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Abstract

Accelerated laboratory decay Lests using Pinus patula chips treated with 7

preservative formulations were conducted at 25°C for 4 months.
Biodeterivralion was monitored by chemieal, microbiological and pulp ap-
alyses. Chips treated with 2 % (w/v) propionic acid were not decayed by
basidiomyceetes and produced pulp of quality indistinguishable from fresh
untreated chips. Outside chip storage (OCS) fiek! trials using propionic-
acid treated chips were conducted in (he subtropical environment of
Zululand, Treated chips yielded acceptable pulp afsr 4 months’ OCS.
Quantifiration of microorganisms showed that chip (reatment delayed the
wvnset of colonisation for 2 months,  Surfaces of untreated chips were cx-
tensively colonised after 2 months and afier 4 months hyphac penctrated
and colonised interior clements.  Basidiomycete deeay and cellulolytic soft

1t by Chaetominm spp was observed.  Treated chips were relatively

No basidi decay or as sofl rot oceurred.
Ascomyestous colonisation was restricted to staining fungi such as

Peniciltwn spp.
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1.0 INTRODUCTION

‘Wood has been used by man throughout the world, for thousands of years,
as o source of cheup and readily available fuel and raw material, with many
struetural and decorative functions.  Its advantages include toughness,
strength, and the case with which it could be worked using the low levels
of technology available. Weight lor weight, wood is stronger than steel, and
from an ccological viewpoint, in contrast with the Tinite reserves of iron and
plastic bases available, wond stocks, wilb carcful management arc

reaewable (KING, 1981).

Wopd is howeser o Jonger cheap, nor plentiful and forcsiry management
practice in the lechrically developed world hag resuited in considerable
control of deforestation and decreased exports Lo the major wood importing
natans. Market forces thus produeed heve resulied in a steady increase in
the vatue of wood stocks and consequent increased costs to the consumer
{KING, 1981). With only 1 % of South Africa’s land arca under forest, it
compares very unfavorably with other countries and regions of the world.
For cxample, approximately 32 % of the world’s land area is under forest,
whereas the figure for Africa is about 24 % (SPIES, 1988). Delivering the
keynote address at the South African institute of Forestry's Forestry Re-
search 1988 symposium at the CSIR in Pretoria recently, Mr Trahar said
projections Lo the year 2010 show that the supply from cxisling planted

areas will not be able to meet Muture demand for both hardwoeod aad
.




softwood, “This shortfafl must be addressed as a matter of urgency”.

(ANON, 1988).

Froshly felied wood is non-durabie, and its biodeterioration accounts for
losses of up Lo 10 % lotal yicld (BAECKER, pers, come,, [987), therefore

such losses place greater demands on timber production,

1.1 Timber Storage

Since the period between felling and conversion for end use, during which
timber {s most susceptible W biodaterioratlon, storage methods are impor-
tant determinants of associated economic losses. Timber i stored cither

as roundwood of

chips,

Rouudwood

Timber is Telled and may be stored in the forest before extraction and
wransport o sawmills.  The roundwood may be further stored as stocks
prior (© conversion and planks may in turn be stored prior to end use or

during seasoning. Oficn total Storge periods excesd six months.

1,12 Quiside Clip Storage

Pulp and paper Is of course becoming an lnereasingly valuable commodity
as demand continues to grow (HULME, 1979), particularly, in developing
South Africa. Rising prices reflect impeading shortages on o global basis
2.




(HULME, 1979). Commercial wood chip storage was therefore introduced
i the carly 1950° in the Amcrican West Coast to alleviale some of the
problems encountered by the pulp and paper industey In the slorage of
thelr vast reserves of raw materials (SCHMIDT, 1969; GREAVES, 1971a;
FULLER, 1985), Piles were constructed of chips from sawmill and vencer
resldues obtalned from  the wood-using industries (DOYLE, 1963;

MICHAUD, 1962 cited by SHIELDS, 1967},

The possibility of storing wood for pulping in the form of chips has received
tneressing consideration in recent years (LINDGREN und ESLYN, 1961},
because chips are more cconomical o handle than logs (HENSEL, 1958;
BAKER, 1960; BURKE, 1962, FORSSBLAD, 1965; HOLEKAMP,
19628 cited by SHIELDS, 1967, HULME, 1979). Handling and cconomic
advantages of outside chip slorage (OCS) over log storage (BAKER, 1960
cited by SHIELDS, 1967) have resulted in many mills chipping their logs
to provide readily avallable material for the pulping operations (SHIELDS,
1967). [mproved forest management and harvesting policies along with
reforestation whl obviously help afleviate the problem but it is clear that
eostly fosses auributable o bindeterioration during the outside storage of
chips cannol be tolerated (HULME, 1979), The suceess of chip storage is
affecled by climate and wood spesies (FMAINY, 1966), therefore consider-
abie research has been conducted on the bisdeterioration of Southern pine,
oak and gum chips throughott the world (SHIELDS, 1967), but partic-

ularly in U.S.A., Canada, New Zenland, Austretia and Sweden, Ofall the
cide-




pincs, hone has been grown morc extensively for timber in South Africa
tan Pinus patula Schicde et Deppe in Schidl. ¢l Cham (POYNTON,
1979), While it is well suited 10 very warm and dry reglons, and although
subject under certain circumstances to dumage or attack by such agencics
as wind, hall, fungl and insects, it nevertheless thrives on a greal varicly
of soils and yiekls & general utility timber frce from defects and of consist-
ently acceptable quality (POYNTON, 1979} However, the
biodeterioration of Pins patula as chips in outside chip storage (OCS) has

never been investigated in S.A.

1) Advantages of OCS

Yirwally alf types of woad ranging from the hard woods and soft-woods
of lemperale climates to the bamboos (MOKHMASI, HANDIGOL,
JASPAL and BHARGAVYA, 1969 cited by HULME, 1979) and tropical
hardwoods (GREAVES, 1971b cited by HULME, 1979} have been stored
a% chips (HHULME, 1979). Operational advaniages of OCS over round-
wood storage {CLARK, 1963a cited by SHIELDS, 1967) have been re-
ported us follows (SHIELDS, 1967)

@, Reduced fibre loss,

b, Continuous supply (CLARK, 1963b; HOLEKAMP, 1962b;
HAJINY, 1960 cited by HAINY, 1966).
e Decreased handling costs (CLARK, 1963b cited by HAINY, 1966).




d. [nereased utilisation of resklue chips from sawmills Lo vencer plants
(ROTHROCK, SMITH and LINDGREN, 1961), '
e Large manpower saving {CLARK, 1963b; INSERRA, 1961 cited
by HAINY, 1966).
f, 20 Lo 25 % increase In g fon from d 4 d .
(DIEHL, 1960; LAW, 1963 cited by HAINY, 1966), P .
& Reduced maintenunce costs. .
o Blimination of production loss because of wood-reom/wood-yard
breakdowns. '
i Increased bark yiekl and consequent recuced fucl costs,
Jo Teproved  waiformity in digester Turnish (CLARK, 1963a; -
HOLEKAMP, 1962¢ cited by HAINY, 1966). “*
k. Greater storage per acre, !
I Less house-keeping (HAINY, 1961; CLARK, 1963b; CLARK, %
19632 cited by HAINY, 1966), ! 5,
m. Smooth wood-yard, wood-room eperation, l" .

n. Belter, more gecurate specios handling (CLARK, 1963b cited by

HAINY, 1966).

Unfortenately, many costly problems can arise when wood chips are stored
outside (BLACKERBY, 1971; CHALK, 1968; GRANT, 1968; HATTON,
SMITH and ROGERS, 1968; HOLEKAMP, 1962u cited by HULME,

1979), and unless a chip pile is carclully managed the pulping propertics

of the chips can be affeeted in many ways, as mentioned below ¢




“The pulp yicki may be lowered because the ehips have lost waight
or require extended pulping; or because more of the chip dissolves

whea pulped,

=

The polp strength may be lowered becanse pulp constituents in the
chips have been degraded, or because Lhe chips have lo be over-
cooked Lo produce the desired grade of pulp.

The pulp brightness may be lowered because the chips have dark-

&

ened.

=

More pulping and bieaching chemicals may be required or chemicat
recorery (in the krafl process) may be slower.

“The pulping equipment may corrade more rapldly,

®

Less tall-oil and turpentine by-products may be oblainad in kraft
pulping.

In the extreme case of chip pile fires no pulp or by-products may

=

e obtained,

Thus, deterioralion during outsile chip storage may be defined 8 any
process which lowers (he quantity ar qually of pulp, increnses the require-
" ment for pulping and bleaching chemicals, or increnses the cost of equip-
ment maintenance (HULME, 1979), Such deterioration obviously includes

biodeterioration.

In tropicat and marine cavi inseets and molluses

respectively play the major role in wood biodeterioration whereas, in more

g
e .
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temperale elimates microorganisms are the moin agents of destruction

(KING, 1981}, particularly during OCS.

An undentanding of the cconomic effects of fungi in wood must involve
an appreciation of the end use for that wood, In some uses the presence
of fungi in wond may be aceepted (e Sap-stain in construction-grade tim-

ber), whereas the same fungi in logs o be used for the production of me-

chanical pulp may be unseceptehie. Fram the user's viewpoing, wood can
b deteriorated withow being deeayed, this heing obyious within the pulp
atned papec indestry,  Deterjoration of wond by fungi can then be defined
as g decrease in value of that material to a specific oser because of the

presence of these microorganisms (SMITI, 1975),

1.2 Biodeterioration Of Chip Piles

In considlering the eevnomic intportance of fungl in wood utilised by the
pulping ingiusizy, we must also consider the (lme 4l which fungi may enter

tha wad, They nuay enter as listed below

A standing tree befure felting.
b. A log during ity subseguent period af slorage.
¢ Wood chips during owtside storage Following conversion from logs

ar sawmil residues (SMIT, 1975),




When the living tre¢ is attacked the organisms involved arc parasites caus-
ing discase and this aspect of microbial decomposition is more properly
considered as forest pathology or plant pathology. Form the viewpoint of
the weod user, the important organisms are generally those which colonise

Lhe wood after it is felled (KING, 1981).

121 Microbiological Succession Palterns

“The microorganisms which colonise and degrade wood include bacteria and .
aetinomyceles, but the major group of microorganisms involved in the sue- : ’

cession patiern of decaying wood are the fungl. .

.2 Fungal physiology with respect to wood decomposition N

Fungi belong to @ primitive branch of the plant super-kingdom PLANTAE
and comprise the kingdom MYCETAE. They differ from the
photoautotrophic green plants in their lack of chlorophyll and hence their ]
nabifity to manuficture dicir own sugars using sunlight, carbon dioxide
and water, These primitive chemuhcterolrophic microorganisms therefore
absorb their energy supplics from exierns sources. Wood can be such a
source and fungi can grow on the surface and within the wood, utilising
{reely available sugars and breaking down the more solid structure of wood

by use of various substrate specific enzyme systems Lo solubilise and absorb

the less frecly available food materials. Thousands of different types of

fungi exigt, showing different forms of growth, types of reproduction and
I .




capacilles Lo attack and colonise wood. Most fungi have at least the fol-

lowing five basic requirements for growth, namely ¢

A guitable source of food.

Oxygen.

¢. Presence of a minimum degree of moisture.

d. A pH range beureen 5 and 8 (von MOLY, 1981).

e A suitable temperature range vsvally betweon 25 and 40°C (von

MOLY. 1981},

Lack of one of the above requirements will normally prevent. the growth
of fuagl, Therelure, if wood Is kepl dry as within houso timber joists, no
growth of fungi will oceur, Also, if pulp logs are kept submerged in water,
where oxygen will be severcly restricted, little Tungal growth will ocour

(SMITH, 1975).

Apart from the carbon sources, wood decomposing fungi require bound
akrogen, for instance, inorganic salis or protein for growth. The carbon ©
nitrogen raio of wood is 300;500 ; 1, rendering it poor in nitrogen, and this
Is a limiting factor for the growth and activity of fungl. However, living cefl
systems (ray parenchyma cetls und epithelial cells of the resin canals) have
& higher concentration of pitrogen than the yest of the wood material. [t
has been shown that fungi initially attack these fiving cells, whereby their
coment of nitrogen and reserve nutriment like siarch apd Jipophilic

extractives fs depleted (ASSARSSON, CROON and FRISK, 1970a). The
T

TN



fungal biomass which developed in this process then dics, relcasing
nitrogenons materinls which provide nutrition for succeeding fnvaders, in
additivn, fungi may Lranstocate nitrogen from the exterior, o wood (KING,
SMITH, BAECKER and BRUCE, 1981). Simulancously, carbon is lost
from the wood as CO, during fungal respiration, These combined proc-
esses cause the carbon @ nitrogen ratio of wood Lo narrow from 300/500 : 1
(o fevels amenabie Lo vigorous microbial growlh consistent with rapid decay
of the wood. A succession paltern of microorganisms therefore occurs in
decaying wood, and different groups invade at difforent stages of the decay
process, depending on their ability to utilise the wood at different stages of

its changing nutritional status.

Fungi are classified by microbiologists mainly according (o the way they
reproduce. In most cases, similur groupings can be used to separate fungi
acgording Lo the way they damuoge wood (KAARIK, 1974 cited by
HULME. 1979). Three basic groups, which overlap 10 some extent, can

be distinguishied as follows :

a. Primary and secondary colonisers;
1} moutd, stain or soft-rot fungus,

2) yeasls, bacieria and actimomycetes.

3

. Tertiary colonisers;

1 white .ot fungus,

2) brown rot fungus.




These are serious agents of decay and have been reviewed in Chapter 3.

1212 Effect of bioduteriogens on the guantity of wood substance in chip

piles .

Many repores on the losses in woud substance which have oceurred during
chip storage have come from studics made in the southern US.A. and
Sweden, and indicate some variabitity in basic specific gravity losses not o
only between different pies but also within the pile iself. The type of
microorganisms inhabiting chips and the degree of microbiological activity Co
are important (aclors iavolved in the amount of wood substunce fost during

storage (SHIELDS, 1967), .

Only minor reductions in specific gravity bave been poticed in pine chips
stored for up to 2 months (ANON, 1959 cited by SHIELDS, 1967), when
compared to non-stored chips. In another study (SAUCIER AND &
MILLER, 961 cited by SHIELDS, 1967), losscs in specific gravity during A
the first few weceks of pine chip storage were greater in (hose chips situated .
near the centre of the pile. While these losses were unexplained at the time
it i possible that very high temperatures resulting from the initial rapid

growth of heat tolerant and thermophitic microorganisms may have been

involved, Wilh longer storage it was found Lhat Josses were nol as great in
the centre of the pine chip pile (SAUCIER and MILLER, 1961 cited by

SHIELDS, 1967). This reduction in specific gravily lossus cor
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a fowering of the Lemperaturss, an increase in moisture and perhaps de-

pletion of axygen (SHIELDS, 1967).

The types of microorganisms that will uttimately be responsible for most
of (he substanes fosses wilt depend on the Lype of malterial and the pre-
vailing storage conditions, espeelally the temperature. In the cool outer
regions of storage piles, mesophitic fungi prevail; in the warm to hot inner

regions itic and fungi are responsible for substance

Tosses (HULME, 1979 cited by SPRINGER, 1983a),

The nitial higher fosses experienced in the hot arcas of some piles within a

few weeks after piling has commenced, can perhaps, be attributed to a

combination of biological and ehemical activity operating at the same lime.
The metabolic activity of the thermophiiic and heat tolerant fungi on the
woud probably accounts for some of this loss with other losses occurring
Crom the deacetylation process as a result of high temperatures and
muistire, as well as from oxidations of other substances, such as resing, in
the woud. With increased storage time however, the losses in the upper
interfor regions do not surpass the Josses experienced in the cooler uncom-
pacted sides of some piles where wood-rotting Basidiomyeete fungi and

slaining fungi are more active (SHIELDS, 1967).

The ocourrense of greater numbers of white rot fungi in Lhe lower levels of

some sofl-wood chip ples is one major cause of wood substance loss in

Sa12e.




these arcas (SHIELDS, 1967}, The observations thal chips in Lhe lower

patt of a pile are frequently dark brown, discoloured and have an acctic

acid odour, suggests that there 15 also a possible hydrolys

hemicelluioses by organic acids formed in the pile during biological or
chemical processes and that this results in Turther reductions in wood sub-

stance and inereased storage (SHIELDS, 1967).

122 The Detection OF Biodeterioration

The resistance of different speeies (o fungal autack varies, but no wood {5

immune. A refative degree of resistanee is imparted when Jarge amounts
of extractives toxic Lo fungi are present. ‘This is the maln reason why some
species, sueh as redwoud, oak, chestnul, and black locust, for example, and
encalypl and wattle in 8.A. are more durable Lhun others.  Similarly

heart-woud is genendly more durable in comparison t sap-wood of the

same species (TSOUMIS, 1968) owing to the higher concentrations of

1

'y SUeh B8 Lannions in heart-wood,

antimicrobiat extract

The presence of mould fungl on fogs and Jumber 5 often seon as a fufly

surface growth of many colours. Green is o colowr frequently seen in

Penfeitfium and dAspergiffus although white Aucor and pinkish Epicoccinn

pigmentation are alse common.
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As stated above (1.2,1,2) there Is no Indleatlon of weakness in underlying
wood and the importance of most staining fungi o pulp mills is probably

negligible (SMITH, 1979).

The presence of sap-stain Faugh in fumber o chips can casily be aseertained
by a visual examination. The wood will appear stalned a bluc or black
colour, frequently in & streaky or radially expanding fashion Lowards the

oulskle of the woud (SMITH, 1979},

Solt-rut caused by fungi such s Ascomyeetes and Fungi Imperfect! cause
attacked wood to darken as decay progresses. When dry, alfecte | wood
becomes soft and briitle with cubic cheek marks as with brown rot (below)
(CARTWRIGHT and FINDLAY, 1958; LEVI, 1964 cited by TSOUMIS,
1968), Howeyer, these symploms are macroscopic and noled in logs but

a0l in chips, A schematic reproscalution of wood cell wall at micro-level

is shown in Figure £ o and b resp . M i ft-rotted
waood shows characteristic geometrical cavities in cell walls, and these are
useful in diagnosis with the micrescope (COWLING, 1965; LIESE, 1964
cited by TSOUMIS, 1968; SHIELDS, 1967).

Severe atiack of wood by white-rot fungl can resuit b a white-pocket type

or & stringy yetlowlsh type of rol, This would be visually evident, although

brashness of the wood when broken would alse result. Early stages of
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Figure 1,1 Schemalic representation of a typical wood ceil to show differ-
entiation of cell lagers,

a, Longitudinal representation of a wansversely sectioned celt
{L ~ lumen; 19 - primary wall; 2¢ - seeondary wal; M - direcs
tion of cellulose microfibrils)
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deeny by these fungl can cause brown or reddish discolorations of wood

with littte physical degrade (SMITH, 1979 LEVY, 1969).

Severe attack of woad by brown-rol Tungl generally resulls in dark brown
discolorations of wood which will be crumbly, cracked and broken, partic.
ularly as the wood dries (LEVY, 1969), Considerable shrinkage of the
woud resulis in drying, Incipient stages of attack by these fungi are diffic
et to diagnose, bul probably au these early levels the reductlon effects on
pulp yield will be small, However, deeay could be diagnosed by 4 softening
of Wie wod or by a brashoess when broken, as well as by a decrease In
specifie gravily as normally determined (SMITH, 1979). The conchusive
methad to diagnose white or brown-rol in chips remains Lhe detection of
misrascopically visible effects. "These include Jocalised bore holes through
celt walls, ang disintegration of walls in parts that are not in immediate
eontact with fungal kyphac - presumably through transfoention of enzyaes,
The pauerns of these cffects differ secording 1o the ype of fungus, and
may be best observed with the eleciron mieroscope (TSCUMIS, 1968), In
general, whlig-rouers produce Lypical lysis zones around hyphae on wood
cell walls (Flgure 1.2) since the ligninases produced can degrade the S3
wall. In contrast, brown rotters produce celfulases which diffuse throogh
the lignin in 83 without eausing apparent decay, but these cellulases
produce degradadlon in the celiulolytic S2 as scen I tansvorse section

(Figure 1.2).
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Figure 1.2 Cross section of a swood cell wall showing the composition and
microbial decay palierns. (w) - warty layer; cr - cellulose r|c|\,
S§1, §2 and S3 - 2° wall layers; Wr - white rot fungus in crosion
uoug,lr ml- muldie Iumclla Ir - tignin rich; St - 5o rot fungus
in s0ft rol cavity; L - lumen; Be - bacterial erosion; ewd - cell
walt dissolutlon by I:mwn oL fungt; M« mycelium of mould
stain fungus),
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The visba) detection of deterioration by thermophilic fungl i very difficult,

In some instances, specific fungi may turm the wood chips a light or dark’

brown, often in u very spotty patlern, ‘The presence of small brownish-
black sphierical bodies on the surface of the chips also indicate activity by
this group of fungi. However, many of (hese fungi are capable of growth
on waad chips with e exiernal jndication of their Internal activitics.
“Thete will be no indication of obvious weakening of the wood chips, at least
wntil long of storage has oceurred, 1L is probable that the limiled specics
of thermophitlic fungi involved are common to chip piles of different wood
species and to piles stored in differont geographic locations, It iy uniikely
that any farge chip pile, untreated ln any way, will escape raplt) and com-
plele culonisation by these fungi. Thelr reproductive spores will be present
in cnormous numbers Iy the air around a pulp mill and will be quickly
drawn into a sel-healing chip plle (1.23.1) by the developing air con-
veetion currents. Obviously, commonty tsed pneumatic systems for chip
transportation 10 a pile wilf create ideal canditions for coating the oviside
of chips with spores of these fungl. As chips pass through the air, they wilt
coliect spores which will subscquiently grow and colonise (he outside and

then the inside of chips (SMITH, 1979).

12,3 Faeloss Influencing Deferlorstion

The durabllity of the wood species influences the Lype of fungl and the rute
of deterloration in chiy. pifes (SHIELDS, 1967). Temperature and molsture

are two of the mest important variubles in delermining the type of
RTI




microffora and their sucecssion in chip piles, and the nature and rate of

deterioration, while high temperatures over 35°C are imporiant in inhibit- "

ing cerlain wood-staining and docay fungi, The depletion of oxygen and
the metabolic cvolution of carbon dioxide by these acrobic
chemoheterolrophs vary according (0 the degres, of compaction and
moisture in a pile, may serve as an indication of the rate of microbial
metabolism. While total fack of (ree oxygen in & waler - saturated substrate
(55 % wet weight) docs inhibit fungal growth; as with submesged round-
wood (above) il is expected that oxygen levels are sufficient for growth of

Tungi in arcas of piles where cliips are not compietely salurated.
1230 Temperature and moisture content

Both Lie moisture content and the temperature cxisting Within many out-
side chip piies have been found to vary coasiderably during Lhe storage
period.  Evropean and Amorican investigaiors (CRANE  and
FASSNACHT, 1960; LINDGREN and ESLYN, 196); ROTHROCK,
SMITH and LINDGREN, 1961; BOIS, FLICK and GILMER, 1962;
BIORKMAN z0d MAEGER, 19632; ANNERGREN, DILLEN and
VARDHEIM, 1964; LIUNGQVIST, 1965; BERGMAN and NILSSON,
1966, SAUCIER and MILLER 1961 cited by SHIELDS, 1967), have ab-
served that (he dricr interior conditions are usually associated with the high
temperatures found in the centre of the piles. The presence of excossive

moislure (over 20 % dry weight) together with high tomperatures has been
TN




suspeeted both of intrcasing chip deterioration by chemical means and of

Jeorcasing di ions by the bluc-staining fungi (Figure 1.3).

Spontancous Reating in wood chip pites is weil known (HAINY, 1966;
ASSARSSON, SPRINGER and HAINY, 1970; SPRINGER, HAINY
and FEIST, 1971; CROON and FRISK, 1970a cited by FEIST,
SPRINGER and HAINY, 1974). Cenlre temperaturcs in commercial chip
piles oflen reach and maintain 55 - 70°C (MAJNY, 1966; SCHMIDT,
1969 cited by FEIST, SPRINGER and HAINY, (974}, {n some chip piles,
spontancoss ignition has occurred (COLE, 1972a ciled by FEIST,
SPRINGER and HAJNY, 1974). Scvere degradation of redwood chips
recovered from a chip pile in which temperatures cxcccd_cd 60¢C for long
periods have boen reported (SCHMIDT, 1969 cited by FEisT,
SPRINGER and HAJNY, 1974). The chips darkened, and active alkaii
requirements for kraft pulping were Increased by | % to 2 % more than
that for normat chips. In addition, sereencd pulp yiclds decreased from 38
% 10 27 %, burst strength decreased {5 % and tearing resistance as much
as 45 % below that normally obtained from redwood. The effects observed
were apparently caused by chemical rather than microbiological degrada-
tion since temperatures above 50°C have a “bictogical scif-pasteurising ef-
fect” (SCHMIDT, 1969 cited by FEIST, SPRINGER and HAJNY, 1974).
Within a fow weeks of he construction of large chip piles, the phonomenon

of "healing” occurs in the upper interior regions of the piles. With longer
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Figure 1.3 Skelch showing arens in cross section of a cliip pile with differ-
ent types of microflora and moisture contents (me) usually
abserved. (83 - moulds + basidiomycetes; S4 and 85 - moulds
+  Chrysosporium lignorwm; S6 - moulds +  Adlescheria
terrestris; §7 - moulds mesophilic; S8 - moulds thermophitic).
Al mc's are cxpressed as % dry weight,  (ASSARSSON,
CROON and FRISK, 1970; GREAVES, 1971)
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storage, the temperatures in the interior of the piles were not quite as great
as high temperalures {c.g 63 - 659C} recordud soon afier the star of chip
storage. The drop in the temperature sometimes ocours rather abruptly
(LINDGREN and ESLYN, 19615 ROTHROCK, SMITH and
LINDGREN, 1961; SAUCIER and MILLER, 1961 cited by SHIELDS,
1967 but this decline has also been reported to occur more gradually in 2
larger more compacted chip pile in Sweden (ANNERGREN, DILLEN
and VARDHEIM, 1964 cited by SHIELDS, 1967). This differcnce was
algributed 19 the larger volume of chips in the Swedish pile which gave

greater insulatory protection against atmospheric changes.

Temperatures  have  fluetrated  (ANNERGREN, DILLEN  and
VARDHEIM, 1964; BOIS, FLICK and GILMER, 1962 cited by
SHIELDS, 1967), according to the degree of compaction In the piles with
greater compaction resuiting in higher average temperatures. The cause of
the hieating which oceurs in outside stored chip plics has been attributed in
part to Lthe presence of bark, the condensing of water vapour on the chips
and the microbiologicu! aclivity within the pile. 1L s not expected Lhat solar
radiation would influence the conditions deeper within a large pile although
heat from the sun will incrense the temperature of the surface chips. What
is believed to occur jn a large chip pile is the translee of warm moist air by
convection fram the lower regions of the pile to the upper cooler chips,
“This creates & chimney effect whereby the evaporation of mwisture from the

lower chips resulls in cooler Lemperatures in Lthese regions while the con-
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<densing of water vapour on the chips i the upper portion of the piles
causes not only an increase in the maistire content bul alsa higher wm-
peratures (ANNERGREN, DILLEN and VARDHEIM, 1964; BOIS,
FLICK AND GILMER, 1962; LIUNGQVIST, 1965; ROTHROCK,
SMITH and LINDGREN, 1961 cited by SHIELDS, 1967). As a conse-
quence, the wood chips sitnated in the lower central regions of a pile be-
come cooler and drier. While chemical activity ocourring in the part of the
pite during carly storage is thought 10 be the cause of higher temperatures
which increase the evaporation of some of the moisture (ANNERGREN,
DILLEN and VARDHEIM, 1964 ciicd by SHIELDS 1967), it is also

known that heat arising from the increased metabolie activity of

prowing in a r svironment can ocour in 2 rela-
tively short period of time, 1L therefore believed (ROTHROCK, SMITH
and LINDGREN, 1961 cited by SHIELDS, 1967) that the excessive heat
Is penerated within the pile s a result of oxidative reactions including the
participaton  of microorganisms (ANNERGREN, DILLEN and
VARDHEIM, 1964; SHIELDS, 1967).

Thermaphific or “heal-loving” fungi have been found Lo contribute consid-
erably to the maintenance of clevated temperalures over fong storage pori-
ods. The association of thermophilic fungi with hot arcas is also found in
the storage of grain and other organie materials. Theimophilic fungi grow
within the range of 20°C 10 60°C while some bacteria will continue their

growth ab temperatures beyond 60°C. In contrast most wood-stain and
a3




decny fungl are inhibited at lemperatures above 35°C cxcept lor somie heat
talerant wood-deeay species which apparently can grow up to $0°C
{NILSSON, 1965; SHIELDS, 1967). There is therefore, same probability
that chip quality will be adversely affected because of the activity of these
heat-toterant fungi, An additional oulcome of increased fungal metabolism
in the chip pile is the production of carbon dioxide and water
{LINDGREN and ESLYN, 1961 cited by SHIELDS, 1967) as end pro-

ducts of the degradation of carbohydrates in wood.

Moisture content will therefore be unlikely to be a imiting factor in re-
tarding alt deterioration in outside chip pites because of the difficulty In
maintaining either dry (bejow 17 % moisture content green weight basisy
or the Mully watersatrated conditions required to inhibit the growth of
fungl, The high lemperalures and moisture contents cxperlenced in the
upper interior rogions of chip piles is Wought to be responsibie for the re-
duction in the bluish grey discolorations coused by stoining Tungi
(HOLEKAMP, 1959 HOLEKAMP, 19620; LJUNGQVIST, 1965 cled
by SHIELDS, 1967). There is some indication that excessive moisture

content and high temperatures could contribule to other non-micrabial,

types of chip discelorations, 1 due In part o the dark water-soaked

appearance of the chips,

The presence of bark has been thought ta be responsible for excessive heat

within piles and the subsequenl rapid development of brown stain duc to
YT
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fungal auack (WAHLIN, 1965, WRIGHT, 1954 cited by SHIELDS,
1967). According to FEIST, HAINY and SPRINGER (1973) heal alone

and ization ol wood

can cause serious
and subsequent foss in pulp yiekis and pulp properties. High temperatures
and moisture content are alse faclors in contributing to brown chemical
staining and arc reporied (ANNERGREN, OILLEN and VARDHEIM,
1964 ciled by SHIELDS, 1967) 1o result in the deacetylation of
hemiceitulases in the wood although no change in acetyl contenl was de-
teeted In onc hardwood chip pile afier 6 months storage (HAINY,
JORGENSEN and FERRIGAN, 1967 cited by StIELDS, 1967). it has
\herefore been recommended that every effort should be made to reduce
heaging during wood chip storage (FBIST, HAINY and SPRINGER,
1973).

1232 Oxpgen and carbon dioxide levels

in an early reporl (BIORKMAN, 1939 cited by SHIELDS, 1967) on stor-
age conditions in & ¢hip pile it was sugpested that he oxygen needed for the
Hle process of acroble organisms might be quickly used up and that the re-
sulting deliciency of oxygen would have and unfavorable effect of the
growth af decay fungl in tre pile.  Mowever, Inter studics in Louisiana,
US.A, (HOLEKAMP, 1939 cited by SHIELDS, 1967) and in Sweden
(BJORKMAN and HAEGER, 19630 clied by SHIELDS, 1967) indicated
that there were no great varlations In earbon dioxide and oxygen levels in

loosely compacted chip plles during storage. n laborawory experiments
S35
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{BJIORKMAN and TIAEGER , 19630 cited by SHIELDS, 1967) it was
observed that certain woud-decay fungi and the mould, Trichoderna ,
Hignorion, grew well in an atmogphere contalning as wuch as 40 to 50 %
C‘O2 , and that in other tesls these same fungi were not inhibited until the
concentralion of oxygen was practically zero. 1L was concluded that very
farge changes In vxygen or carbon dioxide concentration would be neces-
sary to inhibit the prowih of the Tungi which couid cause deterioration of
chips during storage (SIUELDS, 1967), and Lhis conelusion (s supported : ﬁ .

Dby on-site observations of the present author, 4

1.3 Control Of Biodeterioration In Chip Piles ! -

Reeogaition of the problems caused by the adverse Influence of
microarganisan i chip storage (ASSARSON, CROON and FRISK, i+ .

19706), nad the cconuntic beaefits of overcoming them, have led a number .

ol companics and research groups into investigations of chip plie bebaviour .
(ANON, 1969}, Control methads are based on maniputation of fectors 3 P
which affeet microorganism growth, Control can therefore be achieved by,
changing the environment of miercorganisms in the piie, reatlng the chips
with fungicides, or suppressing harmful microorganisms by adding domi-
napt but harmless microorganisms  (ASSARSSON, CROON AND

FRISK, 1970h) as biological controd ngents, The methods of reducing de- -

terforatfon during outside chip storage may therefore be clussified into me-

chanical and physicad, chemical and bioiogical anes (BERGMAN and

NILSSON, 1979). . ( ) N
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LIATTON (1969) described Lhe benefils derived from the use of smalier
piles combined with sensible wood-yard practices (HATTON, 1970a clted

by SMITIL, 1975).

1,31 Mechanicat And Physicat Methods

Chip deterioration ean be minimised by meehanical means (HATTON,

1969) such av good weodgard masapement, systematic storage of chips fo

the doughnirt patiern coupled with despateh on & Tirst-on, fist.ofl b
The ting-shaped pile afiows storage of chips on a first-in, first-out principle
tBERGMAN and NILSSON, 1979, A plling and rectim methodology is

based upen the following

2. Nature of wood species stored,

b. Climatological conditions.

€ Flexibility of waod movement, bused on mil) experience,

d. Qate of wood substance Joss Fur 1 specifie locution, enfeulated from

literature data or, preferably, wsi pile results (SMITH and

HATTON, 1971),

The physical methods comprise contre! of storage thme, good housckeeping
values such as eleanliness, destruction of deeayed chips and chip storage
on congrete, contiol of plle size and fines, encasing of chips, waler spraying

and irrndlation (BERGMAN and NILSSON, (9749},
e 27an
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Preservaton of stored chips by @ cost-cffective system could be used in
conjunstion With standby stovage. Presorved chips might be stored for a
tonger perlad than non-meeserved, thus the fractior of chips going to stor-
age could be redueed o Turther Increoses in ovwrall by-product yields
would resull (SPRINGER, BENJAMIN, FEIST, ZOCH and HAINY,
1977 SPRINGER, FEIST, 7OCH and HAINY, 1977 cited by
SPRINGER, 1978).

13,4, Temperature conbrol by compaction, pile size und climate

Tise compuetion of chips in piles Increases the amount of wood stored in o
given aren and hay been accomplished by  blow-packing  chips
(ANNERGREN, DILLEN and VARDREIM, 1964 BURKE, 1962;
HOLEKAMP, 19538 HOLEKAMP, 1962a cited by SHIELDS, 1967).
Blow pueking has been reporied (ANNHERGREN, DILLEN and
VARDHEIM, 19643 RITCLY, 1962 ¢lted by SHIELDS, 1967) W glve su-
perior compaetion o other methods, Depending upon the degeee of com-
paction the temperatures ve been found (o ingrease i the plle and to
remain bigh  Wroughoul  winter {ANNERGREN, DILLEN and
VARDHEIM, 1964 cited by SHIELDS, 1967).  Higher temperniures
cuused by compaction profouncily tffect the types of microarganisms which
are able (o colonise the chip plie (ANNERGREN, DILLEN and
VARDHEIM, 1964; NILSSON, 1965 ciled by SHIELDS, 1967), since
usval wood-rolting fungl cunnot grow at the clevated temperatuses experi
S8




enced in some parts of the chip pile (SHIELDS, 1967). [However, these
hiph temperatures are believed o adversely influence the tesin content of
stored chips and to produce fower by-product yields (LINDGREN and
ESLYN, 196) cited by SHIELDS, 1967), 10 areas where compaction was
the least it was found ihat more fungal deterioration and greater wood
substance fosses aceurred daring storage (BOIS, FLICK and GILMER,
19621 ROTHROCK, SMITH and LINDGREN, 1961 ¢iied by SHIELDS,
1667). Litde or no differences were noted (BOIS, FLICK and GILMER,

1962 in chip i between the and arcas

during the Nest month of storage.  However, after & months storage the
uncompited ebips hag fost three w four times mare wood substance than
the compactd ¢hips.  Larger piles have greater compuction of chips to-
gellier with fess exposed surface ares, and are reported 1o be subject o loss
biodeterioration (ROTHRGCR, SMITH and LINDGREN, 1961 ciled by
SHIELDS, 1967),

A ehip pile temperatace s affected by the climate pnd 1he slze and shape
of the pile (BERGMAN and NILSSON, 1979), The construction of chip
piles dursing freezing wmperatures would appear to be promising i pro-
viding protection against subseyuent Fungal deterioration becnuse the -
jority of microurganisms are dormant 8t or near 0°C (SHIELDS, 1967).
Wood substince losses due to micrabiologicn! activity Increase with in-

crensing lemperature up (o approximately 50°C, aher which they decrease.

However, with increasing temperature above 50°C lncreasing thermat de-
YN

Uy




i st
y'rv,:g': kol .

pradation occurss (FEIST, HAINY and SPRINGER, 1973; BERGMAN,
1974). Thus the temperature in 2 chip pile should be as Jow as possible or
just above $0°C, (n coki ciimates, e.g in Canada, northern ULS.A, and
Seandinavia, chips stored during the winter tend lo decay most in Lhe
contre of Lhe pile, Tt tearperature in the centre is vsually betweon 20 and
S0°C, whish highly favowss the wood-rotting Rasidiomycele fungi
(BERGMAN and NILSSON, 1966; BERGMAN and NILSSON, 1967;
SHIELDS and UNLIGH,, 1968 BEROMAN and NILSSON, 1971;
HATTON, 1970 cited by BERGMAN and NILSSON, 1979). During the
spmmer 3p cold climates, and in warm climates year-round, the temper- =

ature in the centre of the pile i ustally S0 - 7¢oC, which is too bigh to -
favaur woodsrolting Rasidiomyeete fungl. In the sides, on the other hand, o

the lemperature is hetween 200C and 50°C (BERGMAN and N1LSSON, .
1970 BOIS, FLICK snd GILMUER, 1962 SAUCIER and MILLER,

1901 tited by BERGMAN and NILSSON, 1979}, This suggests that these

pites should have frge top arcas, The velume of the centre would then be

1 *
much greater than that of the sides, and the total wood substance loss ! C
would be reduced (BERGMAN and NILSSON, 1979). >
1.3.4.2 Foundution
Many ¢hips are stock-piled an the ground from trucks or pneumatic con-
veyors (BURKE, 1962 cited by STHIELDS, [967) without too mach prep-
aration for the base. In practice it often happens that fresh chips are bowa
on the chips from previous piles os p base for fresh etips, while others i N
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Stored their chips dircetly on the ground (ANON, 1961; BLACKERBY,
1958; CRANE and FASSNACHT, 1960; HENSEL, 1938; RITCEY,
1962 ¢itedt v SHIELDS, 1967}, This leads to faster infeetion of fresh chips
(BERGMAN and NILSSON, 1979). From onc lo three feel of chips
(ANON, 1961 cited by SHIELDS, 1967) have been reported as fost during
reclamation where the piles have beea construgted on old chips. The larger
numbers of wond-decay fungi isolated from Whe bottom of a soft-wood chip
phle in New Bruswick (SHIELDS, 1967), would indicate thal the risk of
introducing rot into the lower reglons of piles is great when piles are con-
structed on ald chips or dircetly on the ground (SHIELDS, 1967). Con-
siderable amounts of dirt snd rot are therefore introduced when unsurfaced
bases © - tsed, Furthermare, chips piled on soil are especially susceptible
10 rapid decay since the soil Nungi may form 2 bielic conneetion which
transtocate nitrogen from soil to chips thus acceleraling decay as discussed
above. The use of surfaced arcas I8 thus usefu!l in deercasing

biodeterioration of ehips at the bottom of piles.

1.3.0.3  Control of sturage time and time manugenent

Al a sulphite pulp mill, the pulp wood or chips must be stored in order to
scason the resins and thereby reduce pitch problems. ‘This is achicved with
chip storage times of one or two months provided the chips sell-heat. Al
a krafl pulp mill nothing is gained in pulp processing and pulp quality by
storage of the wood. However, the review of nicrobial suecession above

{1.2,1.1} shaws that woed biodeterioration increases with Lime. Thus stor-
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age time should be as short as possible.  Besides Increased losses in wood
substance and tall oil yield, a storage period of mare than six months has
beon reparted (o give rise to formation of pitch deposits (AFFLECK and
RYAN, 1969 cited by BERGMAN and NILSSON, 1979). Managers must
therelore select appropriate storage times to maximise yields with miaimal

biodeterioration.

13.04  Control of fincs

‘The ideal chip size for pulping varics according to timber, but is about
19mm x }mm x Smm. However, wafer-like chips from chippers arc sus-
ceplible to breakage and fincs formation during pncumatic conveying
(GALLOWAY and THOMAS, 1972 cited by BERGMAN and
NILSSON, 1979 If fincs are left uadisturbed, blankels or even pockets
(ALLEN, 1968 cited by BERGMAN and NILSSON, 1979) of fines are
formed. Blankets of fincs reduced heat dissipation, which results in further
\emperalure increase, followed by thermal degradation of the chips. Fincs
ihemselves may gencratc more hieal than chips and may also igaile at 2

tower Casts of ion in chip piles duc to

fines have been reported by BLACKERBY (1963), CHALK (1968a),
ALLEN (1968, COLE (19720}, and BERGMAN (1974), Contro! of fincs
in chip piles s therefore an important measure of reducing ehip doteri-
oration and may assume the form of pre-sereening an orientalion of dis-
charge direction, and disruption of blankets and poekets of fines i the pile.

Even if the ¢chips are screened bofore copveying to the pile, some fines and
PN T




dust ahways adhere to the chips, therefore when planning a wood-yard, it
should be important (o determine the prevailing wind dircction and orient
the discharge pipe in the same dircelion (o disperse fincs, However, present
belt conveying systems do nol have the Mexibility and capacity of pneu-
malic systems,  Also, they are prabably more cxpensive to install and

maintain (HATTON, 1969 cited by BERGMAN and NILSSON, 1979).
1.3.1.5  Chip onctsement

Since the undesirable microorganisms in chip piles are acrobic, good pro-
tection apainst decay should be obuwined if chips are stored under
anacrobic conditions, Experiments conducted by FEIST, SPRINGER and
HAJNY (1971) showed that chips covered by polyethylenc film (CO, con-
tent 1 %) increased the total pulp yield for chips. In addition, cxperiments
by MeKEE and DANIEL (1966) and FEIST, SPRINGER and HAINY
(1971) showed that oxygen must be completcly cxeluded (below } %) in
ogder 10 reduce woud deterioration efficlently. For large chip pifes encasing
betsween fong periods of building up and reclaim will give Nitle seduction
of deterioration (BERGMAN and NILSSON, 1979).  Unfortunately

airtight encasement of chip piles would probably be fairly expensive.
1.3.0.6 i exvlusion by water

Qr all methods for rough putpwood, storage in water ensures (he greatest
control of deterforation over extended periods (CHESLEY, MAIR and

SWARTZ, 1956 cited by LINDGREN and ESLYN, 1961). To maintain
R




anserobie condjtions the wood prefernbly should be freshly cul at the Lime
of storage and kept completcly submerged (LINDGREN and BESLYN,
1961). Wetting the ehips with water prior 1o or during andfor after piling
might be a cost-clfeciive means for retarding tosses in pulp strength during
storage (SPRINGER, 1976). SOMSEN (i962) has found that losses in
tear strength did nat become significant until 28 weeks in a wetted pile of
wootl compitred with 17 weeks in an unweued pile (SPRINGER, 1976).
ESLYN and LAUNDRIE {197
periments on the swrage of Douglas-fir and aspen chips underwater. After
wo years the specifie gravity losses and chip quality changes were ex-
tremely smatl,  Elowever, stornge of ehips uader water will probably be

rather expensive o arrange 3 practice (BERCMAN and NILSSON,

1979).

13,07 freadiation

A pilot system for bombardment ol chips with ciectrons during the pnet-
matic conveying was instalied in (972 at a kraft pulp mil in Orcgon os re-
ported by CUMMING {1972). The process is, however, not compatible
with chlorine compounds and can therefore not be used on chins intended
far bleached pulps. The irradiation Kifls wood-attacking mieroorganisms
present in the chips but reinfections fram air-borne spores are likely Lo ac-
cur. Preliminary restlts from a large-scale field Lest indieated that the kraft
pulp yield increased 4-6 % due to improved carbohydrale retention

(SARKANEN, MITCHELL, PAZNER and HOREMAN, 1974 cited by
T

1975), reported on two laboratery ex-




BERGMAN and NILSSON, 1979), but several recent studies refute this
elalm (HATTULA end PEKKALA, 1977 cited by BERGMAN and
NILSSON, [979). The capital cost of the irradiation instafiation has been
estimated at 2 million doltars Tor 2 500 ton per day pulp mill and the cost
of {rradiation at about haif dollar per ton of oven dry wood (NICHOLLS,
LINDEVALL and MITCHELL, 1974 cited by BERGMAN and
NILSSON,'1979),

1.32  Chemical Methods

Thc.\m-luus physicat methods tested for the protection of chip piles for ex-
ample, Jrradiation, plastic eneapsulation (FEIST, SPRINGER and
HAINY, 1971 cited by SMITH, 1975), COz cocooning (ESLYN and
LAUNDRIE, 1975) and water spraying (DIERF and VOLKMAN, 1969
ched by SMITI, 1975), have not yet proven to be ceonomically feasibie for
most of the pulping industey (SMITH, 1975), Chemicals reduce deteri-
oration by johibiting growth of microorganisms (BERGMAN and
NILSSON, 1979), Control of deierioration in chip piics by chemical means
has been suggested (LINDGREN and BSLYN, 1961 cited by SHIELDS,
1967) as one means of improving pulp yields and quality-provided that cost
of treatment s not too high (SHIELDS, 1967) and the chemicals used are

environmentally aceeplable and approved by end-users,

Chemical coatrol methads include treatment with Tungieides and with

chemicals which change Lhe environent for the microorganisms by, for
L35




instance, iner ng the pH-value of the chips {(BERGMAN

sing or dec:

and NILSSON, 1979). Trealment with chemicals may aim at inbibition
ol the toral microflora or at inhibition of the most harmlul wood-destroying
Tungi (BERGMAN and NILSSON, 1979). it has been propused thas only
certain arcas of the pifes sueh as the outer layers, need Lo be Lreated since
greatest biotogleat deterioration seems Lo oceur here (SHIELDS, 1967). I
these new (reatnient chemicals live up 1o the claims of their proponents,
then the pulp eompanics stamd 1o make substantlai savings In wood cost,
and @ farge market will develap for chemicals in wood chip treatment

TANON, 1969),

Nunterous chemical and mecitaniesl methods for treating chip piles to pre-
vent deterioratipn have been proposed in the fast 30 yeurs, but none have
heen used in fong-teri commercial practice (SMITH and HATTON, 1971;
BERGMAN and NILSSON, 1979 clied by FULLER; 1985), however, this
search 5 still poing forward in many luboratories (SMITH, 1975) where
patentinl chemical preservative sysiems are being evatuated (SPRINGER,
BENJAMIN, FEIST, ZOCH and HAINY, 1977; SPRINGER, FEIST,
ZOCH and HAJNY, 1977 ¢ited by SPRINGER, 1978). The loregoing in-
dicated that tsere is a large and growing market for chemicals {n chip
wreatment, The growth of the markst wlll result feom the growth ol pulp
production itself, the increasing share of pulpwood being utilised In the

form of chips, and increasing international trade in wood chips (ANON,
e 3hen




£969). The chemical used Lo prevent chip deterioration must meet the ol-

lowingu  rin:

4. Be effecuive for considerable tme,

b. Be reasonable in cost in relation (o the losses Incurred from ehip
deterioration,

¢, Be compatible with the pulping process,

d. Not cause poHution.

¢ Not to be toxic to personncl (SPRINGER, BSLYN, ZOCH and
HAINY, 1970),

Chemical protection af chips In oulside storage is nol intended for periads
longer than 12 - 18 months, 1L should not be confused with woud preser-
vation in which the desired duration of the chemical treatment is several

envi

years, ‘There is a trend Lo searching Tor chemicals which cause le
ronmental poliution. OF alf the control methods reviewed above it was felt
that chemical methuds offered the most approprigte control in the envi-
ropment studied in Lhis work, Chemical preservatives {reviewed in Chapter

2 include the fallowing ©

Fungicides.

Alkalis,

¢, Sulphurous acid.

4. Formaldehyde and formic acid.

e Propionic acid.
S 3Tae
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Complex organic compounds.

1.4 Scope Of The Present Study

On Lhe basis of the forcgolng literature review it was concluded that, in
lerms of cost and cffectiveness, chemisal prolection of Pinus patida chips
during OCS would be the must appropriste method 1o investigate as a
means to prevent biodeterioration. 1t was therefore decided Lo conduet in-

vestigations Lo establisl whether sugh treatment would be effective,

140 Hypothesis To Be Tested

Tt was Irypothosised “thal Pimes pretct chips may be chemically prolosted

fram biodeterioration durlng QCS in the sub-tropical climate of Richards”

Bay, South Alrica”,

142 Objectives

“To test this hypothesis rigorously, field trials were essential o provide hard
information, The following objectives were therefore sett To menltor dur-
ing OCS at Richards’ Bay, the blodeterioraton of Pinus patiia chips
treated with an approprinte chemical with potential in preventing
biodeterioration of wood. However, tests of this nature should comprise

Lwo major components ¢ .




a, Laboralory Lrints - in which a wide range of chemicals can be cval-
sated and seeelerated tests can be carried out at low cost.
b [Field trints - where the appropriate preservative is selected from (n)

and a commereial scale experiment is conducted.

143 Aims

Overall, the aims of the study were therefore two fol

1430 Laboratory triuls

Ta apply selected chemical preservatives o Pinus parls wood chips and

Lo monitor bisleterivration over a period of {4 months by

Laboratory anaiyses to determine the extent of blodeterioration of

the wowtl,

Puip test Lo pravide hard information on the paper guality of the

preserved woad chips,

1432 Field trinls

“To select one of (the above preservatives on the basis of preservative effi-

cieney, cost i aml envi iy for use 1n ficld

trials at Richards’ Bay, and fo farther monktor blodeterioration using lab-
oratory analyses and pulp tests over & 4 month period, and also the fol i

Towing ¢
39




To observe degradation patterns of preservative treated and unt- i
veated wood ehips and classily the fungi invading wood during the

4 month OCS period.

To quantify the numbers of microorganisms present in chips

pled from piles durlng the 4 month OCS period.
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2.0 LABORATORY TRIALS

2.0 Introduction

Although ng cost effective ehemical treatment for Jong-lerm chip preservae
Lon has been found (o date (SMITH, 1975), o wide range of antimicrobial
compnunds have been used In wood prescrvation and the major groups aft

sueh zompounds are reviewed below,

2.1 Fungicides

In searching for fungicides cost-henelit analyses some years ago suggested
that the vakse of wood substance and tail-oif saved whl roughly equal the
vost of the treatment chemicals (SPRINGER, ZOCH, FEIST and
HIAINY, 1973b). HUECK (197)) suggests that ane should not ook Tor the
most stable cumpounds as (ungicides,  Beologicatly preferable are com-
pounds which are slowly broken down into harmless metabolites, The ef-
fieacy of a fungicide should not vetlast the useful 1ife of the material it is

supposedd 1o proteet.

Fungicides for ¢hip protection should lherefore be sensitive to siow
oxidation, A number of chemicals have been proposed and tested for their
ability to reduce deterioration ln outskde chip storage.  Some of theso
chemicals are simple organic compounds {e.g. chiortnaled phencls, atkalis,

propionic aeid and puip mill effluents) and some complex organic come
I
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pounds (e, dimethylamides of long-chain, unsaturated falty acids such i .
85 Busperse 47).  Pulp mill chemicals have alse been proposed

;
(BERGMAN and NILSSON, 1979), i
2000 Chlorineted phenolic fingicides

Compounds “ased on chlorinated phenols alone or mixed with borax or
Polybor (ROBINSON, 1968  SHIELDS, 1969; GIFFIN, 1970;
SPRINGER, HASLERUD, FRIES, CLARK, HAINY and ZOCH, 197 !
clicd by SMITIT and HATTON, 1971) as active fungicides have been
tested by several workers (SELLEBY. 1965 HULME and SHIELDS, : . - .
$973), and are widely used for protection of tmber (fumber) against blue i : s

stain during the yard seasoning periad. They ure also uyed in the woad
preservation industry,  Chlorinaied nhenols are very effcctive against
microorganisms but they are relatively expensive. Chlorinated phenols in-
hibit respiration of Iving sap-wood cells and of microorganisms. The resin

eontent of rented chips afier storage remaing almost as high as fn lresh

chips, This is an advantage for & kealt pulp mil with (afl-oll recovery, but .
a diswdvantage Tor o sulphite pulp mill (ASSARSON, CROON and
FRISK, 19700 cited by BERGMAN and NILSSON, 1979),

SELLEBY (1965) reported that sproce chips trealed with sodium
pentachiorophenute (Na-PCP) showed 1o reduetion ol brightness after 4
months storage In bags in a plic of rotreated plne chips (SPRINGER, .

HASLERUD, FRIES, CLARK, HAJNY and ZOCH, 1971). GRBAVES |
cedden




(1971b) examined chlorophenol - treated chip samples stored for 3 months
in the cantre of an uncompacted pilc of tropical hardwood chips and found
that Na-PCP was the most cffective Lreatmant in reducing Whe size of the
invading population of microorganisms and in preserving the brightness of
chips. Experiments conducted by SHIELDS (1969) and fater repeated by
HULME and SHIELDS (1973) found that Na-PCP effectively reduced the .

number of (ungi colonising the chip samples.

However, chlorinated phenols have great environmental disadvantages.
‘They are very toxic o human beings and very irritating to the skin, They

must be handied with great care and only by highly trained personnel

(SMITH, 1970 cited by BERGMAN and NILSSON, 1979). Dust and
sprays of these chemicals must be avoided, which can be a problem when
chips are treated during the pncumalic conveying process. Run-off from a
pile and wash water from the pulp mill may cause poliution. Fish are ex- . A
sremely sensitive to chlorinated phenols. Chlorinated phenols can also give 1 PN

rise to odour which is stable enough 1o be retained in pulp after cooking Lo A
{BERGMAN and NILSSON, 1979). Hence, these disadvantages have
caused concern on a global basis and have suimulated the search for aller-

native preservatives of lower mammalian wxicity.

2.1.0.2  Borax and Na-PCP

Borax has been used (o inhibil fungal attack of straw stacks and to prevent

bluc stain on lumber. [t is non-poisonous, adokriess and non-corosive : .
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(FINDLAY, 1953 ciled by BERGMAN and NILSSON, 1979), and was
reported to have been (ested on spruce sawmill chips in castern Canada
{ROBINSON, 1968; GIFFIN, 1970 cited by BERGMAN and NILSSON,
1979). Experiments conducted by GIFFIN (1970) using borax alone werc
staled to be ineffective apparently because of its only moderately fungicidal
properties (SMITH and HATTON, 1971). Contrary to this cxperiments
condueled by HULME and SHIELDS (1973), concluded that borax ap-
peared to be the most effective and economical treatment tested to reduce
pulp losses. In addition savings approached approximately 10 % of the
wood cost (HULME and SHIELDS, 1973). Although borax relarded
growth and spread of bluc stain fungi, the fungi were however not kitled
and it was apparent that chemicals with 4 more complete inhibiting ffect
on microorganisms were required. According to HULME and SHIELDS
(1973) cited by SMITH (1975) this chemical showed promise but further
field trials were required becausc of irregular results obtained in practice

with increasing concentration.

Chlorinated phenols with borax have also been Lested by several workers
(SPRINGER, HASLERUD, FRIES, CLARK, HAINY and ZOCH, 1971;
GIFFIN, 1970 cited by SMITH, 1975) and were found to be cffective in
restucing biodeterioration in chip piles (ROBINSON, 1968; SCHEFFER
and CHAPMAN, 1934 cited by ESLYN, 1973a). Although treatment with
borax and Na-PCP resulted in & greater reduction in microbiological activ-

ily and hence a positive control of chip degrade (SMITH, -1975;
Cdhe-
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ASSARSON, CROON and FRISK, 1970b) and fower casts (BERGMAN
and NILSSON, 1979}, the future availability and usabiity of NaPCP re-
mains uncertain (SMITH, 1975) because of he drawbacks associated with

it

2403 Mereuric biocides

The use of mescuric compounds as slimicides led o experiments 1o test their
effectivencss in reducing chip deteriovation (SELLEBY, 1965; ANON,
1969 tited by BERGMAN and NILSSON, 1979). Mercuric biocides
function in the same manner as chiorinaled phenols, but much lower con-
centrations suffice, They are, however, extremely Loxic towards mammals
and the pollution hazard therefore preciudes their use (BERGMAN and
NILSSON, 1979} and has resulted in mercurials being discontinued in

many countries {von MOLY, 1981).

2.L.14 Nickel sulphute

ASSARSON and NILSSON (1971), and ASSARSSON, CROON and
FRISK (1968) cited by SMITH and HATTON (1971), suggested that se-
lective inhibition of the most harmful decaying and staining fungi in a chip
pile is achieved by treatment with nicke! sulphate, In Sweden, treatment
with aickel suiphate rednced the lemperature and wood substance losses
(ASSARSSON and NILSSON, 1971; ESLYN, 1973a; ASSARSSON,
CROON and FRISK, 1968 cited by BERGMAN and NILSSON, 1979}

hewover, in Canada results were not as promising (WORSTER, GUEST
[T RN




and WIESNER, [972; SPRINGER, HASLERUD, FRIES, CLARK,
HAINY and ZOCH, 1971 citcd by BERGMAN and NILSSCN, 1979).

Aceording 0 SPRINGER, HASLERUD, FRIES, CLARK, HAJNY and
ZOCH (1971) cited by ESLYN (1973a) when tested in simulated chip piles,
nickel suifate was found ineffective in controlling wood deterioration. T

addition, the curitls and nickel thal have

been used o prevent chip degrade were considered cither contributory to
swater pollution ur incompatible with the pulping process (ESLYN, 1973a),
According W BERGMAN and NILSSON {1979) since there was the pros-
pect of the chemicat cost of nickel increasing in the futuee due to expected
shurtages, it was a matter of urgeney that a screening program be com-
menced 1o investigate additional biocides that would not have these short-

comings (ESLYN, 1973a).

2,02 Treatment with alkatis

1t has been found (hat most of the wood-destroying fungi grow between pH
2and 8. Their optimum is at pHl 5-6 (HENNINGSSON, 1967 cited by
BERGMAN and NILSSON, 1979). Bacteria arc generally considered to
Brow at higher pit levels, Two ways of reducing the microbial deterioration
arc possible, cither increasing the pH with alkalis or decreasing the pH with
acids.  According to SPRINGER, ESLYN, ZOCH and HAJNY (1979)
kraft green liguar which consisted of 0.76 % sodium sulphide and 3.0 %

sodium carbonale was highly effective in reducing wood substance {osscs,

JO
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was non-potluting (SPRINGER, ESLYN, ZOCH and HAINY, 1969 ciled
by SSLYN, 19731} and had no detrimental effects on the krafl pulp qual-
ity (CHALK, 1968b cited by BERGMAN, NILSSON and JERKEMAN;,
(970; SPRINGER, FEIST, ZOCH, HAINY and MeALILEY, 1974;
SPRINC 3R, HASLERUD, FRIES, CLARK, HAJINY and ZOCH, 1971
cited by BERGMAN and NILSSON, 1979). The green liquor-treated
chips also appeared (o be free of fungal growih SMITH (1979). A labora-
wry prepared kraft groen liquor (7.7 % sodium carbonate and 1.9 %
sodium suiphide; prolected wood from tvo organisms thal can cause sub-
staatial weight Josses lo unprotected wood, “The green liquor also prevented
heat refease fram chips in laboratory simulators of chip piles (SMITH and
HATTON, 1971), Beeanse it Is belicved thal most of the initial heat
build-up in chip piles is caused by respiration of living wood cclls, the green
figuor must act as an enzyme inhibitor as well as a fungicide (SPRINGER,

ESLYN, ZOCH and [IAINY, 1969).

Sodivm hydroxide and kraft while liyuor were tested in outside chip stor-
age in Sweden (SMITH and HATTON, 197t; BERCMAN, NILSSON
and JERKEMAN, 1970 cited by BERGMAN and NILSSON, 1979). Two
(hirds Scots pine Pinus sylvesiris L and onc third Norway spruce Picea
ahies L Karst were treated with 40 g of NaOH per lilre of waler, 1t was
found that the microffora in the Lreated chips were less harmful, Jower
weight losses rosulted, and pulp yield also increased (ASSARSSON,

CROON and FRISK, 19708), however, Lajl-oil yield decreased more rap-
L7




idly in the treated chips compared (o the untreated. In addition pre-
treating the green wood with atkall (synthetic green liquor and NaOH)
resited in fess wood degradation and loss Joss in pulp yields; however, &S
pulp streagth properties were still adversely affected by the action of heat
an the green wood. Apparently the atkali neutralises acids in the wood and
retards or prevents hydrolysis. However, it does nol affect those processes,
probably oxidative, that kad (0 molecular degradation without s ’ B
solubitization of wood componenis (FEIST, HAINY and SPRINGER, :
1973 cited by FEIST, SPRINGER and HAJNY, 1974). Additional draw-
bucks when using preen figuor or white tiquor is that, apart from possible
metal corrasion preblems (FIATTON, [970b cited by SMITH and .
HATTON, 1971), there is he risk of hydrogen sulphide formation, which
may cause it pollution (SPRINGER, HASLERUD, FRIES, CLARK,
HAINY and ZOCH, 1971; BERGMAN and NILSSON, 1979).

2,13 Freatment with sulplur dioxide gas or sulphurous acid v

Gascous sulphur dioxide treatment has been used Lo provent the darkening ' ’ ‘q
of wood chips during sworage (MARSHALL, 1968 sited by SPRINGER, ;
FEIST, ZOCH and HASNY, 1975a) and has heen suggested as treatment ]
10 prevent microbial deterioration of chips (K ING, STANLEY, JURD and
BOYLE, (971 clied by SPRINGER, FE

ST, ZOCH and HAINY, 19738}, "
For example treatment of hardwood chips with sulphutous acid or sulphur
dioxide gas to improve the brighiness ol high yicld bisulphite and chemi

mechanical cold soda pulps was performed commercialiy at some mills in - .
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northeastern U.S.A. (SILBERMAN, 1969; SILBERMAN, 1970 clied by
BERGMAN and NILSSON, 1979). Such ireatment has also been suge
gested for the prevention of microbial deterioration of chips (SPRINGER,
HASLERUD, FRIES, CLARK, HAINY and ZOCH, 1971 cited by
SPRINGER, FEIST, ZOCH and HAINY, 1975). Several highly effective
mistures were found, Lhe best of whieh were mixtures of simple phenolic
compouads and sodium bisuiphite. Aspen chips immersed in the following
mixtures and stored in insulated boxes (ventilated with moist air) showed

no heating or microbial growth after 3 monthy stocage:

“

a 2% NuHSOJ + 0.7 %5 u-cresol, -

be 2% NalSO, + 0.7 % poresol,

¢ 20 NaHSO, + 0.6 % sodivin O-phenylphenol, - .

d. 2% Naliso, + 0.35 % hydroguinane, oo Y .

& 2% NaHSO, + 0.35 %% resorcinol,

I 2% NuHSOJ + 0.3 % 2.4 dinitrophenol, N A

t

However, these have not been evaluated in pile simulators (SPRINGER, 4 B

FEIST, ZOCH and HAINY, 1975a). In addision tre brightness of West- :
ern hemlock and Douglas fir chips was enhanced by immersing in 2 %
sodium bisuiphite solution (SPRINGER, 1983a). HULME und SHIELDS
(1973} tested ammonium bisulphice on balsam fir aad spruce chips and
Found that although the weight and pulp yield losses of the treated samples

were smal, the chip uppearance and pulp gualily was poor, In addition,

probiems may also arise during the treatment such as corrosion of chip re-

S \




moval dovices (STLBERMAN, 1970 cited by BERGMAN and NILSSON,
1979),

2,04 Formaldehyde and formic acid

Formaldehyde has been tested in field experinients in Sweden, however no
signifieant difference between the temperature, wood substance Josses and
pulp yield between treated and untrealed pifes was observed (BERGMAN
and NILSSON, 19791 On the other hand SPRINGER {1983a) found that

2% was effeetive in the brightness,

Fogemic acid has been used in laboratory tests but not suggested for fickd

(ests owing o its high cost (BERGMAN and NILSSON, 1979).

215 Progionic scid

Certain organie acids, such as acetic, propionic and sorbic acids, inhibit
mould and hacterial growth and have been used in this capacity Lo prolect
fosdstuffs, Fhe ealelum and Lthe sodivm salls of propionie acid, for exam-
ple, have for years been incorporated in bakery goods and used on fruits

angd vegetables W inhibit growih of moulds,

in laboratory lests using moist wheot (MILNER, CHRISTENSEN and
GERBES, 1947 clied by GSLYN, 19734} and cornmeal (HALICK and
RICHARDSON, 1953 cited by ESLYN, 19734), propionic ack! was eflec-
tive in the cornmeni tests and at a Jower concentration than that of the

caleium salt, whereas sodium proplonate did not inhibit motding at a con-
SaShe-




cenlration double that of the caleium salt (RICHARDSON and HALICK,
1957 ciledt by ESLYN, 19734), Propionic acid applied at a concenlration
of 0.8 % permitted safe slorage of prain at a moisture content of 20 %
whercas grnm’ at a moisture conlent of 25 % required & concentration of 1
%4, ‘The neid preveals microbial deterloration in the grain for al least 12
months it the pile is protected from raln (HELBERG, (974;
RICHARDSON and WEBRD. 1961 cited by BSLYN, 1973a). Propionle
ackd has also been effective on wheat, onts, barley, corn, ficld beans,
soybeans, peas, grouml coconut shells and bagasse at concentrations of
0.5 %5 foi plant materials at 135 % moisture content to 2 % for those at 35

2% moisture content (HELBERG, 1971 cited by BSLYN, 1973a).

Propionie ackd and mistares of propionte achd and oectic acid bave been
used on o commercial seale in Canada for preserving moist corn stace 1970
(STEVENSON, 1972 cited by ESLYN, 1973a); the mixtures of the acids
have been test-marketed in the U.S on a targe scule sinee 1971 (ANON,
1971 cited by ESLYN, 19732 In addition to being antimicrobial,
propionie acid and ity salis stop respiration in stored geain, thereby halting
heat build-upr in the pile, RICHARDSON and HALICK (1957) showed
that propicnic acid and propionie anhydride at a concentration of 0.1 %
effectively fnhibited heating i cornmeal, Ciieivm propionate was effective
at a conceatration of 0.3 % whereas sodium propionate, at o coneentration
6f (.6 %, wes only capable of delaying heating for 1 week more than did

the conteo’s. Later studies (RICHARDSON AND WEBB, 1961 cited by




ESLYN, 19730) involving storage of mixed feeds indicated that adjusting
the high-moisture jngredient (cane molasses) to 4 pH of 3.0 before adding
sodium proplonate appreciably improved the abilily of this chemleal to

prevent heating a ground corn-cane molasses mixtures,

Emphasis on invesugating and using biocides Lthal arc least harmful to the
environment is increasing. (f & chemical shows promise of controlting de-
gradation amnd s also apparently harmless environmentally, every effort.
should be made fer thorough testing for potentinl commercial application.
On Lhis basis propionic acid apparently can be considered safe enough for
vse in Tosdstults and animal feeds. Both the food and drug administration
and environmental protection ageney have approved acclic acid and
proplonic acids for use as preservatives in grain for livestock feeds
(WILCOX, 1972 cited by BSLYN, 1973n). As part of an extensive biocide
sereening program, proplonic acid was therefore evaluated for its potentiat
In preventing blodeterioration of swred wood chips,  Propionic acid was
first reported to have been evaluated on wood chips by BSLYN (1973b),

tsing blackgum ehips.

Propionic acid was found Lo be effeetive n controlling fungi eapable of de-
caying stored wood chips for 12 weeks. Based on its porformance in siored

graing, It would most likely be effective, Loo, In suppressing heating in wood

chip storage piles (BSLYN, 19730}, According to SPRINGER, FEIST,

ZOCH and HAJNY (1977) at a sufficlently high level, the propionic acid

s




treatment could bs as effective as the sodium bisulfite + 24 dinitrophenol
treatment, When an 18 % solution of the acid was used Lo treat pine wood
chips it was found 1o be effeetive for 8 14 week interval, The propionic acid
chip plle was also 59C cavler and In fact suppressed heating for about 70
days and also retained moisture and colour compared 10 control chips.
An added advantage Is that propionic aeid decomposes quickly Lo neutral
substances after fullilling it function (KOZLOWSKI and RATAICZAK,
1978}, When red pine Pinus resinosa Alt, was treated with coneentrations
nigher (har 2.0 %% all test Tungi were cffegtively suppressed and weight loss
was helow 0,5 %, The treatment alsa reduced heat generation, and the
wood substance toss ufter & months storage wag about hall of that for the
untreated chips (SPRINGER, FEIST, ZOCH and HAINY, 1975b cited
by BERGMAN and NILSSOM, 1979). {n addltion, preservation of birch
wood chips with 1.5 % propionic ackl by weight of oven dry chips limited
pathogenic activity, manifested by a reduction in weight loss (from | 0 4.5

°5) (RATAJCZAK, 1983).

216 Complex organic compounds.

A Field experiment with 3 Tungleides known by proprietory names was re-
pored by THORNTON, WHITE and STONE (1969) clted by
BERGMAN and NILSSON {1979), The fungivides were Busan 1 1-M)

(barium Busperse 47 ylamides of' long chain unsotu-
aled fauy acids) and Busan 72 (60 Y

2-thiocyanomethylthiobenzothinzole).  Southern pine chips were troaled
T




with varjous concentrations of the chemicals and stored outdoors in small
pites. WMicrobinl prowth occurrsd on all surlaces of the chips, however,
treated chips showed sedueed popalntions when compared with the un-

trented chips (BERGMAN and NILSSOM, 1979).

Of  the  tremments  shudicd,  (hose  employing  sodium  N-
methykdithioenrbamate, alone oc in combinatton with other biocides
ISPRINGER, BSLYN, ZOCI apd HAINY, 1969; SPRINGLR, FEIST,
ZOCH, HAINY and MeALILEY, 1974 SPRINGER, FEIST, ZOCH
and HAINY, 1977, SPRINGER, 19530} show most promise os @ busis for
& cost effectiye treaiment of chips (o preserve by-products dusing severnl
weeks of oulside ehip storage (SMITIL 1975, I midition, no fungl were

found on o rapdom sample of the weated, stored chips; bowever many

were found on 1he uptreated  chips (SPRINC

CLARK, HAINY anld ZOC1, 1971 cited by SPRINGER, FEIST, 20CTH

, HASLERUD, FRIES,

and HAINY, 19730), The sodivm N-methyldithivcarbgmate treatment
was highly effeetive in maintaining brightness of the ehips aud preveating
fovses of waod substagee o aspen chips stored For sis months in chip pile
sintiators,  KINN and SPRINGER {1985 slbo used sodlum N-

mgthlydithioearbar

e 1o exterminate e pine wod pematode in wood
ehips. The treatment ad no deleterdong effeots on the quality of kiofi pulp
produced From (he stwred chips, Based on these results, te treplment ap
penrs promising for preventing chip deicrioration duving outside storage,
SPRINGER, BENJAMIN, FEIST, ZOCH and HAINY (1977) recom-
Y TN




mended the use of sodium N- bamalte for preservation of
Pinus patula and Pinus echinate. Appareatly, Whe treatment lost its effec-
tiveness after aboutl 100 days and permitted the growth of certain Lypes of
microorganisms (SPRINGER, FEIST, ZOCH and HAINY, 1973a).
However, according Lo SPRINGER, HASLERUD, FRIES, CLARK,
HAINY and ZOCH (1971) and SPRINGER, FEIST, ZOCH and HAINY
(1973D) the cost for effective treatment remains high and its cconomic use
seems uncertain. In addition, although sodivm N-methyldithiocarbamale
at Q.11 ®% is effective in turpentine preservation, it is only partially effective
in tall-0il prescivation at the treatment level employed (SPRINGER and
ZINKEL, 1986}. Contrary o these findings, SPRINGER. FEIST, ZOCH,
HAINY and  MeALILEY  (1974) found that sodium N-

ireatment signi reduced losses of tall-ofl and

turpentine during the initial 2 months of storage. This undoubtediy re-
sulied because Lhe treatment stopped pile heating for about I month. [T
heating could be suppressed for longer periods, greater savings of by-
products and wood fiber would no doubt be found. This might possibly
be achieved by using mixtures of sodium N-methyldithiocarbamate and

other biocides that are effective for longer periods.

According to SPRINGER, FEIST, ZOCH and HAINY (1973b);
SPRINGER, FEIST, ZOCH and HAJNY (19755} and SPRINGER,
BENJAMIN, FEIST, ZOCH and HAINY (1977), sodium N-

bamate + Na 2.4
L85

was by far one of the most




effective chemical treatment tested for preserving wood chips at concen-
trations of 0.1 % and 0.25 % respectively, The treaiment had no deleteri-
ous cffects on pulp quality, it completely suppressed heating (SPRINGER,
HASLERUD, FRIES, CLARK, HAINY and ZOCH, 1971; SPRINGER,
FEIST, ZOCH and HAINY, 1973a), maintained original chip brightness
throvghout storage (SPRINGER, SCHMIDT, FEIST, ZOCH and
HAINY, 1975), was the most effective treatment in preventing wood sub-
stance loss, pulp swrength loss and losses in tafl-oil for the entire storage
neriod (SPRINGER, FIEST, ZOCH and HAINY, t975b). In addition

because of this high depree of effectiveness, no fungi were found un ran-

domiy scleeted treated chips.

“Treatmenl of wood chips with an aqueous sofution of 0.2 % potassium

Nemethyl, N-hydroxymethyldithiocarbamate  and 005 %  sodium
2-mercaplabenzothiazole is highly effective in the prevention of chip heat-
ing, brighiness loss, and growth of fungi and bacteria, however as (o
whether the treatment is cost effective or nol warrants further extensive

cvaluations (SPRINGER, ZOCH, FEIST and HAINY, 1973b).

Because of the cffectiveness of the sodium bisulphite treatment in initially
inhibiting woad ccll respization and growth of microorganisms, mixtures of
this material and other biocides were tested (SPRINGER, FEIST, ZOCH
and HAINY, 1975b).  The 2 % sedium bisulphite + 03 % 24

dinitrephenol treatment is the most cffective of those evaluated and re-
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ported to date for prescrving slored wood chips (SPRINGER, 1976;
SPRINGER, FEIST, ZOCH and HAINY, 1977). No other treatment has
lbeen found so cffective in preserving tall-oil in Southern pine chips. In
addition Lrealment was highly successful in suppressing heating :-uring the
cntire storage period and also in preventing weight loss (SPRINGER,
FEIST, ZOCH and HAJNY, 19750). Because of ils high level of effec-
tiveness, this treatment may be both technically and economically feasible
and was thought ta warrant further evaluation in an experimental outside
chip pile {(SPRINGER, FEIST, ZOCH and HAINY, 1977). However, a
major problem with this treatment Is that 2.4 dinitropheno! is a Loxic sub-
stance and cnvironmental problems may arise through its use
(SPRINGER, FEIST, ZOCH and HAJINY, 1977). For this reason, re-
searchers are Urying to replace it with less Loxic materials, such as certain
other phenols, und are cominuing roscarch for other treatments
4SPRINGER, 1976). in addilion, according 1o SPRINGER (1976) if
treated chips were stored on a solid impermeable base such as a asphalt or
conerele pad, and the run-off water directed te a treatment plant, the
sodium bisulphite + 2.4 dinitrophenal treatment is the cheapest and most
cffective treatment in terms of chemical costs and would be practical and

present no hozard (o the environment.

Owing te the lack of information aboul chemical preservation for the soft-
wood specics Pirts patula the above litcrature survey was conducied. On

completion of this comprehensive literature search, five compounds were
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seleeled as appropriate test preservatives for trials on Lhe bases of anti-

microbial efficacy and cost. The compounds arc lisled as follows ¢

Sodium N-Methyklithiocarbamate (N-meth).

b, 2.4 Dinitrophenol (DNP).

Sodium bisuiphite (NaB).

4d. Propionic acid (P).

Disodium tetraborate (B).

With respect 1o the laboratory test methods, two major parameters had to

be established | namely :

Incubation conditions - based on an cxperiment condusicd by
ZOCH, SPRINGER and HAJNY (1976) who stored whole - tree
chips in insulated boxes supplicd with humidified air, it was decided
that for this oxperiment Pinus patwle chips wovld be Stored in
plastic bins and kept in o consiant environment room at a temper-

ature of 25¢C,

b, Analyses - it was fell that chips should be analysed in three ways;

1y chemical analyses, which are refatively simple and quick Lo
conduct, and after much research the following five analyses
were  deeided  upon:  sediem  hydroxide  solubility,

benzenc/alcohol extraction, hot and cold waler extraction; in

addition Lo this,

L.58.
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2) microbiological analyses, as it is imporiant to adopt a quanti-
tative approach as this would give one an indication of the ,
numbers and Lypes of micraarganisms and in addition the suc-
cession patterns taking place, and

3) pulp tests, which would give onc the hard information on the L

cxtent 1o which woad chips have undergone biodeterioration.

2.2 Matevials And Methods

2.2.1 Preparation Of Chips ;
One ten of fresh Pinus patula chips were produced from freshly felled Um- ! !
ber at Barberton Sawmills (8.A.), iransported to the laboratory and im-
mediately treated with preservatives as deseribed below. .
»
222 Preparation OF Preservatives . i
[
Five compoeunds were dissolved separately in water (o give stock solutions
at the following concentrations (wyv):
a. N-Methyldithiocarbamate (Appendia 1): 0.4 % . ... . . (N-meth) .
b, 2.4 Dinitrophenol (NO:)2 C& H 3 QH:04%...,.....(DNP)
¢ Sodium bisuiphite Na, § 2 Ogi2% oihninins [P (NaB) - '
5. L \
H
- " . . !
. : - \
7.
P ;
- ) ks N




d.

¢

a

b,

[

223

Propionic acid €, H (Ot 1% 80d 2% . vvv ceviviinnis @
Disadium tetraborate Na, B, 0 1 % und 2% ... L (B)

“These solulions were Lthen used Lo produce seven preservative formulalions

(a-g} as follows:

Nemeth 0 %, o0 stock solution of N-meth 0.4 %
Nemeth 0.2 % + DNP 0.2 %, .., ... cqual volumes of stack
sohuions of N-meth 0. % and DNP 0.4 %

NaB 1% + DNPO.2% ., ..., cqual volumes of stock sol-

utions of NaB 2 % and DNP 0.4 %

Pl% . cooiiiinnnns srsevenove e Stock solution of P %
L S I N stock solulion of P 2 %
Bl%.oocinnunnns eaaaaees ... Slock solution of B I %
B2% ,o0iiiiiiiiiiiiian, . stock solution of B2 %

Treatment And Incubation

Nine 60 kg samples were taken from the stock of Piuus patla ¢hips. Seven
of (hese samples were then separately treated by dipping in the seven
preservative formulations (a-g) respectively.  They were drained under
Lravity for 5 miowdes. The vighth sample was dipped In water and the last
sample was untreated. These nine samples were then placed in separate
100 titre plaste bins with fids nnd incubated at 25°C in a constant lem-

perature room,




2.2.4  Sampling And Analyses

AL kg sample was then taken at random from each bin at weekly intervais
(or 4 weeks, then at monthly intervals over a total incubation period of 16
wocks, Ench sample was first dried over 5 days at 23°C and thercafter
ground for 3 minutes using a rock crusher (SiebTechnik; Molheim, Rubr).

Each crushed | kg sample was sieved (Figure 2.1) through a 40 (0.4 mm)

and a 60 {0.25 mm) mesh sicve by rotating the sample on the sieve for 5
minvtes, and the wood meal remaining on the 60 mesh siove was subdi-
Vided and used to determine the extent of biudeterioration by chemical ex-

1.

iractions (TAPPI Standard, T11 m-59) deseribed below (2.

Prior 1o milling, whole chips were sampled for electron microscopic studics

2.24.2),

[n addition, § kg chip samples were taken for pulp tests and by-produet

anatyses described in (2.2.4.3),

240 Chentical extractions

As wood deenys, the quantitics of original substrates Jeerease while quan-

tities of breakdosn products increase, For example, Figtire 2.2 shows how
the proportions of the substrates celiulose and hemicellulose degrade Lo
soluble carbohydrates, and how proportions of waxes degrade (o phenols

cte. One may therefore monitor decay by one of two ways, namely :

JRVITN




Diagram of sieseing apparatus (SA) (L - fid; 40m - 40 mesh
sieve; 60 - 60 mesh sieve containing wood nml p - collecting

pan.

Figure 2.1
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w

phs

intermediate

advanced

Figure 2,2 Madet {lusteating (ke decrease in substrates and increase in
breakdown products with biodeterioration of wood.  {¢ -
celtuiose; e - hemiceliufose; 1 - ligning oc - nlher components;
W - waxes; chos - carbohydrates; phs - phenols).
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Determining quantiiies of original substrate remaining In decayed

wood (these quantitics will deerease as decay proceeds).

b, Delermining quantitics of wood breakdown products in decayed

wood (these quantities will increase as deeay proceeds).

Loss of materiat from chips was monitored by five methods listed below

a

Sodium hydroxide {NaOH) extraction (TAPPI Standard T212

0876, and T4 05-59) - 1ot alkali solution cxtracts low molecular

weight carbohydrates consisting mainly of hemiceliuioss and de-

graded cellulose in woud.  As the wood docays or degrades the

percentage of these woud breakdown praduets (alkali soluble ma-

terial) inerenses (MORGAN, 1931; PROCTER and CHOW, 1973

eited from T212 05:76).

Pracedure :

1) the samples were atlowed 0 come to moisture equilibrium in the
atmasphere near the balance, then 3 test specimens of 2.0 +
0.01g each were weighed out and the (est speeimens were cach

plaved in 250 mi conical flasks,

&

to the woed menl, 100 ml of | % NaOH solution was added,

=

the flask was covercd with & wateh glass and placed in a water
bath for a period of 60 minutes, The water in Lhe bulh was kept

boiling and its fevel above that of the alkali solution In the flask,
JOT7I




4) the flask containing the wood meal and the NaOH was agitaled
Tor about 5 scconds at 10, 20 and 30 minutes after placing In
the buth,

at the end of 60 minutes, the wood meal was Lransferred Lo a

filtering crucible by suction and washed with 100 ml hot water.

Then 50 mi of acctic seid was added and filtered through and

finaliy, 100 ml of hot water was fHltered until the material was
ackd free,

6) he erucible and contenis Were dricd overnight Lo a constant
weight, fn an oven at 105°C, cooled in a desicentor and

weighed. The percentage solubility was then calculated.

Benzenc-aleohol extraction {TAPPI standard T6 0559, TI2 0s-75)

- To determine Lhe pereeninge of waxes, fats, some resing and pos-

sibly some portions of wood gums estracled,  As wood decays, the

pereentage of these substrates originally present in wood, decreases.

Procedure:

‘The solvent was prepared by mixing 1 volume of 95 % cthanol and
2 volumes of benzene,.

13 the soxhlet extraction flask was cleancd, then dried and weighed

to the nearest milligram,

2

then 3 test specimens of 3,0 + 0,01 g weee weighed out, and

this material which wus 10 be oxtracted i the extraction
“65es




thimble was placed In the soxhiet apparutus. A picee of cotlon
woul was placed over the thinible Lo prevent siy Joss of sample,

this was then extencied with 200 mi of sotvent for 8 houss in a

=

fume cupboard (Figure 2.3), keoping the liquid boliing briskly
so that siphoning from the extraclor was no less than 4 times
per hour,

after extraction with benzenc-aleabol, the solvent was allowed

4

(o evaporate and the soxhlet fiask was placed in the oven at
105°C for at least § hours, cooled in a desiecator, and weighed.

The percentage benzene-aleohol extraction was then caleulated,

y! ether extraction (TAPPT Standard T12 os-75, T6 0s-39) - To
determine the percentage fatty aeids and colourants extracted, The
procedure was g8 nbove but instead of benzeneealcohol, ether sol-

vent was used, Sinee the ftty aclds extracted by ether are origina!

components of deeayed wood, the ether extractives decrense as de-

eay procecds.

Hal water solubility (TAPPI $wendard T12 0s-75, T6 0s-39) - To
determine the percentage Inorganic water soluble compounds such

sugars, stirches and colouring matier,  The

as tannins, gums,

Lannins and gums are nol degraded (are anti-microbial) therelore

on a proportional basis of linal dry weight, these components will

il




Figure 2.3

Mlustrates the apparatus used for benzenejaleohol and
ethylether extractions, (th - thermal heater; cf - colb-
fecting Masks ef - extraction fMask; ¢ -~ condenser).

N




appear (o increase as degradable components are consumed as de-
cay proceeds,

Procedure:

The already extracted wood meat (rom the benzenc-alcohol cx-
traction was used in this analysis;

1) a wood meal sample of 1g was transferred to 4 round bottom

Mask,

2

o (his, 160 mls of water was added,

=

the flask was hen placed in a thermal heater, 8 i

&

a refles condenser was attached 10 the Mask and aflowed (o di-
gest for 3 hours,
5) the contenls of the Mask were transferred Lo a Millering crucibie,

washed with hoi water, dricd in an oven at 103G, cooled in a i

deviceator and then weighed, and the weight of the moisture

frec material dissolved was then ealculated.

e Cofd waler solubility (TAPPI Standard T207 0s-75, T1 05-39} - To ‘ .

determine  the percenlage  \aler  soluble components  and
polysaccharides. The principles and procedure are similar (o those
of hot water solubility, however, instead of digesting the sample for
3 hours in hot water, the wood sample was lefl to digest for 48

hours at rodm temperature. The weight of the moisture free mate-

rial dissolved was then caleulated, . [ N
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3 Mierobivfogical anilyses

All bins were monitored visually throughout the incubation period and
elative degrees of chip colonisation by microorganisms was recorded,
Furthermote, chips were sampled for clectron microscope cxamination to
determing the extent and type of colonisation. Small particles of wood

{approximately 3

*m X 5mm) were removed from the surfaces of Lhese
chips. Al particles were fixed in 4 % glutaraldehyde in 0,05 % cacodylate
bulfer {(pH 7.2) at 4°C ovarnighl. Samples were washed twice for 15 min-
utes n the bueffer and dehydrated for 10 minutes in cach stage of an
ethanol serics increasing siepwise in concentralion from 10 %-100 %.
Samples were further immersed for 15 minuics in 100 % ethanol and crit-
feally point dried in CO2 They were theo mounted on stubs and coated
with 20nm gold-palladium and examined using a Jeol JSM 840 scanming
clectron microseape. Fungi were idenlificd using standard morphological

criterin {with Jimitaiions).
2.24.3  Puip tests and by-product analyses

Based on the resulls of the chemical analyses, samples selected Tor pulp and
by-product anulyses are listed in Table 2.1, The major parameters dotor-
mined from pulp lests were busst and Lear indices while turpentine yields
were determined from by-product analyses, These analyses were conducted

by SAPPI, Spring
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Table 2.1 Sampies sciccted for pulp tests 2ad by-product analyses

Ineubation Treatment* Test

periad
fresh

0 weeks untreated pulp test and
chips ¢ F by-product analysis|

17 weeks untreated pulp lests and
chips : Unt by-product analysis|
formutation ¢ pulp test
NaB 1%

+ DNP 0.2%

formulation e pulp test and

B 2% by-product analysis

* see Section 2,2.2

ST




2.3 Results

23,1 Chemical Extractions

The resuits of the caustic solubility or sodium hydroxide solubility;
henzene aleohol exiraction; ethyl ether exiraction; cold waler and hot

ics '

water extractions are presented in Figures 2.4-2.8 respeetively, the stati
of which are included as Appendix 2. Refering Lo these Figures it is soen .
that afier a period of four weeks three chemical analyses were seleeted and
three ehemicals that best iliwstrated control of chip deterioration were ana-
tysed further at 8, 12 and 16 weeks after incubation, Of the 5 chemical o
anatyses on cach of the ¥ treatmenls conducted, propionic acid 2 % was the
only chemical which consistently gave the most protection. Figure 2.4 ey
shows  that chipy treated with propionie acid 2 % suffered less
dindeterioration than those treated witi HZ Q, B 2%, DNP + NaB, N- [ -

meth + DNP, and P ) %o PFigures 2.5 and 2,6 show that benzenc/alcohol %

and ethyl ether extractions produced results similar 1o those of caustic sol-

ubi and slmilarly Figures 2.7 and 2.8 showed that cald and hot water

saduhilities respectively also refiected these trends, N

23.2  Microbiotogical Studices

Visually obvious surface colonisation of ehips occurred sequentinily as

shown in Table 2.2 und Figures 2.9 - 2.15,




%5 CAUSTIC SOLUBILITY

% CAUSTIC SOLUBILITY vs TIME

3]

MTAX:._

g
TIME IN WEEKS

Figure 2,4 The effeet of different pnscrvanm (B % - Borax 1%, B2

% - Borax 2 %o, DNP + NaB - 2,4 Dinitrophenol + Sodium
hﬁulphsw. H 0 - \\’utcr, N-meth - Nemethyldithiocarbamate,
Nemeth  + DNP - Nemethyldithiocarbamate -+ 2
Dinltrophenol, P} % - Propicnic acid 1 %, P 2 % - Propionic
acid 2 %, Unt - Unlrcdlcd control) on the NaOH (caustic)
solubility of Pimes patida chips in labaratory Lrials.
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% BENZENE/ALCOHOL EXTRACTION

% EENZENE/?\LCDHOL EXTRACTION vs TIME

f;DNF

B
TIME iN WEEKS

Figure 2.5 Thc effect of different prcswvczm'es {B1%-Borax 1 %, B2

- Borax 2 %, DNP - NaB - 2,4 Dinitrophenol + Sodium
htﬁnlphllc‘ H Q- Walcr, Nemeth - N-methyldithiocarbamate,
Nemelh 4" ONP - N-methyldithlocarbumate  + 2,
Dmnmphcnol P 1 % - Propionic acid 1 %, P 2 % - Propionic
acid 2 %, Unt - Unlreated conlrel) on lhe benzene/nicohot
extraction of Pinus panda chips in laboratory Lrinls,
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% ETHYL ETHER EXTRACTION

% ETHYL ETHER EXTRACTION vs TIME

e P 2%
P 1%
Neoth

o DNNNaa
a0

1 z 8 4

TIME IN WEEKS

Figure 2.6 The effeet of different preservatives (B § % - Borax 1 %, 82

- Borsx 2 %, DNP + NaB - 2,4 Dinitrophenol + Sodivm
blsu)phnc Hy O ~ Water, N-meth - N-methyldithlocarbamate,
Nemeth -+~ DNP - N-l\\cthykhlh(ucmbnm.m 4
Dinitraphenal, P | %% - Propionic acid 1 %, P2 % - Pmpmmc
aeid 2 %, Unt - Untreated conuol) on Hw cthy! ether ¢x-
traction of Plnns patula chips in laboratory trials.
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% COLD WATER SOLUSILITY
£ o

mramem B 2%
—~—H0

T
TIME (N WEEKS

Figure 2.7 Thl.- effect off d((‘ﬁ:rcn( nrc.\'crvm)ves (B[ % - Borax 1 %, B2

- Barax 2 %, DNP 4 NaB - 2,4 Dinjtrophenol -+ Sodivm
b(sulpl\i(c, Hy O Wmer, Nemeth - Nemethyldithiocurbamate,
Nemeth Nemethyldithiocarbamate -+
Dinitrophenol, l> l % - Propionic acld | %, Yo - Pmmomc
acld 2 %, Unt - Untreated control) on (Iwcnm water solubitity
of Pinus patnie chilps in lubornlory winls.
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% HOT WATER EXTRACTION

% HOT WATER SOLUBILITY ve TIME
[~

/

G
TIME IN WEEKS

Figure 2.8 Thc cm.‘cL of different prc«crvquvm (B 1% - Borax 1 %, B2

oraX 2 %, DNP -+ Nal3 - 2.4 Dinlirophenet + Sodium
b:su}phllc, H, o- Wm.r, N-meth - N-methyldithiocarbamale,
Nemeth + 7 DNP - Nemethyldithloearbamate  + 24
Dinitrophenol, P | % « Propionic acid 1 %, P 2 % - Propionic
atld 2 %, Unt - Untreated controf) on Lhe hot water solubility
of Pinus patufa chips in faboratory trials,




Table 2.2 Incubation periods at which extensive surface colonisation of
reated chips was obseeved visuatly (- no visible growth; -+ vis-
ible growth).

fon] T R EATMENT
Perjod FORMULATION*
okl (Ont [H,0]a ble |d]e ]l |g

1 [ Ve
2 +* e
3 + F SRS U,
4 + b= = -
5 ¥ B e = 4 -
4 + L -
7 + L e
8 * + — e 4
9 4 E R T
10 k. L P T
13 + PR S )
12 * L R
13 + A
14 +* T R
15 + * Ak oam
16 + L e I I Y
17 " + A R

* formutations

- Nemetlt d %5

e Nometh 0.2 % 4 DNP 0.2 %

e NaB 1% + DNP 0.2 %

de P 1%

e P2%

[ A

-B2%

(see Section 2.2.2)

T
TG t [




b
Figure 2.9 Unireated eontrol chips after ¢ weeks’ incubation,
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Figure 2,10 | % and 2 % borax afler 4 wecks” incubation.
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Figure 2,11 1 % and 2 % propionic acid after 4 weeks’ incubation.
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Figure 2,14 2 % propionic actd ufter 4 weeks” incubation,
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id and 2,4 dinitrophenol + sodium bisulphide

after 4 weeks” incubation.
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Qn the basis of tie informatioa presented in Table 2.2 it was concluded
that farmulation ¢ {(NaR 1 % + DNP 0.2 %) porformed as the best
preservative Lreatment tested since no surface colonisation of the relevant
chips couldl be detected visvaily even afier 17 weeks’ incubation.  Treal-
ment by proservalive farmulations b (N-meth 0.2 % + DNP 0.2 %) and
¢ (P 2 %) also performed refatively well as anti-microbial agents, Whercas
untreated (Unt) and water-treated (H, O) chips became visually cofonised
aller only | week’s incubation.  Formulations b, o ¢« 1 ¢ were therefore
considered a5 suitable preservative wreatments for chips, however the cost
factors and environmental concerns associsled with dinitrophenol and
sodium bisilphile precluded the scloclability of formulations b and ¢ as

appropriate preservative Lreatments,

Figures 2.9 - 2.15 iltustrate (he very distinet differcnces which were mani-
fested bewween Lreatments in terms of chip appearance alter 4 weeks’ incu-
bation in the constant environntent room, which is important to purchinsers
and their agents. The surfaces of untreated control chips (Figure 2.8} were
exiensively colonised by moujds. 'Simihrly I Y% and 2 % borax (Figure
2.10} and | % prapionic acid (Figure 2.11) were cxtensively colonised, up-
parently lo the same oXient as unireated control chips (Figure 2.12). The

N-methyidithlocarbamate - reated chips were cofonised, but in contrast,

the 24 dinitrophenol + N. bamate - treated, and 2.4
dinitiophenol + sedium bisuiphite - treated chips were uncolonised (Figure

BTN




2.13). Simifarly, 2% propionic acid - treated ehips were uncolonised (Fig-
wres 2,11 and 2.14), and Lhis preservative appeared to prevent colonisation
just as clfectively as 2.4 dinitrophenol + sodium bisutphite (Figurc 2.15),
In summary therefore, two lreatments were clfective in preventing

colonisation of microorganisms, namely ¢

& Propionic acid 2 %.

b, 2.4 Dinitraphenol + sodium bisulphite.

Eleciron microscopic studies of treated chips confirmed the visual observa-
tions recorded above. Figure 2,16 shows the extent and nawre of ¢hip
colonisation by microeorganisms at the end of the incubation period.
Basidlomycete teeay fungi hadl colesised H, 0 - reated (Figure 2,16b) and

untreated chips (Figure 2.16¢ and 2.164). These chips were decayed.

233 Pulp Tosts And By-product Analyses

The burst and tear indices of hand-sheets produced from plp tests at var-
ious beating revolutions are presented in Figure 2,17, Turpentine yielkls are

presented in Table 2.3,

2.4 Discussion

Chips treated with different preservative formulations besame visually

colonised by microorganisms at different rates (Table 2.2 snd Figures

2.9-2.15) and differences in oxtent of celonisation weee striklngly obvious.
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Rigure 2.16. Colonised surfuces of chips aflr 16 weeks jncubasion. (5] P
2 %e-treated ehips supporied only non-decay stalning fungi
suck as Penicillim spp. Hy O treated chips (b) and Unt chips
{e} were more extensively colonised and supporicd exiensive
rugase myeetinm (m} of basidiomycete decay fungl (¢),
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Figure 2,17 Pulp (est (REVS : beating revolutions) after 17 weeks' fncu-
bation oF Mius patda chips, Differedces between strengths
of paper from umreated and treated (see 2.3,3.) chips are

g . ‘i
|
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Table 2.3 Turpentine yiekls of untreaied and treated samples after 17

wecks incubation

SAMPLE

TURPENTINE YIELD

(litcefton dry tinder)

(17 wks) unireated chips{Uny)

(17 whs) trestted chips (P 2%%)

{0 wk} fresh untreated chips (F)

1.80

0.62
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[Lwas very clear (hal chips treated with P2 %, NaB3 | % + DNP 0.2 %,
and Nemeth 0.2 %% + DNP 0.2 9 (formulations ¢, ¢ and b respeciively)
showed littde or no surfaee colonisation after 16 weeks' Incubation whereas
W1 % and 2%, P | %9, Nemeth 0f %o (formulations €, g, d and & respec-
tivelyy, and II2 G - treated and unircated chips beeame extensively

ealupised (ISMALL, SMITH and bAECKER, 1988),

The resubs of the chemteal extractions (Figures 24-2.8) however, Muctu-
ated,  The variations of thewe data were within the aceeptable limits of
repraducibitity defined in the TAPP] Standard T212 05-76 used, bul It was
conchuded that e sesults of the chemical extractions did pot suitably
identily differences between preservative pecformances as indicated by chip

appearance.  For example, percentuge saustie solubility and quantities of

waler extractives present in wood shoukl all inctease with degree of

o celiulime: henzene nicohol exuractives, Le

wanes, futs and resing, shoukl decreuse as atilised by micraorganisms dur-

iap foration, and ethyl ether ie fatly ncids,

shuuld similarly decrease as biodeterioration proceeds. The explanation for
this could he as foliows 1 chemieal compusition of wood from 4 tree may
vary with respect to nitrogen content (B, KING, pers. comm,, 1988) and

importamly ¢ellulose and tignin content (van ZYL, 198 1n any phven

tree there are constderable v,

ons of this nature up and down a tree,

within samples frons a tree and between samples from different trees: Now
o0




from n 60 kg batch treatment only 2 g samples were Laken for cach analy-
sis, and depending on which part of the Lree this 2 g sample came from,
variations could have arisen in the results obtatned, owing to variations
between samples. Therefore using only part of a tree (2 g) Is nol a repre-
sentative sumple for a 60 kg bateh sample as Uils sample is minute com-
pared with the whole bateh being sampled and may easily over- or
underestimale the true abundance, Therefore, W achieve more comparable
reselis, it s (bit that + seetons shoutd be cut throughout the lenglh of a
given tree and all chemical analyses showld be earricd out using chips from
these respeetive seetions. In this way, although there would be variation in
(e unalyses between the scetions, all chemical analyses from any onc par-
tivular section of the (ree would be comparable, However, iU is rarely fea-
siltde W subject 2 whole ccosyslem lo cnwmeralion of measurement

procedures,  lastead, these procedures are performed on representative

subssamples. and from these projections are I 0
the whole ceosysiem (BOARD AND LOVELQCK, 1973 cited by ATLAS
AND BARTHA, 1987), and ths principle was adhered 10 tn the present
eise, In addition, chemicnl anglyses are wnlly carried out becuuse they
are relutively simple, reguice small sample sizes, are less tme « consuming
and can rapidly provide Information about the chemical composidon and
age of n tree (for exanple, I the hot waler extractlon, extracls & high con-
centration of sugars then the ree I young, but I low concentration of
sugars are extracted, then the wee is old). Therefore when chemleal ex-

tragtons are performed this should he in conjunction with pulp tests (M.
N TEN




GAMBINQ, pers. comm,, 1988).  The present work also considered

microbiological criteria.

Since the trends in extractive levels did not conform to observed degrees of
chip colonisation, iL was decided 10 establish the nature of the microflora
colonising the chips. Electron microscopic examination of these chips con-
firmed that only sparse colonlsation of ! 2%, Nal3 1% + DNP 0.2 %, and
Memeth 0.2 %+ DNP 0.2 9% - tredted (formulations ¢, ¢ and b respec-
tively) chips had occurred and, importantty, that such colonisation was at-
ributable only to sap-stain Tungi such as Aspergilius and Penicitliwn spp
(Figure 2.16a) which do nol significandy affeet the strength propertics of
wond,  Conversely, contral chips and those treated with the remaining

preservatise formulations supported extensive fungal growth (Figure 2.16b)

and much basidiomyuete mycelivm was observed (Flgure 2.16¢ and d), It
s imporiant (o note, however, that although mujor differences {n the degree

of colenisation of differently trented ehips were recorded after 4 wocks” in-

eubation ([Figores 2.9 « 2.15) and that Qiferences persisted throughout the
16 week incubation perjod {Table 2.1), these diTerences steadily became
less apparent. [1svas fell thal the use of propionic skl 2 % had not simply
prevenied) the nierobial successlon patlern from oceurring, bul bod only
defayed this evenl, This phenomenon is diseussed in more detall in Chapter

5
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Basidiomyectes include the tigninolytic white rot fungt and the ecliuloiytic
brown rol fung! which are serious desay agents of wood material and which
produce high losses in the strength propertios of affected wood, 1L was
therefore decided 1o conduct pulp tests w cstablish whether the wood
colonised jn these tests yielded paper of difforing strenglh properties. The
resulls of these lests shownd clearly (Figure 2.1 7)that the burst and tear
indices of 17 - week old P 2 % treated - and NaB 1 % + DNP 0.2 %
(formulations ¢ and ¢ respectively) reated - chips did not differ signif
feantly from those of fresh untreated ehips, whereas the strength properties
of untreated chips had Falien to commercially unaceeptable levels after 17

weeks

Incubation had elapsed (ISMAIL, SMITH and BAECKER, 1988).
v wes therefore concluded that the inhibition of fungat eolonlsation by
ceriain preservative formudations in chips had wmakatalned wood quality at
feveh permitling the production of seeeptable pulp, Ju addition it was also
found that proplonfe ackl < tremed chips produced 145 litres of
turpentine.ton dry limber even after 17 weeks incubation whereas un-
treated chipy produced aly 0.62 litres/won dry timber after 17 weeks incu-
bation, These results therefore suppart those of pulp tosts suggesting that
propionic acid 2 % was indeed an effective preservative under the present
conditions. On the basis of the conslstency of findings of the microscopic
investigations, the pulp tests and the by product anralyses, 1L was coneluded
ot the chemical extraction tests had provided rather uneeliable results,
Possible reasons for the varfabillty In chemical extraction data were dis-
cussedt above with reference 1o timber variability in sumples in and between
.




trees.  Mowever, it was also felt that specifications of the TAPPI sample

preparation (cchnique (TAPPI Slandard T212 05-76) used may have af- 3

fecled the data oblained in the present work. Figure 2.1 shows that the

crushed wood samples were sicved and Lhal the sieveings used for chemical

extraction analyses were thosc which did nol pass a 60 mesh sicve.
Sicveings which did pass this mesh were discarded.  However it was felt N
hat these sicveings were [ikely Lo constilute the most degraded fraction of

the crushed sample since decayed wood would probably disinlegrate into

comparatively small particles. Following (his reasoning it was aiso felt that
chemical extraction of Lthese millings, or “fincs” {i.c those which passed the -

60 mesh sieve) may be morc representative of microbiologically ~ affected

wood 2nd therefore provide data more comparable with data obtained

ITrom tologicat observations, pulp lests and by-product analyses. Lo

‘Two important considerations of wood preservation are the quantification

of costs and the qualification of effectivencss (S. VENTER, pers. comm.,

1987) (discusscd (utly in Chapter 5). Furthermare, only field trials provide ) e
hard information on presrvative performance in wood. The succossful
prescrvatives in the present work obviously prevented chip degradation
from reaching unacceptable levels, under the laboratory conditions used,

but other aspects of the affectivencss of chomicals in sorvice, such as ac-

pLability to cnd-users and envi toxicity, must also be qualified. -
On thic above bases, and the resulls presented here, it was concluded that . .

propionic acid 2 % constiluted the most appropriate preservative formu-

s ;o\




lation to usc in [eld trials Lo investigale the prevention of losses of pulp
quality arising {rom outside chip storage for extended periods. It was
therefore decidzd to use propionic acid 2 % in field trials and 10 analyse the
samples as before, |t was also desided to investigate the unreliability of the
chemical extraction (esis by performing these on sample sicveings as speci-
fied {i.e greater than 60 mesh) and to compare thesc data with identical

analyses of *fincs” [rom cach sample which passed the 60 mesh sieve.
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3.0

FIELD TRIALS

3.1 Imtroduction

311 Microorganisms In Wood

Although many microorganisms affect wood, thase which do 5o colonise it
in a distinet pattern of microbial succession. The microorganisms can
therefore be grouped as primary, sccondary and tertiary colonisers, cach
sroup of which may be regarded a5 a distinet "physiological group” (LEVY,
1982) which produces distinct changes in the wood. These groups arc as

follows :

a. Primary and sccondary colonisers - fungi causing mould, stain
andjor soft-rol (microbiologists classily most of these fungi with the
phycomycetes, ascomycetes and fungi imperfecti). Yeasts, bacteria
and actinomycetes (HULME, 1979).

b, Tertiary colonisers - white and brown rot fungi (classified as
basidiomycetes).

¢ Thermophilic fungi.

The latter includes those Fungi which will grow at normal ambient temper-
atures, but thrive at temperatures between 37-609C. Their activities are
cxelusively confined to composts and chip piles, where rapid heating of

these large masses of stored wood provides an ideal growth habitat. ‘There
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is no cvidence (o suggest that Lhese fungi utilise ligniu, although they can
and do utilise cellulose and/or hemicellulosc (BERGMAN and NILSSON,
1974 cited by SMITH, 1975), Certainty their presence in a chip pile would
cause a progressive Inss of wood weight (SMITH and OFOSU-ASIEDU,
1972, OFOSU-ASIEDU and SMITH, 1973 chied by SMITH, 1975) with
indications of & subsequent decrease in pulp yiclds. Altbough small, these
{osses when totafised {or the entire industry arc very importaat (HATTON,
SMITH and ROGERS, 1968 cited by SMITH, 1975), However, it has
been shown in previous work at Richards’ Bay (BAECKER, pers comm,
1987) that thermophilic fungi were scldom isolated from these chip piles

therefore they were not monitored in the present studies.

KRESS, MUMPHREY, RICHARDS, BRAY and STAIDL (i925),
BJORKMAN (1946) and HAINY (1966) conducted cxiensive sludics on

he suecession of microorganisms during the decay of pulpwood.

3000 Effects of primary colonisers

Maay fung! in this graup are not considercd to be serious destroyers of
wood (HULME, 1979). This group includes those fungl which normaliy
colonise only the sap-wood of dead or failen trecs, particularly species of
pine. Lack of suilable enzyme systoms prevents their utilisation of signil~
Jeant amounts of cellulose or lignin components of the wood cell walls.
instead Lhey grow on the (reely available soluble carbohydrates in the sap-

wood (SMITH, 1975), Because of this method of growth these fungi are
LW




of little conscquence to the pulping industry (SMITH, 1975).  Moulds
which are i the main saprophytes of dead ccli contenls may sometimes be
found 1o have peneirated into timber along the grain by means of vessol
lumina or tangentially into the ray parenchyma by means of pits. Staining
fungi with pigmented hyphac and spores cause discolouration of the wood
by a build-up of fungal hyphae in the ray parenchyma. The hyphac arc
of Lwo distinct types and some penctration Lransversely across tracheids by
means of very small bore holes may also be observed. Slaining fungi, in
addition 10 Lhe characteristics already mentioned, can form cavities in a
helix in the secondary wall of tracheids and fibres or sometimes vertical
chains of cavities. These cavities have been observed only in hardwoods
{LEVY, 1969). Mould fangl such as Mucor appear as furry growths on (he
wood surface while stajning fungl such as dspergiffis and Penicillium
darken the wood usually because they produce pigmented spores or can
produce pigments in the wood (HULME, 1979). They thercfore cause

fleeking in the production of high quality papers (SMITH, (975).

Yeasts and bacteria have also been reporied to be present in chip piles as
primary colonisers (CRANE and FASSNACHT, 1960; BJIORKMAN and
HAEGER, 1963a; BJORKMAN and HAEGER, 1963b; LINDGREN
and BSLYN, 1961 cited by HAINY , 1966).

Bacteria are able to altack the organle components of wood separalely

{TSOUMIS, 1968), however, Lhe precise role these organisms play in the
PRY L
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deterioration of wood is somewhat uncertain, Yery finely ground wood has
been observed, however, Lo be readity fermented by certain bacteria, such
increused susceplibility may be related to reduction of the degree of
crystallinity of wood wilh prinding (GASCOIGNE and GASCOIGNE,
1960 ciled by TSOUMIS, 1968). According to LEVY (1967), bacteria by
themsclves or in association with other organisms can cause deterioration
of wood. ‘Their major rofe is unlikely 1o be the attack of structural con«
stittents of woad but these microarganisais may use the wood extractives
or the soluble preducts produced by the decay fungi.as substrates
(HAJNY, 1966). Resislance of wood is apparently due to toxie extractives
or ils natural acidity. Receni work by ROGERS and BAECKER {1988)
has supgested thac strictly anacrobic bacicria may play a role In the

biodetetioration of wood,

Bacterla may be invelved in discoloration of wood of living trees in assoei-
aljon with Tungi, as it was reported for Ameriean beech, birch and maple
(SHIGO; 1965 cited by TSOUMIS, 1968). Presence of suprophylic bacte-
rin may cnhance ihe activity of fungi. Onee fungal attack has been inili-
ated, bacterin may play a dominant role in further decomposition of wood

{GASCQIGNE and GASCOIGNE, 1960 cited by TSOUMIS, 1968).

GREAVES (19734) slated Lhal actinomycetes are mycelinl bacteria which
appear to cause slight damage 10 the wood however this conelusion was

premature because actinomyceles had only received cursory atlention at
.




that time {GREAVES, 1969; GREAVES, 1973 cited by HULME, 1979).
Since then cxiensive studies have boen conducted by BAECKER (1981) on
the role of actinomyeetes in Lhe biodeterioration of wood, who found that
oaly certain actinomyceies are celiulolytic and fience produce desay, Their
presence in wood may significamlly modify the behaviour of fungal
colonisers and may have sigaificant implications in microbial succession

patterns in wood.

Iacterin in general grow prolifieally during carly stages of storage when low
molecular weight nutrlents are available (SPRINGER, ZOCH, FEIST and
HAINY, 1973; JACQUIOTE and LAPETITE, 1967 cited by HULME.
1979). They are also important because they may retard the development
of other microorganisms (JACQUIOTE, (968; GREAVES, 1970;
ROSSELL, ABBOT and LEVY, 1973; GRANT, 1968 cited by HULME,
1979) as may fungi from the first group (SPRINGER, ZOCH, FEIST and
HAINY, 1973),

3402 Effects of secomdary olonisers

Many of the fungi classified with the ascomycetes can cause cxiensive
damuge as soft-rol. Some of these fungt such as Chaetomisum spp. can form
cylinderical eavities inside cell walls in the superficial layers of Lhe wood
{NILSSON, 1973 cited by HULME, 1979) causing & type of wood de-
struction known as soft rot (SAYORY, 1954). This results in loss of

cellulose and hience a foss of pulp. Sofl-rot fungt give rise (o cavities+in the
ST IS




secondary walls of fibres and Lracheids in both hardwoods and soft woads
and in some woods also appear, under the fight microscope, to be capable
of direct lysis of the cell walls from hyphae fylng in Lhe cell lumen. The
formation of cavities has also been observed under the light microscope Lo
oceur from a shory side branch and it has been postulated that these side
branches nre “foraging’ hyphae and ace acling s a type of haustorium
(LEVY, 1969). A Few basidiomyeetes also cause sofi-rot oithough this is
usuadly slight (NILSSON, 1973b cited by HULME, (979).

3003 Effects of tertiery coloniscrs

The true wood-destraying fuagl (white and brown yot Tungi) are all

and/or lig iyt i . Fungi which break down

tignin are calied white-rot fungi (LINDGREN and ESLYN, 1961). White
oL fungi pussess an enzyme system ctpable of degrading both lignin and
eclivlose and can also produce bore holes both transversely and vertically
In the cell walt. White rotiers include the move highly devetoped forms of
Tangi such as Pheflinus and dsterostroma spp. which generaily have the
ability to attaek rapidly and consume lignin andfor cellulose and hence
cause wood damage (CARTWRIGHT and FINDLAY, 1938 cited by
HULME, 1979). Holocelulose constitutes 70-75 % of the woody tissue
and is the basic material required by the pulping ndustry for the manu-
Tacture of paper, whereas lignin constitutes 25-30 % of similar woody Us-

sues (SMITH, 1975).
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IT these white-rolters solely degrade lignin, they could be cffeclively used
biologicaily o puip wood, lowever, they degrade cellulose as well as
lignir, approximately in proportion (o the occtrrence of these materials in
normal wood, Thercfore, Lhese fungi can cause degrade and foss of fibre
polentinlly usable by the pulping industry, Advanced white-pocket rot at-
tack of wood results in only small changes in pulp yield. White-rot fungi
cause smal) increases In alkali solubility during decay, as well as a drop in
plt, bul not o such a lTow value ug is (he eause with brown-rot lungi.
Thersfare, duting the kralt puiping process, the usc of wood attacked by
whilg-rot fungi does not resull in important cconomic losses due to In-

creased alkali consumption (SMITH, 1975).

such as ic et which cellulose and not

lignin are cailed brown-rot fungl (LINDGREN and ESLYN, 1961}
Brown rol fungf, where Lhe fiyphac are relatively smalf in cross scotion and
give risc w transverse bore holes through the cell walls, reduce the strength
and welght of the wood 10 a much greater extent than can be accounted for
by the volume of wall substances removed in the formation of bore holes,
itis known that the enzyme system of these Tungi is largely concerned with
degrade of only the eellulose Traction of the cell wall. There is some evi-
dence to supgest that the rupidity of this deeay must be correlated with o
movetmnent of the aclive enzyme system throtgh the layers of the cell wall
{LEVY, 1969). Obviously, thesc microorganisms can be seriously harmful

1o the puiplng industry, since they not only degrade usable fbre material,
—10.-




but also they will increase Lhe lignin : cellulose ratio in a given inventory
of waod ar chips, thereby inceonsing the consumption of pulping chemicals,
When considering mechanical pulp, Lhe presence of wood decayed by
brown-rot fungl also give problems of fow brightness, As well as decrcasing
she strepgth of the wood cells and hence the strength of the manufactured
paper, brown-rot funpi eause an increase in the atkall <olubility of the wood
and n deerease in its pH. Both factors add substantial costs Lo the kraft -
pulpisg process by increasing the total consumplion of alkali, as well as by
making less alkaii In a given cook avaitable for delignification (PROCTER,
1973 glted by HULME, 1979; SMITH, 1975).

3.1.2  Rationale Of lnvesiigative Test Melhods

“The experiment was carriod out at €TC's Richards’ Bay plant (Figure
3.10) over the Suntmer and Autumn seasons. H was decided (0 sclect only
the preservative thought Lo be most cosi-effeclive for use in field uials,

namely 2 % propionic acid (Chapter 2),

Wih respeet to the fiekl test methods, four major parameters had to be

established viz !

A, Pile dimenslons - it was decided that freshly chipped Pinus patila
would be ereated into pyramid - shaped chip piles. An experiment
at the Tupella for pine chip pile heights and corresponding temper-

atures in winter (August 1987) (E.J. SMITH, pors. comm., 1987)
el
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ostablished that a chip pile constructed 1o approximately five
metres provided a masimum jnternal temperature of 36eC, Previ-
ous workd with Pinus patula at Richards’ Bay recorded internal pile
temperatures of 43°C in four metre high pites (BAECKER, pors,
comm., 1987), Thercfore in order 1o approsimale to the commercial
situation as closely as possible, it was felt that Lie pile height would
have to be ai least four meters high in summer (January 1988) in
order that Llemperntures within the chip pile would reach about 43

- 500C.

. Sampling stages - it was deeided that chips would be sampled at

monthly lotervals over o four month perfod, This Ume interval
{lour munths) wes chosen because it was double the time required
10 ¢hip 60,000 tons of Piuws patds, ship it overseas, and deliver to
pulp mills oL ead-user destingtion, 1L was fell that the extra cight
weeks woeuld allow (or possible delays during delivery.

in the laboratory five bolie analyses were conducted on

Analysces
each treatment per week, hosvever, [t was found (SMITH, E.J, pers,
comm., 1987) thay only four of the above ehemiea) analyses signif-
leantly determined the extent of blodeterioration caused by

L isms, vizz NaOM extraction, L {raction

hol waler exiraction, and ethy! cther extrrotion. Other lests such
as the cold waler extriction and Lall-oll and turpenting yield ex-
tractions were therefore not included in the present work. 1L was

felt thar conftrmatory analyses of bivdcterjoration would be best
PRYTTI




obtained from pulp tosts, therefore these pulp tests were condusted
monthly in all samples by the CSIR. in addition, microbiological
analyses were also pursued, however in contrast {o ihe laboratory
trials {Chapier 2), both the cuter and inner surfaces of the samples

Trom fiekd trials were examined.

3.

o

Materials and Methods

3.2,

Preparation Of Chips

100 tons uf {reshiy felled Pinus patule logs were chipped at Richards Bay
as detaited below (3.2.3) (Figure 3.3a),

322 Prepacation OF Preservafives

2 % Proplonic acld (Figure 3.1b) was made up by adding 28 litces (Figure
3,1¢) of Proplonie acid o 1400 litres of waler (Figure 3.4d) in the cleancd

hotding tank of a fire teader (Figure 3.1¢),

323 Treatment And Incubition

The hose pipe leading from the fire tender was Jed to the canveyer bell of
the chipper (Figure 3,28), A specially dosigned sprayer (Figure 3.2b) was.

altaehed {o the hose pipe. The sprayer was designed (Appendix 3) to spray

- 105«




Figure 3.0 (n) The experimental sito (ES) of the field trials at Central ot * ¥
Timber Cooperative’s (CTC) Richards Bay chipping plant. .
Preparation of 2 % (w/v) propionic acid by (b) measurement . ¥
of 28 litres of 100 % propionic acid solution (PA) and (c) its R
addilion o a eleaned fire tender Lo which 1800 litres of waier ‘
(W) was added (). The fire tender (FT) was then towed (c)
1o the chip conveyor.
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Figure 3.2

{a) The fire tender fovaled al the chip conveyor. The
preservative delivery hose (arrowed) was connected to the
sprayer (S) which was mounted around the conveyor belt (b)
L0 Spray chips passing through it. (c) Oporational Sprayer (S)
directing preservative inwardly, (d) Pinus patuia logs about to
be chipped, treated and passed (¢) by conveyor beit (CB) to
be deposited by the jet slinger (IS).
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liquid inwardly (Figure 3.2c) under pressure, The sprayer was arranged to
surround the chips as they passed through it when leaving Lhe conveyer to

be transporied in the jet slinger.

The Pinus patuda logs were separated inlo 3 batches of 32.5, 32.5 and 39
tons (Migure 3.2d). The fire tender was applicd and 39 tons of logs were
chipped, passed through the propionic acid spray and deposiled via the

jet-slinger (Figure 3.20).

“The troatcd civips were collected in a front-end loader (Figure 3.3a) and
transported 1o the test sitc nearby. Wire cages (SMITH 1988) were on site
{Figure 3.3b), Four capes were cach filled with 15 kg samples of treated
chips conlained in mesh bags (Figures 3.3c and 3.3d) and placed on the Im
high foundation of a treated chip pile (Figure 3.3c). The remainder of Lhe
treated chips were added (Figure 3.4a) to cover the cages (Figure 3.4b).
The chip pile was built up o dm height (Figure 3.4¢) until the complete

batch of 3% tons of treated chips were used.

The remaining 2 batches of 32.5 (ons each of logs were chipped and piled
with sample cages inside as above, but all were untreated. The 3 exper-
imental chip pilcs are shown in Figure 3.4d, One of these untreated piles
was sprayed with water for 3-4 hours cach day during the OCS period of

4 months,




Figore 3.3

(93 The reatedl chins () deposited via the jet slinger and col-
fected by a front end foader (FLY. (b} Stes! cages (C) and (6)
mesh bags (Mb) filled with 10 kg chip samples for {d) loading
(L) in cages, (¢} Loaded eages positioned on chip pile foun-
dation 1 m deep,
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Figure 3.4 (a) Lu’ldctl cages being covercd with chips (c) to compiete chip
(b) Cables (nh) protruding from chip pile for withdrawal
.n snmpling {c) Chip pile being assimilated (o height of 4 m.
(d) The propionic acid ireated pile (PA), the untreated contral
pile (Unt) and the water wreated pile (W) on completion.







3.2.4 Sampling And Anlyses

At monthly intervals, during the 4 months OCS perfod (23 March, 25 .
April, | June and 16 Junc), onc cage was withdrawn by cable (Figure
3.50+d) Irom cach pile, The chips from cach tage were taken Lo the labo-
ratory and divided into 5 kg and (0 kg parts for chemical and microbi- "

ologicn! analyses, and pulp tests, respectively. 1t was cnsured that the

sample reflected the diversity and density of microorganisms in the entiroty »

of the sampled environment,
3,240 Chenical extractions

“The faboratory teials showed (Chapter 2) thal the 4 chemical analyscs
which best indicated the extent of biodeterioration were benzene-aicohol

exwraction, ethykether extraciion, sodium hydroxide solubility and hot wa-

‘The melhods have already been deseribed In 2.2.4.1, and were also con-

1
i
i
|
ter solublfity. These analysos were thercfore performed on each sample, 1‘ o
{
|
dueled on fines. ;
3,242 Microbiologicul anulyses

The ¢hips contained o the eages Lhat were removed al monthly intervals

were monitored visually al sampling and relative degrees of chip

by mi isms worc In addition oo metre

long pipes were pushed in the propionic acid and untrented plies and the

(emperatures in the contre of these Lwo piles were recorded on a daily basis

RIS

I
i
for 4 months, L
3
i
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Figure 3,5 Chip sampling after OCS periodl. (a) Cage cable (eb) atinched
to tractor, (b and ¢} Successive stages of cage (C) withdrawal
showing (d) chips (¢} in withdrawn cage.
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Chips were also uset for electron microscope examinalion to determine the
cxtent and type of colonisation. Small particles of wood {(approximately
10mm x 10mm) were removed from the surfaces of selected chips that ap-
peared to be most heavily colonised from both the propionic acid - ircated

and untréated samples, The outer and inner surfaces of these particies

were prepared as described in (2.3.4.2) and viewed using the Jeol JSM 840

scanning clectron microscope.

3243 Pulp tests

Pulp tests were carricd out an 9 samples as showed in Table 3.1 over a pe-
tiod of 4 months. The Pulp, Paver and Cellulose Programme of the Na-
tional Timber Research (nstitute, C.S.1.R., carricd out the pulp tests on the
acid Lreated and untreated control samples while SAPPI (Springs) carried

out Lhe pulp tests on the water-treated samples.

3.3 Results

3.3.1 Chemical Extractions

The results of the sodium hydroxide, ethyl ether, benzenc/alcohol and hot

water extractions arc prosented in Figures 3.6-3.9 respectively, the statistics

of which are indieated in Appendix 4. Figure 3.6 shows that propionic acid
2 % chips suffered less biodeterioration than untreated. [mprotantly, this T
Figure (3.6) also shows that “Tincs” samples were more degraded than ;

G0-mesh samples of sievings in the cases of both treated and untreated t N N

ERTER
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Table 3.1 Pulp Lests carricd out on 9 samples over 4 months
Ficld Tests .
Formutation | ¢ 1,0 | unt
Weeks >
0 b »
4 T T ) PN
3 PT PT RN
12 a4 PT e
g
15 PT PT LTS .
" )
. N
B
o " Ty
Formulation : A !
¢ - 2 % proplonic ncid.treated chips : . )
Unt - Untreated chips . 0
P~ Pulp Tests
"
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CAUSTIC SOLUBILITY vs TIME

CAUSTIC SOLUBILITY

TIME N MONTHS

Figure 3.6 The NaQH (cavstic) solubiiity of propionic acid-treated (PA}
and untreated {Um) Pinus patwia chipsalter OCS (Unt, PA -
G0-mesh sample; Unt (f), PA (1) - fines).
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BENZENE ALCOHOL EXTRACTION vs TIME

= »
o in

BENZENE /ALCOHOL EXTRACTION
=
&

TIME IN MONTHS

Figure 3.7 The benzene/alcohol extraction of propionic acid (PA) and un-
trealed (Unt) Pimus patrla chips afler OCS (Unt, PA -
60-mesh sample; Unt (), PA () - fines).
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ETHYL ETHER EXTRACTION vs TIME
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Figure 3.8 The cthy! ether extenction of propionic acid (PA} and untreated

ple; Unk (1), PA (1) - Tines).

[R I

(Unu) Pinus patla chips after OCS (Unl, PA - 60-mosh sam-
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WATER EXTRACTION

HOT

HOT WATER EXTRAGTION ve TIME

« Unt(th

TIME

2

3
N MONTHS

ple; Unt (5, PA (1} - fincs),

18-

Figure 3.9 The hol water solubility ol propionic acid (PA) and untrented

(Unt) Pinus patufa ¢hips after OCS {Unt, PA - 60-mesh sam-




chiips. Figure 3.7 shows Lthat ethyl ether exiractions produced the same re-
sults ns NoCM cxtractions, and similarly Flgure 3.9 showed that hot waler
cxiractions also reflocled these trends. The dala from benzenc/alcohal ex-
tractions (Figuse 3.8) also showed 1hat “fincs” were more degraded than
60-mesh samples of untrested chips but also showed thal untreated chips
produced more extractives (han propionic acid 2 %. Since the latier find-
ing conflicted with those of the other three extraction tests, it was consid-

ered unrepresentalive, bul the reason for the reversed trend is unclear.

332 Microbiclogical Analyses

From a distance, differences betveen the 3 piles were not very apparent
(Figure 3.108) even after 3 months’ QCS.  However, on claser inspestion
differcnces were spparent as indicated on Figures 3.10b and 3,10¢ which
shows discoloration of the waler-treated pile compared 1o the untreated,
Tawards the end of the fieki trial it was clear (hat chips on the surface of
the water-trealed pile (Figure 3,10d) were more diseoloured than those on
the untrented control (Flgure 3.106) which were in turn more discoloured

thun chips of the propionic acld plle (Figure 3107 A similar rend was

obs

were examined,

and proplonic acid-treated al | month, howevey, Figures 3,11k nnd 3.11¢
show Increasing darkening of untreated chips at 2 and 3 months respee.

tively, whereas propionic acld-rented did not visably discolour, When cach

Flgure 3,01 shows fictle differences between untronted

rved when samples withdsown at monthly intervals from pile interlors

FRTURS




Figure 3,10 Exterior chip pile appearance after 3 months’ OCS. () Litde
difference observable from dislance between propionic acid-
treated (PA), untreated (Unl} and water-treated (W) piles,
Closer inspection (b and ©) showed visible discolovration of
the wager-lreated pile in comparison with untreated control
pile,  (4) The watertreated pile was darker in appearance
thas () the vatrented pile, which was harder than (f) the
propionic acid-treatedt pile,

13-







Figure 3.1t

Chip sample appearance after () 1 months’ OCS, (b) 2
months’ OCS and {c) 3 months’ OCS, showiag (hal uatreatad
and propionic acld-treated chips appeared similar afler |
month, but the untreated chips darkened progressively as
OCS proceeded whereas (realed chips did not.
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pile was opencd al the end of the 4 month trial perled, similar dilferences
to those of sumples described (Figures 3,10 and 3.11) werc observed (Figure
3.12). Figures 3,022 and 3.520 show that chips from the propionic asid-

treated pile were not discoloured whereas Figures 3.12¢ and 3.12d show

untreated chips as discofoured and swater-treated chips were even more S o
discoloured (Figures 3.12¢ and 3,12f). The route of infection noted in Figs : R
ures 3.12d and 3.02¢ originated at the ground fine. Infected chips at the ot 2
ground ling of the propionic foid-treated, untreated and water-treated piles ’
are shown in Figures 3,130, 3,13b and 3.13¢ respoctively.  Most lnfection .
was under Lhe water and untreated piles (Figure 3,13d), although mycelium ) el

was also evident under the propionic acid plie (Figure 3.430),

Results of the mit ical i igations are s Ised in Table 3.2, “ ta
ansd temperature profiles of chip plies are presented in Appenidx 5. The
surfuces of treated and untreated chips were caloniscd rapidly.  The : e
colonisation patierns obscrved fotlowed Whe classical sequence of evenls re- cot
ported by Levy (1967} when funga? colonisation of wood was deseribed, )
taitial infection sltes were medullary rays (Fig.3.14a) and mycclium of
staining fungl developing I these arcas then penetrated adjacent trncheids
via pits (Fig.3,14b). Tracheids were progrossively colonised (Fig.3.14e, d}
untit the surfaces of untreated qnd water troaied chips were exlonsively N
colonised by stalning and sof rol fungi (Fig.3.14¢) after 2 months’ OCS. . i
Afier 4 months' OCS, hyphae had penctrated those ehips to colonise inte- '

rlor clements, Figure 3,154 shows celiulose Fbrils in the S2 layer of the

FRC I




Figure 3.12 Interior chip pile appearance after 4 moalhs’ OCS. (a) laterior

acid-treated
undiscoloured chips, wheras {c) interior of untrcated (Unt)
pile contained discoloured chips (d) and (c) the interior of the

contained  (b)

.

§ (W) pile yielded

darkened chips
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Figure 3,13 Myeclial infection of (a) proplonic acid-treated (PA), (b) un-
treated (Unt), and (€) water-treated (W) chip pifes at ground
linc. (d) Heavies. mycelial infcction (M) oceurred at ground
line of waler-treated and untreated piles, but (¢) some ine
Teetion also oceurred at ground linc of propionic acid-treated
pile.
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‘Table 3.2 Results of microscopieal investigations during Ticld {rials

ocs

PERIOD

|

2 MONTHS

& MONTHS

Control Chips

extensive surface
colonisation by
staining, sofl-rot

and decay fungi

extensive internal

colonigation by

I celiulolytic soft
ol fungi, and

2. basidiomyecle

decay fungi

Untreated Chips

na colonisation

1. localised surface
colanisatton

2. slight internal
colonisation

by staining fungl
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Figure 3.14 Typical colonisation patiern of treated and unireated chips.

() Hyphal calonisation of medullary rays (r) occurred in
tally, associated with pil peactration (p). (b, ¢ and d)
Colonisation {c) of wracheids (1) lollowed by (e) extensive
sparulation of surface layers.
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in S2 layer of cell wall,

27

-, patey
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Figure 3.15 chucncc af sofl rot occurrence in bntreated and water treated

chips. (a) Celiulose Fibrils (cl) in S2 layer of iracheid cell mass
(b) Chaetominm vscosarps (C) on surface of chip. (¢) Hyphal
colonisation (k) of tracheid and penctration of cell mass via
bore-hole (bh). (d) Mypha (h) produced bore-hole (bh) by
penelration of $3 and 52 layers of cell mass. e and f) Soft

ol cavities {sre) pmduccd by degradation of celiulose librils







i
tracheid. Front 2 months’ omvards, aseocarps of soft rol ascomyocetes such i ~
as Chaetominm spp, {Fig.3,15b} wore observed en these chips. Members I’

of this genns are cellulolytic and hyphae entercd tracheids and penetrated f

the §3 layers of wood cell walls (Flg.3.15¢, f). Towards the end of tho OCS
perlod, extensive basidiomycete mycelium showing clamp conncetlons was
observed(Fig,3.16n). The mycclivm of these decay fungi produced hyphat
shealhs connecting iL L6 the wood cell walls (Fig.3.16b, ). Withln Lhese
sheaths Lhe ligninases and cellulases produced docay (Fig.3.16d, o} causing L .
serious loss of woed material. In contrast, proplonic acid-ireated chips
were relatively uncolonised afier 2 months' OCS (Fig.3.17a), cven at rays o
(Fig.3.t7b). After 4 monthy' OCS localised surface colonisation by stawming
fungi had occurred (Fig.3.176), but this was nevor extensive and interior e
clements remained uncolonised, No soll rotters or decay lungl were ob- . -

served on propionic acid d chips and ion was -

restricted (o staining fungi such as Paniciffiunt spp. (Fig.3.17d), which do . e
not affect strengll properties of wood. Some unidentified fungi were also e
cecorded In these tosts (Fig.3.18). Several cxpert mycologisis in S.A. and ’ T
overseas have been unable (o recognise these Nungi, but extensive cxamina- ’ i

tion by SEM did not reveal any deeay pssociated with these strains. . R

333 Pulp Tests B

The burst and tear indlees of hand-sheets produced from pulp lests at var-
fous bealing revolutions arc presented in Figure 3,19, From the geaphs off

Tear Index vs Burst Index (Figure 3.19) It is cloar that poinis nearer the
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Figure 3,16 Basidiomycete decay in uatreated and water-wreated chips, (a)
Basidiomycete mycelium was identificd by the observation of
clamp conosetions (cc) and (b and ©) the obscrvation of
hyphal sheaths {hs) surrouading hyphae autached o 83 cell
mavy fayers in Jumina, (d} Lysis and erosion of lignocellulose
in sicinities of lyphal tips (hp) progressively inereased () o
produee zones of degradation (d) around hyphac,
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Figure 3,17 Lack of decay jn propionic acid-lreated chips after 4 months’ .
OCS. (a) Tracheids in chip interiors were uncolonised (uc). o “
{b) Rays were uncalonised (ur), but (c) chips showed slight 1.
surface colonisation (5¢) by (d) non-decay staining fungi (csf). B
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Figure 308 Some unidentified fungi abserved on chips during OCS at
I

Richard's Bay,
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TEAR INDEX (Nm 2/kg)

FIELD TRIALS

BURST INDEX vs TEAR (NDEX
)

PA Treated

¥ 0 wks
4+ 4 wks
4 8 wks
¥ 12 wks
e 16 wks

54 5.6 5.8 6.0

BURST INDEX (MN/kg)

8.2

6.4 6.6 6.8

Rigure 3,19 Pulp test (REVS ¢ bealing revolutions) after [, 2, 3 and 4

months incubation of Pluus patula chips. Dilferences belween
steengths of paper treated and untreated ehips are significant,
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origin represent paper produccd from pulp of lower quality. Therefore,
graphs Murthest front the Origin represeat paper produeed from high quality
pulp. Figure 3,19 thus shows that propionic acld 2 % - trealed pulp
produced paper of quality simitar Lo paper produced from fresh untreated
puip. Although the quality of proplonic acid 2 % pulp decreased slightly
s the OCS perlod progressed, at ail Gmes this pulp was of superior quality

to that of plp produced from untreated chips (Figure 3,19).

Pulp tests of water treated chips eonducted by SAPPI (Appendix 5) shawed
that water - treated chips produced pulp of quality lower than that of un-
reared chips (B, SMITH, pers. comm,, 1988). The resuits therefore
showed thal in decreasing order of quallty, propionic acid 2 % - treated
chips performed betler than untreated which in turn perfromed better than

water - treated chips.

3.4 Discussion

‘The geneeal trend Tor chemical analyses showed that propionte acid pre-
vented deterioration of Pins patuda chips. However the benzenc/alcohol
extraction graph showed contrasting resulis. These resulls again suggest
that chemical tests should not be refied on exclusively. However, according
(0 TAPPI Standard T4 m-59, to provide an indleation of chip quality
which deteets soveral properties of delerioraled ehips as soon as possible, |
% caustic solubilily is used as he provisionat indlcator (beeause caustic

solubility has a very close correlation with the pulp yieks). Evidendy,
S




caustic solubility (Fignre 3.6) indecd showed that propionic acid inhibited

deterioration cigaificantly in the present work. «

Althowgh chemical extraction analyses ar¢ less time consuming Lo complete N

and provide i jon of Lhe chemical ition of wood, only pulp B T

tests witl provide hard and reltable information about the biedeterioration NV - s

of wond chips. However, Uhe rosults of chemical extractions obtained

(Figures 3.63.9) did confirm eariier reasoning (2.4) that “fines” samples

were more degraded than those which did not pass the 60 - mesh sieve. 1t TN e

was therefore felt that further jpvestigations of this modifieation of the -

TAPPL Standard may help confirm the refiabitity of such analyses, o N
From the visual observations made, it was apparent that the water-Lrealed oo e :
" . . " . W

pile was most affecied by microorganisms, (he untreated pile was slightly . N

alfecied and the propionic acid-yreated pile Jeast affected. 11 ywas concluded L

that (his was 50 because of the antimicrabial protection given by the

proplonic scid. Although the propionic acid chip-treated pile was stightly

diseoloured on the outside, even after 4 months OCS, when Lhis chip pile
was opened, the chips in the Inwerlor of the pile were not discoloured. The
discoforation of the cxterlor chips was probably aliribwable 1o the -
volutilisation of the propionic aeid coal after about 3 months' OCS, and

subsequent wealhering of these chips,
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Avcording to LINDGREN and BSLYN (1961), of aft the methods for

rough pulpwood, starage in Water ensured the greatest control of doteri-
oratian over exiended periods, however, the waler-trented chip pile was
that mosy extensively affeeted in the present work, This could have been
caused by the fact that water was orly sprinkied on the piles for 3-4 hours
cach day, which was nol sufficient to cause annerable conditions. There-

fore application af iatermittent moisture probably enhanced oxygenation

and decay, According o FEIST, SPRINGER and HAINY (1974), the
presence of excessive moisture togethier With high (emperatures hoy been
swspectedd of both increasing chip deterioration by chemlical means and of

J !

g i jans by the bl ining Mungl. The chips were sue-
cesfully thoroughly weited i the present wark but maisture was not in
axeess, Together with the high humidily in the atmasphere at Richards’
Bay and ibe high ambient temperatures il was felt that a good environment
for micruorganisols 1o geaw had been creatrd, They therefore proliferated
un these chips, Untreated chips were also quite extensively colonised but
not as extensively as (he water-treated ehips, Since specific moisture levels
constitula mn essential parpmeter for infection to siccessfully take place,
microorganivms probably did not spread as rapidly in the untreated plle as

this was subject t more dehydration than the water - treated pilo,

Tempersture profiles Tor propionic acld-treated and untrealed chip piles
showed stmifar trends however, in all determinations of temperature in the

propionic acid-wented phic the temperature of the chip pile was abways
e 135.




Tawer than the temperatdse of the untreated chip pile. According to TAPPI
Standard T4 m-39 the origin of heat or the "hike” in temperatuve of chip

piles is cansed by the followiag “fine faclorg™

Respiration of the living cells of wood.

&

Blotogical sction of bactedn,

=

Biological action of fungi,

&

Chemical exiation reaction.

o

Avid hydrolysis reaction,

Now alace the temperatires of the plies never exceeded 39°C (Appendlix
) the main origin of heat in the untreated and propionic ackd - trealed piles
were probubly caused by the respiration by living woad colls, It therefore
seemed that propionie ackt suppressed heal generation in the chip pile for
up (o moaths witich is & very important qoality for any preservative in-
tendedl to be used during OCS, as ebip plHe hesting has been known to
cause detrimental losses during OCS. Such lowering in chip plie temper-
awre i turn causes o signifieant varfation in miersorganism population
and develapment (ESLYN, 1967),

Scanning cleetren microscopie Sludics showed that both the untreated and

waler-treated wood Ghips were very extensively colonised by many types
of microorganisms,  Although the water-trented piles scomed visunlly to
have deteriorated more tian dic untreated piles, at the SEM level, the chips

Trom both these piles were indistnguishable as both were equally heavily
A 136




colonised by bacterin and {ilamentous fungi. In addidion Lo sapstain lungi,
A considerable nember of decay fungl werc also presont and exionsive
biodeterjoration of chips had taken placs in the untrcatcd and waler-
treated ¢hips alike, Fungi uatered Lhe ray parenchyma cells where prolif-
erstion of hyphae oceurred, and subsequently passed through pits into Lhe
{umina of the vertical tracheids. Penetration of the wall of Lhe tracheid was
effected from a shorl skie branch which grew horizentaily into the wall and,
after passing through the mkidie lamella and into the §2 layer of the wall
af the adjacent tracheld, branched 10 form o characleristie T-shape with the
2 branches developlg in the $2 layer paraliel (0 the orientation of the helix
of the microfibrils of cellulose fa that layer. The original hosizanial braneh
did not fiscll appear 1o cause enzymic degeadation of the wall, but this
plicnomenan did eostir around the vertical branchies of the hypha and gave
fise to the cavities which are diagnostic feature of s0ft rot decay (SAVORY,
£954). it is clear thnt so far as s4p wood 5 concernsd 4l wood inhabiting
lungi bave a simitar initlal behaviour, The hyphte witl grow passively tnto
any available space, i.e fn cell tuming or through pits and may well camify
Whrough a piece of wood with no effest on the cell walls at all, All Tungi
capible of enterfng parenchyma cefls containing (ood reserves will utilise
these reserves to blosynthesise their mosy of hyphal material before ranghig
through the other cells and destroying alt or part of the cofl wall (LEVY,
1967), Ar for the proplonie neid - treated chips, no soft rotters or decay
Tungl were observed cven afier 4 months' OCS, only sparse colontsation

had been observed which was exclusively by staining fungi and such
e 137-e
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colonisation was very similar (o that observed during eariy OCS period of

wiler-treated and untreated chip piles (ISMAIL and BAECKER, 1988).

The scope of the present work was to identily soft rot and basidiomyccte
deeny which eowld cause losses of puip guality. This was carried out suc-
cessfully however, work with the SEM has revealed u range of unidentificd
Tungal spores on many somples, 1L has been stated (3.3.2) thal several ex-
perl mycologists could nol identify these fungl therefore liey may be

Indigenovs 1w S.A  ead unfamilior to authors of fungat Keys

(AINSWORTH, 1966), Perhaps a more comprehensive examinatlon of

these spares Would Jead Lo the ident of the different i

and fence give further information on the habit of the fungus and nter-
relationship bewveen fungus and woed Specics, M was also recorded thay
most infection set in al the ground line from soil or old wood chips. This
was the case cven with propionie acld 2 % - treated chips, and it was fell
(hat such colonisotion would, once initlated, continue through the chip pile.
L was therefore concluded that o conerete foundation is essentlat for OCS
(0 be earried out suesessfuliy,

Pulp tests showed vory clearly that  propionic  acid provented
biedeterioration of wood chips during the 4 month OCS period, The graph
of propionic acld (Figure 3.19) was further from Lhe origin and nearest the
gruph of the lresh untreated chips when compared with the graph of the
unlreated chips oven after 4 menths’ OCS, However, according o MALE
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(1988} of the CSIR, the deerease In the pulp strenglh during OCS between
propionic acid and untreated chips wos caleulaled as only 8 %, Decreases

ol 10 % are normally considered tmportant, however those shown here

were i slpaificant i and are also i 0 be

i signlficant,  Since diife

bewween quality of pulp
from untreated and propionic acid 2 % chips inereased over the 4 month
Q€S8 period, 1L s el that sueh differences would be even greater if OCS
periods of grenter than 4 months were studied. in addition; according to
MALE'S (1988) report proplonie acid did significantly Increase Lhe tensile
strenpul: by 12 % (Appendix 7). These data il indicate that propiunic acid
did preveat blodeterloration. Mowever, even proplonic acid 2 % ehips were
rolonised at the ground level therefore, iL was felt that such protection
would be enhanced, especially at the ground level, if chips were plled on

eoncrete fuundatlons.

“The results of the ficld trials therefore led to the conclustons that propicnic
aciy 2 % - treated chips had been protectad from blodeteroration duting
the 4 rronth OCS period, L was (elt thut the protective effeet of propianie
ncid was brought about probably by delaying the nnset of the suceession
pattern which was observed very carly during OCS (after 4 weeks) In the
untrented and water-lrented chip piles. i was therelore dectded 10 qunn-

tify micrablal presence during the OCS period,




4.0 MICROBIOLOGICAL
QUANTIFICATION

4.1 Introduction

In the case of a pure bacterial culture, in & defined medium, the question
"How many microorganisms are there? s relatively simple to answer.

When dealing with the mixed communitics in complex substrates from en-

vironmental samples, however, the problem becomes exceedingly complex =~
and, in most cases, defies a simple and absolute answer. Quantification is ’
possible, but the numbers obtained need to be qualified by the technigtic '
used. Idirect quantitative approaches to assess the microbial components
of ecosystems include 5 ’
a. Determination of microblal biomass - of which the most practical »
approach is 10 use; | :
13 biochemical assays which assay for specific biochemicals that . h
indicate the presence of microorganisms such as,
ATP and total adenylate,
cell wall components, and N
chlorophyll and other pholosynthetic pigments;
2) iological approaches to biomass - which -
have been developed based upon respiratary activities. ; .
b, Measurement of microbial metabolism by;
140 \
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1) heterotrophic potential,
2) growth rate based upon nucleotide incorporation,
3) productivity and decomposition, and

4) specific cazyme assays.

However, none of these approaches were considered applicable Lo the sys-
tem under study, and i was decided to use two direct methods of total
counts in conjunction with a direet viable counting method, The enumer-
atien prosess can be broken down into three distinct phases: sampling,
sample processing and the actual counting procedure (ATLAS and
BARTHA, 1987). Sample processing usually includes the dilution of the
sample in order to liquely it and to reduce microblal numbers 1o levels
which may be counted conveaiently.  Dilution of aqueous samples is

straightforward, but dilution of solid substrates requires initial treaiment

by comminution and possibly by isation to provide

dilution series (BAECKER, CASIM and RYAN, 1988),

411 Direct Totat Count Procedures Using Cell Counters

Coulter Counters count micraorganisms by direct microscopic abscrvations
(JONES AND MOLLISON, 1948; FREDERICK, 1965 GRAY, 1967;
GRAY, BAXBY, HALL and GOOD FELLOW, 1963; HARRIS,
MeKEE, WILSON and WHITEHOUSE, 1972; DALEY and HOBBIE,
1975 cited by ATLAS and BARTHA, 1987). Dircct count procedures

yield the highesl estimates of numbers of microorganisms. Direet counts
14l




are often direetly proportional Lo biomass, and thus can be used to cstimate
microbial biomass. There are, however, scveral major drawbacks Lo dircet

abservational methods, including the inability to distinguish Living from

dead mi i the imation of micr I in samples

eontaining high amounts of background debris, and the inability to perform

further studics on the vbscrved microorganisi A varicty of counting
charbers such as a haemueytometer or Petroff-Hauser chamber that hokd
specified volumes of diluted samples, can be uvsed for counting cells
(PARKINSON, GRAY and WILLIAMS, 197t cited by ATLAS and
BARTHA, 1987). Cuunts ml” dituted sample may then be caleulated, and

estrapolated aking ditution factors in10 account Lo determine numbers of

celi g original sampic.

A particle counler, such as a Ceulter counter, can 8150 be used to cstimalte
directly aumbers of microorganisms (KUBITSCHEK, 1958; 1969), The
Coulter counter cleetronieally measures the number of particles within o
fixed size range in diluted samples. Sepavate essimaics of bacteria and
profozoa cgn be obtained by seiling appropriate size ranges. The problem
with Coulter counter analysis is that small non-living particles are counted
together with microorganisms and this difficuity has limited the usclullness
of this method. However, recent advances in image analysis permit the
specific recognition of microorganisms irt complex samples and it can be
expected hat cell sorters will see inereased usage in (he enumeration

microorganisms. In comparison with the foregoing procedures, the Coulter
Sz




counger for enumeration of cell popelations has the obvious advantages of
simplicity, agcuracy and rapid operation (HARRIS, 1959). According to
HARRIS (1959) cell number is perhaps the most useful single parameter
in population growth and, when combined with information on cell size,
provides a frame of reference for vagiation in protein, RNA and other

changing cansitaents.

412 Direet Viable Count Procedures

‘There are two bavie approaches ta viable count procedures, namely :

Plate eount technique.

b, Muost probable number (NPN) technique.

bstrates such

The MPN technigue is usually confined (o studies of iquid s
ay milk o oils and is therefare not considered here, however all viable count

pracedures reguire separation of micronrganisms into ndividval reprodue-

tive unns. This is achieved by preparing dilution serics of the samples. The
diluted sample s then spread on plates of culture media which support
growth of mieroorpanisms Whercin, and cach microblal entony which devel-
ups is counted as having arisen from a single cell in the original. Sample
population fevels can therefore be calovlated, All viable count procedures
are selective for certain microorganisis, the degree of selectivity varies with
the particufar viable count procedure, This sclectivity is a disadvantage

mate the lotal viable microbial blomass within an

when trying (o e
- 143ee




ccosystem, bul permits the estimation of numbers of particular types of

microorganisms.

1 Plate connt methody

‘The dilution plate count method is convenient and has been widely usod for
Lhe enumeration of viable microorganisms, especially bacteria (BAECKER
and RYAN, 1987), but its indiscriminate use has been severely criticised
{POSTGATE, 1964, BUCK, 1979 cited by ATLAS and BARTHA, 1987)

and its ase in certain eases was diseredited 20 years ago (BROCK, 1987).

There are many reasonts far this problem: Firstly, the most serous dffi-

culty Is that siable counts are :

Selective for uniceliular organisms or orgaaisms which produce

e

many propagules.
. They are selective for organisms which spread rapidly on the sur-
face of the medium cither because of matility or because of growth

by extension of filaments.

Alternatively, viable counts are selective against organisms which cannat
grow well againsi the resistance which is offered by the solid surlace;
finally, a dormant gell, dolng nothing in the cavironment, will show up in
a vinble count {(BROCK, 1987). An additional problem lies in the misuse
of the method andjor the misinierprotation of the resutie, Al too ofien
users of this Lechnique fail to recognive that “(otal of- 1ts” can never be
achieved wusing  this  method. Onc must consider whether the
TR




microarganisms can survive the plating procedure.  Some microbes are
Ritied ypun xposure (0 air in the spread plate methed; others cannot tol-
crale the temperature aeeded o maintain melted agar in the pour plale
method. The real advantage of viable enumeration procedures is thal
conditions ean be adjusted so that only members of & defined group are
cnumerated. Plate count media may be desigaed to be selective or differ-
ential. Selective piate count procedures are designed o favour the growth
ol the desired group of microorganisms. Differential media do nol preclude
the growth of other micraorganisms, but permit detectivn of the desired
wroup by some distinguishing characteristic (ATLAS and BARTHA,

19871,

In spite uf the above disadvaniages, plate counting remains the most widely
used technique in routine analyses t quantily microorganisms in substrates
wordwide (BAECKER and RYAN, 1987, BAHCKER, CASIM and
RYAN, 1988), (herefore analyses by this method are directly comparable

with those of other workers Urroughout the werld.

4.2 Materials and Methods

The drawbacks associated with each method of microbial guantification i
used eaclustvely led tw the decision to use several quantifieation techniques
In the present work. 1L was hoped that the results of cachk method gould
be compared o provide a full appreciation of the numbers of
microorganisms in the chip piles a5 the OCS period progressed.
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4.2.1 Preparation OF Wood For Analyses

Far the quantifieation, the fines collected during sieveing (Chapler 2} were
used (refer to Flgues 2.4). 1L was ensured that the procedures did not aler
1he numbers or activity of microorgunisms, either pesitively or negatively,
in a nos-quantifiable manner during collection of Lhe sample. Further-
mote, sampling pracedures also ensured that samples were represeatative

and wers nat i with foreign by sampling pro~

eadures ensuring thal the microarganisms came only from the ceosystem
heing examined, Tn addition, w make counts refect accurately the num-
bers of viable microvrganisms present in the sample at the tme of col-
Jeetion, processing was sccomplished quickly (on arrival from Richards’
Bay} because microvrganisms reproduce rapklly which can yield artificiatly

elovated vounis, in addition, each determination consisted of three phases:

sample cullectivn, sample proc g, and the actual Since
the manner of sample coifection and sample pracessing can profoundly ine
fluenve the outeome of the measurements, All three procedures were there-

fore waken indo sonsideration when the resuhs were Interpreted,

4.2.2  Preparation Of Quarier Strength Ringers Solution

The loflowing ehemicals were added o make up guarier strength Ringers

sulution ¢
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CREMICAL YOLUME

sodium chloride
(NaCh) 22581"
potassium ehloride

(Key o.108g."
caivium chloride -lihydrate

(CaCl, 211, 0 008817
sodium hydrogen carbonate

(Na, 11€O ) 005l
elhylenediaminetetra acelic acid

(CH2 NCH lC()()H)L‘H zCOON:\) N 21 2 o Lpt !

triton 100 Sml!

423 Preparation Of Nutrient Agar

To | litre of distilled water 28 g of Nutrient Agar was added, thoroughly
mixed and sterilised by sutoclaving.  The Nutrfent Agar was cooled
slightfy. To prevenl over-growth of fungal eolonies, fungal inhibitors were
added (o the media (ATLAS and BARTHA, 1987), 50, 50 mg of Nystatin
and 50 mg of Cyclohexamide were sterilised by filtration and added to the
Nutrlent Agar (BAECKER and KING, 1980), The Nuurlent Agar was
horoughly mised and ready for pouring.

o7




42,4 Proparation OF Mait Extract

50 g of Malt Extract was added o | Jitre of distlled waler, thoroughly

niixed and sterilised by ing. A teehnique for of bacte-
rha involves the lowerlng of the pH of the medium (ATLAS and BARTHA,
1987), therefore, 100 ml of 10 % lactc acid was sterilised and afler
auteelaving and cooling, 14 ml of sterilised laetic acid was added 10 the
malt extract o maintain a pH 3.5 as most fupgi are unafected by this pH,

white mostL bacteria are suppressed,

4.2,5 Sawmpling Processing (to be used in 4.2.6, 4.2.7 tnd 4.2.8)

T a 250 ml conleal flask, 1 g of fines (Chapter 3) and 20 m) quarier
strength Ringers solution was added. The flask was then closed with foll
and placed vn as arbital shaker at medium speed for 3 hours (Figure 4,13,
“Thereafier, the contents were THiered in a bottle onee through Miracloth
(munulactured by Calbivchem, La Jolla, U.S.AY, which is of finer weave
than cheese cloth, covered with foil again and Ief 1o stand at room Lem-
peratare overnlght.  The supernatant (sample dilution) was used for

quantifieation of bacterial and fungal spores (Pigure 4.1),

4.2.6 Method For Totnl Plate Counts

Using aseptic technlques, to § plates of each sample difution (ID" - 10 '*)
(4.2.5), 7 ml of Nutrient Agar was added using an antomatic dispensing

machine, Stmilarly, 7 mi Malt Extracy was added o another § plates of
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each dilution (Figure 4.2, "Fhe plates were Lhoroughly mixed and incu-
bated In a 37¢C incubator and the fungal and bacterial colonies were
counted after 7 days. This procedure was repeated for atl samples, i un-
treated and acid-treated samples, on & monthly basis uotil 4 months’ OCS
has elapsed. These data were used 10 ealeuldte the numbers of viable cells

" wood from the chip piles.

4.2.7 Method For Dircet Counds Using The lacmocylometer

A O02 ml deap of sample dilution (4.2,5) was placed in the centre of the
chamber platfurm of the haemocytometer.  Tae this 0.02 ml of 5 %
methylene blue was added,  The coversslip was ploced on the slide and
presed down lightly,  The aumber of bacterial and fungal cells were
ounwd,  After taking 20 sucl readings average counts were determined
direetly aml the pumber of cells mi! af dituied sample was caleulated.
These dali were used to caleulate tatal numbers of cells g™ wood from the

chip piles.

428 Method For Coulter Comiter Evalustions

Ta | of sample dilution (4,2.3), 9 mi of Isoton as surfactant was added
in a schuillation bottle. This was thoroughly mixed and placed in the
caulier counter, which counted the number of cells in 30 ul aliquots, Alter
tuking 5 such readings the average number of cells mi! of sample dilution
was caleuiated. These data were used (o caloulate wial numbers of cells
" wood from the chip piles,
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4.3 Results

The results of the methods for indirecl viable plate counts, direct total
counts and indireet coulter counier evaluations of untreated and treated
chips are ilustrated in Figures 4.3 and 4,4 respectively, the statistics of

whieh are indicated in Appendices § and 9 respectively,

The major difference hetween untreated and treated chips was that viable
phate counis of the latter were two orders of magnitude less than those of
the former after 2 amd 3 months’ OCS and it was only alter 4 months’ OCS
that plate counts of treated chips resched values comparable o these of
untrested chips; the walistivs (Appendix 9) showed conclusively that this
increane was significant.  Simitarly, Coulter coums of treated chips were
shightly Imwer than thuse uf untrested chips throughout the OCS period.
Jiowener, haemucytometer caunts of treated material were stightly higher
than (hise obtajned from untreated material, and this tread persisted

(hrmughout (he OCS period.

4.4 Discussion

Numbers, biomass and metabolic activity are (he fundamental biotic pa-
rameters of microbial ccosystems (ATLAS and BARTFA, 1987). Though
normally eorrelated with cach other, it i wrong to use them in an inter-

changeable manner. The nature of the ccological problem dictates which
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Figure 4.3 Tolat numbers of microorzanisms {logyg ¢.fu's g - dry wood)
enumerated indicectly by viable plate counts (PL) and Coulter
eaunts (CC), and dircetly by haemocytometer counts (H) from
untreated  Pinus parula chips during outsile storage in
Zululand.
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Figure ol Tolat pumbers of microorganisms {logp c.Lu’s g *! dry wood)
enamerated indireetly by viable plate counig (PL) and Coulter
counts (CC), and direetly by haemacytometer counts (H) from
2 % (wv) propionic acid-trcated Pinus patufa chips during
Gutside slorage in Zululand.
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parameter is the most approgriate anc to measure. On oceasion, technical
peablems foree vs 10 measure A less relevanl paramoter, such as numbers
and to calculate from these a more refevant parameler such as biomass
(ATLAS and BARTHA, 1987). Under the provailing sircumstances such
extrapolations were avokied, Instead, indirect viable counts obtained from
il plate counts weve compared with direcl lotal counts [rom
haemacytomeler observations and these were wlse compared with indirect

counts obtained using a Conlter counter.

3 and 4.4 showed that toral eounts meastred by

amipation of Figures
haemoeylomeer increased as OCS period of each pile progressed, and that

wt any given tdme, total counts of treated chips were simitar to those of

ntreated chips,  The slight QT observed  were
microbiologieally insignificant, Couler counts of treated and untrested
ehips were also broadly similag throughowt, but these counts were 2 arders
of magaitude fess than haemoeylometer counis at given times, The reason
Tor this discrepaney les in the fact that haemoeylometer counting, although
less copyenient, produces resufls actually observed direetdy by the investi-
pator, The indirect eleetronic systems of Couller connters however may fail
 record some particles which the human cye would vbserve, For example

wvu adjacent celis fn the Couiter caunler would be recorded as one whereas

the human eye would distingeish 2 cells (ISMAIL, SMITH and

BAECKER, in press).
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However, it was apparent that Uhe absolute counts obtained from the plate
counting technigue were much higher than those from the Coulter counter
\echnique. One would have expeeted the reverse siluation to have cceurred
where Coulter counts were higher Lhan plate counts owing to the indirect
nature of Couller countng whershy wol only viable colls but also
particulate matier in dilutions of wood were also counted. Twa factors
could have caused (his upexpected diserepancy,  Firstly, the Coulier
eounter would not distinguish between single cells and clumped aggregates
of celis which would be couated as single particles, The coulier counier is
therefore preferable far wse in work with isolated colf systems (HARRIS,
19591 16 bs suggested that twp ways of preveating cells {rom

clumping aggregatig wayld be one of' the following :

2 Tu use a0 i wrrax,

h. Ty use a bigher coneentration of the welting agent

Now the first method of alieviating clumping had been investigated how-
ever i was fourd What one disadvantage of using an ultra turrax was that
in this process of clump disruption same cells were kilied by mechanical
damage. Therefore the surfactant method of clump disreption deseribed
above {4,2.5) way used insead,  However, with respect to the sccond
method of alleviating clumping it is known (hat high concentrations of Lhe
wetiing agent used could be toxic 1o the cells, 1t was therefore decided to
use low concentrations of the westing agent tn order L0 avoid these further
complications of Iysis and, toxicity, These lower concentrations of
156




surfactant did nol towally prevent clumping becavse, hagmocylometer ob-
servations of the ldentica! samples showed that some cells were [ndeed
clumped. The Coulter counter therefore counted these aggregales as single
cefls,  [However, this does not explain why Coulter counter readings were
{ower than plate counis since similar clumps on spread plates would give
rise to only one visible colony {10 be recorded as having arisen from a single

i), The ion Tor the is probably i to an-

ather econsequenee of Coatier cuunts of clumped eells, The Coulter counter

eun provids Information on the Gistribution of particle slzes in 2 sample

papuistion (MATTERN, BRACKETT. and OLSON, 1957). The change
jn revislance at the instrument aperture is preportional to the volume of ¢
particle paesing through it (KUBFTSCHER and HALDANE, 1950), and
fhus, as the threshald B progressively inereased, weaker impulses fall Lo
regiver and the ¢eil count declines according (o the proportion of the pop-

ulation in suegessive size ranges (HARRIS, 1959), Now In the experiment,

siiee the size range of the microorganisms in the suspension was nol
known, a broad threshold was seleetd, The Coulter was set to record
panticles of dimensions within the bread threshold of | gm-36 um in order
(0 detect all microorgensims canging from smajl vacierial coliy Lo large
Tungal spores. This lowered sensitivity prabably sccounted for the lower
readings obtained with the Coulter counter when compaved with plate
courls. Therefore, it was concluded that the Coulter gounter i oaly a re-
Hiable technique if one is examining a culure containing nan-aggregoted
eells,  Figure 4.3 shows thal viable plate counts throughout OCS of un-
o157
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treated chips were similar (o hacmuoeytometer counts, excepl at one meath,
when Insignificant numbers of viable cells were detestod. Flowever, Figure
4. shows that haemucytometer 1ntal counts of wreated chips were very
stmilar to untreated, wherens plate counts were much lower in treated.
These Gaadings vondirm that altbeugh the numbers of cells/microorganlsms
ubserved and covnied rom tatrealed and treated ehip samples were very
simitar, must of those from treated samples were astually non-viable o

e,

Alhough quantification of microorganisms by dilution pisting is conven-
tent, all twechnigwes Tor guantifying myeelial spore formers have specific
divadvantiges LONES and MOLLISON, 19483 and may merely sstimate
numbers present (HAECKER 2l RYAN,J987),  The haemocytometer
COURLS g e contlicting resuds, in Uil the numbers of microorganisms from
the untreated chips were <lightly fower than the numbers Nom the
prophonic ieid « treated cells 2t cach tme fnterval. However, it must be
borpe in mind (hat these sight difforenses were not significant Trom a
miceobiological viewpoint, The results for both the Coulter connts and o5
pegially the plate counls showed that propiunic ackt - treated ehips con-
(nined significamtly fower mieroorganisms when compared with  the
untreated ¢hips shroughout the OCS perfod,  In faet total plate counts
confirmed the reasoring (Chapier 3) that proplonie acid actually delayed
the suecession pattern considerably, since after one month no viable

microurganisms were present in trented chips (ISMALL, SMITH and
ERRE P
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BAECKER, in press) It was therefore coneluded that the propionic acid
had #ilfe) the cells observed Juring haemocytometer counts investigated of
these vemphes,  However, there were large numbers of microorganisms

present in the untreated chips.

These findings all showed that it is Important 1o be aware of e truc
neeaning and limitadons of ach measurement prosedure.  This dictales
vaution and critical thinking when one paramater is ealewlated or projoeted

Tewin anuther directly messured parameter (ATLAS and BARTHA, 1987),
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5.0 GENERAL DISCUSSION AND
CONCLUSIONS

According o SPRINGER (1976). probably the hest means ta conserve
by-products prior to the chips reaching the dlgester is to minimise the time
between harvesting the wood and digestion, that Is to keep the storage time
very short or W climinate sorage completely, OF enurse, we know it is not
praciicable to climinate aff wood storage, and it is difficelt to operate with
very short storage times. Therefore some wood must be kept on hand as
insurnee against manpower Wikes, bid weather, ete, Qe aliernative w
au storge ar very short storape might be to treat the chips chemlcally prior
1o seorage and thus preserve (he by-produsts, [fenee, very many chemical
and meehanical methods for treating chip piles to proveny delerioration
huve heen proposed in the fust twenty years, but nope have been used in
Tonp  term  commercial practice (SMITH  and  HATTON, 1971;
BERGMAN ami NILSSON, 1979, ched by FULLER, 1983). ESLYN
119731 pointed out that emphasis on investigating and wsing biocides that
are et harmiul o the environment was Increasing. At one time several
largs seale mifl winis were In progress in both Canada and the United

States, undler a varkdty of conditions to prove that the use of this process

ean be effective under North Amerlean conditions. 17 a chomical shows

harmless envi-

promise of and is also app
ronmentally, every effort should be made far tharough (sting for potentinl

commerclal apptication (ESLYN, (973), On this basis, proplonic acid was
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considered lor use In the present work in o sub-tropicat eavironment, The

we of propienic acid treatment en o commercial basis and in large scale
mill trlals overseas, and it the present teld trials al Richards Bay (Natal)

has shown that wood losses cin be sharply redueed.

From the prowent stady it was elear that, in order o evaluate the perform-
anee of preservatives in preserving chips durlag OCS the results oblalned
from chemical estractions should nol be refied on exclusively as these
chemisal extractions bave vertaln Gmitadons which have already been Ois-
cused in Chapter 2. These lests were conducted by HAINY,
JORGENSEN, amd FERRIGEN (1967) and FEIST, HAINY and
SPRINGER (19741 and are stil) performed on regolar buses by SAPPL
(Springsy; it way agreed with SMETIH (pers. contm,, 1987) that some of
them be conducted in the present study Lo establish whether there was any

eorrelation hetween the results albtained here and pulp tesis,

o vomtrast poip 1ests (e results of which are prosented in Chapters 2 and
3) prasented more reliable results §n that they eorreltted with microbiologs
fval analyses, and were used by many workers to ovaluale preservalive
perfarmanee an wood chips, The tear amd burst indices are the conven
vl indivaters of chip deterloration and pulpwood neeeptability, however
untike many analyses they cannot be condueted in the rautine microbinfagy
laboratory. Pulp tests reyuire specialised hetvy duiy eyvipment for chip

sample preparation and in addition, o do a pulp st requires large chip
RRRIORN
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samples of at feast 5 kg and not 2 g samples as required for laboratory tests.
Nevertheless since it was absolutcly necessary that these pulp tests be con-
ducted, they were conducted for laboratory and (ield trial experiments re-

spectively by prior arrangements with SAPPI and CSIR.

A range of microorgaaistas (bscteria and fungal spores) worc observed as
shown in Chapters 2 and 3. A Jacge number of unidentificd
microorganisms were alse viewed which are illustrated in Chapter 3, They
did aot produce decay. Since it was Rot 10 scope of this study to identify
these fungi to genus level and since some expert taxoromists could not
ienily them, fulure studies could cntail further investigations of these
fungi. The fot thay these were gLserved only in the watertreated and
untreated chips could perhaps help In the classification of these in the var-

Jous tuxa,

The major observation of the work uescribed o this dissertation was that
propioaic acid delayed the onsel of the succession pattern in Pinus patula
woud chips during OCS. On the propionic acid - treated chips only super-
ficia) growth was obscrved on viewing with the SEM. 1t was evident that

the wood was Infected malnly with primary colonizers such as the staining

fungi, Penicilion and Aspargilins (ISMAIL and BAECKER, 1988). This
was cloarly ovident and hence ustrated and discussed with the viable

plate cotnting technique in Chapter 4.
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A further very useful investigation would be o do monthly tests to deter-
mine the aitual camposition of the total quantified bacterial and fungal
populations in the wooed chips i.c proportions of bacteria : stainers : soft rot
+ basidiomycetes present. This would provide an indication of when in the
succossion patlern the harmful degradative basidiomycetes actually
colonised and subsequently became ostablished, In addition it would be
of interest o eslablish how they affect (he populations of the other primary
and secondary colonisors. In the case of the propionic acid, the chip pile
seemed calanised but when piles were opened colonisation was virtually
negligible, SHIELDS (1967) proposed that only certain areas of the piles,
such as the ovter layers, need 10 be treated since greatest biologic 2l deteri-
oration seems 16 oceur here, This could be importent since, if costs permi,
the chips on the outside of the pile could perhaps be re-sprayed just before
the onset of basidiomyeete colonisation and thus give added and longer

protection to the inner chips.

With respect to the biocidal cffect of propionic acid; it scems to be
antimicrobial, #nd delayed the succession pattern from proceeding;
brightness was aiso kept higher. RATAJCZAK (1983) found that when
chips were trested with 1.5 % propionic acid by weight of oven dry chips
pathogenic sclivity which was manifested by a reduction in weight loss was
Hrnited. It also scemed Lo prevent heating by stopping respiration thercby
haiting heat build-up in the pile (SPRINGER, FEIST, ZOCH and

HAJNY, 1975b). This Is a very important factor with respect to thermal
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degradation because Llemperature increases have been known Lo cause chip

pile fircs and hence caused serious losscs o the pulp and paper industry.

Propionic acld at the concentrations used in the present study (2 %) is cn-
vironmentally acceptable, it is not harmful to man, animals or plants and
can be handled direculy with no fear for toxicity or contamination. How-
ever, as with any other acid it can be harmful if handled dircctly at very
high concentratinas. With respect to the industry, it is totally acceptable
because it is non-corrosive to machinery at the low concentrations for
which it is intended to be used. According to KOZLOWSKI and
RATAICZAK (1978) propionic acid at (3 % has average corrosivity (o
steel however considering ils harmicssness Lo higher organisms, it could be

used, even at thal concentralion, to protect wood chips,

Propionic acid is aiso volatile, which means that although it is active ini-
tialty, after long periods of lime Lhe active ingredicnt seems to become
subsequemtly volatifised,  According to the results in Chapter 4
mieroorgenisms were detected by guantilative analyses after 2 months’
OCS. Now this Is very important since il is preferable thal a suitable
chemical be eventually volatitised 10 keep pulping costs low. The present
study Suggested that after a while the aclive propionic acid “disappearcd”
from the cavireament; this was indirecily shown when the numbers of
microorganisms in plate counts starled to increase. Such losses would soit

the pulping industry because higher yields and decreased bleach demands
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are of utmost importance (HAINY, JORGENSEN and FERRIGAN,
1967). Since chips arc usuzily pulped within 2 months of arrival at mills
the voletilisation of propionic acid would alleviate costs ineurred by the
need to increase the utilisation of pulping chemicals or to increase the usage
of alkalis o decrease propionic acid conlent during pulping. Furthormore,
future experiments to sctually quantify retention levels of propionic acid
would be useful 1o confirm the above suggestions. For example measure-
ment of propionic acid uptake after treatment Le retention levels of
propionic acid; and after a cortaln incubation period, measurement of the
propioaic acid retained in the chips. Such tests could determine exactly
haw long it would take for Lhe propionic acid o become volatilised. This
time interval would be importanl o the pulping industry in management

10 keep such pulping costs to a minimum,

‘The above ilustrates that there are many advantages associated with the
use of propionic acid, and that the only disadvantage could possibly be
cosls incurred. ALl of the foregoing indientes that there is a large and
growing market for chemicals in chip treatment. Since propionic acid is
considored safe enough for wse in food - s10ffs and animal Teeds, both the
Food and Drug Administration and the environmental Protcotion Agency
have approved propionic acid for use as preservatives in grein for livestock.
feeds (WILCOX, 1972, cited by ESLYN, 1973b). The growth of the mar-
ket will result from the growth of pulp production itself, the increasing

share of pulpwood being utilised in the form of chips, and increasing
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inlernational trade in wood chips. In 1973 the use of propionic acid to
control deterioration in wood chips stored was considered cconomically
impracticabie. owever, broader usage of propionic acid, c.g large scale

use ay in agricultural commodity preservative (ANON, 1971 cited by

ESLYN, 1973b), and of new gy for ising the
ackd {CRADDOCK, HERSHMANN, PAULIK and ROTH, 1971, cited
by BSLYN, 1973b) might mean a significant Increase in its production
which enuld result in lawer couts, importantly, the value of timber has in-
vreased significantly since 1973, The chips in the ficld telals were treated
at a cust of approximaltely Ri per ton, which represents Jess than 2 % of
their value. With automatic wreatment, such costs would be even less. In
additon, Lo facilitaie treatment with proservatives, a treatment plant could
be instalied similar (o the apparatus used by SPRINGER, FEIST, ZOCH,
HAINY and MeALILEY (1974) swhich consisted of a hopper containing

the treating sulution.

An adided advantage was that propionic acid prevented biodetorioration in
spite of the luct that cxperiments were conducted in o hostile scason
(Summer).  Oae can therefore expect greatey piotection of chips by
proplonic acid in the Winter months.  This statement s sgreed with by
SHIELDS (1967) who found that less deterloration had been experienced
when chips had been plled during the Winter months than during the
Summer, and little or no loss in wood substance vecurred in chips which

remained [rozen during storage,
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The time period for which ¢hips can be stored without serious deterioration
therefore appear to be relited to a number of variables including the wood
speeies piled, the size of the pife and the degree of compagtion, and the
season when storage commenced (SHIELDS, 1967).  Greater chip com-
paction and higher temperalures have been noted in larger plles compared
with smaller pies therefore the size of the piles appears (a be 3 determining.
fuetor which influences the rate of deterioration and the length of time that
chips ean be storsd vutside 1o obiain good yiells of high qualily pulp.
‘Taking inty consideration all the above Tactors, [ is very clear that good
woodyard practices and chip mans ement prectices are (he most important
faetars when considering preservation, This together with a concrete
Toundation, weuld heip maximise the protection of Piaus patula wood chips

during QUS.

Preseryation of pine chips has @ favourndle effect on wood qualkity and the
pulping process, Hmits the nuamber of spores of harmful fungi in the chip
pile and in the air at places of work, and docs not negatively aflfeet the bi-
ological purification of pulp mill efiuents (LEWANDOWSKI and
RATAICZAK, 1981}, While much uselu) information about the probable
vithue in practice [or any ncw wood prescrvative can be gathered (ram the
results of laporatory and field tests, it must be realised that even the latier
have fimitations,  Final approvai of a wood preservative before ils use on

a large seale can be recommended bl must be finaily evaluated on service
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triis earvied out in the varlous situations where the treatod timber is re.
quirad Lo be used, Ta practival evaluators there is nothing so convincing .
as satisfactory sorviee datn which proves that Umber treated with
pres rvalive docs actually withstand all the destructive agencles it hag to
contend with in practice. Fortonalely with respect to propionic acid data
of this type is already available and it has been proved in the present study "
that propionie acid is effective for use in Pinus pattda preservation during
OCS In the sub-ropical eavironment of Richards’ Bay. i
~
1n summary several conclusions were drawn from the previous Chapters : i .
4. Pulp lests and microbivlogical analyses showads !
1) chemical extractions were less reffable than expected, and { o ¥
2) propiunie acid 1t 2 % () was chosen from laboratory Lrials | ' 1
as the most appropriate for field teials . ... oo oo ., Chapter 2. ‘ . t
b, Pulp tests and microbiological analyses confirmed that; Coe
1) chemical extractions are ruther unrcliable on @ quantitative ba-
sis but provided gualitative information of trends in ' ¥
biodeterioration of wood components,
2) prapionic acid al 2 % (w/v) prevented loss of quality of pulp
during 4 months OCS, Basidiomyeele decay wus nol observed -
in treated chips during this peviod .. o1 ..oy 0y Chapter 3,
3) colonisation of cven trenied chip piles wus extensive at the 1 ’
ground BN ..oy ci i e e Chapler 3, J\ '
v 168 4 \
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e

propionic ackl at 2 % (Wv) prevented loss of quaiity of pulp
from biodeterioration by delaying the onset of the succession
patiern of microorganisms in treated chip piles , Chapter 4,
and,

the use of propionic acid at 2 % (wyv) (o treal chips as de-
seribed cost approXimawly R) per lon.  Wilh management
practice deseribed above it is concluded that this treatment
would successfully minimise biodeterloration of Plaws patula

chips dueing OCS and ransit 10 end-users.
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7.0 APPENDICES T

Appendix | R
Method for N-methyldithiocarbamate 5 .
To the round bottomed flask below (37 g of carbon disulphide and cold :
sofution uf 72 g of sodium hydroxide in 160m! of waler was added. This 4 -
mixtgre was cooled 10 10-152 and while, slirring, 180 m] of 35°C agucous
mclhyl:\minc solution was added over a period of 30 minutes. While stir- .
ring was still continued, the mixture was warmed gently on & steam bath N
for 1-2 hours to ensure a complete rcucuon The contents were 111cn l‘reczn i .
dried overnight sind he s N ’ |

feft wai
(MOORE AND CROSSLEY, cited by HORING, 1935 MICHAEL,
personal comminication).

Diagram of appiratus used for iUl
(C - candensor, FF - 2-necked Nask, § - Nunnel, B |cu-b‘-\(l|, Ms - magnetic
stirrer),




Appendix 2
Statistics for Inbpratory experiments.

ANCDVA ON TREATHENY OVER TINE
GEMERAL 1 1NEAR HODELS PROCEDURE
CLASS LEVEL INFURHATION

cLass LEVELS  VALUES

TREAT 2 HBORAX_L 8ORAX_2 DN H20 NNETH WHETHD PA_} PA.2
UL

TREATZ 5

BEW ALC CAU.SOL COLD WATER ETYL ETHER HOT WATER
NUHBER OF ONSERVATIONS IN OATA SET = 230

HOTE: ALy BEPENDENT VARLADLES ARE CONSISTENT Wifdl RESPLCT 10 THE
RESENCE OB ARSENCE OF MiSSINC VALUES, HOWE
GUSERVATIONS CAN be UscD N THI3 FAaivsis.
Rova ON TREATHENT BveR TING
GENERAL LINEAR HOOELS PROCEDURE

OEPEMUENT VARIADLE: SCORE

souRce oF UM OF SouARES HEAN SQUARE
Kozt 1 313964053512 201.5112719
ERROR 196 11945699738 3.43599488
CORRECTED TOTAL 209 498716155250

HoDEL £ 25,59 &8 > R = 0.0001
R~5QUARE e Ront nse SCORE nEAN
0.429301 s6.3170 1,07180045 5.45409520
sounce oF TYPE LSS F VALUE PR > F
ThgAT s 262,50341208 s.08 g.9009
ThEAT2 a 204932312646 7536 0.peal
uegK ! 32177999580 347 o.ngsn
sourcE oF TYPE 111 S5 F VALUE PR > F
ReAT s 251,49580815 583 0003
TREAT2 4 274l nseisas 7615 ool
uEEK 995560 ENTI Nt

o2~ .




FOR WO PR > IT{  STO ERROR OF
PARAMETER BSTINATE  PARANETERLD ESTIMATE
INTERGEPT 7.43432310 D 9.43  0.0001 0.78831715
TREAT BORAX_L
-1.45007607 B -1.57  o.11m0 0.92358006
DORAX_2
~0.09574923 B —0.11 ©.9les 0.05194582
oM
2,2515384¢6 8 2.64  ©0.0089 0.85196582
Hz0
1.23623077 8 1,48 o.tavp 9.85196582
HHETH
0.00692393 8 9.01  0.9958 0.92358006
HEETH+O
1.93292395 @ 2,09 0.037¢ v.92358006
Pt
-0,27657¢07 B -0.30  0.7666 v.92358005
LI
«0,15023077 0 -0.18  0.8607 4.85196502
dnT_L .
9.00000000 B . . .
TREATZ TEN AT
ANCOVA O TREATHENT OVER TIHE
~5,36108696 & -8,3¢  o.0081 0.64051552
€A S04
3.90813043 B 6,09  0.0001 064051592
caLp WATER
107434650 & -5.40 10,0001 0.69515177
GTYL EYn
Trenassas » ~B.30  0.0001 0.69515177
HOT WATER
5.00000000 B . . .
WEEK -1, 10745673 “1.86  0.0638 0,05765341

NATE( THE XX HATRIX K4S BESH DEHED SINGULAR ANO A SENERAL1ZEO
OVERSE NAS GEEN CHPLDYED 1D SOLVE THE HORMAL E3UATIONS,

THE ARGYE ESTIAATES REPRESENT DNLY DN 0F WAWY POSSISLE
SOLUTIDNS TO THE HORWAL EDUATIONS. ESTIMATES Salioatn oy
THE LE D JAE BINSED MO 00 NOT ESTIMATE THE e ARANETER
wr At !LUE JFar snne LINEAR GOMIINATION OF PARAN

OR ARE 21 EXPECTED VALUE or THE DIASED Es‘rlmﬂu«s
KA B8 0BTAINED FROM THE. BENERAL RORH BF B71H
EUNZTIONS, FOR THE BIASED ESTIMATORS, THE STO R 1s har
OF THE BIASED £STIHATOR AND THE T VALUE TE!
N1 ECOTABED ESTINNTOR) = 0. CSTINATES MAT FOLLOED BY THE
LETTER 8 ARE BLUE FOR THE PARAMETER.
ANCGVA GH TREATHENT OVER TIME

GENERAL LINEAR MODELS PROCEOURE

oM




P g
e .
f
LEAST SQUARES HEANS
TREAT SCORE ST ERR PROD > T} LSHEAN
LSHEAN LEMEAN HO:tLSHEAN=O  NUNBER
RORAX.}  3.33631640  0.e9229952 a.000 1
BORAX_2 4., 68862328 (60532623 $G093 2
QN (63593094 ©.60532623 8,000} 3
20 (01562525 C.60552625 a.qe0t %
ETH %, 789316 0.67229932 0.0001 5
HKETHYD  6.73730660  0.69229932 olovo1 6
Al (50981449 0169223032 ol0oo1 7
a2 G.E341617Y a,60532623 0.000) e
KT Q78639268 042532628 oleom) 9
FROE > {T{ Ho1 LSHEANCI)slSHEANCIT
[V 2 3 5 o 7
} o146z 00001 ©.0041 0.1358 0.000G 0.2277 0.1609
2 01662 . 0.0064 ©,1201 D.9133 0.0292 0.8467 0.9%%1
3 wioen1 oloser . /2335 0.0159 0.7305 0,008 0.0053
4 0.0061 06,1301 0.233% . 0.1047 10,4503 ©0.l039 ©.1058
5 0.1358 0.?1:s 0.0159 o.l847 . 0.3486 ¢.773% 0.8668
6 0.0006 0.,0292 0.7305 ©,6503 0.040%6 . 0,0261 0.0252
70,2277 0.6667 G.0068 0.1039 0.7739 8,241 . 0.0930
B 0,160% D0,949] 053 6.1058 0,064 ©.0252 0.8930 .
9 a.1180 e.7l0é 10887 6.1490 0,9956 0.0376 ©,7646 0.8602
PROS 5 [T1 KO: LSHEANCEISLSHEANCS)
1y
1 o.t180
2 D.7104
3 v.0029
4 ylian
5 0.5958
£ 0.0376
T 0,766
s ossoz
Ed .
HOTE: YO ENSURE OVERALL PROTECTION LEVEL, QNLY PRODABIL{TIES
ASSDCIATED WLTH PRE<PLANHED GDHPARISONS SHOULD NE USED.
TREATZ SCORE S$TD ZRE #ROB > |T| LSHEAN
LSMEAN LSHEAN HOILSHEANaD  NUNDER
BEN 4LC 2.0470740 . 4540628 0,0001 1
CAU, 0L, 11.2912934 0.4560820 a.¢001 2
COLD WATER  3.4938104 5192202 o.0g01 3
ETYL ETHER L.Gi97275 0.5192202 0.802) 4
HOT WATER 7.3601629  0.4560620 ERTTTI
AHTOVA ON TREATHENT OVER TIHE
R TTR .
Ior T
! i




GENERAL LINEAR MODELS PROCEDURE

LEAST SYUARES MEANS FOR EFFECT TREAT2

PROB &
DEPENDENT VARIABLE: SCORE

1y '
0.000)
0,0307

4 .33
0.9001

IT1 HOL LSHEANC) sLSHEAN(I)

NOTE! TO ENSURE OVERALL PRUTECTION LEVEL,
ASSOCIATED WITH PRE~PLANKED CONPARISONS SHOULD BE USED.
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Appendix 3

110cm
A

0,2cm

-

Oimensions of sprayer used in fiekd trinls for treatment of wood chips (s -
sprayer, - holes, | - inlet),

7




B
Appendix 4
Statisties for field trials,
AUTOVA ON TREATHENT OVER TINE f
GENERAL LINEAR PDDELS PROCEDURE
CLASS LEVEL INFORNATION -
cLass LEVELS  VALUES .
ur 2 A .
RF 2 £R .
NUNBER OF OSSERVATIONS IN OATA SET & G4
Cava ON TPEATHENT DVER TIME an .
GENERAL LINEAR HODELS PROCEOURE .
OEFENDENT VARIABLE| SCURE H .
sourcE oF SUH OF $QUARES HEAN 5QUARE “
g “
HODEL 3 512.99918602 170. 97572087 .
ERROR 40 1366607195631 227.76786590 . . B
CORRECTED OTAL 6 16179,07116294 o .
HOOEL = 0,73 PR > F x 0,5262 O -
R=SQUARE v %007 HsE SCOKE HEAN
0.036180 1861059 15.99198019 6.37576025 ¥
SOURCE oF TYPE 155 F VALUE PR > F ¥
ur ' 140. 10273228 vz .4%60 [
R 3 0164722656 0,00 9,9648 .
ek i 37240922780 164 002089 N
SQURGE of TYPE 111 58 F VALUE PR 3 F :
ur 1 140. 10273225 o.c2  0.4360
RE 1 .46722456 200 0.3688
WREK i 37246922781 164 0,2089
T FOR Moy PR > |T)  STD ERROR OF
PARANETER GSTINATE  PARANZTER*0 ESTIHATE
INTERCERT 1237603125 1 2,32 v.0238 533682077 -




ur
RE
wERK

HoTE:

A 2.95912500 B 6.78  0.4360 3.77299505

u 0.00000008 B . - .

£ ~5.14718750 B ~0.06 03648 3.77299505

3 ©.60000000 B . . .
~2.15768750 ~1.28 0.2089 1.68733468

THE X'X MATRIX KAS BEEN DEENED SINGULAR AND A GENERALIZED
INVERSE HAS BEEM SHPLUYED YO SOLVE THE NORMAL EQUATIONS.
THE ABOVE ESTIHATES REPRESENT ONLY ONE UF MANY POSSISLE
SOLUTIONS 7O THE RORHAL EQUATIONS. ESTIHATES FOLLOWED BY
THE LETTER B ARE BIASED ANO DD NOT ESTIMATE THE PARAMETER
BUT ARE SLUE ROR SOME LINEAR COMHINATION DF PARAMETERS
DR ARE ZERD). THE EXPECTED VALUE OF THE BIASED ESTIHATORS
¥ BE DBTAINEQ FROM THE GEMERAL F ABLE
FUKCTIONS, FOR THE BIASED SSTIMATORS, THE STO £RR 1S THAT

LETTER b ARE BLUE FON THE P ER.
v oh TREATHERT GVER TINE
GENERAL LINEAR MODELS PROCEDURE

LEAST SQUARES REANS

searRe §78 ERR  PRO3 > JTI  PROB > ITI Hoy
LINERN LSHEAN  WDJLSHEAHZD  LSMEANL=LSHEANZ
7.88536375  2.64771038 6,095 9.4360
6.89621675  2.6¢791033 0.m22
SCORE s et eror > In PROA > IT! HDs
LSHEAN SMEAN  HO:LSHEANZO  LSHEANISLSHEANZ

#.29218750
4.45937500

2.66791038
2.64791038

1.0029
©.0026

0.5608




Appendix 3
Graple of burt index: versus toar index.
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Appendix 6

Ternperature profiles during OCS.

TIME {DAYS)

BNITIN




Result from Male's Report (SAPPI).

FULP STRERGTII PROPEATIES F TREATED A¥D UNTAEATED SMKPLES AT 400 C.S.TREENESS

SHRPLE GEOXETRIC] RATIHG
IDERTIFICATION ] BURST) TEAR | TRSILE|  MEMW 1
[ CONTROL O ¥EEKS | 6.6 110 97 1.8 1oe.6
coyTRoL 4 weeys | 580 0.8 85 e 8.7
dowmevs | 62 is| s | o | s
COYTAOL 8 VEIRS | 5.8 | 12.4] 83 1.8} 9,3
snmevs | s2fual e | s | s
CORTROL 2 YERKS] 5.6 1 11,8 | 8¢ iy §.2
M9 TR R VIERS) 8,3 ) 122 88 1.0 pLin)
CORTROL 16 VEEXS[ $.8 [ 10.5 | 82 13 sub
MID TR IS VEEKED 6.4 1 (0.3 | 99 186 58,9




Appendix 8
Statistics for guantification of unfreated chips.
NCOVA ON TREATHENT OVER TINE
USING DIFFERENT HETHODS OF ANALYSIS
ntreated cases
GENERAL LINEAR MODELS PROCEDURE
CLASS LEVEL [NFORHATION
VER LEVELS  VALUES
R 3 ccH R
HUMBER OF GUSERVATIONS 1N DATA SET = 12
A 0N TREATHENT DVER 71
USING BIFPERENT HETHADS OF wacrvsts
troates ca
GENERAL LINEAR HOOELS PROCEOURE
DEPENDENT VARIABLE: LOGCOUNT  LOG COUNT G WoOD
SOUREE oF SUM OF SQUARES NEAN SQUARE
HovEL 5 42.54428000 2.50885600
ERROR 6 24.36012000 4.06002000
CORBECTED TOTAL e 56.90440000
HOBEL F = 2.10 PR > F = 0.2770
/-SQUARE c.v. 2007 MSE LGGCOUNT NEAN
0.635897 28.3796 201494913 7.10000000
SoURCE oF TYPE 1SS F VALUE PR > F
2 5.79120000 0.1 0.5274
RONTHS 1 16.56322667 3.59  0.1071
HAHTHSXGR 2 22.18985333 2.73  0.1433
SOUREE oF TYPE IL1 S5 F VALUE PR ¥ F
2 21.83201111 2.69  0.1667
5 : 16.56322467 3.9 0,071
HONTHS KGR H 22.18985333 273 0.1433
OR HO: PR > IT]  STD ERROR OF
PARAKETER ESTINATE  PARAMETERSD ESTINATE
T




INTERCEPT
23

RONTNS
HONTHSXGR

~3.64153E-14
6.45500080
7.45500000
0.00020900
2.70000040
~2,69000000
-2.45400000
000000000

il I.0o00
fl 1.85  D.1139
il 2,16 0.0766
1 . .

B 3.00  0.0241
B -2.11  0.0793
B -1,93  0.1025
B

2,44779861
3.48999427
3.48999627

0150111265
127434572
1zrasestz

A ON TREATHENT DVER Ting . i
USHG DIFFERENT KETHIDS OF ANALYSIS
ntreated case

[s3

GENERAL LINEAR MOUELS PROCEDURE

GEPENDENT VARIADLE; LOGCOUNT  LOG COUNT G WooD

NOTEc THE X'X MATRIX HAS BEEN DEEHED SINGULAR AND A GENERALIZED .
VERSE HAS BEEN EMPLOYED YO SOLVE THE HORMAL EQUATIONS.
THE ADQVE ESTINATES REPRESENT ONLY ONE OF HANY POSSIBLE s
SOLUTIDNS TD THE HORHAL EQUATIONS. ESTIMATES FOLLUWED BY o e
THE LETTER & ARE BIASED AND DO HOT ESTIMATE THE PARAMETER ™ g
BUT ARE BLUS FOR SOHE LINEAR COMBINATION OF PARAMETERS i :
(OR ARE ZERD). THE EXPECTED VALUE OF THE BIASED ESTINATORS
HAY BE ODTAINED FROM THE GENERAL FORW DF ESTIMABLE
FUNCTIONS. FOR THE DIASED §STIHATORS, THE STD ERR IS THAT
OF THE BIASEQ ESTINATOR AWD THE T VALUE TESTS
HO: E(BIASED ESTIHATOR) = 0. ESTIHATES HOT FOLLOWED BY THE '
LETTER B ARE BLUE FOR THE PARAMETER.
OvA ON TREATHENT OVER TIH
USTRG BIFFERENT HETHADS OF ANALYSIS PR . )
treated tases

GENERAL LINEAR MODELS PROCEDURE

LEAST SOUARES MEANS R
Vi

w {
SR LOUGCOUNT STO ERR  PROB > §T)  LSHEAN - .
CSHERN LSHEAN  ND:LSMEANTD NUMBER .
€C  4.48000000 1.007647457 9.0007 1 R
R 8.07000000  (.00747457 2.0002 2 - g
PL  6.75000000  1.00747657 8.0005 3 . . . <
PROB > {T] HOY LSMEANCEI=LSHEANCS ) p
174 2 3 :
1. 6.3071 0.8559
2 o.erl . 5.3900 B
3 0.8559 0.3500 .

HOTE: TO ENSURE OVERALL PROTECTION LEVEL, ONLY PROBARILITIES
ASEGEIATED WITH PRE-PLANNED COHPARISONS SHOULD BE USED. -

Se2M . N




Statistics for quantification of acid-treated chips.

ANCOYS UF TREATMENT OVER TIME
USING DIFFERENT HETHODS OF ANALYSIS
Treatsd cases

GENERAL LINEAR MODELS PROCEDURE
ELASS LEVEL INFORMATION
YALUES

cLAsS LEVELS

[ 3 ec H PL

Nunneu OF OBSERVATIONS IN DATA SET = 12
COVA OF TREATHENT OVER TIME
usms DIFFERENT METHODS OF ANALYSIS
Treated cases

GENERAL LINEAR MODELS PROCEDURE

DEPENDENT VARIABLE: LOGCOUNT  LOG COUNT G WOOD

SOURCE oF SUM OF SQUARES
HODEL 5 £0.33529500
ERROR 6 5,17753000
GARREGTED TOTAL u 65.51282500
HODEL F = 13.98
R-SQUARE a.v. ROGT MSE
0.920969 13.8492 0.92a893577
souReE oF TeeE 185 F
GR 2 22.79815000
HOHTHS 1 15.71073505
HONTHSXGR 2 22.33441000
SBURCE oF TYPE 111 8§ ¥
13 2 34.77243333
MORTHS 3 15.21073500
HONTHSXGR 2 22.33461000
T FoR 400 PR > IT)
PARANETER ESTIHATE PARAKETER=0
S
I IR | NLAISR
W A
p .
I A W R

Appendix 9

HEAN SQUARE
12.06705900

0.86292167

PR > F = 0,0030

LOGCOUNT MEAN

£.70750000
VALYE PR > F
13,21 0.,0063
17.63  8.6057
12.96  0.0067
VALUE PR > F
20.15  0.002Z
17.63 - 0.0057

12.%4 0.0067

STD ERROR OF
ESTINATE




INTERCEPT -1.64500000 8 S1AS 0.1983 1.13770932
§R 2.01500000 1 4,98 0.0D25 1.60896395
1l 9.490060000 B 5.90  0.0011 1,60896395

L 9.00080000 © . . .
2.7z700000 B 6,56 0,0006 0.41563271
HONTHSXGR € -2.76100000 B “4.60  0.0037 0.58751057
~2,45900000 n -4.13  0,0058 0.88751057

PL 000000000 .

NEOVA OF TNEATHENT OvER TIHE
ustho DIFFEREN'\' HETHODS GF ANALYSIS
ated cases

GENERAL LINEAR MODELS PRUCEDURE

DEPEKDENT VARTABLE: LOGCOUNT  LOG COUNT § WOOD

NDTE1 THE X'X HATRIX HAS EEN DEEMED SINGULAR AND A GENERALIZED
INVERSE HAS BEEN ENPLOYVED TO SOLVE THE NORMAL EQUATIONS.
THE ABOVE ESTIHATES REPRESENT UNLY ONE OF MANY POSSIBLE
SOLUTIONS TO THE NORHAL EQUATIONS. ESTIMATES FOLLOWED 8Y
TRE LETTER U ARE DIASED AND DO NOY ESTIMATE THE PARAMETER
BUT ARE BLUE FOR SUNE LINEAR COMBINATION OF PARAMETERS
(R ARE ZEROJ. THE EXPECTED VALUE OF THE BIASED ESTINATORS
HAY DE OITAINED FROW THE GENERAL FORM OF ESTIMABLE
FUNCTIONS. FOR THE BIASED ESTINATORS, THE STOERR 18 THAT

o 5
HO( E(BTASED ESTIMATOR) = 0, ESTINATES NOT FnLLGWEn BY THE
LETTER 8 ARE BLUE FOR THE PARAMETER.
0VA UF TREATNENT OVER TIHE
USING DIFFERENT HETHODS UF ANALYSLS
Treated cases

GEMERAL LIHEAR HODELS PROCEDURE

LEAST SQUARES HEANS

GR LOGCOUNT ST ERR  PROB > [Tl  LSHEAW
LSHEAN LSMEAN  HO(LSHEAN=0 NUMBER

SC 4,63500000  ©0,46444789 0.0001

H 8.51800000  0.464467e9 0.0001

PL  5.17250000  0.46466789 0.0001

PROB > IT| MOt LSHEAR(I)=LSHEAN(J)
129 1 2 3
Lo D.0194  0.1030
2 o.oivé . a.0022
3 0.1030 D.0022 .
NOTE: 70 ENSURE OVERALL PROTECTION LEVEL, ONLY PROBABILITIES
ASSOCIATED WITH PRE-PLANNGD COHPARISONS SHOULO BE USED.
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