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NOTICE 

This report is an internal Forintek Canada Corp. ("Forintek") document, for release only to Forintek 
members and supporters. This distribution does not constitute publication. The report is not to be 
copied for, or circulated to, persons or parties other than Forintek members and supporters, except 
with the prior permission of Forintek. Also, this report is not to be cited, in whole or in part, unless 
prior permission is secured from Forintek. 

Neither Forintek, nor its members, nor any other persons acting on its behalf, make any warranty, 
express or implied, or assume any legal responsibility or Uability for the completeness of any 
information, apparatus, product or process disclosed, or represent that the use of the disclosed 
information would not infringe upon privately owned rights. Any reference in this report to any 
specific commercial product, process or service by tradename, trademark, manufacturer or otherwise 
does not necessarily constitute or imply its endorsement by Forintek or any of its members. 



SUMMARY 

This report is a compUation of six draft papers. They describe laboratory and field work which has 
demonstrated that soil iron, mobilised under certain unusual conditions, can enter wood products in 
ground contact, detoxify the preservative and lead to premature decay. 

Forintek's field test site had been recognised as being highly aggressive towards copper and arsenic-
based wood preservatives. Investigation of this phenomenon had revealed that iron was moving into 
wood fi-om the soil. There were a number of ways in which this could contribute to accelerated 
decay and a program of research was designed to investigate this phenomenon. Premature failure of 
CCA-treated wood has been reported firom a number of horticultural sites across the world. One 
such instance occurred in Penticton, B.C. and this was investigated to determine if soil iron might be 
involved. 

To eliminate the wide range of soil properties which could affect decay, much of the work has been 
done with iron, treated wood and brown-rot fiingi under laboratory conditions using the soil-block 
test. Experiments have been designed to eliminate a number of possible effects of iron on the wood, 
the fungus and the preservative. Brown-rot fungi have then been used as a bioassay to determine 
which components of the preservative are affected by iron. 

One instance of premature failure of vineyard posts was investigated by a field survey, chemical 
analysis of samples and a laboratory experiment on the effect of organic soil amendment. Further 
soil properties affecting iron uptake have been investigated using small test stakes in containers of 
soil with a variety of amendments under a range of soil moisture conditions. 

Iron has been shown to increase the weight loss of CCA- and ACA-treated wood by a brown-rot 
fungus. It does not directly affect the fungus or the wood, nor does it cause leaching of the 
preservative. Iron does appear to detoxify the arsenic component of preservatives and may have an 
effect on copper at low copper and high iron loadings. Soil iron was implicated in the premature 
failure of vineyard posts. Iron uptake was promoted by continuously wet soil and organic 
amendments such as wood chips. Such conditions are typical of horticultural operations. 

These results suggest that North American wood preservation standards should have two levels of 
ground contact decay hazard as in the Australasian rather than the European system. When the use 
category system is implemented, horticultural posts should be treated to H5 rather than H4. Until 
then they should be regarded as "structural elements" and should be treated to the pole standard 
CSA O80.4 rather than the post standard CSA O80.5. 
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Abstract 

Uptake of iron into wood blocks increased the weight loss up to 5.0 kg/m' of wood treated with 

chromated copper arsenate- and up to 2.5 kg/m' ammoniacal copper arsenate caused by 

Leucogyrophana sp., a brown-rot fungus. This fungus had previously been found to be associated 

with decay of wooden stakes treated with copper-based wood preservatives at one of Forintek's 

field test sites. These stakes also had substantial loadings of iron which had moved in fi-om the 

soil. In Combination, these findings support the hypothesis that the movement of iron ions into 

wood contributes to the unexpectedly high decay rate of treated wood at the Westham Island test 

site. To what extent this phenomenon may occur elsewhere has yet to be determined. 

Introduction 

The movement of iron into wood from soil was noted during mycological studies on field test 

stakes which had broken during their annual evaluation. A high incidence of decay of treated 

wood at this site by brown rot fungi, and by a Leucogyrophana sp. (probably Leucogyrophana 
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pinastri (Fr) Ginns & Weresub) in particular, had been noted previously (Setliff and Chung 1985, 

Morris and Parker 1987) and a link between iron, brown rot and the unusually rapid decay rate 

of treated wood at the Westham Island test site was postulated (Ruddick and Morris 1991). 

Analysis of test material and freshly installed material revealed that the iron content of the outer 

3 mm of stakes increased rapidly during the first year after installation and then levelled off at 

around 1.0 kg/m'. The final iron content appeared to be umelated to preservative type or 

retention (Ruddick and Morris 1991). This movement of iron was presumed to be related to the 

reducing conditions prevailing when the soil at Westham Island is saturated during the winter 

months. However iron was also found in wood from other sites to a lesser degree. 

Morris and Ingram (1991), using two matched sets of wooden stakes treated with chromated 

copper arsenate (CCA) and ammoniacal copper arsenate, demonstrated a more rapid rate of 

decay at Westham Island than at a site with different soil type but a virtually identical climate. 

This more rapid decay rate was associated with a higher iron uptake and the presence of 

Leucogyrophana sp.at Westham Island. 

An experiment designed to assess the effect of iron on decay of CCA-treated wood by 

Leucogyrophana sp. suggested some interaction, through the weight losses were only around 4 to 

6% (Ruddick and Morris 1991). This experiment had used ferrous sulphate solution as the 

source of Fe^* ions and a loading of 1.0 kg/m' of iron. It was suspected that the corresponding 

loading of sulphate had inhibited growth of the brown-rot fungi. Furthermore the wood blocks 

had been incubated with the fungi for only eight weeks thus the time available may have been 

too short for substantial weight loss to occur on treated wood. A further experiment was 

therefore designed using a source of pure Fe^* and a longer incubation period. 



Materials and Methods 

Wood blocks 19 mm x 19 mm x 19 mm were cut from defect free ponderosa pine (Pinus 

ponderosa Laws.) sapwood, selected within a weight range of 0.1 g, and tested for treatability 

using a sink/float test. The blocks were then oven dried at 105° C overnight and weighed. 

Eighteen blocks were pressure treated with each of the following solutions of ammoniacal copper 

arsenate or chromated copper arsenate 0.04, 0.08, 0.16, 0.32, 0.64, and 1.28%. The treatment 

schedule used was a 15 minute vacuum followed by a 30 minute pressure period at 345 kPa. A l l 

blocks were then reweighed to determine their uptake and thus their preservative retention. 

After treatment all blocks were wrapped in plastic for 48 hours and then air dried. The blocks 

were stored in the laboratory for two years prior to further processing. 

From each group of 18 blocks, the first six blocks were left without further treatment. The 

second six blocks were impregnated with distilled water, using the above treatment schedule, and 

individually placed, endgrain uppermost, in beakers in sufficient water to just reach the top of the 

block (30 ml). The third set of six blocks were similarly impregnated with distilled water and 

placed in beakers of water but, in addition, 0.2 g of iron filings were placed on the top, endgrain, 

of each block. After 24 and 48 hours the water level was restored to the top of the block without 

disturbing the iron filings. After 54 hours the blocks were flooded with distilled water to a total 

volume of 40 ml and the beakers were covered with parafilm. After a further five days (total 

exposure 7 days) the blocks were removed from the water and rinsed to remove excess iron 

filings and rust. They were then conditioned to constant weight in a forced draft oven at 40° for 

12 to 16 hours. The blocks were then weighed, sealed in plastic bags and sterilised using 25 

Grays of gamma radiation. 

Soil jars were prepared according to the A W P A MIO (American Wood Preservers' Association 

1991) test using horticultural soil at a moisture content of 60% and a spruce feeder strip. The 

jars were autoclaved at 104 kPa and 120° C for 30 minutes with plastic lids. These lids were then 

replaced with autoclaved metal lids with a hole in the centre covered by a 25 mm diameter 

metrical filter, pore size 0.2 microns. The feeder strips were inoculated at each end with 6 mm 



discs of agar cut from the edge of a colony of a Leucogyrophana sp. growing on two percent malt 

agar. The jars were incubated at 20 to 22° C for 5 weeks until the mycelium completely 

permeated the soU. 

The sterile wood blocks were placed on the feeder strips in pairs with the surface previously 

exposed to iron filings uppermost where applicable. A l l soil jars were incubated at 20 to 22° C 

for sixteen weeks. After twelve weeks the moisture content of the soil in each jar was restored to 

its original value by the addition of sterile distilled water. At the end of sixteen weeks the blocks 

were removed, scraped free of surface mycelium and weighed. They were then conditioned to 

constant weight in a forced draft oven at 40° C. Preservative retention by uptake, moisture 

content at the end of the experiment, and weight loss were calculated for each block. In 

addition, blocks from three of the retentions of CCA and A C A plus the untreated controls were 

analyzed for iron content at the end of the experiment. The blocks were cut into matchstick 

sized pieces, ground to 40 mesh, pressed into a pellet and analyzed by X ray fluroescence 

spectroscopy using a peak fitting procedure which corrects for interelement effects and sample 

matrix effects. The resulting retentions were then corrected for the loss in mass caused by decay. 

The solvent controls for the C C A treatment were processed slightly differently. The top two-

thirds of each block, where there was visible iron stain, were analyzed separately from the bottom 

one-third. 

Results 

The data are presented as percent weight loss against preservative retention for CCA-treated 

blocks in Figure 1 and for ACA-treated blocks in Figure 2. 

In the material with no water or iron treatment, Leucogyrophana sp. was able to cause decay 

substantially greater than three percent at retentions of 1.14 kg/m' C C A and 0.62 kg/m' A C A . 

After water soaking the comparable retentions were 2.54 kg/m' C C A and 1.23 kg/m' A C A - After 

water soaking with iron these threshold retentions were 5.06 kg/m' C C A and 2.45 kg/m' A C A . 



In general the pattern of decreasing weight loss with increasing preservative retention was the 

same for CCA- and ACA-treated blocks (Figures 1 and 2). The stimulatory effect of very low 

retentions of preservative was somewhat more marked in the ACA-treated than the CCA-treated 

blocks. 

In four cases, at 1.23 kg/m^ ACAAvater soaked, at 2.45 kg/m^ ACA/water soaked with iron, and at 

2.49 kg/m' and 5.06 kg/m' CCA/water soaked with iron, four of the six blocks were visibly 

attacked while two of the blocks were not attacked. This accounts for the high standard 

deviations for these sets of blocks in Tables 1 and 2. In each case the pair of blocks with no 

attack were from a soil jar with very poor growth of Leucogyrophana sp. These data were not 

excluded from the results presented here but the mean weight losses for the four attacked blocks 

in each case are listed below for the information of the reader. 

1.23 kg/m' A C A H2O 47.4% 

2.45 kg/m' A C A H2O + Fe 29.3% 

2.49 kg/m' C C A H2O + Fe 54.3% 

5.06 kg/m' C C A H2O + Fe 22.0% 

Analysis of the wood blocks at the end of the experiment showed that the amount of iron in the 

treated blocks varied from a mean of 0.09 kg/m' to 0.14 kg/m' (Table 3). The top two-thirds of 

the untreated blocks had 0.19 kg/m'of iron and the bottom third had 0.05 kg/m'. 

Discussion 

Iron ions, which had diffused into wood from rusting iron filings, reduced the effectiveness of 

both C C A and A C A against the brown rot fungus Leucogyrophana sp. This finding supports the 

hypothesis that iron ions, moving into wood from soil, negatively affect the performance of 

copper-based wood preservatives at the Westham island field test site. 



Although this work has concentrated on the performance of wood in ground contact the effect 

may also occur around unprotected iron or mild steel fasteners under repeatedly wet conditions 

above ground. Iron-stain from nails has already been shown to reduce the natural durability of 

some hardwood species (Krause 1954). Fortunately, the use of hot-dipped galvanised, or 

preferably stainless steel, fasteners has long been recommended with treated wood to avoid the 

mildly corrosive effects of wet wood and wood preservatives (Berglund and Wallin 1978, Cox and 

Laidlaw 1984, Smith, Johnson and Cserjesi 1982). The data presented here reinforces the need 

for this recommendation to protect the preservative as well as the wood and the fastener. Since 

galvanising is effective in preventing iron loss from nails, it presumably prevents the nail from 

being a source of iron in the treated wood. 

Leucogyrophana species are not among the fungi most commonly found decaying wood products 

in construction. They are commonly associated in a forest ecosystem with small dimension 

material such as pine twigs and debris rather than branches and fallen trees. Despite its global 

distribution (Ginns and Weresub, 1976) very little is reported in the literature with regard to the 

economic importance of the genus Leucogyrophana. In a report summarizing data (collected 

over 30 years) on the association between basidiomycetes and decay in various wood products in 

the U.S.A., Leucogyrophana pinastri, then named Merulius pinastri (Fr.) Burt was found to occur 

in less than 1% of the products (Duncan & Lombard, 1%5), mostly plant boxes and test stakes. 

Nevertheless, many species of Leucogyrophana have adapted to domestic habitats where they can 

cause significant damage to building timbers (Nilsson & Ginns, 1979). Leucogyrophana pinastri, 

for instance, is known to be a relatively uncommon cause of wood decay in Australian buildings 

(Stone et al, 1989). 

It is now necessary to determine whether this effect occurs only with Leucogyrophana sp or with 

other decay fungi. It will also be important to determine whether the effect is confined, in 

nature, to Westham island, to a particular type of soil or to a particular drainage condition of the 

soil. If this effect turns out to be a common phenomenon, its mechanistic basis should be 

elucidated in order to determine how best to mitigate the effect. Although not conclusive proof 

that the unexpectedly high decay rate at Westham island is mainly due to iron and brown rot, this 



work has succeeded in reproducing, in the laboratory, the effect documented by Morris and 

Ingram (1991). Westham island may well represent an extreme example of a factor which always 

affects, to a greater or lesser extent, the long-term performance of treated wood in service. 

Although iron is abundant in most soils it normally remains unavailable for uptake by wood 

stakes, posts or poles, unless the soil is acid, poorly drained or of high organic matter content. 

Westham Island soil is all of these (Ruddick & Morris 1S>91). Apparently these conditions are 

not widespread at the same level as at Westham island since there have been almost no reported 

cases of dramatically poor performance, of wood treated with C C A to current Canadian 

standards in ground contact. 

Conclusions 

Iron ions moving into treated wood negatively affect the performance of C C A and A C A 

preservatives against at least one brown rot fungus in a standard laboratory wood decay test. 
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Weight loss of CCA treated blocks exposed to water soaking with 
or without iron fillings prior to a soU block test 

Pretreatment 
Preservative 

retention 
kg/m' 

None Water Water plus iron retention 
kg/m' 

weight 
loss % 

SD weight 
loss % 

SD weight 
loss % 

SD 

0 46.0 3.3 50.4 2.9 48.9 2.0 

0.3 42.1 4.8 ND* 46.4 4.0 

0.6 33.9 5.3 48.5 2.1 45.9 2.2 

1.2 15.7 8.2 ND* 47.4 4.4 

2.5 3.2 0.7 34.2 8.7 39.0 21.9 

5.0 2.6 0.2 2.2 0.1 16.9 9.9 

10.0 3.5 0.1 ND* 3.3 0.1 

Not done 



Weight loss of ACA treated blocks exposed to water soaking with 
or without iron fillings prior to a soil block test 

Pretreatment 
Preservative 
retention None Water Water plus iron 

kg/m' 
weight SD weight SD weight SD 
loss % loss % loss % 

0 39.9 3.9 49.1 2.0 47.3 1.9 

0.3 25.0 10.2 62.6 2.7 53.5 1.3 

0.6 5.6 4.4 64.6 1.1 56.1 2.8 

1.2 3.6 0.6 35.2 19.2 56.2 1.7 

2.5 2.5 0.1 2.1 0.2 29.3 16.2 

5.0 2.6 0.1 2.2 0.1 2.3 0.3 

10.0 2.7 0.1 2.0 0.2 2.4 0.3 



Iron content of CCA and ACA treated blocks exposed to rusting iron 

CCA ACA 
Retention 

kg/m' mean SD mean SD 

0.0 top 0.19 (0.04) 0.10 (0.01) 

bottom 0.05 (0.02) 

0.6 0.13 (0.03) 0.14 (0.02) 

2.5 0.14 (0.02) 0.09 (0.03) 

5.0 0.12 (0.02) 0.10 (0.03) 
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A B S T R A C T 

Amounts of iron which had previously been found in stakes removed from ground 
contact reduced decay of untreated wood by four brown-rot fungi. This suggested that the 
effect of iron may be on the preservative. Analysis of the leachates from C C A - and 
ACA-treated wood blocks first exposed to rusting iron, then to a brown-rot fungus, 
showed that the increased decay found in the laboratory for wood exposed to iron was 
not due to enhanced leaching of the preservative. 

Key words: Iron, C C A , A C A , Preservative, Brown rot, leaching. 



I N T R O D U C T I O N 

Previous studies have shown that wood treated with chromated copper arsenate ( C C A ) 
and ammoniacal copper arsenate ( A C A ) decays unusually rapidly at the Forintek field 
test site at Westham Island, B.C. This accelerated decay has been linked to brown-rot 
fungi, especially Leucogyrophana pinastri (Ginns and Weresub), and to the movement of 
iron into the wood (Morris and Ingram 1991, Ruddick and Morris 1991). Subsequent 
laboratory work showed that exposure of wood blocks to rusting iron increased the toxic 
thresholds of C C A and A C A to L . pinastri (Morris, 1992). 

The next step towards understanding the mechanism, and ultimately preventing this 
phenomenon, was to determine whether the iron directly affects the preservative, the 
wood or the fungus. Two conceivable effects on the preservative were through increased 
leaching or detoxification in situ. Fortunately the first of these could be investigated by 
examining the water in which the blocks used by Morris (1992) had been soaked. The 
first experiment described here is the chemical analysis of these water samples. 

A n effect on the fungus or the wood could be ehminated by examining the effect of iron 
on the decay of untreated wood. Ruddick and Kundzewicz (1992) showed that the soil 
iron was mobilised by bacteria but uptakes of around 1 kg/m' did not increase decay of 
untreated wood. They concluded that the preservative needed to be present for 
accelerated decay to be observed. However, they also stated that "since only the mass 
loss after one time period was determined, any acceleration of the rate of decay during 
the early stages of fungal exposure would not be detected". The exposure period used 
was 12 weeks. The second of the two experiments reported here was designed to 
determine whether iron affected early stages of decay of untreated wood. Whether the 
effect would occur only with L. pinastri, or with other brown-rot fungi, was also 
investigated. 

M A T E R I A L S A N D M E T H O D S 

E F F E C T O F I R O N O N L E A C H A B I L I T Y O F C C A A N D A C A 

The experimental procedure was fully described by Morris (1992). Briefly, ponderosa 
pine (Pinus ponderosa Laws.) sapwood blocks, were pressure-treated with the following 
solutions of ammoniacal copper arsenate or chromated copper arsenate: 0.04, 0.08, 0.16, 
0.32, 0.64, and 1.28%, wrapped in plastic for 48 hours then air-dried. 

Each of these sets of blocks were divided into three groups, one group was left without 
further treatment, the second group was soaked for 7 days in 40ml distilled water and the 
third group was similarly soaked with 0.02 g of iron filings on the top endgrain of each 
block. The blocks were subsequently exposed to a brown rot fungus and the enhanced 
decay of the blocks exposed to iron was reported by Morris (1992). The soaking 



solutions were retained and later analyzed for CuO and AS2O5 content using energy 
dispersive x-ray fluorescence. From the individual block preservative uptakes, A n 
assumed retention of the AS2O5 component was calculated. From the amount found in 
the soaking solutions, a percent loss was calculated for each block and a mean was 
calculated for the six blocks per retention level. 

E F F E C T O F I R O N O N D E C A Y O F U N T R E A T E D W O O D 

Wood blocks (19mm x 19mm x 19mm) were cut from defect-free ponderosa pine 
sapwood, selected within a specified weight range. The blocks were divided into two main 
groups: blocks pressure treated with distilled water, and blocks pressure treated with 5% 
ammonium hydroxide in distilled water. The aim of soaking wood blocks in water and 
ammonia was to simulate C C A and A C A solvent-treated controls, respectively. Both sets 
were then air dried and pressure treated a second time with distilled water. The blocks 
were further divided into two groups: one to be soaked in distilled water the other to be 
similarly soaked with iron filings. For soaking, the blocks were individually placed in 
plastic cups, submerged to the top of the block in distilled water, endgrain uppermost. 
For iron treatment 0.02 g of iron filings placed on the top endgrain of each block. The 
cups were then covered with parafilm. A l l blocks were soaked for 22 months before use 
in this test. 

The blocks were oven-dried (105° C) overnight and weighed, then sealed in plastic bags 
and sterilized using 2.5 Mrads of gamma radiation (44 hours). 

Soil jars were prepared according to the American Wood Preservers' Association 
Standard E l O (AWPA-EIO) , using horticultural soil at a moisture content of 60% and 
pine feeder strips. The jars were autoclaved at 104 kPa and 120° C for 60 minutes with 
plastic lids. The plastic lids were replaced after cooling on a laminar flow bench, with 
autoclaved metal lids with a hole in the centre covered by a 25 mm diameter Metrical® 
filter, pore size 0.2 microns. The feeder strips were inoculated, at one end, with a 6 mm 
disc of agar cut from the edge of a colony of: Lentinus lepideus Fr., Postia placenta 
(Fries) M . Larsen et Lombard, Coniophora puteana (Fr.) Karst., or Leucogyrophana 
pinastri growing on 2% malt agar. 

After 6 weeks incubation, two blocks, one previously soaked in ammonia and one soaked 
in distilled water, were planted in each jar. Five jars contained iron treated blocks and 
five jars contained blocks without iron for each fungus. The jars were incubated at 25° C 
at 80% relative humidity for 6 weeks. After oven-drying overnight (105° C) , the weight 
was re-recorded, and a percent weight loss was calculated for each block. 

The blocks which had been exposed to iron, as well as four untreated, unexposed blocks 
were analyzed for iron content using x-ray fluorescence spectroscopy. The blocks were 
ground to 40 mesh sawdust, pressed into a pellet and analyzed using energy dispersive x-
ray fluorescence, corrected for interelement and matrix effects. Corrections were made to 



the resulting retentions to account for the loss of mass due to decay, and for iron found 
in the unexposed blocks. 

R E S U L T S A N D DISCUSSION 

E F F E C T O F I R O N O N T H E L E A C H A B I L I T Y O F C C A A N D A C A 

Before discussing the results, it should be emphasised that this experiment was not 
originally designed to examine the effect of iron on the leachabihty of C C A and A C A 
from treated wood, Furthermore, energy dispersive x-ray fluorescence is not a preferred 
method for trace analyses. The levels of copper and arsenic present were close to the 
detection limit of the instrument. Nevertheless, general trends were obvious. 

The amount of copper found in the leachates was negligible in all cases, so no comment 
can be made on the influence of iron on the leachability of copper from C C A - and A C A -
treated wood. In contrast, detectable amounts of arsenic were found in soaking solutions 
from both the C C A , and especially the A C A treated blocks. The percent loss of AS2O5 
was plotted against the original C C A and A C A retentions of the blocks (Figs. 1 and 2). 
The presence of iron clearly did not increase the leachability of arsenic from C C A - or 
ACA-treated wood. Indeed the converse appears to be true. This result was not 
unexpected since iron is known to have a binding effect on arsenic (Jacobs, et al, 1970; 
Berghohn, 1992). This shows that if iron is enhancing the decay of C C A - and A C A -
treated wood by affecting the preservative in some way, it is not by increasing its 
leachability. 

E F F E C T O F I R O N O N T H E D E C A Y R A T E O F U N T R E A T E D W O O D 

The retentions of iron in the blocks (Table 1) were similar to those found in stakes 
removed from the Westham Island field test site (Ruddick and Morris, 1991). 

Analysis of variance revealed statistically significant effects on percent weight loss for 
both iron and ammonia with all four fungi with no interaction effect. The presence of 
iron reduced the weight loss on average by 5.2% (s.e. 0.8%), ammonia reduced the 
weight loss by 3.3% (s.e. 0.8%). When both were present the results were additive with a 
total weight loss reduction of 8.5% (Table 3). These results confirm that in the absence 
of C C A or A C A , iron does not enhance decay of wood by brown-rot fungi. Its effect 
must therefore be linked with the preservative, and not to the fungus or the wood. 



Iron retentions 

Fe retention (kg m ' ) 
Fungus Mean (Std. Dev.) 

Water soaked Ammonia soaked 

L. lepideus 1.1 0.7 
(0.2) (0.1) 

P. placenta 1.0 0.9 
(0.2) (0.2) 

C. puteana 1.2 1.1 
(0.4) (0.1) 

L. pinastri 0.6 1.0 
(0.3) (0.5) 

Table 2 

Weight Losses 

Observed Percentage Weight Loss (wAv) 
Fungus Mean (Std. Dev.) 

Water Water Ammonia Ammonia 
No Fe Fe No Fe Fe 

L . lepideus 16.6 1L7 15.6 10.5 
(0.6) (1.4) (3.1) (2.2) 

P. placenta 52.2 45.8 50.5 38.5 
(2.3) (3.8) (3.5) (3.9) 

C. puteana 39.4 32.1 34.6 3L7 
(6.6) (5.9) (6.3) (6.5) 

L. pinastri 42.4 38.4 4L1 32.5 
(6.7) (3.6) (2.0) (7.8) 



Adjusted Weight Loss Incorporating Modelled Ammonia and Iron Effects. 

Fungus 

Adjusted Percentage Weight Loss 
Mean (95% Confidence Intervals) 

Water 
N o F e 

Water 
Fe 

Ammonia 
N o F e 

Ammonia 
Fe 

L-Lepideus 

P-Placenta 

C-Puteana 

L-Pinastri 

17.9 (15.1 - 20.7) 

50.2 (47.6 - 52.9) 

38.7 (35.9 - 41.5) 

42.9 (40.1 - 45.7) 

12.7 (10.0 - 15.4) 

45.0 (42.2 - 47.9) 

33.5 (30.8 - 36.3) 

37.7 (35.0 - 40.4) 

14.5 (11.8 - 17.2) 

46.9 (44.3 - 49.5) 

35.4 (32.6 - 38.1) 

39.5 (36.8 - 42.3) 

9.3 (6.5 -12.1) 

41.7 (38.7 - 44.6) 

30.2 (27.4 - 33.0) 

34.4 (31.6 - 37.2) 



CONCLUSIONS 

Iron suppresses decay by brown-rot fungi on untreated wood. Its ability to enhance decay of 
CCA- and ACA-treated wood was not due to increasing leachability of the preservative. Further 
work will focus on the possibility of partial detoxification of CCA and A C A by iron. 
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Summarv 

Soil iron, mobilised under waterlogged conditions, has previously been shown to be 
associated with accelerated decay of treated ponderosa pine sapwood. The evidence 
points towards detoxification by iron of one or more preservative components. Research 
described in this paper demonstrated, using an A W P A E l O Standard soil-block test, that 
loadings of < 0.001 kg/m' iron increased the weight loss of ammoniacal arsenic-treated 
wood by a brown-rot fungus, Leucogyrophana pinastri (Giims and Weresub). The 
presence of iron did not significantly affect weight loss in ammoniacal copper- or 
ammoniacal copper arsenate-treated wood. This may however have been due to the 
lower level of iron uptake outlined in this experiment. 

Resume 

II a ete demontre que le fer pedologique, qui devient soluble lors d'engorgements, 
accelere la pourriture de I'aubier du pin ponderosa traite. Tout semble indiquer qu'il se 
produit une desintoxication par le fer d'une ou de plusieurs composantes des produits de 
preservation. L'etude decrite dans cet expose, menee a I'aide d'un essai sur sol standard 
A W P A ElO , prouve que le chargement de < 0.001 kg/m' de fer augmente la perte de 
poids du bois traite k I'arsenic ammoniacal par un champignon de carier brune, le 
Leucogyrophana pinastri (Ginns et Weresub). Le fer ne cause cependant pas de perte de 
poids notable du bois traite au cuivre ammoniacal ou a I'arseniate de cuivre ammoniacal. 

Introduction 

Previous research suggests (Ruddick and Morris, 1991; Morris and Ingram, 1991; 
Ruddick and Kundzewicz, 1992; Morris, Ingram and Gent, 1993) that iron moving into 
wood from soil under waterlogged conditions partially detoxifies chromated copper 
arsenate ( C C A ) and ammoniacal copper arsenate ( A C A ) wood preservatives. The work 
reported here was designed to determine which component or components of these 
preservatives were affected by iron. 

Mycological studies on failed ponderosa pine {Pinus ponderosa Laws.) field test stakes 
from Forintek's Westham Island test site in British Columbia (Setliff and Chung 1985, 
Morris and Parker 1987) revealed that a brown-rot fungus, a Leucogyrophana sp., was 
involved in the premature decay of stakes treated with C C A and A C A at preservative 
retentions which, at other test sites, provide adequate protection to the wood (Gutzmer 
1991). A further possible explanation for the premature failure was found when ferrous 
iron, up to 3 kg/m', was shown to migrate from soil into the outer 3 mm of treated wood 
at this site (Ruddick and Morris 1991). A number of possible roles for iron in 
accelerating decay of treated wood were identified and a research program was set up to 
investigate this phenomenon. 

Morris and Ingram (1991) showed that the unusually rapid decay rate at the Westham 
Island site was indeed linked with uptake of over 0.06 kg/m' iron from the soil and attack 



by a Leucogyrophana sp. Decay did not appear to be linked to enhanced leaching of 
preservative components. However, Ruddick (1992) demonstrated copper depletion 
from C C A treated wood exposed to saturated Westham Island soil in the laboratory. He 
suggested that the primary cause of premature failure in CCA-treated stakes at Westham 
Island is loss of copper from the treated wood. 

Morris (1992) proved that the performance of C C A and A C A was affected by iron, in 
the absence of any other soil component. He put iron into treated wood, exposed it to 
Leucogyrophana pinastri (Ginns and Weresub) - in an A W P A E l O (Amerian Wood 
Preservers' Association 1991) soil block test and demonstrated enhanced brown rot of 
C C A - and ACA-treated wood. The iron loadings used (0.05 to 0.15 kg/m') did not 
increase the decay in untreated wood; however, Paajanen (1993) has since shown that 
iron in building materials promotes decay of pine sapwood by Serpula lacrymans. 

Ruddick and Kundzewicz (1992) showed that soil iron was mobilised by bacteria but 
uptakes fi"om soil of around 1.0 kg/m' iron did not increase decay of untreated wood by 
either Postia placenta (Fr.) M . J. Lars et Lomb or Gloeophyllum trabeum (Pers. ex Fr) 
Murr. They concluded that the preservative needed to be present for accelerated decay 
to be observed. However, they also stated that "since only the mass loss after one time 
period was determined, any acceleration of the rate of decay during the early stages of 
fungal exposure would not be detected". The exposure period used was 12 weeks. 

Morris, Ingram and Gent (1993) exposed untreated ponderosa pine sapwood with iron at 
0;62 - 1.09 kg/m' to four brown-rot fungi for six weeks in an A W P A E l O soil block test. 
Again no increase in weight loss was observed suggesting that iron was interfering with 
the mechanism of preservative action rather than promoting the decay process. Analysis 
of leachates from earlier work (Morris, 1992) confirmed that iron did not displace copper 
or arsenic from treated wood. Results showed that the presence of iron reduced the 
leaching of arsenic (Morris, Ingram and Gent, 1993). Therefore partial detoxification of 
C C A or A C A seemed the most hkely explanation for the accelerated rate of decay. 
Research described in this paper was designed to determine whether iron detoxifies 
copper or arsenic or both. A C A was selected for the investigation in order to eliminate 
any effect from the fungitoxicity of chromium (CoUett 1987). 

Materials and Methods 

A total of 210 wood blocks (19 mm X 19 mm X 19 mm) were cut from defect-free 
ponderosa pine (Pinus ponderosa Laws.) sapwood and selected within a 0.4 g weight 
range. The blocks were numbered consecutively and divided into seven groups of 30 for 
pressure treatment to the following target retentions: 

0,0 kg m ' solvent (ammonium hydroxide) control 
2.5 kg m ' ammoniacal copper acetate 
5.0 kg m ' ammoniacal copper acetate 
2.5 kg m ' ammoniacal arsenic acid 
5.0 kg m ' ammoniacal arsenic acid 



2.5 kg m ' 50:50 (wt:wt) ammoniacal copper arsenate* 
5.0 kg m ' 50:50 (wt:wt) ammoniacal copper arsenate* 

* Made with copper acetate and arsenic acid 

Samples were pressure-treated using the following schedule: 15 minute vacuum, 30 
minute pressure (415 kPa). The blocks were weighed before and after treatment in 
order to obtain the retention by uptake. A l l the blocks were wrapped in plastic for 48 
hours and then air dried. The blocks were then pressure-treated with water using the 
same schedule. Each of the seven groups were divided into two sets of 15 blocks: one 
control set and one set for iron treatment via a modification of the method used by 
Morris (1992). Individual blocks from the first set were each placed in a shallow layer 
(12 ml) of distilled water. The blocks from the second set were similarly placed in a 
shallow layer of distilled water to which 0.02 g of iron filings had been added. The 
blocks were stored in the dark in plastic cups covered with parafilm. After 4 weeks, the 
blocks were air dried and conditioned to constant weight at 40° C in a forced-draught 
oven and weighed. 

Soil jars were prepared according to A W P A - E I O using horticultural soil at a moisture 
content of about 80% and ponderosa pine feeder strips. The jars were autoclaved at 104 
kPa and 121° C for 60 minutes with plastic hds. The plastic lids were replaced, after 
cooling, with autoclaved metal hds with a hole in the centre covered by a 25 mm 
diameter Metricel^ filter (pore size 0.2 microns). The feeder strips were inoculated at 
one end with a 6mm disc of agar cut from the mycelial edge of a colony of L . pinastri 
growing on 2% malt agar. The jars were incubated for four weeks at 25° C and 80% 
relative humidity before the wood blocks were added. 

From each set of 15 blocks, 10 replicates were selected with the narrowest possible 
weight range for planting in the soil jars. The remaining five blocks were retained for 
chemical analysis. The blocks were ground in a Wiley mill and analysed for copper, 
arsenic and iron using a Spectrace 5000 x-ray spectrometer with a computerised peak 
fitting procedure which corrects for matrk and inter-element effects. Background levels 
of iron were substracted fi-om the data. 

Each jar contained a block that had been soaked in distilled water and one that had been 
soaked in water containing iron. The jars were incubated at 25° C and 80% relative 
humidity for 12 weeks. A t the end of the incubation period, the blocks were removed 
from the jars, scraped clean of mycelium and weighed. They were then conditioned to 
constant weight at 40° C in a forced-draught oven and reweighed. The final moisture 
content and weight loss were calculated for each block. 

Results and Discussion 

Only in the case of the ammoniacal arsenic acid-treated blocks was there a significant 
increase in the weight loss of wood in the presence of iron (Table 1). From the data in 
Table 1 it can be calculated that iron increased the weight loss by 38% for 2.5 kg/m' 



arsenic, as arsenic pentoxide, and 59% for 5,0 kg/m' arsenic pentoxide. Iron did not 
affect the preservative efficacy of ammoniacal copper treatments. Both retentions (2.5 
and 5.0 kg/m') of ammoniacal copper and ammoniacal copper arsenate showed no 
weight loss with or without iron. As in previous work (Ruddick and Morris 1991, Morris 
1992, Ruddick and Kundzewicz 1992, Morris et al. 1993), there was no statistically 
significant increase in weight loss of untreated wood in the presence of iron. In one 
respect these results do not match those of a previous experiment (Morris 1992) where 
2.5 kg/m' of A C A yielded no weight loss in the absence of iron but a substantial weight 
loss in the presence of iron. The difference may be due to the lower amount of iron 
taken up by the wood using this method of exposure. In the experiment reported here 
the amount of soaking water was reduced to that just sufficient to wet the base of the 
block to minimise leaching of preservative components. This resulted in iron uptakes too 
close to the background level added during the grinding process to be detected by the x-
ray analysis method used here (Table 1). 

Although the effect of iron in enhancing decay of arsenic-treated wood was comparable 
to the effects previously demonstrated on CCA-and ACA-treated wood (Morris 1992), 
arsenic alone is not the ideal representation of arsenic in CCA-and ACA-treated wood. 
It is possible that "fixation" by copper or chromium may interfere with the effect of iron 
on arsenic. The importance of "fked" versus unfixed arsenic in protection of treated 
wood has not been extensively studied though Gray and Dickinson (1987) did show that 
"fixed" arsenic is important in the protection of wood from copper tolerant brown-rot 
fungi. 

Even without added iron, L . pinastri was capable of causing substantial weight loss in 
blocks treated with up to 5.0 kg/m' of arsenic pentoxide. This confirms the arsenic 
tolerance of this fungus found in previous work (Morris and Parker 1987). Further 
research is needed to determine whether the apparent detoxification effect applies to 
other wood-rotting fungi. 

It has been assumed here that the addition of iron to wood as ferrous ions from rusting 
iron filings will mimic the movement of ferrous ions mobilised under waterlogged 
conditions in soil. This needs to be confirmed by chemical methods. Nevertheless, it 
now appears that the unusually rapid decay rate of treated wood at Westham island may 
be due to a number of factors in combination. Those identified so far are: 

1. Iron detoxification of arsenic (demonstrated here for L . pinastri). 
2. Arsenic tolerance by L. pinastri (Morris and Parker 1987). 
3. Depletion of copper, possibly by bacterial action, (Ruddick 1993). 
4. Tunnelling bacteria in ACA-treated wood, (Morris and Ingram 1991). 

The practical implications of these findings need to be considered. These phenomena 
may occur singly or in limited combinations at other locations but the relatively few 
reports of C C A - or ACA-treated wood failing in service suggests that they are not often 
found all in one place. Where premature failure does occur in wet soils (Hedley and 
Drysdale 1986, Stephan and Peek 1992, Baecker 1993) the above Usted phenomena may 
prove to contribute to the problem. 



The results reported here are consistent with the known effects of iron salts in 
detoxifying soils and waste streams contaminated with arsenic (Thompson and Batjer 
1950, Krause and Ettel 1985, Pasek and Mclntyre 1993). The reduced leaching of 
arsenic from treated wood in the presence of iron (Morris et al 1993) may be due to the 
formation of insoluble iron arsenate or specific adsorbtion of arsenate by ferric oxides; 
however, further research is required to confirm this and to establish the mechanism of 
arsenic detoxification in treated wood. 

Conclusions 

The introduction of iron into ammoniacal arsenic acid-treated wood reduces the toxicity 
of arsenic to L . pinastri in a standard laboratory wood decay test 
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Weight loss of wood treated with copper and arsenic, singly, and in 
combination, with and without added iron, decayed by L . pinastri. 

weight loss % 

Preservative Retention 
kg/m' 

No Iron With Iron Iron Uptake 
kg/m' 

none 0.0 43.3 (13.4)* 52.5 (10.8) < 0.001 

ammoniacal copper acetate 2.5 1.0 (0.1) 1.1 (0.1) < 0.001 

ammoniacal copper acetate 5.0 1.2 (0.1) 1.2 (0.1) 0.009 

ammoniacal arsenic acid 2.5 23.9 (8.2) 39.4 (5.1) < 0.001 

ammoniacal arsenic acid 5.0 16.8 (6.6)** 26.6 (4.8) < 0.001 

ammoniacal copper arsenate** 2.5 1.1 (0.1) 1.2 (0.1) < 0.001 

ammoniacal copper arsenate*** 5.0 1.0 (0.1) 1.1 (0.1) < 0.001 

** 
*** 

Standard deviation in parentheses 
9 replicates only. One found to be heartwood. 
Made with copper acetate and arsenic acid 
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ABSTRACT 

The work described here was intended to investigate the aggressive nature of a 
horticultural soil and determine whether this was associated with iron availability. Soil 
iron has previously been found to be associated with poor performance of CCA-treated 
wood at Forintek's field test site. The effect of a limited range of soil variables on the 
uptake of iron into CCA-treated wood was therefore investigated. Soils from the 
Westham Island test site, from a vineyard experiencing premature decay of CCA-treated 
posts (GM) and from an adjacent vineyard with no reported problems (AS) were used in 
the experiment. In general, iron uptake was higher under wet and variable conditions 
than under variable or dry conditions or when sand had been added to improve drainage. 
Increasing the pH of Westham Island soil and increasing the sand content to match that 
of the AS soil iron uptake reduced iron uptake to the same level as AS soil. After six 
months exposure, iron uptake in the wet G M soil was only slightly less than in the wet 
Westham Island soil. These findings support the hypothesis that iron could be involved in 
premature failure at the G M vineyard just as it appears to be at the Westham Island test 
site. 

I^^^RODucTION 

Recently, premature failures of CCA-treated vineyard posts were reported from 
Penticton, B.C. (Morris 1994). Inspection of this vineyard seemed to indicate that soil 
variables could be the cause. The area where most of the premature failures had occured 
was next to a dirt service road. Sawdust and wood chips had been used on the road to 
keep down dust. The owner indicated that the area had been flooded by a broken water 
main a year before the first failures were reported. This area was also prone to periodic 
flooding during rain because a bordering road sloped towards the field. In contrast, a 
neighbouring vineyard with better drainage reported no problems of premature failure 
(Morris 1994). Differences between the vineyards were also noted in the level of soil 
amendment with organic matter. It was considered that this mature decay problem could 
have factors in common with the poor performance of CCA-treated wood at Forintek's 
Westham Island test site (Ruddick and Morris 1991). 

A n unusually high decay rate for CCA-treated wood found at the Westham Island field 
test site was linked to the presence of iron and waterlogged conditions (Ruddick and 
Morris 1991; Morris 1992; Morris 1993; Ruddick and Kundzewicz 1992). The poorly 
drained soil becomes suboxic or anaerobic, causing reduction of soil iron to ferrous forms 
(Fe^*) and movement of iron into wood. The iron detoxifies the arsenic component of 
C C A allowing a more rapid decay rate (Morris 1993). 

The introduction of the hazard class system into North American standards will lead to 
the need for improved information on the effect of abiotic factors on the durability of 
wood products. Two ground-contact hazard classes are defined: H4 for ground-contact 
under normal conditions and H5 for ground-contact with a severe decay hazard or where 
an extended service life is required (Hedley 1990). The severe decay hazard aspect is 
based on experierice in New Zealand where CCA-treated posts failed prematurely in 
horticultural soils (Hedley and Drysdale 1985). However, the effect of soil on the 



performance of treated wood has been little studied in North America. 

This study was designed to reproduce the variation in soil and drainage conditions found 
in the two vineyards and at Westham Island, in an attempt to determine whether soil 
properties and soil moisture content are critical factors in causing the premature failure 
of horticultural posts. Addition of organic matter was not considered here. 

MATERIALS AND METHODS 

The soils were collected from the Forintek test site at Westham Island and from two 
vineyards located on a hillside near Penticton, B.C. The vineyards were located next to 
each other but had reported different rates of decay for CCA-treated wood posts. Soil 
from the vineyard where premature failure was reported was labelled G M , and soil 
collected from the vineyard with no reported decay was labelled AS. Westham Island soil 
was used because it has been observed that in this soil CCA-treated wood takes up iron 
and decays at an unusually rapid rate. The soils were analysed for pH, sand, silt and clay 
composition, organic matter, iron, copper, salts and for water holding capacity (whc) 
following the AWPA-EIO method (American Wood Preservers' Association 1991). 

As a result of these soil analyses, the following experiment was designed. To examine the 
effect of pH, half of the Westham Island soil was adjusted to pH 7 using calcium 
hydroxide. The drainage was addressed by adjusting one sample of each of the G M and 
Westham Island soils to about 33% sand, similar to the sand content of the AS soil. The 
effect of flooding was tested by varying the moisture content of the soils between dry 
(80% whc) and saturated. Soil of the specified type was modified as outlined below and 
then placed in large plastic containers with drainage holes. This approach resulted in the 
following soil conditions: 

Westham Island soil kept at around 100% whc (wet) 
Westham Island soil saturated, allowed to dry to 80% whc, saturated. 
etc. (variable) 
Westham Island soil adjusted to 33% sand content, saturated, allowed to dry, 
saturated. etc.(variable/sand) 
Westham Island soil kept at 80% whc (dry) 

Westham Island soil pH 7 kept at around 100% whc (wet) 
Westham Island soil pH 7 saturated, allowed to dry to 80% whc, saturated. 
etc.(variable) 
Westham Island soil pH 7 adjusted to 33% sand content, saturated, allowed to 
dry, saturated. etc.(variable/sand) 

Westham Island soU pH adjusted to 7 with Ca(OH)2 kept at 80% whc (dry) 

G M soil kept at around 100% whc (wet) 
G M soil saturated, allowed to dry to 80% whc, saturated etc. (variable) 
G M soil adjusted to 33% sand content, saturated, allowed to dry, saturated, etc. 
(sand/variable) 



AS soil with no drainage holes in container (waterlogged) 
AS soil kept at around 100% whc (wet) 
AS soil saturated, allowed to dry to 80% whc, saturated, etc. (variable) 
AS soil kept at 80% whc (dry) 

There was insufficient G M soil to run all variables so the GM-dry was omitted. 

Two hundred 52.0 x 5.0 x 2.5 cm ponderosa pine (Pinus ponderosa Laws.) sapwood stakes 
were cut from defect-free kiln-dried wood following l U F R O standard methods (Becker 
1972). These stakes were pressure treated to a target retention of 6.4 kg/m' with a 
chromated copper arsenate (CCA) type C solution. The stakes were stored wet for 48 
hours to allow fixation of the preservative in the wood and air dried for 2.5 weeks. These 
stakes were then cut into 400 23 cm daughter stakes, with the central 6 cm portion being 
used for analysis of the C C A content. Analysis involved grinding samples to 40 mesh 
sawdust in a Wiley mill, mixing 0.4 g of ground sample with 0.1 g of cellulose powder, 
pressing the mixture into a pellet and analyzing the pellet by energy dispersive x-ray 
florescence (XRF) spectroscopy, with correction for inter-element and matrix effects. 
From the results of this analysis, the 320 stakes with the narrowest retention range were 
selected. The cut ends of the stakes were treated with two coats of copper naphthenate 
(2% copper) and dried before planting. Twenty of the CCA-treated stakes were then 
selected at random and buried to half their depth, with 70 mm between faces, in each 
container. 

A l l containers were stored at 26° C and 80% relative humidity in a soil-bed test facility 
(Morris, Parker and Smith 1987). After three months and six months of incubation, five 
stakes from each container were removed for analysis. The degree of iron migration into 
the stakes was examined by analysis of the iron content of 1 cm sections taken from the 
ground line and 1 cm from the bottom of each stake. Samples were analyzed by energy-
dispersive X R F spectroscopy following the procedure outlined above. One set of five 
stakes in each container was used for monitoring decay, by removal and gentle probing 
for areas of softness, at three-month intervals. 

RESULTS AND DISCUSSION 

Soil Analysis 

The two vineyard soils were somewhat similar to Westham Island soil in their makeup. 
The AS soil did have higher sand contents in two of the four locations where samples 
were taken. One of the primary differences between the soils was their pH, with the pH 
of Westham Island soil being significantly lower than the other soils (Table 1). This low 
pH would be expected to produce an environment more conducive to iron mobilization, 
through its effect on the solubility of iron oxides in the soil and also through ionization of 
organic acids present increasing their solubilizing effect (Stevenson 1967). The amounts 
of total iron in the three soils were remarkably similar at between 4 and 5% of soil mass 
(Table 1). The amount of "available" iron in the soils showed marked differences. As 
expected, Westham Island soil had the highest level of "available" iron. The high level of 
"available" iron in the AS soil and the low level in the G M soil did not correlate with the 



decay found extensively in the G M soil with little found in AS soil (Morris 1994). 
However, the laboratory test for iron availability may not accurately simulate conditions in 
the field. 

Uptake of Iron 

Stakes in Westham Island soil commonly had the highest iron uptake followed by those in 
G M then AS soil (Table 2). In some cases there was a moderate increase in uptake of 
iron with time. In general, iron mobility decreased in the order wet > variable > dry. 
These results tend to confirm the theory that continuously wet conditions promote iron 
availability. However, dry Westham Island soil, with and without pH adjustment, gave 
higher iron uptake than the 33% sand-amended soil with variable moisture content. 
Presumably this was due to the sand amendment reducing the proportion of iron-
containing soil by 33%. 

Iron uptake in the wet G M soil was only slightly less than in wet Westham island soil. 
Iron uptakes were within the range which has previously been shown to detoxify the 
arsenic in CCA-treated wood (Morris 1992, 1993). This finding supported the implication 
of iron in the premature decay occurring in G M soil. Under variable moisture conditions 
both the G M and AS soils had much lower iron uptake than Westham Island soil. 
Apparently both of these soils need to remain wet longer in order to create the conditions 
necessary for iron mobility. 

Wet AS soil only showed as much iron uptake as dry Westham Island soil. This finding 
fits in with the negligible problems with decay of posts in the AS vineyard, although iron 
contents in posts in service were similar in the AS and G M vineyards (Morris 1994). In 
the waterlogged AS soil, iron uptake was less than in the wet soil. This was somewhat 
unexpected but it may be related to the need for activity of aerobic organisms to reduce 
oxygen tension and increase electron density leading to the following reaction: Fe'+ + 
Fe2+ (Lindsay 1988). This process would be accelerated by the addition of organic matter 
to the soil stimulating microbial growth. 

Changing the pH of the Westham Island soil did not appear to affect iron mobility except 
in the sand-amended soil. Making the Westham Island soil as close as possible in its 
properties to the AS soil did result in comparable, lower iron uptakes. It is possible that 
the raised pH in combination with the improved aeration provided by the sand were 
sufficient to create oxidising rather than reducing conditions. This confirms that soil 
properties are critical in determining the propensity for iron uptake mto wood. 

Decay 

The stakes which have been monitored for decay and rated on the l U F R O scale showed 
no signs of decay after one year. This was not unexpected since, in previous experiments 
in a soil bed, ponderosa pine stakes treated to 7.4 kg/m' C C A showed no signs of decay 
up to the three year inspection (Morris and Ingram 1989). 



CONCLUSIONS 

Soil properties are major controlling factors in the uptake of iron by CCA-treated wood 
in ground-contact. The findings reported here support the hypothesis that iron uptake is 
a factor in premature failure of CCA-treated vineyard posts under certain conditions. 
Further work needs to be done on the effect on iron uptake of amending the soil with 
organic matter such as wood chips. 
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Table 1 

Results of Analyses of G M , AS and Westham Island Soils 

Soil G M 
AS Westham Soil G M 

1 2 3 4 Island 

pH 7.7 7.5 7.9 9.2 7.3 4.4 

% sand 5.8 38.7 2.9 13.2 42.0 11.1 

% silt 79.1 52.3 81.1 44.0 49.6 65.9 

% clay 15.1 9.0 16.0 42.8 8.4 23.0 

salts (mmhos/cm) 0.82 0.62 0.82 0.44 0.58 3.2 

% organic matter 4.1 1.8* 4.6 

available Cu (ppm) 0.1 3.3* 8.3 

available Fe (ppm) 0.5 10* 210 

Total Fe (ppm) 43200 4000 47400 

The % organic matter, Cu and Fe measurements were done on a composite of AS soil. 



Average Iron Concentrations Attained in Samples From the Groundline and the Bottom of 
Stakes Exposed to the Specified Soil, With the Designated Amendment and the Indicated 
Drainage Conditions. 

Average iron content of sample kg/m' (Std. dev.) 
Soil, amendments and 
conditions 3 month exposure 6 month exposure 

groundline bottom groundline bottom 

Westham Island soil - 0.03 0.04 0.06 0.12 
wet (0.01) (0.01) (0.01) (0.04) 

Westham Island soil - 0.04 0.12 0.03 0.13 
variable (0.02) (0.03) (0.01) (0.02) 

Westham Island soil - 0.06 0.08 0.08 0.08 
variable/sand (0.02) (0.01) (0.04) (0.02) 

Westham Island soil - 0.01 0.06 0.03 0.09 
dry (0.01) (0.02) (0.01) (0.02) 

Westham Island soil 0.05 0.12 0.05 0.12 
pH 7 - wet (0.01) (0.02) (0.02) (0.03) 

Westham Island soil 0.04 0.07 0.03 0.10 
pH 7 - variable (0.02) (0.02) (0.01) (0.03) 

Westham Island soil 0.01 0.02 0.01 0.03 
pH 7-variable/sand (0.01) (0.01) (0.01) (0.01) 

Westham Island soil 0.02 0.05 0.04 0.06 
pH 7 - dry (0.01) (0.01) (0.02) (0.02) 

As soil - waterlogged 0.01 0.05 0.01 0.03 
(0.00) (0.02) (0.00) (0.01) 

AS soil - wet 0.01 0.06 0.01 0.09 
(0.00) (0.00) (0.00) (0.02) 

AS soil - variable 0.02 0.03 0.01 0.02 
(0.01) (0.01) (0.01) (0.01) 

AS soil - dry 0.01 0.02 0.01 0.03 
(0.00) (0.01) (0.00) (0.02) 

G M soil - wet 0.03 0.06 0.04 0.10 
(0.01) (0.02) (0.01) (0.02) 

G M soil - variable 0.02 0.02 0.02 0.02 
(0.01) (0.01) (0.01) (0.01) 

G M soil - variable/sand 0.03 0.04 0.02 0.03 
(0.01) (0.02) (0.00) (0.01) 
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Abstract 

This work is part of an investigation into the effect of soU properties on the unusually rapid 
decay at the Westham Island, B.C. test site. For comparison purposes other isolated incidents of 
premature failure of CCA-treated wood are of interest. One such case was brought to our 
attention in a vineyard in the Okanagan region of British Columbia. Investigation of this 
phenomenon revealed that the problem was localised in an area where wood chips had been laid 
down on a dirt road and occasional flooding had occurred. The posts were, in the main, well 
treated but were failing due to brown rot within five to eight years. Some posts had high 
loadings of iron which has previously been shown to detoxify the arsenic component of wood 
preservatives. Laboratory studies showed that wood chips and waterlogging could create the 
conditions necessary for uptake of iron into wood. The evidence points towards iron uptake as a 
possible cause of premature failure in horticultural posts. Since horticultural operations tend to 
maintain wet soil conditions and apply organic soil amendments, it is recommended that, as in 
New Zealand, horticultural posts in North America be put into H5 (ground contact high decay 
hazard) rather than H4 (ground contact). 

Introduction 

An unusual case of premature failure of chromated-copper-arsenate-treated vineyard posts in the 
Okanagan region of British Columbia is of interest for a number of reasons. First it could be 
relevant to the investigation of poor performance of CCA-treated wood at Forintek's field test 
site on Westham Island, B.C. (Ruddick and Morris 1991; Morris and Ingram 1991). One 
common factor at these two locations was uptake of iron firom the soU. Samples of failed posts 
fi-om the vineyard, supplied by Hickson Building Products, were found to contain elevated iron 
levels. Ruddick and Morris (1991) showed that iron moved into wood fi-om soil at the Westham 
Island site and Morris (1993) showed that iron detoxifies the arsenic component of copper- and 
arsenic-based preservatives. 

Second this case could be related to other instances of premature failure of CCA-treated 
horticultural posts in New Zealand (Hedley and Drysdale 1986, Wakeling and Singh 1993), 
Germany (Stephan and Peek 1992) and South Africa (Baecker 1993). 

Finally, work on the influence of soil on durability of treated wood has implications for the 
introduction of standards based on a hazard class system. The use category (hazard class) system 
being proposed for North American wood preservation standards is based on the Australasian 



model (Hedley 1990). It recognises two levels of decay hazard in ground contact (H4 and H5) 
based, in part, on soil conditions. In contrast the European model recognises only one ground 
contact decay hazard (Bravery 1991). A case for two ground contact hazards can be made based 
on the industry response to premature failure of CCA-treated wood in horticultural soils in New 
Zealand (Hedley and Drysdale 1986). Rather than being perceived as a failure of the 
preservative, this was shown to be a lack of understanding of the severity of the decay hazard. 
Posts in horticultural uses were, therefore, moved from H4 (ground contact) to H5 (ground 
contact with high decay hazard or extended service life required). Nevertheless, there is no 
means for specifiers to identify soil conditions justifying H5 designation, other than horticultural 
soils. Studying the specific conditions leading to premature failure of CCA-treated wood under 
unusual conditions may allow aggressive soils to be more easily identified. 

A visit was, therefore, made to the vineyard in question, here called the G M vineyard, in 
September 1992 to obtain samples of wood for analysis and soil for further experimentation. A n 
adjacent vineyard, here called the AS vineyard, which has similar posts but had not reported 
decay problems, was also visited. An investigation of the impact of soil properties on uptake of 
iron into treated wood, using soil from these sites, was reported by Morris and Ingram (1994). 
They showed that soil moisture was an important factor, however, futher work was required on 
the effect of organic soil amendments. 

Materials and Methods 

Soil and wood samples were taken fi-om both the G M vineyard and the AS vineyard next door 
where no decay problems have been reported. 

In order to determine whether the premature failure was linked to a treatment problem, ten G M 
posts which had early to advanced decay were sampled above ground using a 13 mm plug cutter 
to a depth of at least 16mm. To determine uptake of iron fi-om the soil, a total of 20 sound 
posts in the area where posts had decayed were sampled at a position between 100 and 200 mm 
below ground on the south side of the post. A composite soil sample was collected firom the 
excavations around each post. To determine whether the quality of preservative treatment or the 
iron content of posts differed between the G M and AS vineyard, 20 sound posts from the AS 
vineyard were sampled below ground. Since the soil type was known to be more variable in the 
AS vineyard, five posts were sampled fi-om each of four areas. Soil samples were also taken 
from each of the four areas by removing soil firom the excavation around each post. 

Analysis of the wood samples for chromated copper arsenate (CCA) and iron was done using an 
X-ray spectrometer on plug samples cut to 16 mm length. The standard CSA O80.5 specifies a 
19 mm analysis zone for posts with sapwood faces but the smaller analysis zone was selected for 
comparison with lumber exposed at other sites, particularly Forintek's test site at Westham 
Island, B.C. Furthermore, the standard requires that any borings containing less than 0.75 inch 
of sapwood be discarded. No borings were discarded to avoid biasing the results of the iron 
analysis towards well-treated posts. 

Three decayed posts were taken back to Forintek and sectioned at 50 mm intervals for a detailed 
examination of the pattern of decay. Samples from these posts and from three post sections 
previously supplied by Hicksons were also analyzed for C C A and iron. Analysis of soil was done 
by Pacific Soil Analysis Inc. 



In order to investigate the effect of organic amendment on iron availability a small laboratory 
experiment was set up exposing wood to waterlogged soil with various organic amendments. Soil 
from the AS vineyard was used together with a forest soil (a ferro-humic podzol) from the 
University of British Columbia campus. Aspen (Populus tremuloides Michx.) wood chips were cut 
with a planer from defect-free lumber. Aspen was selected as a rapidly degradable wood. 
Composted material was collected from a household compost heap and was composed of various 
types of plant material at diverse stages of decomposition. Sphagnum peat was purchased at a 
local garden supplier. Leaf litter, a sample of the upper 3-7 cm of ground cover, was collected 
from a pioneer deciduous forest (on the U B C campus). Styrofoam packing material was ground, 
using a Thomas mill, to a size approximating the size of the forest soil particles. This material 
was used as an inert control. A 750 ml aliquot of either AS soil or forest soil was thoroughly 
mixed with 750 ml of each amendment (wood chips, compost, peat, leaf litter and filler). This 
mixture was then transferred into a fiinnel apparatus which contained a Whatman® GF-D glass 
microfiber filter across the bottom opening. The opening was plugged with a rubber stopper. 
Five ponderosa pine {Pinus ponderosa Laws) sapwood stakes, 150 mm x 10 mm x 5 mm, cut from 
defect-free lumber, were buried to half their length in the soil amendment mixture. Finally, 500 
ml of distilled water was added to each soil mixture. Leachate samples were collected, by 
removing the rubber stopper and allowing the leachate to drip through into a beaker, at time 
intervals of 1 and 4 weeks. Once the sample had been collected, and leachate had stopped 
dripping from the funnel (sample volume -200 ml), 250 ml of distilled water was added to the 
soil mixture. After the 4 week samples were collected, the stakes were removed from the soil, 
cut in half and each half was analyzed for iron using X-ray fluorescence spectroscopy. The 
leachate samples were analyzed for iron by inductively coupled plasma spectroscopy by Cantest 
Ltd. (Vancouver, B.C.). 

Results and Discussion 

General Observations 

Both vineyards are situated on top of a silt bank of the type that lines the side of the Okanagan 
Valley. Tlie pH of the soil at both sites is neutral to alkaline (up to pH 9). Precipitation in this 
area is very low and mostly falls as snow in winter. Thawing after a heavy snowfall creates very 
wet conditions perhaps once or twice in ten years. 

The G M vineyard site is on a terrace which has been levelled by cutting and filling the slope and 
filling a depression. In consequence much of the site consists of subsoil although some topsoil 
has been mixed in. In contrast the AS vineyard is situated on a natural slope which was 
previously an orchard. The topsoil may therefore be still in place however, the soil type is more 
variable. 

The G M vineyard rotovates in compostable materials between the rows whereas the AS vineyard 
has grassed paths between the rows. The G M vineyard uses a trickle irrigation system from a 
main running alongside the service road, whereas the AS vineyard has a sprinkler irrigation 
system. The G M posts were installed in two phases; the majority in 1982/83 and a further group 
in 1987. The first failures were recorded after eight years in the first group and five years in the 
second group. The AS posts were installed in 1984 or 1985. No decay has been reported up to 
1992. The AS vineyard occasionally reports iron deficiency in their vines after a cold spring. 



The problem in the G M vineyard has been made more acute by its localisation at the end-posts 
which take much of the load. Particular characteristics of the area of the G M vin^ard where 
the most serious decay has occurred include: proximity to a dirt service road around the field and 
to the municipal road, proximity to the water mam, and a high organic matter. This last 
characteristic was due to the use of sawdust and wood chips to reduce dust on the dirt road. 
There is also a history of occasional flooding, once due to a broken water main. This area also 
used to be flooded, on occasion, by runoff from the municipal road. A drainage ditch installed in 
1990 has alleviated this problem. The subsoil is very compact and might be expected to impede 
drainage. The owner of the vineyard also claimed to have counteracted the effect of a high soil 
pH, otherwise unsuitable for vines, by h'beral use of irrigation. This could work by flushing bases 
out of the soil. 

Chemical Analysis of Decayed G M Posts 

Although the quality of treatment cannot be compared directly to the CSA O80.5 standard, the 
decayed posts were generally well treated. Full sapwood penetration appeared to have been 
obtained in virtually all cases. The mean retention was 7.8 kg/m' (Table 1) in a 16 mm assay 
zone (this would be a minimum of 6.6 kg/m' in a 19 mm assay zone if all the posts were treated 
to 16 mm or less). No iron was found in the above ground samples. Background levels of iron 
have been subtracted from the data presented in Tables 1, 2 and 3. 

Table 1 

Above Ground CCA and Iron Content of Rotted Posts From G M Mneyard. 

C C A Relative % Fe 
Post# Retention 

kg/m'* Cr Cu As Content 
kg/m' 

21-1 9.5 48 19 34 0.00 

22-1 12.7 47 19 35 0.00 

36-1 1.7 49 18 34 0.00 

38-1 8.1 49 17 34 0.00 

39-1 8.2 48 17 35 0.00 

43-1 12.1 48 18 34 0.00 

44-1 10.9 47 19 35 0.00 

47-1 4.7 48 17 34 0.00 

50-1 6.6 49 17 33 0.00 

55-1 6.7 44 19 36 0.00 

55-2 5.0 48 18 34 0.00 

Mean 7.8 48 18 34 0.00 

in 16 mm assay zone 



Below Ground Content of CCA and Iron in Sound Posts From G M Mneyard 

C C A Relative % Fe 
Post # Retention Content 

kg/m' Cr Cu As kg/m' 

3-2 8.2 49 17 33 0.00 

6-2 5.1 50 17 32 0.00 

7-1 4.8 48 19 34 0.00 

9-2 4.7 48 18 34 0.00 

10-1 8.9 46 18 36 0.00 

13-1 8.0 48 16 36 0.31 

21-1 5.1 51 16 33 0.00 

22-2 7.7 48 19 33 0.00 

30-1 3.7 50 17 33 0.00 

35-1 6.6 47 19 34 0.06 

38-2 9.2 49 18 33 0.00 

39-2 6.3 46 19 35 0.00 

41-1 3.3 52 17 31 0.00 

43-2 14.3 48 18 34 0.00 

44-2 13.8 48 18 34 0.00 

45-1 5.2 50 18 31 0.00 

46-1 7.7 49 17 34 0.00 

48-2 6.3 48 17 36 0.12 

51-2 5.0 49 16 34 0.07 

52-2 6.3 50 17 33 0.00 



Below Ground Content of CCA and Iron in Sound Posts From AS Vineyard 

Post# 
C C A 

Retention 
kg/m'* Cr 

Relative % 

Cu As 

Fe 

Content 
kg/m' 

1-1 8.3 47 18 34 0.00 
1-2 8.7 50 18 32 0.04 

1-3 8.7 47 18 36 0.00 
1-4 9.2 47 17 35 0.00 

1-5 7.4 47 18 35 0.05 

2-1 1.4 33 ** 57 ** 9 ** 0.09 

2-2 8.8 49 18 33 0.00 

2-3 8.2 50 17 34 0.00 

2-4 9.6 48 18 34 0.00 

2-5 9.2 48 17 36 0.06 

3-1 8.9 51 18 31 0.00 

3-2 7.6 48 18 34 0.00 

3-3 9.2 49 17 34 0.00 

3-4 15.2 49 18 33 0.00 

3-5 9.9 47 19 34 0.04 

4-1 5.4 48 18 35 0.00 

4-2 4.7 50 16 35 0.00 

4-3 13.5 50 16 34 0.00 

4-4 8.3 47 17 36 0.00 

4-5 7.3 47 18 35 0.00 

Mean 8.3 48.5 17.5 34.0 0.01 

* 16 mm assay zone 
Anomalous data excluded from mean 



Chemical Analysis of Sound Posts 

As with the decayed posts, the sound G M posts were generally well treated with a mean 
retention of 7.0 kg/m' in a 16 mm assay zone (Table 2) and fuU sapwood penetration. There was 
no major imbalance in the residual C C A indicative of depletion. High iron contents (over 0.04 
kg/m'), comparable to posts from Westham Island, were found in only four posts. One of these 
had a very high iron content (0.37 kg/m'). 

The sound AS posts were also generally weU treated with a mean retention of 8.3 kg/m' (Table 
3) and full sapwood penetration. Again there was no major C C A imbalance except for one 
anomalous analytical result in a post with a low retention due to thin sapwood. High iron 
contents were found in five posts. Three of the twenty posts were not in fact sound; one post (2-
2) had moderate brown-rot attack and two had surface softening suggestive of early stages of 
soft-rot. The post with brown rot was supporting a sprinkler head and might therefore receive 
more water than others. It also had a 50 mm thick layer of organic matter in the soil adjacent to 
the decayed zone. Only one of these three had high iron content (post 1-5) but the location 
sampled in each case was in sound wood to avoid the efiiect of decay on wood density and thus 
on the analysis results. It is possible that iron input into the wood is restricted to certain 
locations in each post. This could be caused by pockets of suitable soil conditions. In general 
there was no substantial difference in iron content between AS posts and G M posts. 

Detailed Examination of E)ecayed Posts , 

Two of the three posts removed by Forintek had full sapwood penetration and checks 
penetrating the heartwood were also treated. One post had a band of untreated sapwood. The 
untreated heartwood in these three posts had advanced brown rot firom the groundline to the 
bottom of the post. There was also brown rot evident in the irmer treated sapwood of all three 
posts and on the surface of two of them. One of these posts had a very thin sapwood with a 
minimum of 3 mm and the decay fungus appeared to have penetrated through the treated 
sapwood at this point. One of the posts had incomplete sapwood penetration (10 mm) and again 
the decay fungus appeared to have attacked from the surface then spread rapidly through the 
untreated sapwood and heartwood once it had penetrated the treated sapwood. The third post 
had a wide sapwood which was fully treated yet the whole cross section had been destroyed by 
brown-rot at the groundline. A l l three posts had background levels of iron in the sound wood 
sampled; in two cases just above groundline and in the third at the base of the post. 

A l l three of the post sections supplied by Hickson Building Products had incomplete sapwood 
penetration. One was severely decayed by brown-rot fungi, the other two by soft-rot fungi. One 
of these two was severely attacked, the other less so, having advanced decay only on the surface. 
The two post sections with severe decay (one brown-rot, one soft rot) had high iron contents. 
The one with surface decay had a high iron content only in the outer 3 mm. What was surprising 
in all these posts was not the decay of the untreated sapwood and heartwood but the amount of 
damage to the treated sapwood. Furthermore, in most cases the checks were well treated thus 
eliminating them as a route of access to untreated wood. 

The pattern of decay found in all the posts suggested the following sequence: 

1] surface attack of treated wood 
2] breakthrough into untreated sapwood or heartwood 
3] rapid decay of untreated sapwood and heartwood 



4] slower decay of treated sapwood 
5] post failure. 

This sequence would obviously proceed more rapidly in posts with a thin treated sapwood and 
most rapidly in posts with some untreated sapwood. 

Soil Analysis 

The four areas of the AS vineyard varied widely in soil type (Table 4). Most were much sandier 
and therefore probably better drained than G M , but one area, #2, had a very similar analysis to 
the area of the G M vineyard where premature decay had occurred. Interestingly, this was the 
area where the one post was found with moderate brown-rot (post 2-2). The similarities between 
these areas were in their high conductivity, high exchangeable calcium and magnesium and high 
silt content. Westham Island soil also has a high silt content which contributes to the poor 
drainage, iron availability and rapid decay. 

In contrast to our expectations, the AS soil had a higher available iron content (under laboratory 
conditions) than the G M soil, but the availability of the iron in the field could be increased by 
periods under waterlogged conditions (Lindsay 1988). 

Effect of Organic Amendment 

In the laboratory, the addition of organic amendments, particularly wood chips, increased the 
amount of iron leached from both forest soil and AS soil (Table 5), however the effect was most 
pronounced with the forest soil. The forest soil also had a higher baseline for iron availability. 
The amount of iron leached from forest soil with filler after four weeks was approximately ten 
times the level provided by the AS soil plus filler. These differences are probably due to the very 
different characteristics of the two soils. 

The increased availability of iron in organic-amended waterlogged soils is a well documented 
phenomenon (Lindsay 1988). It is caused by increased biological activity lowering the oxygen 
content creating reducing conditions. Insoluble amorphous ferric oxides and minerals are 
reduced to ferrous iron which is mobile in soil solution. The higher pH of the AS soil (around 8-
9) may have acted to limit this effect. 

Chelation of ferric iron by organic acids released from decomposing material may also play a role 
in making soil iron available to the wood (Hurst and Burgess 1967; Stevenson 1967; Goodman 
1988). The lower p H of the forest soil would have led to increased ionisation of organic acids 
and increased chelation of iron (Stevenson 1967). Organisms capable of decomposing wood 
chips may be more prevalent in the forest soil than the AS soil. 

Of the organic amendments, the wood chips had the largest effect on iron availability, particularly 
in the forest soil. Wood chips caused an increased iron avaUability in the AS soil after one week, 
but the compost had the highest availability after four weeks. 

The uptake of iron into the stakes in the forest soil was highest with added wood chips (Table 6), 
as expected from the iron concentrations in the leachates (Table 5). In the AS soil there was 
little difference between iron uptakes in organic-amended and filler-amended soil despite 
differences in iron content of the leachate. As with the samples from the vineyard posts, the iron 
uptake was highly variable ranging from 0.05 to 0.21 kg/m' in the AS soil with wood chips. This 



Analyses of G M , AS and Westham Island Soils 

SoU G M 
AS Westham SoU G M 

1 2 3 4 Island 

pH 7.7 7.5 7.9 9.2 7.3 4.4 

% sand 5.8 38.7 2.9 13.2 42.0 11.1 

% sUt 79.1 52.3 81.1 44.0 49.6 65.9 

% clay 15.1 9.0 16.0 42.8 8.4 23.0 

salts (mmhos/cm) 0.82 0.62 0.82 0.44 0.58 3.2 

% organic matter 4.1 1.8* 1.8 1.8 1.8 4.6 

available Cu (ppm) 0.1 3.3* 3.3 3.3 3.3 8.3 

available Fe (ppm) 0.5 10* 10 10 10 210 

Total Fe (ppm) 43200 4000* 4000 4000 4000 47400 

The % O.M. and Cu and Fe measurements were done on a composite of AS soil. 

Table 5 

Iron Concentrations in Leachates from Soils with Organic Amendments 

Amendment 
Leachate Iron Concentration (mg/1) 

Forest Soil AS Soil 

1 week 4 weeks 1 week 4 weeks 

filler 

compost 

wood chips 

leaf litter 

peat 

0.26 

0.18 

6.81 

0.36 

0.29 

0.45 

11.3 

103 

2.77 

10.3 J 

0.06 

< 0.03 

3.82 

0.09 

0.10 

0.04 

3.17 

1.97 

1.38 

0.43 



Average Iron Concentrations in Stakes Buried in Waterlogged 
Soil Plus Oi^ganic Amendments for 4 Weeks 

Amendment 

Average Iron Concentration kg/m' (with Standard Deviation) 

Forest Soil 

top bottom 

AS Soil 

top bottom 

filler 

compost 

wood chips 

leaf litter 

peat 

0.03 (0.008) 

0.02 (0.006) 

0.06 (0.022) 

0.02 (0.004) 

0.01 (0.005) 

0.12 (0.008) 

0.08 (0.009) 

0.23 (0.021) 

0.10 (0.010) 

0.08 (0.016) 

0.06 (0.005) 

0.05 (0.008) 

0.04 (0.009) 

0.06 (0.023) 

0.06 (0.009) 

0.09 (0.018) 

0.06 (0.006) 

0.10 (0.064) 

0.11 (0.031) 

0.10 (0.021) 

may be due to uneven distribution of wood chips and a tendency for available iron to be made 
unavailable by further reactions with soil components. 

Premature failure of CCA-treated posts has previously been reported from a vineyard in New 
Zealand where the soil also had a high content of decaying wood (Wakeling and Singh 1993). 

Examination of this material for elevated iron loadings has not been reported. Premature failure 
was ascribed to a high inoculum potential of wood-rotting basidiomycetes. This could also be 
true in the case of the G M vineyard but there was no sign of surface mycelium on the posts or 
on the wood chips. Furthermore, retentions of 6.4 kg/m' C C A are normally resistant to decay 
even where there is a high inoculum potential of copper-tolerant wood-rotting basidiomycetes 
such as in soil-block tests (Anderson et al 1993). 

This experiment has shown that wood chips, combined with waterlogged conditions could lead to 
mobilisation of soil iron. Previous work (Morris 1993) has demonstrated that this can lead to 
detoxification of arsenic and decay of wood treated to otherwise effective retentions. 

General Discussion 

This study has produced considerable evidence pointing towards the combination of waterlogging 
plus organic soil amendments as the cause of iron availability leading to premature failure in 
CCA-treated vineyard posts. 

Premature failure of CCA-treated horticultural posts in wet soils has been reported from 
locations as diverse as New Zealand (Hedley and Drysdale 1986), Germany (Stephan and Peek 
1992) and South Africa (Baecker 1993). Continuously wet conditions and annual organic 
amendment of the soil are features of most horticultural operations. Although the Okanagan is 



considered a very dry region, waterlogging can occur in the vineyards under localised and 
occasional conditions of flooding or through irrigation plus poor dramage. The presence of local 
pockets of decomposing organic matter could also influence iron availability by promoting oxygen 
depletion or releasing organic acids. Certainly the problem of premature faUure of CCA-treated 
posts under horticultural conditions does occur in Canada. 

The New Zealand Timber Preservation Council raised the hazard class designation of 
horticulture posts &om H4 to HS. Canada has the option to do the same within the existing 
format of the Canadian standards. Posts carrying the load of vines, soft fruit, hops, etc., could be 
regarded as structural elements. The CSA O80.5 standard states that posts 3.3 m to 4.5 m in 
length used for structures other than fences should have the same retention and assay zone as 
poles: 9.6 kg/m' (CSA O80.4). 

Three pieces of evidence suggest that a retention of around 9.6 kg/m' will provide adequate 
protection: 

1) Stakes at Westham Island treated to 10 kg/m' have been performing relatively well over 
13 years (Morris and Ingram 1991). 

2) Hem-fir nominal 4 x 4 inch posts with 10 kg/m' C C A in the outer 5 mm have been 
performing surprisingly well at Westham Island over 10 years (Morris and Doyle 1992). 

3) Wood blocks treated to 10 kg/m' C C A were not attacked by a copper-tolerant brown-rot 
fungus even with loadings of iron in the region of 0.2 kg/m' (Morris 1992). 

An alternative approach would be to keep the preservative retention the same and shrink-wrap 
the part of the post in contact with the ground in an impermeable film to prevent exchange of 
moisture with the soU as proposed by Baecker (1993). This would have the secondary beneficial 
efiiect of reducing any potential for leaching of preservative into the soil. 

Conclusions 

Circumstantial evidence points towards waterlogged conditions and organic soil amendment as 
the cause of increased availability of soil iron leading to detoxification of arsenic and premature 
failure of CCA-treated posts. 

Premature decay was made more severe in some cases by untreated sapwood and in other cases 
by the thin depth of sapwood avaUable for treatment 

Posts intended for horticultural use in North America should be shrink-wrapped or treated to a 
higher preservative retention, H5 rather than H4, as is now done in New Zealand. 
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ABSTRACT 

Previous work had shown that ferrous iron moving into wood could reduce the toxicity of 
arsenic to Leucogyrophana pinastri. This work was designed to answer two questions 
raised in previous work: whether or not the effect of iron in detoxifying arsenic in treated 
wood was confined to this one brown-rot fungus and whether higher loadings of iron 
would have an effect in detoxifying copper. Rusting iron filings were applied to wood 
blocks treated with ammoniacal arsenic acid and ammoniacal copper acetate. The blocks 
were then exposed to four brown-rot fungi in a soil-block test. The results confirmed that 
the major effect of iron on wood treated with C C A and A C A is to detoxify the arsenic 
component. This effect was seen with two copper-tolerant brown-rot fungi, Coniophora 
puteana and Postia placenta. The toxicity of copper to L. pinastri was reduced by iron at 
low copper loadings. 

INTRODUCTION 

Previous work has shown that waterlogging promoted uptake of iron into treated wood in 
acid soils (Ruddick and Morris 1991, Ruddick and Kundzewicz 1992) or where organic 
soil amendments were applied (Morris 1994). This might prove to be one explanation for 
occasional premature failure of treated wood posts in horticultural operations reported by 
Hedley and Drysdale (1986), Stephan and Peek (1992), Baecker (1993), and Wakeling 
and Singh (1993). 

Iron uptake increased the weight loss of wood treated with chromated copper arsenate 
(CCA) and ammoniacal copper arsenate (ACA) caused by Leucogyrophana pinastri Ginns 
and Weresub (Morris 1992). This fungus was found to be associated with the unusually 
rapid decay of CCA- and ACA-treated wood at a field test site on Westham island B.C. 
(Morris and Ingram 1991, Ruddick and Morris 1991). At the same site CCA-treated 
stakes absorbed a mean of 0.75 kg/m' of iron fi-om the soil (Ruddick and Morris 1991). 
Examples of iron uptakes into treated wood at other sites were around 0.15 kg/m' in 
Eastern Canadian test sites and 0.3 kg/m' in vineyards in New Zealand (Ruddick and 
Morris 1991) and British Columbia (Morris 1994). Iron was found to reduce the toxicity 
of arsenic to L. pinastri, but there was no apparent effect on copper toxicity (Morris 
1993). It was suggested that this may have been due to the low levels of iron and high 
levels of copper used in this experiment. The experiment described here was therefore 
designed to determine whether there may be an effect at lower copper and higher iron 
levels. At the same time three more brown-rot fungi were tested to determine whether 
or not the detoxification effect was confined to L. pinastri. 

MATERIALS AND METHODS 

Nine-hundred and sixty ponderosa pine (Pinus ponderosa Laws.) sapwood blocks, 19 x 19 
X 19 mm in the weight range of 3.2 to 3.5 g, were numbered, weighed, and then treated 
in six groups of 160 with 0.5, 1.0 or 2.0 kg/m' ammoniacal copper, 1.0 or 2.0 kg/m' 
ammoniacal arsenic, or the solvent (5% NH4OH) alone. Copper acetate, 
(Cu(CH3COO)2), was used in the copper treatments, and arsenic acid, (H3AS2O4), was 



used in the arsenic treatments. 

A l l blocks were treated using a 15 minute vacuum followed by 60 minutes of pressure at 
60 psi. Immediately after treatment each block was weighed, wrapped in plastic for two 
days to allow fixation, then air-dried for two weeks. Chemical retentions were calculated 
using the treating solution strengths and weight uptakes. 

The blocks were then given various levels of iron uptake by raqjosure to rusting iron over 
various time periods using the method described by Morris (1993). The target retentions 
for iron were 0.0, 0.05, 0.1, 0.5 and 1.0 kg/m'. The method was essentially as follows: 
after drying, 30 blocks from each of the six treatment groups were placed together on top 
of plastic mesh in enough distilled water to be level with the bottom of the block. The 
other 130 blocks per group were treated in the same manner, except 0.02 g of iron filings 
per block were placed at the bottom of the soaking container, beneath the mesh. The 
containers were covered to hinder evaporation, and the water level was topped up as 
required over the soaking period. 

At intervals during exposure, two blocks, chosen at random, were analyzed for iron 
content. Analysis involved grinding samples to 40 mesh sawdust in a Wiley mill, mixing 
0.4 g of ground sample with 0.1 g of cellulose powder, pressing the mixture into a pellet, 
and analyzing the pellet by energy dispersive x-ray fluorescence (XRF) spectroscopy, with 
correction for inter-element and matrix effects. On the basis of these data the blocks 
with a target iron retention of 0.05 kg/m' were removed after 11 weeks of soaking. A 
second set of blocks was removed after 13 weeks. The blocks were not taking up iron as 
quickly as anticipated, and there were time constraints on this project, so 0.02 g of iron 
filings were added directly on top of each block and distilled water was added up to the 
top of each block as described by Morris (1992). Two weeks after this was done, the 0.5 
kg/m' Fe target blocks were removed. After nineteen weeks of exposure the remaining 
blocks were removed from soaking, as well as the 30 blocks per treatment which had not 
been exposed to iron. 

Four-hundred soil jars with ponderosa pine feeder strips were prepared according to 
A W P A standard E-10 (American Wood Preservers Association 1991). One-hundred jars 
were inoculated with each of the four fungi. Two copper-tolerant fungi, Coniophora 
puteana 9G (Schum ex. Fr.) Karst. and Postia placenta 120O (Fr.) M . Lars, and Lom. and 
two arsenic-tolerant fungi, Gleophyllum trabeum 47D (Pers ex Fr.) Murr. and 
Leucogyrophana pinastri 347C Ginns and Weresub were used. The inoculated jars were 
incubated for three weeks at 25° C and 80% relative humidity to allow time for growth of 
the fungus prior to placement of blocks in the jars. The blocks were dried to a constant 
weight in a forced-draught oven at 40°C and weighed, then sterilized with 2.5 kiloGhrays of 
gamma irradiation. Six blocks from each treatment group were placed on the feeder 
strips in jars containing actively growing fungal cultures (2 blocks per jar) for each fungi 
used. The last set of six blocks in each treatment group was kept for chemical analysis. 
Four blocks were destructively analysed for iron by X R P spectroscopy (as previously 
described) and two blocks were retained intact. The jars with blocks were incubated for 
12 weeks at 25° C and 80% relative humidity. 

After 12 weeks incubation, the blocks were scraped free of mycelium, weighed, and then 



dried to a constant weight in a forced draught oven at 40° C and reweighed. The moisture 
content and mean weight loss were calculated for each variable. 

RESULTS AND DISCUSSION 

Due to the difficulty in controlling iron uptake with the methods used here the measured 
iron loadings were quite different from the target loadings in many cases. The 
consequence was two low and two high loadings of iron. The weight-loss data for arsenic 
treated blocks (Table 1) will be discussed before the data for copper-treated blocks 
(Table 2). 

At the higher arsenic retention, both of the copper-tolerant fungi, C. puteana and P. 
placenta, were able to take advantage of arsenic detoxification by iron. With 2.0 kg/m' 
arsenic they both showed weight losses of around 10% without iron but around 30 to 35% 
weight loss with 0.03 kg/m' of iron (Table 1). Higher loadings of iron generally gave 
higher weight losses. At the lower loading of arsenic there was no such pattern because 
the weight losses for these fungi in the absence of iron were as high as 30 to 35%. 
Weight losses with iron were not substantially higher. A ratio of iron to arsenic acid of 
1:4 brought the weight losses to levels comparable with untreated controls. 

The arsenic-tolerant fungi, G. trabeum and L. pinastri, were both able to decay blocks 
treated with 1.0 and 2.0 kg/m' of arsenic to the same extent as untreated blocks in the 
absence of iron (Table 1). As a result the addition of iron did not result in any 
discernible increase in weight loss with these fungi. 

The standard deviations for the mean weight losses were high in a number of cases. In 
addition there was one completely aberrant result, an inexplicably low weight loss with G. 
trabeum at 1.0 kg/m' of arsenic and 0.75 kg/m' of iron. 

The two copper-tolerant fungi reacted to copper-treated wood in the same way as the 
arsenic-tolerant fungi did to arsenic-treated wood. High weight losses were recorded at 
all levels of copper tested without iron (Table 2). Since there was no toxic effect of 
copper, there was no opportunity for detoxification by iron. Consequently blocks treated 
with up to 2.0 kg/m' of copper showed weight losses of around 50% regardless of iron 
content (Table 2). The missing data point in table 2 was due to insufficient growth in 
some soil jars with C. puteana preventing one set of blocks firom being planted. 

The two arsenic-tolerant fungi each showed a slightly different response. G. trabeum 
showed no increase in weight loss of copper-treated wood in response to increased iron. 
L . pinastri showed a weight loss of only 9.0% at 0.5 kg/m' of copper in the absence of 
iron. With increasing amounts of iron there was an increase in weight loss up to 36 to 
50% at around 0.5 kg/m' of iron. This is a 1:1 ratio of iron to copper oxide by weight 
However, at 1.0 and 2.0 kg/m', iron loadings of up to 0.76 kg/m' failed to counteract the 
toxicity of the copper. 

As in previous work (Morris 1992, Ruddick and Kundsewicz 1992, Morris 1993) there was 
no stimulation of the decay of untreated wood by the addition of iron (Table 3). Morris 



(1992) found that an iron loading of around 0.13 kg/m' was sufficient to detoxify 1.2 kg/m' 
of C C A The results of this work showed that 0.75 kg/m', the loading found in stakes at 
Westham Island, was capable of completely detoxifying 0.5 kg/m' of copper oxide and 1.0 
kg/m' of arsenic acid, or about 2.7 kg/m' of C C A The present study confirmed the 
finding that the major effect of iron was on arsenic (Morris 1993), however it suggests 
there may also be an effect on copper toxicity to L . pinastri at higher iron loadings. This 
would account for the ability of this fungus to decay CCA- and ACA-treated wood at the 
Westham Island site (Morris and Ingram 1991) despite not being particularly tolerant of 
copper (Morris 1993). 

The detoxification of arsenic by iron is a well documented phenomenon in agriculture 
(Thompson and Bajter, 1950) and waste disposal (Krause and Ettel, 1985). The effect on 
copper is more difficult to explain as it appeared to happen with only one of the fungi 
tested. Further work would be required to understand this phenomenon. 

CONCLUSIONS 

These results confirmed that the major effect of iron in treated wood is detoxification of 
arsenic, however detoxification of copper may also occur under certain conditions. 

L . pinastri is not the only wood-rotting fungus capable of taking advantage of iron 
detoxification of arsenic. 
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Table 1 

Mean weight loss data for ammoniacal arsenate-treated blocks 

Arsenic acid Fe C. puteana P. placenta G. trabeum L. pinastri 1 
Retention Retention 

kg/m' kg/m' % wt loss % wt loss % wt loss % wt loss 

1.0 0.00 35.2 28.4 41.2 46.1 
(10.6)* (11.8) (13.4) (7.1) 

1.0 0.024 46.0 38.2 46.1 50.1 
(0.009) (6.4) (10.1) (12.5) (4.6) 

1.0 0.034 45.9 52.9 29.2 48.3 
(0.009) (3.1) (5.1) (22.2) (5.4) 

1.0 0.75 25.3 26.8 6.1 54.1 
(0.19) (8.8) (3.5) (3.3) (0.8) 

1.0 0.78 53.4 41.8 41.9 57.3 
(0.16) (6.5) (5.9) (7.4) (4.6) 

2.0 0.00 10.1 10.0 46.7 44.6 
(13.4) (3.6) (6.6) (9.4) 

2.0 0.029 34.6 29.3 57.6 48.2 
(0.008) (6.9) (21.0) (4.6) (8.3) 

2.0 0.046 40.8 42.9 57.7 56.4 
(0.002) (13.2) (6.7) (9.5) (2.9) 

2.0 0.57 56.5 42.6 47.1 60.7 
(0.05) (4.4) (11.4) (7.5) (1.4) 

2.0 0.50 37.2 43.8 55.9 56.5 
(0.07) (24.8) (8.4) (3.1) (4.0) 

Standard deviations are given in parentheses 



Mean weight loss data for ammoniacal copper-treated blocks 

copper oxide Fe C. puteana P. placenta G. trabeum L. pinastri 
Retention Retention 

kg/m' kg/m' % wt loss % wt loss % wt loss % wt loss 

0.5 0.00 55.8 58.4 19.4 9.0 
(4.1) (3.2) (7.9) (8.1) 

0.5 0.031 48.6 31.8 12.6 23.2 
(0.012)* (3.5) (18.9) (4.7) (16.2) 

0.5 0.020 51.0 51.2 14.3 18.2 1 
(0.006) (8.1) (4.8) (6.1) (14.4) 

0.5 0.46 57.4 52.1 28.0 50.8 
(0.05) (3.3) (7.4) (8.4) (6.7) 

0.5 0.50 59.1 59.7 29.3 36.0 
(0.30) (4.3) (2.6) (8.5) (11.0) 

1.0 0.00 53.5 54.9 5.4 3.1 
(5.9) (2.9) (3.7) (2.8) 

1.0 0.010 51.0 55.1 7.6 2.7 
(0.006) (4.9) (3.1) (4.2) (3.2) 

1.0 0.013 48.9 53.5 5.5 1.6 
(0.004) (4.4) (6.5) (2.8) (0.2) 

1.0 0.76 56.5 49.1 5.6 2.2 
(0.15) (7.3) (4.5) (2.7) (1.3) 

1.0 0.63 48.6 54.7 5.9 2.7 
(0.28) (10.0) (1.0) (3.0) (3.1) 

2.0 0.00 52.5 55.0 2.8 1.5 
(8.5) (2.5) (1.1) (0.2) 

2.0 0.010 45.3 47.3 2.5 1.2 1 
(0.004) (7.1) (10.7) (1.5) (0.1) 

2.0 0.012 52.4 2.5 2.0 
(0.003) (5.2) (0.9) (0.4) 

2.0 0.57 49.5 52.1 3.1 2.1 
(0.12) (10.1) (2.6) (1.0) (0.1) 

2.0 0.81 49.6 48.9 3.9 1.0 
(0.06) (6.8) (13.3) (2.0) (0.2) 

Standard deviations are given in parentheses 



Table 3 

Mean weight loss data for solvent-treated blocks 

Preservative Fe C. puteana P. placenta G. trabeum L. pinastri. 
Retention kg/m' Retention 

% wt loss % wt loss % wt loss 
Retention kg/m' 

kg/m' % wt loss % wt loss % wt loss % wt loss 

0.0 0.00 56.0 63.4 42.4 47.9 
(5.6) (1.3) (1.7) (3.0) 

0.0 0.042 33.0 50.7 45.8 53.3 
(0.002)* (17.5) (7.2) (11.0) (2.6) 

0.0 0.062 40.9 58.3 37.7 58.1 1 
(0.014) (13.1) (2.0) (4.4) (4.2) 

0.0 0.39 53.4 57.0 47.5 56.6 1 
(0.05) (4.1) (5.1) (8.2) (1.7) 

0.0 0.48 45.7 56.0 45.8 58.8 
(0.07) (3.4) (4.0) (7.3) (4.5) 

Standard deviations are given in parentheses 


