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ABSTRACT 

The distribution of peiitaclilo~~ophenol preservative in cell walls of Douglas-fir pressure 
trc.atet1 eitlier 1)). tlic Cellon" process, or with pentachlorophenol in light petrolerim oil, was 
stutlicd nsing scanning clectron microscopy-energy dispersive X-ray analysis (SEM- 
EIIXA). 1Zcsnlts indicate that both preservative treatnlents ca~ised pentachlorophenol to 
Iw tIt.positct1 tliroi~ghont tlie gross strnctilrc of thc wood and within cell walls as well. Ex- 
tractio~t \vitl~ 1)enzcxw fnilcd to rcmovtx the l>entachloropl~c~~ol clelmsited within cell walls, 
as iiitlicatetl by SEhI-EIIXA rrsults, althougl~ tlre prescrvativc had been applied with 
non1)olar organic carriers. 

itcltlitional kc!/words: Pscrrdotsr~gu rnt~i~zicsii, Cellon process, cnergy-dispersive X-ray analy- 
sis ( EIIXA 1, preser\,ative distril~ntion, ( SEM ), wood preservation. 

INTHOI)UCTION servatives (generally metal salts) show high 

~)lIsulvatinn of watcr-l,OrI,e prescrvativcs relative contrast in a wood substrate and 

ill ,voOc~ cell has l,eell accolnplished are inmluble in common eml~edding media. 

~lsilkg sc,vern] methods. For exanlp]e, Rud- 1" " recent TEM study by Wilcox and Par- 
tll;ul ( 1966) D:lvies ( trans- a"e"w"'"n ( 19741, crystal deposits were 
,,,issiOl, c.lectroll microscopy ( TEM 1, while ol~served throughout the cell walls of ultra- 

petty ancl prestOn ( 1968) alld chOu co- thin sections of Cellon-treated Douglas-fir 

,vorl\c.rs (1973) n,t,clc of elcctrOn that had l,ecn fixed with KMnOt. Thc elec- 
,,,icrOallalysis. necently creaves (1974) tron-dcnse crystals observed were inter- 
I1ti~ized electron preted as a reaction product of PCP with 

energy dispersive X-my analysis (SEM- KMn04. 

ED,YA) to locat(. sllcl, Inateriais. ~ t t ~ ~ , ~ ~ ~  Using SEM at this laboratory, Resch and 
to tlircctly ol,scsve pentnchlorophr.ll~ Ar@"bright ( 1971 ) were unable directly 
( ;p) app]icd llonpOlar treating sol- to ohwe've PCP hl Celloil-treated specimens. 

Ilsing l'EM (waiters Ci,t& lRBO Siinilar rcsults occurred in the initial phases 

ailcl SEht (Resch a i d  Arganbright 1971 ), of this study, where an SEM examination 
of specimens pressure-treated with PCP by 

however, have heen largely inconclusive. the Cellon process and PCP in petroleum 
7'11r. lwol,lcms in electron microscopic inlag- oil (PO) clid not show any surface deposits. 
iilg of PCP involve its solubility in corn- other as 
monly nsed eml~eddiiig media and its lnicronnalysis and the extraction of speci- 
relative lack of contrast. Water-borne pre- mens \yith nonsurel]illg solvellts fol]owed by 

- quantitative analysis for PCP, have indi- 
' 'l'lic alitlror cx\prcsses his appreciation for tlic cated its presence within cell walls ( ~ ~ ~ ~ h  

itssistancc. of IIr. I>. G. Arganbright of this Insti- 
tution ;und I>r. H .  ~ ; t l k  and 111.. Dan I I ~ S S  of the Arganbrig"t 1'71; Arganbright 1973; 
IIni\.t>rsity of California, Ilavis, in preparing this Lelitritz 1971). A micro-bioassay technique 
stiitly, ant1 to NSF grant GB-29653 for the pnr- has showll that at convelltiollal treatment 
clitisc of the SEhI-EDXA equipment uscd. 

%ellon is a registered trademark of the Koppers levels, PCP toxicity with respect to decay 
Co~ilpilny. iliicroorganisms remains after extraction 
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SEM-X-RAY ANALYSIS OF PENTACIILOROI'HENOL 
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1'1~:. 1. S-ray energy spcctra for control. GOO-second analysis; 26OX; 0" tilt angle (all angles are 
~iolt~initl) 

treatment of wood with nonswelling sol- 
vents [ ~ ' i l c o x  1975). 

Crivcn the lack of success in directly imag- 
ing PCP in wood by TEM and SEM, it was 
decided to utilize SEM-EDXA. This tcch- 
nicrue is based on emissi'on of characteristic 
S-ray energies when an element is bom- 
I~arded by an electron beam. In the case 
o f  thc SERII-EDXA systcm, an electron 
1)cam scanning the specimen causes the 
S-rav emission and a suitable detector and 
computcr system are used to sense and pro- 
cess X-ray data. System output can be pre- 
scmted as a map for an element over the 
area scanned, a line scan showing the X-ray 
counts generated bv an element ovcr a sin- 

L ,  

gle profilc traced across a surface, or by 
~lrmlerical data for examinations of specific 
areas. X-rav element maps can be com- 

A 

1,ined with secondary electron micrographs - - 

to provide a nlcasure of spatial distribution 
for the element under study. 

Thc subject of X-ray analysis for general 
biological materials has been reviewed in 
depth by Russ (1974) and discussed as a 
diagnostic tool in wood science by Gray 
and Cbti. (1974). The reader is referred to 
these sources for further discussions of the 
technique. 

In this study SEM-EDXA was used to ex- 
amine the occurrence of PCP in wood after 
pressure treatment with the nonswelling 
carrier solvents used in ( a )  the Cellon pro- 
cess and ( b ) pentachlorophenol applied 
from a petroleun~ oil carrier. 

MATERIALS AND METIIODS 

Sample materials of Douglas-fir (Pseu- 
clotsuga menziesii) were taken from 2 inch 
x 4 inch studs, pressure treated either by 
thc Cellon process (PCP dissolved in lique- 
fied butane) or PCP dissolved in light pe- 
troleum oil (PCP-PO) . Several wafers ( 6  
nlm longitudinal dimensions) from each 
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FIG. 2. Element map for Cl control. 600-second analysis; 2 6 0 ~ ;  0" tilt angle. 
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FI~;.  3-Cnrvc. A-Control spectra. (400-seconcl :malysis; 220X; 40" tilt) 

C n n ~ e  R-Cellon-treatment spectra. 
Curve C-Benzene-extracted, Cellon-treatment spectra. 
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FIG. 4. C1 element map, Cellon treatment. 400-second analysis; 250X; 40" tilt. 

FIG. 5. Cl line scan, Cellon tl.eatment. 400-second analysis; 6 2 5 ~ ;  40" tilt. 
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L o c a t i o n  ( a s  p e r  F i g u r e  6 h . )  o f  S-Ray E m i s s l n n  

I A .  Correctc.d C1 line scan for 11e~ene-cxtractcd, Ccllon-treated speciincn shown in Fig. 6B. 
400-second analysis; 5 7 0 ~ ;  0" tilt. 

treatment type were extracted by reflux in 
I)c~rzenc for 24 h ( Arganbright 1973). Gen- 
eral trc~atment effectiveness was assessed, 
using duplicate specimens of extracted and 
uncxtracted PCP-PO-treated wood. These 
materi:~l\ were ground, ashed, dissolved in 
.ieicl and quantitatively analyzed for PCP 
contcnt by titration for chloride ion. Aver- 
,Ige PCP contents (weight basis) were 2.8% 
tor  o on extracted and 0.7% for extracted 
s'umples. 

Since common embedding media might 
\olubilize the PCP in microscopy speci- 
men\, their use way avoided. Instead, 5-mm 
cul~es were prepared by cutting viewing 
4urfaccs with a razor blade as described by 
Edey , ~ n d  co-workers ( 1974). After mount- 
ing on stubs, specimen blocks were coated 
with 'I. thin layer of carbon using standard 
vacuum-evaporation techniques. The con- 
ductive metal coating normally used in 

SEM studies of wood was not used since it 
would interfere with the X-ray analysis. 

SEM-EDXA was performed on a Cam- 
bridge Stereoscan S-4 equipped with a 
10-mm2 Kevex Si(Li) X-ray detector hav- 
ing a resol~~tion of 157 eV at 5.9 keV. A 
0.3-mil Be window protected the detector. 
Analyses were performed at 10 keV; emis- 
sion current was maintained at 15OPA and 
the detector was positioned 48 mm from the 
sample. A Quanta-Metrix3, Model 80-S 
computer system was used for data process- 
ing. CKT modulation for X-ray element 
mappiilg was modified in order to allow 
continuous modulation ( as opposed to pulse 
ratc modulation) when a preset count rate 
of C1 K, X-rays was exceeded. In addition 
a "contrast-factor" function of the computer- 
based system was used to enhance element 

Winnegan Corporation, Sunnyvale, CA. 
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FIG. 6B. C1 line scan, benzene-extracted, Cellon-treated specimen. 400-second analysis; 5 7 0 ~ ;  0" 
tilt. 

maps (not to be confused with an "image- 
enhancer" allowing for CRT modulation 
only above preset count rates) which re- 
moved background from X-ray maps pro- 
duccd. While such a system produces mini- 
mal modulation for C1-free regions, it also 
rejects real X-ray counts permitting oilly a 
clualitative interpretatio~l of data. 

RESULTS AND DISCUSSION 

To insure that no contamination of speci- 
mens had occurred in preparation, X-ray 
spectra of surfaces of both cut and fractured 
controls were run. The resulting spectra 
were not significantly different. The spec- 
tra of X-ray energies cmitted by a control 
is presented in Fig. 1, with the area scanned 
to pmduce that spectra being shown in Fig. 
2. An element map for C1 X-rays only is 
superimposed on the secondary electron 
mode image shown in Fig. 2. These results 
givc an indication of levels of C1 occurring 
naturally in controls for treated specimens 
studied. 

The energy spectra show11 in Fig. 3, taken 
under identical operating conditions, com- 
pare the effect of both the Cellon treatment 
and the benzenc extraction of Cellon-treated 
wood. The curves indicate the most C1, 
when con~pared to background, to be pres- 
ent in the unextractcd material, although 
C1 is still present in excess of naturally oc- 
curring levels in the extracted specimen. 
This confirms the observation that signifi- 
cant quantities of PCP, which are inaccessi- 
ble to subsequent extraction, are added to 
the wood by the nonswelling treating sol- 
vents used. Figure 4 is a micrograph show- 
ing preservative occurrence in a Cellon- 
treated specimen through an element map 
for C1. Figure 5 also shows a Cellon-treated 
specimen but incorporates a line scan for 
C1. In this case the horizontal line indi- 
cates the profile scanned in the EDXA with 
the X-ray data generated rising and falling 
about that line as the scan encounters cell 
wall and lumen areas. 

Figure A is a linc scan profile for C1 in 
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FIG. 7. C1 line scan, Cellon-treated specimen. 400-second analysis; 1000X; 40" tilt. 

an extracted Cellon specimen that has been 
corrected for background. The correction 
was perfonued by collecting background 
comrt data in the computer memory above 
(2.32 keV) and l~elow (2.69 keV) the chlo- 
rine KCu pvak (2.62 keV). Thesc data were 
then averaged and subtracted from the 512 
corresponding point counts for C1 across 
the profile scanned. The original, uncor- 
rected line scan (Fig. 6 R )  shows thc rela- 
tive occllrrence of chlorine in the extracted, 
Ccllon-treated wood. 

Two signal minirna occur in Fig. 6A im- 
mediately to the right of the first two 
springwo"d compound cell walls traversed. 
Thrse minima are felt to rest~lt from speci- 
mcn topography, which blocks off X-rays 
generated there (generally background rad- 
iation, also called brehmmstrahlung) and 
prevents their reaching the detector that 
was positioned to the upper left of the field 
of view. Such topographical effects are 
known in SEM/EDXA research and must 
be very carefully considered when attempt- 
ing to interpret results. Figure 7, a radial 

view of a Cellon-treated specimen, presents 
a good example of such effects. In scanning 
over a pit aperture (arrow), the X-ray sig- 
nal drops at the aperture and in the sur- 
rounding area as well. When traversing the 
cxcised cell-wall section (center right), sig- 
nals increase most at the left edge as they 
reach thc detector with greater efficiency. 
Such a peak, generated by a single scan of 
a rough surface, cannot be used to indicate 
a I~igl~er  level of PCP in the wall as opposed 
to surroundiilg areas. Topographical ef- 
fects in biological specimens wcrc discussed 
by Hess et al. (1975) using rice hulls as 
well as a pure copper granule that had been 
acid-etched to yield a rough, but homogene- 
ous surface. In both materials, variations in 
X-ray signals were shown to be topographi- 
cal in nature. 

The results found for the PCP-PO treat- 
ment again showed the preservative to be 
present within cell walls both before and 
after extraction with benzene. Figure 8, the 
energy spectra for unextracted and ex- 
tracted PCP-PO treated specimens, also 
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FIG. 8. Energy spectra for ( a )  PCP-PO trratnlcnt, ( 1 ) )  benzene-extracted 1'CP-PO treatment. 400- 
scxcond :in;ilysis; 2 2 0 ~  ; 40" tilt. 

FIG. 9. C1 line scan, benzene-extracted PCP-PO treatn~ent. 400-second analysis; 2400X; 40" tilt. 
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shows a moderate amount of sulfur in the 
unextracted specimen. This is likely the 
result of sulfur present in the light petro- 
lcurn oil carrier. After extraction, the peak 
disappears. A line scan (Fig. 9 )  of a single 
compound cell wall from tlie PCP-PO 
treated, benzene-extracted materials dem- 
onstrates the persistence of the preserv a t '  ive 
in the specimens. 

CONCLUSIONS 

Significant amounts of PCP are added to 
the cell walls of wood by noilpolar treating 
solvents. I t  would he useful to specify the 
distribution of the treating chemical across 
cell walls, but given the topographical char- 
;~ctc,ristics of the specime~ls examined, the 
inherent roughness of the wood and irregu- 
laritics in the prepared surfaces, such char- 
acterizatio~~ was not possible. The use of 
an embedment and fixation schedule sys- 
tem that will not dissolve or relocate the 
PCP after treatment is a logical approach 
for additional work on this problcm of speci- 
nrcll preparG '1 t '  1011. 

Ilcfit-rition of the mcchanism by which 
tlre preservative, carried in i~onpolar sol- 
vents, enters the cell wall has yet to be 
made, given current theories of cell-wall 
porosity and chemical composition. Some 
esplanation of this process may lie in the 
trcating pressures and I: with respect to Ccl- 
Ion) thc molecular size of the butane car- 
ricr. EIowever, the petroleum oil carrier is 
composcd of higher molecular weight hy- 
clrocarbons and onc would not predict its 
elltry into the cell wall. This appears to 
llavc occurred if PCP presence is ally cri- 
terion. Further studies using SEM-EDXA 
tcelrniclues may help solvc this general 
prohlem and, in any casc, should be useful 
in dcatailing distribution of preservative 
co~npounds. 
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