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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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Abbreviations

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



TP
TS
un

Vs

Total Phosphorus
Total Sclids
micrometre (micran)

Volatile Solids



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.



