
TH E EFFECT O F CHEMICAL PRESERVATION ON Pi»».$ putiitu 

WOOD CHIPS DURING OUTSIDE CH IP STORAGE

Shcnaz Ismail

Degree awarded with diettnotion 1) Deoeoler

A Dissertation Submitted to the Faculty of Science 

University of the W itwticrsrand, Johannesburg 

for the Degree of Master of Science

Johannesburg 1989



'

Abstract

prcscnative foimulaiinns were conducted a t 25°C for 4 months. 

UioUclcriuralion was monitored by chemical, microbiological and pulp an­

alyses. Chips treated with 2 % (w.v) propionic acid were not decayed by 

basidiomycctcs and produced pulp of quality indistinguishable from fresh 

untreated chips. Outside chip storage (OCS) field trials using propionic- 

acid treated chips were conducted in the subtropical environment of 

Zululand. Treated chips yielded acceptable pulp after 4 months' OCS. 

Quantification of microorganisms showed that chip treatment delayed the 

onset of colonisation for 2 months. Surfaces of untreated chips were ex­

tensively colonised after 2 months and after 4 months hyphac penetrated 

and colonised interior elements. Basidiomycctc decay and cclltilolyiic soft 

rut by Chaettmuum spp was observed. Treated chips were relatively 

uncoloniscd. No basidiomycctc decay or ascomycctous soft rot occurred. 

Ascomycctous colonisation was restricted to staining fungi such as 

Penn'iltmn spp.
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Wood has been used by man throughout the won't/, lb 

structural and decorative functions. Its advantage

1.0 IN TRO DU CTIO N

strength, and

of technology

renewable (KINO, 1981)

ids of years, 

with many

’it/i which it could be worked using the iovv levels 

Weight for weight, wood is stronger than steel, and 

inlrasl with the finite reserves of iron and 

slocks, with careful management arc

Wood is however no longer cheap, nor plentiful and forestry management 

praeiicc in the technically developed world has resulted in considerable 

control o f deforestation and decreased exports to the major wood importing 

nation!. Market forces thus produced have resulted in a steady increase in 

the value of wood stocks and consequent increased costs to the consumer 

(KING, 1981). With only I % of South Africa's land area under forest, it 

compares very unfavorably with other countries and regions of the world. 

For example, 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 to the year 2010 show that the supply from existing planted 

areas will not be able to meet future demand for both hardwood and



softwood, "This shortfall must be addressed as a mailer of ui'gcncy". 

(ANON, 1988).

Freshly felled wood is non-durablc, and its biodcicrioralion accounts for 

losses of up lo 10 % loial yield (13AGCKER, pees, comm., 1987), therefore 

such losses place greater demands on Limber production.

/ . /  Tim ber Storage

Since the period between felling and conversion for end use, during which 

timber is most susceptible lo biodcicrioralion, storage methods arc impor­

tant determinants of associated economic losses. Timber is stored either 

as roundwood or as chips.

1.1.1 Romnltvood

Timber is felled and may be stored in the forest before extraction and 

transport lo sawmills. The roundwood may be further stored as stocks 

prior lo conversion and planks may in turn be stored prior to end use or 

during seasoning. Often total storage periods exceed six months.

1.1.2 O ulsidc G rip Storage

Pulp and paper Is of course becoming an increasingly valuable commodity 

as demand continues to grow (H U IM E , 1979), particularly, in developing 

South Africa. Rising prices rcflecl impending shortages on ti global' basis



(HULME, 1979). Commercial wood chip siorogc was ihcrcFoic iiHroduccd 

in Hie early I950's in the American West Coast lo allcviaic some of tlic 

problems encountered by ihc pulp mul paper industry In the storage of 

their vast reserves of raw matcriitls (SCHMIDT, 1969; GREAVES, 1971a; 

FULLER, 1985). Piles were constructed of chips From sawmill and veneer 

residues obtained from the wood-using industries (DOYLE, 1963; 

M ICHAUD, 1962 citcd by SHIELDS, 1907).

The possibility o f storing wood for pulping in the form of chips has received 

increasing consideration in recent years (LiN DG REN  and ESLYN, 19(31), 

because chips arc more economical to hiindlc than logs (HENSEL, 1958; 

BAKER, 1960; BURKE, 1962; FORSSBLAD, 1965; HOLEKAMP, 

1962a citcd by SHIELDS, 1967; HULME, 1979). Handling and economic 

advantages of outside chip storage (OCS) over log storage (BAKER, I960 

died  by SHIELDS, 1967) have resulted in many mills chipping their logs 

to provide readily available material fur the pulping operations (SHIELDS,

1967). Improved forest management and harvesting policies alonj.' with 

reforestation will obviously help alleviate the problem but it is clear that 

costly losses attributable to biudetcrioralion during the outside storage of 

chips cannot he tolerated (HULME, 1979). The success of chip storage is 

affccted by climatc and wood spccics (MAJNY, 1966), therefore consider­

able research has been conducted on the biodctcrioraiion of Southern pine, 

oak and gum chips throughout the world (SHIELDS, 1967), but partic­

ularly In U.S.A., Canada, New Zealand, Australia and Sweden. Of all the



pines, none has been grown more extensively for timber in South Africa 

Ilian Pimis pnltiin Schictlc ct Dcppc in Schkll. cl Cham (POYNTON, 

1979). While it is well suiicil to very warm and dry regions, and although 

subject under certain circumstances to damage or attack by such agencies 

as wind, hall, fungi and insects, U nevertheless thrives on a great variety 

of soils and yields a general utility timber free from defects and of consist­

ently acceptable quality (POYNTON, 1979). However, the 

biodctcrioralion of Pi/ms patula as chips in outside chip storage (OCS) has 

never been investigated in S.A.

i) Advantages of OCS

Virtually all types of wood ranging from the hard woods and soft-woods 

of temperate climates to the bamboos (MOKHASI, HANDICOL, 

JASPAI, and QllAROAVA, 1969 cited by HULM E, 1979) and tropical 

hardwoods (GREAVES, 1971b cited by HULME, 1979) have been stored 

as chips (HULME, 1979). Operational advantages of OCS over round- 

wood storage (CLARK, 1963a cited by SHIELDS, 1967) have been re­

ported as follows (SHIELDS, 1967) :

a. Reduced fibre toss.

b. Continuous supply (CLARK, 1963b; HOLEKAMP, 1962b;

HAJNY, I960 cited by HAJNY, 1966).

c. Decreased handling costs (CLARK, 1963b cited by HAJNY, ■! 966).



d. Increased utillsaiion of residue chips from sawmills lo veneer plants 

(ROTHROCK, SMITH and LINDORRN, 1961).

c. Large manpower saving (CLARK, 1963b; 1NSERRA, 1961 cilcd 

by HAJNY, 1966).

f, 20 lo 23 % increase In production from wood-yard wood-room 

(DIEHL, I960; LAW, 1963 cilcd by HAJNY, 1966).

g, Reduced maintenance costs.

h. Elimination of production loss because of wood-room/wood-yard 

breakdowns.

i. Increased bark yield and consequent reduced fuel costs,

j, Improved uniformity in digester furnish (CLARK, 1963a; 

HOl.EKAME, 1962c cited by HAJNY, 1966).

k, Greater storage per acre,

I. Less housekeeping (HAJNY, 1961; CLARK, 1963b; CLARK, 

1963a cited by HAJNY, 1966).

m. Smooth wood-yard,wood-room operation.

ii, Belter, more accurate species handling (CLARK, 1963b cited by 

HAJNY, 1966).

Unfortunately, many costly problems can arise when wood chips arc stored 

om id e  (OLACKERDY, 1971; CHALK, 1968; GRANT, 1968; HATTON, 

SMITH and ROGERS, 1968; l-IOLEKAMP, 1962a cited by HULMG, 

1979), and unless a chip pile is carefully managed the pulping properties 

o f  the chips can be affected 1,1 many ways, as mentioned below ;



a. The pulp yield may be lowered because the chips have lost weight 

or require extended pulping; or because more of the chip dissolves 

when pulped,

b. The pulp strength may be lowered because pulp constituents in the 

chips have been degraded, or because the chips have to be Over­

cooked to produce the desired grade of pulp.

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

d. More pulping and bleaching chemicals may be required or chemical 

recovery (in the kruft process) may be slower.

c. The pulping equipment may corrode more rapidly.

f. Less tall-oil and turpentine by-products may be obtained in kraft 

pulping.

g. In the extreme ease of chip pile fires no pulp or by-products may 

be obtained.

Thus, deterioration during outside chip storage may be defined as any 

process which lowers the quantity or quality of pulp, Inci eases the require­

ment for pulping and bleaching chemicals, or increases the cost of equip­

ment maintenance (HULME, l ‘)79). Such deterioration obviously includes 

biiKlclcrioi'fltion.

In tropical environments and marine environments, insects and molluscs 

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



temperate climates microorganisms arc the main agents of destruction 

(KIN G , I9KI), particularly during OCS.

An undcrsuvtllng of the economic cffceis of fungi in wood must involve 

an appreciation uf the end use for that wood. In some uses the presenc 

of funi’i In wood may be ncccpicd (e.g s;tp->!aln in coiisLrucUon-gradc Urn 

her), whereas the same IXmyi in logs to he used Tor the produolion of me 

chanical pulp may he unacceptable. From the user’s viewpoint, wood ca 

be deteriorated without !x-iiig dccaycd, this being obvious within the pulp 

and paper industry. Deterioration uf wood by fungi can then be defined 

as a decrease in value of that material to a specific user because of the 

presence of these microorganisms (SMITH, IV75),

1.2 JJiodeieriovalion O f  Chip Piles

In considering the economic importance of fungi in wood utilised by the 

pulping industry, we must also consider the time a t which fungi may enter 

the wood. I hey may enter as listed below :

a. A standing tree before felling.

b. A log during ils subsequent period of storage.

e. Wood chips during outside storage following conversion from logs 

<y .sawmill rm iucs (SMITH, 197.1),



When the living ircc is attacked the organisms involved arc parasites caus­

ing disease and this aspcct of microbial decomposition is more property 

considered as forest pathology or plant pathology. Form the viewpoint of 

the wood user, the important organisms arc generally those which colonise 

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

-ohiological Succession Patterns

The microorganisms which colonise and degrade wood include bactcria and 

aciinomycelcs, but the major group of microorganisms involved in the suc­

cession pattern of decaying wood are the fungi.

ignt physiology with rasped to wool! decomposition

Fungi belong to a primitive branch of the plant super-kingdom PLANTAE 

and comprise the kingdom M Y CETaE. They differ from the 

phtnoautotrophic green plants in their lack of chlorophyll and hcncc their 

inability to manufacture (heir cm'n sugars using sunlight, carbon dio.vide 

and water. These primitive ehcmohetcroirophic microorganisms therefore 

energy supplies from c.'iicmal sources. Wood can be such a 

source and fungi can grow on the surface and within the wood, utilising 

freely available sugars and breaking down the more solid structure of wood 

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

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

fungi exist, showing different forms of growth, types of reproduction and
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copaciUcs lo auack and colonise wood. Most fungi have a t least the fol­

lowing five basic requirements for growth, namely :

a. A  suitable source of food.

b. Oxygen.

c. Presence of a minimum degree o f moisture.

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

c. A suitable temperature range usually between 25 and 40°C (von 

MOLY 1981).

Lack of one of the above requirements will normally prevent the growth 

o f  fungi. Therefore, if wood is kept dry as within house timber joists, no 

growth of fungi will occur. Also, if pulp logs are kept submerged in water, 

where oxygen will be severely restricted, little fungal growth will occur 

(SMITH, 1975).

A part from the carbon sources, wood decomposing fungi require bound 

nitrogen, for instance, inorganic .salts or protein for growth. The carbon : 

nitrogen ratio of wood is 300/500 : I , rendering it poor in nitrogen, and this 

is a limiting factor for the growth and activity of fungi. However, living cell 

systems (ray parenchyma cells and epithelial cells of the resin canals) have 

a higher concentration of nitrogen than the rest of the wood material. It 

has been shown that fungi initially attack these living cells, whereby their 

content of nitrogen and reserve nulrimcnl like starch anti lipophilic 

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



fungal biomass which developed in this proccss then dies, releasing 

mirogenous materials which provide nuiriiion for succeeding invaders. In 

addition, fungi may translocate nitrogen from the exterior, to wood (KINO, 

SMITH, I3AGCKGR and BRUCE, 1981). Simultaneously, carbon is lost 

from the wood ns CO. during fungal respiration. These combined proc­

esses cause the carbon : nitrogen ratio of wood to narrow from 300/500 : 1 

lo levels nmcnublc to vigorous microbial growth consistent with rapid dccay 

of the wood. A succession pattern of microorganisms therefore occurs in 

decaying wood, and different groups invade a t different stages of the dccay 

process, depending on their ability to utilise the wood a t different stages of 

its changing nutritional status.

Fungi arc classified by microbiologists mainly according to the way they 

reproduce. In most cases, similar groupings can be used to separate fungi 

according lo the way they damage wood (KAARIK, 1974 cited by 

HULME. 1979). Three basic groups, which overlap lo some extent, can 

be ditiifiyuisheil as follows ;

a. Primary and secondary colonisers;

1) mould, slain orsoft-rot fungus,

2) yca.sis, bacteria and actimomycctcs.

b. Tertiary eolonisers;

1) tv/iitc ,ot fungus,

2) brown rot fungus.



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

1.2.1.2 Effect o f  hiodvtmogens an the quantity o f  wood substance in chip

M any reports on l/tc losses w  wood substance tvhicfo have occurred during 

chip storage have come from studies made in Hie southern U.S.A. and 

Sweden, and indicate some variabiiky in basic specific gravity losses not 

only between different piles but also within the pile itself. The type of 

microorganisms inhabiting chips and the degree of microbiological activity 

arc im portant factors Involved in the amount of wood substance lost during 

storage (SHIELDS. 1967).

Only minor reductions in specific gravity have been noticed in pine chips 

stored for up to 2 months (ANON, 1959 cilcd by SHIELDS, 1967), when 

compared to non-stored chips, In another study (SAUCIER AND 

MILLER, 1961 cited by SHIELDS, 1967), losses in specific gravity during 

the first few weeks of pine chip storage were greater in those chips situated 

near the centre of the pile. While these losses were unexplained a t the lime 

it is possible that very high temperatures resulting from the initial rapid 

growth of heal tolerant and thermophilic microorganisms may have been 

involved. With longer storage it was found that losses were not as great in 

the centre of the pine chip pile (SAUCIER and MILLER, 1961 cited by 

SHIELDS, 1967). This reduction in specific gravity losses corresponded to



a lowering of ihc icmpcrnuircs, an increase in moisture and perhaps de­

piction of oxygen (SHIELDS, 1967).

The types of microorganisms that will ultimately be responsible for most 

o f the substance losses will depend on the type of material and the pre­

vailing storage conditions, especially the temperature. In the cool outer 

regions of storage piles, mcsophilie fungi prevail; in the warm to hot inner 

regions thermophilic and thcrmotolcranl fungi arc responsible for substance 

losses (MULME. 1979 cited by SPRINGER, 1983a).

The initial higher losses experienced in the hot areas o f some piles within a 

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

combination of biological and chemical activity operating a t the same lime. 

The metabolic activity of the thermophilic and heat tolerant fungi on the 

wood probably accounts for some of this loss with other losses occurring 

from the dcacetylaiion process as a result o f high temperatures and 

moisture, as well as from oxidations of other substances, such as resins, in 

the wood. With increased storage time however, the losses in the upper 

interior regions do not surpass the losses experienced in the cooler uiicom- 

pactcd sides of some piles where wood-rolling Baskliomycclc fungi and 

staining fungi arc more active (SHIELDS, 1967).

The occurrence of greater numbers of white rot fungi in the lower levels of 

some soft-wood chip piles is one major cause of wood substance loss in



these areas (SlilELIDS, 1967). The observations that chips in the lower 

p a n  of a pile are frequently dark brown, discoloured and have an acetic 

acid odour, suggests that there Is also a possible hydrolysis of the 

hcmicciiuioscs by organic acids formed in the pile during biological or 

chemical processes and that this results in further reductions in wood sub­

stance and increased storage (SHIELDS, 1967).

1.2.2 The Detection O f  Biodctcrioralion

The resistance of different species to fungal attack varies, but no wood is 

immune. A relative degree of resistance is imparted when large amounts 

o f extractives toxic to fungi arc present. This is the main reason why some 

species, such as redwood, oak, chestnut, and black locust, for example, and 

eucalypl and wattle in S.A. arc more durable than others. Similarly 

heart-wood is generally more durable in comparison to sap-wood of the 

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

antim kroto:) extractives such as tannins in heart-wood.

The presence of mould fungi on logs' and lumber is often seen as a fluffy

Ppitkillium  and Aspergillus although white Mucor and pinkish Epicocaim 

pigmentation arc also common.



As slated above (1.2.1,2) there is no Indication of weakness in underlying 

wood and the importance of mosl staining fungi to pulp mills is probably 

negligible (SMITH, 1979).

The presence of sap-slain fungi in lumber nr chips can easily be ascertained 

by a visual examination. The wood will appear stained a blue or black 

colour, frequently in a streaky or radially expanding fashion towards the 

outside of the wood (SMITH, 1979).

Soft-rot caused by fungi such as Ascomyccics and Fungi im perfeci cause 

attacked wood to darken as decay progresses. When dry, affecte I wood 

becomes soft and brittle with cubic cheek marks as with brown rot (below) 

(CARTW RIGHT and FINDLAY, 1958; LEVI, 1964 cited byTSOUM IS,

1968), However, these symptoms are macroscopic and noted in logs but 

not in chips. A  schematic representation of wood cell wall at micro-level 

is shown in Figure 1.1 a and b respectively. Microscopically, soft-rotted 

wood shows characteristic geometrical cavities in cell walls, and these are 

useful in diagnosis with the microscope (COWLING, 1965; LIESE, 1964 

cited byTSOUM IS, 1968; SHIELDS, 1967).

Severe attack of wood by white-rot fungi can result In a white-pocket type 

or a stringy yellowish type of rot. This would be visually evident, although 

braxlincss of the wood when broken would also result. Early stages of
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Figure 1.1 Schcmalic rcpicscniuliun of a typical wood ceil to show cltfTer- 
cniiaiion uf cd l layers.
a. Longiiudinal rcprcscmation of a transversely scciioncd cell 
(L - lumen; 10 - primary wall; 2 ' • secondary wall; M - direc­
tion of ccllulosc miiYunbi'lls)

'S S '

b. Transverse scclinn (if cells (L - lumen; 1° • primary wall; 2" 
- secondary wall; ml - lignlfietl middle lamc/la)

. / V - V l
; , : X  ■■.
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Figure 1,1 Schematic rcprcscmation of a typical wood cell to show diffcr- 
cnliaiinn of cell layers.
a . [.ongiuKlina! repfcscnvavion nf a transversely sectioned sell 
(L - lumen; 1° • primary wall; 2« - sccontlory wuli; M - direc­
tion ofccllulo.sc microRbrils)

'S S '

. Transverse scciiuti <if cells (L - lumen; I 6 • primary wall; 2° 
secondary wall; ml • lignificd middle lamella)



dccny by these fungi enn cini.se brown or reddish discolorations of wood 

wiih little physical degrade (SMITH, 1979; LEVY, 1969).

Severe attack o f wood by brmvn-roi rungl generally results In dark brown 

dlseuliiriHions of wood which will be crumbly, cracked and broken, partic­

ularly os the wood dries (I.EVY, 19(19). Considerable shrinkage o f the 

wood results in drying. Incipicni stages of attack by these fungi are diffi­

cult to diagnose, but probably tit these early levels the reduction effects on 

pulp yield will be small. However, decoy could be diagnosed by a softening 

of the wood or by a brashness when broken, as well us by a decrease In 

specific gravity as normally determined (SMITH, 1979). The conclusive 

method to diagnose white or brown-rot in chips remains the detection of 

micrascopic.iily visihic cffccis. These includc localised bore holes through 

cell walls, and disintegration of walls in parts that are not in immediate 

contact with fungal hyphac - presumably through transfoention of enzymes, 

Thu patterns of these effects differ according to the type of fungus, and 

may be best observed with the electron microscope (TSOUMIS, 1968). In 

general, whltc-rotiers produce typical lysis zones around hyphac on wood 

cell walls (Figure 1.2) since the lignlnases produced can degrade the S3 

will). J» contrast, brown rotters produce ccllulases which diffuse through 

the lignin in S3 without causing apparent decay, but these cellultiscs 

produce degradation in the ccllulolytic S2 as sw u  in transverse .secllon 

(Figure 1.2).
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Figure 1,2 Cross scciion of a wood coll wall showing the composition and 
mkrobial dccay patients, (wl - warty layer; cr - ccllulosc rich; 
SI, S2 and S3 • 2® wall layers; Wr - white rot fungus in erosion 
trough; ml • middle lamella; Ir - lignin rich; Sr - soft rot fungus 
in soft rot cavity; L - lumen; Be • bnctcrial erosion; cwd • cell 
wall dissolution by brown rot fungi; M - mycelium of mould 
stain fungus).
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The visual detection of deterioration by thermophilic fungi is very difficult, 

In some instances, specific fungi may turn the wood chips a light or dark' 

brown, often in a very spotty pattern. The presence of small brownish- 

black spherical bodies on the surface of the chips also indicate activity by 

this group of fungi. However, many of these fungi are capable of growth 

on wood chips with little external indication of their Internal activities. 

There will be no indication of obvious weakening of the wood chips, a t least 

until long of storage has occurred. It is probable that the limited species 

uf thcrmophillle fungi involved are common to chip piles o f different wood 

species and to piles stored in different geographic locations, it  is unlikely 

that any large chip pile, untreated In any way, will escape rapid and com­

plete colonisation by these fungi. Their reproductive spores will be present 

in enormous numbers In the air around a pulp mill and will be quickly 

drawn into a self-healing chip pile (1.2.3.1) by the developing air con­

vection currents. Obviously, commonly used pneumatic systems for chip 

transportation to a pile will create ideal conditions for coating the outside 

o f  chips with spores of these fungi. As chips pass through the air, they will 

collect spores which will subsequently grow and colonise the outside and 

then the inside of chips (SMITH, 1979).

1.2.3 Factors Influencing Deterioration

The durability of the wood species influences the type of fungi and the rule 

of deterioration in chi,, piles (SHIELDS, 1967). Temperature and moisture 

are two of (lie most im portant variables in determining the type of
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microflorn and Uicir succession in chip piles, and l. 

deterioration, while high temperatures over 35"C an 

mg certain wood-staining and decay fungi. The depletion of oxygen and 

the metabolic evolution of carbon dioxide by these aerobic 

chcmohctcrolrophs vary according to the degree of compaction and 

moisture in a pile, may serve as an indication of the rale of microbial 

metabolism. While total lack of free oxygen in a water - saturated substrate 

(55 % wet weight) does inhibit fungal growth; as with submerged round- 

wood (above) it is expected that oxygen levels arc sufficient for growth of 

fungi in areas of piles where chips arc not completely saturated.

1.2.3.1 Temperature tmd inoislure content

Both the moisture content and the temperature existing within many out­

side chip piles have been found to vary considerably during the storage 

period. European and American investigators (CRANE and 

FASSNACHT, I960; L IN D ^R E N  and ESLYN, 1961; ROTHROCK, 

SM ITH and U N O G R EN , 196!; BOIS, FLICK and GILMER, 1962; 

BJORKMAN and NAGGER, 1963a; A N NERGREN, DiLLEN and 

VARDMEIM, 1964; LJUNCQV1ST, 1965; BERGMAN and NILSSON, 

1966; SAUCIER and M ILLER 1961 cited by SHIELDS, 1967), have ob­

served that the drier interior conditions arc usually associated with the high 

temperatures found in the centre of the piles. The presence of excessive 

moisture (over 20 % dry weight) together with high temperatures has been



suspected both of increasing chip deterioration by chemical means and of 

decreasing discolorations by the blue-staining fungi (Figure 1.3).

Spontaneous healing in wood chip piles is well known (HAJNY, 1966; 

ASSARSSON, SPRINGER and HAJNY, 1970; SPRINGER, HAJNY 

and FEIST, 1971; CROON and FRISK, 1970a cited by FEIST, 

SPRINGER and HAJNY, 1974). Centre temperatures in commercial chip 

piles often reach and maintain 55 - 70°C (HAJNY, 1966; SCHMIDT, 

1969 cited by FEIST, SPRIN G ER and HAJNY, 1974). in some chip piles, 

spontaneous ignition has occurred (COLE, 1972a cited by FEIST, 

SPRINGER and HAJNY, 1974). Severe degradation of redwood chips 

recovered from a chip pile in which temperatures exceeded 60=C for long 

periods have been reported (SCHMIDT, 1969 cited by FElaT, 

SPRIN G ER and HAJNY, 1974), The chips darkened, and active alkali 

requirements h r  krafi pulping were increased by I %  to 2 % more than 

that for normal chips. In addition, screened pulp yields decreased from 3S 

% to 27 % , burst strength decreased 15 % 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 "biological self-pasteurising ef­

fect* (SCHMIDT, 1969 cited by FEIST, SPRIN G ER and HAJNY, 1974). 

Within a few weeks of the construction of large chip piles, the phenomenon
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Figure 1.3 Sketch showing arens in cross section of a chip pile with differ­
ent types of micmflora and moisture contents (me) usually 
observed. (S3 - moulds + basidiomycctcs; 54 and S5 - moulds 
+  Chrysosporium ligiiorunv, S6 - moulds +  Allescheria 
ten-estris-, S7 - moulds mesophilic; S8 - moulds thermophilic). 
All mc's arc expressed as %  dry weight. (ASSARSSON, 
CROON and FRISK, 1970; GREAVES, 1971)



storage, ihi; temperatures in ihc interior of ihc piles were nol quite as great 

os high temperatures (c.g 63 - 65°C) rccordml soon after the start o f chip 

storage. The drop in the temperature sometimes occurs rather abruptly 

(U N D G R E N  and ESLYN, 1961; ROTHROCK, SMITH and 

LINDGREN, 1961; SAUCIER and MILLER, 1961 cited by SHIELDS, 

1967) but this decline lias also been reported to occur more gradually in a 

larger more compacted chip pile in Sweden (ANNI-RGREN, DILLEN 

Oiul VARDHEIM, 1964 cited by SHIELDS, 1967). This difference was 

attributed 'o  the larger volume of chips in the Swedish pile which gave 

greater insulatory protection against atmospheric changes.

Temperatures have fluctuated (ANNERGREN, DILLEN and 

VARDHEIM, 1964; BO IS, FLICK and GILMER, 1962 cited by 

SHIELDS, 1967), according to the degree of compaction in the piles with 

greater compaction resulting in higher average temperatures. The cause of 

the heating which occurs in ouiside stored chip piles has been attributed in 

part to the presence of bark, the condensing of water vapour on the chips 

and the microbiological activity within the pile. It is not cxpcctcil that solar 

radiation would influence the conditions deeper within a large pile although 

heat from the sun will increusc the temperature of the surface chips. W hat 

is- believed to occur in s  large chip [file is the transfer o f tvarai moist air by 

convection from Ihc lower regions of the pile to the upper cooler chips. 

This crcutcs a chimney effect whereby the evaporation of moisture from the 

lower chips results in coolcr temperatures in these regions while the con­



densing of water vapour on the chips in the upper portion of the piles 

causes not only an Increase in the moisture content but also higher tem­

peratures (ANNERGREN, DILLEN and VARDHEIM, 1964; BOiS, 

FLICK AND GILM ER, 1962; U U NG Q V IST, 1965; ROTH ROCK, 

SMITH and LINDGRliN, 1961 cited by SHIELDS, 1967). As a eonse- 

qticncc, the wood chips situated In the lower central regions of a pile bc- 

I'onic cooler and drier. While ehemieal activity occurring in the part of the 

pile during early storage is thought to be the cause of higher temperatures 

which increase the evaporation of some of the moisture (ANNERGREN, 

DILLEN and VARDHEIM, 1964 cited by SHIELDS 1967), it is also 

known that heat arising from the increased metabolic activity of 

microorganisms growing in a favourable environment cun occur in a rela­

tively short period of time. It Is therefore believed (ROTHROCK, SMITH 

and L1NDGREN, 196! cited by SHIE1.PS, 1967) that the excessive heal 

Is generated within the pile as a result o f oxidative reactions including the 

participation of microorganisms (ANNERGREN, DILLEN and 

VARDHEIM, 196-1; SHIELDS, 1967).

Thermophilic or "heat-loving" fungi have been found to contribute consid­

erably to the maintenance of elevated temperatures over long storage peri­

ods. The association of thermophilic fungi with hot areas is also found in 

the .storage of grain and other organic materials. Theimophilic fungi grow 

within the range of 20=C to 60=0 while some bacteria will continue their 

growth at temperatures beyond 60“C. in contrast most wood-stain and



decay fungi arc inhibited at temperatures above 35«C except for some heat 

tolerant wood-dccoy species which apparently can grow up to S0‘C 

(NILSSON, 1965; SHIELDS, 1967). There is therefore, some probability 

that chip quality will be adversely affected because of the activity o f  these 

heat-tolerant fungi. An additional outcome of increased fungal metabolism 

in the chip pile is the production of carbon dioxide and water 

(U N D G REN  and ESLYN, 1961 cited by SHIELDS, 1967) as end pro­

ducts o f the degradation of carbohydrates in wood,

Moisture content will therefore be unlikely to be a limiting factor in re­

tarding all deterioration in outside chip piles because of the difficulty In 

maintaining either dry (below 17 %  moisture content green weight basis) 

or the fully water-saturated conditions required to inhibit the growth of 

fungi. The high temperatures and moisture contents experienced in the 

upper interior regions of chip piles is thought to be responsible for the re­

duction in the bluish grey discolorations caused by staining fungi 

(HOLEKAMP, 1959; IIOLEKAMP, 1962a; LJUNGQVIST, 1965 cited 

by SHIELDS, 1967). There is some indication that excessive moisture 

content and high temperatures could contribute to other non-microbial, 

types of chip discolorations. This is due In part to the dark water-soaked 

appearance of the chips.

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

within piles and the subsequent rapid development of brown stain due to



fungal nunck (WAI1LIN, 1965; W RIGHT, 1954 cited by SHIELDS, 

1967). According to FEIST, HAJNY and SPRIN G ER  (J973) limit alone 

can cause serious degradation and solubilization of wood carbohydrates 

and subsequent loss In pulp yields and pulp properties. High temperatures 

and moisture content arc also factors in contributing to brown chemical 

staining and arc reported (ANNERGREN, DILLEN and VARDHEIM, 

1964 cited by SHIELDS, 1967) to result In the dcucctylntlon of 

homicciiulascs in the wood although no change in acetyl content was de­

tected In one hardwood chip pile after 6 months storage (HAJNY, 

JORGENSEN and I'ERRIGAN, 1967 cited by SHIELDS, 1967). it  has 

therefore been recommended that every effort should be made to reduce 

heating during wood chip storage (FEIST, HAJNY and SPRINGER,

1973).

1.2,3.2 Oxygen and carbon dioxide levels

in an early report (BJORKMAN, 1959 cited by SHIELDS, 1967) on stor­

age conditions in a chip pile it was suggested that the oxygen needed for the 

life process of aerobic organisms might be quickly used up and tha t the re­

sulting deficiency of oxygen would have and unfavorable effect of the 

growth of decay fungi in the pile. However, Inter studies in Louisiana, 

U.S.A. (HOLEKAMP, 1959 cited by SHIELDS, 1967) and In Sweden 

(BJORKMAN and I1AEGER, 1963a cited by SHIELDS, 1967) indicated 

tha i there were no great variations in carbon dioxide and oxygen levels In 

loosely compacted chip piles during storage. In laboratory experiments



(W ORKMAN and 1IAEGF.R , 1963ii cilcil by SHIELDS, 1967) ii was 

observed UuK cci'lain wootl-dccay fungi and ihc mould, Trichodenna 

ligw rw i, grew well in an nimosphcrc conutlning as much as 40 to 50 % 

C 0 2 , and ihui in other ic.tis lhe.se same fungi were not inliibitcd uniil ihc 

coiweturaiion o f  oxygen was praciicdlly zero. U wns concluded that very 

large changes in oxygen or carbon Uioxklc coiiccntraiton ivoulil be ucccs- 

snry to inhihii ihc grawih of ihe fungi which could cause deterioration o f 

chips during storage (SHIELDS, l% 7), and Uiis conclusion (s supported 

by on-siic observations of the presem author.

/ J  Confi'ot O f  Biodeterhratbn In Chip Piles

Recognition of the problems caused by ihc ativcr.sc Influcncc of 

mlcrrairganisai'i in chip storage (ASSARSON, CROON and FRISK, 

1970b), and the economic benefits o f overcoming them, have led a number 

of companies and research groups into investigations of chip pile behaviour 

(ANON, 1969), Control methods arc based on niunipciliitlott o f factors 

which affect microorganism growth. Control can therefore be iichlcvmi by, 

changing the environment of microorganisms in the pile, treating the chips 

with fungicides, or .suppressing harmful microorganisms by adding domi- 

/iant but harmless microorganisms (ASSARSSON, CROON AND 

FR/SK, /970b) as biological control agents. The methods of reducing de­

terioration during outside chip storage may therefore be classified into me­

chanical and physical, chemical and biological ones (BERGMAN and 

NILSSON, 1979).



HATTON (1969) described ihc bcncfils dciivcd IVom the use of smaller 

piles combined with sensible wood-yard praetiecs (HATTON, /970a cited 

by SM ITH, 1975).

1969) such as good vuodyni'd management, systematic storage of chips la 

the doughnut pattern coupled with despatch on n first-on, fii'st.off basis. 

The ring-shaped pile allows storage of chips on a first-in, first-otii principle 

tUGRClMAN and Nll.SSON, 1979), A piling and rcclnim methodology is 

based upon the following :

a. Nature of wood species stored.

b. Climalologicitl conditions.

c, Flexibility of wood ntot emcm, based on mill experience.

d, Kate of woikI substance loss fur n specific location, calculated from 

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

HATTON, 1971),

The physical methods comprise control of storage time, good housekeeping 

values such as cleanliness, destruction of decayed chips and chip storage 

on concrete, control of pile size and fines, encasing of chips, water spraying 

and irradiation (BERGMAN and NILSSON, 1979).



Preservation of stored chips by u cost-effective system could be used in 

conjunction with standby storage. Preserved chips might be stored for a 

longer period than non-prescrvcd, thus the frtictkr o f chips going to stor­

age cow hi be mJueciJ »ml furifocj- Jj)crcy.sc.s ij) owjiilJ b>-pjw!uct yields 

would result (SPRINGER, BENJAMIN, FEIST, ZOCI1 and HA.INY, 

1977; SPRINGER, FEIST, ?VCH  and I1AJNY, 1977 cited by 

SPRINGER, 1978).

1.3.1.1 Temperature control by compaction, pile size mu! dimutc

The compaction of chips in piles Increases the amount of wood stored in o 

given area and has been accomplished by blow-packing chips 

(AiW GRGRGN, O fU .K N  ami VAROHPAM, 19M; BURKE, 1962; 

HOI.EKAMP, I95S; IiO l.i-K AM P, I962n eiied by SHIELDS, 1967). 

Blow packing has been reported (ANNHRGREN, DILLEN and 

VARDIIEIM , 190-1; RITCI-Y, I9(,2 eked by SHIELDS, 1967) to give su­

perior compaction to other methods. Depending upon the degree of com­

paction the temperatures have been found to increase in the pile and to 

remain high throughout winter (ANNERGREN, DILLEN and 

VARDIIEIM , 1964 cited by SHIELDS, 1967). Higher temperatures 

caused by compaction profoundly direct the types o f microorganisms which 

are able to colonise the chip pile (ANNERGREN, DILLEN and 

VARDMEIM, 1964; NILSSON, 1965 cited by SHIELDS, 1967), since 

usual wood-rolling fungi cannot grow at ihc elevated temperatures expcri-



uncctl in some pans of itie chip pile (SHIELDS, 1967). However, these 

hiph lemperaiure.s arc believed to adversely influence ihc resin content of 

.siorvd chips and to produce lower by-prnducl yields (LINDGREN and 

ESI.YN, J% ) cited by StliEI.US, l% 7), In arcus where compaction wus 

die least it tvas round ibai mure fungal deterioration and greater wood 

substance tosses occurred during .storage (0OIS, FLICK and GILM ER, 

1962; ROTIIROCK, SMITH and LINDGREN, 1961 cited by SHIELDS, 

Little or no differences were noted (0015, FLICK Am! GILM ER, 

in chip deterioration between the eompneted and tmcumpacta! areas 

during the first month of storage. However, after fi months storage the 

uncompleted chips had lost three to four times more wood substance than 

the compacted chips. Larger piles have prcntcr compaction of chips to­

gether with less exposed surface area, and arc reported to be subject to less 

biodetcrioration (ROTIIROCK, SMITH and LINDGREN, 1961 cited by 

SHJ5-L0S. 1967).

A  chip pile temperature is affected by iltc climate mid the size and shape 

of the pile (BERGMAN and NILSSON, 1979). The eoiisirueiion of chip 

piles during freezing temperatures would appear to be promising In pro­

viding protection against subsequent funyul deterioration because tlte ma­

jority of microorganisms are dormant a t nr nenr 0"C (SHIELDS, 1967). 

Wood substance losses due to microbiological activity Increase with in­

creasing temperature up to approximately 506G, after which they decrease. 

However, with increasing temperature above 50*C increasing thermal tie-



y

gfitiinlion occurs (l-EIST, HAJNY and SPRINGER, 1973; BERGMAN,

1974). Thus ihc tcmpcrniurc in a chip pile should be as totu as possible or 

just above 50°C. in cold climates, e.g in Canada, northern U.S.A. and 

Scandinavia, chips .stored during the tvlntcr lend to decay most in the 

centre o f the pile, The temperature in the centre is usually between 20 and 

SO'C, which highly /"atom's the wood-rolling llaskliomycclc fungi 

(BERGMAN ami NILSSON, 1966; BERGMAN and NILSSON, 1967; 

SHIELDS and U NUG1L, 1968; BERGMAN and NILSSON, 1971; 

HATTON, 1970b cited by BERGMAN and NILSSON, 1979). During the 

summer in cold climates, and in worm climates year-round, the temper- 

autre in the centre of the pile is usually SO • 70"C, which is too high to 

fasour wood-rotting Uasidiomycctc fungi. In the sides, on the other hand, 

the temperature is between 20°C and 5(1“C (BliRGMAN and NILSSON, 

1971: 1)018, I'LICK and OILM LR, 1962; SAUCIER and MILLER, 

1961 cited by BERGMAN and NILSSON, 1979). This suggests that these 

piles should have large top areas, The volume of the centre would then be 

much greater than that of the sides, and the total wood substance loss 

would be reduced (BERGMAN and NILSSON, 1979).

/ J . / .2  Fottiiihuioii

Many chips nrc stock-piled on the ground from trucks or pneumatic con­

veyors (BURKE, 1962 cited by SHIELDS, 1967) without too much prep­

aration for the base. In practice it often happens that fresh chips arc blown 

on the chips from previous piles as n base for fresit chips, while others



Sforcd tiicir cliip.? di/ccLly on ihc ground (ANON, 1961; BLACKERBY, 

I95S; CRANE and FASSNACHT, 1960; HENSI5L, 1958; RITCEY, 

1962 cilcfi' v  SHIELDS, 1967). This leads lo faslcr infcciion of fresh chips 

(BERGMAN and NILSSON, 1979). From one lo ihrcc feel of chips 

(ANON, 1961 cited by SHIELDS, 1967) have been reported as lost during 

reclamation where the piles have been constructed on old chips. The larger 

numbers of woDd-decay fungi isolated from the bottom of a soft-wood chip 

pile in New Bru -wick (SHIELDS, 1967), would indicate that the risk, of 

introducing rot into the lower regions of piles is great when piles arc con­

structed on old chips or directly on the ground (SHIELDS, 1967). Con- 

sidcrahh amounts of dirt nnd rot arc therefore introduced when unsucfeccd 

b a ses t tscd. Furthermore, diijw piled on .soil arc especially susceptible 

to rapid dccay since the soil fungi may form a biotic connection which 

translocate nitrogen from soil to chips thus accelerating decay as discussed 

above. The use of surfaced areas is thus useful in Uccrcasing 

biodctcrioration of chips at the bottom of piles.

1.3.13 Control o f  .Uorngc time niitl time mumigement

At a sulphite pulp mill, the pulp wood or chips must be stored in order to 

season the resins and thereby reduce pitch problems. This is achieved with 

chip storage times of one or two months provided the chips self-heat. At 

a kraft pulp mill nothing is gained in pulp processing and pulp quality by 

storage of the wood. However, the review o f  microbial succcssion above 

(1.2.1.1) shows tliiit ivtxx! biodclcrioivilion increases with Lime. Thus stor-
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age time should be as short as possible. Besides 

substance and tall oil yield, a storage period of m 

been reported to give rise to formation of pilch d 

RYAN, 1969 cited by BERGMAN ant 

therefore select appropriate storage tin 

biodctcrioration.

tscd losses in wood

s (AFFLECK and 

>N, 1979). Managers must 

iximisc yields with minimal

1,3.1.4 Control o f  jutes

The ideal chip size for pulping varies according to timber, bu t is about 

19mm x 11 mm x 5mm. However, wafer-like chips from chippers arc sus­

ceptible to breakage and fines formation during pneumatic conveying 

(GALLOWAY and THOMAS, 1972 cited by BERGMAN and 

NILSSON, 1979). If fines arc left undisturbed, blankets or even pockets 

(ALLEN , 196k cited by BERGMAN and NILSSON, 1979) of fines are 

formed. Blankets of fines reduced heat dissipation, which results in further 

temperature increase, followed by thermal degradation of the chips. Fines 

themselves may generate more heat than chips and may also ignite a t a 

lower icmpcraivfc. Cases o f spontaneous combustion in chip piles due to 

fines have been reported by BLACKERBY (1963), CHALK (1968a), 

A LLEN  (1968), COLE (1972b), and BERGMAN (1974), Control of fines 

in chip piles is therefore an important measure o f reducing chip deteri­

oration and may assume the form of prc-scrccning an orientation of dis­

charge direction, and disruption of blankets and pockets of fines in the pile. 

Evert if the chips arc screened before conveying to the pile, some fines and



dust always mlhcrc to the chips, therefore when planning a wood-yorcl, it 

should be important 10 determine the prevailing wind direction and orient 

the discharge pipe in the same direction to disperse fines. However, present 

belt convoying systems do not have the Flexibility and capacity of pneu­

matic systems. Also, they arc probably more expensive to install and 

maintnin (HATTON, i969 cilccl by BERGMAN and NILSSON, 1979).

1.3.1.5 Chip cncttscmctU

Sincc the undesirable microorganisms in chip piles ore aerobic, good pro­

tection against decay should be obtained if chips arc stored under 

anaerobic conditions, Experiments conducted by FEIST, SPRINGER and 

MAJNY shou'ci) that chips covered by polyethylene film (CO con­

tent 1 0oj increased the total pulp yield for chips. In addition, experiments 

by McKEti and DANIEL (1966) and FEIST, SPRINGER and HAJNY 

(1971) showed that oxygen must be completely excluded (below 1 %) in 

order to rcducc wood deterioration efficiently. For large chip piles encasing 

between long periods of huiiding up and reclaim will giro little reduction 

o f deterioration (BERGMAN and NILSSON, 1979). Unfortunately 

airtight encasement of chip piles would probably be fairly expensive.

1.3.1.6 Air exclusion by water

O f all methods for rough pulpwood, storage in water ensures the greatest 

control of deterioration over extended periods (CMESLEY, HAIR und 

SW ARTZ, 1956 cilcd by LINDGREN and ESLYN, 1961). To maintain
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aiiacrobic comliiions the wood preferably should be freshly cul a i the lime 

of storage and kept completely submerged (LINDGREN and ESLYN, 

1961). Wetting the chips with water prior to or during and/or after piling 

tnighi be a cosi-effcciivc means for retarding losses in pulp strength during 

storage (SPRINGER, 1976). SOMSEN (1962) has found that fosses in 

tear strength did not become sig/jlficam until 28 weeks In a wetted pile of 

worn) compared with 17 weeks in an unwetied pile (SPRINGER, 1976). 

ESLYN and LAUNDR1E (1973; 1975), reported on two laboratory ex­

periments on the storage of Douglns-fir and aspen chips underwater. After 

two years the specific gravity losses and chip quality changes were ex­

tremely small. However, storage o f  chips under water will probably be 

rather expensive to arrange in practice (BERGMAN and NILSSON,

1.3.1.7 fmutiution

A pilot system for bombardment of chips with electrons during the pneu­

matic conveying was installed in 1972 at a kraft pulp mill in Oregon ns re­

ported by  CUMMJNG (1972). The process is, however, not compatible 

with chlorine compounds and can therefore not be used on chips intended 

fur bleached pulps. The irradiation kills wood-attacking microorganisms 

present in the chips but reinfections from air-borne spores arc likely to oc­

cur. Prellminaty results from a large-scale field test indicated that the krofl 

pulp yield increased 4-6 % due to improved czii'bohydnilc retention 

(SARKANIiN, MITCHELL, PAZNER and HOFFMAN, 1974 cited by



BERGMAN and NILSSON, 1979), bin several recent studies refine iliis 

claim (MATTULA and PEKKALA, 1977 cited by BERGMAN and 

NILSSON, 1979), The capital co sio f the irradiation installation has been 

estimated a t 2 million dollars for a 500 ton per day pulp mil! and the cost 

of Irradiation at about half dollar per ton of oven dry wood (NICHOLLS, 

LINDEVALL and MITCHELL, 197-1 cited by BERGMAN and 

NILSSON,'1979),

1.3.2 Chemical M el hods

The various physical methods tested for the protection of chip piles for ex­

ample, irradiation, plastic encapsulation (FEIST, SPRINGER and 

llAJNY, 1971 cited by SMITH, 1975), C O , cocooning (ESLYN and 

LAUNDR.IG. 1975) and water spraying (D JER F and VOLKMAN, 1969 

cited by SMITH, 1975), have not yet proven to be economically feasible for 

most of the pulping industry (SMITH, 1975). Chemicals reduce deteri­

oration by inhibiting growth of microorganisms (BERGMAN and 

NILSSON, 1979), Control of deterioration in chip piles by chemical means 

has been suggested (LINDGREN and ESLYN, 1961 cited by SHIELDS, 

1967) as one menus of improving pulp yields and i|uality-providcd that cost 

of treatment is not too high (SHIELDS, 1967) and the chemicals used arc 

environmentally acceptable and approved by end-users.

Chemical control methods include treatment with fungicides and with 

chemicals which change the environment for the microorganisms by, for



instance, increasing or decreasing the pH-valuc of the chips (BERGMAN 

and NILSSON, 1979). Treatment with chemicals may aim a i inhibition 

ol" the total microflora or a t inhibition of the most harmful wood-destroying 

fungi (BERGMAN and NILSSON, 1979). It has been proposed tha t only 

certain areas of the piles such as the outer layers, need to be treated since 

greatest biological deterioration seems to occur here (SHIELDS, 1967). If 

these new treatment chemicals live up  |«  the claims of their proponents, 

then the pulp companies stand to make substantial savings In wood cost, 

and a large market will develop for chemicals in wood chip treatment 

(ANON, 1969).

Numerous chemical and mechanical methods for treating chip piles to pre­

vent deterioration have been proposed in the last 20 years, but none have 

been used in long-term commercial practice (SMITH and HATTON, 1971; 

DI-ROMAN and NILSSON, 1979 cited by FU L L E R ,'1985), however, this 

search is still going forward in many laboratories (SMITH, 1975) where 

potential chemical preservative systems arc being evaluated (SPRINGER, 

BENJAMIN, FEIST, ZOCH and IIAJNY, 1977; SPRINGER, FEIST, 

ZOCH and IIAJNY, 1977 cited by SPRINGER, 1978). The foregoing In­

dicated that there is a large and growing market for chemicals in chip 

treatment, The growth o f  the market will result from the growth of pulp 

production itself, the increasing share o f pulpwood being utilised In the 

form o f chips, and increasing International trade in wood chips (ANON,



1969), The chemical used lo prevail chip dcicrioroiion musl mccl ihc fol­

lowing i.! rin :

,i, Be cffeeih'c for considerable time.

b. Gc reasonable in eosi in relation lo the losses Incurred from chip 

deleriorotion,

c. lie cumpmiblc will? the pulping process.

d. Not cau.se pollution.

c. Nul to be toxic to personnel (SPRINGER, ESLYN, ZOCH and 

IIA.1NY, 1970).

Chemical protection of chips in outside storage is not intended for periods 

lonjser than 12 - IK months. It should not be confused with wood prcscr- 

\nlion in which the desired duration of the chemical treatment is several 

years. There is a trend to searching for chemicals which cause less envi­

ronmental pollution. Of all the control methods reviewed above it was felt 

that chemical methods oiTcrcd the most appropriate control in the envi­

ronment studied in this work. Chemical preservatives (reviewed in Chapter 

2) include the fallowing :

a. Fungicides,

I). Alkalis.

c. Sulphurous acid.

d. Formaldehyde and formic acid.

o. Propionic acid.
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1.4 Scope O f  The Present S tu d y

On the basis of Hie foregoing litcnuurc review il was concluded that, in 

terms of cost and effectiveness, cbcmicnl proleclinn of Pinus palula chips 

durinn OCS would be Die musi appmpriutc method to investigate as a 

means to prevent biodeteriorntion. it was therciorc decided to conduct in­

vestigations in establish whether Mich treatment would be effective.

It was hypothesised "that Pinus puiiilu chips may be chemically protected 

from biodeterioration during OCS in the sub-tropical climate of Richards' 

Day, .South Africa".

1.4.2 Objectives

To test this hypothesis rigorously, field trials were essential to provide hard 

information. The following objectives were therefore set: To monitor dur­

ing OCS a t Richards' Day, the blodctcriorallon of Plnus panda chips 

treated with an appropriate chemical with potential in preventing 

biodeteriortillon of wood. However, tests of this nature should comprise 

two major components:

\  v

V S .:



a. Laboratory trials • in which a wide range of chemicals can be eval­

uated and accelerated tests can be curried out at low cost.

b. Reid trials - where the appropriate preservative Is selected from (a) 

and a commercial scale experiment is conducted.

1.4.3 Aims

Overall, the aims of the study were therefore two fold:- 

1.4.3.! I.uliorulory trials

To apply selected chemical preservatives to Pinas /miala wood chips and 

to monitor biodcterioration over a period of -I months by :

a. Laboratory analyses to determine the extent of biodcterioration of 

the wood,

b. Pulp test to provide hard information on the paper quality of the 

preserved Wood chips,

1.4.3.2 Field trials

To select one of the above preservatives on the basis o f preservative effi­

ciency, cost effectiveness and environmental acceptability for use In field 

trials' at Richards' Buy, and to further monitor biodcterioration using lab­

oratory analyses and pulp tests over a 4 month period, and also the fol­

lowing ;



a, To observe ilcgrailiuion pmierns of preservative treated and unt­

reated wood chips and classify the fungi Invading wood during the 

d month OCS period.

b. To quantify the numbers of microorganisms present in chips sam­

pled from piles during the 4 month OCS period.



2.0 LABORATORY TRIALS

2.1 Introduction

Although mi cost effective chemical treatment for long-term chip preserva­

tion lias been fount) it) date (SMITH, 197.1), a wide range of antimicrobial 

compounds have been used in wood preservation and the major groups of 

such compounds are reviewed below.

2.1.1 Fungicides

that the value of wood substance and uill-oii saved will roughly equal the 

cost o f the treatment chemicals (SPRINGER, ZOCH, FEIST and 

IIAJNY, 1973b). IIUECK (1971) suggests that one should not look for the 

most stable compounds as fungicides, Ecologically preferable arc com­

pounds which are slowly broken down into harmless metabolites. The ef­

ficacy of a fungicide should not outlast the useful life o f the material it is 

supposed to protect.

Fungicides for chip protection should therefore be sensitive to slow 

oxidation. A number of chemicals have been proposed mid tested for their 

ability to reduce deterioration in outside chip storage. Some of these 

chemicals are simple organic compounds (e.g. chlorinated phenols, alkalis, 

propionic acid and pulp mill effluents) and some complex organic com­



pounds (e.g. tlimclhylnmidcs of long-chnin, unsiuunucd fully acids such 

as Duspcrsc -17). Pulp mill chemicals have also been proposed 

(BERGMAN and NILSSON, 1979).

2.1.1.1 Chlorinated phenolic fungicides

Compounds Nised on chlorinated phenols alone or mixed with borax or 

Polybor (ROBINSON, I9f>8; SHIELDS, 1969; GITFIN, 1970; 

SPRINGER., HASLERUD, FRIES, CLARK, HA.INY and ZOCH, 197) 

died by SMITH and HATTON, 1971) as naive fungicides have been 

tested by several workers (SHI.1.EI3Y. 1963; HULMG and SHIELDS, 

197.1), and arc widely used for protection of timber (lumber) against blue 

stain (luting the yard seasoning period. They are also used in the wood 

preservation industry. Chlorinated phenols arc very effective against 

microorganisms but they ore relatively expensive. Chlorinated phenols in­

hibit respiration of living sap-wood cells and of microorganisms. The resin 

content of treated chips after storage remains almost us high as in fresh 

chips. This is an advantage fur a kraft pulp mill with tnll-oll recovery, but 

a disadvantage for a sulphite pulp mill (ASSARSON, CROON and 

FRISK, 1970b cited by BERGMAN and NILSSON, 1979).

SEU .EBY  (!%'>) reported that spruce chips treated with sodium 

pcntachiorophcnutc (Nu-PCP) showed no reduction of brightness a Iter A 

months storage in bugs in a pile of I'ntrcoted pine chips (SPRINGER, 

HASI.ERUD, FRIES, CLARK, HAJNY and ZOCH, 197!). GREAVES



(I97lb) examined chlorophcnol - I reeled chip samples stored for 3 months 

in the centre of an uncompacicd pile of tropical hardwood chips and found 

tha t Na-PCP was the most effective treatment in reducing the size of the 

invading population of microorganisms and in preserving the brightness of 

chips. Experiments conducted by SHIELDS (1969) and later repeated by 

H U LM Eand SHIELDS (1973) found that Na-PCP effectively reduced the 

number of fungi colonising the chip samples.

However, chlorinated phenols have great environmental disadvantages. 

They are very toxic to human beings and very irritating to the skin. They 

must be handled 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 arc treated during the pneumatic conveying process. Run-off from a 

pile and wash water from the pulp mill may cause pollution. Fish arc ex­

tremely sensitive to chlorinated phenols. Chlorinated phenols can also give 

rise to odour which is stable enough to be retained in pulp after cooking 

(BERGMAN and NILSSON, 1979). Hence, these disadvantages have 

caused concern on a global basis and have stimulated the search for alter­

native preservatives of lower mammalian toxicity.

2.1.1.2 Borax ami Na-PCP

Borax has been used to inhibit fungal attack of straw slacks and to prevent 

blue stain on lumber. It is non-poisonous, odourless and non-corrosive



(FINDLAY, 1953 cilcd by BERGMAN and NILSSON, 1979), and was 

reported to have been icsicd on spruce sawmill chips in eastern Canada 

(ROBINSON, 1968; G IFFiN , 1970 cilcd by BERGMAN and NILSSON, 

1979). Experiments conducted by G1F1-IN (1970) using borax alone were 

staled to be inelTccuvc apparently bccausc of its only moderately fungicidal 

properties (SMITH and HATTON, 1971). Contrary to this experiments 

conducted by HULME and SHIELDS (1973), concluded that borax ap­

peared lo be the most cITeaive and economical treatment tested to reduce 

pulp losses. In addition savings approached approximately 10 % of the 

wood cost (HULME and SHIELDS, 1973). Although borax retarded 

growth and spread of blue stain fungi, the fungi were however not killed

on microorganisms were required. According to HULME and SHIELDS 

(1973) citcd by SMITH (1975) this chemical showed promise but further 

field trials were required bccausc of irregular results obtained in practice 

with increasing concentration.

Chlorinated phenols will) borax have also been tested by several workers 

(SPRINGER, HASLERUD, FRIES, CLARK, HAJNYand ZOCH, 1971; 

G IFFIN , 1970 citcd by SMITH, 1975) and were found to be effective in 

reducing biodctcrioraiion in chip  piles (ROBINSON, 196S; SCH EFFER 

and CHAPMAN, 1934 cited by ESLYN, 1973a). Although irealmcnt with 

borax and Na-PCP resulted in a greater reduction in microbiological activ­

ity and hence a positive control o f chip degrade (SMITH, ■ 1975;
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ASSARSON, CROON and FRISK, 1970b) and lower costs (BERGMAN 

and NILSSON, 1979), ihc rumrc availability and usability of NaPCP re­

mains uncertain (SMITH, 1975) because of ihc drawbacks associated with

2.!. 1.3 Mercuric hiodtks

The use of mercuric compounds as slimieidcs led to experiments to test their 

effectiveness in reducing chip deterioration (SELLEBY, 1965; ANON, 

I960 cited by BERGMAN and NILSSON, 1979). Mercuric biocidcs 

function in the same manner as chlorinated phenols, but much lower con­

centrations suffice. They are, however, extremely toxic towards mammals 

and the pollution hazard therefore precludes their use (BERGMAN and 

NILSSON, 1979) and has resulted in mcrcurials being discontinued in 

many countries (von MOLY, 1981).

2 .1.1.4 Nickel sulpliiitc

ASSARSON and NILSSON (1971), and ASSARSSON, CROON and 

FRISK (1968) citcd 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 nickel sulphate. In Sweden, treatment 

with nickcl sulphate rcdr.ccd ihc temperature and wood substancc losses 

(ASSARSSON and NILSSON, 1971; ESLYN, 1973a; ASSARSSON, 

CROON and FRISK, 1968 citcd by BERGMAN and NILSSON, 1979) 

however, in Canada results were not as promising (WORSTER, GUEST
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and WIESNER, 1972; SPRINGER, HASLERUD, FRIES, CLARK, 

1IAJNY and ZOCH, 1971 cited by BERGMAN and NILSSON, 1979).

According to SPRINGER, HASLERUD, FRIES, CLARK, HAJNY and 

ZOCH (1971) died by ESLYN (1973a) when tested in simulated chip piles, 

nickel sulfate was found ineffective in controlling wood deterioration. In 

addition, the chlurophcnatcs, mercurials and nickel compounds that have 

been used to prevent chip degrade were considered either contributory to 

water pollution or incompatible with the pulping process (ESLYN, 1973a). 

According to BERGMAN and NILSSON (1979) since there was the pros­

pect of the chemical cost o f  nickel increasing in the future due to expected 

shortages, it was a matter of urgency that a screening program be com­

menced to investigate additional biocidcs that would not have these short­

comings (ESLYN, 1973a).

2.1.2 Treatment with alkalis

it has been found that most o f the wood-destroying fungi grow between pH 

2 and S. Their optimum is a t pH 5-6 (HENNINGSSON, 1967 cited by 

BERGMAN and NILSSON, 1979). Bacteria arc generally considered to 

grow at higher pH levels. Two ways of reducing the microbial deterioration 

arc possible, either increasing the pH with alkalis or decreasing the pH with 

acids. According to SPRINGER, ESLYN, ZOCH and HAJNY (1979) 

kraft green liquor which consisted of 0.76 % sodium sulphide and 3.0 % 

sodium carbonate was highly effective in reducing wood substance -losses,

¥ :p ;w :



wns non-polluiing (SPRINGER, ESLYN, ZOCI-I and HAJNY, 1969 cilcd 

by ESLYN, 1973a) and had no detrimental cfrccLs on the krafl pulp qual­

ity (CHALK, 1968b cilcd by BERGMAN, NILSSON and JERKEM AN, 

1970; SPRINGER, l-EIST, ZOCH, HAJNY and McALILEY, 1974; 

SPRINC SR, HASLERUD, FRIES, CLARK, HAJNY and ZOCH, 1971 

cited by BERGMAN and NILSSON, 1979). The green liquor-treated 

chips also appeared to he free nf fungal growth SMITH (1979). A labora­

tory prepared kraft green liquor (7.7 %  sodium carbonate and 1.9 % 

sodium sulphide) protected wood from two organisms that ean cause sub­

stantial weight losses to unprotected wood. The green liquor also prevented 

heat release from chips in laboratory simulators of chip piles (SMITH and 

HATTON, I9?i), Bccausc it Is believed that most of the initial heat 

build-up in chip piles is caused by respiration of living wood cells, the green 

liquor must act «s an enzyme inhibitor as well as a fungicide (SPRINGER, 

ESLYN, ZOC1I and HAJNY, 1969).

Sodium hydroxide and krafl white liquor were tested in outside chip stor­

age in Sweden (SMITH and HATTON, 1971; BERGMAN, NILSSON 

and JERKEM AN, 1970 cited by BERGMAN and NILSSON, 1979). Two 

thirds Scots pine Pimm sylm tris  L and one third Norway sprucc Picen 

a/jies L Karst tvcrc trcalcd tvilfi «I0 g o f N.iOH ;?cr litre o f uwicr. It ivas 

found that the microflora in the treated chips were less harmful, lower 

weight losses resulted, and pulp yield also increased (ASSARSSON, 

CROON and FRISK, 1970a), however, lull-oil yield decreased more rap­



idly in ihe treaicd chips compared lo the untreated, in addition pro- 

treating the green wood with alkali (synthetic green liquor and NaOH) 

resulted in less wood degradation and less loss in pulp yields; however, 

pulp strength properties were still adversely alTccted by the action of heal 

on the green wood. Apparently the alkali neutralises acids in the wood and 

retards or prevents hydrolysis. However, it docs not affect those processes, 

probably oxidative, that lead to molecular degradation without 

solubilization of wood components (FEIST, HAJNY and SPRINGER, 

1973 cited by FEIST, SPRINGER and HAJNY, 1974). Additional draw­

backs when using green liquor or white liquor is that, apart from possible 

metal corrosion problems (HATTON, 1970b cited by SM ITH and 

HATTON, 1971), there is the risk of hydrogen sulphide formation, which 

may cause air pollution (SPRINGER, JIASLERUD, FRIES, CLARK, 

HAJNY and ZOCII, 1971; BERGMAN and NILSSON, 1979).

2.1 .3 Trealm enl willi sulphur dioxide gas or sulphurous ncid

Gaseous sulphur dioxide treatment has been used to prevent the darkening 

of wood chips during storage (MARSHALL, 1968 cited by SPRINGER, 

FEIST, ZOOM and HAJNY, 1975a) and has been suggested as treatment 

to prevent microbial deterioration of chips (KING, STANLEY, JU RD  and 

BOYLE, 1971 cited by SPRINGER, FEIST, ZOCH and HAJNY, (975a). 

For example treatment o f hardwood chips with sulphurous acid or sulphur 

dioxide gas to improve the brightness o f high yield bisulphite and chcmi- 

mechanical cold soda pulps was performed commercially a t some mills in



northeastern U.S.A. (SILI3ERMAN, 1969; SILI3ERMAN, 1970 cilcd by 

BERGMAN and NILSSON, 1979). Such U'calmcnl has also been sug­

gested for the prevention of microbial deterioration of chips (SPRINGER, 

IIASLERUD, FRIES, CLARK, MAJNY and ZOCM, 1971 cited by 

SPRINGER, FEIST, ZOCM and MAJNY, 19' 7). Several highly cITcctivc 

mixtures were found, the best of which were mixtures of simple phenolic 

compounds and sodium bisulphite. Aspen chips immersed In the following 

mixtures and stored in insulated boxes (ventilated with moist air) showed 

no heating or microbial growth after 3 months storage:

a. 2 % NaHSO + 0.7 o-cresol,

b. 2 u-« N aliS 03 + 0.7 lb p-ercsnl,

c. 2 "o N a!iS 03 H- 0.6 °o sodium O-phcnylphcnol,

d. 2 °» N al!S 03 i- 0.35 hydnu|tiinune,

c. 2 ”'o N aH S03 t* 0.35 "b rcsorcinol,

f. 2 % NaHSO + 0.3 2.4 dtnilroplicnol.

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

FEIST, ZOCM and MAJNY. 1975a). In addition the brightness uf West­

ern hemlock and Douglas fir chips was enhanced by immersing in 2 % 

sodium bisulphite solution (SPRINGER, 1983a). HULME and SHIELDS 

(1973) tested ammonium bisulphite on balsam fir and spruce chips and 

found that although the weight und pulp yield losses of the treated samples 

were small, the chip appearance and pulp quality was poor, In addition, 

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



moval dcviccs (SILHERMAN, 1970 oiled by BERGMAN and NILSSON, 

1979).

2.1 .4 I'orniiildcliyiie and formic acid

Formaldehyde ha.s been tested in field experiments in Sweden, however no 

significant difference between the temperature, wood substance losses and 

pulp yield between treated and untreated piles was observed (BERGMAN 

and NILSSON, 1979). On the other hand SPRINGER {1983a) found that 

2 °b formaldehyde was reasonably effective in maintaining the brightness. 

Formic acid has been used in laboratory tests but not suggested for field 

tests owing to its high cost (BERGMAN and NILSSON, 1979).

2.1.5 Propionic acid

Certain organic acids, such as acetic, propionic and sorbic acids, inhibit 

mould and bacterial growth and Imvc been used in this capacity to protect 

foodstuffs. The calcium and the sodium salts of propionic acid, for exam­

ple, have for years been incorporated in bakery goods and used on fruits 

and vegetables to inhibit growth of moulds.

In laboratory tests using moist wheat {MILNER, CHRISTENSEN and 

O EDDES, i947 cltcd by ESLYN, 1973aJ and ejram cal (UALICK and 

RICHARDSON, 1953 cited by ESLYN, 1973a), propionic acid was effec­

tive in the cornmeal tests and a t a lower concentration than that of the 

calcium sail, whereas sodium propionate did not inhibit molding a t a con-



ccni.ration double ihn to l'ihc  calcium sail (RICHARDSON and HALICK, 

1957 died by ESLYN, 1973a). Propionic acid applied a t a conceniraiion 

of 0,K “A permitted sale storage of grain a t a moisture content of 20 % 

whereas grain a t a moisture content of 25 % required a concentration of 1 

“b. The acid prevents microbial deterioration in the grain for a t least 12 

months if the pile is protected from rain (HELBERG, 1971; 

RICHARDSON and WEBB. 1961 cited by ESLYN, 1973a). Propionic 

acid has also been effective on wheat, oats, barley, corn, field beans, 

soybeans, peas, ground coconut shells and bagasse a t concentrations of 

0.5 H  for plant materials a t 15 °.u moisture content to 2 % for those at 35 

“•o moisture content (H I;!.13ERG, 1971 cited by ESLYN, 1973a).

Propionic acid and mixtures o f propionic acid and acetic acid have been 

used on a commercial scale in Canada for preserving moist corn since 1970 

(STEVENSON, 19/2 cited by ESLYN, 1973a); the mixtures o f the acids 

base been tcst-marketcd in the U.S on a large scale since 1971 (ANON, 

1971 cited by ESLYN, 1973a). In addition to being antimicrobial, 

propionic acid and its salts stop respiration in stored grain, thereby halting 

heat build-up in the pile. RICHARDSON and HALICK (1957) showed 

that propionic acid and propionic anhydride a t a concentration of 0.1 % 

effectively inhibited heating in cornmcal. Ctlcium propionate was effective 

a t a concentration of 0.3 %  whereas sodium propionate, at n concentration 

of 0.6 % , was only capable of delaying heating for I week more than did 

the conlro's. Later studies (RICHARDSON AND WEBB, 1961 cited by



liSLYN, 1973n) involving sloragc of mixeil feeds indicated Lhat iidjusliny 

Hie hiyh-moisiurc ingredient (cane molasses) to ;i pH of 3.0 before adding 

sodium propionnie appreciably improved the ability of this chemical to 

prevent heating a ground corn-cone molasses mixtures.

Emphasis on line.siieatlng and using biocidcs that arc least harmful to the 

environment is increasing. If a chemical shows promise of controlling de­

gradation and is also apparently harmless environmentally, every effort 

should be made frr  thorough tcslliy for potential commercial application. 

On this basis propionic acid apparently Can be considered safe enough for 

use in foodstuffs anil animal feeds. Both the food and drug administration 

and environmental protection agency have approved acetic acid and 

propionic acids for use as preservatives in grain for livestock feeds 

(WILCOX, 1972 cited by GSLYN, 1973a). As part of an extensive biocklc 

screening program, propionic acid was therefore evaluated for its potential 

In preventing blodctcrioration of .Moral \n m l chips. Propionic acid tvas 

first reported to have been evaluated on wood chips by ESLYN (1973b), 

using blackgum chips.

Propionic aeid was found to be effective In controlling fungi capable of de­

caying .stored ivoml chips for 12 ivccks. Dosci] on Us performance in stored 

grains. It would most likely be effective, too, In suppressing heating in wood 

chip storage piles (ESLYN, 1973a). According to SPRINGIER, FEIST, 

ZOCH and HAJNY (1977) a t a sufficiently high level, the propionic acid



UMimciU could be as cffcclivc as Uic sodium bistilHic I- 2.4 dimirophcnol 

treiiimciu. When an 18 % soiulion of the acid was used lo treat pine wood 

chips it was found lo be clTccdvc for a M week interval. The propionic acid 

chip pile was also 5»C cooler and In fact suppressed heating for about 70 

days and also retained moisture and colour compared to control chips. 

An added advantage is that propionic acid decomposes quickly to neutral 

substances after fulfilling its function (KOZLOWSKI and RATA.ICZAK, 

1978), When red pine Pinus resintm  Ait, was treated with concentrations 

higher than 2.0 I t  all test fungi were effectively suppressed and weight loss 

was below 0,5 °'o. The treatment also reduced heat generation, and the 

wood substance loss after 6 months storage was about half of that for the 

untreated chips (SPRINGfiR, I-L-ISf, ZOCII and IIAJNY, 1975b cited 

by BKRGMAN and NILSSON, 1979), In addition, preservation of birch 

wood chips with 1.5 "o propionic acid by weight of o\cn dry chips limited 

pathogenic activity, manifested by a reduction in weight loss (from 1 to 4.5 

% )<R A IA JCZA K , I9S3).

2.1,6 Complex organic compounds.

A field experiment with 3 fungicides known by proprietory names was re­

ported by THORNTON, WHITE and STONE (1969) cited by 

REROMAN and NILSSON (1979), The fungicides were Btisvin ll-M I 

(barium mctnbornlc), liuspersc -17 (dlmclhylnmidcs of long chain unstitu- 

rnted fatty acids) and Busan 72 (60 %

2-ihiocyanomclhyllhiobcimothinzolc). Southern pine chips wore trcnled
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with various conccmraLions of the chcmlcals ami siorcd ouuloors in small 

piles. Mkmbiii) growili occurred on all surfaces nf the chips, however, 

ireaictl ctvlps showed retiucttl popalaVnns when compared with the tin- 

treaicU chips (UliRGMAN and NILSSON, 1979).

O f the treatments studied, those employing .sodium N- 

methyldithuwarhamate, alone nr in cmnbinaikm with other biocidcs 

(SPRINGER, liSl.YN, 7.0CM  niul SIAJNY, I‘>69; SPRINGLR, FEIST, 

ZOVH, IIAJNY m i  MeALII.tiY, V>14; SPRINGER, FEIST, ZOCH  

and IIAJNY, IU77, SPKINGl-R, MlK.lb), show most, promise ns a basis for 

a cost effeethe treatment o f chips to preserve hy-products during several 

Weeks nf oulsidt' chip storage (SM /7II, 1975), In addition, no fungi were 

found mi a random sample of the treated, stored chips; however ninny 

were found on the untreated chips {SPIUNCUiR, HASU-RUO, PRIES, 

C LARK, HA.1NY and Z.OCli, 1971 eked by SPRINGER, FEIST, ZOCH 

and IIAJNY, 1973a). I’hc sodium N-methyidiihiocarbumata treatment 

was hiphly elTocti\e in maintaining brightness of the chips and preventing 

losses of wood substance of aspen chips stored for six months in chip pile 

simulalors. KINN and SPRINGER (19S5) nlso used sodium N- 

mcthlydHhUwarbaminc to exterminate the pine wood ncmnlodc in wood 

chips. The treatmeiu had no deleterious cffocts on the of krnfi pulp 

produced from the .stored chips. Based on these results, the treatment ap­

peal's promising for preventing chip deterioration during uulsido storage, 

SPRINGIiR, DKNJAMIN, PRIST, 7 0 C II  and HAJNY (1977) recoin-



mended ihc use of sodium N-melhlydilhiocarbamaic for preservation of 

Pimis paiula and Pinus achlnnlti. Apparently, the treatment lost its effec­

tiveness after about 100 days and permitted the growth of certain types of 

microorganisms (SPRINGER, FEIST, ZOCH and HAJNY, 1973a). 

However, according to SPRINGER, l-IASLERUD, FRIES, CLARK, 

HAJNY and ZOCH (1971) and SPRINGER, FEIST, ZOCH and HAJNY 

(1973b) the cost for effective treatment remains high and its economic use 

seems uncertain. In addition, although sodium N-mcthyldiihiocarbamaic 

a t 0.11 l i  is effective in turpentine preservation, it is only partially effective 

in tali-oil preservation at the treatment level employed (SPRINGER and 

Z1NKEL, 1986). Contrary to these findings, SPRINGER. FEIST, ZOCH, 

HAJNY and McALlLEY (197-1) found that sodium N- 

mcthyldithioea'-bamate treatment significantly reduced losses- of tali-oil and 

turpentine during the initial 2 months of storage. This undoubtedly re­

sulted because the treatment stopped pile heating for about I month. If 

heating could he 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-mcthyldithiocarbamatc and 

other biocldes that arc effective for longer periods.

According to SPRIN G ER, FEIST, ZOCH and H A JN Y (1973b); 

SPRINGER, FEIST, ZOCH and HAJNY (1975b) and SPRINGER, 

BENJAMIN, FEIST, ZOCH and HAJNY (1977), sodium N- 

mcthyldiihiocarbamalc +  Na 2.4 dinitrophcnol was by far one of the most



cricctive chemical ircaimcnl leslcd for preserving wood chips a t conccn- 

o f 0.1 Vn and 0.25 % rcspcctivcly. The treatment had no deleteri­

ous effects on pulp quality, it completely suppressed healing (SPRINGER, 

HASLERUD, FRIES, CLARK, HAJNY and ZOCH, 1971; SPRINGER, 

FEIST, ZOCH and HAJNY, 1973a), maintained original chip brightness 

throughout storage (SPRINGER, SCHMIDT, FEIST, ZOCH and 

HAJNY, 1975), was the most effective treatment in preventing wood sub­

stance loss, pulp strength loss and losses in lall-oil for the entire storage 

period (SPRINGER, FIEST, ZOCH and HAJNY, 1975b). In addition 

because of this high degree of effectiveness, no fungi were found on ran­

domly selected treated chips.

Treatment o f wood chips with an aqueous solution of 0.2 % potassium 

N-methyl, N-hydroxymcthyldilhiocarbamatc and 0.05 % sodium 

2-mercaptobenzothiazolc is highly effective in the prevention of chip heal­

ing, brightness- loss, and growth of fungi and bacteria, however as to 

whether the treatment is cost effective or not warrants further extensive 

evaluations (SPRINGER, ZOCH, FEIST and HAJNY, 1973b).

Because of the effectiveness of the sodium bisulphite treatment in initially 

inhibiting wood cell respiration and growth of microorganisms, mixtures of 

this material and other biocides were tested (SPRINGER, FEIST, ZOCH 

and HAJNY, 1975b). The 2 % sodium bisulphite +  0.3 % 2.4 

dinitrophcnol treatment is the most effective of those evaluated and re-



ported to date for preserving stored wood chips (SPRINGER., 1976; 

SPRIN G ER, FEIST, ZOCI-i and HAJNY, 1977). No other treatment has 

been found so effective in preserving tall-oil in Southern pine chips. In 

addition treatment was highly successful in suppressing heating , uring the 

entire storage period and also in preventing weight loss (SPRINGER, 

FEIST, ZOCH and HAJNY, 1975a). Because of its high level of effec­

tiveness, this treatment may be both technically and economically feasible 

and was thought to warrant further evaluation in an experimental outside 

chip pile (SPRINGER, FEIST, ZOCH and HAJNY, 1977). However, a 

major problem with this treatment Is that 2.4 dinitrophcnol is a toxic sub­

stance and environmental problems may arise through its use 

(SPRINGER, FEIST, ZOCH and HAJNY, 1977). For this reason, re­

searchers are trying to replace it with less toxic materials, such as certain 

other phenols, and arc continuing research for other treatments 

SPRINGER., 1976). in addition, according to SPRINGER (1976) if 

treated chips were stored on a solid impermeable base such as a asphalt or 

concrete pad, and the run-off water directed to a treatment plant, the 

sodium bisulphite + 2,-1 dinitrophcnol treatment is the cheapest and most 

effective treatment in terms of chemical costs and would be practical and 

present no hazard to the environment.

Owing to the lack of information about chemical preservation for the soft­

wood species Pinus panda the above literature survey was conducted. On 

completion of this comprehensive literature search, five compounds were



selected as appropriate test preservatives for trials on the bases of anti­

microbial efficacy and cost. The compounds arc listed as follows :

a. Sodium N-Mcthyklithiocarbamatc (N-mclh).

b. 2.4 Dinitrophcnol (DNP).

c. Sodium bisulphite (NaB).

d. Propionic acid (P).

e. Disodium tetraborate (B).

Wiih respect to the laboratory test methods, two major parameters had to 

be established , namely :

a. Incubation conditions - based on an experiment conducted by 

ZOCH, SPRINGIER and IIAJNY (1976) who stored whole - tree 

chips in insulated boxes supplied with humidified air, it was decided 

that for this experiment M/'w/s pntaln  chips would be stored in 

plastic bins and kept in a constant environment room at a temper-

b. Analyses - it was Pelt that chips should be analysed in three ways;

I) chemical analyses, which are relatively simple and quick to

conduct, and after much research the following Jive analyses 

were decided upon: sodium hydroxide solubility,

benzene/alcohol extraction, hot and cold water extraction; in 

addition to this,



2) microbiological analyses, as k  is im porlant lo adopt a quanti­

tative approach as this would give one an indication of the 

numbers ami types of microorganisms and in addition the suc­

cession patterns taking place, and

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

extent to which wood chips have undergone biodcterioration.

2.2 Materials And Methods

2.2.1 Preparation O f Chips

One ton of fresh Pimts paiufo chips were produced from freshly felled tim­

ber a t Barberton Sawmills (S.A.), transported to the laboratory and im­

mediately treated with preservatives as described below.

2.2.2 Preparation O f Preservative,

Five compounds wore dissolved separately in water to give stock solutions 

a t the following concentrations (w/v):

a. N-Mcthyklithioearbamate (Appendix 1): 0.4 %  (N-mcth)

b. 2.4 Dinitrophenol (NO ) 2 C 6 M 3 OH : 0.4 % .....................(DNI3)

c. Sodium bisulphite Na, S 2 O 5 : 2 % .......................................... (NaB)

' rt



cl. Propionic acid C & O 2 : I % and 2 % .............

c. Disodium tetraborate Nti2 D 4 0  ? : I % and 2 %

•(P)

(B)

These solutions were then used to produce seven preservative rormulalions 

(n-g) as Poliows:

a. N-meth ()■•) "••o................................stock solution of N-mcth 0.4 %

h. N-mcth 0.2 >'* +  DNP 0.2 % .................... equal volumes of stock

solutions of N-mcth 0.-1 %  and DNP 0.-I % 

e. NaO I °'o + DNP 0.2 “'i.......................... equal volumes of stock sol­

utions of NaB 2 “'o and DNP 0.4 %

d. P I ...............................................................stock solution of P I %

e. P 2 % ...............................................................stock solution of P 2 %

f. B I 5'o ..............................................................stock solution of D I %

y. B 2 % ..............................................................stock solution of 13 2 %

2.2.3 Treatment And Incubation

Nine 60 kji samples were taken from the stock of Pinus /miitla chips. Seven 

o f these samples were then separately treated by dipping in the seven 

preservative formulations (a-g) respectively. They were drained under 

gravity for 5 minutes. The eight)) .sample i m  dipped in water ;im) the tost 

sample was untreated. These nine samples were then placed in separate 

100 litre plastic bins with lids and Incubated at 25°C in a constant tem­

perature room.



2.2.4 Sampling And Analyses

A I kg sample was then taken ui random from cach bin a t weekly intervals 

for A weeks, then at monthly intervals over a total Incubation period of 16 

weeks, Ench sample was first dried over 5 days ml 23‘C and thereafter 

ground for 3 minutes using a ruck crusher (SicbTeclmlk; Molheim, Ruhr). 

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

and a  60 (0.25 mm) mesh sieve by rotating the sample on the sieve for 5 

minutes, and the wood meal remaining on the 60 mcsii sieve was subdi­

vided and used to determine the extent of biudctcrioratlon by chemical ex­

tractions (TAP PI Standard, T i l  m-.W) described below (2.2.4.1).

Prior in milling, whole chips were sampled for electron microscopic studies

In addition, 5 Up chip samples were taken for pulp tests and by-product 

analyses described in (2.2.4.31.

2.2.4./ Chcmtail extractions

As wood decays, the quantities of original substrates decrease while quan­

tities of breakdown products increase. For example, Figure 2.2 shows how 

the proportions of the substrates cellulose and hcmicellulosc degrade to 

soluble carbohydrates, and how proportions of waxes degrade to phenols 

etc. One may therefore monitor decay by one of two ways, namely :
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Figure 2.1 Diagram of sieveiiig apparatus (SA) (L - ltd; JOm - 40 mesh 
sieve; 60 • 60 mesh sieve containing wood meal; p • collecting
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Figure 2,2 Model illustrating the decrease in substrates and m etcast in 
breakdown products with biodclcrioration of wood, (c - 
cellulose; he • hcmiecllulose; I - lignin; oc - other components; 
w - waxes; chos - carbohydrates; phs • phenols).



a. Determining qtmnlilies o f original substrate remaining In decayed

wood (these quantities will decrease as decay proceeds).

b. Determining quantities of wood breakdown products in decayed

wood (these quantities will increase as decay proceeds).

Loss of material from chips was monitored by live methods listed below :

a. Sodium hydroxide (NnOH) extraction (TAPI’ I Standard T2I2 

os-76, and T4 os-SV) - Hot alkali solution extracts low molecular 

weight carbohydrates consisting mainly o f hcmicciluios'c and de­

graded cellulose in wood. As the wood decays or degrades the 

percentage of these wood breakdown products (alkali soluble ma­

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

cited from T212 os-76).

Procedure;

1) the samples were allowed to come to moisture equilibrium in the 

atmosphere near the balance, then 3 lest specimens of 2.0 + 

O.Olg each Mere weighed out and the lest specimens were each 

planed in 250 ml conical flasks,

2) to Die wood men), 100 ml of I % NnOH solution was added,

3) the flask was covered with a watch glass and placed in a water 

bath for a period of 60 minutes. The water in the bath was kept 

boiling and its level above that of the alkali solution in the flask,



4) ihc flask containing the wood meal and the NaOH was agitated 

for about 5 seconds at 10, 20 and 30 minutes after placing In 

the bath,

5) at the end of 60 minutes, the wood meal was transferred to a 

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

Then 50 ml of acetic acid was added and filtered through and 

finally, 100 ml of hot water was filtered until the material was 

acid free,

6) the crucible and contents were dried overnight to a constant 

weight, in an oven a t t03»C, cooled in a desiccator and 

weighed. The percentage solubility was then calculated.

Bcnzcnc-alcuhol extraction {TAPPI standard T6 os-59, T I2 os-75)

• To determine the pcvccningc of waxes, fats, some resins and pos­

sibly some portions of wood gums extracted. As wood decays, the

percentage of these substrates originally present in wood, decreases.

Procedure:

The solvent was prepared by mixing 1 volume of 95 % ethanol and

2 volumes of benzene,.

1) the soxhlcl extraction flask was cleaned, then dried and weighed 

to the nearest milligram,

2) then 3 test specimens of 3,0 +  0,01 g were weighed out, and 

this material which was to be extracted In the extraction
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ihimblc was placed In the soxhlci npparutus. A piece of cotton 

wool was placed over the thimble to prevent any loss of sample,

3) this wits then extracted with 200 ml of solvent for 8 hours in a 

fume cupboard (Figure 2.3), keeping the liquid boiling briskly 

so that siphoning from the extractor was no less than 4 times 

per hour,

4) alter extraction with benzene.alcohol, the solvent was allowed 

to evaporate and the soxhlci flask was placed in the oven at 

lOS'C for at least 5 hours, cooled in a desiccator, and weighed. 

The percentage bcnzcnc-alcohol extraction was then calculated,

I;thy! ether extraction (TAPPi Standard T I2 os.75, T6 os-59) - To 

determine the percentage fatty acids and colourants extracted, The 

procedure was its above but instead of bcnzcnc-alcohol, ether sol­

vent was used, Since the fatty acids extracted by ether arc. original 

components of decayed wood, the ether extractives decrease as de­

cay proceeds.

Hot water solubility (TAPPI Standard T I2  os-75, T6 os-59) - To 

determine the percentage Inorganic water soluble compounds such 

as tannins, gums, sugars, starches and colouring matter. The 

tannins and gums arc not degraded (arc anti-microbial) therefore 

on n proportional basis of final dry weight, these components will



Figure 2.3 Illustrates the apparatus used for bcnzcnc/alcohol and 
cthyl.cthcr extractions, (tls - thermal heater; ef - col­
lecting flask; ef - extraction Hask; c - coiulcnser).
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appear to increase as degradable componcnls arc consumed as de­

cay proceeds.

I’roccdurc:

The already cxiracicd wood meal from ihc bcnzcnc-alcohol cx- 

irociion was used in this analysis;

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

2) to this, ICO mis o f water was added,

3) the flash was then placed in a thermal heater,

-1) a reflex condenser was attached to the flask and allowed to di­

gest for 3 hours,

5) the contents of the flask were transferred to a filtering crucible, 

washed with hot water, dried in an oven at 1U5«C, cooled in a 

desiccator and then weighed, and the weight of the moisture 

free material dissolved was then calculated.

Cold water solubility (TAPPI Standard T207 os-75, Ti os-39) - To 

determine the percentage water soluble components and 

polysaccharides. The principles and procedure are similar to those 

of hot water solubility, however, instead of digesting the sample for 

3 hours in hot water, the wood sample was left to digest for 4S 

hours a t room temperature. The weight of the moisture free mate­

rial dissolved was then calculated.



2.2.4.1 Afiavbiofagicut wuityses

All bins were monitored visually Uiroughoul the incubation period and 

roiaifve degrees of chip a-lonis-ilicm by microoi'ganisms was recorded. 

Funlicrmoic, chips were sampled Tor clccuon microscopc examination to 

determine the extent and type of colonisation. Small particles of wood 

(approximately x 5mm) were removed from the surfaces of these 

chips- All panicles were fixed in 4 % glutaraklchydc in 0,05 %  eacodylatc 

buffer (pH 7.2) a t 4«C overnight. Samples were washed twice for 15 min­

utes in the buffer and dehydrated for 10 minutes in cach stage of an 

ethanol series increasing stepwise in concentration from 10 %-IOO %. 

Sample* were further immersed for 15 minutes in 100 % ethanol and crit­

ically point dried in C 0 2 They were then mounted on stubs and coated 

with 20nm gold-palladium and examined using a Jcol JSM 840 scanning 

electron microscope, Fungi were identified using standard morphological 

criteria (with limitations).

2 .2J .S  I'n/p lcs(s am! hy-product analyses

Based on the results of the chemical analyses, samples selected for pulp and 

by-product analyses arc listed in Table 2.1. The major parameters deter­

mined from pulp tests were burst and tear indices while turpentine yields 

were determined from by-product analyses. These analyses were conducted 

by SAPPI, Springs.
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Table 2.1 Samples sciccicd for pulp texts find by-produci analyses

chips : F

chips



2.3 Results

2.3.1 Clicctiical Extractions

The results of Uic caustic solubility or sodium hydroxide solubility; 

benzene alcohol extraction; ethyl ether extraction; cold water and hot 

water extractions arc presented in Figures 2.-J-2.8 respectively, the statistics 

of which arc int-ludcd as Appendix 2- Rcferiny lo these Figures it is seen 

that after a period of four weeks three chemical analyses were selected and 

three chemicals that best illustrated control of chip deterioration were ana­

lysed further at K, 12 anti 16 weeks after incubation. Of tlic 5 chemical 

analyses on each of the V treatments conducted, propionic acid 2 % was the 

only chemical which consistently ga\e  the most protection. Figure 2.4 

shows that chips treated with propionic acid 2 a.'« suffered less 

bifldeterioraikm than those treated with H2 O, B 2 To, DNP 4- NaB, N- 

roeth + DNP, and P I % . Figures 2.5 and 2,A .show that benzene/alcohol 

anti ethyl ether extractions produced results similar to those of caustic sol­

ubility, and similarly Figures 2.7 and 2.8 showed that cold and hot water 

solubilities respectively also reflected these trends.

2.3.2 Microbiological Studies

Visually obvious surface colonisation of chips occurred sequentially as 

.shown in Table 2.2 and Figures 2.9 - 2.15.
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TIMS IN WEEKS

Figure 2,4 The cfTcci ol* ciilTereiu prescrvaiivcs (0  I % ■ Borax 1 % , 8  2 
%  • Uorax 2 "b, UNI' t- N a8 • 2,4 Dlnitrophenol +  Sodium 
bisulphite, H2 O  - Wnicr, N-mcll; • N-methyklilhiocnrbamatc, 
N-mcth +  UNI' - N-meUiyldiihiocarbumatc +  2,4 
D'mllivpbcno), P I ”b - Propionic acid ! % , I' 2 % - Propionic 
acid 2 % , U ni - Unuciiicd conirol) on the NaOH (caustic) 
solubility of P u m p a tu h i chips in laboratory trials.



Figure 2.5 The efTcci o f different preservatives (0  I %  • Borax I % , B 2 
% • Borax 2 %, ONI' -I- NaO • 2,4 Dinkrophcnoi + Sodium 
bisulphite, l l2 0  - W ater, N-mclh - N-mctlij'kiit/iioearbamaie, 
N-melh -I- DNP • N-mcihyklilhlocnrbumatc + 2,4 
Dinitrophcnol, P 1 %  - Propionic acid I % , P 2 %  - Propionic 
acid 2 % , Uni - Untreated control) on the benzcnc/ulcohol 
extraction of Pinuspmnla chips in laboratory trials.



Figure 2,6 TJtc cffcci of tliffercnl preservatives (Q I % • Borax I %, 8  2 
% - Qorii.x 2 %, DNP + Nnl3 - 2,4 Diniirophcnol +  Sodium 
bisulphite, l l2 0  - Wnter, N-mcth - N-mcthyldiihlocarbjimata, 
N-mcih +  DNP - N-mcihyMlthiocartomfHc +  2,4 
Dinltraphenol, P I Si - Propionic ncid 1 %, P 2 %  - Propionic 
acid 2 % , Um - Untreated eontro!) on the ethyl ether ex­
traction of Plnwt patula chips w Idboraioiy trials.



% COLD WATER SOLUBILITY vs TIME

:

TIME IN WEEKS

Figure 2,7 The effect of dlffcrciK prcxcrvollves (D I %  - Borax I % , B 2 
%  • Qor.i.x 2 % , DNP -I- NuB - 2,4 Dinilrophcnol +  Sodium 
bisulphite, H3 O • Wfllcr, N-incih - N-mciliyldilbiocurbamut.c, 
N-mclh + ONI’ - N-mcihyWith(ocarb«miiio + 2,4 
Dinilroplienol, P 1 V« • Pro;:ionic ucld I % , I5 2 % - Propionic 
odd 2 % , Uni - U ntreated control) on the colti water solubility 
o f Pinuspatitfn chips in iiiborjilory trials.
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TIME IN WEEKS

Figure 2.8 The effect of different preservatives (B 1 % ■ Borax I % , 13 2 
% • Borax 2 % , UNP + NuB • 2,4 Dinhropliciiul + Sodium 
bisulphite, Il2 0  - Water, M-mctli • N-mcthyldUhiocai'bamale, 
N-nteth + DNI’ - N-m cthyidiihloearbamutc +  2,4 
Dinilrophcnol, P I % • Propionic acid I °/o, P 2 % - Propionic 
acid 2 % , U ni • Untreated control) on the hot water solubility 
of Pinus patula chips in Jahorntory trials,
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f-'igure 2.9 Unircateil conirol chips a Tier >1 weeks' incubation.



Pinus patula (4 weeks)

U N T R E A T E D  C O N T R O L



Figure 2.10 I % and 2 % borax after 4 weeks' incubation.



Pinus patula (4 weeks)

1%  B O R A X 2 %  B O R A X



Figure 2.11 I H  and 2 % propionic acid after 4 weeks' incubation.



Pinus patula (4 weeks)

1 %  P R O P I O N A T E  2 %  P R O P I O N A T E



12 i % borax, control and 1 0, i  propionic acid after A weeks' 
cubniion.



Pinus patula (4 weeks)

1% BORAX 1%  P R O P I O N A T EC O N T R O L



Figure 2.13 N-mcthyWiililncartomale; 2,-1 dinitropheno! + N- 
mcthyldiihiocarbamatc and 2,-1 (llnitrophcnol + sodium 
bisulphide after 4 weeks’ incubation.



i N-mcihyUliUiiocni'bamaic; 2,4 tlinKroplionol + N- 
meihyklithiocarbomau’ anil 2,4 dlniirophcnol + sodium 
bisulphide a Tier 4 weeks' incubniicm.



Pinus patula (4 weeks)

2 ,4  D IN IT A O PH EN O L  + 
SO D IU M  BISU L P H IT E

2 ,4  D IN IT R O PH E N O L  + 
N -M ETH Y LDITH IO CARBA M A TE



14 2 “'o propionic uclil iiftcr 4 weeks' incubation.



Pinus patula (4 weeks)

2 %  P R O P I O N A T E



Figure 2.15 2 % propionic acid and 2,4 diniirophcnol +  sodium bisulphide 
after 4 weeks’ incubaiion.



Pinus patula (4 weeks)

2% PROPIONATE 2,4 DJNITROPHENOL * 
SODIUM BISULPHITE



On live basis o f the information presented in Tabic 2.2 H was concludcd 

that formulatitin c (NoB I %  +  DNP 0.2 %) perrormcd as the best 

preservative treatment tested since no surface colonisation of the relevant 

chips could be detected visually even after 17 weeks' incubation. Treat­

ment by preservative formulations b (N-meth 0.2 % + DNP 0.2 % )  and 

e (P 2 S'a) also performed relatively well as anti-microbial agents, whereas 

untreated (Unt) and wnicr-trcaicd (H , O) chips became visually coioniscd 

after only I week's incubaiiun. Formulations b, c I e were therefore 

considered as suitable preservative (rcatmcnto far chips, however the cost 

factors and environmental concerns nxsoeinted with dinitrophenol anti 

sodium bisulphite precluded the sclcetability of formulations b and c as 

appropriate preservative treatments.

Figures 2.9 - 2.15 illustrate the very distinct differences which were mani­

fested between treatments in terms of chip appearance after 4 weeks' incu­

bation in the constant environment room, which is important to purchasers 

and their agents. The surfaces of untreated control chips (Figure 2.9) tverc 

extensively colonised by moulds. Similarly I % and 2 % borax (Figure 

2.10} and I % propionic ctckl (Figure  2 .11) were extensively coioniscd, ap­

parently to ilic same extent as untreated control chips (Figure 2.12). The 

N-mcthyldithlocarbamate - treated chips were coioniscd, but in contrast, 

the 2.4 dinitrophenol +  N-mcihlydithiocarbamaic - treated, and 2.4 

diniiiophcnoi + sodium bisulphite - treated chips were tincolonised (Figure



propionic K id  • treated chips were uncoJcmiscd (Fig- 

iu'cs 2 .11 anti 2 .N ), and this preservative appeared to prevent colonisation 

just as erfeelively as 2.4 dinilrophcnol + sodium bisulphite (Figure 2.15). 

In summary therefore, two treatments were effective in preventing 

eolonisation of microorganisms, namely :

a. Propionic acid 2 %.

b. 2.4 Dinitrophenol + sodium bisulphite.

Electron microscopic studies of treated chips confirmed the visual observa­

tions recorded above. Figure 2.16 shows the extent and nature of chip 

colonisation by microorganisms at the cud of the incubation period. 

Bnsidiomyccic decay fungi had colonised H , 0  - treated (Figure 2.16b) and 

untreated chips (Figure 2.16c and 2.IM ). These chips were decayed.

Tests A nil By-producl Analyses

id tear indices o f  han<l-.sliccts produced from pulp tests a t va 

revolutions arc presented in Figure 2.17. Turpentine yields ai 

Table 2.3.

2 J  Discussion

Chips treated with different preservative formulations became visually 

coloniscd by microorganisms a t <liflcrcm rules (Table 2.2 and Figures 

2,9-2.15) and differences in extent of colonisation were strikingly o
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2.16 Colonised surfaces of chlph alVr 16 weeks' incubation, (a) P 
2 Vs-ircaicd chips suppori.cd only non-dctay sialning fungi 
such as PcnkiUium spp. H , O (rented chips (h) .vttj Uni chips 
(c) were more extensively eolonised and supporicd extensive 
rugose myceiiiim (mi o f  biisidiomyccic decay fungi (d).







Table 2.3 Turpentine yields of untreated and treated samples after 17 

weeks incubation

SAM PLE TU RPENTINE YIELD  

dry rtm/ierj

(0 wk) fresh untreated chips (!•)

(17 wks) untreated ehips(Unt)

(17 wks) treated chips (P 2”v)



n. —

It was very clear ihnl chips treated with I’ 2 % , Nall I % + PN P 0.2 %, 

and N-mctli 0,2 to I DNP 0.2 %  (Ibmiuliiiion.s e, c and b respectively) 

showed little or no .surfuec colonisation nftcr 16 weeks' Incubation whereas 

il I Oo and 2 8=, I’ I “o, N-mcth O.-i "'o (rormulatious f., g, d and a rcxpcc- 

ti\c i\), and ll2 O • treated and untreated chips became extensively 

colonised (ISM A IL SMITH and uAliCKKR, 1988),

The results of the chemical extractions (Figures 2.4-2.X) however, Fluctu­

ated, Hie \ariations of these data were within the acceptable limits of 

reproducibility defined in the TAl’PI Standard T212 os-76 used, but II was 

concluded that the results of the chemical extractions did not suitably 

identify differences between preservative performances as indicated by chip 

appearance, l-or example, percentage caustic solubility and i|iiantitlcs of 

water extractives present in wood should all increase with degree of 

biodeterioration of cellulose: percentage benzene alcohol extractives, i.e 

waxes, fats and resins, should decrease as utilised by microorganisms dur- 

ini', biodeterioration, and percentage ethyl ether extractives, i.e fatty acids, 

should similarly decrease as biodeterioration proceeds. The explanation for 

this could he as follows : chemical composition of wood from a tree may 

vary wivh respect to nitrogen content (11 K ING, pcrs. comm., 1988) and 

importantly cellulose and lignin content (van ZY1„ 1988). In any given 

tree there arc considerable variations of this mittirc up and down a tree, 

within samples from a tree and between samples from different trees,■ Now



from n 60 kg batch treatment only 2 g samples were taken for each ctnnly- 

sis, and depending on which part of the tree this 2 g sample came from, 

variations could have arisen in the results obtained, owing to variations 

between samples. Therefore using only part o f a tree (2 g) Is not a repre­

sentative sample for a 60 kg batch sample as this sample is minute com­

pared with the whole batch being sampled and may easily over- or 

underestimate the true abundance, Therefore, to achieve more comparable 

results, it is M l that -I sections should be cut throughout the length of n 

given tree and all chemical analyses should be carried out using chips from 

these respective sections In this way, although there would be variation In 

the analyses between the sections, all chemical analyses from any one par­

ticular section of the tree would be comparable, I luwcvcr, it Is rarely fea­

sible to subject a whole ecosystem to enumeration or measurement 

procedures. Instead, these procedures are performed on representative 

sub-samples, and from these measurements projections arc extrapolated to 

the whole ecosystem (HOARD AND LOVELOCK, 1973 cited by ATLAS 

A ND I3ARTIIA, I9S7), and this principle was adhered to In the present 

case. In addition, chemical analyses are usually carried out because they 

are relatively simple, require small sample sizes, are less time - consuming 

and can rapidly provide Information about the chemical composition and 

age of a tree (for example, if the hot water extraction, extracts a high con­

centration of sugars then the tree Is young, but If low concentration of 

sugars arc extracted, then the tree is old). Therefore when chemical ex­

tractions arc performed this should be in conjunction with pulp tests (M.



GAMI3IN0, pci’s, comm., 1988). The present, work also considered 

microbiological criteria.

Since the trends in extractive levels did not conform to observed degrees of 

chip colonisation, it was decided to establish the nature of the microflora 

colonising the chips. Electron microscopic examination of these chips con­

firmed that only sparse colonisation of P 2% , Nal3 1% + DNP 0.2 %, and 

N-meth 0.2 *•«. t DNP 0.2 H  - treated (formulations e, c and b respec­

tively) chips had occurred and, importantly, that such colonisation was at­

tributable only to sap-stain fungi such as Aspergillus and PmicilUum spp 

(Figure 2.16,1) which do not significantly affect the strength properties of 

wood. Conversely, control chips and tho-w treated with the remaining 

preservative formulations supported extensive fungal growth (Figure 2.16b) 

and much basidtomyccte mycelium was observed (Figure 2.16c and d). It 

is important to note, however, that although major differences in the degree 

of colonisation of differently treated chips were recorded after A weeks' in­

cubation (Figures 2.9 - 2.15) and that differences persisted throughout the 

16 week incubation period (Table 2.1), these differences steadily became 

loss apparent. It was felt that the use of propionic acid 2 % had not simply 

prcvcnlctl the microbial .succession pmicrit from occurring, bu t had only 

delayed this event. This phenomenon Is discussed in more detail in Chapter 

5,



Baskliumycctcs include the ligninolylie white rot fungi and the ccllulolytic 

brown rot fungi which are serious decay agents of wood material and which 

produce high losses in the strength properties of affected wood, It was 

therefore decided to conduct pulp tests to establish whether the wood 

colonised in these tests yielded pnpcr of differing strength properties. The 

results of these tests showed clearly (Figure 2,17)tiint the burst and tear 

indices of 17 • week old P 2 % treated - and NaB I % + DNP 0,2 % 

(formulations c and c respectively) treated - chips did not differ signif­

icantly from those of fresh untreated chips, whereas the strength properties 

o f  untreated chips hud fallen to commercially unacceptable levels after 17 

weeks' incubation had elapsed (ISMAIL, SMITH and BAECKER, 198S). 

It was therefore concluded that the inhibition of fungal colonisation by 

ccttain preservative formulations in chips had maintained wood quality at 

levels permitting the production of acceptable pulp, In addition it was also 

found that propionic acid - treated chips produced 1.15 litres of 

turpentine ton dry timber even after 17 weeks incubation whereas un­

treated chips produced only 0,02 litres/ton dry timber after 17 weeks incu­

bation. These results therefore support those of pulp tests suggesting that 

propionic acid 2 °'o was indeed an effective preservative under the present 

conditions. On the basis of the consistency of findings of the microscopic 

investigations, the pulp tests and the by product analyses, it was concluded 

that the chemical extraction tests had provided rather unreliable results. 

Possible reasons for the variability in chemical extraction data wore dis­

cussed above with reference to limber variability in samples in and between



trees. However, it was also fell llial specifications of the TAPP! sample 

preparation icelmique (TAPPI Standard T2I2 os-76) used may have af- 

fccicd the data obtained in the present work. Figure 2.1 shows that the 

crushed wood samples were sieved and that the sieveings used for chemical 

extraction analyses were those which did not pass a 60 mesh sieve. 

Sieveings which did pass this mesh were discarded. However it was felt 

th a t these sieveings were likely to constitute the most degraded fraction of 

the crushed sample since decayed wood would probably disintegrate into 

comparatively small particlcs. Following this reasoning it was also fell that 

chemical extraction of these millings, Or "fines" (i.c those which passed the 

60 mesh sieve) may be more representative of mierobiologically - affcetcd 

wood and therefore provide data more comparable with data obtained 

from microbiological obscrx-alions, pulp tests and by-product analyses.

Two Important considerations o f wood preservation are the quantification 

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

I9S7) (discussed fully in Chapter 5). Furthermore, only field trials provide 

hard information on preservative performance in wood. The successful 

preservatives in the present work obviously prevented chip degradation 

from reaching unacceptable levels, under the laboratory conditions used, 

bu t other aspects of the effectiveness of chemicals in scrvicc, such as ac­

ceptability to end-users and environmental toxicity, must also be qualified. 

On the above bases, and the results presented here, it was concluded that 

propionic acid 2 % constituted the most appropriate preservative formu-



Inlion lo use in field trials lo invcstigale the prcvenlion of losses of pulp 

quality arising from outside chip storage for extended periods. It was 

therefore dccic'cct to use propionic acid 2 % in field trials and to analyse the 

samples as before. It was also dccidcd to investigate the unreliability of the 

chemical extraction tests by performing these on sample sicveings as speci­

fied (i.c greater than 60 mesh) and to compare these data with identical 

analyses of "fines' from each sample which passed the 60 mesh sieve.



3.0 FIELD TRIALS 

3.7 Introduction

3.1.1 M icroorganisms In Wood

Primary and secondary 

and,or sofl-roi (microbiolo 

phycomycclcs, ascomyccics 

ad aciinomycctcs (HULME, 1979). 

Tertiary colonisers - white 

basidiomycclcs)

Thermophilic fungi

.. -..1;.-. '

Although many microorganisms afreet wood, those which do so colonise it 

in a distinct pattern o f microbial succession. The microorganisms can 

therefore be grouped as primary, secondary and tertiary colonisers, each 

group o f  which may be regarded as a distinct "physiological group" (LEVY, 

1982) which produces distinct changes in the wood. These groups arc as 

follows :

’I causing mould 

it of these fungi w 

rfocii). Yeasts, b

The latter includes those fungi which will grow a t normal ambient temper­

atures, but thrive at temperatures between 37-60, C. Their activities are 

exclusively 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 evidence lo suggest that these fungi utilise lignin, although they can 

and do utilise cellulose and/or hcmicclltilosc (OERGMAN and NILSSON, 

1971 cited by SMITH, 1975). Certainly their presence in a chip pile would 

progressive loss of wood weight (SMITH and OFOSU-ASIEDU, 

1972; OFOSU-ASIEDU and SM ITH, 1972 cited by SMITH, 1975) with 

indications of a subsequent decrease in pulp yields. Although small, these 

losses when totalised for the entire industry arc very important (HATTON, 

SM ITH and ROGERS, 1968 cited by SMITH, 1975). However, it has 

been shown in previous work at Richards' Bay (8AECKER, pcrs comm, 

1987) that thermophilic fungi were seldom isolated from these chip piles 

therefore they were not monitored in the present studies.

KRESS, HUMPHREY, RICHARDS, BRAY and STAIDL (1925), 

BJORKMAN (1946) and MAJNY (1966) conducted extensive studies on 

the succession of microorganisms during the decay of pulpwood.

Effects o f  primary colonisers

Many fungi in this group arc not considered to be serious destroyers of 

wood (MULME, 1979). This group includes those fungi which normally 

colonise only the sap-wood of dead or fallen trees, particularly species of 

pine, Lack of suitable enzyme systems prevents their utilisation of signif­

icant amounts o f cellulose or lignin components of the wood cell walls, 

Instead they grow on the freely available soluble carbohydrates in the sap- 

wood (SMITH, 1975). Because of this method of growth these fungi arc

T V  -
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of liltlc conscqucncc to the pulping industry (SMITH, 1975). Moulds

found lo hove penetrated into timber along the grain by means o f  vessel 

lumina or tangcntially into the ray parenchyma by means of pits. Staining 

fungi with pigmented hyphae and spores cause discolouration of the wood 

by a build-up of fungal hyphae in the ray parenchyma. The hyphae are 

of two distinct types and some penetration transversely across trachcids by 

means of very smell bore boles may also be observed. Sui/iiug fungi, in 

addition to the characteristics already mentioned, can form cavities in a 

helix in the secondary wall of trachcids and fibres or sometimes vertical 

chains of cavities. These cavities have been observed only in hardwoods 

(LEVY, 1969). Mould fungi such as A/ucor appear as furry growths on the 

wood surface while staining fungi such as slspcrgillls and Penicitlium 

darken the wood usually because they produce pigmented spores or can 

produce pigments in the wood (HULMG, 1979). They therefore cause 

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

Yeasts and bacteria have also been reported to be present in chip piles as 

primary colonisers (CRANE and FASSNACHT, I960; BJOR.KMAN and 

HA EGER, 1963a; W ORKMAN and HAECER, 1963b; LINDGREN 

and ESLYN, 1961 cited by HAJNY , 1966).

Bacteria arc able to attack the organic components of wood separately 

(TSOUMIS, 1968), however, the prccisc role these organisms play in the

%
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deterioration of wood is somewhat uncertain. Very finely ground wood has 

been observed, however, to be readily fermented by certain bacteria, such 

increased susceptibility may be related to reduction of the degree of 

crystallinily of wood with grinding (GASCOIGNE and GASCOIGNE, 

1960 cited byTSOUM IS, 1968). According to LEVY (1967), bacteria by 

themselves or in association with other organisms can cause deterioration 

o f wood. Their major role is unlikely to be the attack of structural con­

stituents of wood but these microorganisms may use the wood extractives 

or the soluble products produced by the decay fungi as substrates 

(HAJNY, 1966). Resistance of wood is apparently due to toxic extractives 

or its natural acidity. Recent work by ROGERS and BAECKfiR (1988) 

has suggested that strictly anaerobic bacteria may play a role In the 

biodcicrioraiion of wood.

Bacteria may be involved in discoloration of wood of living trees in associ­

ation with fungi, as it was reported for American beech, birch and maple 

(SHIGO, 1965 cited byTSO U M IS, 1968). Presence of saprophytic bacte­

ria may enhance the activity of fungi. Once fungal attack has been initi­

ated, bacteria may play a dominant role in further decomposition of wood 

(GASCOIGNE and GASCOIGNE, I960 cited byTSOUM IS, 1968).

GREAVES (1973a) slated that nctinomycctcs arc mycelial bacteria which 

appear to cause slight damage to the wood however this conclusion was 

premature because actinomycctcs had only received cursory attention at
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lha l lime (GREAVES, 1969; GREAVES, 1973b cilcd by HULME, 1979). 

Since then extensive studies have been conducted by BAECKER (198!) on 

the role of nclinomycetes in the biodctcrioraiion of wood, who found that 

only certain actinomycctcs arc cclluiolytic and hence producc decay. Their 

prcscucc m wood may significantly modify the behaviour of fungal 

colonisci's mid may have signiricant implications in microbial succession 

patterns in wood.

Bacteria in general grow proliRcolly during early stages ofstoragc when low 

molccular weight nutricnis are available (SPRINGER, ZOCi-1, FEIST and 

HAJNY, 1973; JACQUIOTE and LAPETITE, 1967 cited by HULME. 

1979). They are also im portant because they may returd the development 

o f  other microorganisms (JACQUIOTE, 19(38; GREAVES, 1970; 

ROSSELL, ABBOT and LEVY, 1973; G RA N T, 1968 cited by HULME, 

1979) as may fungi from the first group (SPRINGER, ZOCI-i, FEIST and 

HAJNY, 1973).

3.1.1.2 Effects o f secondary colonisers

Many of the fungi classified with the ascomycctes can cause extensive 

damage as soft-rol. Some of these fungi such as Chnetomium spp. can form

(NILSSON, 1973a cilcd by HULME, 1979) causing a type of wood de­

struction known as soft rot (SAVORY, 1954). This results in loss of 

cellulose and hence a loss of pulp. Soft-rot fungi give rise to cavities in the

. . ‘"V ;



sccondarj walls of fibres and irachckls in boih hoixlwoods and soft woods 

and in sonic woods also appear, under the light microscope, to be capable 

of direct lysis of the coll walls from hyphae lying in ihc ccli lumen. The 

formation of cavities has also been observed under the light microscope lo 

occur from n short side branch and k has been postulated that these side 

branches are 'foraging' hyphae and are acting as a type of haustorium 

(LEVY, 1969), A  few basidiomyectes also cause sofl-rot although this is 

usually slight (NILSSON, IV73b cited by HULMI3, 1979).

3.1.1.3 Effects o f  tcrtiury aito/iiscn

The true wood-destroying fungi (while and brown rot fungi) are all 

ecllulolytie and,or lignlnolyiic Busidiomycctcs. Fungi which break down 

lignin arc cailcd white-rut ftmgi (LIND G RIzN  am! ESLYN, 1961). While 

rot fungi possess an enzyme system capable of degrading both lignin and 

cellulose and can aiso produce bore holes both transi'erse/y and vertically 

in the cell wait. White rotters include the more highly developed forms of 

fungi such us Pficfllnus and /Isteroxfroma spp. which generally have die 

ability lo attack rapidly and consume lignin and/or cellulose and hence 

cause wood damage (CARTW RIGHT and FINDLAY, 195S cited by 

HU LM li, 1979). lloloccllulose constitutes 70-75 % of the woody tissue 

and is the basic material required by the pulping industry for the manu­

facture of paper, whereas lignin constitutes 25-30 %  of similar woody tis­

sues (SMITH, 1975).
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If ilicsc whiic-voilcrs solely degrade llgnin, they could be cfrcciively used 

biologically to pulp wood. However, they degrade cellulosc as well as 

ligmr., approximately In proportion to the occurrence or these materials in 

normal wood. Therefore, those fungi can cousc degrade and loss of fibre 

poicnifojjy usable by the pulping industry. Advanced white-pocket rot at­

tack of wood results in only small changcs in pulp yield. White-rot fungi 

musc m a ll increases In njkali soJubility during decay, as well as a drop in 

pH, but not to such a low value as is the cause with brown-rot fungi. 

Therefore, during the kraft pulping proccss, the use of wood attacked by 

white-rot fungi does not result in Important economic losses due to in­

creased alkfllicortcimtptiofi (SM ITH , 1975).

Dasidiomycctes such as Coiiio/i/tom which breakdown ccl/ulosc unci not 

llgnin arc called brown-rot fungi (LINDGREN and ESLYN, 1961). 

Brown rot fungi, where the hyphac arc relatively small in cross section and 

give rise to transverse bore holes through the cell walls, reduce the strength 

and weight of the wood to a much greater extent than can be accounted for 

by the volume of wall substances removed in the formation of bore holes. 

It is known that the enzyme system of these fungi is largely concerned with 

degrade of only the cellulose fraction of the cell wall. There is some evi­

dence to suggest that the rapidity of this dccuy must be correlated with a 

movement of the active enzyme system through the layers o f the cell wall 

(LEVY, 1909). Obviously, these microorganisms can be seriously harmful 

to the pulping industry, since they not only degrade usable fibre material,
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b in  also they will increase the llgnin : cellulose ratio in a given inventory

o f  wood o f chips, thereby incfciis'ing the consiJiTiptijn ol' pulping chcmiciils, -

When considering mechanical pulp, the presence of wood decayed by

brown.rot fungi also give problems of low brightness, As well as decreasing

the strength of the wood cells and hence the strength of the manufactured

paper, hrown-rot fungi cause im increase in the alkali solubility of the wood

and n decrease in Its pH. Both factors add substantial costs to the kraft • y

pulping process by increasing the total consumption of alkali, as well as by

making less alkali In a given cook available for dclignification (PROCTER, , •

1973 cited by 1IU1.ME, 1979; SMITH, 1975).

3.1.2 Rationale O f Investigative Test Methods

The experiment was carried out a t CTC's Richards' Bay plant (Figure . • •

3.1a) over the Summer and Autumn seasons. It was decided to select only 

tin1 preservative thought to be most cosl-cffcciivc for use in field trials, 

namely 2 % propionic acid (Chapter 2).

With respect to the field test methods, four major parameters had to be 

established v iz ;

a. Pile dimensions • it was decided that freshly chipped Pimis pamlo 

would be erected into pyramid • shaped chip piles. An experiment 

at the Tugella for pine chip pile heights and corresponding temper­

atures in winter (August 1987) (E..I, SM ITH, pors. comm.,-1987)



csiablislicd ill!ii n chip pile constructed 10 approximately five 

metres provided a maximum internal temperature of 26«C, Previ­

ous workd with Pimispaiulfi a t Richards' Day recorded internal pile 

temperatures or 45 'C  in four metre high piles (RAECKER, pcrs. 

comm., I9S7). Therefore in order to approximate to the commercial 

situation as closely as possible, it was felt that the pile height would 

have to be a t least four meters high in summer (January 1988) in 

order that temperatures within the chip pile would reach about 45 

- 50-C.

. Sampling stages • it was decided that chips would be sampled at 

monthly Intervals over a four month period, This lime interval 

(four months) was chosen because it was double the lime required 

to chip 60,000 tons o f Pinus pantiii, ship it overseas, and deliver to 

pulp mills at end-user destination, It was fell that the extra eight 

weeks would allow for possible delays during delivery.

Analyses - in the laboratory five biotic analyses were conducted on 

each treatment per week, however, It was found (SMITM, E.J, pcrs. 

comm., 1987) that only four o f the above chemical analyses signif­

icantly determined the extent of bloticieriorailon caused by 

microorganisms, viz: NaOI-i extraction, benzene/alcohol extraction, 

hot water extraction, and ethyl ether extraction. Other tests such 

us the cold water extraction and tall-oil and turpentine yield ex­

tractions were therefore not included in the present work. It was 

felt that confirmatory analyses of biodcterioration would be best



obtained from pulp tests, therefore these pulp tests were conducted 

monthly in all samples by the CSIR. In addition, microbiological 

analyses were also pursued, however in contrast to the laboratory 

trials (Chapter 2), both the outer and inner surfaces of the samples 

from field trials were examined.

3.2 Materials and Methods

3.2.3 PrepnraSicm O f Chips

100 tons uf freshly felled Phnts patula logs were chipped at Richards Bay 

as detailed below (3.2.3) (Figure 3.1a).

3.2.2 Preparation O f  Preservatives

2 0/n Propionic acid (Figure 3.1b) was made up by adding 28 litres (Figure 

3,1c) o f Propionic acid to I-100 litres of water (Figure 3,Id) in the cleaned 

holding tank of a lire tender (Figure 3.1c).

3.2.3 Treatm ent And Incubation

The hose pipe leading from the lire tender was led to the conveyer bell of 

the chipper (Figure 3,2a). A specially designed sprayer (Figure 3.2b) was 

attached to the hose pipe. The sprayer was designed (Appendix 3) to spray



Figure 3.1 (a) The

'(FT)

Bay chipping plant, 
by (b) measuremcni 

ition (PA) and (c) its 
'" " A ,:—s of water 

towed (c)

Preparation of 2 %

lW) was added (d). The fire 
to the chip conveyor.
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i.2  (a) The fire lender iocaicd a i the chip convcyor. The
preservative dclix-cry hose (arrowed) was connected to the 
sprayer (S) which was mounted around the convcyor belt (b) 
to spray chips passing through it- (c) Operational sprayer (S) 
directing preservative inwardly, (d) P itm panda  logs about to 
be chipped, treated and passed (c) by conveyor belt (CB) to 
be deposited by the jet Slingcr (JS).





i f

liquid inwardly (Figure 3.2c) under pressure. The sprayer was arranged to 

surround the chips us they passed through it when leaving the convcyer to 

be transported in the jet slingcr.

The Pinus patula logs were separated into 3 batches of 32.5, 32.5 and 39 

tons (Figure 3.2d). The fire lender was applied and 39 tons of logs were 

chippcd, passed through the propionic acid spray and deposited via the 

jci-slingcr (Figure 3.2c).

The treated cnips were coilcctcd in a front-end loader (Figure 3.3a) and 

transported to the test site nearby. Wire cages (SMITH 1988) were on site 

(Figure 3.3b). Four cages were each filled with 15 kg samples of treated 

chips contained in mesh bags (Figures 3.3c and 3.3d) and placed on the I m 

high foundation of a treated chip pile (Figure 3.3c). The remainder of the 

treated chips were added (Figure 3.4a) to cover the cages (Figure 3.4b). 

The chip pile was built, up to 4m height (Figure 3.4c) until the complete 

batch of 39 tons of treated chips were used.

The remaining 2 batches of 32.5 tons each of logs were chipped and piled 

with sample eagcs inside as above, but all were untreated. The 3 exper­

imental chip piles arc shown in Figure 3.4d, One of these untreated piles 

was sprayed with water for 3-4 hours each day during the OCS period of 

A months.

TXT /
t . ' ,



Figure 3.3 (a) The Lrcaicil chips (c) deposited via the jcC slinger and col- 
iceicd by a from end loader (F I) , (b) Sice! cogcs (C) and (c) 
mesh bu&s (Mb) filled with 10 kg chip samples for (d) loading 
(L) in cages, (c) Loaded cages positioned on chip pile foun­
dation 1 m  deep.
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Figure 3.4 (a) Loaded cages being covered wiili chips (c) lo complete chip 
pile, (b) Cables (cb) protruding from chip pile for withdrawal 
a t sampling, (c) Chip pile being assimilated to height of 4 m. 
(d) The propionic acid treated pile (PA), the untreated control 
pile (Unt) and the water treated pile (W) on completion.
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3,2.4 SampUng And Analyses

A t monthly intervals, during the 4 months OCS period (23 March, 25 

April, I June and 16 June), one cage was withdrawn by cable (Figure 

3.5a-d) from each pile. The chips from each cage were taken to the labo­

ratory and divided into 5 kg and 10 kg parts for chemical and microbi­

ological analyses, and pulp tests, respectively. It was ensured that the 

sample reflected the diversity and density of microorganisms in the entirety 

o f the sampled environment.

3,2.4,1 Chemical extractions

The laboratory trials showed (Chapter 2) that the 4 chemical analyses 

which best indicated the extent o f biodctcriorniion were bcnzune-alcohol 

extraction, ctbyi-cthcr extraction, sodium hydroxide solubility and hot wa­

ter solubility. These analyses were therefore performed on each sample. 

The methods have already been described In 2.2.4.1, and were also con­

ducted on fines.

3.2.4.2 Mkro/iiologka! m ulyscs

The chips contained in the cages that were removed at monthly intervals 

wore monitored visually a t sampling and relative degrees of chip 

colonisation by microorganisms were photographed. In addition one metre 

long pipes were pushed in the propionic acid and untreated piles and the 

temperatures In the centre of these two piles were recorded on a daily basis 

for 4 months.



Figure 3,5 Chip sampling after OCS period. (,i) Cngc cable (cb) aUnchcd 
io inictor, (b and c) Successive stages o f cogc (C) wkhdrawal 
.showing (d) chips (e) in wiilidrawn cngc,





Chips were also used for electron microscope examination to determine the 

extent and type of colonisation. Small particles o f wood (approximately 

I Omm x I Omm) were removed from the surfaces of selected chips that ap­

peared to be most heavily colonised from both the propionic acid - treated 

and untreated samples. The outer and inner surfaces o f these particles 

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

Pulp tests were carried out on 9 samples as showed in Table 3.1 over a pe­

riod of 4 months. The Pulp, Paper and Cellulose Programme of the Na­

tional Timber Research Institute, C.S.I.R., carried out the pulp tests on the 

acid treated and untreated control samples while SAPPI (Springs) carried 

out the pulp tests on the water-treated samples.

3.3 R esults

3.3.1 Chemical Extractions

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

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

o f which arc indicated in Appendix 4. Figure 3.6 shows that propionic acid 

2 %  chips suffered less biodcierioraiion than untreated. Improlantly, this 

Figure (3.6) also shows that Tines" samples were more degraded than 

60-mcsh samples of sievings in the eases of both treated and untreated
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TIME IN MONTHS

Figure 3.7 The benzcnc/alcohol extraction of propionic acid (PA) and utv 

treated (Unt) Pinus panila chips after OCS (Uni, PA • 

60-mesh sample; U nt (f), PA (f) - fines).



ETHYL ETHER EXTRACTION vs

'Unt(f)

TIME IN MONTHS

Figure 3.8 The clliyl ctlicr exiruclion of propionic acid (PA) nnd unlrenlcd 

(Uni) Ptiuis paiula chips nfier OCS (Uni, PA • 60-incsh sam­

ple; U ni (I), PA (0 - fines).



Figure 3.9 The hoi water solubility or propionic acid (PA) and murcutcd 

(Uni) Pintis paiitla  chips a!"icr OCS (Uni, PA • 60-mesh sam- 

pk;UntO),PA(n-nn«#).



chips. Figure 3.7 shows Urn ethyl ether cxtr; 

suits as NnOH cxtraeiions, and similarly Flgt 

extractions also reflected these trends. The d 

tractions (Figure 3.S) also showed Hint "fine 

60-mesh samples of untreated chips bu t also 

produced more extractives than propionic aci 

Ing conflicted with those of the other three c: 

ered unrepresentative, but the reason for the

ttions produced the same re- 

o 3.9 showed that hot water 

la from bcnzcnc/aleohoi ex- 

* were more degraded than 

ihowed that untreated chips 

2 %. Since the latter find- 

.ractlon tests, it was consid- 

:versed trend is unclear.

3.3 .2 Microbiological Analyses

From a distance, differences between the 3 piles were not very apparent 

(Figure 3.10a) even after 3 months' OCS. However, on closer inspection 

differences were apparent as indicated on Figures 3.10b and 3.10c which 

shows discoloration of the water-treated pile compared to the untreated, 

Towards the end of the field trial it was clear that chips on the surface of 

the water-treated pile (Figure 3.!0d) were more discoloured than those on 

the unlrcatcd control (Figure 3.10c) which were in turn more discoloured 

than chips of the propionic acid pile (Figure 3,IOf). A similar trend wns 

observed when samples withdrawn a t monthly intervals from pile interiors 

examined, Figure 3.11a shows little differences between tmtreated 

and propionic acid-treated at I month, however, Figures 3.11b and 3.11c 

show Increasing darkening of untreated chips a t 2 and 3 months rcspee- 

tively, whereas propionic acid-treated did not visnbiy discolour. When each
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Figure 3,10 Exterior chip pile nppcnmncc after 3 months' OCS. (a) Liulc 
dirrerence obscrrable from disiancc between propionic acid- 
treated (PA), untreated (Uni) and water-treated (W) piles. 
Closer inspection (b and c) showed i-isiblo discoJourotlon of 
the water-treated pile in comparison with untreated control 
pile, (d) The wauir-treotcd pile was darker in appc;inmce 
t/ian {c) the w tr a tc d  pile, which was harder man (0  the





Figure 3.11 Chip snmplc oppcarancc after (a) I months' DCS, (b) 2 
months' DCS and (c) 3 months' DCS, showing that untreated 
and propionic acid-treated chips appeared similar after I 
month, but the untreated chips darkened progressively as 
DCS proceeded whereas treated chips did not.



Untreated



pile was opened ni the end of the 4 month trial period, similar differences 

to those of samples described (Figures 3.10 aiul 3.11) were observed (Figure 

3.12). Figures 3.12a mid 3.12b show Unit chips from the propionic ,icid- 

treaied pile were not diseolourcd wherens Figures 3.12c and 3.12d show 

untreated chips ns discoloured mid water-treated chips were even more 

discoloured (Figures 3.12c and 3.120. The route of infection noted in Fig­

ures 3.!2d and 3.12c originated at the ground /inc. infcctcti chips el the 

ground line of the propionic acid-treated, untreated and wmcr-lrcutcd piles 

arc shown In Figures 3,f3n, 3.13b and 3.13c respectively. Most Infection 

was under the water and untreated piles (Figure 3.13d), although mycelium 

was also evident under the propionic acid pile (Figure 3.13c).

Results of the microbiological investigations are summarised in Table 3.2, 

on'! temperature profiles o f chip piles arc presented in Appenidx 5. The 

surfaces o f treated and untreated chips were calonisccl rapidly. The 

colonisation patterns observed followed the classical sequence of events re­

ported by Levy (1967) when lungs! colonisation o f  wood ivas described, 

Initial infection sites were medullary rays (Fig.3 .14a) and mycclium of 

staining fungi developing in these areas then penetrated adjacent inichcids 

via pits (Fig,3 .14b). Tracheitis were progressively colonised (Fig.3.l4c, d) 

until the surfaces of untreated and water treated chips w a v  extensively 

colonised by staining and soft rot fungi (Fig.3.Me) after 2 months' OCS. 

After 4 months' OCS, hyphtic had penetrated those chips to colonisa inte­

rior elements. Figure 3.15a shows cellulose fibrils in the S2 layer of the



Figure 3.12 Interior chip pile appearance after 4 monihs'O CS. (a) Interior 
of propionic acid-treated (PA) pile contained (b) 
undiscolourcd chips, whereas (c) interior o f untreated (Unt) 
pile contained discoloured chips (d) and (c) the interior of the 
water-treated (W) pile yielded comparatively darkened chips
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Piguro 3.13 Mycelial infection of (a) propionic acid-lrcatcd (PA), (b) un- 
Ireaicd (Uni), and (e) watcr-lreatcd (W) chip piles at ground 
line, (d) Heaviest mycelial infection (M) occurred at ground 
line o f ivalcr.trMtci) and untreated piles, but (c) some In­
fection also occurred a t ground line o f propionic acid-lrcatcd
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Table 3.2 Results of microscopical investigations during field trials

O C S  PERIOD

Control Chips

2 M O N TH S 4 M O N TH S

extensive surface 

colonisation by 

staining, sofl-rot 

and decay fungi

extensive internal 

colonisation by

1. ccllulolytic soft 

rot fungi, and

2. bziskJiomycctc 

decay fungi

Untreated Chips no colonisation 1. localised surface 

colonisation

2. slight internal 

colonisation

by staining fungi



Figure 3.14 Typical colonisation pattern oP treated and untreated chips.
(a) Hyphal colonisation oP medullary rays (r) occurred ini­
tially, associated with p it penetration (p). (b, c and cl) 
Colonisation (c) of iraehcids (t) followed by (c) extensive 
sporulation oP surface layers.
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Figure 3.15 Sequence of sofl rot occurrence in tnurcutcd and water treated 
chips, (n) Cellulose fibrils (cQ in S2 layer of trachcid cell mass 
(b) Ckaetomimn nscocarps (C) on surface of chip, (c) Hyphal 
colonisation (h) of trachcid and penetration of cell mass via 
borc-holc (bh). (d) Hyphu (h) produced borc-holc (bh) by 
penetration of S3 and S2 layers of cell mass, (e and 0  Soft 
rot cavities (sre) produced by degradation of cellulose fibrils 
in S2 layer of cell wall.
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irac/ieid. From 2 aionths‘ onwonls, ascocarps of soft rol ascomyccies such 

as Chaciomium spp. (F igJ.ISb) were observed on these chips. Members 

of this genus arc cellulolytic and hyphac entered truchoids and penetrated 

the S3 layers o f wood cell walls (Pig,3 .15c, f). Towards the end of the DCS 

period, extensive basidiomycolc mycelium showing clump connections was 

obscrved(Pig,3.l6u). The mycelium of these decay fungi produced hyphal 

sheaths connecting it to the wood cell walls (Fig..U6b, c). Within these 

sheaths the ligninascs and celluloses produced decay (Flg.3.l6d, c) causing 

serious loss o f wood material. In contrast, propionic acid-treated chips 

were relatively uncoloniscd after 2 months' OCS (Fig,3 .17a), even at rays 

(Fig.3.!7b), After 4 months' OCS localised surface colonisation by staining 

fungi had occurred (Fig,3 .17c), but this was never extensive and interior 

elements remained uncoloniscd. No soft rotters or decay fungi were ob­

served on propionic acid-treated chips and uscomyeetous colonisation was 

restricted to staining fungi such as Panicillinm spp. (Fig,3.17d), which do 

not affect strength properties of wood. Some unidentified fungi were also 

recorded in these tests (Fig,3.13). Several export mycologists in S.A. and 

overseas have been unable to recognise these fungi, but extensive examina­

tion by SEM did not reveal any decay associated with these strains.

3.3.3 Pulp Tests

The burst and tear indices of hund-shccls produced from pulp tests at var­

ious beating revolutions arc prescnlcd in Figure 3,19. From the graphs of 

T ear Index vs Burst index (Figure 3.19) It is clear that points nearer the

:W ,::



Figure 3 .16 Uaskliomyccic decay in unircntctl mid waicr-ircaicd chips, (u) 
aasiilinmycctc myccllum wns identified by the observation of 
dam p connections (cc) and (b and c) the obscrvoiion of 
Ityphal shcatliN (Its) surrounding hyphne attached to S3 coll 
mass layers in lumina. (d) Lysis end erosion of iignoccllLilosu 
in vicinities of hyphal tips (lip) progressively increased (c) to 
produce zones of degradation (d) around hyphae.





Figure 3.1? Lack of decay in propionic ackl-ircatcd chips after A months' 
OCS. (a) Trachcids in chip interiors were uncoloniscd (uc).
(b) Rays were uncoloniscd (ur), bui (c) chips showed slight 
surfacc colonisation (sc) by (d) non-decay staining fungi (csf).
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Figure 3.18 Some unidentified fungi observed on chips during QCS 
Richard's Hay.





BURST INDEX (MN/kg)

Figure 3.19 Pulp test (REVS : licoiing revolutions) after I, 2, 3 and 4 
months incubation of P lm ispm ila  chips. Differences between 
strengths of paper treated and untreated chips are significant.



origin represent paper produced from pulp of lower quality. Therefore, 

graphs furthest from the origin represent paper produced from high quality 

pulp. Figure 3.19 thus shows that propionic acid 2 % - treated pulp 

produced paper of quality similar to paper produced from fresh untreated 

pulp. Although the quality of propionic acid 2 % pulp decreased slightly 

as the OCS period progressed, a t all times this pulp was of superior quality 

to that of pulp produced from untreated chips (Figure 3.19).

Pulp tests of water treated chips conducted by SAPPI (Appendix 5) showed 

that water - treated chips produced pulp of quality lower than that of un­

treated chips (E.J. SMITH, pcrs. comm., I98S). The results therefore 

showed that in decreasing order o f quality, propionic acid 2 % • treated 

chips performed better than untreated which in turn pcrfromed belter than 

water • treated chips.

3.4 Discussion

The general trend for chemical analyses showed that propionic acid pre­

vented deterioration of Plnus paiuln chips. However the benzene/alcohol 

extraction graph showed contrasting results. These results again suggest 

that chemical tests should not be relied on exclusively. However, according 

to TAPPI Standard T4 m-59, to provide an indication of chip quality 

which detects several properties of deteriorated chips as soon as possible, I 

% caustic solubility is used as the provisional indicator (because caustic

solubility has a very close correlation with the pulp yield). Evidently,



caustic solubility (Figure 3.6) indeed stiowcd that propionic acid inhibited 

deterioration 'ignificantly in the present work.

Although chemical extraction analyses ore less time consuming to complete 

anti provide information of the chemical composition of wood, only pulp 

tests will provide hard and reliable information about, the biodctcrioralion 

of wood chips. However, the results of chemical extractions obtained 

(Figures 3.6-3.9) did confirm earlier reasoning (2.4) that "fines' samples 

were more degraded than those which did not pass the GO • mesh sieve. It 

mas therefore felt that further investigations of this modification of the 

TAPPI Standard may help confirm the reliability of such analyses.

From the visual observations made, it was apparent tha t the water-treated 

pile was most affected by microorganisms, the untreated pile was slightly 

affected stul the propionic acid-treated pile least affected. It was concluded 

that this was so because of the antimicrobial protection given by the 

propionic acid. Although the propionic acid chip-treated pile was slightly 

discoloured on the outside, even after 4 months OCS, when this chip pile 

was opened, the chips in the interior of the pile were not discoloured. The 

discoloration of the exterior cltlps was probably attributable to the 

volatilisation of the propionic acid coal after about 3 months' OCS, and 

subsequent weathering of these chips.



According to LINDG 

rough pulpwootl, storage in 

ntion over extended

- t S ,
I

LYN (/96I), of a/l the methods for

that most extensively affected in the present work. This could have been 

caused by the fact that water was only sprinkled on the piles for 3-4 hours 

each day, which was not sufficient to cause anaerobic conditions. There­

fore application of intermittent moisture probably enhanced oxygenation 

and decay. According to m i l s f ,  SPRIN G ER and IIAJNY (1974), the 

presence of excessive moisture together with high temperatures has been 

suspected of both increasing chip deterioration by chemical means and of 

decreasing discolorations by the blue-staining fungi. The chips were sue- 

ccssRi/ly thoroughly wetted in the present work but moisture ira.s not in 

excess. Together with the high humidity in the atmosphere a t Richards' 

Day and the high ambient temperatures it was felt that a good environment 

for microorganisms to grow had been created, They therefore proliferated 

on these chips, Untreated chips were also i|uitc extensively colonised but 

not as extensively as the water-treated chips, Since specific moisture levels 

constitute nn essential parameter for infection to successfully take place, 

microorganisms probably did not spread as rapidly in the untreated pile as 

this was subject to more dehydration than the water - treated pile,

Temperature profiles for propionic acid-treated and untreated chip piles 

showed similar trends however, In all determinations of temperature in the 

propionic acid-treaied pile the temperature of the chip pile was always
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lower than the temperature of the untreated chip pile. According to TAPP) 

Sltmtltird T4 m-59 the origin o r hem or tlio "hike" in tompcrauirc o f chip 

piles is caused by the following "fine factors'':

a. Respiration of the living cells of wood.

b. Biological action of bacteria.

c. Biological action of Fungi.

d. Chemical oxidation reaction.

c. Acid hydrolysis reaction.

Now since the temperatures of the plies never exceeded 39‘C (Appendix 

6) the main origin of heal in the untreated and propionic acid - treated piles 

were probably caused by the respiration by living wood cells. It thereFore 

seemed that propionic acid suppressed Heat generation in the chip pile for 

up (o •! months' which h  a very Importom uvaliiy for any pn-scjvnih’c in­

tended to be used during OCS, as chip pile homing lias been known to 

cause detrimental losses during OCS. Such lowering in chip pile temper- 

attire in turn causes it significant variation in microorganism population 

and development (GSLYN, 1967).

Scanning electron microscopic studies showed that both the untreated and 

water-treated wood chips were very extensively colonised by many types 

of microorganisms. Althougli the watcr-lreated piles seemed visually to 

have deteriorated more than the untreated piles,« ( the SUM level, the chips 

from both these piles were indistinguishable as both were equally heavily



coloniscd by baclcrln nnd niamcmous fungi. In addiiion lo supstain fungi. 

A considerable number of decay fungi were also present and extensive 

biodelci'ioroilon of chips had lukcn place in the tmticuied and wnler- 

trented chips alike. Fungi uilei'cd Uic ray parenchyma cells where prolif- 

croiion of hyplme occurred, and subsequently passed through pits Into Uic 

lumino of the vertical trachcids. Penetration of the wall of the traehcld was 

c/Tccied from n short tide brnneli which grew horizontally into the wall and, 

after passing through the middle Inmclla and into the S2 layer of the wall 

o f  ihc adjaccnt iracheid, bnmclied 10 form a cJinrnclcristie T-shape with the 

2 branches developing in the S2 layer parallel to the orientation of the helix 

of lire mfervfibrils o f ceWwkMC in llml layer. The ni'iginiil liorizonin) brancli 

did not itself appear to cause enzymic degradation of the wall, but this 

phenomenon did cwsitir around she vertical brandies of the lij'pba anti giivc 

rise to the cavtUcs which are diagnostic feature of soft rot decay (SAVORY, 

I95K). It is clear that so far as sap wood is concerned ail ivood inhabiting 

fungi have a similar initial behaviour. The hyphtic will grow passively into 

any available space, i.e In cell (umlnn or through pits nnd may well ramify 

through a piece of wood with no effect on the cell wails a t all, All fungi 

capable of entering parenchyma cells containing food reserves will utilise 

these reserves to biosynthcslse their mass o f hyphal material before ranging 

through the other cells and destroying all or part of the cell wall (LEVY, 

1967). A" for the propionic acid - treated chips, no soft rotters or dccny 

fungi were observed even after 4 months' OCS, only sparse colonisation 

had been observed which was exclusively by staining fungi and such

coloniscd by bacteria and filamentous fungi. In addition to supstain fungi. 

A considerable number of decay fungi were also present and extensive 

biodctcrioration of chips had taken place in the untreated and water- 

treated chips alike. Fungi uitcred the ray parenchyma cells where proiif- 

em ion  of hyplme occurred, and subsequently passed through pits into the 

lumino of the vertical trachcids. Penetration of the wall of the traehcld was 

cffcetcd from n short side branch which grew horizontally into the wall and, 

after passing through the middle Inmclla and into the S2 layer of the wall 

o f  the adjacent tradieid, branched to form a cJinrnclcristie T-shape with the 

2 branches developing in the S2 layer parallel to the orientation of the helix 

of the micryfibi'ilx o f cellijkise in that layer. The original horizontal branch 

did not itself appear to cause enzymic degradation of the wall, but this 

phenomenon did cwsitir around the vertical brandies of the hypba anti gave 

rise to the cavities which are diagnostic feature of soft rot decay (SAVORY, 

I95K). It is clear that so far as sap wood is concerned ail ivood inhabiting 

fungi have a similar initial behaviour. The hyphtic will grow passively into 

any available space, i.e In cell lumino or through pits nnd may well ramify 

through a piece of wood with no effect on the cell walls a t all, Ail fungi 

capable of entering parenchyma cells containing food reserves will utilise 

these reserves to blosynilicslsc their mass o f hyphal material before ranging 

through the other cells and destroying all or part of the cell wall (LEVY, 

1967). A" for the propionic acid - treated chips, no soft rollers or decay 

fungi were observed even after 4 months' OCS, only sparse colonisation



colonisation wns w ry  similar to ihiil observed during early OCS period of 

waler-ti-catcd and untrcalcd chip piles (ISMAIL and I3AECKER, 1988).

The scopc of the present work wus to identify soft rot and bnsidiomycetc 

decny which could cause lasses of pulp quality. This was carried ou t suc­

cessfully however, work with the SUM has revealed u range of unidentified 

ftmga! spores on many .samples. It has been stated (3.3.2) that several ex­

pert mycologists could not identify these fungi therefore they may be 

Indigenous to S.A ##d unfamiliar to authors of fungal keys 

(AINSWORTH, 1966). Perhaps a more comprehensive examination of 

iftcie spores Mould lend io ilic identification of the different microorganisms 

and hence give further information on tha habit of the fungus and Intcr- 

reiflticwsltip between fungus and ivoixl .species. Ji was also I'ccordcd that 

most infection .set in a t the ground line from soil or old wood chips. This 

was the case even with propionic ackl 2 % ■ licatci) chips, and it was fell 

that such colonisation would, once initiated, continue through the chip pile. 

It was therefore concluded that a concrete fotmdatkm is cssciutol for OCS 

to be carried out successfully.

Pulp tests showed very clearly that propionic acid prevented 

biodeterioration of wood chips during the 4 month OCS period. The graph 

of propionic acid (Figure 3.19) wns further from the origin and nearest the 

graph of the fresh untreated chips when compared with the graph of the 

untreated chips oven after 4 months' OCS. However, according to MA LE



(I98S) of the CSIR, the decrease In ihc pulp slrcnglh during OCS between 

propionic acid and untreated chips was calculated as only 8 %, Decreases 

of 10 6/o are normally considered Important, however those shown here 

were statistically significant differences and arc also considered to be 

mlcrobiologlenily significant. Since differences between quality of pulp 

from untreated and propionic acid 2 %  chips increased over the 4 month 

OCS period, it is felt that such differences would be even greater if OCS 

periods of greater than -I months were studied. In addition, according to 

MALE'S (1988) report propionic acid did significantly Increase the tensile 

strength by 12 % (Appendix 7), These data nil indicate that propionic acid 

did prevent blodctcrlorniion. However, even propionic acid 2 % chips were 

colonised at the ground level therefore, it was felt that such protection 

would bo enhanced, especially a t the ground level, if chips were piled on 

concrete foundations.

The results of the field trials therefore led to the conclusions that propionic 

acid 2 %  • treated chips had been protected from blodclcrioralion during 

the A month OCS period. It was fell that the protective effect of propionic 

acid was brought about probably by delaying the onset of the succession 

pattern which was observed very early during OCS (after 4 weeks) In the 

untreated and water-treated chip piles. It was therefore decided to quan­

tify microbial presence during the OCS period.



4.0 M ICRO BIO LO G ICA L 

Q U A N TIFICATION

4.1 Introduction

In the case of a pure bacterial culture, in a  defined medium, the question 

"Ilow many microorganisms arc there?' is relatively simple to answer. 

When dealing with the mixed communities in complex substrates from en­

vironmental samples, however, the problem becomes exceedingly complex 

and, in most eases, defies a simple and absolute answer. Quantification is 

possible, but the numbers obtained need to be qualified by the technique 

used. Indirect quantitative approaches to assess the microbial components 

o f ecosystems include :

a. Determination of microbial biomass - of which the most practical 

approach is to use;

1) biochemical assays which assay for specific biochemicals that 

indicate the presence of microorganisms such as,

ATP and total adenylate, 

cell wall components, and 

chlorophyll and other photosynthclic pigments;

2) physiological approaches to biomass determination - which 

have been developed based upon respiratory activities.

b. Measurement of microbial metabolism by;



1) hcicrotrophic potential,

2) growth rate based upon nucleotide incorporation,

3) productivity and decomposition, and 

■1) specific enzyme assays.

However, none of these approaches were considered applicable to the sys­

tem under study, and it was decided to use two direct methods of total 

counts in conjunction with a direct viable counting method. The enumer­

ation process can be broken down into three distinct phases: sampling, 

sample processing and the actual counting procedure (ATLAS and 

BARTHA, I987|. Sample processing usually includes the dilution of the 

sample in order to liquefy it and to reduce microbial numbers to levels 

which may be counted conveniently. Dilution of aqueous samples is 

straightforward, but dilution of solid substrates requires initial treatment 

by comminution and possibly by homogenisation to provide representative 

dilution series (BARCKER, CASIM and RYAN, 1988).

4.1.1 Direct Total Count Procedures Using Cell Counters

Coulter Counters count microorganisms by direct microscopic observations 

(JONES A ND MOLLISON, 1948; FREDERICK, 1965; GRAY, 1967; 

GRAY, BAXBY, HALL and GOOD FELLOW, 1968; HARRIS, 

McKEE, WILSON and W HITEHOUSE, 1972; DALEY and HOBBIE, 

1975 cited by ATLAS and BARTHA, 1987). Direct count procedures 

yield the highest estimates o f numbers of microorganisms. Direct counts



arc oricn directly proportional to biomass, and thus can be used to estimate 

microbial biomass. There arc, however, several major drawbacks to direct 

observational methods, including the inability to distinguish living from 

dead microorganisms, the underestimation of microorganisms in samples 

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

further studies on the observed microorganisms. A  variety of counting 

chambers such as n haemucytomctcv or Pctroff-Hauscr chamber tha t hold 

specified volumes of diluted samples, can be used for counting cells 

(PARKINSON, GRAY and W ILLIAMS, 1971 cited by ATLAS and 

BARTHA, 1987). Counts ml"1 diluted sample may then be calculated, and 

extrapolated taking dilution factors into account to determine numbers of 

cell g 1 original sample.

A particle counter, such as n Coulter counter, can also be used to estimate 

directly numbers of microorganisms (KUBITSCHEK, I95S; 1969), The 

Coulter counter electronically measures the number of particles within a 

fixed size range in diluted samples, 'epara te  estimates of bacteria and 

protozoa can be obtained by setting appropriate size ranges. The problem 

with Coulter counter analysis is that small non-living particles arc counted 

together with microorganisms and this difficulty has limited the uscfullness 

o f this method. However, recent advances in image analysis permit the 

specific recognition of microorganisms in complex samples and it can be 

expected that cell sorters will see increased usage in the enumeration 

microorganisms. In comparison with the foregoing procedures, the Coulter



counlcr for cnumcraiiun of cell nopulalions has the obvious advantages of 

simplicity, accuracy and rapid operation (HARRIS, 1959). According to 

HARRIS (1959) cell number is perhaps ihc mnst useful single parameter 

in population growth and, when combined with information on cell size, 

provides a frame of reference for variaiicm in protein, R.NA ond other 

changing constiiuenu.

4.1.2 D irect Viable Count Procedures

There are two basic approaches to viable count procedures, namely :

a. Plate count iechnii|uc.

h. Most probable number (MPN) technk|ue.

The MPN technique is usually confined to studies of liquid substrates such 

as milk or oils and is therefore not considered here, however all viable count 

procedures require separation of microorganisms into Individual rcproduc- 

th c u m is . "I his is achieved by preparing dilution .series of the samples. The 

diluted sample K then spread on plates of culture media which support 

growth of microorganisms therein, and cacti microbial colony which devel­

ops is counted as having arisen from ;i single cell in the original. Sample 

population levels can therefore be calculated. All viable count procedures 

are selective for certain microorganisms, the degree of selectivity varies with 

the particular viable count procedure. This selectivity is a disadvantage 

when trying to estimate the total viable microbial biomass within an



ecosystem, but permits the estimation of numbers of particular types of 

microorganisms.

4.1.2./ Piute count methods

The dilution plate count method is convenient and has been widely used for 

the enumeration of viable microorganisms, especially bacteria (BAECKER 

and RYAN, 1987), but its indiscriminate use has been severely criticised 

(POSTGATE, 1969, DUCK, 1979 cited by ATLAS and BARTHA, 1987) 

and its use in certain cases was discredited 20 years ago (BROCK, 1987). 

There arc many reasons for this problem; Firstly, the most serious diffi­

culty is that \iaMc counts are :

a. Selective for unicellular organisms or organisms which produce 

many propagules.

b . They arc selective for organisms which spread rapidly on the sur­

face of the medium either because of motility or because of growth 

by extension of filaments.

Alternatively, viable counts arc selective against organisms which cannot 

grow well against the resistance which is offcicd by the solid surface; 

finally, a dormant cell, doing nothing in the environment, will show up in 

a viable count (BROCK, 1987). An additional problem lies in the misuse 

of the method and/or the misinterpretation of the rcsu'u, All too often 

users of this technique fail to recognise that Total cf- u s ' can never be 

achieved using this method. One must consider whether the



microorganisms can survive the plating procedure. Some microbes arc 

kiiicd upon exposure to air in il\c spread plate method; others cannot tol­

erate the temperature needed to maintain melted agar in the pour plate 

method. The real advantage of viable enumeration procedures is that 

conditions can be adjusted so that only members of a defined group arc 

enumerated. Plate count media may be designed to be selective or differ­

ential. Selective plate count procedures are designed to favour the growth 

of the desired group of microorganisms. Differential media do not preclude 

the growth of other microorganisms, but permit detection of the desired 

group by some distinguishing characteristic (ATLAS and BARTHA, 

1987).

In spite of the above disadvantages, plate counting remains the most widely 

used technique in routine analyses to quantify microorganisms in substrates 

worldwide (BAIiCKER and RYAN, 1987; BAf-CKER, CASIM and 

RYAN, 19881. therefore analyses by this method arc directly comparable 

with those of other workers throughout the world.

4.2  M aterials and M ethods

The drawbacks associated with each method of microbial quantification if 

used exclusively led to the decision to use several quantification techniques 

in the present work. It was hoped that the results of each method could 

be compared to provide a full appreciation of the numbers of 

microorganisms in the chip piles as Hie OCS period progressed.



4.2.1 Preparation O f Wood For Analyses

For the quantification, the fines collected during sievcing (Chapter 2) were 

used (refer to Figure 2,1). It was ensured that the procedures did not alter 

the numbers or activity of microorganisms, either positively or negatively, 

In a non-qtiantlfiaWc manner during collection of the sample. Further­

more, sampling procedures also ensured that samples were representative 

and were not contaminated with foreign microorganisms by sampling pro­

cedures ensuring that the microorganisms came only from the ecosystem 

being examined, In addition, to make counts reflect accurately the num­

bers o f \inblc microorganisms present in the sample a t the time of col­

lection, processing was accomplished quickly (on arrival from Richards' 

Bay) because microorganisms reproduce rapidly which can yield artificially 

ties axed counts, in  addition, each determination consisted of three pluses: 

sample collection, sample processing, and the actual measurement, Since 

the manner o f sample collection and sample processing can profoundly in­

fluence the outcome of the measurements, till three procedures were there­

fore taken into consideration when the results were interpreted.

4.2.2 Preparation O f  Q uarte r Strength Ringers Solution

The following chemicals were added to make up quarter strength Ringers



CHEMICAL VOLUME

.sodium chloride

(NaCI) 2.25 g.i'1

ptMassium chksrWc

(KCI) O.iOSg.r1

calcium chloride •lihydratc

(CaCI, .211 , 0 )  0.08 8-1 ^

sodium hydrogen carbonate

(N o2 I ICO , ) 0.05 g.V1

ciliylcncdiamineictm acetic acid 

(Cl I , NIC! I , COOlDCil t  COONa) , - 2 1 1 ^ 0  I g.i 

triton UK) 5 ml.l'1

4 .2 3  Preptirntion O f  N utrient Agar

To 1 litre of distilled water 28 g of Nutrient Agar was added, thoroughly 

mixed and sterilised by autoclavlng. The Nutrient Agar was cooled 

slightly. To prevent over-growth of fungal colonies, fungal inhibitors were 

added to the media (ATLAS and BARTItA, 1987), so, 50 mg of Nystatin 

and 50 mg of Cyclohe.samide were sterilised by filtration and added to the 

Nutrient Agar (BAflCKGR and K1NC, 1980), The Nutrient Agar was 

thoroughly mixed and ready for pouring.



4.2.4 I’rcparalion O f M alt E xtract

50 g of Malt Extract was added to I litre of distilled water, thoroughly 

mixed and sterilised by nutnclaving. A technique for suppression of bacte­

ria in\olves the lowering of the pH of the medium (ATLAS and BARTH A, 

1987), therefore, 100 ml o f 10 % lactic acid was sterilised and after 

uutnclaving and cooling, 14 ml of sterilised lactic acid was added to the 

m alt extract to maintain a pH 3.5 as most fungi arc unaffected by this pH, 

while most bacteria are suppressed.

4.2.5 Sampling Processing (to be used in 4.2.(i.. 4.2 .7 and 4.2.8.)

In a 250 ml conical flask, I y of fines (Chapter 3) and 20 ml quarter 

strength Ringers solution was added. The flask wax then closed with foil 

and placed on an orbital shaker at medium speed for 3 hours (Figure 4.1). 

Thereafter, the contents were filtered in a bottle once through Mirncioth 

(manufactured by Calbtoehcm, La Jolla, U.S.A), which Is of finer weave 

than cheese cloth, covered with foil again and left to stand at room tem­

perature overnight. The supernatant (sample dilution) was used for 

quantification of bacterial and fungal spores (Figure 4.1).

4.2.6 M ethod f'or Total P late Counts

Using aseptic techniques, to 5 plates of each sample dilution (10'' - 10 "*) 

(4.2.5), 7 ml of Nutrient Agar was added using an nuiomaiic dispensing 

machine, Similarly, 7 ml Malt Extract was added to another 5 plates of
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Figure 4,1 The preparation of wood sample before <iuaniificnl Ion using the 
Coulter counter, liuemocytometcr ami plate counts, (f +  R - 
Tines’ and ringers solution; as -  orbital shaker; F • nitrate; s 
• supernatant containing separated microorganisms; d - debris; 
CCA - Coulter Counter Analysis; HC • Httemocytometcr 
Counts; PC • Plate Counts)



each (tiluiism (Figure 4,2). The plates were ihornughiy mixed and incu­

bated in n 37eC incubator and the fungal and bacterial colonics were 

counted after 7 days. This procedure was repealed for all samples, i.c un­

treated and acid-treated samples, on a monthly basis until 4 months' OCS 

has elapsed. These data were used to calculate the numbers of viable cells 

g 1 wood from the chip piles.

4.2.7 M ethod For D irect Counts Using The llacm oeylom ctcr

A 0.1)2 ml drop of sample dilution (4.2.5) was placed in the centre of the 

chamber platform of the haemocytometcr. To this 0.02 ml o f 5 % 

methylene blue was added, f he cover-slip was placed on the slide anti 

pressed down lightly. The number of bacterial and fungal cells were 

counted, After taking 20 such readings average counts were determined 

directly and the number of cells m l1 of diluted sample was calculated. 

These data were used to calculate total numbers of cells g"1 wood from the 

chip piles.

4.2.8 M ethod For Coulter Counter Dvnlnations

To I ml of sample dilution (4,2.5), V ml of Isoton us surfactant was added 

In a scintillation bottle. This was thoroughly mixed and placed in the 

coulter counter, which counted the number of cells in 50 vl aliquots, After 

taking 5 .such readings the average number of cells ml"1 of sample dilution 

wits calculated. These data were used to calculate total numbers of cells 

g 1 wood from the chip piles,



Figure *1.2 'I he trcuimcnl of the supcrnninni from Figure 4,1 for plate 
counting at supernatant dilutions of I0"1 * 10 ^  , (s - 
supernatant containing microorganisms; NA - nutrient agar 
plates; ME - malt extract piaies; R - quarter strength ringers 
solution).



4.3 Results

The tw ills of the methods fur W ire d  viable plate counts, direct total 

counts and indirect coulter counter evaluations of untreated and treated 

chips are illustrated in Figures 4.3 and 4,4 respectively, the statistics of 

which are indicated in Appendices 8 and 9 respectively.

I he major difference between untreated and treated chip.; was that viable 

plate counts o f the latter were two orders of magnitude less than those of 

the former after 2 and 3 months' OCS and it was only after 4 months' OCS 

that plate counts of treated chips reached values comparable to those of 

untreated chips; the statistics (Appendix 9) showed conclusively that this 

increase was significant. Similarly, Coulter coun;s of treated chips were 

sjijiliil) lower than those u f  untreated chips throughout the OCS period, 

iiuweser, hjemuejtometer counts o f treated material were slightly higher 

than those obtained from untreated material, and this trend persisted 

throughout the OCS p-riod.

4.4 Discussion

Numbers, biomass and metabolic activity are the fundamental biotic pa­

rameters of microbial ecosystems (ATIA S and BARTHA, 1987). Though 

normally correlated with each other, it is wrong to use them in an inter­

changeable manner. The nature of the ecological problem dictates which



F'igwc Tolal numbcri o f microorjsaniuns (Iog10 c.r.u's g ' 1 dry wood) 
tfnumcraccd indircvily by viable plate counts (PL) and Coulter 
counts (C O , and directly by haemocytomctcr counts (H) from 
untreated Pinas pmu/a chips during outside storage in
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Figure 4.4 Total numbers of microorganisms <log|0 c.f.u’s g -l dry wood) 
enumerated indirectly by viable plate coums (PL) and Coulter 
counts (CC), and directly by hacmocytomcter counts (H) from 
2 "•'« (w v) propionic ncid-trcated Pi/u/s patula chips during 
outside storage in Zululand.
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parameter is the most appmprititc one to measure. On occasion, technical 

problems force us id measure a less relcvani parameter, such as numbers 

and to calculate from these a more relevant parameter such as biomass 

(ATLAS and BARTHA, 19S7>. Under the prevailing circumstances such

c.xirapoloiions were avoided. Instead, indirect viable counts obtained from 

total plate counts were c-.mpared with direct total counts from 

hacmoeytomctcr ohscrvaiinns and these were ulso compared with indirect 

counts obtained using a Co’iltcr counter.

lixflmioatiiw of Figures -1.3 and -1.4 showed that total counts measured by 

hacmocymmcier increased as OCS period of each pile progressed, and that 

at any given lime, totol m unis of treated chips were similar to those of 

untreated chips. !"ho slipln dllTerenees observed ivcrc statistically 

microbiokigkally insignificant. Coulter counts of treated and untreated 

ehip\ ivvre also hrnadly similar tlivouylioui, but these counts were 2 orders 

o f mngniiuilv less than hacmoeytomcter counts a t yii'en times. The reason 

for this discrepancy lies in the fact that hocmocytometcr counting, although 

less convenient, produces results actually observed directly by the invcsil- 

pator. The indirect electronic systems of Coulter counters however may fail 

to record some particles which the human eye would observe. For example 

two adjacent cells In the Coulter counter would be recorded ss  one whereas 

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

BAHCKER, in press).



However, it was apparent that the absolute counts obtained from the plate 

counting technique were much higher than those from the Coulter counter 

technique, One would have expected the reverse .situation to have occurred 

where Coulter counts were higher than plate counts owing to the indirect 

nature of Coulter counting whereby not only viable cells bu t also 

particulate matter in dilutions of wood were also counted. Two factors 

could have caused this unexpected discrepancy. Firstly, the Coulter 

counter would not distinguish between single cells and clumped aggregates 

of cells which would be counted as single particles, The coulter counter is 

therefore preferable for use in work with isolated cell systems (HARRIS, 

1959). It Is suggested that two ways of preventing cells from 

clumping aggregating would he one of the following:

a . To use an ultr-v vurrax.

h. To use a higher concentration of the wetting agent.

Now the first method of alleviating clumping had been investigated how­

ever it was found that one disadvantage of using an ultra turrax was that

in this process of clump disruption some cells were killed by mechanical

damage. Therefore the surfactant method of clump disruption described 

above (-1.2.5) was used instead. However, with respect to the second 

method of alleviating clumping it is known that high concentrations of the 

wetting agent used could be toxic to the cells. It was therefore decided to 

use low concentrations of the wetting agent in order to avoid these further 

complications of lysis and, toxicity. These lower concentrations of



H

surfnciant did mil loinlly prevent clumpiuy because, hacmocyiomcicr ob- 

scm ukm s of the identical samples showed that some cells were Indeed 

clumped. The Coulter counter therefore counted these aggregates as single 

cells, However, this docs not explain why Coulter counter readings were 

lower than plate counts since similar clumps on spread plates would give 

rise to only one visible colony (to be recorded as having arisen from a single 

cvliy Ihc explanation Tor the discrepancy is probably attributable to an­

other consequence v,f Coulter counts of clumped cells, The Coulter counter 

van provide information on the distribution of particle sizes in a sample 

population (M A T! ERN, BRACKETT, and OLSON, 1957). The change 

In resistance at the instrument aperture is proportional to the volume of u 

particle passing through it (KUBITSCHKK and HALDANE, 1950), and 

thus, as the threshold is progressively increased, weaker impulses fall to 

register and the cell count declines according to the proportion of the pop­

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

since the size range of the microorganisms in the suspension was not 

known, a broad threshold was selected. The Coulter was set to record 

patUcies of dimensions within the bread threshold of I gm-36 am in order 

to detect all nitcroorgansims ranging from small bacterial cells to large 

fungal spores. This lowered sensitivity probably accounted for the lower 

readings obtained with the Coulter counter when compared with plate 

counts. Therefore, it was concluded that the Coulter counter is only a re­

liable technique if one is examining a culture containing non-aggregatcd 

cells. Figure 4,3 shows that viable plate counts throughout OCS of tin-



treated chips were similar m hncmocytoineicr counts, except at one month, 

when insipnificant numbers of viable cells were detected. However, Figure 

•M shows Hint hacmocyiomcicr total counts o f treated chips were very 

similar to untreated, whereas plate counts were much lower in treated. 

'Ihese findings confirm that although the numbers of cclls/micmorganlsms 

observed ami counted from untreated and treated chip samples were very 

similar, most of those from treated samples were actually non-viable or

Although iiuantificaiion of microorganisms by dilution plating is conven­

ient, all techniques for quantifying mycelial spore formers have specific 

disadvantages iJO N hS and MOM.ISON, I'MSI and may merely estimate 

numbers present (HAliCKfiR and RYAN,IV87), The hacmocyiomcicr 

counts pave conflicting results, in that the numbers of microorganisms from 

the untreated chips were slightly lower than the numbers from the 

propionic acid - treated cells at each time interval. However, it must be 

borne in mind that these slight differences were not .significant from n 

microbiological viewpoint. The results for both the Coulter counts and es­

pecially the plate counts showed that propionic acid - treated chips con­

tained significantly fewer microorganisms when compared with the 

untreated chips throughout the OCS period. In fact total plate counts 

confirmed the reasoning (Chapter 3) that propionic acid actually delayed 

the succession pattern considerably, since after one month no viable 

microorganisms were present in treated chips (ISMAIL, SM ITH and



BAI-CKliR, in press). Ii wns therefore concluded Uial Ihc propionic ucid 

had Uile«l the cells observed during hacmocyiomcicr coums investigated of 

these - implcs. However, there were large numbers of microorganisms 

present in the untreated chips.

These findings nil showed that it is Important to be aware o f the true 

meaning, and limitations of each measurement procedure. This dictates 

caution and critical thinking when one parameter is calculated or projected 

from another dirccth measured parameter (ATLAS and fiARTHA, 1987).



5.0 GENERAL D ISC U SSIO N  AND

C O NCLUSIO NS

According to SPRINGER (197ft). probably Ihc best, means to conserve 

by-products prior to the chips reaching the digester Is U> minimise the time 

between harvesting the wood und digestion, that Is to keep the storage time 

very short or to ellminntc storage completely. O f course, ws know it is noi 

practicable to eliminate all wood storage, and it is difficult to operate with 

very short storage times. Therefore some wood must be kept on hand as 

insurance against manpower sttikcs, Im l weather, sic. One alternative to 

no storage or \ery short storage might be to treat the chips chemically prior 

to storage and thus preserve the by-products, Hence, very many chemical 

and mechanical methods for trailing chip piles to prevent deterioration 

have been proposed in the last twenty jenrs, but none have been used In 

long term commercial practice (SMITH and HATTON, 1971; 

lUiRCiMAN ami NU.SSON, 197). cited by FULLER, 19X5). ESLYN 

(IV73) pointed out that emphasis on investigating and using biocidcs that 

are least harmful ,o the environment was increasing. A t one time several 

large sente mill trials were In progress in both Canada and the United 

States, tinder o variety of conditions to prove that the use of this process 

can be effective under North American conditions. If a chemical shows 

promise of controlling degradation and is also apparently harmless envi­

ronmentally, every effort should be made for timrough icsltng for potential 

commercial application (ESLYN, 1973), On this basis, propionic acid was



considcrcil for use in Hie present ivork in a sub-iropical environment. Tlic 

use of propionic uei'l treatment on n commercial basis anti in large scale 

mill trials overseas, nnti in flic present licltl trials at Richards Bay (Natal) 

has shown that wood losses can he sharply reduced.

S-rom the present study it was clear that, in order to evaluate the perform­

ance of presenmlxes in preserving chips during OCS the results obtained 

from chemical extractions should not he relied on exclusively as these 

chemical extractions tune certain limitations which have already been dis­

cussed in Chapter 2. These tests were conducted by l-IAJNY, 

JORtil-.NSf-.N, and 1-hRRICiIiN (l% 7) and FEIST, HAJNY and 

SPRINGER ( l ‘i7d) and arc still performed on regular bases by SAPP! 

(Springs); it was agreed with SM ITH (pcrs. comm., I9S7) that some of 

them be conducted in the present study to establish whether there was any 

correlation between the results obtained here and pulp tests,

in contrast pulp tests (the results o f which are presented in Chapters 2 and

3) presented more reliable results in that they correlated with microbiolog­

ical analyses, and were used by many workers to evaluate preservative 

performance on wood chips. The tear nml burst Indices arc the conven­

tional indicators of chip deterioration and pulpwood acceptability, however 

unlike many analyses they cannot be conducted in the routine microbiology 

laboratory. Pulp tests require specialised heavy duty cijtiipmcnl for chip 

sample preparation and in addition, to do a pulp test requires large chip



samples of a t least 5 kg and not 2 g samples as required for laboratory tests. 

Nevertheless since it was absolutely necessary that these pulp tests be con­

ducted, they were conducted for laboratory and field trial experiments re­

spectively by prior arrangements with SAPPI and CSIR.

A range of microorganisms (bacteria and fungal spores) were observed as 

shown in Chapters 2 and 3. A  large number o f unidentified 

microorganisms were also viewed which are illustrated In Chapter 3. They 

did not producc decay. Since it was not the scope of this study to identify 

these fungi to genus level and since some expert taxonomists could not 

identify them, future studies could entail further investigations of these 

fungi. The foci that these were observed only in the water-treated and 

untreated chips could perhaps help in the classification of these in the var-

The major observation of the work described in this dissertation was that 

propionic acid delayed the onset of the succession pattern in Pi/nis patula 

wood chips during OCS. On the propionic acid - treated chips only super­

ficial growth was observed on viewing with the SEM. h  was evident that 

the wood was infected mainly with primary colonizers such as the staining 

fungi, Penicilhtm and Aspergillus (ISMAIL and BAECKER, 1988). This 

was clearly evident and hence illustrated and discussed with the viable 

plate counting technique in Chapter 4.



A further very useful invcsligation would be lo do monthly tests to deter­

mine the niJtual composition of the total quantified bacterial and fungal 

populations in the wood chips i.e proportions of bacteria : stainers : soft rot 

: basitliomycetcs present. This would provide an indication of when in the 

succession pattern the harmful dcgradalive basidiomycctcs actually 

colonisctl and subsequently became established. In addition it would be 

of interest to establish how they affcct the populations of the other primary 

and secondary colonisers. In the case of the propionic acid, the chip pile 

seemed colonised but when piles were opened colonisation was virtually 

negligible. SHIELDS fl967) proposed that only certain areas of the piles, 

such as the outer layers, nrcd to be treated since greatest biological deteri­

oration seems to occur here. This could be im portant sincc, if costs permit, 

the chips on the outside o f the pile could perhaps be re-sprayed just before 

the onset o f basidiomyeeic colonisation and thus give added and longer 

protection to the inner chips.

W ith respect to the bioeidal effect o f propionic acid; it seems to be 

antimicrobial, and delayed the succession pattern from proceeding; 

brightness was also kept higher. RATAJCZAK (1983) found that when 

chips were treated with 1.5 %  propionic acid by weight of oven dry chips 

pathogenic activity which was manifested by a reduction in weight loss was 

limited, It also seemed to prevent heating by stopping respiration thereby 

hatting heat build-up in the pile (SPRINGER, FEIST, ZOCH and 

HAJNY, 1975b). This Is a very important factor with respect to thermal



degradation because temperature increases have been known to cause chip 

pile fires and lienee caused serious losses to the pulp and paper industry,

Propionic acid a t the concentrations used in the present study (2 %) is en­

vironmentally acceptable, it is not harmful to man, animals or plants and 

can be handled directly with no fear for toxicity or contamination. How­

ever, as with any other acid it can be harmful if handled directly at very 

high concentrations. With respect to the industry, it is totally acceptable 

because it is non-corrosive to machinery a t the low concentrations for 

which it is intended to be used. According to KOZLOWSKI and 

RATAJCZAK (1078) propionic acid at 18 %  has average corrosivity to 

steel however considering its harmlcssness to higher organisms, it could be 

used, even a t that concentration, to protect wood chips.

Propionic acid is also volatile, which means that although it is active ini­

tially, after long periods of lime the active ingredient seems to become 

subsequently volatilised. According to the results in Chapter 4 

microorganisms were detected by quantitative analyses after 2 months' 

DCS. Now this is very important since it is preferable that a suitable 

chemical be eventually volatilised to keep pulping costs low. The present 

study suggested that after a while the active propionic acid "disappeared" 

from the environment; this was indirectly shown when the numbers of 

microorganisms in plate counts starlcd to increase. Such losses would suit 

the pulping industry because higher yields and decreased bleach demands



arc of uimosl importance (HAJNY, JORGENSEN and FERR1GAN, 

1967). Since chips arc usually pulped within 2 months of arrival at mills 

the volatilisation of propionic acid would alleviate costs incurred by the 

need to increase the utilisation of pulping chemicals or to increase the usage 

of alkalis to decrease propionic acid content during pulping. Furthermore, 

future experiments to actually quantify retention levels o f propionic acid 

would be useful to confirm the above suggestions. For example measure­

ment. of propionic acid uptake after treatment i.e retention levels of 

propionic acid; and after a certain incubation period, measurement o f the 

propionic acid retained in the chips. Such tests could determine exactly 

how long it would take for the propionic acid to become volatilised. This 

time interval would be im portant to the pulping industry in management 

to keep such pulping costs to a minimum.

The above illustrates that there arc many advantages associated with the 

use of propionic acid, and that the only disadvantage could possibly be 

costs incurred. All of the foregoing indicates that there is a large and 

growing market for chemicals in chip treatment. Since propionic acid is 

considered safe enough for use in food • stuffs and animal feeds, both the 

Food and Drug Administration and the environmental Protection Agency 

hove approved propionic acid for use as preservatives in grain 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



inlcrnaiitmal trade in wood chips. In J973 the use of propionic acid to 

control deterioration in wood chips stored was considered economically 

impractlcablc. However, broader usage of propionic acid, e.g large scale 

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

KSLYN, 1973b), and development of new technology lor synthesising the 

aciO (CRADDOCK, HBRSHMANN, PAULIK and ROTH, 1971, cited 

by HSI.YN, 1973b) might mean a significant Increase in its production 

which could re wall, in lower Imponantly, ihc value of timber has in-

their value. With automatic treatment, such costs would be even less. In 

addition, to facilitate treatment with preservatives, a treatment plant could 

be installed similar to the apparatus used by SPRINGER, FEIST, ZOCH, 

NAJNY and McAi.ll.RY (197.1) which consisted of a hopper containing

An added advantage was that propionic acid prevented biodctcrioration in 

spite of the fact that experiments were conductcd in a hostile season 

(Summer). One can therefore expect greater protection of chips by 

propionic acid in the Winter months. This statement Is agreed with by 

SHIELDS (1967) who found that less deterioration had boon experienced 

when chips had been piled during the Winter months than during the 

Summer, and little or no loss in wood substance occurred in chips which 

remained frozen during storage.



The time period for which chips can be stored without serious deterioration 

therefore appear to be related to a number o f variables including the wood 

species piled, the size of the pile and the degree of compaction, and the 

season when storage commenced (SHIELDS, l% 7). Greater chip com­

paction and higher temperatures have been noted in larger piles compared 

with smaller piles therefore the size of the piles appears to be a determining 

factor which influences the rate of deterioration and the length of time that 

chips can he stored outside to obtain good yields o f high quality pulp, 

faking into consideration all the above factors, It is very clear that good 

woodyard practices and chip man.'v 'mcnl practices arc the most important 

factors when considering preservation. This together with a concrete 

foundation, would help maximise the protection of Pinuspaw/a wood chips 

during OCX

Vresersation of pine chips has a favmrublc effect on wood quality and the 

pulping process, limits the number of spores of harmful fungi in the chip 

pile and in the air at places of work, and does not negatively affect the bi­

ological purification of pulp mill effluents (LEWANDOWSKI and 

RATAJC7.AK, 1981), While much useful information about the probable 

value in practice for any new wood preservative can be gathered from the 

results of laboratory and field tests, it must be realised that even the latter 

have limitations, Final approval of a wood preservative before its use on 

a  large scale can be recommended but must be finally evaluated on service



iriiils carried oui in the various situations where the treated timber is re­

quired to he used. To practical evaluators there is nothing so convincing 

as satisfactory service data which proves that limber treated with 

pres I'vative does actually withstand all the destructive agencies it has to 

contend with in practice. Fortunately with respect to propionic acid data 

of this type is already available and it has been proved in the present study 

that propionic acid is effective for use in Pinus /ititula preservation during 

OCS in the sub-tropical environment of Richards' Bay.

In summary several conclusions were drawn from the previous C hapters:

u. Pulp tests and microbiological analyses showed;

11 chemical extractions were less reliable than expected, and

2) propionic acid at 2 %  (w-v) was chosen from laboratory trials

as the most appropriate for field tr ia ls  Chapter 2.

b. Pulp tests and microbiological analyses confirmed that;

1) chemical extinctions are rather unreliable on a quantitative ba­

sis but provided qualitative information of trends in 

hiodetcrioration of wood components,

2) propionic acid a t 2 % (w/v) prevented loss o f quality of pulp 

during 4 months OCS. Basidiomycctc decay was not observed 

in treated chips during this period Chapter 3,

3) colonisation of even treated chip piles was extensive at the 

ground lin e  Chapter 3,



d) propionic ackl ai 2 % (w/v) proven led loss o f cjuaiiiy o f pulp 

from biodeicrioi'ation by delaying the onset of the succession 

pattern of microorganisms in treated chip piles , Chapter 4,

the use of propionic acid a t 2 % (w/v) to treat chips as de­

scribed cost approximately Rl per von. With management 

practice described above it is concluded that this treatment 

would succcssfiiily minimise biodcterioration of Plnits panda 

chips during OCS and transit to end-users.
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7.0 A PPEN D ICES

Method fo r  N-methyUUlhiocarbama,

solution of 72 g of sodium hydroxii 
mixture ivns cooled 10 10-15“ and while, stirring, ISO ml of 35“C aqueous 
mcthylaminc solution was added over a period of 30 minutes. While stir­
ring was still continued, the mixture was warmed gently on a steam bath 
for 1-2 hours to ensure a complete reaction. The contents were then freeze 
dried overnight mid the precipitate left was M-mcthlydithiocarbamatc 
(M OORE A ND CROSSLEY, cited by H O RINO, 1955; MICHAEL, 
personal communication).



Appendix 2
Statistics fo r  laboratory experiments.



a :





PROCEDURE 

EFFECT TREAT:

3 0.0307 0.0001 . 0.0106 O.OOu!
6 0.5306 0.0001 0.0106 . 0.0001
5 0.0001 0,0001 0.0001 0.0001

S ': : :



Appendix 3

Dimensions o f  sprayer used in fkW irivik tor iremmcnl of wood chips (s - 
sprayer, h - holes, I - Inlet),



Appendix 4
Statistics for field trials.

1SERVAT10I

OEP6HOEHT
HEAH S9UARS

170.97972Q8?

IIUERCEPT



- L . . "  -

S;!ySi
%@!A"

r :  ^ s : v

i M



Graph o f  bun t index m-sus tear index.



Temperature profiles during OCS.



Result from  Male's Report (SA P P I).
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Appendix 8
Statistics fo r

SOURCE

MONTHS
MONTHS.

MONTHS 
MONTHS »GR

PARAMETER



INTERCEPT
6.455000! 
7.455000! 
0 . 000000! 
2.700000! 

-2.690000!

ITES FOLLOWED BY

ION OF PARAMETERS 
FHE BIASED ESTIMATOR! 
OF ESTIMABLE 
THE STD ERR IS THAT
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Appendix 9
Statistics for

TREATMENT

MONTHS
MONTHS-

PARAMETER
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