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The assay of preservative-treittccl \vood for chroniiuin, copprr, and arsenic, based on 
isotopic dilution \\.it11 radioacti\jc tracrrs, proved to be higllly sensitive and precise. This 
snfc tecllniclue provides a 1.apic1 and inexpmsi\re nrenns of qr~ality control. 
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INTRODUCTION thc ccluipl~nent is expensive, and preparation 

~ ~ ~ ~ ~ . ~ ~ l ~ b l ~  prcservntivc,s of high ef- of a finol!i iiiviclcd and homogeneous s:imple 
f(,cti vc.,lc, ss arsc,nic, takestinlcl. Spc~ctro~rletric analysis through 

cl,ronlium t~ l a t  ,l,ood \,irhlally oclor- atoinic absorption (Lambert 1969 1, though 

I ~ , ~ ~ ,  and, when dry, paintalllc ( E~~~~ not asc:~pensive as the X-ray method, is 

1957) arc, findillg incrrasc,d to protect precise; 'I~ut the sample must be hoinoge- 

\\,oocl against decal, fungi, insects, and nousand finely divided, and this is not easy. 

mL,rillc, lIorers. one (lifficulty, however, is Colorinletric allalysis (Hudson 1970) re- 

(jetcrn,ining distributioll of the,r quires only a spectrophotonleter and a srllall 

ponc.iits in \\7ood, for standard assay pro- centrifuge. Neutron activation analysis re- 

cc,dures ( AWPA 197:3) are colllplicated quires an expensive nuclear reactor, but it 
tin,e-collsunling; and rcclllire isaccurate and safe (Meyer and Siau 1972; 

highly sophisticated laboratory facilities. Mcyer lg7'). 

E \ , ~ ~  though it appears that the tllrec. Inetal- This paper describes an accurate. inex- 

lie salts-copper, chromimn, and arsenie- pensive, ;ind safe nlethod for assay of com- 
do IIOt sel,aratc durillg of the ponmtuof \vatu-solublc preservativc.~ that 
trc,ating solution across ( ~ ~ d ~ ~ ~ ~ ~  i=c:ldily adaptable to quality control. The 
1966), i t  is aclvantageOlls to have at our twhniqu(:sarc. based on radiometric analysis 
(1isposal procc.ss by which call l ~ ' - ( ~ ~ d ~ ~ r ~ ~ v ~ r o p o ~ " d y  Morrison ( 1965), 
analyzc. for cacll of the thrcc el(~me11ts. Morrison and Freiser ( 1966 ) , Sandcll 

Thc analytical mcthod uscd for the ( 1950) ; and Kuzicka and Stary ( 1968). 

thrclc elcrnents requires destruction of the 
EXPERIMENTAL 

\vood with a mixturc of nitric, sulfuric, and 
pc'rehloric acids. This tcdious method rc- Preparation of wood samples 
quires special attention because reproduc- T \ ~ ~ ~ ~ ~ ~  4-1nm diameter cores wcrc takell 
ibility of the rc,sults is subjc,ct to iriterf(~rcncc~ with an irlcrcment borer from ,,ntrcated 
from othc:r clcments. The x-ray spcctro- pine poles frolll pinc poles that had 
graphic method (DcBala and Wright 1065; bee11 pressurc,-tr(,atc(] with chrolllatc~d cop- 
Hartford 1971) gives satisfactory rcsults, but pcr arscnatc, type A (CCA-A) ( AWPA 
\\ 0 0 1 )  AN11 FIBER 249 FALL 197:l. 1'. S ( 3 )  



1973). Thv 0utc.r 3.75 cnr of each air-dried 
corc was fincly grouncl and placed in re- 
spt~ctivc, 250-ml round-bottom flasks with 
ground glass stoppers for untreated and 
treated wood. Twenty-five, 1111 of a corn- 
~nc,rcinl soc l i u~~~  hypochlorite solution 
(TAP-S) with pH 11.5 was addcd to cach 
flask. After magr~ctic stirring for 30 minutes 
at 60 C, the contcnts of clach flask \vas 
filtercrl, washcd with distilled \\l;ttc,r, and 
clilutcd to 100 1111 in a \7olumetric. flask. 

A solvent cstr:tction ~ncthod for chromium 
was sought, and isoa111yl alcohol with di- 
plicnyl carbazidc as a co~rlplcsing agcnt 
was chosen ( D&on ct al. 1969; Mathur and 
Rchr 1967; Morrison 1965; Morrison and 
Frciscr 1966; Sandell 1950 ) . Both isotopic 
direct dilution ( Bloc11 and Ankcr 1948 ) 
and double substoichiomctlic isotopic clilu- 
tion (Ruzicka and Stary 1968) \verc, applied 
to the extract using s5'Cr as a tracer. This 
isotope emits rays of 0.3201 Mev. I t  \\.as 
found that under our laboratory conditions 
the double dilution techniclucs \\ic,rc. brttcr 
than direct isotopic dilution. 

The tlouble isotopic dilution tcchriiquc~ 
was used in duplicate 1)y adding to cach 
of two aliquots of the cstract a different 
amount of inert dichronlatc but thc same, 

anlount of ;'Cr. Next a substoichionlctric 
anlount of complesing reagent was acldc~cl; 
then rach solution was extracted \\;it11 the 
sanrcl u~nount of isoamyl alcohol. 

Equal alicluots of the organic pllase wcw 
taken irninediately froin each of the two 
samplcs and thcir activity u7as measured 
with a Na(T1) scintillation well counter. A 
well counter improved the counting ge- 
omf.tn7 and provided a high counting cf- 
ficiency. 

The data obtained from thc well counter 
can be lisccl in two ways to dc~tcnili~le 
chromium: 

1. Stundur(1 c ~ c ~ o e  rnc~tllotl: With a pipet 
we pl:lcr~I 1 ml of thv untreated wood cs- 
tract in three extraction funnels and addcd 
1 ~ n l  o f  solution containing 0.003, 0.006, 
and 0.012 mg/ml of chromium as potassium 
tlichromatc, rrspectivc~ly to clach ftrnnc.1. 

Nrxt n7c adiicd 1 ml of a solution of arsenic 
pcntoxid~ and copper sulphate in the, samc 
proportionr as they are found in thc CCA-A 
forniulation (11% As, 33% Cu) ,  and 1 1111 
of 5'Cr :is chromate or clichromate with an 
activity of tht, orclcr of 100,000 cpm/rnl 
and of negligible conccntration (1 x 10k" 
Ing or lrss).  A pH of 0.7 was obtaincd 
adding 0.4:N slilfuric acid, 1 ml of cliphenyl 
carbazidr ( \vliich always should I)(, sub- 
stoichionlctric), and 5 1111 of a snturatcd 
NaCl solution \f7ere addcd and thv mixture, 

was estracted with 5 ml of isoamyl alcohol 
aftcr shalkii~g 30 sec. We allowc~l the 
phasc,s to scpratc ,  and 1 ml of thc organic 
phase c.vas taken to mcasurc. its activity 
wit11 t l ~ c  s,~'iritillation counter. The staidard 
curvc was prcparcd by plotting the activity 
in c p ~ n  against the conccntration of c,liro- 
mium. 

We then combined 1 1111 of thc cstract 
from the trcatcd \vood, followed the samc 
procedure to obtain its activity, ;ind used 
the standiutl curve) to find the chrorr~ium 
conccntration. 

2. Ey11cltic)n nlethod: Whcn tho 11um1)c~r of 
chromium concentrations to be clrtcnninccl 
arc few, the follo\ving procedure cair bc 
uscd. Two 1-ml alicluots from the, trcated 
wood cxtract with chromium concelitrations 
of the order of 1 x 10-" mg/ml or less were 
put in each of two separatory funnc.1~. Wc 
aclclcd to oricS 0.0004 nrg and to thc 0 t h ~ ~  
0.0008 Ing of chronliu~n as potassiun~ di- 
chromate to act as the inert carricr. Then 
we added double-clistillctI water to a volu~nc, 
of 4 to 5 ml ancl 1 1111 of "Cr wit11 an 
activity of the orclcr of 100,000 cp1~1/1111. 
Wc obtaii~eci a pH of 0.7 with 0.4 N slilfuric 
acid, ilddcci the diphcnyl carbazidc, and 
procwdctl in the manner dcscribc~cl al~ovc. 
for thc, sta11d;ud curvc. Having o1)tairlc:cI 
readings of two activitcs, wc used thc 
follo\ving c~luation (Kuzicka ant1 Stary 
1968) to detc~minc the chromiuin coIlccn- 
tratioil. 

X rnp of  Cr i n  t h e  - 0.0008A2 - 0.0004A 
aliquot 

1 (1) 

A1 - A2 
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A ,  = ratlioactivity of i~licluot No. 1 in 
clxii/~nl 

= raclioactivitp of aliquot No. 2 in 
c]'"l/"ll. 

7'11(1 tlittcroncc~ in tlir, radioactivity of thc 
t\vo alicluots i< due, to the, variation in 
their \pc,cific activity. 

Spitzy's mctllocl ( Hraun : ~ n d  Tolgyc,ssy 
1967) I)asc~cl on the principle of indirect 
radiolllctric titration 117as uscd for tllc cop- 
1 1 c ~  assay. Tho copper \\,as extracted with 
:ti1 cscc~ss of dithizone sollition in C:Cl,; then 
wc, :~ddcd u known amount of zinc solutioil 
lal,c>led ""Zn. This radioisotope emits 11eta 
rays of 0.:325 Rlcv and gamma rays of 1.115 
Me\,. The cxccss dithizonc, reacts with the 
zinc solution and the rc~sitlual activity was 
~nclasurcd in the aqueous soliltion. pII  lvas 
found to play ail i~nportant rolc in relation 
to colq~er ant1 zinc. Also, dithizone tends 

to I~ccornc oxiclizcd and is transfomiecl to 
diphcnyl thiocarl~odiazonc, which is color- 
less and does not complex. The oxidation 
could 1)c. tluc to one or more of thc following 
causes: o'xidation by ferrous ions, c,specially 
in basic solution; low concentrations of 
halogens; light; or high temperatures. The 
dithizonr solution shoulcl be prepared with 
vcry pure chemicals; otherwise the solution 
lilust bc. checked according to the proccadurc 
gi~7cn in the follo\ving clrscription of thv 
dctcr~nination of co13pc.r by the usc of a 
sti~nclarcl curve. 

I .  Stclnrltrnl curve iizethotl: One 1111 of un- 
t r ~ ~ ~ i t r c l  \vood extract was placed in each of 
four 12.5-1111 wparatory tunnels, to which 
were added 0.1 1111 of hydrazine (96%; 11y- 
drate) and 1 ml of copper solutiori in con- 
centratiol~s of 0.002, 0.005, 0.007, and 0.01 
~ng/ml, rc,spcc*tively. 

Aftclr a pH of 5 2 0.1 with HCI :uid/or 
NH,OIl \\ins reached, the, c>\itraction was 

CONCENTRATION OF COPIPER IN m g / m l  

1'1(:. 1. Hclation l ) t . l \ \ r c - t . ~ ~  ~~el.cc.ntnye zinc rxtr;iction ill111 copper c ~ ~ i c c n t ~ . a t i o ~ i  



171t:. 3. I>egrcc> of oxid:~tion of tlithizone solutions with tinle 

111nc1c. shaking 5 min \vith 6 lul of dithizone ~ i n c  ( 1 - I/I,,) 100 against thc copper con- 
( 0.07 nlg/ rnl in carbon tc.trachloiidc C.P. ), c~ntr;ltio~i in ing/ml ( Fig. 1). 
< ~ n d  the‘ ~ I ~ ; L S ( ' \  w7(~r(> \cpar:\ted. To thc To chcck the dithizone solution, on(, can 
,\i~~lc'ous r~hasc \x7c addrcl 1 ml of 4tandard us(, any of the, following proccdurcs: 
/ihc \elution (0.066 mg/inl ) and 1 ml of 
\oIl1tio11 lnl~c~lrd with "'Zi1 ( from 100,000 
to 200,000 cpm at a. Ano\\7n concontration). 
Thc initi,ll r,idioactivity ot 1 ml of the solu- 
tion (I , ,)  way inc.a\urc.d with a \vc.ll scintil- 
I'ltion c~ountc~r. Thi, 1 ml ot solution and 
the \,iol(,t-colorc~l organic phaw wcrc re- 
11lacc.tl in tho funnel. Wc shoal\ the ~nixturc. 
for 5 niin again and thc~ organic phasc, bi>- 
calllct purplc.. ?'hi. p11asc.s \ilc,ri. sc~paratc~ci, 
and the. radioactivity ( I )  of 1 rill of the 

Each timt. that assay i\ to bc, done, 
a nc\v standarc1 curve with coppcr stan- 
dard wlution ancl a nc\v dithizonc solu- 
tion should be prepared. 
13y measuring the oxidation of the dithi- 
zone solution with a spectrophotoineter 
for e-\ample, the amount of dithizonc 
addecl to the treatecl wood extract may 
be increaced and the iilitial st'uldard 
curve may 1,e used. 

,lclucton\ ph,lsc. wa\ mc~nsurc~tl with thc \vcll Tllc, tlc g1c.c. o f  clithizonc oxidation can 1 ) ~  
\cintillation c.ou11tc.r. A grapli 1~7'1s plottccl ol)sc,rvcd ill Fig. 2. 
showing thc pc~r~c~nt~lgc~ ot c'xtraction of Once the standard curvcl was prcyarcd, 
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7 4 
As Concentration in mg/ml 

FII:. 3. Relationships I~ctwecn percent arsenic c:xtraction wit11 concentration, and raclio:~c<tivty of 
tllc~ organic phase after extraction with concentration. 
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having a concc~ntrntiorl of copper l~cttvceri 
0.002 and 0.01 mg, added 0.1 rnl of 
hydrazine for cach milliliter of the aliquot. 
A pH of 5 rtI- 0.1 was rcacl~cd with 6N HC1 
iwd wc continuetl in thc samc wav as when 
wc, prcparcd the standard curvcx to deter- 
mine thr percentage of zinc. With this 
\due \v(% used thc standarc1 curve to dctcr- 
~niuc, the, conccntratiou of copper. 

Wc nscd n-butanol to evtract the com- 
P I ( , \  fornlc>d with 5otliuol iilolybdate a i d  

applied the principle of double snb\toichio- 
111ctric dilution (Rloch and Ankvr 1948; 
Kuzicka and Stary 1968). This mcthod was 
found to be Inore sensitive to impurities in 
air, water, containers, and reagents than for 
thc dctc>rrnination of chromium. Bc~c,iusc of 
thc\e wurces of error, wc decided to prc- 
part) a stClndard curvc, to dcterrnine the con- 
centration of arsenic in wood arid not use 
Eq. 1. 

Whcn extracting thc arsenic6 complev 
formcd with sodiwn lnolybdatc with n- 
butanol and nicasuring the optical dcnsity 
using a spcctrophotometer at 370 Inp, we 



TAHLE 3.  Set~siti~it!/ of the isutopic cliltrtioi~ 
trltrtl~od riscd it1 t/~r: dcterrnit~ation of cl~l-o~tr i~~in 

(it fice tliffercr~t conczt~tratiotls. 

Samole Concen t ra t i on  R a d i o a c t i v i  t v  o f  
7 4 ~ s  i n  1  m l d o f  

NO.  copper chromium t h e  o r g a n i c  phase 

found it nc%ccssary to scparatc, chromiu~n 
bc~cal~sc~ its 1xewnw r(,sultecl in false, va1uc.s. 
(:hronliuln did not intorf(~rc\ when the 
tloubl(, isotopic dilution ~ncthod was used 
( Table 1 ) . 
Stclr~tltirtl c,~lr*ce ~netllod: On0 lnl of un- 
trcatotl \\rood oxtract and 1 ml of arsenic 
solution us As20, at conccnt~ations of 0.002, 
0.004, 0.006, and 0.01 mg/.nll \verc, placed, 
rc~spectivc,l y, in four extract ion funncls. 
Nest added to c\ach funncl I ml of a 
solr~tion of copper sulphatc~ and potassium 
tlichromatc. ill thc sanlc, proportions they 
arcL founcl in thr CCA-A fornlulation :33'% 
CLI, 56';: C r ) ,  ant1 5 1111 of distilled water. 
Tllc. pI-I n.as adjustcd to 7 t 2 with HCI 
or Nu0I-I. Wc added 1 lril of 7-'As solution 
(this ntdioisotope emits beta rays of 0.9 
ant1 1.5 blcv, and gamma rays of 0.63 Mcv) 
with radioacti\rity of :300,000 cpm/ml and 
1 ml of sodium molybdate watcr solution 
(O.,5 g of sodium rnoly1)tlatc. dissolvecl in 
200 1n1 of distilled watc,r, to which ~ v c  
addctl 84 1111 of co~~cc,ntratcd HC1 ancl 
di111tcd to a volulnc. of 500 ml) ,  addccl 10 
ml of n-l)utanol, ~ i n d  sllook the funnels for 

Sodium R a d i o a c t i v i t y  o f  74  As i n  1 ml 
in01 ybda te  o f  t h e  o r g a n i c  phase (cpm) 

sainp l es day 1 day 28 
- 

15 mg 8609 5658 

30 111g 16634 6746 

Given sample Sample c o n c e n t r a t i o n  found 
concen t ra t i on ,  u s i n g  t h e  i s o t o p i c  d i l u t i o n  
i n  mg o f  Cr* method, i n  mg o f  Cr* 

* 
These r e s u l t s  a re  t he  averages f o r  t h r e e  
a l i q u o t s .  

1 nlin. 'Tltc, r;tdioactivity of thc organic 
phase, was measured in cpm with thr  well 
scintillation colintc,r, and thc valucs \\.crtJ 
plottcd against concentration of urscknic 
(Fig. 3 ) .  

With the standi~rd curvo prepared, \ve 
took an alicpot of the treated wood extract, 
adjusted its .pI-[ to 7, and added 1 ml of 
i4As solution \\7ith n radioactivity of about 
300,000 cpn~ /~n l ,  1 ml of sodium molyl~ditte, 
and 10 ml of 11-butanol. Wc sllook thc mix- 
ture for 1 min, thrn mcasurcd thc radio- 
activity of 1 ml of the organic phase,. With 
this value we detcwnincd the conccntr:~tion 
of arsenic from the standard curvc. A ncw 
staidarc1 c m \ ~  should bc prcparcd cxvc,ry 
few days lt~ecausc the half-lifc: of "As is 
only 17.7 clays. 

On(, can also draw a graph of pcXrcent 
evtractior~ [ ( 1 - I/I,,) 1001 against conc,en- 
tration, \vherc> I,, is the initial radioi~ctivity 
from the ;~clucous phase in 1 ml of the 
samplc and I is thc final radioacti\rity for 
1 1111 of sample f'rom the aqueous phasc, iiftcr 
extraction :lnd sc,naration. In this casc3 the 
curve i\ uc,eful for 8 day\, after mhich a 
nrw sodiu~n lnolybdatr \olutio11 niu\t be 
prepared ',ince thc extraction powcr of 
molyl~datc decreases with tinle. Th(> rate 
of d(~cre:~sr~ was determined as follo\vs: 
a l~c l~~o t s  with 0.005 111q of arsenic nTtxrc~ cu- 
tractcd initi'llly with 15 and 30 m? of 
\odium molybdatc zinc1 aftc,r 28 clay\, the 
r,idio,ictivitic.s (cpm) obtai~led arc, shown 
in Table 2. 
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' I . A ~ ~ L . L . :  &. Hc,.s(~lts of ~LIIUI! ,SI  0 1  t l . ( ~ u t ~ ( l  t t i ~ o d  ant/ coit~tt~orc~iul so/rrtiot~s of CCA prcserz;aliz;c8s o/)tclit~cd 
rcitll tlrt, c~olorittrc~tric. t t~c t l~o t l  cziltl tile rc~tlioc~l~ertricc~l tirct11otl.s. 

- 
Specimen Analyt ical  method Retention ( P c f )  

Wood core  Color imet r ic  0.065 0.270 0.097 
from pole 1 
C C A - A  t r e a t e d  Radi ochemi cal 0.073 0.220 0.092 

Wood core Color imet r ic  0.066 0.210 0.091 
from pole 2 
CCA-A t r e a t e d  Radi ochemi cal 0.067 0.190 0.087 

Composition ( % )  

CCA-A Colorimetr ic  34 - 16 

Solu t ion  Radi ochemi cal  34 - 15 

CCA-B Colorimetr ic  5 . 3  (CuO) - 31 

Solu t ion  Radi ochemi cal 5 .3  (CuO) - 31 

HESULTS AN11 IIISCUSSION 

.As SIIOIVII in Table 2, sodimn 1no1yl)tlate 
tends to loscx its extraction po\ver with titnc; 
tlius aftvr 28 clays the, sodium molybclatc 
usc~d in the, dctcrminiitio~~ of arsc,nic lost 
cwough c,xtriiction power to introduce, an 
error into the rcsults, that if uscd \vitkiout 
taking into account this chiiractt~istic. 

The intcrf(~rt~ncc cffcct of coppe1- and 
chromiun in diffcrrilt amounts on thc cs- 
tr~iction of arscrlic using tlic isotopic dilution 
111cthoc1 is for all practical purposes ncgli- 
gil~le, as shown in Table 1. 

Tii1)Iv 3 shows at \vliat sainplc conccn- 
tration of cllromiunl thc. isotopic clilution 
nlcxthod uscd g a w  the best rcsults. As can 
I)() observed, tlic method is most scnsitivc 
\\~hcn the concentratiolis of chromium arc, 
1)cttwcc~n 0.001 mg iintl 0 .003  mg. 

So as to conrparc our propostd method 
with ones alrc,ady used, w c ,  tlr>tc~rmi~ied thc 
:\~lrolint of (:u, Cr, ant1 As in two ~vood 

cores and thr percentages of Cu and As 
in commercial solutions of CCA-A and 
CCA-R prrscrvativos, using our ratliochcrni- 
ciil methods and thc colorimetric rllc.thod. 
The, c1at;i shown in Table 4 indicatc~ that 
both tyl)c,sof tncthods gave t~ssentinlly t11~ 
snmc results. 

Evrn though the rc~sults obtained arc 
not basctl on csteiisi\~e sainpling and tvsting, 
thcy indicate that thc radiochemic.al mcth- 
ods proposed in this paper are quite scn- 
sitivo. It1 addition, thcy call bc performed 
ill lcss than 2 hr, the scintillation counter 
rleeded to measurc the radioactivity is not 
cxlw~isii\lc; the radioisotopes nec.d(,cl are casy 
to ol1tni.n ant1 safe to use; and all other 
c~cluilmic~lt ncedccl is the usual fouiicl in 
inost l;ll:~oratoric~s. The pr(;1):~ation of thc 
sample for this mcthod takes lcss than an 
hour, colliparcd to thc traditional mcthod 
( acid di;=estion), which takes sevc,r;il days; 
and to lxwl);wv t l ~ '  finr>ly di \~id(~d ant1 homo- 



gonoous siimplc nc~cdc~tl for the X-my 
~nclthod, scvcral hours arc n c ~ ~ l e d .  The size 
of the, sample used in the) radiocllcln~ical 
1nc.thot1 is tho smallest of :ill the other 
knon,n inethocls, except for nclutron activa- 
tion analysis. Sincc tho radioactivity of the 
c~lv111cnt.s used is lo\v, they do not 
rcl)rvw~~t safcty p r o b l c ~ ~ ~ s ,  and only certain 
lx-''cautions must be taken such as tlie use 
of  rub11c.r glovcs, laboratory coat, enan~c.l(d 
trays, l~ulbs for the pipets, etc. 
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