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eWe t liter ty C

V oluton yt feint e op in

de y on t e work done here.

ethod I, $ rvtection Pro nets Thd et ,

deter med to be probably the eat method, ut al wo

not be entirely a tiaf eVery e to v Z'i ii ty V

between different b Ms.

Met ted 2,, comparison with boiled linseed oil, as a

standard, it a deternined to give results too low for a

standard.

:ethod 5, comparison with a 0.5% by wei ht wax~ trier I

spirits solution was considered to be usable but not as

reliable as Method 1.

The study also showed that there is a large variability

of effectiveness of a solution on different boards, Repeated

tests ith a solution on the same board showed little ari-~

ation. On tctis basis it was recommended t ~t stu y

made or a method by wAch wood material would first be $$*~

lected in n atte~pt to reduce variability of results.



~st

t tiona 00 Pn ~ct s o t ,Xn.,

-' tt 4dix , v wtrr lent so ton

wretobo pit th *, .A~ at r t de

wt t oX ion'bythre$ pelt et s, its

o e tL TA re rtis nV 00 0

w risoutin t oodtecnly rtry a

ye try ~tlioo%, University o Ach -an, r pr n

only portion of Pu total N.~.M.A. pro ra

The procedure used for conducting t e arise of t~st

is detailed in Appendixes A xA B. ~aoh test w: c rri

out r~ folIo' a:

1. Ten different clear, kiln dried, strti lit r in
ponderos: ins s'~pwood bo~rds were selec Qed. Salecti n
of sapwood was based on the benzidene-sodiuza nitrite
test for I iftorentiation of he- rt ft ap in me
wood. See Appendix 0.

2. Test blocks, or wafers, were 1/4" slices ta en
from tne boards previou ly macAnsi to i~V8" x 1.5/8",
the l/Jf" dimension bein~; in the direction ot t e r in,
and the growth rings being 'Qmost strat lit d Ilel
to the l/S~ di I



3. ~peettto ravity, ri p r in , re iVy of
rcwth, 4 gr in devLtion fro t r z nt e

deter<te4~r ro tat bord. Thee hysoal
0 racteritic repreantedint Is ,cl a

4. rwa~

w or o. 3 o V 04 2, rd w $ o. 4 r et 3.

in itt,

V ttebioo silt 2 .0* nti a o ax'
V e revaili ocr itiona.

* I. e Vs t ci tic were urnisned y V . *

on lution to 04 tr e oh t at in et 1.
tno satupt ~ttter I s ii.

ever, t~wor rport nh ti~ a 0 it
boiled linseed oil a the stan rd I tto * In
4et~cd 3 t a sta. ~rd solution consisted t 0.5 p x'a
attn wax, melting point 1280?,, in ineral pints.
The standard solutions o Met od ~ rid 3 were $ 0
& minimum of water repellency gain V w tot V e teat
solutions of r$VhOd I were cc p red.

7. V pproxi~rtely tt-e suine Vt a rid in V.. me
m nner, the ten c. I w~fers were dipped f r 30 eeoc do
in trts test solution; the ten :c. 3 waters w re ip
for 10 seconds in the boiled iineeed cii; nd V e ten
No. 4 waters were dipped for 10 seconda in Le w
mineral spirits solution. rafers No. 2 remained un-
treated to serve n~ controls. They were ct 12. V 55
kept under the same moisture conditions.

8. The treated waters and controls were recon itioned
for I week as -iven in step 5.

9. 1&ach block was measured to the isaze V tvua dt~
ci' an inch in the 1-5/8" direction. This w one by
means or a dial gage graduated in thousan trio of
inch mounted ona horizontal metal plate. A rigid metal
bar counted on the plate is placed A such a Matance
from the spindle of' the gage that it will accommodate
the wafer and a second removable metal bar. The wafer
is placed between the two metal bars which x's mac tried



to toueh the 1/4" x 1-3/8" surfaces only in cent r
areas of 1/8" x 1-3/8" cross section. $y this th
i ularities in the surface of the wood block a

10. fter tue wafers were measu d, they were minor
in. a constant temperature water th helt at F.
Constant iners ion was made possible by means of suit-
ably built wire eke, dandlin one at r per 1/2
mute, the in sureinents i er ions are contiun

for minutes, at which time they we removed in the
same order ot rotation at 1/2-minute mt rvals and
again ineasu d. this method, seas monte on each
block were taken i adiataly before and after a -

minute ersion period.

II. The parc V effectiveness of t t t lution
or starAard solution was calculated by d ividir
difference tween the a unt of swefli of the
treat treated water by V amount of swelli
of the untreated water,

the results of the five tests which are suinmarim in

Table 1, page 5, are depicted in Figure 1, pt a 6. Tables

2 through 6, pages 7 to 12 are the results of the five V Vs.

The figures jven in Table I also include the standa~

deviation calculated by the accepted formula, ci = t ~ (42

'7

DISOP SION OF' RS$ULT$

Evalitat ion of Test Methods

-a - -

The summary in Table I, page 5, shows the effectiveness

of the test solutions by Method I art the effectiveness of

the standard solutions of Methods 2 and 3 to which the test

solutions can be compared. By Method 2, the effectiveness

of boiled linseed oil is about 20 ~tc 25~ effective with &
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Table 1, STTh±D~dff~Y OF RDSULTS OF TI&STS,

(See tables 2 to 6.)

Average Percent ~ffeotiveness*

Test
No.

Method 1.

Test Solu-
tions.

Method 2.

Linseed Oil.
~ 0

Method 3.

Wax..Mineral
Spirits So-
luti on.

I o

2.

3.

4.

5.

68.2 +3.0

8.8 +7.3

14.9 +7.7

12.8 +8~8

66.5 +3.7

21.5 +10.1

20.5 +10.2

26.0 +10.8

24.7 +12.8

25.3 9.6

52.7 ~9.3

51.5 +8.1

55.8 +5.0

48.4 +8.9

53.1 +6.3

*Standard deviation included.
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T'Thle 2. RB.~3ULTS OY TEST 1.

Board. Swelling
No. of un-

treated.
wafers.

Method. 1

Swelling Differ-
of wafers ence in
treated. swelling.
with So-
lution I.

2ffec-
t iveness
of Solu-
tion 1.

Method. 2

Swelling Differ-
of wafers ence in
treated. swelling.
with Lin-
seed. Oil.

Effec-
tiveness
of IAn-
seed. Oil.

Swe 11 ing
of wafers
treated.
with Wax-
Mineral
Spirits
Solut ion.

Method. 3

Differ-
ence in
swelling.

Effec-
tiveness
of Wax-
Mineral
Spirits
So lu t i on.

1 2 _____________________________________ 6
A-C

___________ A 001 C A-C x 100
A-D
inches 100

'6

8

9

10

II

12

13

14

15

16

0.067

0.067

0.066

0.086

0 * 075

0.076

0.079

0.053

0.061

0.090

0.024

0.021

0.026

0.026

0.024

0.028

0.026

0.018

0.020

0.027

0.024

0.043

0.046

0.040

0.060

0.051

0.048

0.053

0.035

0.041

0.063

0.048

pero ent
64.17

68.65

60.61

69.77

6b.00

63.lo

67.08

63.04

67.21

70.00

66.17

0.056

0 * 041

2.056

0.269

2.027

0 * 069

0.073

0.037

0.239

0.272

0.057

0.011

0 * 026

0.010

0.215

0.018

0.007

0.006

0.016

0.022

0.018

0.015

percent
16 * 42

38.80

15.15

17.44

24.00

9.21

7.59

30.19

36 * 06

20.00

21.49

inches
0.039

0.028

0 * 029

0.033

0.028

0.049

0.045

0.023

0.027

0.037

0.026

0.039

0.037

0.053

0047

0.027

0.034

0.030

0.064

0~053

pero ent
t~8.80

58.21

56006

61.63

62.66

35053

43.04

56.60

5~74

58.89

Ave. 0.072 0.034 0.038 52.72





Table 3. RI;ULTS OF TEST 2.

Board. Swelling
I{o. of u.n.-

treated.
wafers.

S we 11 i ng
of wafers
treated.
with So-.
lution 2.

Method. 1

J~iffer-
ence in
swelling.

i~ffec -

t iveness
of 3o1u-
tion 2

Method. 2

~we11ing Differ-
of wafers e~ce in
treatel swelling.
with Mn-
seed. Oil.

1~ffec-
tiveness
of Lin-
seed. Oil.

Swell lug
of wafers
treated.
with Wax-
MIneral
Spirit
So Lit ion.

Method. 3

Differ-
ence in
swelling.

Effec-
t iveness
of Wax-
Mineral
Spirit
Solution.

_______________________ _____________________________________________ 9
A -V

_________________ A ________

A-D A-D
100

6

9

10

11

12

13

14

15

16

0.064

0.067

0.065

0.086

0.073

0.076

0.081

0.051

0.063

0.089

0.063

0.052

0.054

0.074

0.063

00076

0.078

0.052

0.0s8

0.082

0.001

0.015

0.011

0 * 012

0.010

0.000

0.003

0.000

0.005

0 007

1.56

22.38

16.92

13 * 95

13.70

0 * 00

3.70

0 * 00

7.94

7.87

~nc~cies

0.955

0.943

0.057

0.065

0.0o5

0.071

9.072

0 * 036

0.041

0.979

0.060

0.009

0.024

0.008

0.021

0.018

0.005

0.009

0.915

0.022

0.010

0.014

percem

14.06

35.82

12.31

24~42

24.66

6,58

11.11

29.41

34.92

11.23

20.45

0.040

0.029

0.031

0.038

0 * 027

0.048

0.044

0.023

0.027

0.037

~LflCI1~S LI1LLJ.e~

0.024

0.036

0.034

0 * 048

0~046

0.028

0 * 037

0.028

0.036

0.052

37.50

53.73

52.31

55 * 81

63.01

36.84

45.68

54.90

57.14

58.43

0 * 071Ave. 0.065 0.006 8.81 0.034 0~037 51.53
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Table 4. W~i$JLIS OF TIT 3.

Board. Swellin~g
No. of un-

treated
wafers.

Swe him;
of v~afers
treated
with So-
lution 3.

Method 3.

Differ-
erice in
swellin~g.

Effec-
t Iveness
of SoIu-
tion 3.

Sw e lii rig
of wafers
treated
with JAn-
8~E~(I Oil.

Method 2

~D if ~' 2~ r -

ence in
swellin<.

1~'ffec~
t iveness
of Iin-
seed Oil.

S x~ie 11 ing
of wafers
treated
with Wax-
M The r al
Spirit
Solution.

Method 3

Differ-
ence in
swe 11ir~.

I~f fec -
tiveness
of Wax-
Mineral
Spirit
So hut i on.

1 2 ___________IL 6

10 11
A-D A-D x 100

A

6

8

9

10

II

12

13

14

15

16

inches

0.070

0.068

0.067

0.089

0.075

0.078

0.083

0.052

0.065

0.092

inc lies

0.066

0.054

0.059

0 * 076

0 * 067

0.073

0.067

0.048

0.057

0.062

0 * 063

inches

0.004

0.014

0.008

0.015

0.008

0.005

0.016

0.004

0.008

0.030

0.011

percent

5.71

20.59

19.40

14.61

10.67

6.41

19.28

7.69

12.31

32.61

0.051

0.068

0.055

0.063

0.051

0.071

0.074

0.039

0.042

0.063

0.055

I riches

0.019

0.030

0.012

0.026

0.024

0.007

0.009

0.D1~

0.023

0.029

0.019

27.14

44.12

17.91

29.21

32.00

8.97

8 * 43

25.00

35.58

31.52

inc lies

0.036

0.029

0 * 029

0 * 037

0.030

0.045

0 * 036

0.024

0.029

0.038

0.033

inches

0.034

0.039

0.038

0.052

0.045

0.033

0.047

0.028

0.036

0.054

percent

48.57

57.35

56.72

58 * 43

60 * 00

42.31

56.63

53 * 85

55.38

58.69

Ave. 0.074 14.92 25.97 0.041 54.79
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Table 5. REi3ULTS OF TEST 4.

Board Swelling
No. of un-

treated
wafers.

Method 1

Swelling Differ-
of wafers ence in
treated swelling.
with So-
lution 4.

Eff ec -
tivenesa
of Solu-
tion 4.

Swelling
of wafers
treated
with LIn-
seed Oil.

Method 2

Diff er-
ence in
s xve 11ing.

Effec -
tiveness
of Lin-
seed Oil.

Swel11ing
of wafers
treated
with Wax-
Mineral
Spirit
Solution.

Method 3

Differ-
ence in
s wel11ing.

Effec -
tiveness
of Waxy
Mineral
5pirit
S olut ion.

1 E o 4 6 7 8 9 10 11...-.. A778 A l-i CA-C A-C D
B --- x 100- - x100 - - 100

I

6

8

9

10

12

14

15

16

inchies

0.063

0.069

0.069

0.069

0.086

0.070

0.077

0 .056

0.063

0.088

0.049

0.066

0.057

0.061

0.080

0.054

0.071

0.052

0.055

0.075

inchnes

0.014

0.003

00012

0.008

0.006

0 .016

00006

0.004

0.008

00013

0.009

22.22

4.35

17.39

11.59

6.98

22.86

7.79

7.14

12.70

14.77

0.049

0 .056

00.043

0.063

0 .059

0 .046

0 .074

0 .034

0 .042

0 .078

0 .054

inches

0.014

0. .13

0.926

0.006

0.027

0 .924

0.003

0 .022

0.025

0 .910

0 .017

perc ent

22.22

18.84

37.68

8.69

31.39

34.28

3.89

39.28

39.68

11.36

inches

0.035

0.042

0.033

0.033

0.037

0.028

0.047

0.027

0.028

0.034

inches

0.028

032027

0.026

0.026

0.049

0.042

0.030

0 .029

0 .035

0 .054

percent

44.44

39.13

37 .68

37.68

56.97

60.00

38.96

51.78

55.55

61.36

Ave . 0 .071 0.062 12.78 24073 0.034 0.035 48.36
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Table 6. RE'SULTS OF TEST~ 5.

Board Swelling
No. of ttn-

treated
wafers.

Swelling
of wafers
treated
with So-
lution 5.

Method 1

Differ-
ence in
ewel11ing.

Effec-
tiveness
of Solu-
tion 5.

S wel11injj
of wafers
treated
with Lin-
seed Oil.

Xethod 2

Differ-
ence in
s veiling.

Effec-
tiveness
of lin-
seed Oil.

Swelling
of wafers
treated
with Wax-
Mineral
Spirit

oltion0

Method 3

Differ-
ence in
swelling.

Effec-
tiveness
of Wax-
Mineral
S pi rit
Solution.

A A-BB 10 C A-C A- 00 A-D x100

1

6

8

9

10

11

12

14

15

16

0.062s

0.068

O .068

0.068

0.086

0.067

0.077

0.055

0.062

0.086

inches

0.024

00027

0.021

0.024

0.025

0.023

0.024

0 .019

0.021

0.025

0.023

inches

0.038

0 041

0.047

0.044

04062

0.044

0.053

O 3036

0.041

0.061 .

00047

percent

61.29

60.29

69.11

64.70

72.09

65.67

68.83

65 o45

66012

70 .93

inches

0.048

0.056

0.042

0.057

0.*059

0.047

0 o072

0 .034

0 .044

0 .066

inches

0.*014

0.012

0.026

0.011

0.027

0.020

0.005

0 .021

0 .018

0 .020

perc ent

22.58

l7.64

38.23

16.17

31.39

29.85

6049

38 .18

29.03

23.25

inches

0.033

0.038

0.029

0.034

0.035

0.026

0.044

00.024

00.027

0 .037

inches

00029

0.030

0.039

00034

0.051

0.041

0.033

0 .031

0 .035

00o049

perc ent

46.77

44.12

57435

50.00

59.30

61019

42.86

56.36

56.45

56. 97

Ave. 0.070 66.45 0.053 0.017 25.28 0.033 0.037 53.14



devi Vt of approx tely t~~o%~ the low tteotiveness

would preolud this Wed fro any c>onside tion as a

at a solution.

The wax- in I spirit solution a

of ut vi a 4 tation oP ~ ~ This variability

inst viii to co water rep 11 nt solutions it

. It would indicate V V a Litton is

hi er or lo r V etteotiv

There is~ ho er', a fu~ r raw to the use of &

wax ins I spirits solut ion as a at 4 ~ Patrons ha

she V V extre ly a II variation in wax cone V tion

results in a large c e of affeotiveness (4.
Sinot only one variable solution, the test solution1

is used in Method I instead of also introducing a second

variable standard solution, Method I is apparently t at

method of the three for evaluating the repellent qualities

or water repellent soIutions~ However, Patron y to V

replicate teats with any given solution on a Ia a n

of boards by this method gives a solution effeatty ass

variation of approx tely 10 (2)

As has been pointed out there is a great variation in

results between boards. A close analysis of the rabIes 2

through 6, pages 7 to 12, reveals that a test boards were

consist tly eff etive or ineffective. tta pt was 4*



to I at as rds c rd t thir sotivansa

tart as. see tionw daze fob $

* or

trm It

ones n ceo t to V sir re ative

ottt ass ka ivan nTbta * .14,

of II tests are found in a 1* 7, eoN na 7, 1

19. Gel 17 is average rank of II boa a

treated with boflad) linseed oil, and is a]. a the avers

age of cal a 5, 6, 9, 12, and 15. t$oI 18 is the

average rank of all boards treated with the wax- in

spirits solution axt is likewise the varage at coi a

4, 7, 10, 13, and i6. Gal 19, Vhs average r k of

each board in all solutions, is the average of all

columns 2 through i6.

3. The classification at each baaz'd is than obtain

by ranting the averages of columns 17, 18 and 19 of

Table 7 from I to 33. based on lowest to highest et~

fectivenass. This classification is found in Table 8,

page 15, columns 6, 7, and 8, tare the effectivenen

of each board is cnpared to th& <tphysioal characters

tattos.





Table 7. CLASSIFICATION OF BOARDS IN ORDER OP PERCENT EFFECTIVENESS

(Based on a lowest erfectiveness of 1, and a highest
effectiveness of 10.)

Average Rank
1 ~ Y1..

Board
No.

Th5~t T Teat 2 Test 5 Test 4 Test 0
-- I t ~ ~ 1* ~

~1o1u- Mn-
tion 1. seed

Oil.

Wax-
Min-
eral
Spir-

~3O J.U-
tion 2.

Ijlfl"
seed
Oil.

wax-
IA in-
eral
Spir-

t~

tion 3.
ijlfl
seed
Oil.

wax-
Min-
eral
~pir-
Its~

tion 4.
Lan-
seed
Oil.

vv ax-
lAin-
era 1
Spir-
its.

~OLU ±iLri-

tion 5~ seed
Oil.

Min-
eral
Spir-
its.

seed Mm-
Oil. eral

Spir-
its.

Solt-
tions0

1 .4 -- :7 - 4 -a-u.----.,~~~~ I ~ -%
2 4 Fi '7 y ~jc) 11 12 14 lb 17

- 1 .~ . - -~ 4. -- - 4 - -- -- 1-

I

6

8

9

10

11

12

1:5

14

15

16

4

8

I

9

7

3

5

2

6

10

4

10

5

7

2

I

8

9

6

2

7

5

9

10

1

3

6

4

8

3

10

9

8

7

2

4

I

6

5

5

10

4

6

7

1

2

8

9

3

2

5

4

7
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1

3

6
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9

1

9

8

6

4

2

7

3

5
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5
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3

6

8

2

1

4

9

7

2

7

5

8
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1

6

3

4

9

9

1

8

5

2

10

4

3

6

7

S

4

8

2

6

7

1

9

10

3

5

4

I

2

8

9

3

6

7

10

2

1

8

3

10

5

7

4

6

9

4

3

10

2

8

7

1

9

6

5

3

2

8

4

9

10

1

5

6

7

4.5

4.2

9.6

2.8

6.2

7.2

1.4

l~3

7.6

8.6

4.8

4.0

2.4

5.6

5.0

8.2

9.8

1.4

4.0

5.2

5~8

8.6

4.7

2.9

7.9

4.0

7.1

7.9

2.1

3.6

5.1

6.7

7.2



Table 8. COMPARISON BETWEEN THE PHYSICAL CHARACTEfl~ISTICS
OF THE PONDEROSA PINE SAPWOOD BOARDS USED FOR THE WATER
REELLE~~A~F~HEIR CLASSIFICATION BASED ON PERCENT
EFFECTIVENESS.

Classification is determined by averaging the ranks estab-
lished Dor each board in its relation to all the boards
in ability to repel water for each treatment and rerating
these averages from I to 11 lowest to highest. (See
Table 7.)

Physical characteristics Clas sificatlon
Board
No.

Spe-
cific
Grav-
it7.
(44 r.

V9
0.0.

x~ings
per
inch.

WJ.QW1 017
rings.

Devi-
ation
from
flat
grain
in de-
grees.

Mn-
seed
Oil.

Wax-
Min-
eral
Spir-
its
Sola-
tion

All
Sola-
tions.

1

6

8

9

10

11

12

13

14

15

16

- 14

0.59 20

0~56 14

0~58 24

0.56 18

0.38 18

0.55 28

0.58 46

0.42 21

0.37 18

0.40 26

Uniform

Irregular

Very irreg.

Irregular

IrregLilar

Uniform

Unii'vma

Uniform

Irregular

Very irreg.

Uniform

0

5

4

0

7

8

8

12

0

0

0

5 4

4 2

11 7

3 5

7 9

8 11

2 1

1 3

9 6

5

2

10

4

8

10 8

6

7

96 10



4. To facilitate comparison, graphs are present in

Wigures 2, 3, and 4, pages 17, 18, and 19, in which

specific gravity and mx ber of growth rings per inch

have been plotted again i~t effect ivensas.

&o can be discerned from Tigures 2, 3, and 4, there is

no co lotion hetwe ri specific gravity and. effectiveness.

There is also little correl&tNon betweoa. number cC gre th

nin~s per inch and ePtectiveness, t-Towever, ?iuure 4 does

mdi cat the tendency that fast~gro4in; mt tonal has a

hi her effectiveness. There is not eno t evidence at h

to indicate more t~tn this possible relatton. In t ot,

other tiny sti ators (1, 2) have been unable to correlate

any physical property with effectiveness.

ta previously mention tWa Tartation in results is

lar~sly between boards. table 9, p a 20, shows the et~

feetiveness of the wax-mineral spirits solution for replicate

tests on different boards. The standard deviation baa on

five tests on nine different boards was ~xpprox at y -

exceedins tA% in only one board. Similarly, Vatrons t~xnd

that results are reproducible on the sa wood material

within an c~r~i~ ~te 5%range.(2)

The work reported by this paper shows that the is an

extreme variability in the effectiveness of a water repellent

solution between dif ferent ~ards. However, on the a a
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e9. i

1 U
flo~ i'd

0.
test Tst2 tsst3 tNt tS e e

6

9

10

11

12

14

15

16

yi.0

53.21

56.06

61.63

6a.66

56.60

55.74

5 .89

37.50

53.73

~ 31

55.P1

63.ol

36.84

54.90

57.14

53.43

43,57

57.35

56.72

53.43

6o.oo

42 * 31

53,85

55.38

58.69

39.13

52,17

52.17

56.97

60.00

36.96

51.78

55.55

61.36

44.12

-7,

~$ .00

59.30

61.19

42.86

56,36

56,45

56.97

41.

5,

53.45

5,43

61.37

.30

54.70

~ .6

~2,3

-#5

-. 0

1.6

1-,9

20,6

'Includes ~t?:n trd deybtion.
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heetoxieYproperties $f three cl-soluble commer.ol

dpre { rkwtw/ lutios, ont'ptivly

pent Ih rphe ,20 coper npthnte(2u coppe Ia),

"nd.20 in «na-pds. ,t(2"-4- z ie met9al), r e "cmpar d.

Th s t 'n Ya curld with tetac I rphe a6.MA. hd T

ndon the ottero brs with zine naphV nte oppr

naplithemte, and pent.chiorophenoI.

Results tended to show that both the pentachlo rphenol

and copper naphthenate solutions were sati sf tor , with no

iscernable diftfererce between them. Tt e zinc nthsuate

solution was not considered satisfactory. Both of the naph-

thenate solutions supported the growth of con4 mnt V

molds .

Literature cited herein notes that copper naphth ente ,

although not satisfactory for millwork because of its char-

actertitic green color, is being used in creosote-petroleum

oil mixtures. Zinc naphthenate, although possessing compara-

tively low fungicidal properties, has certain other proper-

ties welch might eventually insure its use as a preservative

material.

The N.D. .A. method was examined in the light of three

riiim dncdto COndmnthe atert Sugeton ave



been made for furthr Investigations which will id in or-

recting the conditions creating the aforeentioned criticisms



o in in reaSinkly important in the wood p ;,ra tise in-

dut-iry.m r X.3o t s h i een and will contiue o e t m

reot kei ud srbe to u7{ . ds°e:_. t uh ritsand

mo t oni-oble5r 4pwS ;Ytr satv yh s (( rte ttak

Te oil-soluble p eservative whh hav appe d fl

the market in rcen6years uner rvar V nio l frd 7names

in many ditrnttxteop (3) eh pnt

a aain1d a reputation s one of the better mpus

dvatUs (7 10, 11, 1 ). M etal naslthwnate :<uh as

p zndinc have by compa ion onW resuti apeed

o the ret a preervatives, and little wa a f;und in

the preservative literature concerning tneix afit to pre-

vent deoay .

J.s paper is & report on the comparison if the VxIc

properties of three commercial preservatives V e oil-

soluble type oontainiu8 respectively pentar4 hlorophen l,

copper naphthenate, and zinc naphthenate as evaiute& by a

laboratory test.

The Iational Door Lanutacturere' As ociatto£ Stod

of Ttr Qil-Soluble Vood Preservatives for Toic L hPr-

-. e -n -to



S4 .o

compare _he toxic qua3li ieg of each. of she three ri mmerca1

rye ati See ApdxA tori p y

t mtod wert ut

titaion f t, rnd pi in w , d nox

Table 1, pa o arg. e tfro uharctor.sti s oe 3/ee .1.

btwrduthI u, for.this inve tis ~ on. "4 le fn1:. sap oo

1 5/8" i ress e1tio nt test blooks or wfr t n
ut 1/4" thick in such a manner Vat the lordtudira in

wrs parallel to the 1/4" dimenrion and Vh arowth rings pa -

lel to the 1 5/8" dimension

Preservative Solutions.

A well-known commercial preservative soutio- contain-

ing 5% pentaohlorophenol was used. dereaftr in this report

the solution will be referred to as the peta Ilonphar I

solution.

The copper and zinc naphthenates were sppli d on -

centrates containing 8 by weight of metal nap4-henate or

8 by weight of metal. For millwork, the company supplying

the concentrates market solutions ;hich contain 2Oi by weih

of copper or zinc naphthenate. Therefore, solutions contain-

ing 20 by weight of copper and zinc naphthenate respectively

(2 metal) were made by diluting the concentrte with Ihlf

neral spirit s and half Stoddard' ssolvent In this
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Tr.t. o Test atr'ugh 3 rondtd wih d

9, 13, 14, 11, ad20 respectively, are presente In Tables

51.95ry, ..
a tnu~ r, eationefpsro16 TVle at wi1, umae V

-io .+y a ti d . toix i nt in- ach t 1.'.1 .. nt.i

Lo { in1"wtigPpt a dby t/decay o h n etdwafers

The standard deviation of per ent loss in eiht c aCl ul .

bythe standard formular arv d ro t.75 in

Tes .5to tB.TBL in rest 2

tsnirni catl.d o ;Juresl_trou 5, ae. .7

to 19, w4n" re phottraphs 0 4ypicA .n u rowha as

found at Vh c Mpletion of tth 4 inublton period r . ach

test. Figures 6 through 10, pages 20 to 22, are photographs

of the blocks at the cpletion of tne test.

The absorption o' fpentachlorophenol varied fro 0.23

lbs.per Cu. to0.30Ilbs. per cu. ft. The loss of

weight due to decay in all tests was under 1-1/2except for

Test 3 which was 2.86%.

The absorption of copper naphthenAe axressed as

pounds of copper metal per cubic foot of wood varied in

five tests from 0.912 to 1.160. Thelo oof eight caused

by decay was under 1-1/4% in each test except for Test 3

where the los srounted to 2.24 .
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4 1 Untreated
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Zinc na phthente

5 20 Untreated

%pper au litenat

1. 160

0.912.

.894

03010098
0.948

0.*296
0 * 968
0.930

2.7 663

&0. ***

1.4

015

*Active absorption given inlbs. /cuft. of-caper or

zinc mtal
*Includes at & d.deviatio fthe iintre an e ,n
tor Thdicates ginin veight.
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The absorption of Zifn naphthenate in Test 3 4, and

5 varied from 0.894 lbs. of zinc metal per cu. ft. of wood

to 0.848 lbs. of zinc metal per cu. ft, of wood. The loss

of weight varied from 0% in Test 3 to 3.00% in Test 4.

In Test 4 decay hole s were rotted through the center

of six of the blocks treated with zinc naphthenate, This

it ehown in the photograph of Figure 9, page 21.

Mold contamination was encountered on a few naphthen-

ate treated blocks of tests , 4, and 5. Figure 11, page 22,

is a photograph of old growing on one copper naphthenate

treated block of Test 3. Figure 12, page 23, is a photo-

graph of mold growing on one copper naphthenate treated

block and three zinc naphthenate treated blocks of Test 5.

Figure 13, page 24, is another photograph of mold growth on

a zinc naphthenate treated block from Test 4.

DISCUSSION F t U

gTalities f reerative Solutions

Pentachlorohenol. As was mentioned in the intro-

duction of this report, pentachlorophenol is one of the

better oil-soluble preservatives. The literature concern-

ing the utilization of this compound as a preservative Is

large and voluminous. Certain references have already

been noted and little need be added, except to point out

that its reputation is well-sustained by testa conducted

here. The average maximum weight loss that occurred in

Test 3 of 2.86% cannot be considered excessive. This amounts

a loess in et tot0.12 rasinawafrorinally
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weighing 4.12 grams oven-dried Furtheriore, in five tests

there were no visual signs of decay on any of the penta-

chlorophenol treated blocks.

o &rNapht enate. Copper naphthenate is arelative-

ly new preservative. Commercial quantities were used for

the first time in 1946 (5, 20). ItVis green in color, sol-

uble in light oils, inexpensive, ad resistant to leaching

(5) At hi-h concentrations it is quite viscous.

The results of the tests indicate that the 201 concen-

tration (2% copper metal) is as good a wood preservative as

a 5% pentachlorophenol solution, since there are no vihabl

signs of decay on any blocks treated with either solution.

However, Kirkpatrick states that laboratory tests indicate

a relatively poor rating for copper naphthenate, although

he does not specify the type of laboratory tests conducted

or concentrations used (14),

Kirkpatrick also states that the metallic naphthenates

seem to have an "affinity" for the cellulosic fibers (14).

This "affinity" theory accounts for the discrepancies be-

tween laboratory and field tests conducted in the South

which have shown copper naphthenate to have as great or

greater efficiency than pentachlorophenol. As to the

chemical combination that copper makes with the cellulosic

fibers, Kirkpatrick is unable to state. However, he is

apparently certain that the constitution will ultimately

be recognized.

The Forest Products Laboratory has investigated copper

na;hthenate by field tests conducted at a test plot in
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tst sippi. $t ken nominafly 2" by 4" by 13" were treated

with various concentrations of copper naphthenate by svera

methods (I The average life of ten stakes brush-treated

with a 25 copper metal solution was 5.7 years. When given

a 3-minute dip in the same solution, five stakes were c-

plately destroyed and five partially destroy in 4-1/2

years. Only one of ten stakes prsan treated with a 0.11

copper metal solut ion showed signs of decay in 4-1/2 years.

There was no decay or tenaite attack an at ken pressure

treated with more potent toxic solutions of copper naphthen-

ate over the same period.

Reports originating from Trinidad by ilerry and Cater

on the effect of copper napbthenate as a wood preservative

were somewhat confused when it was discovered that the gas-

oil carrier was also exhibiting preservative qualities (3, 4)

Ten white pine specimens treated with a solution of 2-l/2

copper naphthenate in gas-oil by a hot-and-cold open tank

process were perfectly sound at the completion of six years

in a "graveyard". However, eight of ten stakes treated in

the same manner with only the gas-oil carrier were unat -

tacked in the same period, thus creating confusion as to

the exact effectiveness of copper naphthenate.

errall found that over a 3-1/2 - 4-year exposure

period, test units of southern yellow pine soaked for 30

minutes in a 4.5c copper naphthenate solution were slightly

better preserved than test units similarly treated with a

5 pentachiorophenol solution (21). The test units were

specifi4Ily desigat to allow rain seep e at Joint in
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outdoor, above groun exposure. A two coat brush treat-

moot with an 1&a copper naphthenate solution also proved

effective over a 3-1/ 4-year period.

Work reported by atkom and Sedalak of progras ado

on Into, toy and sorvice tests of penta hlorephnl 1n4

copper naphthenato noted Vha undr the uodit ions and

solvents used , copper naphthenate was more resistanV to

teo val in accele Vte w athor tests of hoatin and I ach-

ing cycles; and VhaV after such cycles, blocks treated with

copper iaphthonato wer more resistdat to decay (9). theae

conclusions are bas on extensive work which is still con-

tinuin . They used pressure Vretme'nts nd two different

solvehts for each of two concentrations of each presor -

tive. In the laboratory blocks were tested for decay ye-

sistance with three fungi by means off a burial test in soil.

iven thoitn copper naphthenate mugt be cons idered as

an effective preservat ive, its use in raillwork is limited

because of the irterent green color that it imparts to the

wood . A fo rmula utilizig a cobalt drier hasa been found

4uccessful to prevent bleeding, thus making it possible to

paint wood treated with copper naphthenate (5). However,

this is only a remedy applicable in certain situwtiona, and

does not eliminate the undesirable color characteristic.

Other uses for copper naphthenate include fence posts and

stained shingles (6, 22). Also pressure treatments of ties,

pubsn, poles, and construction timber have been undertak n

with solutions of creosote and petroleum containing copper

nphthenate (1, 20) .
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Another di ~Cw sadana..f.opr htea r amu..t alS

rogised Vs tn fectivenes in ontrolling 0 0anmod

Votmntoso few of the test ^p owIrans In thIs :,ar

x 1, --j. tha t s tip ls ri ot inhlbited bycopper nph-

thenate tre. m aat!d.o 1. igrs11ad12 as2 n

o oldo IhV sco1e imitin influence on h use of

copper naphthenato as a wood preservative.

inc, ahthena n. There seem to be little known about

zine phthen te as a wood preservative. There a little

literature vAIlable mentioning the possibilities of it us.

Morriss states tha t zinc naphthenate has the advanta e

of less odor, no irritation, and a quicker drying reaction

than the general chlorinated phenol compounds (17). The

faot that it is also colorless, insoluble in water, nd

soluble in oil, immediately suggests its use for millwork

preservation. By the application of zinc naphthenate as a

fungicide for fabrics, it has been demonstrated that thos

compound is only about one-half as potent as copper naply

thenate (5).

The work done here stresses the fact that as a wood

preservative zinc naphthenate is not as potent as copper

naphthenate. In Test 4 holes developed in the mid-section

of six locke. See Fiure9, page21. Thefact that this

oocu e r".ed in ~nly othree t ast s indicate o .1abl#



horder-line toxicity. With one wod atenia zine nph-

thenate will be satisfactory at this concentration ut will

fail with another wood material.

At tie time the Worest Products Loratr c nducVe

Vhe invest gtion in the South wit ccpper np th nat ,

hey V ed sincnphtenat (1).Tn ak dpd

for3 si sltion(2 zice ) a

aVertge life of -2.42 years. Five of t.*n domker p re , .- ,r

treate tha solution (0.12 ic eti) a-J untou-d

by decay or termites after 4-1/2 years. When pre u

treated with a 7. solution (0.88 zince t-tl) ll Vtakes

were sound after 4-1/2 years. The indication in this test

was that a copper naphthenate solution ccnt a in 0.

copper metal is equal in toxicity to a zinc phthnat

solution containing 0.88, zinc metal.

As was true with copper naphthenate, zinc naphthene

is also tolerant to certain molds. Figures 12 and 1,

pages 23 and 24, are photographs of mold contaminations

found existing on zinc naphthenate treated blocks. Snpub-

lished work conducted in the Wood Utilization Laboratory

of the University of Michigan also noted the same tact in

a similar test with a lower concentration ofz inc

naphthenate.

The future of zinc naphthenate as a preservative must

to a large extent depend upon its ability to compete with

pentachlorophenol. If the amount of zinc naphthenate re-

quired for a concentration high etough to meet the toxic

parable price,it could conceivably acome widely used for



dip treatments because of its qiok-dtyin, non-irritative

gallties

There is also the possibility that zinc naphthenate

can be combined with some of the chlorinated phenol compounds

to reduce ir rit at ionmand Wmrove permanency * Kraus e t ou

that a solution containing O.l- phenyl mercury oleate and

1 zinc naphthenate was very Qrftmising for control of both

decy and blue stain then tested by the *,D.*A. method (15).

Criticisms of .the#D.M.A. Test ethoF

The X.mD.M.A. test method for evaluating the toxic prop-

erties of oil-soluble preservatives has teen criticized for

various reasons which may or may not be justified. For the

purpose of understanding the weaknesses inherent in the

method, it becomes worthwhile to note the e criticisms.

Moisture Content Improper. An improper moiture con-

tent has been advanced as a reason for lack of optimum decay

conditions in tile LD.M.A. test method (15). If this is so,

it could be expected that quite variable results will be obtained

when conducting tests with this method. An examination

of the results tabulated in Table 3, page 11, does show

considerable variability among the untreated specimens,

The loss in weight among five different boards when subjected

to identical conditions varied in weight loss due to decay

by approximately 159. The tests conducted on one of five

boards resulted in a maximum standard deviation among ten

test blocks of t 8.78k. The minimum standard deviation for

the same number of test specimens from another board was

r . Thit rge variation in the .Sount



of decay betwe«n boards can probably be ascribed to two

re1,s rs: (I) the inherent differences in 00d nat rdIa of

the sane tpecies, and (2) the diffarence in tur1 c r-

tent established in each teat speoimen after the teat has

gotten underway. This second reason account s in evena

larger measure for the variation betwen test blocks from

the same board. It Is, of course, generally tiposti to

control the nature of the wood mat r Ia txtt the moistur

content is capabla of c ontrol.

According to Snail, the optimum moisture contentfo

decay in voods of low speclfic gravity is close to 15Cr

(19). Since the iJ.D.M.A. test depends upon the fungus to

derive the necessary moisture from the agar, it therefore

stands to reason that decay will not proceed uniformly be-

tween blocks over a g iven period. The particular block on

which the fungus obtains the first start will transport

more moisture to the block, andA decay will proceed at a more

rapid pace; the metabolic water produced will in turn fa or

the decay process, thus resultIng in the lack of uitormity

of decay between test blocks.

The ±-.D.. t.A. tect recognizes the moisture problem. the

test specifies that the block be supported above the agar

on glass rods, prevent ing direct moisture transfer between

the agar and the block. Krause points out that the method

works fairly well f or unt reated blocks (l5). &owever, he

contends that it is another netter to exrect a fungus to

attack and supply the necessary moIsture to a block heavily

loadd with a pressr tivn. Tests conducted by him with
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the N.P. .A. method showed that at the co pletion of the

test the moistwe content o the untreat d blocka fveragsd

5 whereas the treated locks average 3 to 4 moisture.

It should also be pointed out that since little decay took

place, there was little0 metabolic water built up in the

treated blocks. Jut the point he wishes to make is that it

the treated blocks bed init tally mieathe optitens moitt

content, cond itions would more nearly approach normal usea

and the Punn would be s idad, giving abetter etnJ more re-

able tes

in a t t toprove this 1.6 , Kruse oonduc $X

plo atory testsa with blocks l thick by 2" by 2J/2 on th

tangential surface. A fter dip -treatin~g for 3 minues a

depth of 4 , th 1 locks were placed in jars on a b of

slass cloth. Sterile water was added to provide a high

moisture content, and after a certain partod , noculu

block was placed on top of the test block. nor tunately,

at the ttae he presented his paper at the meeting of the

Forest Products Research SocIety, the results of these

tests were inconclusive.

Richards and Addoms have also noted the effect of a

suitable moisture content for favorable decay conditions

(18). While evaluating the soil-culture technique or

Leutrttz' s method of evaluat ing preservattves (16), they

found that soil containing 31t moiatare caused more decay

than so il c onta ining 25% moisture, which in turn caused

more decay than so il cont aining l8-l/2{ moisture.
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block s a possible. 0he test specifies dilut in the pre-

servative solution 50 with an equal volume or Stoddards

solvent. The objection to overloading could be met by

dittin tepreservativesoutionto 3-1/ or 25, on-

t in pressure impregnation to obtain uniform peetration.

O uns Inseuate. Perhaps the mot usti-

fiable criticsIm leveled at the T .D N.A. -ethd is that it

requires use o only one test f $ng s. pertain fungi are

ior tolerant of particular o sservative compounds than are

other fungi. That the naphthenates are tolerant to soMe

molds has already been demonstrated in this report. It is

therefore evident that several test organisma should be

selected on the basis of the products to be protected (18)

and utilized in the test method

The work presented by this report tends to show that

a 20 solution of copper naphthenate (2 copper metal) can

be depended upon to give as reliable protection as given

by a 5% solution of pentachlorophenol. Under the conditions

established in this test,, the copper naphthenate solution

was as satisfactory as the commercial pentaohlorophenol

solution. No vi sble decay had taken place on the test

blocks of either preservative in five tests. However, the

wafers treated with the 2 copper naphthenate solution

supported contaminating mold growths.

The 2 solution of zinc naphthenate ($ zinc metal)

tested onder te msae conditions could not be classed as
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satisfactory. Qite visible evidence of doay was noted

on several test blocks in one of three tests. Lie rature

cited notes thyt the fugici algqualities of zi nap-

t enato are only about one-half as potent as are those of

copperiaphthenate. Blocks tre ted with the zin naphthenate

solution also supported the jrowth, of mold contaiat ions .

Literatureoited herein has Vow that the useof

copper naphthenato, Ilttoughomited initsuse for mill-

work because of its characteristic green color,promises to

be valuable for use in creosote mixtures and other uses

where color is of little importance.

The possibilities of utilizing ainc napht enate as

wood preservative have been little explored. However, this

compound does not have certain obnoxious properties pos-

sessed by the chlorinated phenols which would ind icate a

possible market.

Three criticisms have been directed against the .D.M.A.

test method as used here for evaluating oil-soluble preserva-

tives. They are: (I) moisture content too low for optimum

decay conditions, (2) test blocks too heavily loaded with

preservative for a satisfactory test, and (3) one test fungus

insufficient to evaluate the effectiveness of a preservative.

It was pointed out that further investigations should be

made: (1) to determine if a higher moisture content would be

more desirable, and to determine the best method of obtain-

ing this moisture content, (2) to determine if the test solu-

tions shoul be diluted more than the test now specifies, and

(3) t consider and selecd o r test fungi most suitable V
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AP NIX A

N.f.M.A. Method of Testing Oil-Soluble Wood Preservatives
or Toxic roperties Using ood Blocks Uni orily Impregnated

Taks from "Toximetrie :ethod for OiI-S3oluble Wood
Preservatives", Ernest £. Hubert . Ind and Eg.

e tin. at Ias

1. Selectia of Material and t est Iock. dhe wooa used
for the preparation of test blocks ahall be ara nity
kil-rie onderosa pine sapwood. It shall b tragt

grained and free of blemishes an defects. Blocks 0.25 inch
V ick (4onitudral direottot; shall a cu ro ur a
pieces of wood measuring 1.375 inches on the rdial surftce
an 2 inches on the tangential surf.ce. The surface of
the blocks shall be smooth, parallel, and free of liver
and dust and each test piece shall be numbered.

For each test, ten blocks stall be tr ated and exposed
to each fungus used, and four similarly treated reference
blocks shall be placed over uninoculated agar. To serve as
controls, ten untreated sterilited blocks shall be exposed
to each fungus used and four untreated blocks (reference
blocks for the controls) shall be placed over uninoculated
agar.

2. Conditioning of Test Blocks. Condition all blocks on
glass rods to a moisture content of 12.4 t O.-5%by exposure
for 20 days to a saturated solution of sodium bromide
(NaBr.2H20) at 260 to 280 0., or condition in an accurately
controlled humidity room at 60% R. H. and 800 rF

3. Weighing. Weigh the test blocks accurately to two deci-
mal places in the humidity room or from a desiccator con-
taining a saturated sodium bromide solution to maintain the
moisture content desired when handling the blocks for weigh-
ing. Record original weight as 0.

4. Volume of test blocks. Measure the first aid sixth
test block in each set of 10 with an accurate millimeter
scale recording length and width to the second decimal
place. Measure the block at the middle of each of the four
sides with a micrometer to determine the thickness. Compute
volume and record as V.

5. Culture Material. Kolle flasks or other suitable glass
containers shall be used. Make up the nutrient agar for the
growth of the test fungi as follows

Difco bacto agar 25 grans
Tr mmer's plain diastasic

malt extract5 gams
Dist illed water 1000 grams
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After cissolvin , pour into each ontainer ufficient
aat to support vigorous growth for th aduration of the test,
stopper, and sterilize, autclavirg ftr C inuts at 5
pounds pressure. Inoculateeach $1)yk by pl.ing atte
eentr o Vhs eiumsurfaa n ino lm ok aeot .

tetst funus shl nI OVA a tra 14 dys $ Ihl
be gon a 26-2 dogrsets

trp. bey

The inouted ctais3 al eicbte t20to

t nifor period 21 ofy vt hcothe testblocks

ttl n $ vol e oa In.

. Impregnation of Tesvt Ivos. P se tall 14blocks 0be

treated in a 2-Liter, heavy-wnfled filter flask and weight
them down with glass marbles. Fit a I-liter sep V atory
fuiriel in the rubber stopper, onnect the la k wit
ianometer and the vacuum line', and exh'ust thV la'k to a
pressure of 125 * 2 mm. of mercury, for a p riod f3
minutes. At a temperature of about 250 0. place enouh
treating solution in the separatory tunnel to Cover Vh
blocks later.

Cut off the vacuum and introtucs the treatn V rlItion
without admitting air, Shake the fiaek to rnvs b

bles from the blocks. Allow the solut ion to Vtand for 5
minutes, then break the vacuum.

After 5 rmintes remove treated blncks, bloX-8t off8
liquid and keep the blocksa until weige in & ds ot
over the treating solution used. Weig the -l kUso
after treating and record weiht as T.

9. Reconditioning. Place treated blocks on glass rods,
dry them 13 days in the laboratory air, and then reso dtion
them for 7 days under conditions specified in Item 2. Re-
weigh the blocks after the 20-day period and record weit V
of the test and reference blocks as W and r respectively.

10. Incubation. Place 10 similarly treated test locks in

the containers on twoI gso rods of 0.l2 inc_ (0.52 cM .in



diameter, rest ing rn the surface o f the Ifuus mat. Si-
ilarly place ten staam-sterilized (10 iinutss at 1000 )
untreated test blocks after couYitionifl6 as mnd teatd in
Item 2, in other containers. Place 4 treated reference

blocks en rods over uninoculated asar. Incubate at 260
to 280 for 63 days.

U. End of That. At the end of the 63ay mn utton
period remnove the trea td anfl'r V test blocks,
serape clean of myoeliW , a -ry , eg, and rcord
woitht as r, Oven-dry the reference blocks and rcOrd 30

R. Controls should show at _ o wt 25 los ti weight du
to decay,

12. Cosptat ions.

7olume of test Alck : V

0 : A, gr&ma of ire ting solution in test bloe.

A P, absorption n orams per ccI

B x &2.44 = , ab rtion in pounds per en.ft

ZotoxiCant ', absorption of toxicant in
100 pounds per cu* ft.

W weight of reconditioned treated hIe a nd con-
t tioned blocks in case of ontros (Itcn 9).

P oven-dry weight of treated reference coks at
end of test, and of untreated reference blocks
at and of test in case of controls

G weight of reconditioned treated reference blocks,
and of cxnditioned untreated reference block
in case of controls.

:l' , computed oven-dry weight of test blocks be
J fore incubation.

F oven-dry reigbt of treated and. control locks after
incutation.

x 100 = E, r of loss in weight due to decay.
z
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APN IE D

by

JEKoch and.,Krieg

(Chemeker 7eitung 62(15): 140-141, veb. 19, 1938)

I. Prs are solution of 5 >rars benzidine in 25 grame otHrl (about 2%) d 973 grams ;mter.

2. irewrG I r solution of sodium nitrite.

3. Weep the twa olutions separIte.

4. Lnredia ely before testin; pour equal a ountq of tbe
solutions togeeter. Either din the wood in the solution
or paint it oi tho irface. After treat ing the wood it
is advible to wash it with water or blot up the excess
soluwion because the colors t ten hold aetuer.

5. Thi treat'ent co1ors te neartwood ark red-)roin, the
sapwood yellow, after_ tihe tne sapwood takes on a dark
yellow or browr color. Neverteless, th l d Lference
between the heart cod and sapwood color remains distinct.

?rom translation made by
Dr. Dls "erry.
?orest :roducts Lat.

6/7/39 ±D A
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