameter after
time. Settling curves have been drawn up for each sample and the
percentage removal of each parameter over time determined. The
settling curves and method of calculation are presented in
appendix II. The results are presented in Filgures 5.6~ 5.10 as
the percentage removal of each parameter versus log of time.

It can be seen in figures 5.6~5.10 that there i{s a linear
relationship between log time and percent removal of each
parameter for up to 60 minutes settling. For settiing durations
longer than 60 minutes there is a distinct reduction in settling

rate for all parameters, This Indicates that a hlgh percentage of
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the settleable solids are removed in the first 60 minutes of
settling and therefore there is little point in designing a
piggery washdown sedimentation system to settle for durations
longer than 60 minutes. Regression equations for each paranmeter
versus log time have been calculated for the first 60 minutes of
settling. These are presented In table $.4. The correlation
coefficlents for these regressions are high showing a high

correlation between each parameter removed and log time.

Table S.4

Regression of Percentage Removal of Wastewater Parameters versus

Log of Time.

Dependent Independent Constant Correlation
Variable Variable Coefficient
%4 Removed Time (minutes) ‘ {r=)
ﬁDD = 24.00 log x +18.95 0.9991
TS = 32.44 log x +20.33 0.9973
vg = 21.25 1og x +26,.53 .9999
TN = 21.40 log x + 0,26 0.9995
TP = 40.25 log x + 0.37 0.9974

The regression equations for all parameters take the form:

y = m lecg ¥ + C, 1)
where, ¥y = % removal of any parameter,
x = settling time (minutes),
n = removal of any particular parameter for a ! unit

increase in time,
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c = consfant.

As shown in figures 5.6-5.10 this was a straight line
increasing with time. As log x was used in egquation 1 then a
straight line indicates that dy/dx changed with time. By
differentiating equation 1 an equation for the rate of removal of
any parameter at time x was obtained. To differentiate eguation 1
the log was converted te natural log (ln) by the constant 0.4343:

vy = 00,4343 n Inx + ¢, 2

dlfferentiating equation 2 reveals:

dy/dx = 0.4343 m /x (3.
It can be seen from this equation that as settling time, (x)
increases then the rate of removal of any particular parameter
(dy/dx)> will reduce by 1/x.

The general equation 3 can now be applied to the regression
equatlons for each parameter té find the rate of removal at any
particular time. The integral (or coriginal regressicn equation)
can be used to determine the rate of remcval of each parameter
over any particular time period (by subtractiocen) as shown in table
5.5

Table 5.5

Parameter Removal Rate: Percent per Minute Over Time Period Shown.

Feriod TS Vs cOoD TKN TP

(minutes)

0-5 8.60 9.67 8.54 3.04 5.70
5-10 1.35 1.88 Z2.05 1.29 2.42
10—-13 1.14 1.106 1.20 0.75 1.42
1530 C.63 0.63 0.68 0.48 0.80
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Table 5.5 clearly shows that the first five minutes of settling
was by far the most effective at removal of all parameters. In
effect, lncreasing settling time from 5 to 10 minutes caused
between 58«81 % reductlion in the rate of removal of each parameter
by settling. To increase the settling time by this magnitude
would involve a sedimentation tank of twice the dimensions, and so
it clearly becomes more costly to remove (by settling) each extra
increment of any particular parameter as settling time increases
(since settling time is proportional to tank volume if flow rate

remalns constant).

5.23 Comparison of Sieving Versus Settling as a Method of Plggery

Wastewater Treatment.

The results of the two trials conducted in this study give a
basis for deciding which sclid-liquid separation process may be
most suitable in a particular situation, with certain ocbjectives.
This should not be taken as one method of solid~ligquid separation
being better than the other. In table 5.6-5.10 the percent
reduction In each parameter has been calculated for settling times
cf 5, 10, 15, 30 and 60 minutes from each regression equation.

The regression equation for sieving was used to calculate the
sieve aperture which would be required on average to achieve the

same level of removal of each parameter.
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Table 9.6

Settling Time Compared with Sieve Apertures

Total Solids.

Settling Time Percentage Reduction Sieve Aperture Required to
(minutes) Achieve Same % Reduction TS.
bl 43.00 145 um
10 52.77 46.5
15 58.48 23.9
30 68.25 7.7
&0 78.01 2.9
Table 5.7

Settling Time Compared with Sieve Aperture;

Volatile Solids.

Settling Time Percentage Reduction Sieve Aperture Required to

(minutes? Achieve Same % Reduction V5.
3 48.37 142.4 um
10 57.78 47.7
15 £3.28 25.2
30 72.69 B.4

&0 g2.10 2.82
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Table 5.8

Settling Time Compared with Sieve Aperture;

Chemical Oxygen Demand.

Settling Time Percentage Reduction Sieve Aperture Required to

(minutes) Achieve Same % Reduction CB8D.
5 42.71 242.2 um
10 52.95 69.9
15 58.94 33.8
30 69.1? 9.7
60O 79.41 2.8

Tahle 2.9

Settling Time Compared with Sieve Aperturej

Total Kjeldahl Nitrogen.

Settling Time Percentage Reduction Sieve Aperture Required to

{minutes) Achieve Same %L Reduction TKN.
S 15.22 370.4 um
10 21.66 90.0
15 25.43 39.3
30 31.87 9.6

&0 28.31 2.3
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Table 9.10

Settling Time Compared with Sieve Aperture;

TJotal Phosphorus.

Settling Time Percentage Reduction Sieve Aperture Required to

(tminutes) Achieve Hame %L Reduction TP
] Z28.951 221.1 um
10 40.63 63.5
i5 47.71 30.7
30 53.84 8.8
&0 71.36 2.5

This data shows that at‘the shortest settling time of 5
minutes, to achlieve an equlvalent percent removal of any
particular parameter a sieve with apertures of between 372- 142um
ls required. Obviously, as settling tlme Increases then the
aperture size of a sieve to achieve similar performance decreases.

Two important points arise;

(a) 372~ 142 um aperture sizes are substantially smaller than
those in commercial operation in New Zealand piggeries at present,
although flexible screens with apertures as low as 100 um have
been used overseas (Ferdnandes et al, 1988), and

(b) it would be expected that as screen aperture size decreases
then assoctated blockage problems would increase. This wmay
necessitate the use of flexible or vibrating screens and the use
of a8 driving force in the screening operation, increasing the cost

of operation.
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5.3 Correlation Between Specific Parameters.

There are several parameters which may be compared to
investigate the degree of correlation. Sieving and sedimentation
are inherently different separation processes, hence the
characteristics of their resulting substrate will differ.

There fore for each comparlson two separate correlations have been

undertaken, one for sieving and the other for settling.
5.31 BOD versus COD correlation.

This correlation is regquired to give an estimate of BOD
without analyslng BOD for gach sample. For the number of samples
being analysed it would have been impossible to analyse each
sample, since limited equipmen£ was avallable to perform the
tests, and they require a 5-day incubation period.

The results of the correlation are given in table 5.11.

Table 5.11

Correlation of BOD versus COD.

Dependent Independent Constant Correlation
VVariable Variable Coefficient
(BOD, mg/1) (Con, mg/l) (r=)
x(sievingl= 0.17y +2574 ¢c.8222
x(settling)= O.idy +2890 0.6623

The correlation coefflicient for settling was low slnce a

breakdown of the incubation equipment meant that only four samples



79

were analysed. The use of this equation for predicting the
expected BOD cf a sample from the COD would be guite suspect. OCn
the other hand 12 samples wWere analysed for sieving. The
correlation coefficient indicates that correlation between BOD and
COD was strong, and this regression equation would be expected to

give a reasonable estimate of BOD from a sample COD.

5.32 COD versus VS/TS Correlaticn.

COD, VS and TS were analysed for all samples. The tests for VS
and TS are relatively simple and easy where as the test for COD is
nore complex. 1If a strong relationship exists between COD and
either VS or TS, then this could mean COD could be predicted in
future trials by doing a limited number of COD analyses and
establishing a relationship be%ween COD and VS or TS for the
particular waste in question. In selectlng these parameters for
comparison the nature of each analysis was considered. It would
be expected that there would be at least some relaticnship between
COD and VS, since COD measures the oxygen equivalent of the
organic matter content of the sample, and VS gives a rough
approximation of the amount of organic matter present in the solid
fraction. Hence as the organic matter content of the sample
changes s50 too would COD and V¥S. Following on from this since the
VS i3 a measure of a fraction of the TS then a relationship

between COD and TS may also ke expected.
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Correlation of COD versus VS,
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Dependent Independent Constant Correlation
Variable Variable Loefficient
CODCmg/1) VS(g/100ml) (r=3
x{sievingl= 21,491y +519 00,9279
x{settling)= 18, 768y +2068 0.9238
Table 5.13
Correlation of COD versus T5.

Dependent Independent Constant Correlation
Variable Variable Coefficient
CODmg /1) TS(g/100ml) (r=)
x{sievingl= 1&, 059y -~733 0.9431
w(settlingld= 15,974y +1398 (. 3390

The correlation coefficients for COD versus ¥38 shows that there

was a high degree of correlation between these two parameters for

both sieving and settlling.

On the other hand the correlation

coefficients for COD versus TS was high for sieving and low

(unreliable) for settlling.

It would appear that all correlatlons

except COD versus TS (settling) would be reliable indicators of

COD for future trials.

{COD vs TS,

settling) would be that the

An explanation of this low correlation

inorganic constituents are

likely to be much deunser than the organic constituents. This Is

nct a problem when sieving or when only measuring the organic

constlituents, but when considerlng both organic and lnorganic

under a settling regime,

then the denser

inorganic components are
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likely to settle at a much faster rate than the organic solids,
Therefore they will be removed disproportionately to their

presence in the wastewater.

5.4 Effect of Total Solids Concentration on Solid-Liguid

Separation.

Since the initial concentration of each sample for both trials
varied throughout the ccourse of the trials, there was an
opportunity to determine whether sample T8 concentration affected
either of the seclid-liquid separation processes. A one-way
analysis of variance was conducted on the initlal concentration of
each sample, for TS for bo;h trials, to determine if there was a
sigpificant difference between any sample concentraticons. The
results of this analysis (appeﬁdix IV) show that there 13 a
significant difference between some samples at the 95 %
significance level. The 85 % confldence interval has been
calculated for each sample and (s presented in appendix IV. This
reveals that there was a significant difference between at least 3
samples in both trials.

Since there was a significant difference between T8
concentration of some samples the effect of sample concentration
has been determined in the following manner. For each TS sample
ln both trials, a linear regression has been conducted., The

results are presented in tables 5.14 and 5.15H.
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Regression of Individual Samples for Sieving Trial

Sample Dependent Independent Constant Caorrelation
Variable Variable Coefficient

% Removed Sieve Aperture, um {(r=)

1 TS = ~2CG.4 log x +86.0 0.9946

2 T8 = -18.5 log x +84.7 0.9962

3 T5 = —-21.5 log x +88.5 0.9502

% T8 = ~19.9 log x +B3.9 0.9911

5 TS = ~19.2 log x +86.3 00,9917

Table 5.15

Regression of Individual Samples for Settling Trial

Sample Dependent Independent Constant Correlation
Variable Variagle Coefficient

% Removed Sieve Aperture, um Cr =)

i TS = 39.2 log x + 9.0 G.9980

2 TS = 36.3 log x +15.0 0.9998

2 T8 = 32.3 log x +21.1 0.9937

4 T8 = 27.9 log x +17.2 0.9949

3 T8 = 26.6 log x +39.3 ©.9781

For both trials a graph of TS concentration

TS removal was prepared,

(figures 5.11 & 5.12).

versus the rate of

For the sieving

trial the rate of removal of TS for each regression is over a

narrow range from 18.5 log aperture size to 21.5 log aperture

size.

This, in conjunction with the observation that the points
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Figure 5.11
TS Concentration versus Removyal Rate.
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Figure 5,12

IS Concentration versus Repoval Rate.
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on figure 5.11 appear to reveal no trend would tend to Indicate
that over the TS concentrations tested by sieving there appears to
bhe no effect on the performance of the sieves due to TS
concentration.

On the other hand the settling trial had a wider range of TS
removal rates ( 26.6 log time to 39.2 log time). Observation of
the points in figure 5.12 tend to Indicate that at low TS
concentrations (0.7 % TS ) the removal rate was low, and that

removal rate increased as TS concentration increased, up to about

i

2.0 % TS. Above a TS concentration of 2.0 % the removal rate
tended to reduce.

This general trend of increasing TS removal rate as TS
concentration changes, theq a reduction in TS removal rate after
some ¢ptimum TS concentration is in agreement with Jett et al
{1975) and Fischer et al (1975;. This trend is explained by the
type of settling that occurs as TS concentration changes, as
detailed tn section 2.42. Although the trend is in agreement
with the above authors the TS concentrations where optimum
settling rates are achieved appear to be higher in this trial (ie.
1.9 % TS compared with 1.0 % TS from Jett et al (1975) and
Fischer et al (1975)). The reason for this is unclear, but does
indicate the need to determine TS concentration before designing a

sedimentation system for treatment of piggery wastewaters.



5.5 Comparison of Results With Other Research.
5.51 Sample Variation.

High variation in wastewater samples collected is shown in
Table 5.1. This is In agreement with Farran (1979) who states in
his trials "thls occurred even though wastes were agitated in the
sump. Such variabllity illustrates the problem which any waste
treaiment system has to contend with when handling piggery
wastewater In practice”.

Comparison of measured parameters with Farran (1979) shows that
the mean levels of COD, TS and TKN were approximately similar,
although variation was greater in Farran’s results. The level of
V3 and TP were substantially higher in this trial. This may be a
result of differing piy diets,‘which Farran (1973%) has neglected

to describe.
5.52 Particle Size Distribution and Sieving.

The particle size distribution as shown in figure 5.2 is in
agreement with the results of Hill & Tollner (1980) and Gilbertson
et al (1987)(figure 2.1), in the range of particle sizes from 125
um to 2000 um. Below this range the results of this trial show a
nuch greater removal rate than the above authors. The general
trends are the samne: removal of TS down to 500 um is reasonably
low, below 500 um the rate of removal of T8 for a unit decrease in
sieve aperture slze is increasing. It appears from the results of

these trials that to remove high levels of TS slieve apertures less



&7

than 500 um are reguired. Thls conclusion is in contrast with the
results of Hegg et al (1981) who show that the percent removal of
T8 versus particle size is reasonably linear (figure 2.1), and
there fore that a reduction in aperture opening size will have a
similar effect between 74 to 2400 um. The reason for this
discrepancy is not clear.

Comparing the results of COD and nitrogen removal with that of
Hill & Tollner ({980) and Harper et al (1974) for a 250 um
aperture, shows further variatien. Although a 250 um sieve was
not used in this trlal the performance of a 250 um sleve has bkeen
predicted for the purposes of comparison from the regression
equation In table 2.5. The COD removal would be expected to be
about 42.5 %, which is close to that shown by Hill & Tollner
(1980 at 42 %, but higher than that achieved by Harper et al
{1974) at 26 %. The removal 0% nitrogen on the 250 um aperture is
difflcult to compare since this and the research of Hill & Tollner
{1980} measured only TKN, while Harper et al (1974) measured total
nitrogen. However this trial shows by far the lowest nitrogen
remecval at only 17 %, Hill & Tollner (1980C) showed a 30-40 %
removal while the research of Harper et al (1974) showed a 59 %
total nitrogen removal.

Comparison of these results with the results of other research
using a stationary screen to separate swine wastewater again
reveals major variation. The influent solids concentration was
similar to that of denBoer & Wall (1987) and Farran (1979) using
a 500 um screen. The removal of TS and COD at 33 % and 40%
respectively is within the range quoted by denBoer & Wall (1987),

noting that they revealed a wide range. Both TS and COD were
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conslderably higher than the removal quoted by Farran (1979) for a
500 um stationary screen (see table 2.3>. The influent solids
concentratlon for the wastewaters tested by Shutt et al (1975) at
0.2-0.7 % TS were considerably lower than in this trial. Removal
of TS and CQOD on a 1000 um stationary screen was much higher

than feound in this trial, where as the removal on a 1500 um
statlionary screen was lower for TS and similar to this trial for
COD removal.

The results of this sectlion further suppert Farran’s (1979)
statement that there ls considerable varlation in plggery
wastewaters. It is difficult to determine why these variations
occur but it deoes emphasise a need to Know the feed, housing and
management conditions unde; which plgs are kept before attempting
te analyse the characteristics of their waste and performance of
any waste treatment process, aﬁd before extrapolating data from a
waste treatment system to ancother location.

The results of the settling trial appear to be in close
agreement with the results of Jett et al (197%), Gilbertson &
Neinaber (19792} and Moore et al (1t875), and slightly higher than
the performance gquoted by Cullum et al (1984) (table 2.7 compared
with tables 5.6 & 5.7). It would appear that regardless of feed
types, high levels of TS and COD may be removed by settling in
reasonably short time periods (5 te 10 minutes). This would
Indicate that the solid fraction of most piggery wastewaters may
be of similar density and 50 may not be as dependent on feed type

as the screening process appears to be.
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5.6 Design From Data.

Even though it was not an objective of this study to determine
design parameters for solid~liguid separation using screens or
sedimentation, determination of levels of esach parameter removed
by certain aperture slze sleve or settling time can be used to
determine the design of on farm scale scolid-liquid trials using
the processes tested in this study.

The design procedure should include these steps:

(a} determine objectives of waste treatment system,

{b) determine whether solid-liguid separation will achieve any
of the objectives listed in (a),

(¢) if solid-liquid separation will achieve any of the
objectives of the wastewater treatment system, then use
regression eguations to determine the screen size or
sedimentation time required to achieve the objectives, (If
several objectives are met then use the minimum screen aperture
size or maximum settlling time,

{d) decide whether this ls a realistic screen aperture size or
settling time with regard for operating problems or construction
costs. For example a 10 minute settling time may achieve a 53 %
TS reductlon where as a 5 mlnute settling time may achleve a 43 %
TS reduction. PFor an extra 5 minutes of settling time only a 10 %
Increase in TS i1s achleved at the cost of a gedimentation tank of
twice the volume. It may then be decided to accept the lower TS
reduction in view of the lower construction costs required, and

(e) to account for less than optimum conditions of solid-liquid

separators In the fleld, the detention times should be multiplied
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by a factor of 1.26-1.5 (Metcalf & Eddy, 1979). There is no such
published safety factor for screens.

The results of these trials have not determined the effect of
flow rate on screen performance or the concentration of scolids or
slurry from either process.

The effect of flotation of low density particles has been
overlooked In the sedimentation trials. This should be taken into
account in the design of farm scale sedimentation trails, by
incorporating a baffle device on the liguid surface to prevent

these flotables exiting with the effluent flow.
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6. ﬁgmmgl"! ﬁnsi Qg[;clgalguﬁ.

Solid~ligquid separation is used widely as a waste treatment
process. A wide range of sclid-liquid separators have been
applied to agriculture overseas, but their application In New
Zealand has been limited.

Application of overseas research into solid-liguid separation
of agricultural wastes in New Zealand is unreliable since New
Zealand livestock feeding, housing and management technigues
dlffer markedly from overseas conditlons, which in turn influences
wvastewater characteristics. In New Zealand, plggeries contribute
a major potential source of environmental pollution, but are
relatively few in number compa;ed with other agricultural point
sources of pollutlon (le. cowsheds) and so appeér to be prime
candidates for research into the reduction of pollution
discharges.

This study has determined the levels of five pollution
parameters associated with particle size and settling time, for
wastewaters from a New Zealand piggery. This information has been
used to compare the effectiveness of sieving and settling on
separating solids from piggery wastewaters. The trials have been
conducted on a laboratory scale.

Based on the results of this study the fecllowing conclusions
were drawn:

(i) there is considerable variation in piggery wastewater

characteristics from day to day,
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(ii) a high proportion of all parameters measured (75-90 %),
except TKN are associated with filtrable sclids, therefore it is
expected that some form of solid-liquid separation can remove high
levels of all parameters measured, except TKN,

{iii) for sieves, considerable varlation in the removal cf
given parameters under given aperture sizes occurred between this
and other research,

(iv) to achieve substantial reductions in all parameters by
sievling (except TKN}Y, particles less than 500 um need to be
removed, since 63-80 % of all parameters were associated with
particles less than 500 unm,

(v) only 14-37 % of all parameters were associated with
particles in the 500-2000 um range, and reduction of sieve
apertures in this range did not significantly improve the renmnoval
of all parameters measured In éhis trial,

{(vi) for settling, the rate of removal of all parameters
reduces with time, a major proportion of all parameters are
removed in the first 5 minutes cof settling, and a high proportion
of all parameters which are removed by long term settling will
actually settle in 60 minutes,

(vii) in comparing screening with sedimentation, it would
appear that very small aperture screens would be regquired to
enable screening to achieve the same level of removal of each
parameter as settling for relatively short time periods,

{(iix) this trial fails to reveal any effect due to TS
concentration on sieving performance, but deoes tend to indicate an
effect on settling performance due to TS concentration,

(ix) the use of regression equations to predict the performance
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of solid-liquid separation processes tested in this trial should
be used with caution, and preferably tested on & farm scale basis
in light of the variability {n performance of solid-liquid
separators between researchers, to determine if this variability
in performance also exists between piggeries in New Zealand
empleoyving similar feeding, housing and management technigues, and
(%) it would appear that hlgh correlation ketween CCD and V3

could be used to advantage in future piggery seolid-liquid

separation trials to reduce time and complexity.
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7. Recommendations for Furthexr Research.

This is a preliminary study investigating the pollution
parameters assccliated with particle size and settling time of
plggery wastewaters. The results suggest that sedimentation ls a
very effective waste treatment process for piggery wastewaters.

Farm scale tests using sedimentatlion should be undertaken to

determine the following:

(a) the performance of sedimentation applied on a farm scale,

(b) the concentration ¢f variocus parameters in the underflow
slurry from a sedimentation system,

(c) methods of utilizing or disposing of the slurry produced by
sedimentation, and ‘

{d) to test whether flocculants can be used to economically

improve the performance of sedimentation.
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Adppendix I.

Management Svstems at the Pork ipndustry Board Piggery
Qld West Road, Palmerston North.

The Pork Industry Board Piggery at 0ld West Road, Palmerston
North is primarily a pig breedling centre. The bkreeding unit is
based on 180 sows and progeny from these sows is evaluated for
breeding throughout New Zealand. Run in ceonjunction with this
breeding unit is a 1300 pig fattening operation which fattens for
slaughter progeny not required for breeding purposes.

A barley based diet supplemented with 7 % meat and bone meal is
the base diet fed to all animais. The level of feedling and
supplementation with vitamins and minerals depends upon the class
of swine. Finishing and weaner pigs are fed ad lib, and the base
diet iIs supplemented with 1-2 % blood and fish meal, and vitamins
and minerals. The scows diets vary depending on physioclogical
condition. Empty and gestating sows are fed at maintenance level
with the base diet only (approximately 2.5 kg/day/sow)., Lactating
sows are fed ad lib a similar diet to the finishing plgs, except
that the proportions of supplementation varies.

The barley feed 1s crushed by a hammer mlll on site and passed
through a 300C um screen before mixing supplements. All
supplements are mized on site.

The feed ls delivered to the weaner and fattening houses by

automatic conveyor, while soews and guilts are manually fed.
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211 pigs are housed in standard buildings. Ventilation of
these buildings is thermostatically controlled by raising or
lowering a curtain wall. The temperature is kKept in the range of
18-24 degrees celsius. Pen flocring depends on class of swine.

Weaners are housed in pens with a complete grating floor,

finishing pigs are housed in pens with only one third of the floor
grated, while sows are housed in crates or pens with only their
hind feet over grating.
All pens are washed down daily to remcve dung and urine. The
washing system consists of manual hosing with high pressure hoses.
Pig liveweights range from weaner and finishing pigs which are
grown up to 8% kg over a 20 week period. Gulilts average about

110-120¢ kg while sows are up to 260-270 kg.
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endi .

Lata Maplpulation Methods.

(a) Trial I (sieving).

All data was collected in the form of absclute level of each
parameter after passing a certain aperture size sieve. This was
converted to cumulative percentage removal of each parameter after
passing each sieve by the following equation:

y(n) = [m - x(nd1/ m x 100 (1)

cumulative % removal of parameter on all sieves

1t

where ; y{(n?
with apertures greater than and equal to sieve (nJ,
x{n) = level of parameter remaining in sieved effluent
after passing sieve *n*,
m = total level of parameter in initial sample.
(b} Trial II (settling).

The data for trial II was collected in the form of absolute
level of each parameter at a particular port height in a specific
time. The mode of settling was assumed to be substantially
flocculant type and was analysed in the normal manner as shown by
the follewing method (Metcalf & Eddy, 1985).

& grid of settling time (x~axls) versus sampling port height
(y-axis) was drawn as in figure AIT.!. The percentage removal of
each parameter at each sample port and time was calculated as for
trial I (equation 1) and transposed onteo the grid at the
apprepriate time and height, point. The percentage removal

figures on the grid were used to interpolate curves of common
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percentage remcval of each parameter (as done in & contour survey
plot) on figure AIT.1. From this diagram the percentage removal
of each parameter in a 2 metre settling tank, over a certain time

can ke calculated. The following equation is used:

X

n(tl 2

Percent Removal = (
h{t) 2

ancl) R(1)+R(2)) (Ah(Z) R<2>+R<3))
x - +

X
h{t> 2

Ah(n) Rin-1>+R(n)
+ )
where; Ah(n)= difference in height ¢of consecutive contour
lines of percentage removal of parameter,
hi{t)= total height of colunn,
R{nj)= percentage removal of the nth contcur line.

Example: from figure AII. .

The percent removal of TS in 30 minutes is:

(i) 0.35 {00 + 8O ,
_— X — = 15.75
A 2
(2) 0.525 g0 + 70
= 19,865
2 2
(3 1.05 70 + 50
E—— T — = 31.5
2 2
(4 0.075 50 + 49.6
X = 1.87
2 2
Total solids removal = 68.81.%

The percentage removal at a range of times for all parameters
were calculated and then used for log time versus percent

removal of each parameter, as shown in Chapter 5.
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(3) Two=way Apnalvsis of Variapnce for Sieve Apvertures of 500=-2000 un.

Table AIII.a COD.

Scurce df S8 MS F f
Sample 4 1645.6 411.4 6.13 2.61
Apertures 3 1813.5 504.5 9.0 2.84
Interaction 12 1563.2 13C.3 1.94 2.00
Error 37 2483.3 67.1

Takble AIII.a TS.
Source daf 838 MS F f
Sample 4 241.1 60C.28 2.3 2.61
Apertures 3 959.9. 320.0 12.55 2.84
Interaction 12 616.8 ‘5.14 0.20 2.00
Error 38 968.5 25.5

Table AIII.a V8
Source af 88 MS F f
Sample 4 164.0 41.0 1.47 2.61
Apertures 3 1302.6 434.2 15.55 2.84
Interaction 12 165.0 13.7% 0.4%9 2.00
Error 37 1033.0 27.9



Note:

Table AIIIl.a TP

Source af 38 MS F f
Sanple 4 1553.8 388.5 4.%1 2.74
Apertures 3 676.7 225.6 2.62 2.98
Interaction 12 425.3 35.4 0.4 2.15
Error 26 2237.7 86. 1

Table ATII.a TKN
Scurce df 58 MS F f
Sample 4 129.1 32.3 1.07 2.73
Apertures 3 396.5 132.2 4.4 2.9¢
Interaction 12 247.8 20.7 0.7 2.13
Error 27 811.3 30.1
Sample = sample concentration
F = calculated value

f

*f?* table value
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(b)Y Two-way Analysis of Variance for Sjeve Bpertures of 500-2000 um.

Lipteraction Excluded).

Table AITT.b CQOD

Source af 388 M3 F f
Sample 4 1645.6 411.4 0.82 2.56
Aperture 3 1813.5 604.5 1.21 2.79
Error 49 4046.5 499.6

Table AIII.b TS

Scurce df 88 M3 F f
Sanmple 4 241.1 60.3 2.93 2.56 %
Aperture 3 959.9 328%.0 15.53 2.79 x
Error 50 1030 20.6

Table AIII.b VS

Source df 85 M3 F f
Sample 4 164 41.0 1.68 2.56
Aperture 3 1302.6 434 .2 17.7 2.79 %

Error 49 1198 24.5



Note:

Table ATIII.b TKN

Source af 38 MS F f
Sample 4 129.1 32.3 1.19 2.61
Aperture 3 396.5 132.2 4.86 2.84 x
Error 39 1059.1 27.2

Table AIII.b TP
Source df S8 M3 F f
Sample 4 1553.8 388.5 5.5 2.61 %
Apertures 3 676.7 225.6 3.22 2.84 x
Error 38 2662.9 70.1
* = signifigant at 9% % level
F = calaculated value

f £ table value

H
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for sach Barameterp.
Table AIIT.c COD
ANALYSIS OF VARIANCE ON Ct
SDVURCE DF 85 Mg F
C3 3 1867 &22 5. 85
ERROR 93 5638 1046
TOTAL 36 7506
INDIVIDUAL 99 PCT CI1'S FOR MEAN
BﬁSED Ol PDDLED STDEV
{LEVEL N MEAN STDEY ————— B
i 12 29. 29 11. 74 { 3 )
2 15 2&6. 09 1i1. 14 (——— = o ————— 3}
3 15 32. 35 ¢. B4 {~ e 3 -
4 15 39. 51 8 57 { L
POOLED STDEV = 10. 31 21. 0 28. 0 35.0 42 .0

ANALYSIS OF VARIANCE ON
SOURCE DF
€3 3 953 6
ERROR 53 1277. &
TOTAL 56 2231. 2
LEVEL N MEAN
1 12 22. 008
2 15 23. 200
3 15 27. 007
4 15 32. 527
POOLED STDEV = 4. 910

ANALYSIS OF VARIANCE N
SOURCE SS

C3 3 1270.
ERROR 23 1394.5
TOTAL. 36 26464. &
LEVEL N MEAN
i 12 24 2467
2 15 27. %33
3 i3 2. 047
4 15 38, 353
POOLED STDEV = 3.12%9

Table AIII.c TS

C1
Mg
317. 9
24 1

STDEV
5.913
4993
4. 527
4. 286

F
13,19

INDIVIDUAL %5 PCT CI‘5 FOR MEAM
BASED ON PODLED STDEV

—— g — +—— T T
{——m—— HF————— )
{————#————)
(————tp———-)
(————s————)
e 5 fome—— —_—— - +——=
20.0 29. 0 30.0 35.0

Table AllIl.c V8
C1l

M5
423. 4
26. 3

F
16. 09

INDIVIDUAL 95 PCT CI‘S FOR MEAN
BASED BN PBOLED STbhEV




ANALYSIS OF VARIANCE ON C1
DF =1

Table AIII.c TKN

SOURCE MG

C3 3 420. 2 140. 1

ERROR 43 1164 4 27.1

TOTAL 45 1584. 7

LEVEL N MEAN STDEV
1 8 7.750 4. 601
2 iz 11. 417 2. 6928
3 13 ?.115 2. 46321
4 14 153. 5720 4. &07

POOLED S5TDEV

ANALYSIS OF VYARIANCE ON C1
D S8

= 5. 204

F
5.17
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INDIVIDUAL 95 PCT C1°S FOR MEAN
BASED ON POOLED STDEV

e e e e e e s 4 ——

i
L4

{ #
{

{——

*®

+—

<+
T

8.0

Table Alll.c TP

SOURCE F MS

C3 3 B31. % 284. 0

ERROR 42 4041. 5 6. 2

TOTAL 45 4893, 4

LEVEL N MEAN STDEV
1 v 7. 789 9.114
2 i2 13. 900 10. &88
3 i2 14 279 10. 309
4 13 21. 885 10. &4%9

PODLED STDEV = 9. 809

Note: levyel

where

apertyre opening size

1

i

2000 un

400 um

1000 um

5CC um

E
2.95

INDIVIDUAL 93 PCT CI‘S FOR MEAN

BASED ON PDOLED STDEV
{ #—— )
( #* }
(o m e H————— )
(- F—————— }
$ ———+ s s —+
7.0 14. 0 21. 0 28. 0
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Appendix IV.
a=uy % i e
Slevipg and Settling Sample T3 Concentratiops.
Table AIV.1
TS Sieving.
FACTOR 4 1. 6726 0. 4182 31. 34
ERROR 10 0. 1334 0. 0133
TOTAL i4 1. 8061
INDIVIDUAL 93 PCT CI’S FOR MEAN
BASED ON POOLED STDEV
LEVEL MEAN STDEV ————— +—— MO — U
C1i 0. 9507 0. 0176 (—~——%—v)
ca 1. 4303 0. 2040 (———it—=}
C3 1. 4713 0. 0308 (———s——)
ca 1. 6850 0.1419 (———tt—e—)
CS 1. 9647 0. 0607 (———i———)
_____ _;_——M .._+—....._._....__..._....,_ PP
POOLED STDEV = 0. 1155 1. 20 1. 60 2 50
Table AIV.2
TS Settling.
ANALYSIS OF VARIANCE
SOURCE DF 59 M5 F
FACTOR 3 5. 9461 1. 4865 6%. 28
ERROR 10 0.2132 0. 0215
TOTAL b, 16
OTA 14 INDIVIDUAL 95 PCT CI’S FOR MEAN
BASED ON PDOLED STDEV N
LEVEL MEAN STDEY ——4——————m—e i ) ¥
C1 1. 9751 0. 0681 (—=3—=}
¢o 2. 4147 0. 0585 (——H==)
c3 1. &457 0. 2629 (== )
ca 0. 7043 0. 0348 (——%——)
cs 2. 3940 0. 1700 ) N (—F—)
POOLED STDEV = 0. 1465 0. 60 1. 20 1.80 2. 40

Note: level = sanmples 1-5

factor =

sample concentration.
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