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ABSTRACT 

l I ~ r ( ~ s  11c.w p~wrva t ivc .  forn111latio1~s-copper-zi1ic-arse11ic-a~1itiv (CZAA), copper- 
at.sc.nic.-atltliti\.e ( CAL4), ant1 zinc-arsenic-additive ( ZAA)-wcre tested in conlparison with 
fo~u.  othcr lxesc~rvativcs I,y soil-1)lock culture on unleachetl red pine samples tising test 
f ~ ~ n g i  Co11io))horu I)TI~C(L~I(I, Poria n~onticolu, and Lenzi tc~ trahca. 

Threshold values (basetl on  retentions of all oxides) of 0.1 pound per cubic foot (1.6 
kg/rn") for CAA and 0.2 pound per cubic foot (3.2 kg/~n: ')  for CZAA were comparable 
\\.it11 tlu.rsllold valtlcs of the conl~nercial preservatives ammoniacal copper arsenate (ACA)  
at 0.1 ponnd pcr c1111ic foot (1.6 kg/m") and chron~ated copper arsenate type C (CCA-C) 
at  0.3 ponnd per c111)ic foot (4.8 kg/mZ'). The ZAA founlnlation had a relatively high 
tl~rc~sholil val~ie [ O . G  pound per c ~ ~ b i c  foot (0.6 kg/m:') 1 .  Thresholds based on As20, reten- 
tions only indicatctl tho fungicidal efficacy in decreasing order: ACA or CAA > CZAA > 
<:CA-C > ZAA. 

Coniophoru pc~teunu (AG28, EFPL) was more resistant to all tested preservatives (except 
ZAA) t l ~ a n  the standard strains of Poria monticolu and Lcnzitcs trahea. 

Kc!ltuords: Pinrts r,csinosc~, f~ingiciclal cfficacy, ammoniacal prcscrvativcs, Co11iol)hora llutc- 
ailtr, 1'oric~ r~roi~t icol~~,  1,cirzitc~s trubeu, CII, Zn, As, soil-block tests, biodegraclation, preserva- 
tivvs. watc>r-l)ornct prc.scrvativrs. 

INI'I~OI)UC:TION toxicity of metal-arscnic salts to wood- 

Iioccnt studies of water-1)orne preserva- decaying fungi. However, formulation var- 

titzes rcsl~ltetl in the tlevelop~~ient of a new iations (Rak 1976)-in particular the ratio 

s~lstc, ln (CFS 1979; clarke and ~~k 1974; of metal oxide to arsenic oxide, higher 

lkik and Clarke 1975) comprising am- than that in commonly used ammoniacal 

i l lo l~incn]  solutions of Cu-ZI1-As in a ''PI?'' arsen'te ~reservative-made it ad- 

~ol.llllllatiOl, cnpal,le of deeply visal~lc to examine the fungicidal efficacy 

i l lg  difficult-to-trent spruce til,,ber ( Rak and to determine thresholds of the new 

lg'isa). ~ 1 , ~  co,llpol,e,,ts of the p r e  fornlulatiolls to wood-decayi~lg fungi. These 
scrv;itive so]utioll whell impregnated illto were with common1y user' water- 
\vootl strongly resist leaching by water l'orne preservatives, not (~xposed to leach- 
( 1976; fiak clarke 1974) and ing after treatment. Data on fungicidal 
l,lakc, water-repellent i Rak cfficacy of ammoniacal preservatives ex- 
19751,) al,cl toxic to fumgi. ~h~~~ properties posed to leaching after treatment will be 

stlldietl as part a comprehallsive published in a separate publication. 
oval~~ation of the system in con~parison with 

MATERIALS A S D  hfETIIODS othel- water-borne preservatives with estab- 
lishctl performance. Also field tests with Compositions of the preservative formu- 
stakt%s treated with the presvrvatives lations tested are described in Table 1. 
were arranged for a con~plex testing of The new preservative system is represented 
this new preservative system. by for~nulations of CAA ( copper-arsenic- 

Fungicidal efficacy of the ne\v system additive), CZAA (copper-zinc-arseilic-ad- 
was espccted to be high fro111 the kno\vn ditive), and ZAA (zinc-arsenic-additive) 
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- -- -- -- -- -- -- 
B'l,lc 

CZAA Copper 
CAA (1.1) 

-- 
ZAA Carhonatt. ACA CCA-C ACC 
- -- - - 

A\.O, ( g )  1.42 1.42 1.42 - 1.96 0.57 - 

ZnO ( C r O  ) ( g )  - 2.40 4.79 - (0.80) (0.80) 

( : I 1 0  ( 9 o f  Oxl(1c~ 

content ) 63.1 24.1 - 100 50.1 18.5 27.9 

% 1 1 0  ( CrO.: )  ( C/c of 
oxitlr conte~~t  ) - 47.7 77.1 - - 

. ~ - ~  ~ ~- ~ 

(47.6) (72.1) 
- 

" l'rc.sc.rv:lti\ c. code: 
(:hA - Copper-Arsenic-Additive, tormulation 
CZAA ( 1 : 1 ) - CAA and ZAA mixed in volumetric ratio 1: 1 
Z.\A - Zinc-Arsmic-Additive formulation 
ACA - Ammoniacal Copper Arser~ate 
CCA-(: - Chromntrcl Copper Arst,n;~tr Tppt. C: 
ACC - Acid Copper Chrrxnatr 

I '  il~)plied as Cu(:O: . CII (OH ), 
' i~pl~lircl : I S  ( ~ I S O ,  

where the additive cornponelit as defined 
in the new system is a fatty acid (such as 
dccanoic acid), or carbonates of copper 
or zinc. The additive is soluble in the 
colrimon solvent ammoniun~ hydroxide, im- 
proves fixation of the maill preservative 
chelliicals (Rak 1976; Rak and Clarke 
197.1 ) , and increases the water-repellency 
of trekited wood. In this study the additive 
is basic copper carbonate which is in 
c.scc.ss of the quantity needed to form metal 
:\rsc5nate fro111 arsenic acid in the solution. 

111 ;tcI~litio~l, copper carbonate alone and 
three preservatives with compositions ac- 
cortiing to the AWPA Standarcl P5-74 
(Standards for Water-Borne Preservatives) 
-Amrnoniacal Copper Arsenate ( ACA ) , 
(;hro~~iated Copper Arsenate, Type C 
(CCA-C) and Acid Copper Chromate 
(ACC)-were compared. The pH of the 
stock CCA-C solutioil was 1.34 and that 
of the stock ACC solutio~l 1.76. However, 
after dilution to concentrations used for 
tre;ltment of 1)locks to various retentions, 
tlio pFI incrensc*cl and coilformed with the 

requirements of CSA Sta~ldard 080 (Wood 
Preservation ) and AWPA Preservation 
Standards. Three repeated series of tests 
werc carried out on freshly impregnated 
nonleached wood blocks according to the 
"Standard Methods of Testing Wood Pre- 
servatives by Laboratory Soil-Hlock Cul- 
tures" (ASTAI Standard D 1413-76, slightly 
niodified as described below). 

The test fungi were Coniophora putcana 
(Schum ex Fr.) Karst. (A 328*), Lenzites 
trabea (Pers.) Fr. (S 644*) (Madison 
strain 539), and Poria monticola Murr. ( A  
189* ) ( Madison strain 698 ) rece~ltly speci- 
fied in the ASTM Standard I> 1413-76 as 
Poria placenta ( Fr. ) Cook. ( *Denotes num- 
ber in the culture collection of the Eastern 
Forest Products Laboratory, Ottawa.) The 
474 nil culture bottles were furr~ished with 
300 g soil (moisture content 2%1, water- 
holding capacity 26%, pII 5.3) and 100 g 
tapwater. Test blocks of standard size 19 
by 19 by 19 mm,-except for the first 
series where they were 8 (longitudinal) 
by 19 by 19 m~n,--and feeder strips, 4 by 
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OXIDE RETENTION (1b/ft3) 

FIG. 1. Weight loss of treated red pir~c caused by  Coniophora p~rteana. 

20 11y 50 mm, were cut from red pine 
( Pinus resinosu Ait.) sapwood. 

Preservative solutions were prepared in 
a secluence of sixty-eight concentrations in- 
creasing in a geometric progression with 
a ratio of about 2. 

A treatment group co~lsisted of six wood 
1)locks i~lcubiited in pairs in culture bottles. 
The preservative content of the blocks was 
calculated from the pick-up and concen- 
tration of the treating solution. Blocks 
were not leached before testing. Incuba- 
tion was 8 weeks for the first series and 
12 weeks for the others. 

II'eight losses for the test blocks were 
calcl~lated frorn the oven-dry weights be- 
fore inlpregnation and after incubation. 
Thresholds were obtained from graphs on 
which weight losses of the blocks were 
plotted against retention. The point at 
\vhich weight loss reached 3% was con- 
sidered the approximate threshold. Losses 
s~naller than 39 were considered opera- 
tion;ll. IVhe~r thresholds were obtained in 

more than one series, they were averaged 
for the same fungus. However, the pre- 
servative threshold was represented by the 
highest average value, without regard to 
the testing fungus employed. 

RESULTS 

Figures 1 and 2 show weight losses and 
preservative retentions for Coniophora pu- 
teana and Lenzites trabea, respectively. 
Poria monticola was used only in the I. 
series. The results for this fungus are given 
only in tabular form. The 3% loss thresh- 
olds in all series for all three fungi are 
shown in Table 2. 

Thresholds based on total oxide reten- 
tions obtained in individual ex~erimental 
series (when more than one series was 
carried out) were averaged for the same 
test fungus. The threshold of the most - 
resistant test fungus was considered for 
general evaluation of the fungicidal efficacy 
of each preservative. The most resistant 
fungus to the ZAA preservative was Len- 
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OXIDE RETENTION (1b/ft3) 

PIC. 2. Weight loss of treated retl pine caused by Lci~zites trabea. 

'I'AI{LE 2. Toxicity t l ~ r ~ ~ l ~ ~ l r l ~  for p r e ~ e r c u t i ~ c ~  testetl. Total oxirles, Lhlft" (kglrn,')" 
~ ~ - ~ - ~ - - -  ~~~ - -- ~ 

Average" 
threshold 

I .  scl-it.sk' 11. aeries' 111. w~ic,s' valuea 
- -- ~- 

Conioj,t(om Porin Coniopliora 1,cnzitr.s Conioj~l~oi-o Lmzites Coniophorrr 1,cnzitcs 
jwtetrntr nlunticola pntcnnn tmlwa l~trtrnntr trohcn rrtrtetrnrr trnhetr 

- - ~ . - ~  ~ ~ -- - - -- 
CAA 0.085 0.050 0.125 0.050 - - 0.105 0.050 

(1 .4 )  (0 .8 )  (2 .0)  ( 0.8 ) - - (1.7) (0 .8 )  
CZl\.,\ - 0. 1.5 0.10 0.25 0.20 0.20 0.15 - 

( 1 : l )  - - (2 .4 )  ( 1.6) ( 4.0 ) (3 .2 )  (3 .2)  (2 .4)  
%,4A 0.50 0.08 0.2 0.5 0.0 0.7 0.43 0.60 

(8.0)  1 .  ( 3 . 2 )  ( 8.0 ) (8 .6 )  (11.2) (6 .9 )  (9 .6)  
13asic. 

Copi,tar - - 1.;3 < 1.9 0.37 - - 
Ca~.l)o~~ntt,  - - (20.8 < 30.4) (5 .9 )  - - 
ACA - - 0.055 0.050 0.090 0.060 0.072 0.055 

- - ( 0.9 ) (0 .8)  ( 1.4 ) (1 .0)  (1 .2 )  (0 .9)  
C X t \ - ( ;  - - - 0.34 0.18 - 

- - - - (5.4 ) (2 .9)  
AC;(: - - - - > 1.0 0.9 

- - - - 
~~ - -  - ~ - 

( > 16.0) 
~- - -  ~ 

( 14.4 ) 
- ~ ~ 

" l'rr\t.r\.i~ti\ r code: 
CAA - Copper-tlrst,nic-Additive forniulatir~n 
ZAA - Zinc-Arsenic-hdditiv,, tor mu la ti or^ 
A ( 1 : 1 1- CAA :llid ZAA nrixecl in volr~mc.tric ratio 1 : I 
A(:A - Animr~ni;~cal Copprr Arsenatc 
C(:A-C - Chromatrd Copprr Arst,natr l'ypc' C 
.4CX - Acid Coppc,r Clir,rm;itt. '' 8-wvrk-lung incuhiition tilnc' 
12-n t,rk-lorrg i~icul)ation t i m r  

$1 Avcrngr ci~lculilted for the, \iinltJ t c l~ . t  ~ L I I I B I I S  ~ T I I I I I  I ~ I O I C ~  tha11 11111' (~x[)r~ri~ilental serit.~. 
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zites truDen, and to all other preservatives 
\z7as Corlioy11lor.u prrtearza. 

Tile lowest thresholds, al)ont 0.1 I l ~ / f t ; ~  
( 1.6 kg/lii"), were found with tlie CAA 
:~ntl ACX preservatives. Roth contained 
a r s c~~ ic  ant1 copper, with the higher con- 
telrt of arsenic ill the ACA. Low thresholds 
of 0.2 ant1 0.3 Il)/ft:' (3.2 a ~ l d  4.8 kg/n13) 
wc.rcS also ol~tained for CZAA ancl CCA-C, 
resp('eti\iel y. 

Tlle preservative containing arsenic and 
zillc (ZAA ) hat1 :I tlrresholtl of 0.6 Ib/ft" 
(9.6 kg/ln3). Still higher values were 
fon11t1 wit11 the ACC ( >  1.0 lb/ft" > 16 
kg/ l~r")  :~~ l t l  the 1)asic copper car1)onate 
( 1.3 to < 1.9 Il)/ft:': 20.8 to < 30.4 kg/m". 

T\vo 11ew preservative formulations- 
(2114 alld CiAA-showed thresholds sim- 
ilar to those of ACA and CCA-C, which 
arc co~llnrc~rcially used formulations. This 
ilit1ic:atcs tlrat thc 11cw formulations [nay 
l~vrforln i l r  g ro~u~ t l  co~rt:ict c~sposurtxs satis- 
factorily. 

Tllc 0tht.r three l~rescrvative for~nnlations 
(ZAA,  ACC, :und copper carl~onatc) pro- 
vitletl only limited protc.ctior1. I-lo\vever, 
thc Ile\v ZAA preservative, when colnpared 
wit11 the stalldard ACC preservative, ilrcli- 
catrtl slifficic.nt fungicid;~l efficacy for 
:~l)ovc-grcnlnd esposurcs. 

\\'e Irave also c:~lculatetl other thrcsllolds 
t l~a t  \\lc.rcx 1)nsed on t l ~ c  colrtelrt of As,O;, 
o~rl! (11ot on the I~asis of all ositles). The 
rc.sl11ting figures sllowccl how tlic thresholds 
i~lcreiisecl when tlic coppcr oxide was par- 
tially rcplacecl I)y other metal oxides (ZnO 
or (:rO : ) in thct formulation. While both 
<:A.-l ii11t1 A<:A preservntivcls had thc lowest 
arsc-rric tl~rcsholtl (0.04 Il)/ft:'; 0.64 kg/m3) ,  
t l~is  voll~e was higher for the CZAA (0.06 
Il)/ft.:: 0.96 kg/ln:') and still Iligher for the 
CCA-C: (0.12 I\)/ft": 1.9 kg/mZ;)  a l~t l  ZAA 
(0.14 Il)/ft:'; 2.2 kg/tn:'). \\ie (lo not ~ 1 1 1 -  

phasizc the n~~rnericnl v;~lnes of tlicsc 
tlrrc~slloltls (1):~sc~cl o ~ i  As2<),) : they only 
ii~dicatc. the order of decreasing f~~ngiciclal 
t>fficic.~~cy fo11nc1 in this stll~ly: ACA or 
<:A.A -> (ZAA > <:<:A-(: > ZAA. 

fecinu, a fungus frecluently isolated from 
decayed wood in North America (Duncan 
and Lombard 1965; Reilnerfelt 1963), was 
tolerant to high concentrations of preserv- 
atives contailling arsenicals. Its tolerance 
to sodiuin arsenate had been sliown earlier 
11y Unligil (1972), and it  was suggested 
as test funrgus for preservatives containing 
:~rse~~icals.  Therefore, it was used in our 
experiments. 

\lihelr we compare the data in this work 
wit11 other references, we n~us t  keep in 
n~intl that our thresholds were ol3taiued 
fro111 treated 1)11t nonleached samples. Our 
thresholds o1)tained for CCA-C and ACC 
corresponded well with those reported in 
the literature for varied CCA formulations 
i111~l for ACC. T11e variability in tlie 
tllresholds is evident from the following 
data in the literature. In testing three 
different for~iiulatio~ls of CCA with C. 
1)ut(?~1na W7nllace ( 1968) obtailled, in wood- 
agar tosts, thresholds within the range of 
0.03 and 0.32 lb/ft:' (0.48 and 5.1 kg/m:') 
of total salts and, in soil-block tests, < 0.1 
Il)/ft:: (<  1.6 kg/lr~:'). Using L. trabea as 
t l ~ c  test fungus, he fo~und in wood-agar 
tests tlrresholtls within the range of 0.14 
:urd 0.45 I l~/f t"  (2.3 and 7.2 kg/m3) of total 
salts and in the soil-block tests 0.17 and 
0.22 ll~/ft: '  (2.7 and 3.5 kg/m:'). Rennerfelt 
(1963) oI)tailled, in soil-block tests wit11 
C. 1111tc(zt1(1, tl~reshold values for CCA of 
i~l)ont 0.3 to 0.4 11)/ft:' ( 5  to 6 kg/mc') oxides. 
For six different forlnnlations of CCA ac- 
cepted in New Zealand, hlcQuire (1972) 
fotrlitl a threshold of a l~ont  0.3 Il,/ft:' oxides 
(4.8 kg/lrr") 11sing I,. tra1)eu ancl P. ~r~onfi-  
cola ill soil-1)lock tests. 13ecker ( 1964) 
st:rtetl for CCA a gent~rnl threshold of 1 
kg/111'< (0.06 11>/ft:') of total salts against 
1)ro\v11 rot f~ i~ tg i .  Varial~ility of the thresh- 
olds can I,e illustrated by results of soil- 
1)lock tests carried out \\ritli the same prc- 
servntives a ~ t d  the sanic testing fungi i l r  
two 1nl)oratories (Smith and Gjovik 1972). 
l'hcy tested CCA aud futmcl tlie tl~resholcls 
for Le~zzites trtlhea (617) as different as 
0.05 Il)/ft.' ( 1.28 kg/m" iii one laboratoly 
in~d  0.35 ll)/ft:' (6.09 kg/ml') in the other. 
\\'c. do ]rot eolrsidcr such variability nn- 
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nsu;~l since the soil-block test operates with 
l~iological materials (testing fungus and 
\vood), both with kilowil nntural variabil- 
ity. Repetition of soil-block tests is, there- 
fore, in order and can only bring more 
reliable data. 

I'ariability similar to that of CCA also 
can 1)c seen with the ACC preservative. 
For ACC lienilerfelt (1963) found a 
threshold of > 1.7 Ib/ft3 oxides (>  27 kg/ 
~ n : ' )  11sillg C. puteatla in soil-block tests. 
Co~vling (1957) ol~tained thresholds of 0.1 
and 0.23 Il1/ft"l.6 and 3.7 kg/m" of 
total salts with two L. trahea strains in 
nlodified wood-agar tests. Recker ( 1964) 
gave, for ACC a threshold of 15 kg/m" 
(0.9 1b/ft3) salt against brown rot fungi. 
However, in our study with ACC C. pute- 
c 1 ~ 1 c r  provided no threshold values for tests 
of s;~1nples with retentions rip to 16.0 kg/m" 
( 1.0 llI/ft:{). 
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