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SUMMARY
A t r ia l  was insta l led in  L972 near  Por t  Hedland,

Western Austra l ia .  to  test  the possib i l iLy of
prolecting wooden sleepers fron destruction by the
termite MasXoternes darwiniensis Froggatt by treating
them ra ' i th  tern i t ic ides.  Resul ts  ind i .cated that  ro
protect the timber, near-complete penetration of the
preservat ive is  essent ia l .  Mastotetnes repeatedly
breached barr iers  of  d ie ldr in ,  arsenic  and creosote
of  var ious depths,  and even excavated exploratory
gal ler ies in to s leepers fu l ly  impregnated wi th
creosote but always abandoned then.

f t  has proved d i f f icu l t  to  protect  Austra l ian
hardwood sLeepers because complete penetration of
preservat ive is  not  possib le us ing current ly
avai lab le techniques of  appl icat ion.



INTRODUCTION

The Mt .  Nevman Min ing  Company n ines
i ron  ore  a t  Newman in  the  P i - lbara  reg ion
of  Western  Aus t ra l ia  and sh ips  i t  overseas
f rom Por t  Hed land.  The ore  is  t ranspor ted
by  ra i l  f ron  the  mine  to  the  por t ,  a
d is tance o f  426 km.  Const ruc t ion  o f  the
ra i lway  was comple ted  in  1968 and i t
became operational in December of that
year .  Most  o f  the  cont inuous ly  we lded
t rack  eras  la id  on  ja r rah  (Eucafgp tus
n , r d i n 2 t - 2  q m  \  . 1 a 6 - a r c n e a s u r t  n g
23 x 15 x 259 cm, but a srnall number of
wandoo (E,. uardoo Blakely) and blackbutt
I L -  h : f - n c  R a ^ + h  \  c 1 6 6 ^ ^ - ^
\ ! .  _ A / a  L q r r J  u r r r L r r . /  o f E s I J r L r

used (F ig .  1 )  .  A11 these s leepers  were
unt rea ted .  In  Ju ly  1971,  approx imate ly
38 km f rom Por t  Hed1and,  severa l  ja r rah
s leepers  were  found to  be  in fes ted  by  the
termite Mastotermes darwiniensis Froggatt
( F L g s .  2  a n d  3 ) .  A  s u r v e y  n a d e  i n  1 9 7 2
alonq the railway showed that only l inited
sec t ions  o f  the  t rack  were  l i ke ly  to  be
at  r i sk .  s ince  l las to te rmes does  no t  occur
conEinuous ly  th roughout  the  P i lbara
reg ion  bu t  i s  con f ined to  a reas  where
woody shrubs  and t rees  fo rm par t  o f  the
vegeta t ive  cover .  I t  i s  o f  in te res t  tha t
whereas lvlastotemes occurs abundantly
in rned ia te ly  nor th  o f  Ka lgan Creek ,  39O kn
south  o f  Por t  Hed land,  i t  was  no t  toca ted
south  o f  the  Creek  desp i te  a  very
in tens ive  search .  There  are  no  apparent
d i f fe rences  in  so i l ,  vegeta t ion  or
e leva t ion  tha t  n igh t  l im i t  d is t r ibu t ion
southwards .  Fur ther ,  s ince  the  survey
was car r ied  ou t  there  has  been no  ins tance
of Plastotermes attack on sleepers betvreen
the  Creek  and the  mine  s i te  a t  Newman.

The follovring plant genera. connon to
Lhe P i lbara ,  a re  an  acceptab le  food
source  to  l4as toLernes t  Acac ia ,  Hakea,
G.reviL.lea, Cassia, ErenophiJa, Or,/er j a and
Eucafgp tus .  Eucafyp ts  a re  genera l l y
confined co the river systems and flood
p la ins ,  and i t  i s  here  tha t  co lon ies  o f
Masta termes are  nos t  nunerous .  fn  o ther
ecosys tems v i 'here  t rees  and shrubs  are
sma11 and sca t te red ,  the  co lon ies  occur
in f requenCly  and nay  be  absenL a l together
f rom ex tens ive  areas .

Cons idera t ion  was g iven to  t rea t ing
sec t ions  o f  the  t rack  in fes ted  by
Masto termes w i th  a ld r in .  bu t  apar t  f rom
the fac t  tha t  the  e f fec t i veness  o f  such a
t rea tnent  was unknownr  the  sugges l ion  was

re jec ted  fo r  env i ronrnenta l  reasons .  The
Pi lbara  reg ion  is  sub jec t  to  cyc lon ic
storns and consequent heavy flooding, and
such f loods  are  l iab le  to  wash away
extens ive  sec t ions  o f  ra i l  fo rmat ion  so
tha t  the  insec t ic ide  may be  dra ined in to
the  r  i ver  sys tens ,

An a l te rna t ive  suggest ion  was to
rep lace  the  s leepers  in  MasXoternes-
in fes ted  sec t ions  o f  the  t rack  w i th
s feepers  tha t  had been g iven a  preserva t ive
t rea tnent  w i th  one or  more  te rn i t i c ides .
Unfor tunate ly ,  however  ,  s leepers  o f
Aus t ra l ian  hardwood lEucdJgptus  spp. )  a re
ex t remely  res is tan t  Lo  penet ra t ion  across
t h e  g r a i n  b y  p r e s e r v a t i v e .  w h i l s t  l i t t l e
was knor,, 'n regarding the abil ity of
l4as to te rnes  to  penet ra te  a  p reserva t ive-
t rea ted  bar r ie r ,  i t  had  been known to
penetrate up to lO run into timber treated
wi th  Tana l i th  (copper ,  chrome,  a rsen j .c )  iL
Darwin  (R.  E .  Fox ,  persona l_communica t ion) ( ,
Th is  ind ica ted  tha t  con t ro l  m igh t  be
ach ieved on ly  w i th  cornp le te  o r  near -
comple te  penet ra t ion  o f  the  preserva t ive
through the  s leeper .

It is known that &astote-rlce.s can
increase i t s  popu la t ion  numbers  very
rap id ly  i f  abundant  food is  ava i lab le .
Once a colony has contacted a food source
such as  un t rea ted  hardwood s leepers
suppor t ing  a  ra i lway  1 ine ,  i t  spreads  very
rap id ly  a long the  t rack .  To  prevent  th is
pro f i fe ra t ion  a  dec is ion  was nade to
rep lace  a l l  s leepers  w i th in  1OO m in  bo th
d i rec t ions  f ron  the  las t  s leeper  under
a t tack  rv i  th  Ma lays ian  keru ing
(D ip te rocarpus  spp. )  s leepers  tha t  had
been comple te ly  o r  a lmost  compte te ly
impregnated  w i th  a  n ix tu re  o f  c reosote
and fu rnace o i l .  The d is tance o f  IOO m
was dec ided on  s ince  Masto termes runways
are known to exceed loo m in length
( H i l l ,  1 9 4 2 ) ,  a  d i s t a n c e  w h i c h  i s

probab ly  we l l  w i th in  the  normal  feed inq
range o f  the  spec ies .

The d is tance over  wh ich  new s leepers
were  to  be  la id  has  been e f fec t i ve .  There
were  two occas i .ons  on  wh ich  un t rea ted
s leepers  jus t  beyond the  IOO m l im i t  were
des t royed,  bu t  in  each ins t .ance a  search
j .n to  the  vegeta t ion  a longs ide  the  t rack
revealed MasXotemes to be present. There
was a  s t rong poss ib i l i t y  tha t  the  a t tacks
cou ld  have or ig ina ted  f rom here  ra ther
than f ron  s leepers  fu r ther  a long the  t rack .
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FTGURE I:
ra  i lway ,

Mt. Newman
const ruc t ion .

A section of the
showing details of

FIGURE 2:  The remains of  an untreated
jarrah s leeper  af ter  only  2 years of
serv ice.  This  p iece weighed approx inate ly
2 kgt  the rest  of  the s leeper
d isentegrated in to snal l  f ragments as i t
was removed from the track.

FIGURE 3:  An untreated jar rah
bei.ng excavated by ly'astote-rmes

s leeper ,  showing ga l le r  ies
darwiniensis.



Exan ina t ion  o f  t rea ted  s leepers  w i th -
drawn f rom the  t rack  revea led  tha t
Masto texnes  excavated  qu i le  ex tens ive
tunne ls  in to  the  c reosote-sa  tu r  a ted  wood
and then abandoned chern.

To obtai.n more information about the
ab i l i t y  oE MasLoLernes  to  penet ra te  a
p r o t e c t i v e  b a r r i e r  o f  t e r m i t i c i d e ,  i t  h ' a s
dec ided to  se t  up  a  t ra i l  a t  a  su i tab le
s i te  a long the  Mt .  Nenrnan ra i lway  1 ine .
Th is  dec is ion  fo l lowed d lscuss ion  be tween
representa t ives  o f  the  Fores ts  Depar tnent
o f  wes tern  Aus l ra t ia ,  the  n iJ - l ing  compan ies
invo lved in  the  s leeper  t rade,  the  CSIRO
Div is ion  o f  Bu i ld ing  Research  and the
Mt .  Nenman Min ing  Conpany,

f t  was  a lso  dec ided to  dup l i ca te  the
t r ia l  a t  Darwin  in  the  Nor thern  Ter r i to ry ,
a t  a  s i t e  t o  b e  s e l e c t e d  b y  o f f i c e r s  o f  t h e
Fores t  Research  fns t i tu te  (no \ , ,  the  CSIRO
Div is ion  o f  Fores t  Research)  .  Th is
sec t ion  o f  the  t r ia l  i s  s t i l1  cur ren t ,

METHOD

A  s u i l a b l e  s i t e  f o r  t h e  t r i a l  ( F i . g .  4 )
was chosen c lose  to  the  ra i lway  I ine  16 .2  kn
f rom Por t  Hed land.  There  was a  very  la rge
popu la t ion  o f  Masta ternes  in  the  area .

The s j . te  was no t  sub jec t  to  f lood ing ,  was
easy  to  p ro tec t  f rom f i re  and was
reasonab ly  f ree  o f  in te r fe rence by  peop le .
The s i te  was prepared by  se t t ing  ou t  rows
of  kar r i  (Eucafqp tus  d ivers ico for
F .  Mue l l . )  bearers  rneasur ing  76  x  25  mrn
in  c ross-sec t ion  so  tha t  the i r  upper
sur faces  were  f lush  w i th  g round leve1.

The tes t  p ieces  inc luded fu l I -s ized
sleepers of kempas (Koonpassia maLaccensis
Benth , )  and keru ing  and ha l f - leng th
s l e e p e r s  o f  j a r r a h  a n d  k a r r j . .

Sorne o f  the  s leepers  were  inc ised by
pass ing  them between ro l le rs  f i t ted  w i th
shor t  s tee l  kn ives  about  15  mm long to
g ive  rows o f  inc is ions  para l le l  to  the
gra in  and 15  mrn  deep ( r ig .  5 )  .  Th is
t rea tnent  was dev ised to  encourage a
d e e p e r  p e n e t r a t i o n  o f  t h e  p r e s e r v a t i v e .
However ,  i t  was  found tha t  in  a lL  cases
penet ra t ion  o f  the  preserva t ive  was
l in i ted  to  2  to  3  nn  except  a t  the  po in ts
o f  inc is ion  and to  some ex ten t  a long the
gra in  be tween thenf  as  we l l  as  in  the
sapwood and a long the  season ing  c racks .
Here ,  penet ra t ion  var ied  f rom 20 to  40  mn.
There  was very  l i t t le  novernent  across  the
gra in  be tween the  rov , ,s  o f  inc is ions
( F i g .  6 ) .

F IGURE 4 :  The
a longs ide  the

f r i a l  < h . r r i  I  \ ,  : f + a '

Mt.  Newnan ra i lway  16
ins ta l la l i cn  in  December  1972,
.2  km f rom Por t  Hed land.



I

FfGURE 5 :  The ex terna l  face  o f  an  inc ised and t rea ted  kar r i  b i l le t .

F IGURE 6 :  The in te rna l  face  o f  the  kar r i  b i l le t  shown in  F igure  5 .
Masxoxernes has consuned all the untreated wood, leaving the treated
wood in tac t .  The ex ten t  o f  penet ra t ion  o f  the  preserva t ive  a t  the
inc is ion  po in ts  and a long the  season ing  c racks  be tween them is
c lear .  The pro tec t ive  enve lope around the  inc is ions  is  approx imate ly
3  nm th ick .



The following four treatnents were
appl ied to for ty  s leepers"  and in  Decenber
1972 Lhey \,rere laid on the bearers in a
cornpletely randon fashion in four rows
and at  in tervals  of  approx inate ly  8O cm.
Figures for  retent ion and penetrat ion of
the preservat ive are g i .ven where avai table.
1.  Ten non- inc ised kempas s leepers,
pr  essure- t r  eated wi th a mixture of
creosote (4OB) and furnace o i l  (60B) to  an
a v e r a g e  r e t e n t i o n  o f  1 6 1 . 8  k g - * - ' ,
Penetrat ion ranged f rom 3 to 30 cn.
2.  Ten non- inc ised keru ing s leepers
given the sane t reatment  as Treatnent  1.
Penetrat i .on of  the preservat ive was very
good and ir, many instances cornplete.
3.  Ten inc ised karr i  ha l f - length
s leepers,  pressure- t reated wi th a mixture
o f  c r e o s o t e  ( 7 o B ) .  f u r n a c e  o i 1  ( 2 9 . 5 c )
and d ie ldr in  (o.58)  .  The average
retent ion was 70 kg.nr-3.
4.  Ten inc ised jar rah hal f - length
s leepers g iven lhe sane t reatnent  as
those in  Treatment  3.

In  May 1974,  a fur ther  s ix  t reatments
were added to the t r ia l .  The t reatments
were not  randomized'  however .  because
there were not  enough s leepers.  (There
had been d i f f icu l t ies wi th both the
transpor t  o f  s leepers to  the t r ia l  s i te
and fac i l i t ies for  the i r  t reatment . )
Deta i ls  are as fo l lows.
5,  one inc ised karr i  ha l f - length
s leeper ,  t reated wi th Tanal i th  (12?)  and
then pressure- t reated wi th a mixture of
creosote (7OB) ,  furnace o i1 (29.58)  and
d i e l d r i n  ( o . 5 8  )  .
6 .  one inc ised karx i  ha l f - length s leeper ,
t reated h, i th  Tanal i th  (128)  and then
pressure-  t reated wi th furnace o i1 only .
7.  Two inc ised karr i  ha l f - Iength s leepers,
t reated by d ip d i f fus ion wi th a s t rong
arsenica l  concentrate (Johanson,  1975)  t  the
cornposition of the concentrate is given in
Appendix f. The sleepers were then
pressure- t reated wi th creosote (7OE),
f u r n a c e  o i l  ( 2 9 . 5 8 )  a n d  d i e l d r i n  ( O . 5 8 ) .
B.  Two double- inc ised karr i  ha l f - Iength
s leepers,  pressure-  t reated $r i th  a
rn ix ture of  creosote (7Ot) .  furnace o i I
( 2 9 , 5 ? )  a n d  d i e l d r i n  ( O . 5 9 ) .  R e t e n t i o n
w a s  8 1 . 7  k g . * - 3 .  B y  i n c i s i n g  t h e
sleepers t\a'ice, absorption of the
preservatlve was increased by approximately
16 kg.m-3,  but  there was st i l l  a
penetration of only 2 to 3 rnrn over much
^ f  l . h a  c  l  a 6 h 6 /

9.  Two inc ised jar rab hal f - length s leepers '

t reated by d ip d i f fus j .on wi th the
arsenica l  concentrate for  Treatment  7,
Penetrat ion of  the preservat ive was not
detern ined,  but  was est imated at  2  to  3 nm,
increasing to 20 to 23 mn at  the inc is ion
polnts .
10.  Tvro inc ised karr i  ha l f - length s leepers,
t reated by d ip d i f fus ion wi th the arsenica l
concentrate as for  Treatment  7.
Penetration L,as assumed to be similar to
that  in  Treatnent  9.

RESULTS AND DISCUSSION
The resu l ts  a re  sunmar ized in  Tab le  1 .

The method adopted to assess the
ef fec t i veness  o f  the  t rea tments  in
discouraging l4astoxexmes attack was to
record  the  number  o f  te rn i te  penet ra t ions
in  each s leeper  and the i r  depths .  Th is
proved sa t is fac to ry  fo r  record ing  the
degree o f  a t tack  in  the  ear l ie r  s tages  o f
the  t r ia l  bu t  o f  course  wouLd no t  re f lec t  ^
Ene amounc or  oanage ac  a  iacer  scage r i  !
the termites began excavating the wood on
a grea ter  sca le .  I t  was  there fore '
planned to assess termite excavation by
weigh ing  the  s leepers  when th is  s tage
raras  reached.  A  sa t is fac to ry  we igh ing
method was dev ised,  and the  s leepers  were
weighed fo r  the  f i rs t  t ime in  June 1975.

However. the tern j.te colonies
d isappeared f ron  the  s i te  be fore
measurab le  resu l ts  cou ld  be  ob ta ined.  Th is
was probably brought about by the renoval
f rom the  v ic in i ty  o f  the  t r ia l  o f  a l l  o ther
sources  o f  food,  such as  o ld  s leepers  and
cross ing  t imbers .  In  the  absence o f
a good food supplyr the ternites were
forced to concentrate their attack on the
t imber  p ro tec ted  by  preserva t ive .  The i r
cont inuous  inges t ion  o f  the  te rmi t i c ides_f
over  a  per iod  o f  severa l  years  nay  have led
to  the i r  p renature  death .  However ,
I4astotemes has been known to desert a
t r ia l  s i te  a t  Rot l ings tone,  Queens land,
where only plastics not treated vrith
te rn i t i c ides  were  be ing  tes ted  (J .A .L .
Watson,  persona l  comunica t ion)  and in
the  l i .gh t  o f  th is  i t  cannot  be  s ta ted  w i th
abso lu te  cerLa in ty  tha t  inges t ion  o f
te rn i t i c ides  a t  the  Por t  Hed land s i te
caused the  te r rn i tes '  d isappearance.

Because the ternites were no longer
present  there  was no  fu r ther  des t ruc t ion
of the untreated wood within the sleepers,
and it was therefore impossible to
cont inue the  t r ia l  a t  th is  s i te .
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Nurnber of penetrations by
penetrat ions for

TABLE I

Mastotermes
the ten t r  iaL

and total length of
treatnents

Treatnent Timber No.  o f
sleepers

Preservat ive
t reatment

No.  o f
penetratj.ons

Total length of
penetrations (run)

1 Kempas IO Creosote e '17 1360
furnace o i l

2  Keru ing 10 Creosote & 55 35o
furnace o i I

3  Karr i  10 Creosote,  32 2539
furnace o i l ,
d i e l d r i n ,
inc ised

4 Jarrah IO Creosote,
f ' , F h A ^ a  ^ i  I

d i e l d r i n ,
inc ised

4 5 709

5 Karr i I Tanalith,
creosoce,
furnace o i l ,
d  ie ldr  in  ,
inc ised

1 Tanal i . th ,
furnace o i l ,
inc ised

2 Arsenic ,
creosote,

d ie ldr  in  ,
inc ised

2 Creosoee,
furnace o i l ,
d i e l d r i n ,
double-incised

735

6 Karr  i L2 L44

7 Karr  i 3 4 8

I  Karr i

9  . far rah 2 Arsenic ,  Ni t  Ni I
inc ised

1 0  K a r r i 2  A r c 6 h i ^

inc ised
N i 1 N i t



Another  fac to r  in f luenc ing  resu l ts
was the  undes i rab ly  hLgh f requency  o f
inspec t ions  ( in i t ia l l y  a t  in te rva ls  o f
th ree  nonths) ,  wh ich  invo lved l i f t ing  the
s leepers  and hence rup tur ing  the  t .e r rn i te
tunne ls  in to  the  wood.  Th is  fo rced the
termi tes  to  repeated ly  excavate  new
access tunnels through the poisoned wood,
w i th  a  consequent  inc rease in  the
quant i t y  o f  po ison j .nges ted .  I t  was
rea l i zed  tha t  too  f requent  inspec t ions
might  a f fec t  the  va l id i ty  o f  the  t r ia l
bu t  i t  was  necessary  to  ob la in  in fo rmat ion
f a i r l y  q u i c k l y  s o  t h a t  s p e c i f i c a t i o n s
cou ld  be  g iven fo r  l -a rge  orders  o f  new
s leepers .

F igures  7 ,  B ,  9  and lo  show the
var ia t ion  in  p reserva t ive  penet ra t ion  and

Mastoternes attack for various timbers
and var  ious t reatments.

Tab le  2  g ives  de ta i l s  o f  the  number  o f
s leepers  observed to  be  under  a t tack ,  and
hence the  i .n tens i ty  o f  a t tack ,  fo r  each
year  dur ing  the  s ix  years  o f  the  t r ia l .

An  in tens ive  search  o f  every  dead bush,
t ree ,  Iog  and d iscarded p iece  o f  t imber
wi th in  a  rad ius  in  excess  o f  2oO n  o f  the
tes t  s i te  in  June 197? and aga in  in
August  1978 fa i led  to  loca te  any
Masto ternes ,  However ,  o ther  spec i .es  o f
wood-eat ing  te rmi tes  were  abundant ly
present ,  fo r  ins tance two spec ies  o f
Microcerotermes and one species of
Sckedo rh inoLe- rnes  .  These spec ies  fa j . led
f -  h a h a + r r + 6 . n r r  ^ F  l - h ar v  l / s r r s L r q L s  q r r l  v r  L r r q  L s r L  - r s e p s ! 5 .

IGURE 7: I{empas sleeper
/ r n r a : + m 6 h f  I  \  D 6 h d + v - F-  - . . -  - -  -  -  r o n

of  the  preserva t ive  var ied  f rom
3 mn to  25  mm.  w i th  l im i ted
penet ra t ion  a long iso la  ted
vesse ls  (shown by  the  sca t te red
d a r k  s p o t s ) .  P e n e t r a t i o n  o f
the heartwood at the botton of
the  s leeper  i s  rn in ima l .
Excavation by l4astotexires of
the untreated i.vood is !re11
under  way.

F IGURE 8r  Keru ing  s leeper
(Trea tmen!  2 )  .  The preserv -
a t i ve  has  penet ra ted  the
wood conpletely. There were
penet ra t ions  o f  th is  s leeper
by  MastoLernes ,  the  deepest
be ing  21  nm.



Intensity of l4astotemes
under at tack )

TABLE 2

attack (gauged by the
for  each year  o f  the

nunber of  s leepels
t r  ia l

Date

Dec. L972

D e c .  1 9 7 3

June 1974

D e c .  1 9  7 4

June 19 75

May 19 76

June 1977

Aug,  19 78

No.  o f sleepers under  at tac k

Tr ia l  insta l led

2 4

3 6

3 2

I 8

t 5

N I .L

N i l

{F fGURE 9 :  Jar rah  s leeper
(Trea tnent  4 )  ,  Penet ra t ion

of  the  preserva t ive  is  ma in ly
confined to the irrc i s ion
po in ts  and the  season ing
cracks .  Excavat ion  o f  the
untreated wood by Mastaxernes
i a  i h  n r ^ d  r 6 c  c

FIGURE tO:  Kar r i  s leeper
(Trea tnent  6 )  :  Penet ra  t  ion
o f  the  preserva t ive  in to
inc is ions ,  season ing  c r  acks
and sapwood (top left) is
c lear ly  shown.  There  has
been extensive consumption
of untreated wood by
Mastotemes.



From the resul ts  i t  apPears that
there is  at  present  no termi t ic ide that
will deter Mastoternes fron penetrating
timber in contact with the ground in the
Pi lbara region under  the t r ia l  condi t ions,
which inc luded a degree of  forced feeding.
The tern i te  f requenl ly  breached a l l  the
protect ive barr iers  presented to i t ,  and
whilst there lvas some reluctance to atlack
the four  s leepers t reated wi tb arsenic
(Treatments 9 and 10)  ,  the s leepers in
Treatnent  7,  which a lso inc luded arsenic
in the formulaLion,  were penetrated on
nine occasions (Table 1) .

The resul ts  for  the keru ing s leepers
demonstrate that a tirnber capable of
absorb ing a preservat ive throughout  i ts
whole dimension is immune to destruction.
I t  wi l l  a lmost  cer ta in ly  be penetrated by
lqastotermes in an exploratory h'ay but
once the ternite has delermined that
there is  no untreated wood avai table,  the
attack \,ri11 be abandoned.

The method adopted to instal the
s leepers in  the t r ia l  proved ef fect ive.
The karr i  bearers on which they were la id
had been located by !4asXoteznes and were
under heavy attack nithin three nonths of
insta l la t ibn,  and severa l  o f  the test
pieces had also been penetrated. The
bearers were developed into najor runrrays,
so that it was easy to determine which of,
the sleepers had been contacted by
t e r m i t e s .

The inc is ing of  s leepers pr ior  to
preservation treatment gave no added
protection from Nastotemes in this
t r i a l .
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APPENDIX I
Composi t ion of  arsenica l  concentrate ( .Johanson,  l9?5)

s leepers in  Treatnents 7,  9  and IO.  percentaqes

Diarsen ic  t r iox ide  (AS2O3 or  AS40s)

Water

Borax  pentahydra te  (Na2BhO7.5H2O)

Sodiun hydroxide (NaOH)




