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Changes of metal residues in the stakes treated with copper sulphate,

Wolman salt and Boliden salt during ten exposure years
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Retention range on tl*ﬂ group of ihe stakes
treated with-the-same- preservative
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soiuL min, AV, ~max.
5 15, 4e18, G 21, 6
CuS0,-5H,0 1
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p
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S-25 0, 4
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Retentions of preservatives in the stakes used in this fest
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Table 4. WHEEHMEAROWERBIOESEHE (%)
Percentage of Cu content in each p{)mtmn of the stakes
treated with copper sulphate
S | i < A ¥ Exposure vear
Cone, of i @"{2‘57» A 6 ‘ 8 | 10
treating | Position i |
so.lug/tiom. . number® ‘ 2 42) W
v [ Inner
2 G, 138 0,113 100 0,113 0,138
3 D, 113 0,113 100 0, 100 | 0,125
4 . 0,088 0, 088 0,088 088 0 088
0,5 S 1 0,088 | 0.138 0, 100 063 0,075
& 0.113 0, 118 0,125 0,075 0,138
7 150 1 0,088 0, 100 0, 063 G, 125
Av. 0,115 | 0,108 0.101 | 0,083 0,115
2 0, 150 ‘ 0,128 0,163
3 0.138 1 0.138 0.175
4 ; 0.163 | 0,113 0.138
1.0 5 | 0,238 0,113 0,088
6 | | 0.213 0.150 0. 163
7 138 00,113 0.125
Av, 0,173 0,128 0. 133 0, 142
2 0,278 0, 250 0,175 0, 200 0,188 0, 150 0.17%
3 0,263 0,238 0, 200 0,213 0.138 0,188 200
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5.0 3 0,781 0, 263 0,163 0,138 0,225 0. 238 G, 300
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Percentage of Cr and As contents in each position of
the stakes treated with Wolman salt

SER B B W ¢ A 4 ¥ Exposure year
Cone. of ORI
treating Position on 3 7
solution number
% “ Cr As Cr As Cr As
2 0,050 0,025 0.042 0,010 0,030 0, 008
3 0,046 0. 026 0,038 0,012 0,035 0, 007
4 0, 047 0, 0a4 0,036 0,014 0,035 G, 008
0,4 5 Q, 046 0,023 0,044 0,014 0, 037 0,016
& 0,048 G, 026 0,042 0,018 0,034 0,018
7 0, 067 0,036 G, 054 0, 020 0,038 0, 020
Av, 0, 051 0, 027 0,043 0,018 0, 036 0,013
2 0, 270 0. 098 0,212 0,055 0, 170 0,035
3 0,224 G, 079 0,162 0,045 0, 140 0,030
4 0, 210 0,072 G, 142 0,080 0, 140 0, 030
2,0 5 0,215 0,079 0. 160 G, 055 0, 140 0. 043
& Q, 249 0,090 0, 205 0,070 Q0,190 ¢, 007
7 0, 424 0,138 0,335 0, 100 3,330 0,092
Av, 0, 265 0, 092 0, 203 0, 062 0,185 0, 050

D EWEEOBERT, JNEHEELL,
The stakes al exposure year zero are control stakes which were not exposed at the fest site,
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Table 6, KV 7 VIERIEAOBBOHABSBETE (%)

Percentage of Cr, As, Zn and Cu contents in each position
of the stakes treated with Boliden salt

R IR I i < B # ¥ Exposure year
Cone, of BoofrE :
treating Position 0 7
solution number : ‘ , ;
% Cr As | Zn Cu Cr ' As Zn | Cu
2 0,061 0. 043 0,018 0,019 0,063 0,021 0.018 0.021
3 0,049 1 0,049 0,021 0,013 0.053 0,011 0.012 0,011
4 0, 046 0,037 0,012 0,011 0,053 0,011 0, 005 0, 007
0,4 5 0,052 0. 050 0.018 0,015 0,055 0,024 0,012 0. 009
6 0,070 1 0,055 0,023 0,024 0. 089 0,034 0,018 0.014
7 0. 105 0,052 0,040 0. 041 G, 110 0,031 0.023 0, 026
Av, 0. 064 0. 048 0,021 &, 021 0,071 0,022 0,015 0.018
0, 317 0, 309 0,182 0,085 0, 450 0. 360 0,225 0,126
0,277 0, 261 0,151 0,074 0, 395 0. 268 0,181 0. 102
0, 267 0,260+ 0,151 0,073 0. 385 0,272 0,172 Q, 094
2.0 5 0, 306 a, 290 0,167 0, 086 0,378 0,315 0,197 0,103
6 0,360 | 0,320 0.186 0, 101 0, 475 0. 260 0. 228 0,119
7 0. 466 0, 523 0, 281 0, 147 0. 680 0,475 0, 300 0, 157
Av, 0,332 0,330 0,186 0. 094 0, 467 0,328 0,217 0,116
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K, IEBTTELEHOWAS DL, TNLERIEIX 065 kg/md OEICILE L THRREZE LA
EI, 2%BWD Yy BED 0. 4% T L AL S BMATRIE <, B A THEMRIRIEE0 15
kg/m® OEUCHIE LTRSS S, 2% BOBAEFIUTH S, Lrd 2 200 OREM O
BEFEREENOLRBIZEFE DL TS

As DB, D 2% WSRO, 0.4% HO L0 LD P DICHBMEEIS A S 0, Wb
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o s . B. Hicee®™ 21 5 &, DRILS

T e bt b OB

— ‘ b i

4 56 7 8 R F L, #nies v st

£ (5 OH 8 exposure year
Fig, 16 o 4 v VIERHESRERBO 7 v 4 Ui erid, SERICHBUID L AR
5 BILORO I HORIL TR < 155 1105 $HE

Changes of Cr and As contents in the
stakes treated with Wolman salt, ZTW5Es L, W, T, Henry,



ERFR M oObEEY (5) (F - 97 -

Table 8, & 4w ifa,*lj)” Mo Cr &2 As @
EIEGE (%)

Ratio (%) of Cr aﬁd As %és'iﬁdes to initial contents

in the stakes treated with Wolman salt

Cr
< pe | XL
Bxposure Lreating Reten- b9 b
year cone, - ’
kg/m8  kg/m®]  lg/m? kg/m?
0 7.23 00,959 | 0,864 90, 1 - 0.302 2.8 —
0 7.14 0 0,947 | 0,658 62,5 — 0, 230 3200 e
Av, D, 761(c)® 100 L. 266(c) 100
! 7.37 | 0,977 | 0,685 70,1 | 90,0 0.737 0,217 29,6
2 7,21 10,956 | 0.523 54,8 | 68,7 19,3
3 7,49 10,993 0,638 64,1 3.8 26, 2
4 7016 10,949 | 0. 643 67,7 | 84,5 |0, 716 26.8 | 72,2
) 2% ) e i
5 7,58 5 1,005 | 0,641 | 84,2 | 0,758 28,11 71.4
6 7,01 10,930 | 0. 748 ‘ 98. 3 0,181 25.8 | 68,0
7 6.75 | 0,895 | 0,584 0,187 23,7 59,0
) 7,19 10,953 | 0,806 0. 219 0.4 | 82,2
9 7.39 | 0.980 | 0,590 60,1 775 0. 164 20,8 | 57,9
10 6,67 | 0.884 | 0.658 74.3 865 0,214 32, 80. 5
Av. 68,5 | 85.6 75.9 | 69,9
[§] 1,44 10,191 0,180 | 78,5 e 0. 144 0,088 8.8
0 44 | 0,191 | 0,190 e 1O, 144 | 0,091 62,7
Ay, 0.170(c) 10 0. 088(c) 100
1 1,40 | 0,186 151 81,4 | 88,310,140 | 0,058 41,4 | 659
2 1,42 10,188 | 0,133 73,4 0 80,7 | 0,142 1 0,049 55,7
3 1,29 0,171 | 0.148 83.5 | 86,510,129 | 0,051 39.5 | 58,0
4 0ag | LI 070 L0128 70,7 1 73,110,133 0,044 33,2 50,0
5 1,42 10,188 | 0,165 87.9 1 96.5 1 0.142 | 0.049 34,5 | 55,7
6 1,27 10,168 | 0,157 93.4 1 91,810,127 | 0.032 25.2 | 36,4
7 .31 0,174 F 0117 68.1 1 68.4 0,131 | €042 32,2 | 47,7
8 1,38 10,183 1 0,166 77 A 971 138 | 0,038 23.3 | 43.2
Y L35 0,179 0 0,135 75.8 1 78,9 135 | 0.031 22,8 a5, 2
10 P38 01830 0,121 65,8 | 70.810.138 | ©, 026 1901 29,5
Av, 79,1 83.2 30,5 47,7
Note 1 11 a=IRIE retention « 43 percentage of metal content(¥) =

by caiculatmn Km:Cr, () 133 As; 0.100
2) b Lok content by analysis
ik content of stakes in room
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VD, WILE D SIRD S XD, ERRER
pELTREIES L, W
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Relation Cr and As residue in the O A S TR
stakes and exposure years

" EA i o B £ B L e,
bla=residue/initial content by DEPLOY, RERES 5 L, BNKEROSHEE
calculation nma L7z ble OREOTTS, BLE L D EE L

bfc==residue/content by analysis
in the stakes in
rYoom exposure
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fedh, FO WP RELEE BURBARICE L THIANS O E0h R T AP0, L it i3 £ 0
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g BTt L RET, Lbb, MEOBESEEESTRDENS
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23 s SO EOMBBALE &, SFCRDFD LB HECE
%émm“%mx?%“%:;;:§mQMM W AMIRO SEAEEETRT & Table 0 0k 510l
= 008 T ],
& aos o el ve
e S Cr OB, 2% WHAEITR, DIHBUREIC K
e I oo TAEA B T EIC L3 kg/m® 5 D i 4
SLTNBDY, 0. 4% BOREERTT RS &,
i YT K 0. 2kg/md T iR & A EE DS
e s 7. T, 2 T SRR I WO L 7 B
Chgmgesi our metals contents in the kD koo Cr 4
stakes treated with Boliden salt. T, SHRE E DRI SO Cr S HI T A &
AR LTWVWA, 0. 4% TR R UHERLTNS,
As OB, 2 BT HTIRRGE 1 2 kg/m3 AT, §E2~5 281 Cr L0 K& BEETRH

BASETLCHNT, 104%T0.8kg/md, 0.4% T2,
0. 14 kg/m® 5 0.07 kg/md T -TWW A, Th, HERIORDI-VIEEES
FOA LN EHREETICNIOHEEL T D,

Zn OBA, 2HWTRAEEBEOETEBERIZE Cr SHLT 0 6kg/me 53 0.5kg/m? 475 5T E
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Table 9. # Y7 R

HOIB RO EHEE @ Lalraes )
Initial metal contents by calculation (a) and metal contents
by analysis (b) in the stakes treated with Boliden salt

. < 5| Cr As ’ Cu o
r{gfgﬁ‘(ﬁf Exposure tion al b a¥ b | ab b ab b
cone, year kg/im? | kg/m?® | kg/m? kg/m® | kg/m® | kg/m® | kg/m®  kg/m? | kg/m?
0 G, 49 0.771 0,991 1.51 0.948 0. 201 0. 281 0. 599
1 7,04 0, 841 0, 998 1.65 1,03 0,220 0, 284 0, 656 0, 565
2 8, 87 0, 820 1, 264 1,61 15 0,214 0,256 | 0,640 0, 598
3 6. 98 . 832 1,253 1.63 1,19 0,218 0,302 Q. 651 0,573
4 &, 57 0. 786 1,153 i, 54 0, 205 (. 283 0,612 0. 565
2% 5 7, 43 0, 888 1. 121 1,74 0, 614 0 0, 300 0. 69 0, 595
4] 7.08 0. 846 0,962 1. 66 0,741 G, 221 0. 270 0, 660 0, 534
7 7,08 843 1,321 1,68 0,919 0,220 0. 338 0, 657 0,615
8 7,09 0, 849 1,077 1,66 3,912 0, 221 0,318 0, 661 0, 597
9 7,029 Q, 869 1,467 1.71 0,862 0,227 0, 349 0,679 0. 498
10 7,08 G, 842 0, 925 1.65 0. 654 0,220 0. 265 0, 657 0,477
0 43 171 0. 178 0, 130 C. 0408, 0,057 ¢ 0,133 0,068
1 1,64 196 0,160 0, 385 0, 144 0.0512] G, 078 0,153 0.070
2 0,159 0,127 0,312 0. 102 0.0415] 0.041 0,124 0,051
3 0,177 0,178 347 0,129 0, 0462] 0,073 0, 138 0,070
4 1. 44 0,172 G, 159 0,338 0,073 0. 0449 0, 053 0. 134 a, 057
0. 4% 5 1,48 | 0.177 | 0,184 | 0.347 | 0.099 | 0.04620 0.078 | 0,138 | 0,066
6 1,59 0,190 1 0,213 0,373 0,098 0.0496 0,073 0,148 0, 069
7 1,48 0.177 0,172 0, 347 0, 066 0, 0462 0. 044 0,138 0,044
3 1. 59 0, 190 0, 224 0,373 0. 066 0. 04961 0, 064 0,148 0,027
9 1. 40 0,167 0, 208 0, 329 0. 086 0, 0437] 0,069 0, 130 0, D40
10 1,46 0,175 0. 161 0, 342 G, 059 0, 0456] 0, 045 0. 136 0, 027

Note : 13 a=Ig# retention < /8 £ percentage of metal (K=
K=Cr; 0,120, As; 0.235 Cu;0.3012, Zn ; 0.0932.

& initial content.

7%, Q4% T 0% 195 - Tind, As OFFEH
% WCA6% L5 5TV, b EDG
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n it 2
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D Yy IFICH 5T o CuRIFHICK S, AR S
43 100% 1CHES S 0.4% HITH 104RHT 86% LR ->T b

@ T, 10T 82%, 0.4% WTIL 46% L72» T, Asicoin

Fig. 7 @R Lo ) 7 VECREEAMIEL O ERTRIEA(LERE D 5
TEL, LI, WHEBRTOEMNREALRERTERLTHEL,
FOMBETERLTIO S,

CORERIC LA &, DR

LT TE, BT

A7 g e VEPR IR BRI O X O BRI 4
IALED ET AN HELEITH LTS
SFEREL B HHOEEL NS, IO A0 4% FIVELO L S5 T S0 T g b O

BhEND LD CEFE T TE T H T
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Table 10, E‘“lg 19 iz ff\ Lo ]j 7 m/f*
DOECER L ORD L GBERIFER
Ratios of metal contents on each exposure year to the initial metal
contents (at zero year) on the straight line showing the changes of
metal contents in the stakes treated with Boliden salt in Fig. 19

LB SR

LB l Cr As Cu Za
§ i L AR ) =y R IV T
B | 0 g O U g P e
% - ‘residue resid(ue residue residue residue residue residue residne
[ kg/m3 % kg/m? a5 kg/m3 %% kg/m? %
1,30 100 | 122 100 | 0.30 100 | 0.60 100
1,22 96 1,15 94 ” ” 0, 58 97
) 4 L2092 | 106 87 w " 0. 55 92
6 112 . 86 | 0.98 80 " p 0. 53 88
8 .08 | 83 | 0.9 74 " " 0.51 85
10 Loo |77 | o2 87 P P 0, 49 82
0 0.20 |\ 100 | 0,142 100 | o.078| 100 | 0,080 100
2 0.19 | 5 00,120 85 | 0,075 96 | 0,068 85
o 4 0.19 95 | 0,108 73 | 0,072 92 | 0,059 74
6 0.185 | 93 | 0.088 62 | 0.070 90 | 0.051 64
8 0.182 1 91 | 0.076 54 | 0.069 88 | 0,044 55
10 0,180 | 90 | 0,065 46 | 0,067 86 | 0.037 46

BE L, LPORCKd 3 OB SANK, HOBRADED, BESETFTL0TH L. HHED
W Z L, 7 4 v VORI SIS & GBIt - b 0H, B FETHE D5, H
THHC BT Y 4 7 VI -THR Y 7 VIS BT AR S0 ) € B, € G Durcant®
2 E.W. B DaCosra 58 OfIC I, BIdCRE U057 0 AMEEHTE S KO RGO g

Y AT YEIDELG N0 L EDBTIEL, SETES LM, bGP bémsizh s
Do THRELTOL D TRIZVMEHEL SNDL, &< I LT, SR BRI T
BLEOBNTNEOT, CORKOIAUBEELTH S, &5 pO%shick iy 5I8HE0lT
BIOMEIC A SR BELEZ ChAbOEEZ b, 7072 Fig. 19 TRUED K, Cu k Cr 0f
HFREBRFEMMEEAELL As & In ERGEMIDBAEODOT, 0 4% AL 84EHL DI FE
BEFHLELDD & U E25ATHEDE, 20 As & Zn OEHBEOHDHE LIVIE,
(3) @ERDEIEHAIC >N

7V 8§25 OFMAMT AP IR E ¥

FTRIGROAAOFEC#ET L Ol oA, DBREEH, OBHA LR U CHEBEINE LD, *H

HIC L T, 2ED A, B ITR

Abo 5T

I S 4L, KIC R ABERASIER I (A XA TUHREA SN BHTH S,
JHg A0+ MeCryO— 201 AsOy+ MeHAsO+4H0+ 30 v (4)
(Me : Cu %7213 Zn)
1 40r 0+ 0, 94004 AsyOs—> 1, 40r AsO, +0, 3Zng(AsQ g+ 2, 10 (53
(Cul) {Cug(AsOQq)

HERIC, T OBFHIRMBE LIcd ERUTI~TOERAWEELT, HUOWE & LTARM B
BEEASN TS D, H500E, S E Dauteren SICLNEY, FRMTEELRY, BRLIEGHOE
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The Stake Test at Asakaws Experiment Forest (8)
Changes of metal residues in the stakes ireated with copper sulphate,

Wolman salt and Boliden salt during ten exposure years

Shaji Amewiva™ and Yosaku Sudn®

Summary

Changes of metal residues in the stakes treated with three water-horn preservatives were
measured by atomic absorption spectrophotometer. They are the stakes removed every vear
from the stake test field at Asakawa Experiment Forest., The stakes, SUGI sapwood, were 3~
by 9 centimeters by 60 centimeters in size, Al preservative treatments of the stakes were
applied by the Lowry process. The kinds of preservatives in the itreated stakes for this test
are copper sulphate, Wolman salt and Boliden salt 5-25, The test pieces for analysing 3~ by
3- centimeters by 6 centimeters in size, were cut off the treated stakes. Theyv were used to
analyse metal residues in the stakes after measuring the compression strength of the fest
pieces.

Cu in copper sulphate, Cr and As in Wolman salt, and Cr, As, Cu and Zn in Boliden salt
5-25 were analysed as metals in wood, respectively, Retentions of preservatives in the stakes
used in this test are shown in Table 2. Measuring condition of atomic absorption spectre-
photometer is shown in Table 3.

Changes of compression strength and metal contents in the stakes treated with copper
sulphate, Wolman salt and Boliden salt are shown in Figs. 112, respectively.

The compression strength of No, 7 test pleces (top end) cut off the stakes treated with 5,
1 and 0.5% solutions of copper sulphate had decreased greatly by decay during a short exposure
period, The stakes treated with copper sulphate contained more copper in the paris above

ground than under ground. The copper contents in the stakes approach 0.2~0,25% in 5%

treating solution, 0.15% in 1% treating sclution, sud 0.1% in 0.5% treating solution, after
long exposure years, respectively, as shown in Fig. 2,

The compression strength of the test pleces cut off the stakes treated with 2% and 04%
solution of Wolman salt had decreased greatly by decay only under ground after a short ex-
posure period, but had changed little above ground for ten vears. The chromium contents in
the stakes treated with Wolman salt decreased considerably on the first stage of the exposure
periods, and they had decreased little after that. The arsenic contents in the same stakes
decreased considerably on the first stage of the exposure period such as chromium, and they
also had decreased gradually after that,

The compression strength of all test pleces cut off the stakes treated with 224 sclution of
Boliden salt had changed little for fen vears, and the compression strength of them with 0.4%
solution of Boliden salt had decreased by decay only under ground after five years, and had

changed little above ground for ten vears, Chromium and copper contents in the stakes with
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Boliden salt changed little for fen years, but arsenic and zinc contents in them. had decreased

gradually with the lapse of exposure year.

From the results in this test, the following conclusion can be made : The amount of chro-
miwm content —the fixing agent— is of great importance in determining the fixation of water-
born preservatives and the permanence in wood,

shate) has some resistance to leach-

Although copper from a simple soluble salt {copper s
ing without the presence of chromium, the addition of chromium greatly increases the copper
fixati

The stakes 1

under ground (in soil), but are less resistant to decay above ground, even if the stakes contain

o,

ant to decay

ated with a simple solution of copper sulphate are muore resist

more copper above ground than it does under ground. The decay was caused by brown rot

fungl., According io these data, it was shown that copper sulphate was less resistant to decay
by brown rot fungi

man salt are poorly resistant to decay under ground., The

The stakes treated with Wi
stakes treated with Bolider salt 5-25 are more resistant to decay both under and above ground.

The addition of chromium to soluiion containing arsenic increases the arsenic fixation in

wood, but is not completely effective, Ratios between one metal content and another in wood

(As/Cr, CufCr, Zn/Cr, CujAs, Zn/As and Cu/Zn) varied considerably during ten vears, as shown

in Fige. 18, 20 and 21, and thers is no constant relationship between the ratios and the year

of exposure.
The leaching rate of copper sulphate is proportional to the diflerence between residue after
i exposure vears and equilibrium residue in wood (fixing residue). The relation is indicated

in Fig. 15 and in the following formula (1) and (2);

(1

(2)
B K leaching rate {1 exposure year {: proportional constant
pa2

C 1 integral constant Ra ¢ initial retention

Rt eguilibrivum residue # o residue after § years

s ratio of residue in wood






