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INTRODUKT ION

Obehandlat trd som sdtts ut i vattnet pa svenska vdstkusten blir
mycket snabbt angripet av skeppsmask och borrkrdfta. Trdkonstruk-
tioner bdr ddrf6r impregneras mot angrepp av skadeg®rarna om inte
mycket motstdndskraftigt tr3d anvinds,slsom jarrah eller azobé (Tri-

skyddskommittén 1968).

Sedan ldnge har tra fo6r marint bruk tryckimpregnerats med kreosot-
olja. Fran andra v3rldskrigets utbrott och till 1946 var emeller-
tid importen av kreosotolja och motstandskraftigt trd begr3nsad
eller omdjliggjord. Det blev dd nddvdndigt att utarbeta impregne-
ringsmedel, som helt och hdllet kunde framstillas i Sverige och
passa for de inhemska tr3slagen. Furu (Pinus stilvestris), det in-
hemska tr&slag som bdst passar fér tryckimpregnering, har fo6ljakt-
ligen sedan slutet av 1930-talet anvints i f6rstk bade mot svampar
pd land och skadeg8rare i vatten {Henningsson 1971). | de flesta
marina férsdk har olika Bolidensalter undersdkts (Higer, B. 1941,

Hultman, B. 1949, Sandstrdm, S. 1951). Resultaten fran undersdk-
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ningar som pabdrjades 1940, 1947, 1950 och 1954 har f51jts upp

och presenteras i denna publikation.

Undersdkningar rdrande skeppsmaskarnas ekologi och skadegdrelse
pagar vid Kristinebergs marinbiologiska station sedan 1970 av
forskare vid Skogshdgskolans institution f&r virkesldra. Nagra
resultat, som dr medtagna i denna publikation, &r h3mtade fran

de pa3gdende undersdkningarna.

BIOLOGISKA OCH GEOGRAFISKA DATA

F6rs6k med impregnering av virke mot marina skadeg8rare pabdrja-
des 1940 och var férlagda till Kristinebergs marinbiologiska station.
1947, 1950 och 1954 startades nya f8rsdk.

Kristinebergs marinbiologiska station, latitud 58° 15' och longitud
llo 27 'ligger vid Gullmarsfjorden (Fig 1), Temperatur och salt-
halt mdts kontinuerligt vid stationen. Fig 2 visar manadernas medel-,
maximum= och minimumvirde f&r ytvattnets salthalt och temperatur ar
1971. Av figuren framgar att salthalten i de flesta fall ligger mel-
lan 20 och 30°/oo. Vid ett par tillf&llen har dock salthalter pa
33%/00 och 18%/oco uppmitts. Vattnet &r varmast under juli och augusti

och kallast fran januari till mars.

P& grundare vatten, 1-3 m djup,vid Kristineberg har tvd arter skepps-
mask och en art borrkrdfta patrdffats. Den vanligaste skeppsmaskarten 3r
Teredo navalis medan Psiloteredo megotara &r mer sparsamt f&rekommande.
Bdda arterna tillhdr familjen Teredinidae klassen Bivalvia.Borrkréftan
Limnora lignorum, som tillhdr klassen, Crustacea &r dven mycket

vanlig.

Livscykeln hos de tvd skeppsmaskarterna 3dr ndgot olika. Aggen befruk-
tas i epibrankialhdlan hos Teredo navalis medan Psiloteredo megotara
har yttre befruktning,d v s &ggen befruktas i vattnet. Hos Teredo
navalrs utvecklas 3dggen i gdlhdlan till ett tidigt larvstadium
(veligerlarv). Larverna l3mnar sedan moderdjuret och svidvar fritt om-

kring i vattnet en tid innan de sdtter sig fast pd 138mpligt underlag.



Deras frisimmande tid &r ungefdr lika lang som hos veligerlarver

hos arter med yttre befruktning (Jones och Eltringham 1971). Efter
fastsdttningen omvandlas (metamorfoserar) larven till en liten skepps-
mask. | kulturer med Teredo navalis metamorfoserar de fdrsta

larverna 20 dagar efter svdrmning &gt rum (Loosanoff och Davis, 1963).
Under 13dmpligare f8rhdllanden kan den frisimmande larvperioden f&r-
kortas eftersom den varierar med temperatur, salthalt, tillgdng pa

foda m m.

Larvernas fastsdttning pa virket startar ett par veckor tidigare
hos Psiloteredo megotara an hos Teredo navalis. Vid Kristinebergs
marinbiologiska station pagdr fasts3ttningsperioden mellan juni
och september hos bdda arterna. Som vuxen dr skeppsmasken helt
bunden till ett liv i trd.vartefter den tillvaxer borrar den

sig allt ldngre in i virket. Hos Teredo navalis och Psiloteredo
megotara f&rkalkas gangarnas vdggar. | den bakre &ndan har
skeppsmasken tvd sifoner, som normalt sticker ut genom ingéngs-
hdlet. Genom den ena sifonen sugs vatten in, innehdllande ndrings-
dmnen och syre, hos honan av Teredo navalis &dven spermier. Genom
den andra sifonen avsdndras exkretionsprodukter, spermier hos
hanen och Hgg eller larver hos honan. Under ogynnsamma f&rhdllan-
den dras sifonen in och ingdngshdlet st3dngs igen med tvd kalk-
plattor, si kallade paletter. Inst3ngd i sin gdng kan skepps-
masken leva en langre tid om vattnet exempelvis blir fdrorenat

eller om trdbiten placeras i luften eller sdtt vatten.

F8r att ge en uppfattning om skeppsmaskens populationstdthet vid
Kristineberg visas pd Fig 3 en rdntgenbild av en obehandlad prov-

bit av furu som legat i vattnet mellan 1973-05-09 och 1973-11-14,

Limnoria lignorum borrar sina gadngar alldeles under trits yta.
Arten blir 5 mm 1ang. Vid Flddevigen pad norska Skagerackskusten
angrips trd av Limnoria lignorum fran januari till maj med en
angreppstopp i april. Svdrmingstidens start dr korrelerad med en

manadsmedel temperatur av 9.6°C (Sdmme, 1940).



MATERIAL OCH METODER

Tabell 1 visar sammansd@ttningen hos de impregneringsmedel som
ingick i de olika fdrs8ksserierna. Ddrav framgdr att Zn-Cr-As medel
av salt- och oxidtyp samt Zn-Cu-Cr-As medel och Cu-Cr-As medel av
oxidtyp provats. Fig 4 visar en f8rs&ksstdllning fér prover som
utsattes 1940. Ett h8l borrades vid vardera #nden av varje vedprov
fére impregneringen. Genom h3len drogs sedan en 6 mm tjock koppar-
trdd. Mellan proven placerades 40 mm hdga porslinsisolatorer fé&r
att hd1la is8r proverna. F8rsdksserierna som startades 1947, 1950
och 1954 arrangerades i princip som ovan beskrivna steganordning.
Proven var av splintved. Av tabellerna 2, 3 och 4 framgar prov-
storlek och tr3slag. FOrstksstdlliningarna placerades hangande

ner i vattnet fran en brygga. Under vintern lades fdrsdksstdll-
ningarna pa botten pd c:a 3 m djup tvd till tre mdnader f&r

att undvika skador, som kan f&rorsakas av isen.

Beddmningen av angrepp fororsakade av skeppsmask och borrkrafta,
har gjorts genom visuell undersdkning av proverna, efter det att
pavdxten avldgsnats. F8r att beddma noggrannheten av den visuella
undersdkningsmetoden réntgenfotograferades proverna som sattes
ut 1954, P& grund av tekniska sk3l kunde endast den mittersta

sektionen (24 cm) av varje prov rdntgenfotograferas.

Vid réntgenfotograferingen anvdndes en Philips Macrotank K 100/Be.
Strémstyrkan var 3mA, spdnningen 60 kW och exponeringstiden 1 minut.
Skeppsmaskens skal, paletter och de f&rkalkade gadngarna ger god
kontrast pd réntgenfilmen och en bild av skadegSrelsen inne i provet
erhdlles. Skadegdrelse orsakad av Limnoria mdste undersSkas visuellt
eftersom gangarna hos denna art ej dr forkalkade och darfdr ej ger

bild pd réntgenfoto.

Proverna har unders8kts visuellt vart tredje ar med undantag f&r de
fdérsta fSrsdksdren. En gradering av angreppen gjordes i en skala fran

0 till 6, dar 0 inneb&r fri fran angrepp och 6 betyder mycket stor

skadegdrelse. Vid angreppsgraden 6 utdéms proverna. N&r alla
prover i en grupp démts ut berdknades medelvaraktigheten

f6r proverna.



RESULTAT

FdrsB8ksserierna fran 1940 och 1947 startade innan de moderna typerna
av impregneringsmedel fanns. Salterna som undersbktes i dessa serier
finns inte ldngre pd marknaden och &r d&rf&r av mindre praktisk be-
tydelse. Av stort principiellt intresse dr emellertid resultaten
fradn de serier ddr impregnerade och oimpregnerade prover spikats

samman.

1940 &rs serie

Resultatet frdn f8rs8ket, som igdngsattes 1940 finns i tabell 2.

| denna fOrsBksserie har nu alla prover blivit utddmda. Medel-
varaktigheten var 27 ar f8r prover behandlade med BIS 18sning
innehd1lande 9.5 % salt. BIS 18sning innehdllande 6.8 % salt gav

i stort sett samma resultat, en medelvaraktighet pd 26 ar. De
obehandlade proverna hade en medelvaraktighet pd 2.5 ar. FeAs0, har
ldgre 18slighet hos fixeringsprodukten an BIS men vid samma As-kon-
centration ar BIS dverldgsen FeAsOh, som skydd i marin miljd. Ar
den totala saltkoncentrationen lika hos FeAsOh och BiS, &r impreg-
neringsmedlen lika effektiva. Vid mycket hd8ga saltkoncentrationer

ger daremot BIS ett bdattre skydd.

Av stort intresse var upptdckten att medelvaraktigheten var be-
tydligt mindre hos BlS-impregnerade prover, som var spikade pa
oimpregnerade prover, &n hos prover, som saknade kontakt med
oimpregnerat tr3d. | de mest extrema fallen minskade varaktigheten
till en tredjedel. Samma tendens fanns hos de FeAsOh behandlade
proverna. Angreppen har sdkerligen startat i det obehandlade
virket, varefter skeppsmasken borrat sig in i det impregnerade
virket. Skeppsmasken var da vuxen individ ndr den kom i kontakt
med det impregnerade virket. Vuxna individer 3r mer resistenta
mot toxiska dmnen &n larver. | praktiken innebdr ovanstdende
resultat att impregnerat trd i havsvatten inte bdr std i direkt

kontakt med oimpregnerat tra.

1947 &rs serie

| tabell 3 3terfinns resultaten fran fSrsdket som startade ar 1947.

En jadmfdrelse gjordes mellan fyra amerikanska trdsorter impregnerade



med BIS salt. Samtliga prover i serien har nu démts ut. Kortaste

medelvaraktigheten hade Douglasgranen. Detta trdslag dr emellertid
svarimpregnerbart varfsr saltupptagningen blev lagre dn hos trdslag
som amerikansk r&édtall, gultall och vanlig tall d&r impregnerings-
medlet gar 14tt in i virket. Medelvaraktigheten hos dessa tre sist
ndmnda arter var ungefdr densamma vid jamfdrbara upptagningar av

impregneringsmedel. De oimpregnerade referensproven utddmdes redan

efter 1 8rs exponering i havet.

1950 ars serie

| fSrsoksserien som startades 1950, tabell 4, har &nnu ej alla
prover domts ut. Kommentarer g&llande denna serie kommer att

gdras i en senare slutlig rapport.

1954 &rs serie

Endast de obehandlade referensproverna har ddmts ut i 1954 ars

serie (tabell 5). Vid 1973 &rs inspektion beddmdes angreppsgraden
férst genom visuell unders&kning och direfter med rdntgenfotogra-
fering. Appendix 1-5 visar rontgenbilder av proverna, anvdnda
impregneringsmedel och koncentrationer samt angreppsgrad enligt
skalan 0-6 bedémd vid den visuella undersd8kningen. RSntgenbilden
Bverensstdmmer inte alltid med angreppsgraden beddmd vid den visuella
undersdkningen. Prov 56 i appendix 2 har beddmts vara utan angrepp,

d v s angreppsgrad 0 medan rdntgenbilden visar kraftiga angrepp

inne i provet. | detta fall m3ste larvernas ingdngshal ha undgatt ob-
servation vid den visuella undersdkningen. P& prov 42, 46 (appendix
1) och prov 82 (appendix 4) noterades angrepp vid visuell undersdk-

ning medan réntgenbilderna visar att proverna saknade angrepp.

Skillnaden i resultat mellan de tv@ metoderna kan ha flera for-
klaringar. Endast mittendelen av provet rdntgenfotograferades.
Eventuella angrepp i provets dndar blev sdledes ej registrerade.
Angrepp fOrorsakade av Limnoria syns ej pa rdntgenbilden men
registreras diremot vid den visuella unders&kningen. Om skepps-
masken d8tt kort tid efter det att den tringt in i virket, &r

den f&r liten och kalkbildningen alltf8r ringa f&r att den skall



synas pa rgntgenbilden. Ingdngshdlen syns diremot vid den visuella

undersdkningen.

Skeppsmaskar, som v8l lyckats etablera sig i virket, &r ganska
resistenta mot impregneringsmedlet, att dSma av 13ngden pa skepps-

masken pd réntgenbilden av prov 87 (appendix 4).

Impregneringsmedlen K33 och $25 provades i 1954 &rs serie. De

mjuka hdrnen och kanterna i de S25-behandlade proverna tyder pa att
de angripits av soft rot svampar. Prov behandlade med Boliden K33
saknade soft rot angrepp. Unders8kningsresultaten visar att prover
behandlade med Boliden K33 ger ett bdttre skydd &n de prover, som
behandlats med S$25. Den st8rsta skillnaden i den kemiska samman-
sdttningen mellan de tvd impregneringsmedlen #r att kopparinne-
hdllet i Boliden K33 &r omkring fyra génger hdgre &n i S25. Den
stdrre skyddande effekten som erhalles av Boliden K33 beror med

all s3kerhet pd det h&ga kopparinnehallet.

DISKUSSION

Det var nddvindigt att ldgga fdrsdksstegarna pad botten under
vintern, for att isen ej skulle f&rst&ra dem. Detta betyder,
att de skeppsmaskar som hade sina ingdngshal p& den del som lag
mot botten kan ha d8tt pd grund av syrebrist, dd ingangshdlet
blockerades. Det &r &ndd inte troligt att medelvaraktigheten
férandrades p g a att en del skeppsmaskar dog, da populations-
tdtheten dr mycket hdg och tillvdxten stor vid Kristineberg,
Fig 3.

Skillnaden i medelvaraktighet mellan de obehandlade proverna i

1940 &rs serie och 8vriga testserier, medellivslingd 2.5 respek-

tive 1 ar, kan bero pad att 1940 drs serie sattes ut pd hdsten medan
dvriga serier startade pad sommaren. Prover, som sdtts ut pa sOmmaren
blir omedelbart angripna eftersom skeppsmaskens larver svdrmar och
sdtter sig fast under denna tid. Vid 3rets slut &r ldngden hos Teredo
navalis nagra centimeter och sd fort vattentemperaturen stiger igen
f61jande var fortsdtter skeppsmasken att vdxa. Virke som sdtts ut

pa h8sten blir delvis 8vertdckt av djur och vixter. Denna pavixt

minskar den tillg3dngliga ytan f6r larverna att sld sig ner pa under



pafdljande sommar (Nagabhushanam, R. 1960). En annan f8rklaring
till skillnaden i de obehandlade provernas medelvaraktighet skulle
kunna vara extrem 13g populationstithet sommaren 1941. Det stimmer
dock inte i detta fall, d3 obehandlade prover som sattes ut i juli
1941 vid Kristinebergs marinbiologiska station hade en medellivs-

13ngd av 1 &r (Sandstrém, S. 1951).

1973 &rs réntgenundersdkning av 1954 &rs serie visade att det kan

vara svart att med visuell undersdkning beddma skadegdrelse av

ringa omfattning. Vid enbart observation av antalet ingangshal blir
skadegBrelsen l3tt Sverskattad om djur har d6tt pd ett tidigt stadium,
eftersom det dr svart att avgdra om djuren lever eller ej, eller att
fd en uppfattning om djurens l3ngd. Ju mer angripet ett prov dr desto
mindre &r chansen till felbeddmning. Vid angreppsgrad 6 3r det inte
sannolikt att skadans omfattning felbeddms. Medelvaraktigheten i de
olika serierna &r darfér riktiga eftersom den berdknas da varje prov

i en serie ndtt angreppsgraden 6.

F8r all hjdlp och vdnligt bemStande pd Kristinebergs marinbiologiska
station tackas Dr Gunnar Gustafsson, Lysekil och professor Bertil

Swedmark, Kristinebergs marinbiologiska station.
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INTRODUCTION

Untreated wood submerged in the sea along the western coast of
Sweden is invartably rapidly destroyed by marine borers. Wooden
constructions in these waters therefore have to be preserved
against this type of biological attack, unless very durable

timber is used, e.g. jarrah or azobe (Tridskyddskommittén 1968).

For many years timber has been pressure impregnated with creosote

as a preservative for marine purposes. However, after the outbreak
of World War II and until 1946, the importation of creosote and
durable timber species to Sweden was restricted. Since Sweden

has no indigenous sources of creosote or durable timbers, it was
necessary to develop preservatives which could be entirely manufact—
ured within the country, and which were effective in protecting

home grownm timbers. Pine (Pinus sylvestris) is the most suitable

native timber for pressure preservation and was consequently widely
used in both terrestrial and marine exposure trials since the late
1930s (Henningsson 1971). In most of the marine trials various

Boliden salts were tested (Hdger, B. 1941, Hultman, B. 1949,
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S-104 05 Stockholm 50, Sweden

2) Boliden AB, Chemicals Division, Research & Development, Fack,
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Sandstrém, S. 1951). The results from tests started in 1940, 1947,

1950 and 1954 are discussed in the present publication.

Investigations relating to the ecology of the shipworms and destruc-
tion caused by shipworms have been conducted at Kristineberg Marine
Biology Station since 1970 by researchers from the Department of
Forest Products, Royal College of Forestry. Some of the results
presented in this paper were taken from these continuing investiga-

tions.

GOEGRAPHICAL AND BIOLOGICAL BACKGROUND

At Kristineberg Marine Biology Station marine borer tests with
treated wood commenced in 1940. Further tests followed in 1947,
1950 and 1954.

Kristineberg Marine Biology Station, latitude 58° 15" and longZtude

11° 27', 18 situated at the Gullmarsfiord on the Swedish west coast
(Fig. 1). Temperature and salinity of the water is continuously measured
at the station. Fig. 2 presents the monthly mean,maximum and minimum
salinity and temperature readings of the surface water in the year 1971.
As can be seen the salinity approximately varies between 20 and 30 °Joo.
However,occassionally salinities of 33\0/00 and 18 O/oo were noted. The
water temperature was at its highest during July and August and at its
lowest from January to March.

In the coastal waters at Kristineberg, three species of marine borers
have been observed on panels submerged at depths of 1-3 m. Molluscan
borers of the family Teredinidae include the predominant species,

Teredo navalis, and the less frequently occurring species, Psiloteredo

megotara. In addition the crustacean borer Limnora lignorum is very

commorit.

The life cycle of the two species of the family Teredinidae differ in
their mechanism of fertilization. Fertilization takes place in the

epibranchial chamber in Teredo navalis while in Psiloteredo megotara
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fertilization occurs in the sea. Teredo navalis retain their young

in theirr gills until the straight-hinge veliger larvae stage. Larvae
released in the straight-hinge stage have a long free-swimming
period about equivalent to that of the veligers of species which

do not protect their young (Jones and Eltringham, 1971).

In T. navalis cultures grown at room temperature, the first metamorphosing
larvae are observed 20 days after swarming (Loosanoff and Davis, 1963).

If better growth conditions were provided the free swimming period could
undoubtedly be shortened because it varies with the temperature, salinity,

food supply, ete.

The settling period for Psiloteredo megotara starts some weeks earlier

than that for Teredo navalis. At Kristineberg Marine Biology Station

the duration of the settling period for the two species is between
June and September. Once settled the borer does not move during its
lifetime. As the elongated adult shipworm grows, it bores its way

inside the wood. In Psiloteredo megotara and Teredo navalis the interior

tunnel walls are covered with a calcarious layer. At the posterior end
the shipworm has two siphons which normally extrude through the small
entrance hole. The incurrent siphone takes in water with oxygen and

nutrients, and also sperms in the female of Teredo navalis. Through

the excurrent siphone pass excretion products, sperms in the male
and eggs or larvae in the female. During unfavourable conditions the
shipworm withdraws the siphons and plugs the bore hole by means of
two pallets. In this position, the shipworm can survive for some time
1f the water is contaminated or if the wood is taken out of the water.

To indicate the frequency of the Teredinidae pupulation in the Kristine-
berg area, Fig. 3 presents an X -ray picture of an untreated test block
submerged on the 1973-05-09 and X-rayed on the 1973-11-14.

Limnoria lignorum bores long tumnels just below the surface of the wood.The
maximun length of the gribble os 5 mm. At Flddevigen on the Norwegian
Skager Rack coast, attack by gribble occurs in definite periods. The
infestation begins in January or February, culminating in April and
expires during the first half of May. In Flddevigen the commencement

of the breeding season is correlated with a monthly average water

temperature of 9.6°C (Sgmme, 1940).
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MATERIALS AND METHODS

The formulations of the preservatives included in the different test
series are given in Table 1. The tests included Zn-Cr—As-preservatives
of the salt type as well as the oxide type and Zn-Cu-Cr-As and
Cu-Cr—As—-preservatives of the oxide type. The arrangement of the test

blocks submerged in 1940 is shown in Fig. 4.

A hole was drilled near each end of the panels before impregnation.
Through the holes a 6 mm copper thread was drawn. To keep the panels
apart 40 mm high china insulators were inserted between the panels.
The test series started in 1947, 1950 and 1954 were principally
arranged in the same ladder—1like manner. Only sapwood was used for
the panels. The size of the specimens included in the individual

series 18 given in the tables concermed.

The test ladders were secured to a bridge and submerged in the
water. During two to three months, in the wintertime the ladders
were laid on the sea-bed, at a depth of about 3 m, to avoid damage

caused by ice.

Evaluation of the borer attack was conducted periodically by visual
examination of each panel after fouling organisms had been removed.
In order to assess the accuracy of the visual examination the panels
submerged in 1954 were X-rayed in October 1973. For technical reasons,

only the middle section (24 em long) could be X-rayed.

A Philips Macrotank K 100/Be operated at 3mA and 60 kV for a 1 mirute
exposure was used. The calcarious tumnels, shells and paletts of the
shipworms give a contrast effect on the X-ray film and a picture of
the damage inside the panel is obtained which would be difficult to
asses from a purely visual examination of the entrance holes. The
damage caused by Limnoria, however, must be evaluated by visual
examination as their tumnels are not calcarious. These inspections

were carried out within two hours of the panels withdrawal from water.
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Except from the initial years of exposure, the panels were inspected
every three years. The degree of attack is indicated in a scale from

0 to 6, where 0 means no attack and 6 very heavy attack. When a panel
had reached the degree 6, it was rejected. When all the specimens in
the group had been rejected (average degree of attack = 6) the service
life was calculated.

RESULTS

The tests of 1940 and 1947 were started before the so called modern
types of preservative had been developed. The salts tested have been
withrawn from the market for several years and are therefore of less
practical interest. However, these results are of importance when
considering the contact phenomena between untreated and treated wood,
and in evaluating the effectiveness of various chemicals in wood

preservation.
1940 Series

The results from the test that commenced in 1940 are given in Table
2. All the panels of this test series have now been rejected. The
last panels were rejected between 1967 and 1970 due to heavy attack
by shipworms. Panels treated with BIS solution containing 9.5 % salt
had an average service life up to 27 years. The 6.8 % salt gave
approximately the same result, 26 years. This should be compared
with a service life of only 2 1/2 years for the untreated panels.
Compared to Fels0 ,, with fixation products of a lower solubility
than BIS, the BIS salt at equal As—retentions is the superior one.
At gimilar total salt retentions, FbAsO4 and the BIS salt are about
equally effective. At very high salt retentions however, the BIS

salt seems to give better protection.

Of great interest is the finding that by nailing untreated wood to
BIS treated panels the service life of the treated panels was very
markedly reduced; in the most extreme cases to nearly one third of

that of treated panels not in contact with untreated wood. The
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tendency was the same for FeAsO4 treated panels, but not so
pronounced as with the BIS panels. The infestation of the treated
panels had undoubtedly started from the untreated wood. When colonis—
ing the preserved wood the shipworms were then adult animals rather
than settling larvae. Adult animals are known to be more resistant

to toxic chemicals than the larvae. In practice this means that
preservative treated wood installed in the sea must never be

brought into direct contact with untreated wood.
1947 Sertes

The results from the series of the tests started in 1947 are shown
in Table 3.

Four spectes of American timber treated with the BIS salt were
compared. All the panels in this series are now destroyed. The
shortest service life was noted for Douglas Fir. This is, however,
a refractory species and therefore the salt retention was lower

than in Yellow Pine, Red Pine and Pinus sylvestris which are

easily treatable. The service life time for those latter three
species was approximately the same at comparable preservative
retentions. The untreated reference panels were rejected after

1 year's exposure.

1950 Series

In the sertes of tests of 1950 (Table 4), some of the panels are

still in service. Comments will be given in a later final report.
1954 Series

All panels in the 1954 series (Table 5), are still in service except
for the untreated references. The condition of the panels at the
1973 inspection was first evaluated by an ordinary visual examina-
tion and then by X-ray techniques. The X-ray pictures together with
preservative retentionsand degree of visual attack noted, are given

for all the panels in appendices 1 — 5. The visual evaluation of the

attack does not always agree with the X-ray evaluation. For example, for

panel 56 in appendix 2, a visual attack of 0 was obtained, while the
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X-ray picture showed a serious internal deterioration of the panel.
In this case the entrance holes of the larvae were not recognised
at the visual examination. On panels 42, 46 (Appendix 1) and 82
(Appendix 4), visual attacks were noted, but according to the X-ray

pteture these panels were sound.

The difference in the evaluation results between the two methods
may have several explanations. As only the middle parts of the
panels were X-rayed, bore holes near the ends of the panels were
not registered. On the X-ray ptcture it 18 not possible to discerm
attack by Limmoria. This type of attack however, would be included
in the visual evaluations.The shipworms may have died shortly after
their establishment in the wood, when they were still too small or
too weakly caleified to be distinguished on the X-ray film. In such
a case, however, the entrance hole would be observed at the visual

examination.

Panel 87 showed that once established, shipworms may be rather
resistant to the preservative judging from the length of the

shipworm on the X-ray picture.

In the 1954 series Boliden K33 and S25 were tested. Softening of the
edges and corners on the S25 treated panels indicated soft rot attack.
Panels treated with Boliden K33 did not show signs of soft rot attack.
It may be concluded from the various inspections that the Boliden K33
treated panels, are superior to those treated with S25. The most
significant difference between the two preservatives, as regards their
chemical composition, is that the Cu-content of Boliden K33 is about
four times that of S25. The superior preserving effect obtained with
Boliden K33 is most certainly due to its high copper content.

DISCUSSION OF THE RESULTS

In the way the reported tests were arranged, it was necessary to lay
the panel ladders on the bottom in winter time. This means that
shipworms with their entrance holes facing the mud layers on the

bottom may have died due to lack of oxygen when the holes were blocked.
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However, knowing the frequency of the shipworm population in these
waters and the annual growth of the animals, it is not likely that
the average service life of the panels should be affected by the

death of even a large number of animals.

The difference in service life of untreated panels from 1940 compared

to those from 1947, 1950 and 1954 - service life 2,5 and 1 years
respectively - Might be explained , as the panels from 1940 were installed
in the autumn whereas the others were installed in the summer. Panels
submerged in the summer will be immediately attacked, since this is the
settling period of the shipworms. Before the end of the year, the
established shipworms would reach a size of a few centimeters and

start to grow immediately the water temperature increases the

following spring. Panels submerged in the autwmn will be partially
covered by vartous fouling organisms when the shipworms settle in the
following swmmer. This fouling will decrease the area available for

the shipworm larvae to settle (Nagabhushanam, R. 1960). Another possible
explanation could be that the population frequency was extremely Llow

in the swmmer of 1941. This was however, not the case, since untreated
blocks submerged in July 1941 at Kristineberg Marine Biology Station

gave an average life of 1 year (Sandstrom, S. 1951).

As was evident from the 1973 inspection of the test panels submerged
in 1954, it is sometimes difficult, by means of visual examination,
to observe less extensive attack by shipworms. The importance of
insignificant attack, where the animals have died at an early stage
may be over—estimated, since it is difficult to discern from the
entrance holes if the animal is alive or not, or the size of the
animal. However, the more advanced the attack the less the chance
of evaluating incorrectly by visual examination. When the degree of
attack 6 has been reached this chance is non—existent. The average
service life for a series is therefore a reliable figure because it
s calculated when the degree of attack 6 has been reached by each

individual panel.
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Tabell 1. Kemisk sammansdttning hos de provade impregneringsmedlen

Chemical composition of the preservative salts tested

Nominell sammansdttning Aktiva element

Nominal composition Active elements

B1S (B1S + ZnSOh)

H3AsO 20.6 ¥ As 10.9 %

NaHAsOh 17.8 % As 7.2 %

NaZCr207.2H20 15.7 % Cr 5.5 %

ZnSOh.7H20 42.9 % Zn 9.8 %

H20 3.0 %

Summa 100.0 % 33.4 %

Sum

FeASOh.ZHZO Fe 24.2 %
As 32.5 %

56.7 %

525

Zn0 11.4 % Zn 9.2 %

Cu0 3.9 2 Cu 3.1 %

CrO3 23.3 %2 Cr 12.1 %

AsZO5 36.0 ¥ As 23.5 %

H20 25.4 %

Summa 100 % 47.9 %

Sum

S

Zn0 15,7 % Zn 12.6 %

CrO3 2,1 % Cr 12.5 %

ASZOS 37.0 ¥ As 24.2 %

H20 23.2 %

Summa 100 % kg.3 %

Sum

S-spec  Samma sammansdttning som S-saltet, men en annan fram-
stdllningsprocess
The same composition as the S-salt but a different

manufacturing process




Tabell 1. ( forts.)

Nominell sammansdttning Aktiva element
Nominal composition Active elements
Boliden K33

Cu0 4.8 % Cu 11.82 %
CrO3 26.6 £ Cr 13.83 %
ASZOS 3.0 % As 22.17 %
H,0 24.6 %

Summa 100.0 % 47.82 %




Tabell 2. Resultat av 1940 &rs serie. Furu, splintved 50 x 98 x 250 mm.

Test results of the 1940 series. Pine sapwood 50 x 98 x 250 mm.

impregnerings- Ldsnings-  Upptagning Antal Medel- Anm,
medel koncentra- av salt prover varaktig- Notes
Preservative tion % kg/m3 Number  het ar
salt Ave salt Ave service
Soln cone  reten— panels life
% salt tion years
kg /mS
BIS 9.5 66 3 27
" 6.8 L9 3 26
" 5.0 36 3 12
" 3.1 22 3 9
! 1.9 13 3 6
" 1.0 6.8 3 4
BIS 9.5 61 1 10 Proverna var spi-
" 6.8 54 ] 10 kade pd oimpreg-
" 5.0 36 1 7 nerade prover
" 3.1 23 1 6 The panels were
" 1.9 13.5 1 5 natled to untrea—
" 1.0 7.0 1 4 ted crossbars
FeAsOh 6.3 L7 3 15
" 3.9 27 3 12
" 3.0 22 3 10
" 2.0 13.7 3 7
" 1.3 8.9 3 6
" 0.5 3.8 3 b
FeAsOh 6.3 29 1 12 Proverna spikade
" 3.9 27 1 8 pad oimpregnerade
" 3.0 21 1 6 prover
" 2.0 9.9 ] 5 Panels nailed to
" 1.3 8.4 1 5 untreated
" 0.5 3.6 1 4 erossbars
Oimpregnerade 3 2.5

Untreated



Tabell 3. Resultat av 1947 3rs serie. Splintved 50 x 100 x 500 mm,
Test results of the 1947 series. Sapwood 50 x 100 x 500 mm.

Impregnerings- L&snings~ Upptag- Traslag Antal Medelvar-
mede | koncentra- ning av Wood prover aktighet ar
Preservative tion % salt species Number Ave service
Soln cone kg/m3 of life years
% salt Ave salt panels
retention
kg/hg

BIS 3.28 19.2 Pinus palustris 3 13

" 4,83 28.8 Séderns gqultall 3 19

" 6.70 Ls5.6 Southern yellow pine 3 17

(USA)

Oimpregnerade - - 3 ]
Untreated

BIS 3.28 7.6 Pseudosuga menziesii 3 9

" 4.83 8.9 Douglasgran 3 8

" 6.70 10.4 Douglas fir (USA) 3 8
Oimpregnerade - - 3 1
Untreated

BIS 3.23 20.2 Pinus resinosa 3 13

" 4,83 24,7 Amerikansk rddtall 3 13

" 6.70 38.2 Red pine (USA) 3 18
Oimpregnerade - - 3 1
Untreated

BIS 3.23 18.0 Pinus sylvestris 3 11

" 4,83 27.9 Vanlig tall 3 15

" 6.70 32.4 Seots pine (USA) 3 16
S-spec 4,20 3 12
FeAsOA 3.15 3 11
Oimpregnerade - - 3 1

Untreated



Tabell 4. Resultat av 1950 ars serie. Furu splintved 50 x 100 x 300 mm

Test results of the 1950 series. Pine sapwood 50 x 100 x 300 mm

Prov Impreg- Losnings- Upptag- Angreppsstvrka Varaktig- Medel- Anm.
nr nerings- koncentra- ning av Degree of attack het ar var- Notes
Panel medel tion % salt3 1967 1970 1973 Years in  aktig-
no Preserva- salt kg/m service het ar
tive Soln conc Reten-— Ave
% salt tion service
kgﬁﬂg life
salt years
] S25 5.62 37 0 0 2
2 38 0 0 1
3 39 0 0 2
XX

L S25 3.75 26 - - - Prov f3rlorat(1970)
5 25 0 - - i " ( " )
6 25 1 - - " 1" ( "oy
7 BIS 7.20 49 6 - - 1 (1961)™
8 51 6 - - 17 14 (1967)
9 L9 6 - - 15 (1965)
10 BIS 4. 85 29 - - - Prov fdrlorat
11 31 6 - - 9 10 (1959)
12 28 6 - - 11 (1961)
13 S 5.25 35 1 2 4
14 36 3 4 6 23
15 35 2 3 5
16 S 3.56 25 - - - Prov fdrlorat
17 25 6 - - 17 14 (1967)
18 25 6 - - 11 (1961)
19 Oimpreg- - - 6 - - 1 (1951)
20 nerade 6 - - ] ] ¢ ")
21 Untreated 6 - - 1 ¢ ")
x Artal inom parentes anger tidpunkt dd provet erh8!l angreppsstyrka 6

XX

Date within brackets shows the year when the 6th degree of attack was

reached

Panel lost



Tabell 5. Resultat av 1954 &rs serie. Furu splintved 38 x 75 x 400 mm

Test results of the 19564 series. Pine sapwood 38 x 75 x 400 mm

Prov nr Impreg- L&snings- Upptag- Angreppsstyrka Varaktig- Medel- Anm.
Panel nerings- koncentra- ning av Degree of attack het &r varaktig- Notes
no medel tion % salt het ar
Preserva- salt kg/m3 1370 1373 Ave
tive Soln cone Reten— service
% tion life
salt kg /m? years
salt

L2 K33 8.25 53 0 ]
Lé 53 0 2
L8 52 0 0

51 K33 5.88 37 0 0

52 38 0 0

56 36 0 0
62 K33 L, 42 30 0 0
67 33 0 0
68 33 0 0
82 S25 5.56 33 0 !
86 30 0 0
87 33 0 3
9k $25 k.17 31 0 1
95 30 0 2
97 33 0 2

0 Oimpreg- - - 6 - (1955)™

0 nerade 6 - 1 ( ")

0 Untreated 6 - ")

x Artal inom parentes anger tidpunkt di provet erh811 angreppsstyrkan 6

Date within brackets shows the year when the 6th degree of attack was
reached


















