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ABSTRACT 

Sorne of the factors affecting the ~novenlent of chloropicrin vapor in wood to control 
tlrcay were stlldietf in a srries of four experiments. (:l~loropicrin moved rnuch faster in 
1)rrnrc.al)lt. Douglas-fir 1ir:rrtwootl than in wood of low permeability, partly became of Inore 
oxtcrlsivt. licluid ~novenleiit in thgz pern~eablr woods. T l ~ e  lethal dosage of chloropicrin to tht. 
\vood decay fungus Poriu ~rlonticola was from 20 to 100 mg-1i:liter for the conditions 
c~vall~ated. Chloropic~.in ~novcment in a decaying Douglas-fir pole section was variable anrl 
\vas facilitated by thv decayed area. h[ost areas in the pole received a high closage of vapor, 
~rrore tllan sufficient to kill dcc,ny f ~ ~ n g i .  Vapor collld still be detected at most of the 
sampling sites six nronths after treatment. l'he ].elease of chloropicrin vapor in wood could 
I) ( ,  controlled by dissolving paradichlorol)rnzene in tht. clirinical to lower its vapor pressilrc. 
ant1 1)): confining chloropicl.iu ilk polyl~ler slow-relc.ase c ;~ps~~ lcs .  These approaclicb increased 
tlrc~ duration of tlle vapor in wood. 

Atlditior~ul kcyworcls: Cl~loropicrin, Poriu rnonticola, Psc,~rdots~cga ~tic~irzicsii, Tlttrja plic:utc~, 
d i f f ~ l s i o ~ ~ .  air prr~~lc.al)ility. f11ng;ll toxicity, strrilants, ill sit11 trc~at~llt~nts. 

AII inl~nediate need exists for art effective 
in  situ treatment to control i11tc:rnal decay 
in preservative-treated tri~usmission poles. 
This problem is particularly serious in 
~~ol~clt~ral, le,  thin-sapwootl species when 
severe checking in service penetratc:s the 
treated zone, allowing decay to develop 
i l l  lulprotectecl heartwood (Crrahan~ and 
Mothershead 1967; Taniblyn and Dale 
1963). (:ollventional preservative sohitions, 
i~~jected into poles without pressure, will 
trot lwrnleatr all of the decaying woocl and, 
tlrcarefore, will not stop this decay. Field 
r\-lwrimn~ts by a n  Oregon utility ( IIand et 
al. 1970) ant1 tlre Oregon State Unibersity, 
ITorrst l<esc~arch 1,aboratory (<:ralinm 

1973) sllow that high-vapor-press~lre fungi- 
cides placed in holes tlrilled in t rans~~~ission 
poles stop internal decay and afford solne 
protection against reinfectioll. 

I t  is evident that for this t rea tme~~t  to war- 
rant com~nercial use, the vapor must diffuse 
ill toxic concentrations to reach all decaying 
wood and rnllst remain in woocl long enough 
for the retreatment cycle to 11e economical. 
Some of the factors that may affect the 
control of decay with these sterilatlts are 
wood permeability, grain direction, temper- 
ature, wood moisture content, sttlrilant 
vapor pressure at the treating zolle, amount 
of interaction-e.g. sorption between the 
sterilant and woocl, and fungal toxicity of 
the chemical. The presence of decay 
pockets ant1 sc>asoning checks in wood will 
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also infl~ience the rate of vapor movement 
and loss from wood. 

The purpose of this study was to inves- 
tigate some of these factors through studies 
on the movement of chloropicrin ( trichloro- 
nitromethane) in small wood specimens of 
different permeabilities and in a decaying 
Douglas-fir pole section with large season- 
ing checks. The toxic dosage of' chloro- 
picrin vapor for the decay fungus Poria 
monticolcz Murr. was investigatecl so that 
the effectiveness of the vapor dosages re- 
ceived at various positior~s in the pole sec- 
tion could be evaluated. P. monticola was 
used because of its importance in decaying 
poles (Eslyn 1970) and its relatively rapid 
growth rate. In addition, methods of ex- 
tending the duration of effectiveness of the 
chemical by retarding the release of vapor 
i l l  wood were evaluated. 

MATERIAIS AND METHODS 

Two 5- x 5- x 46-crn (2- x 2- :< 18-inch) 
end-matched specimens were prepared 
from each of two unseasoned heartwood 
planks, one of co:~stal Douglas-fir and the 
other of intermountain Douglas-fir. One 
specimen of each type of Douglas-fir was 
equilibrated to 12% MC, while the other 
was kept green (>30% MC) by a poly- 
ethylene wrap and storage in a cold room 
( 2  C ) .  Four additional specimens of similar 
specific gravity, but widely varying perme- 
abilities, were prepared from woocl that had 
been stored for several years in a constant 
temperature and relative humidity room 
(11% MC) and had been rated as to 
preservative treatability based on creosote 
penetration patterns in inatchcd blocks 
( Miller 1961 ) . 

The longitudinal steady-state air-perme- 
ability coefficient was determined for each 
specimen from measurements on l-inch- 
long wafers using equipment similar to that 
de\cribed by Resch and Ecklund (1964) 
except that a vacuum was applied instead 
of pressure. 

Holes 1.3 crn (0.5 inch) in diameter and 
3.8 cm (1.5 inch) deep were clrilled into the 

center of one face of each specimen at mid- 
length and at 10 and 20 cm ( 4  and 8 inches) 
above and below midlength. The holes were 
sealed with serum caps conded to the wood 
with a silicone-rubber sealing compound, 
providing vapor sampling zones allout 2.5 
cm ( 1  inch) long. The specimens were 
sealed completely with paraffin wax to 
minimize moisture content changes. Four 
ml of liquid chloropicrin containing 0.5% 
Sudan IV dye were injected with a hypo- 
dermic syringe at midlength in each speci- 
men. The specimens were stored upright in 
a conditioning room at 22 C and 11%, MC. 
The concentration of vaDor reaching each 

& " 
sampling zone was measured periodically 
by gas chromatography using a Varian 
Aerograph Model 200 &;as chromatograph 
with a flame ionization detector, strip chart 
recorder, and 1.2-m (4-foot)-long teflon 
column (packed with Chromosorb Q solid 
support containing 7% Carbowax 20M 
liquid support). 

I t  was not ~ossible to use an internal 
A 

standard in the analysis, as a substance 
inixed with the chloropicrin liquid initially 
mav not diffuse through wood in the - 
same relative concentrations. Instead 
ethanol was incorporated with each chloro- 
picrin vapor sample as a "pseudo-internal 
standard." A 0.9-ml gas sample was taken 
from a sampling site with a 1.0-ml gas-tight 
syringe; then a 0.1-ml sample of saturated 
ethanol vapor was drawn into the syringe 
from a container of ethanol sealed with a 
serum cap. Temperature was held constant 
to ensure that the amount of ethanol drawn 
into the syringe would be constant. The 
ratio of chloropicrin peak area to ethanol 
peak area for each injection permitted cor- 
rections to be made for the detector re- 
sponse variability. When the test was ter- 
minated, the specimens were split so the 
distribution of dye, an indication of the 
minimum movement of chloropicrin liquid, 
could be measured. 

Toxicity of chloropicrin to 
Poria monticola 

Since the fungal toxicity of chloropicrin 
will be a function of the vapor concentra- 
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T a u ~ a  1. Cliuractcri,stics of Vo~~glas-fir pole sectior~ 

Diameter  

S p e c i f i c  g r a v i t y  (ovendry w e i g h t l g r e e n  volume b a s i s )  

" S i n k - f l o a t "  p e r m e a b i l i t y  r a t i n g  f o r  sound heartwood (Graham 1964) 

Average m o i s t u r e  con ten t  a t  s t a r t  o f  t e s t  

2.5 cm ( 1  i n c h )  deep 

7.6 ctil ( 3  i n c h )  deep 

Average m o i s t u r e  con ten t  a t  end o f  t e s t  

2.5 cm ( 1  i n c h )  deep 

7.6 cm ( 3  i n c h )  deep 

Average depth o f  p r e s e r v a t i v e  

Checking One ma jo r  check ex tend ing  deeper than  t h e  p r e s e r v a t i v e -  
t r e a t e d  wood r u n n i n g  t h e  l e n g t h  o f  t he  p o l e .  

Decay One decay pocke t  assoc ia ted  w i t h  t h e  ma jo r  checlc. 

35.6 cm (14 i n c h )  

0.45 

Permeable 

18% 

32% 

3.8 cm (1.5 i n c h )  

tion and time of exposure to tlw chemical, 
the iungi-toxic doqage (concentration x 
tilne = ct)  as defined by Harris ( 1963) was 
studied. Birch dowels 0.6 cm (0.25 inch) 
in diameter and 1.0 cin (0.4 irich) long 
were saturated with a malt nutricwt solution 
and then infected with the fungus. Birch 
clowels were used because they were readily 
available and, having low natural durability, 
were rapidly infected by the fungus. Pre- 
5nmal1ly, the resistance of the fungus to 
chloropicrin vapor is not affected signifi- 
cantly by wood species. Two matched 0.1- 
cm (0.04-inch)-thick wafers were split from 
the center of each infected dowel, providing 
itlentical test and control wafers. 

Relative vapor concentrations ranging 
fro111 2.6 to 315 mg/l were obtained by pre- 
piiring several solutions of chloropicrin in 
10-weight machine oil, a saturated solution 
of 1)utylated hydroxytoluene (13HT) and 
chloropicrin, and by using the vapor above 
pure chlol-trpicrin at  different ten-lperatures. 
7 ,  1 he vapor concentrations above the solu- 
tions were determined by gas chrornatog- 
raphy. For each vapor concentration, 
wafers were suspended above the c-hloro- 
picrill solutions in i~~dividual glass jars and 
then removed at predetern~ined time 
intervals, giving a range in concentuation- 
tilnc rxposures at each concel1tr:ition. Iden- 

tical procedures were llsec1 for the test 
wafers and matched control wafers except 
that the controls were not esposed 
to chloropicrin vapor. The wafers were 
then placed in a sterile laminar-flow 
air bench for 12 h to permit absorbed 
chloropicrin to dissipate. They were then 
surface-sterilized by light flalnii~g and 
placed in petri plates on Bacto nutrient 
agar. The plates were incubated at 26 C 
and examined after one and two weeks for 
any visible growth of fungus fro~ri the 
wafers. The shortest exposure time required 
to prevent growth of the fungus at each 
concentration was used to calculate the ct 
factor. 

Treated pole section 

The bottom 2.4-n~ (8  i'eet) -long section 
of a decaying pressure-treated (penta in 
oil) Jlouglas-fir pole that had been removed 
from service was used for this study. Table 
1 lists some of the pole characteristics. 

Four 2.2-crn ( 0.875-inch) -diameter treat- 
ing holes were drilled at right arigles into 
the center of the pole 1.5 m ( 5  feet) from 
the bottom. These boles were enlarged to 
2.5 cm (1 inch) in diameter to a depth of 
10.2 cm ( 4  inches) to provide a seat for 
large rnl>l~er seruin caps used to seal the 
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I I 2. H n t o  of r l ~ l o r o / ~ ~ c ~ i r ~  rrro~ci~lent through wood of rlifferent l~erm~ahilities 
-- 

Specimen Mo is tu re  L o n g i t u d i n a l  Time r e q u i r e d  f o r  t h e  vapor  t o  move 10 and E x t e n t  o f  l i q u i d  
c o n t e n t  S teadv -s ta te  20 cm above and below t h e  t r e a t i n a  zone movement 

X a i r  (hours)  (cln) p e r m e a b i l i t y  -- 
1 cm 20 cnl 

( D a r c y ' s )  Above0 Below Above Below Above Below 

In te rmoun ta in  
D o u g l a s - f i r  2  5  0.00024 >550* 30 >550 320 2  12 

In te rmoun ta in  
Doug1 a s - f i r  12 -00082 220 200 >550 >550 5  5  

Coast 
Doug las - f i  r 2 7  .0035 190 95 >550 >550 5  6  

Coast 
Oougl a s - f i  r 12 .0084 190 60 >550 .550 7  7 

2-5**  10 .011 10  6  75 165 7.5 10 

5.5*- 11 .034 1.5 0.2 24 13 8  11 

6.0** 11 * 088 2  0.4 14  24 8 8 

- -- 
* T e s t  t e rm ina ted  a f t e r  550 hours;  no measurable c h l o r o p i c r i n  p resen t .  

** P e r m e a b i l i t y  r a t i n g  ( M i l l e r  1961) .  

lloles. Similarly vapor sampling sittks 3.8 cm 
( 1.5 inches) long and 1.3 cm (0.5 inch) in 
tliatrlcter wc.re prepared :it varior~s depths 
i l l  tlre pole at 30.5-crn ( 1 foot) intervals 
alo~rg the pole. The pole was placed up- 
right in u conclitioi~ing roo~rl (22 (: and 11% 
\ I I ( : )  ~reiu the gas chroniatograph. 

Olre pint (475 1111) of chloropicdu, stained 
retl with 0.5 g of S11dan IV dye, was injected 
thro~~glr the treating holes wit11 a large 
syringe. \'apor samples were taken from 
tllc sa~r~pling sites with a gas-tight syringe 
;it \?;iriol~s tilnes over a six-month period. 
1 ' 1 1 ~  co~~cc~ltr:it io~i of chloropicri~~ at the 
tliffcre~lt sites was (letermined I)y gas 
chromatography and plotted as a function 
of tillre to c,valr~nte the llrovc~llent iurd distri- 
l,r~tio~l of chloropicrin in the pole. The 
arcas of these concentration-tin~e curves 
\vn-c nlensurcd with a polar planimeter to 
determilre the dosage of vapor that reached 
each sitc.. 

\\.'Ire~r tlrc, espc>rinre~it was ternli~~ated, the 
lx)lc sc.ction was cut up to ascertain the 
locatio~t of internal checks alltl decay 
Ix)c'kt~ts :~ r~ t l  tlw tlistril~~ttioti of  the Sridan IV 
tlyc.. 

Methods of retarcling the relensc. 
of vapor in uxod 

Two means of retarding the rate of (,hem- 
ical loss from wood to extend the life of the 
treatment were investigated. Chloropicrin 
was confined in polymer contai11c.r~ that 
retarded the loss of chemical, but still per- 
mitted diffusion of the vapor through-the 
container walls; also paradichlorol~enzene 
was dissolved in chloropicrin to lower its 
\7apor pressure. 

Two-dram, four-dram, and six-dram (7.4, 
14.8, and 22.2 cm:') polyethylene vials 
("polyvia1s"-Van Waters & Rogers Co., 
catalog no. 66017) and 15.2-cm (6-inch)- 
long by 1.6-crn (0.625 inch)-diameter sec- 
tions of Tygon tubing sealed at both ends 
were used as slow-release containers; one 
was half-filled and the other a quarter-filled 
to determine the effect of internal area 
contacted by the free liquid on permeation 
rates. The polyvials were exposed in con- 
ditioning rooms at successive temperatures 
of 22, 2, 32, and 22 C for various times; the 
Tygon containers were tested only at 22 C. 

The loss rates per unit area and unit vial- 
wall thickness at each temperature ;incl the 
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- - - .- -- - 
Chloropicrin Temperature Concentrat ion Time t o  k i l l  Lethal 

s o l u t i o n  (OC) chloropi  c r i n  fungus dosage 
vapor** ( h r . )  (mgxhrle) 

(ms/l) 

Pure ch lo rop ic r in  32 315 ~ 0 . 0 3 3  <10 

2 1 180 0.15 27 

Chloropicriri i n  o i l  21 - A 112 

Chloropicrin s a t u r a t e d  with BHT 21 99 

Chloropicrin i n  o i l  21 - 13 83 0.43 36 

Pure ch lo rop ic r in  2 67 1.5 100 

Chloropicrin in o i l  21 - i 5 . 8  ~ 4 .  5 i 2 6  

Chloropicrin in o i l  21 - 3 2.6 9.0 23 

-- - - - -- . - - -- - 
* Concentrat ion - time ( " c t " )  va lues .  

** Concentrat ions f o r  pure ch lo rop ic r in  vapor determined from vapor p ressures  a t  each t empera tu re ,  ils:;uming 
idea l  gas law a p p l i e s .  Other concen t ra t ions  determined by gas chromatography. 

"permeation constants" ( Rogers 1964) were 
determined for the loss of chloropicrin from 
the polyvials. 

The effectiveness of retarding the release 
of vapor at the treatment zone 1)y using R 

slow-release container and by using a 
saturated solution of paradichloroberlzene 
( PDH ) in chloropicrin was (:valuated. 
Three 10- x 10- x 122-cm (4-  x 4- x 48- 
inch) western red cedar ti~nbers were pre- 
pared with vapor sainpling sites at 15-cm 
(6-inch) intervals along their lengths. They 
were treated at midlength with 12 rnl of 
chloropicrin as follows: 

Timber 1. Chloropicrin contait~ing 0.1 g 
Sudan IV dye; 

'I'in~l~er 2. Chloropicrin containing 20.8 g 
of paradichlorobenzrne, which 
reduced the vapor pressure of 
the chloropicrin to 0.60 of 
that of pure chloropicri~~ (as 
determined I)y gas chroma- 
tography ) : 

Timber 3. Chloropicrin scaled in a 4- 
dram pol yvial. 

The concentration of chloropicri~~ at each 
site was determined periodically by gas 
chromatography. 

The rate of chloropicrin vapor rnovcJlnent 
up and down standing Douglas-fir heart- 
wood specimens was generally greater ill 

wood with high air permeal~ilit). values 
( Table 2 ) .  Capillary ~novement of liquid 
chloropicrin, as indicated I)y the dye 
distribution, was usually greater in the Inore 
permeable wood, which contributed to the 
permeal~ility effect on vapor movement. 
Liquid movement of the chernical through - 
the resin canals in the Rref'll internlollntain 
Ilonglas-fir specimen resulted ill bapor 
detection 1 x 1 0 ~  the treating zone r11ucl.1 

L, 

quicker than expected from its perr~rcal)ility 
value. Chloropicrin was detected I)elow the 
treatine zone earlier than ahove the trcat- " 
ing zone, prol~ably becaiise of c.apillary 
~novenlc~rlt of licluid I~elow thc trc~lting 
zone and the high densit). of chloropicrin 
vapor (5.7 x air density). 

Toxir.it!/ of c~hloropic .r i t~  to  
P. monticola 

At 21 (: the ct values were in the raligc of 
20 to 40 rng X h / l  or 0.02 to 0.04 g x h/ l  for 
the chloropicrin concentrations studied 
(Table 3). The high dosage ( 100 mg x h / l )  
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I'I~:. 1. Scli~matic diagrain of pole section. 
N~ui~ l~ers  at winpling sites represmt dosages 
iecvived ( g x hr /I). 

recl~~ired for the fmlgns exposed to chloro- 
picrin at 2, C may result from the slower 
respiration rate of the fungus at this temper- 
ature or from a temperature effect on the 
rate of vapor diffusion. At 32 C tl~t, ct value 
was lower than at 21 C. 

T I M E  ( d a y s 1  

FIG. 3. Concentrations of cl-lloropicrin vapor in 
tlie Douglas-fir pole section above and below treat- 
ing hole 11. 

The toxic ct dosage did not appear to 
increase with decreasing concentration over 
the range of concentratioils studied. In fact, 
the ct factors were lower than average for 
the two lowest chloropicrin concentr a t' ions, 
possibly because of toxicity of the oil vapor. 

The fungal toxicity values must be used 
with cautioil, as the lethal dosage of a given 
chemical will vary with temperature and 
from one flingus to another. Some stages of 
fungal growth present in wood, such as 
chlamyclospores, will require a higher 
dosage than growing mycelium. However, 
it appears that the dosages of vapor received 
at those locatioils in the pole section reached 
by measurable amounts of vapor are much 
higher than nocded to colltrol the decay of 
wood by P. monticola. 

T r ~ a t e d  pok sclction 
* I n 1  

E l t o  - / \ -  
The important features of the pole 

P o s l t l o n  II Pole 

0 I--- 

section, iilclutliilg the locations of major 
I - -  ; checks, treating sites, vapor sampling sites, 
3 

, 2  - 1 the decay pocket, and the distribution of - 10l1 
b , ,, 

I c \ - Sudan IV dye, are shown in Fig. 1. Figures 
u 
r nu 
0 \A7<, 

2 and 3 show the concentrations of cliloro- 

g ( 1  1 picrill vapor at various times for some of the 
- + \ -- 
2 lo , s.lmpling sites directly allove and l~elow 
+ 
: u 

treating holes I and 11. The dosages of 
u \* - Y  
z .> - -i 4 --- 

" j 
vapor received at the sampling sites, as - i n  ' - J" loo IZ0 ' Ia0 deternliiled by measuring the areas of con- T I M E  ( d a y s ]  

centration-time curves for a11 sampli~lg sites, 
I .  2. Concentr,rtion\ of cllloropic~in vapor in 

t11r Douglas-fir pole section above and below are included in Fig. 1. They are expressed 
t~cating hole I. here as br x h/liter. 
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T A ~ L E  4. Rate of chloropicrin loss from partially filled polycthybne oials 

6 Dram 4 Dram - 2 Dram 

Temperature* 112 fu l l  114 fu l l  112 fu l l  114 fu l l  112 fu l l  114 fu l l  
OC (Loss per cm2 surface area per rnm wall thickness in mglh) 

Permeation values*" x105 

* Vials were cycled through these temperatures in the sequence shown. 
** cm3'gas a t  standard temperature and pressure per second per cm2 surface area per mm wall thickness per 

cm Hg vapor pressure difference. 

The sterilant moved through the pole as 
a wave characterized by a time lag hefore 
chemical reached a given site, followed by a 
period of increasing concentration, a long 
period of relatively constant cor~centration, 
and a period of decreasing concentration. 
Chloropicrin movement was faster and 
vapor dosages were greater below the treat- 
ing zone than above it. 

The amount of chloropicrin vapor reach- 
ing the sampling sites varied greatly around 
the pole at each sampling level, because of 
the presence of the checks and the decay 
pocket. The transverse distribution of 
vapor was poor except where facilitated by 
the last features. Also, sampling sites as- 
sociated with the vertical movement of 
chloropicrin liquid, as indicated by the dye, 
received higher dosages of chloropicrin 
vapor than the other sites. For example, 
sampling sites of Fig. 2 that were associated 
with a check received higher concentr a ti ons 
of chloropicrin vapor than those of Fig. 3 
located in sound, unchecked wood. 

TVhen the study was terminated, there 
were still relatively high concentrations of 
chloropicrin in the pole. Thus, the duration 
of effectiveness exceeded 6 months, even 
under the conditions of high average 

temperature and high wood perineability 
in this study. 

Methods of retarding the release of 
fumigant vapor i n  wood 

Temnerature had a marked effect on the 
rate of chloropicrin released from the poly- 
vials (Table 4 ) .  The loss rates at 22 C were 
higher after the vials had been cycled at the 
three temperatures than for the initial test 
at 22 C, indicating that chloropicriil renders 
polyethylene more permeable with time. 
The larger polyvials released vapor faster 
than the smaller ones. even when the loss 
rates were corrected for wall thickness and 
surface area differences. Thus, it is not 
possible to characterize absolutely the 
movement of chloropicrin through poly- 
ethylene and one cannot accurately predict 
the rate of vapor release from any poly- 
ethylene container without first conducting 
some trial studies. However. the values 
determined here give an indication of the - 
rates of permeation one can expect and 
should aid in the design of slow-release 
capsules. - 

There was no consistent relationship 
between the amount of chloropicrin in vials 
and permeation rates, which is understand- 

- 

able since the chemical potential of satu- 
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move through the walls to replac(* tlic 
chloropicrin, the resulting vacuum caused 
the tulle to collapse and retarded the rate 
of chemical loss. 

The wide differences in permeation rates 
for the t\vo polymers studietl here enlp11;isize 
the flexibility of this approach. By selection 
of polyn-~er system, container wall thickness, 
and container surface area, it shoulcl 1,e 
possible to design slow-release capsliles to 
release vapor at any desired rate. 

The use of chloropicrin i l l  a polyvial and 
in n saturated soll~tion of PDB and chloro- 
picrin to retard the evolution of vapor in- 
creased the duration of chloropicrin ill 
western red cedar timbers over that of 
chloropicrin injected :IS a free licluid (Table 
5) .  The concentrations of chloropicrin 
vapor at different times 15 crll ( 6  inches) 
above the treating holes, for t i~n l~ers  treated 
by these three n~ethods, are shown ill Fig. 4. 

When the test was terminated after 60 
clays, no chloropicrin could be measured in 
the timbers treated with c1.1loropicrirt alone 
or with chloropicri~~ saturated with PDH. 

TIME ( d a y s )  

I*'I(.. I .  (:hlot.opicri~~ \*&pol- concc.~~tr;ctions i l l  

\ \ r , s t c , r~~  ~ .c%t l  cedar tinrl)ers 15 C I I I  al)ovca the treat- 
lllg zollt~. 

ratetl \lap". is the same as tllat of free 
licluid ( 13arrcr 1941 ) .  

(:hloropicrin diffl~sed tllrot~gh t l ~ e  Tygon 
rul)l)er allout 100 times faster than through 
polyethylene at 22 C. The pernleation 
cotlst:u~t was iil~out 9 X 10 ;' permeation 
r111its i~~itinlly; since air was luiable to 

'I '~l11.1. :  r). I)o.sugo oJ ( ~ / l / t ~ r t ~ / ~ i t . ) . i t r  u ~ l ~ o ) .  rc,~c,ivcd ut variof~s ([i,star~~('.\ above urtcl hclotc the, lrr:ated 
zotlt of lccster~l retl cedar tivrhers* 

- - - - - --- -- - -- 
Trea tmen t  D i s t a n c e  from Dosage a t  t e s t  Es t ima ted  f ~ n a l  Maximum concen- A p p r o ~ .  c h l o r o -  

t r e a t i n q  h o l e  t e r m i n a t i o n  dosaae t r a t i o n  measured o l c r i n  v a ~ o r  
d u r a t i o n  

(days )  

Pure c h l o r o o i c r i n  t 4 5 . 7  

L h l o r o p ~ c r i ~ i  t 4 5 . 7  
s d t u r a t e d  WI t h  t 3 0 . 5  
PDB 1.15.2 

0  
-15 .2  
-30 .5  
-45.7 

C h l o r o p i c r i n  i n  t 4 5 . 7  
4-dram p o l y v i a l  +30.5 

t 1 5 ' 2  
0  

-15.2 
-30.5 
-45.7 

* 
Specinlens 10 x  10 x  122 cm ( 4 x 4 ~ 4 8  i r c h )  

PDB = pa rad ich lo robenzene  



71'1~c* l)oIy\'ial still co~~ tu i~ i cd  9.88 g of cl~loro- 
I ( 2 of tlie or igi~~al  amount), 
e ~ ~ o r ~ g l i  to provide vapor for 65 Illore days 
1):isccI o n  its average vapor evoh~tiol-t rate 
of 6.32 rng per hour. Final dosages and 
tl~~r:itio~is \ v ~ r c  estimated on  the, basis of 
these v:ih~rs. Although the dosagcbs received 
at the different levels were approsinlately 
tile sallle for the three treating mt~thods, the 
cl11ratio11 of trcxatment was extentled about 
one-third by using chloropicrii1 satnrated 
with 1'1113 and was tripled Ily ellclosing 
chloropicri~r in ;i polyvial. EIo\ceve~., the 
rna~irnt~irr concentrations attainc~d at the 
s i i~~ipl i i~g sites were lower for the long- 
tlt~ratio~r ~netlrods ( Table 5 ) .  

\Vhcn the stlidy was termi~iated, the 
trc:iting hole of the tinr1)er trexted with 
1'1113 i l l  clrloropicri~i was coated wit11 PDH 
crystals. There was a strong PI113 odor 15 
cln ( G  i ~ ~ c l ~ c s )  ul~ove a ~ ~ d  20 cm ( 8  inches) 
l)rlo\i~ the treating hole. This should coil- 
tril,ute to the effectiveness of the treatment, 
:is PI113 vapor is iun effective insect repellent 
(Kofoitl 1934) and ;~lso has fungistatic 
propertics (Scheffer ant1 <;raham 1.972). 
Si~ice its vapor pressure is fairly lo\v as 
co~~lp:irc~tl wit11 chloropieri~r (al)olit 0.4 inm 
Iig v . ~ .  19 lnrn Hg at 20 C ) ,  PDH vapor 
s l ro~~ld r en l a i~~  i l l  \voocl lol~g after thc chloro- 
picrin has dissipated a ~ l d  shoulcl pl.oloilg 
the3 resid11:il protection of wood a ~ a i n s t  
tlccny flulgi and insects. 

'I'lrc. go:il of this stl~tly was to investigate 
sonlc of tllr inlportant cor~sider;itions in the 
~.t~nlctlial treatlncnt of wood with chloro- 
picrill to provide a hasis for the tlesign 
of satisfactory treating proced~lres. The 
rcsl~lts int1ic:ite that cllloropicri~l call stop 
c1c.ciiy i l l  \vood products, \vith prospcc:ts for 
l o ~ ~ g - l a s t i ~ ~ g  protcctio~l i f  ccrtnin t;lctoi.s that 
i11f111e11ce movements of f ~ ~ m i g a ~ ~ t s  tllrot~gh 
\voo(l :irtA recognizc~(1. 

111jc.ction of large' nniounts of liclt~id 
cl~loropicr i~~ at one level in u polc r e s~~ l t s  in 
;i I~igh vapor-pressllrtt gradient across the 
\vootl, providing toxic co~lce~rti-atio~is of 
vapor at I-elativcly long clistancc~s from the 

treati~rg zone. EIo\vevcr, this treating 
method is inefficient in that large ainounts 
of liql~id must 11e used, resulting in higher 
than necessary dosages close to the treating 
zone. The generally poor transverse move- 
ment of the sterilant ~nakes it difficult to 
ol~tain a uniform distributio~l of chemical, 
if the treating hole pattern used in this study 
is applied. 

A better initial distril~ution of chemical 
can 1)e realized 11y applying the sterilant 
through several small holes distributed 
over the wood's s~uiface. If free liquid 
chloropicrin is used with such :i treating 
hole pattern, a higher than necessary con- 
centration of c.lien~ical will develop tlirough- 
out the wood. Also, the smaller volu~nes of 
chloropicrin that must be used to keep the 
treating cost low will result in a short-lived 
treatment. This suggests the application of 
slow-release capsules throngh several treat- 
ing holes for the   no st efficient treatment. 
Ideally, the treating hole pattern and rate 
of chemical release should be designed so 
that vapor is generated in the wood at the 
same rate as it is lost from the w ~ o o t l  sur- 
faces, while maintaining a concentration 
level sufficient to kill the fungus and to 
prevent reinfection. Slow release capsules 
also eliminate the need to handle the chern- 
icnl as a free liquid in the field, permitting 
safer a i d  easier treatment. 

In drier climates where tlie water table is 
Iotv, pole decay can extencl for a consid- 
erable distance below the ground line 
( <:ral~a~n and hlothershead 1967) . For 
optimum results fro111 a vapor-phase treat- 
ment, all of the decayed areas must be 
reached 11y the vapor. To obtain lethal 
concentrations of sterilant at these depths 
without excavating, chloropicrin may need 
to 1)e applied as a pure liquid. 111 such 
situations, a combination treatment of pure 
liquid and liquid in slow-release c:ipsules 
may provide the most effective treatrnent. 

I-Iigh wood permeability will favor tlie 
c1istril)ution of toxic concentrations of vapor 
through \vood, hut may reduce the duration 
of effectiveness. The presence of decay 
fungi i n  wood results in a higher inherent 
pernieal~ility of the wood arid facilitates 
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vapor movemerlt; however, the high mois- 
ture content of decaying wood may counter- 
act this effect. 

The effectiveness of the treatment will 
depend on climatic conditions. At higher 
temperatures, the vapor pressure and the 
diffusion coefficient are higher, so the 
chemical will move more readily and farther 
than at lower temperatures ( Cooper 1973). 

The physical and chemical properties of 
any sterilant should also be considered. The 
higher the chemical's vapor pressure at a 
given temperature, the steeper is the concen- 
tration gradient and the higher is the rate 
of movement through the wood. If the 
chemical is sorbed significantly by wood, 
its rate of diffusion will be decreased and 
its length of stay in wood will be increased. 
The toxicity of the chemical to and to 
decay organisms and its persistellce in the 
environment also are obviously important. 
Although chloropicrin is highly toxic to man 
( 10 minutes' exposure at a concentration of 
2 111g/Iiter may be lethal), it has been used 
safely for many years for fumigation of soil 
and agricultural products. One of its assets 
is its strong lachrymatory proper tic:^ at sub- 
lethal concentrations, which warn users that 
they are being exposed to vapor. As already 
noted, encapsulation of the sterilant would 
make its use safer yet. 

The soil fumigants Vorlex (methyl 
isothiocyanate dissolved in chlorinated C, 
hydrocarbons) and Vapam (sodium N- 
methyl dithiocarbamate), as well as the 
che111icnls illethyl bromide, trichlorethylene, 
hydrogen cyanide, and sulfuryl fluoride, 
have shown some promise as ilecay con- 
trollers il l  other laboratory and field studies 
((:raham 1973; Ha id  et al. 1970 Ricard et 
a1. 1968). Further screening tests of these 
ant1 other possible sterilants to evaluate 
their toxicity, diffusion, and sorption prop- 
erties should 1)e undertaken to establish the 
most effective means of controlling internal 
decay with high vapor-pressure chemicals. 
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