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FORORD

Miljofrdgorna kring impregnerat trd har under slutet av 1980-talet och bérjan av
1990-talet fatt stor uppmarksamhet bl a genom den rapport om impregnering och
impregnerat trd som utarbetades 1989 av Arbetarskyddsstyrelsen, Kemikalie-
inspektionen och Naturvardsverket och som lag till grund fér Kemikalie-
inspektionens foreskrifter betraffande anvindningen av impregnerat trd, KIFS
1990:10.

Traskyddsinstitutet insdg tidigt vikten av att studera och utreda miljo- och
arbetsmiljofrdgor i samband med trdimpregnering, till att borja med vad galler
ateranvandning och destruktion av impregnerat tra. Senare har ytterligare fragor
behandlats och institutet har initierat och medverkat i en rad utredningar, under-
sokningar och forskningsprojekt, bl a

- studier av fytotoxiska effekter, dvs giftverkan pa vaxter, av impregnerat tra
- studier av fororeningar av mark och grundvatten vid impregneringsverk
- miljo- och arbetsmiljéfrdgor i samband med torkning av impregnerat trd

- studier av urlakning av aktiva komponenter frdn CCA-impregnerat tra
deponerat i mark, rérligheten av koppar, krom och arsenik i CCA-konta-
minerade jordar samt méjligheterna att sanera CCA-impregnerade jordar
pa kemisk vag

- litteraturstudie Over olika mojligheter att sanera kreosotkontaminerad mark.

For att ytterligare 6ka kunskapsbasen nir det giller miljofrdgor kring anvénd-
ningen av impregnerat trd och for att skaffa underlag for att med storre tyngd
kunna delta i miljodiskussioner med politiker, myndigheter och massmedia ansig
foretrddare for traskyddsindustrin att forsknings- och utredningsaktiviteterna pa
Traskyddsinstitutet skulle f4 dnnu storre fokusering pd miljofrdgorna an tidigare.
Institutet arbetade darfor under 1990 fram ett program for att utreda olika
miljoaspekter fran tillverkningen av traskyddsmedel till slutomhdndertagandet av
det utrangerade impregnerade virket. Programmet omfattade en rad delprojekt
som var tinkta att till slut liggas till grund en Gvergripande bedomning av
impregnerat tras miljobelastning. Tra impregnerat med CCA-medel valdes som
studieobjekt, d& CCA dels dr det traskyddsmedel for vilket kunskapsbasen &r bast,
dels dr det medel som huvuddelen av det virke som nu ar i bruk dr impregnerat
med.

P4 grund av andrade ekonomiska villkor och personalinskrankningar vid
Traskyddsinstitutet under 1993 och 1994 har de ursprungliga planerna for
institutets miljoprojekt inte kunnat realiseras. Ett storre antal delprojekt har inte
kunnat genomféras over huvud taget och ndgra delprojekt, bl a vad giller
urlakningsstudier och avfallshantering, har inte kunnat genomféras i planerad
omfattning. Detta har medfért att den sammanfattande slutrapport som var tankt
att ge en allsidig beddmning av behovet av impregnerat trd, dess miljobelastning
samt konsekvenserna fran miljosynpunkt av att ersdtta impregnerat trd med andra
material inte heller har kunnat fardigstallas.
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I foreliggande rapport har samlats huvuddelen av de delrapporter som utarbetats
inom miljoprojektets ram. Ndgra av dessa har tidigare publicerats, bl a av The
International Research Group on Wood Preservation, medan andra inte
offentliggjorts tidigare.

Sammanstéllningen har struktureras pd foljande sitt:

Bakgrundsfakta
Har presenteras uppgifter 6ver de méangder aktiva @mnen som anvénts i
Sverige mellan 1900 och 1990.

Livscykelanalys

Under denna rubrik redovisas en begrdnsad livscykelanalys som gjorts for
trastolpar. Ett storre projekt som institutet delfinansierat vid Imperial
College i London hade vid sammanstéllningen av denna rapport dnnu inte
slutrapporterats.

Urlakningen frdn impregnerat tra
Har redovisas ett antal studier av urlakning frdn impregnerat trd under
naturliga férhdllanden samt fran faltforséksstavar.

Halso- och miljorisker med CCA-medel
Har redovisas utredningar och litteraturstudier som belyser olika aspekter
pa hélso- och miljériskerna med CCA-medel och CCA-impregnerat tra.

Avfall fran trdimpregneringsindustrin och impregnerade produkter
Avsnittet innehdller en litteraturstudie samt tvd utredningar rérande avfalls-
och slutomhéndertagandeproblematiken.

Det dr institutets forhoppning att rapporten skall bidra till att 6ka kunnandet om
hédlso- och miljéeffekterna av impregnerat trd samt stimulera till fortsatta studier
och utredningar pd omrédet.

Stockholm i september 1994

Joran Jermer
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1. Inledning

Industriell traskyddsimpregnering har pdgatt i Sverige sedan slutet av 1850-talet.
I stort sett samma traskyddskemikalier har anvédnts genom aren fram till idag. Kreo-
sotolja har anvints for att impregnera sliprar och stolpar under hela seklet med un-
dantag fOr krigsdren pad 1940-talet. Arsenikbaserade traskyddsmedel har anvants sedan
mitten av 1930-talet.

Vid olika tillfdllen och i olika sammanhang har triskyddsmedlens pdverkan pa
maéinniska, djur och miljo debatterats med varierande intensitet. De senaste dren har
debatten om industriella triskyddsmedel varit mycket intensiv. Krav pa generella
forbud har till och med uttalats.

Frdn myndighetshall hdnvisas ofta till medlens toxicitet mot manniska och miljo,
baserat pa de ingdende komponenternas inneboende egenskaper. Allvarliga fall av
konstaterad pdverkan pd hilsa och miljo, som klart och entydigt kan hanforas till
anvindningen av traskyddsmedel och impregnerade produkter, saknas daremot.

Svenska Traskyddsinstitutet satsar for narvarande stora resurser pa en rad undersok-
ningar och utredningar rérande miljo- och halsoeffekter som kan relateras till den
industriella anvandningen av traskyddsmedel.

En samlad kunskap om vilka triskyddsmedel som anvints i Sverige under olika tids-
perioder, i hur stora méangder och till vilka sortiment, har hittills saknats.

Som en del i ett forsok att sdtta in anvindningen av traskyddskemikalier i ett storre
sammanhang, sett utifrdn kemikaliehanteringen i det industriella samhaillet pd 1900-
talet, genomférde Svenska Traskyddsinstitutet 1991 darfér en utredning med maélet
att kartlagga anvandningen av traskyddskemikalier i Sverige under 1900-1990, avse-
ende produktionen av impregnerat trd for inhemsk forbrukning. Resultatet redovisas
i foreliggande rapport.

Sammanstallningen av foreliggande rapport har mgjliggjorts bl a tack vare tillgang
till material som erhdllits frdn SJ/Banverket, Televerket och Vattenfall. Ett sarskilt
tack riktas ocksa till Bror Héager, Hager AB och Erik Persson, egen konsult, som bada
varit verksamma i branschen sedan 1930- respektive 1940-talet.
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2. Metodbeskrivning
21  Produktions- och forsdljningsuppgifter

Efter 1950 baseras alla berdkningar pa den officiella statistik som finns publicerad av-
seende producerade miangder (m3) av olika sortiment impregnerat tra (sliprar, stolpar
och sagat virke) (1), (2) och (3).

Forbrukningen av traskyddsmedel fore 1950 har vad galler kreosot och kopparvitriol
omraknats utifrdn antalet enheter (sliprar och stolpar) som impregnerats. Anvand-
ningen av andra trdskyddsmedel, huvudsakligen Boliden BIS, baseras pa drsvisa
siffror 6ver antalet ton forsdld produkt (4), (5), (6) och (7).

Det har inte varit mojligt att fordela mdngderna anvant traskyddsmedel fore 1950 pa
de olika sortimenten eller pd de olika decennierna.

22 Traskyddsmedel

Nedan féljer en redovisning av de olika traskyddsmedlens sammansdttningar och de
upptagningar som anvints vid berdkningarna (8), (9), (10), (11) och (12).

Kreosot

Den kreosot som anvints till trdiimpregnering genom aren har varierat kraftigt vad
gdller kemiska och fysikaliska egenskaper. Det var forst 1936 som de skandinaviska
kvalitetskraven pa kreosot (13) formulerades, krav som giller dven idag. I Sverige
anvands sedan slutet av 1970-talet 4ven kreosotoljor som uppfyller kraven enligt
Western-European Institute for Wood Preservation (WEI, typ 1 och 2) (14). I foreligg-
ande rapport gors emellertid ingen skillnad pd olika kreosotoljor.

Under en period i borjan pd seklet (1910-1923) impregnerade ddvarande Jarnvigs-
styrelsen stora kvantiteter sliprar med ett traskyddsmedel som gick under benam-
ningen kresolkalcium. Enligt S] egna uppgifter impregnerades 215 500 m3. Efter vad
som gatt att f4 fram bestod kresolkalcium av en blandning av 4 delar zinkkloridlos-
ning (2,5% ZnCl, 16sning) och 1 del kalcinerad kreosot (kreosot med hog halt sura
bestdnds-delar och med lag specifik vikt for undvikande av fasseparation) (8) och (9).
Impregnering skedde troligen enligt fullcellprocessen.

Upptagningarna av kreosot har varierat kraftigt under olika tidsperioder men dven
efter det sortiment som impregnerats, se tabell 1.

"



Tabell 1: Kreosotupptagningar som anvénts i berakningarna avseende olika sortiment och
tidsperioder.

Tidsperiod Sortiment
Sliprar Telestolpar Kraftledningsstolpar
kg /m?3 totalvolym ved kg/m?3 totalvolym ved kg/m3 totalvolym ved

1900 - 1920 200 (furu) 250 -

1920 - 1930 110 (furuw) 80 250

1930 - 1940 110 (furuw) 80 80

1940 - 1950 65 (furu) 80 80

1950 - 1990 65 (furu) 80 80

1950 - 1990 200 (bok) - -

Upptagningarna vid impregnering med kresolkalcium (kreosot/ZnCl,) (8) har angetts
till:

Zinkklorid (ZnCly): 8 kg/m?3 totalvolym ved

Kreosot: 40 kg/m3 totalvolym ved

Vattenbaserade triskyddsmedel

For olika tidsperioder och olika sortiment har berdkningarna gjorts utifrdn olika ut-
valda traskyddsmedels kemiska sammanséattningar och upptagningar enligt tabell 2
och bilaga 1.

Kopparvitriol (CuSO4) var det dominerande vattenbaserade traskyddsmedlet fran
slutet av 1850-talet, d4 den industriella traimpregneringen introducerades i Sverige
fram till andra varldskriget, dd@ medel baserade pa fler komponenter utvecklades.

Televerket impregnerade betydande kvantiteter telestolpar med kopparvitriol fran
sekelskiftet och fram till 1944.

Impregneringen utférdes med en enprocentig kopparsulfatlosning (CuSOy) enligt den
s k Boucherie-metoden, vilket gav en upptagning pé ca 10 kg CuSO4/m3 totalvolym
ved eller ca 4 kg koppar/m? totalvolym ved (8) och (9).

All impregnering med CCA-medel efter 1950 har berdknats utifrdn sammansattning-
en hos K33-medlen. Andra CCA-medel, t ex Tanalith C, har anvants av industrin
men i relativt liten omfattning. Felet med att berdkna all koppar, krom och arsenik pé
K33 har darfor bedomts som férsumbart.
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Tabell 2: Sammanstillning 6ver de upptagningar for respektive traiskyddsmedel som anvénts i
berikningarna, raknat som mingd traskyddsmedel och som méangd grunddamne.
Traskyddsmedel Upptagning Upptagning
traiskyddsmedel riknat som grundimne (kg/m3 splintved)

Cu Cr As Zn B P
kg/m? kg/m®  kg/m? kg/m? kg/m® kg/m? kg/m?
splintved

Kopparvitriol (CuSQy) 10 4,00 - - - - -
CCA/CZA/CFA

(arsenikbaserade system)
Boliden BIS+zinksulfat

open tank 16 - 0,88 2,90 1,57 - -
tryckimpregnering 21 - 1,16 3,80 2,06 - -
Boliden 525 11 0,34 1,32 2,59 1,02 - -
K33, CCA typ BY
triskyddsklass A? 12 1,42 1,66 2,66 - - -
traskyddsklass AB? 5 0,59 0,69 1,11 - - -
Basilit UA 8 - 0,96 0,81 - - -
Ammoniakalisk koppartyp
(koppar)
KP-Cuprinol (K-salt) 15 1,73 - - - - -
Cuprinol Tryck (1979-1986) 21 2,00 - - - - -
(1987-1990) 40 3,80 - - - - -
Cuprinol Tryck 86
traskyddsklass A? 40 3,80 - - - - -
traskyddsklass AB? 19 1,80 - - - - -
CC-system
(koppar och krom)
Celcure O 18 2,07 1,58 - - - -
Tanalith CC 18 2,07 1,58 - - - -
Kemira KC 73 10 2,37 3,44 - - - -
CCB-system
(koppar, krom och bor)
Wolmanit CB 24 2,06 3,29 - - 1,08 -
Tanalith CBC 21 1,93 2,94 - - 0,88 -
CCP-system
(koppar, krom och fosfor)
Rentokil P50 18 2,16 1,96 - - - 1,39
Kemira KCP Pasta 18 2,12 248 - - - 1,66

D Enligt AWPA Standard P5-90. (15)
2 Traskyddsklass enligt SS 05 61 10. (16)
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2.3 Sortiment

Berdkningarna har utforts efter en uppdelning av de impregnerade volymerna pé tre
sortiment. Dessa har varit sliprar, stolpar samt sdgat och hyvlat virke + Gvrigt, i fort-
sdttningen kallat "sdgat virke". Olika berdkningsforutsattningar har anvants for de
olika sortimenten.

Foljande procentuella kidrna/splint fordelning har anvints for respektive sortiment
for hela den studerade perioden:

sliprar 50/50
stolpar 40/60
sdgat virke 50/50

Avseende sliprar och stolpar fore 1950 har den anvidnda mangden triskyddsmedel be-
raknats utifrdn uppgifter om antalet enheter som impregnerats under en viss period.
Dérvid har f6ljande generaliseringar gjorts nar det galler volymen per enhet:

sliprar 0,1 m3/sliper (bade furu och bok)
telestolpe 0,2 m3/stolpe
kraftledningsstolpe 0,3 m3/stolpe

I berakningarna har ingen hédnsyn tagits till att sliprar fram till mitten av 1930-talet
var tvasdgadel). Mellan 1935-1950 férekom bade tvasdgade och fyrsdgadel) sliprar, med
overvikt for den senare. Efter 1950 har endast fyrsdgade sliprar impregnerats. Den tva-
sdgade slipern hade en ndgot stoérre volym per sliper dn den fyrsagade.

24  Export/Import

Den mdngd traskyddsmedel som anvints for att impregnera virke som exporterats
har dragits ifrdn den totala midngden anvint traskyddsmedel. Det har dock visat sig
svart att fd fram uppgifter dver eventuell export fore 1950. Enligt diverse muntliga
uppgifter var dock exporten ringa under den tidsperioden varfor ndgra justeringar for
export fore 1950 inte gjorts.

D Tvasagad: Endast tva av sliperns fyra sidor ar sigade, ver- och undersidan. Ovriga sidor ir endast
barkade.

Fyrsdgad: Sliperns alla fyra sidor ar sigade.
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De siffror som funnits tillgangliga 6ver exporten efter 1950 och fram till 1982 inne-
héller inte ndgon fullstindig uppdelning av exporten efter bdde sortiment och tra-
skyddsmedelstyp. Uppgifter finns t ex éver hur mycket stolpar impregnerade med
samtliga medelstyper som exporterats och hur mycket kreosotimpregnerat virke som
exporterats av alla sortiment, men ddremot inte uppgifter 6ver hur mycket kreosot-
impregnerade stolpar eller sdgat och hyvlat virke impregnerat med vattenlosliga tra-
skyddsmedel som exporterats. Exporten av virke impregnerat med vattenlosliga tra-
skyddsmedel finns heller inte uppdelad pa de olika typer som finns av denna medels-

typ-
Foljande generaliseringar har darfor gjorts avseende exporten och importen:
* Stolpar och sliprar som exporterats har riknats som kreosotimpregnerade.

* Sigat och hyvlat virke som exporterats har riknats som impregnerat med vatten-
16sliga traskyddsmedel.

* All export av virke impregnerat med vattenlosliga traskyddsmedel har forutsatts
vara impregnerat med triskyddsmedel av CCA-typ.

* Alla boksliprar har forutsatts vara for hemmamarknaden.

* Importen av impregnerat virke har bedémts vara férsumbar under den studerade
perioden.
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3. Resultat

I tabell 3 redovisas en sammanstillning 6ver den totala anviandningen av olika
grundamnen och kreosot som forbrukats av den svenska traimpregneringsindustrin
for produktion av impregnerat trd for den inhemska forbrukningen.

Tabell 3: Mingd grundamne respektive kreosot som anvénts i Sverige
mellan 1900-1990 vid industriell traskyddsimpregnering
avseende produktion av impregnerat trd fo6r inhemsk for-

brukning,.

Grundimne ton
Arsenik, As 13400
Bor, B 120
Fosfor, P 80
Koppar, Cu 7700
Krom, Cr 7700
Zink, Zn 2900

Kreosot 618 000

I tabell 4-6 redovisas de sammanlagda mangderna av arsenik, krom och koppar som
férbrukats fordelat efter sortiment och tidsperiod.

I tabell 7 redovisas motsvarande kvantiteter kreosot.
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Tabell 4: Mingd arsenik rdknat som ton grundamne som férbrukats i Sverige, uppdelat pa tids-
period och sortiment, for att producera impregnerat trd for inhemsk forbrukning.
Period Sortiment
Sliprar Stolpar Sagat virke Totalt
ton ton ton ton
1900 - 1949 - - - 3850
1950 - 1959 110 620 390 1120
1960 - 1969 40 600 1000 1640
1970 - 1979 30 600 2810 3430
1980 - 1990 20 400 2910 3340
Totalt 200 2220 7110 13380

*Perioden omfattar 11 &r.

Tabell 5: Mingd krom riknat som ton grunddmne som forbrukats i Sverige, uppdelat pa tidsperiod
och sortiment, for att producera impregnerat trd for inhemsk forbrukning.
Period Sortiment
Sliprar Stolpar Sdgat virke Totalt
ton ton ton ton
1900 - 1949 - - - 1180
1950 - 1959 70 390 250 710
1960 - 1969 30 370 660 1060
1970 - 1979 10 400 2020 2430
1980 - 1990 10 260 2090 2360
Totalt 120 | 1420 5020 7740

* Perioden omfattar 11 &r.
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Tabell 6: Mingd koppar riknat som ton grundamne som forbrukats i Sverige, uppdelat pd tidsperiod
och sortiment, for att producera impregnerat tréd for inhemsk férbrukning.

Period Sortiment
Sliprar Stolpar Sagat virke Totalt
ton ton ton ton
1900 - 1949 - - - 720
1950 - 1959 70 330 240 640
1960 - 1969 20 330 750 1100
1970 - 1979 20 340 2130 2490
1980 - 1990 10 230 2140 2380
Totalt 120 1230 5260 7730

*Perioden omfattar 11 &r.

Tabell 7: Miingd kreosot som férbrukats i Sverige, uppdelat pa tidsperiod och sortiment, for att
producera impregnerat tréd for inhemsk forbrukning.

Period Sortiment
Sliprar Stolpar Sdgat virke Totalt
ton ton ton ton
1900 - 1949 - - - 224 400
1950 - 1959 104 200 52 300 7 800 164 300
1960 - 1969 66 000 39200 4 800 110 000
1970 - 1979 35500 30600 1400 67 500
1980 - 1990" 26 300 24 500 1100 51900
Totalt 232 000 146 600 15100 618 100

" Perioden omfattar 11 &r.
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BILAGA 1
De procentuella sammansittningarna hos de olika vattenbaserade traskyddsmedel
som anvints i berdkningarna, redovisade dels som kemiska foreningar, dels som
innehdll av rent grunddamne.

CCA/CZA/CFA (arsenikbaserade system)

e  Boliden BIS + ZnSO4(1936-1950)

Sammansittning: Zink(IDoxid (ZnO) 122% (Zn  9,8%)"
Kromtrioxid (CrO3) 10,5% (Cr 5,5%)"
Diarsenikpentoxid (As;Os) 277% (As 18,1%)"

Natrium(D)oxid (Na;O) 9,2%

Svaveltrioxid (SO3) 11,9%

Vatten (H,0) ‘ 28,5%

' 100,0%

e  Boliden S25 (1951-1954)

Sammansdttning: Zink(IDoxid (ZnO) 11,6% (Zn  9,3%)"
Koppar(IDoxid (CuO) 39% (Cu  3,1%)"
Kromtrioxid (CrO3) 23,0% (Cr 12,0%)"
Diarsenikpentoxid (As;Os) 36,0% (As 235%)"
Vatten (H,O) 25.5%
100,0%

e K33, CCA typ B (1952-1990)

Sammansittning: Koppar(IDoxid (CuO) 14,8% (Cu 11,8%)"
Kromtrioxid (CrOj3) 26,6% (Cr 13,8%)
Diarsenikpentoxid (As;Os) 340% (As 22,2%)"

Vatten (H,O) 24.6%

100,0%

* traskyddsmedlets inneh4ll av grunddmnen.
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Celcure A/C33 el motsv (1983-1990)

Sammansattning:

Koppar(IDsulfat (CuSO4 x 5H,0) 23,2%
Koppar(Ihoxid (CuO) 2,8%
Natriumdikromat (Na;Cr,O7 x2H,0) 40,0%
Diarsenikpentoxid (As;Os) 22,7%
Vatten (H,O) 11,3%

100,0%

Basilit UA (1940-1943)

Sammansattning:

Natriumfluorid (NaF) 25%
Natriumdivatearsenat (NasHAsQOy) 25%
Natriumkromat (Na;CrQOgy) 37,5%
Dinitrofenol (C¢H3(NO,),OH) 12,5%

100,0%

(Cu

(Cr
(As

(F
(As
(Cr

8,2%)"

14,0%)"
14,8%)

11,3%)"
10,1%)"
12,0%)"

KP-Cuprinol/Cuprinol Tryck/Cuprinol Tryck 86 (ammoniakaliska kopparmedel)

KP-Cuprinol (1955-1978)

Sammansédttning:

K-salt
Kopparsalt i form av ett ammoniakaliskt
karbonat

P-salt
Klorfenolat, innehdllande natriumsalterna
av hogklorerade fenoler

Cuprinol Tryck (1979-1987)

Sammansittning:

Tetraamminkoppardivate- 38,0-44,0%

karbonat

Ammoniumoktanoat 5,3-6,1%

Vatten (H,O) 49.9-56,7%
100%

(Cu

11,5%)"

(NaPCP 66%)

(Cu

9,5%)"

* triskyddsmedlets innehdll av grundamnen.

22



16

¢  Cuprinol Tryck 86 (1988-1990)

Sammansittning: Tetraamminkoppardivate- 38,0-44,0%
karbonat

Bensalkoniumklorid 4,8%

Vatten (H;0) 51,2-57.2%

100%

CC-system (koppar och krom)
¢ Celcure O (1955-1990)

Sammansattning: Koppar(II)sulfat (CuSO4*x 5H,0) 45,0%
Natriumdikromat (Na;CryO7x2H;0) 50,0%

Krom(IIDacetat (Cr(CH3;COQO);xH0) 5,0%

100,0%

o Tanalith CC (1976-1990)

Sammansattning: Koppar(I)sulfat (CuSO,4 x 5H,O) 45,0%
Natriumdikromat (Na,Cr,O7x2H,0) 50,0%
Krom(IlMacetat (Cr(CH3;COO);xHO) 5,0%

100,0%

¢  Kemira KC73 (1988-1990)
Sammansittning: Koppar(I)oxid (CuQO) 25,5%
Kromtrioxid (CrO3) 66,2%
Koppar(IDsulfat (CuSOy) 8,3%
100,0%

(Cu

(Cu
(Cr

(Cu
(Cr

(Cu
(Cr

9,5%)"

11,5%)"
8,8%)"

11,5%)"
8,8%)"

23,7%)"
34,4%)"

" traiskyddsmedlets inneh4ll av grunddmnen.
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CCB-system (koppar, krom och bor)

. Wolmanit CB (1972-1990)

Sammansittning: Koppar(Il)oxid (CuO) 108% (Cu  8,6%)"
Kromtrioxid (CrO3) 264% (Cr 13,7%)°
Borsyra (H3BO3) 255% (B 4,5%)"

Kaliumvitesulfat (KHSO,) 373%

100,0%

) Tanalith CBC (1976-1990)

Sammansittning: Koppar(Il)sulfat (CuSO4x 5H,0) 36% (Cu  92%)"
Natriumdikromat (Na,Cr,O7x2H,0) 40% (Cr 14,0%)"
Borsyra (H3BOs) 24% (B 4,2%)"

100,0%

CCP-system (koppar, krom och fosfor)

e Rentokil P50 (1977-1990)

Sammansittning: Koppar(Il)oxid (CuO) / 150% (Cu 12,0%)"
Kromtrioxid (CrO3) 21,0% (Cr 109%)"
Fosforsyra (P,Os) 17,6% (P 7.7%)

Vatten (H,O) 46,4%

100,0%

o Kemira KCP Pasta (1987-1990)

Sammansattning: Koppar(Il)oxid (CuO) 14,8% (Cu 11,8%)"
Kromtrioxid (CrOj3) 26,6% (Cr 13,8%)"
Fosforsyra (P,0Os) 21,0% (P 92%)"

Vatten (H,O) 37.6%

100,0%

" traskyddsmedlets innehdll av grundamnen.
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Inledning

S k livscykelanalyser eller livstidsstudier har kommit att bli ett viktigt redskap for
att bedoma ett materials eller en produkts totala miljopdverkan under sin "livstid".
Betydande forskningsresurser har de senaste dren lagts ned pd att utarbeta teorier
och modeller for hur livscykelanalyser skall utforas.

I Traskyddsinstitutets miljoprojekt har tvd delstudier ingétt. Institutet har initierat
och delfinansierat ett examensarbete vid Kungliga Tekniska Hogskolan i
Stockholm som syftade till att studera miljokonsekvenserna av materialval i
ledningsstolpar. En sammanfattande rapport redovisas har. Den ursprungliga och
fullstindiga rapporten, "Miljokonsekvenser av materialval i ledningsstolpar - en
livscykelanalys”, av Martin Erlandsson, har publicerats av Byggnadsmaterial,
Kungliga Tekniska Hogskolan, 100 44 Stockholm.

Vidare har institutet medfinansierat ett storre projekt avseende livscykelanalys och

impregnerat trd vid Imperial College i London. En slutrapport frdn detta projekt
forvantas under 1995.
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Environmental consequences of various materials in utility poles.
— A life cycle analysis

Martin Erlandsson, Kai Odeen, Marie-Louise Edlund

ABSTRACT

A model for environmental life cycle analysis, LCA, has been created to compare
environmental impact from transmission poles, made alternatively of concrete,
steel, aluminium and pine wood treated with CCA type B or creosote. The main
pollution sources and energy use are included in the LCA. One pole size, 12 meters
long, is presented in the study, a so called "45 kV" pole.

Poles of different materials can be divided into different groups considering
different types of pollution. The use of poles made of concrete, steel and aluminium
leads mainly to emission to the air, while treated wood mainly leaches
preservatives during the operation and service phase. It is, by the knowledge we
have today hard to compare these two types of discharge.

Keywords

Aluminium, concrete, creosote, CCA type B, environment, life cycle analysis, poles,
steel, wood

INTRODUCTION

The Swedish National Chemicals Inspectorate asserts the principle of substitution,
which means that, if possible, an environmently "dangerous” chemical or material
shall be substitutet with a less dangerous one. Of interest regarding the principle of
substitution applied on transmission poles are the alternatives to treated wood.

To investigate the environmental impact from different pole materials, life cycle
analyses of poles made of steel, aluminium, concrete and treated wood was carried
out.

Limitation
Figures concerning production of preservatives are not included.

No emission figures related to the burning of wood are included in the LCA as no
difference between burning and biodegration of wood has been assumed.
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A MODEL FOR ENVIRONMENTAL LIFE CYCLE ANALYSIS
General

A model has been created in order to make possible a relevant comparison between
different products as far as environmental impact is concerned. The model has been
applied to utility poles but is designed to be generally applicable.

The purpose is to make comparisons between different products, not materials. This
is of fundamental importance. It is almost meaningless to compare different
materials, if the end use is not known. This means that a material in a particular
product may not be the most suitable compared to other materials, but in another
product the same material is superior to other materials, and causes the lowest
environmental impact.

The ecological system

In order to make it possible to compare different materials for a product, it has been
found suitable to split the life cycle into a number of phases. These phases are;

e Raw Material RM
* Processing P

¢ Operation & Service O&S
¢ Destruction D

* Reuse R

In each life cycle phase it is possible to study the environmental impact.
The first life cycle

A product described in the first life cycle is characterized by its use of virgin raw
materials and is a perfect product that never needs to be taken out of use. The phases
of the first life cycle are:

* Raw material
* Processing
* Operation & service.

The second life cycle

After the operation and service phase the evolution of the product continues at the
second life cycle.

The second life cycle is characterized as a complete life cycle and is often associated
with less input resources than the first.

Raw material (virgin material, reused material or a mix of both)
Processing

Operation & service.

Destruction
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Energy use

Comparing different types of residual products from an environmental point of
view is difficult. As an alternative the energy use can be studied. A high energy use
is often closely related to pollution of materials hazardous to the environment. This
means that, in general, a product which needs a low energy use to produce can be
assumed to have low impact on the environment.

Environmental life cycle analysis
The sum of the residual products in the first and second life cycle is defined as the

total environmental impact. The impact is accordingly equal to the total pollution
and the energy consumption of the product over its entire lifetime.

. LCA

The different life cycle phases:

¢ Raw Material (RM)

e Processing (P)

e Operation and Service (O&S)
® Destruction (D)

® Reuse (R)

Figure 1. Life cycle analysis

Equalization of life cycle analyses

Different products have different material parameters. Each factor affecting the
products should be used to set up a correct scenario. In the following an "equalizing"
based on the technical lifetime is used for comparative characterization of utility
poles. The choice of the parameters is important to get a correct idea of the reality.

The way to decide the environmental best product is describe in figure 2.
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First and second Material
life cycle parameters

Product
parameters

Different scenarios
give an equalization
of the LCA

Comparative
parameters

Figure 2.
POLES MADE OF STEEL
General

For poles, steel is one of the most common alternative material to treated wood in
Sweden.

The first life cycle

Raw material

The pollution from this phase is based on values from the Swedish industry. The
iron ore in Sweden is mined underground, which means higher energy use than

open cut mining. The Swedish iron ore contains much phosphorous.

Neither the discharge of pollution substance to the water nor waste are considered to
be of major importance to the environment (S6dermark 1990).

Processing
The dominating type of pollution in this life cycle phase is air pollution from the

steel works, Table 1.

Table 1. The air pollution by the processing phase for steel. (Jernkontoret 1990)

Emission to 1970 1988 1988

the air by: ton/year ton/year g/kg steel
Dust 150 000 5000 1.19
Sulphur dioxide, SO; 32 000 8000 1.90
Nitrogen oxide, NOx 4 400* 3700 0.88
Carbon dioxide, CO2 8,0*106 4.4*106 1050

# 1980
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The figure shows that air pollution has been drastically reduced from 1970 to 1988.
What this table does not tell us is the contents of the dust. The dust contains a
number of metals, e g lead, copper and cadmium. Besides, metals like mercury
evaporate as gas and figures from 0.07 to 0.77 g/ton are mentioned in the literature

(Waltersson 1987).
Operation and service

The lifetime of poles made of steel is approximately 80 years. The operation and
service phase causes normally no serious environmental pollution.

The second life cycle

The discard poles can be used as raw material in a new pole - we get also the reuse
phase with a reuse rate that almost reaches 100%. This fact leads to a reduced energy
utilization in the processing phase from 10 000 kWh/ton to 1 700 kWh/ton
(Jernkontoret 1990; Kihlstedt 1981).

POLES MADE OF CONCRETE
General

Reinforced concrete is a composite product made of steel, cement, and aggregate. The
production method used for concrete poles is the so called centrifugal casting. The
reinforcement is prestressed. The aggregate may be natural gravel but can also be
crushed stone (macadam). In this example the latter type is used. Typical figures for
reinforced concrete poles are 7% steel and 20% cement, by weight (Abetong 1990).

The first life cycle
Raw material production
Steel

Everything mention above about steel is also relevant to the reinforcement of
concrete.

Aggregate

The aggregate used in Swedish concrete poles is macadam. This means that the
natural gravel can be saved.

Cement

Cement is used as "glue” in the concrete. The environmental impact of cement
production is related to the energy consumption and the use of fossil fuels. Since
1974 the energy consumption has decreased from 1 380 kWh/ton to 800 kWh/ton
today (SIND 1977; Svensk Byggtjanst 1982).

The air pollution from cement and steel is shown in Table 2.

35



Table 2. The air pollution caused by cement and steel in concrete.
(Jernkontoret 1990; Bell 1990; Pott 1990; Wahn 1990)

Emission to cement steel concrete
the air by: g/kg con. g/kg con. g/kg
Dust 0,09 0,16 0,26
Sulphur dioxide, SO> 0,13 0,15 0,28
Nitrogen oxide, NOx 0,34 0,08 0,42
Carbon dioxide, CO» 134 74 207

The energy use and the pollution are to the major part related to cement and steel.
In Table 3 the air pollution from dust and its contents of different metals related to
the production of cement and steel are shown.

Table 3. The air pollution of metals caused by cement and steel in concrete.
(Wahn, 1990; Waltersson 1987)

Emission to cement steel concrete
the air by: mg/t. con mg/t. con. mg/t. con.
Pb 8,21 682 690
Cd 0,10 30 30
Cu 1,23 195 196
Zn 0,24 5880 5880
Ni 1,21 270 271
Co 0,24 - 0,2
Tl 12,08 - 12,1
Cr 2,13 1323 1325
Hg 0,07 0,25 0,32
Fe - 16,8 16,8

As shown in the table, steel is the totally dominant source for the pollution of metal
into the air. There are two exceptions in this case and they are mercury and
thallium. The richness of metals in the iron ore is of course the reason why the
share from steel is the dominant pollution factor in the final product reinforced
concrete.

Operation and service

Concrete is a very common building material, but in transmission poles it has not

been used as much as in the ordinary building industry in Sweden. This pole which

is made of centrifugal casted reinforced concrete has been produced in Sweden since

1990. As the concrete has not been used in this type of poles for a very long time no
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experience based figures for the operation and service phase can be found. However,
a "qualified guess" based on other long term applications gives a value of
approximately 80 years. The manufacturer gives a life time off 100 years based on
theoretical calculations of the carbonation (Abetong 1990).

The second life cycle

In the second life cycle the environmental pollution and the energy use will be the
same as in the first life cycle, provided that the pole is left in the line, as the material
is not reused.

Destruction phase

When a concrete construction is discarded it is normally not used as a raw material
for another product, even if the technic of reusing is available. Therefore, in this
report no environmental figures have been included in this life cycle phase.

POLES MADE OF ALUMINIUM
The first life cycle
Raw material

Aluminium is extracted from bauxite. Sweden imports bauxit and aluminium oxide
from countries like Brazil, Australia, Jaimaica and Guinea. To extract 1 000 kg of
aluminium, nearly 5 000 kg bauxit is needed.

Processing

Producing aluminium from bauxite requires a lot of energy. The energy use in the
first life cycle is 38 000 kWh/ton (Granges 1991). The fact that the Swedish
aluminium producers use electric energy, witch is largely from hydroelectric power
plants means less pollution, than if fossil fuels were used. Still the figures of the
environmental pollution in the first life cycle are much higher than the figures in
the second life cycle.

Operation and service

A pole made of aluminium causes no serious environmental problems during the
life cycle phase operation and service. If a pole made of aluminium would be
designed today the technical lifetime must be at least the same as for steel, this
means 80 years.

The second life cycle

When aluminium scrap is melted down in the second life cycle the energy use is
reduced from 38 000 kWh/ton to 2 200 kWh/ton. This shows the importance to
reuse discard aluminium products.
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POLES MADE OF TREATED WOOD
The first life cycle
Raw material

In modern forestry vehicles and processing machines are use. This causes some air
pollution, the figures below are based on the energy use of 24 kWh/m3 wood and
caused by the diesel engines (SNV 1990). These figures are maybe slightly high, but
they are the only ones to be found.

Wood preservatives

The use of wood for utility poles requires chemical treatment to prevent it from
decay fungi (rot). The mostly used preservatives in Sweden are creosote and CCA
type B (copper, chromium and arsenic). These two types of preservatives will be
dealt with in this report.

Processing

In a modern impregnation plant in Sweden the use of CCA should not be an
environmental problem. This means that the discharges to the recipient and air are
zero or almost zero. The impregnation plant using creosote needs to burn the
vapour from the process to destroy the polyaromatic hydrocarbons.

Operation and service

Operation and service life cycle phase is combined with environmental problems
that do not exist for the other types of poles. Some of the active ingredients in CCA
treated and creosoted poles leach to the ground or emit to the air. The amount and
mechanisms of this leaching are hard to determine and far from clarified.

Wood treated with creosote

The residual creosote in the poles after the life cycle phase "operation and service"
are values from an American report (Betts 1982). The report describes how a
creosoted pole after 98 years in service has been subject to a laboratory study. The
residual creosote was on average 25 kg/m3 below the ground level and 12,5 kg/m3
above ground line.

Another question is, how much of the creosote evaporates from poles in service?
The major part of the creosote above the ground line evaporates already the first
years after the impregnation. In this paper 1/3 of the original creosotes volatile
fractions is assumed to evaporate. This figure stands for the part of the pole which is
above the ground line.

Wood treated with CCA type B

No long term based figures were found concerning leaching from CCA. The figures
used for the leaching is based on experiment studies on poles in service for ten years.
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The second life cycle
Destruction

When discussing wood treated with creosote, the burning parameters of this are
assumed not to be worse than for ordinary forestry waste. When discussing CCA
treated wood it is not so easy. Whatever action you take you will have to convert or
deposit the metals in the CCA.

RESULTS AND DISCUSSION
General

The energy use and environmental impact from poles of different materials and
service life time are presented in Tables 4-6.

The problem in this case is the different types of discharge into the environment
and their impact on the environment. By the knowledge we have today it is hard to
compare different types of discharge.

The first and second life cycle

In the first life cycle the pole made of aluminium has the superior energy use while
the energy use for the pole made of wood has the lowest one. A pole made of
aluminium has lower energy use in the second life cycle than the poles made of
steel or concrete. However, if you add the energy for anodizing, the aluminium pole
will have the same energy use as the steel and concrete poles. Creosoted pole can be
used as a fuel which leads to a surplus energy. The possibility to use a CCA treated
pole as bio fuel should be discussed, as the technic of gas purification is available
today.

Poles made of steel, concrete and aluminium compared to wood

Poles made of wood used as a bio fuel generates a surplus energy while the other
types of poles leads to an energy use. This surplus energy is not included in the
figures in Tables 4-6. No parameters of the burning of wood are included in the LCA.
Looking at the air pollution as combined with the discharge to the ground from
treated poles, leaching of copper, chromium, arsenic and creosote should mainly be
compared to the air pollution from poles made of steel, concrete and aluminium.

39



REFERENCES

Abetong (1990)

Bell, Graham (1990)

Betts W D (1982)

Erlandsson, M (1991)

Granges (1991)

Jernkontoret (1990)

Kihlstedt, P G (1981)

Pott, Gunnel (1990)

SIND, Statens Energiverk
(1977)

SNV, Statens Naturvardsverk
(1990)

Svensk Byggtjinst (1982)

Sédermark, Bjorn (1990)

Wahn, Leif (1990)

Waltersson, Eva (1987)

10

Kraftledningsstolpe i forspand
betong,produktinformation, 1990.

Teknisk driftrapport 1989, Cementa AB

Creosote: A century of service as a wood
preservative. The Brittish Wood Preserving
Assosiation. Annual convention, 1982.
Miljokonsekvenser av materialval i ledningsstolpar
- en livscykelanalys. TRITA-BYMA 1991:4. Kungliga
Tekniska Hogskolan/Svenska Traskyddsinstitutet.

Aluminium ur energi- och miljésynpunkt.
Aluminiumteknik 1991.

Stalindustrin energin miljon. Jernkontoret
informerar, 1990.

Mineralberedning del 2 Mineralforsorjning 1981.
Insitutionen fér mineralberedning, KTH.

Miljérapport 89, Cementa AB 1990

Sveriges energianvdandning under 1980- och 1990-
talet, utredningsrapport 1977:9, 1977.
Luftféroreningar frdn arbetsfordon, Handlingslinjer,
rapport 3756, 1990.

Betonghanboken, 1982.

SNV, personal communication

Sammanstallning av emissioner 1989, Cementa AB,
1990.

Effekter pd miljon och manniskan av utsldpp till

luft och mark frdn jarn- och stdlindustrin,
Miljoforskargruppen, 1987.

40



"

Table 4: The sum of the LCA for a 45 kV (12.m) pole

45 KV / 12m|45 kV / 12m|45 kV / 12m|45 kV / 12m|45 kV / 12m

Stee! Concrete Aluminium |[W./creosote |Wood/CCA
Alr_pollution kg/pole kg/pole kg/pole kg/pole kg/pole
Dust 0,69 0,34 3,46 0,11 0,11
Nitrogen oxide 1,69 1,79 5,30 1,52 1,52
Sulphur dioxide 0,62 0,34 9,22 0,10 0,10
Carbon dioxide 333 257 691 93 76
Discharge to the water kg/pole kg/poie kg/pole kg/pole kg/pole
Susp. contamination 0,071 0,018 0,001
Cl- 0,037 0,009
SO4 0,194 0,049
NOx 0,027 0,007
Qil/grease 0,010 0,002 0,015
Zn 0,002 0,000
Discharge to the ground kg/pole kg/pole kg/pole kg/pole kg/pole
Creosote 20
Copper 0,10
Chromium 0,11
Arsenic 0,37
Energy use kWh/pole kWh/pole kWh/pole kWh/pole® [kWh/pole*

1293 653 3898 135 119

45 kV / G12]45 kV / G12]|45 kV / G12{45 kV / G12]|45 kV / G12
Steel Concrete Aluminium [W./creosote |Wood/CCA
Air poliution kg/pole kg/pole kg/pole kg/pole kg/pole
Dust 0,17 0,34 0,22 0,11 0,11
Nitrogen oxide 1,62 1,79 1,71 1,52 1,52
Sulphur dioxide 0,30 0,34 0,83 0,10 0,10
Carbon dioxide 137 257 96 93 76
Discharge to the water kg/pole kg/pole kg/pole kg/pole kg/pole
Susp. contamination 0,003 0,018 0,000
Cl- 0,000 0,009
SO4 0,000 0,049
NOx 0,000 0,007
Oil/grease 0,001 0,002 0,002
Zn 0,000 0,000
0,000 0,000
Discharge to the ground kg/pole kg/pole kg/pole kg/pole kg/pole
Creosote 20
Copper 1
Chromium 0,11
Arsenic ,
Energy use kWh/pole kWh/pole kWh/pole kWh/pole** |kWh/pole*®
520 653 309 135 119

Sources: Miljdkonsekvenser av materialval i ledningsstolpar, KTH

a1

TRITA-BYMA 1991:4, M Erandsson 1991-12. The figures in
this rapport has been revised by the figures given in the appendix.

* The figures included no intemal energy in the wood (1512 kWh).
** The figures included no intemal energy in the wood or the burning
parameter (1512 - 1320 = 192 kWh).
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Table 5: The equalization for a 45 kV pole and an equivalent lifetime of 50 years

Type 45 KV /12m |45 kV 7/ 12m{45 kV / 12m{45 kV 7 12m{45 kV / 12m|
Litetime before equaliz. 80 80 80 50 40
Pole made of Stesl Concrete Aluminium |W./creosote [Wood/CCA
Air pollution kg/stolpe kg/stolpe kg/stolpe kg/stolpe kg/stolpe
Dust 0,69 0,34 3,46 0,11 0,14
Nitrogen oxide 1,69 1,79 5,30 1,52 1,90
Sulphur dioxide 0,62 0,34 9,22 0,10 0,13
Carbon dioxide 333 257 691 93 95
Discharge to the water kg/stolpe  kg/stoipe kg/stolpe kg/stolpe kg/stolpe
Susp. contamination 0,071 0,018 0,001 0 0
Cl- 0,037 0,009 0 0 0
SO4 0,194 0,049 0 0 0
NOx 0,027 0,007 0 0 0
Oil/grease 0,010 0,002 0,015 0 0
Zn 0,002 0,000 0 0 0
Discharge to the ground kg/stolpe  |kg/stoipe kg/stolpe kg/stolpe kg/stolpe
Creosote 20
Copper 0,13
Chromium 0,14
Arsenic 0,47
Energy use kWh/pole  |kWh/pole kWh/pole |kWh/pole kWh/pole
1293 653 3898] 135 149

Type 45 kV /12m}45 kV / 12ml45 kV / 12m{45 kV / 12m{45 kV / 12m
Pole made of Steel Concrete Aluminium |W./creosote |Wood/CCA
Air pollution kg/stolpe  |kg/stolpe kg/stolpe kg/stolpe kg/stolpe
Dust 0,17 0,34 0,22 0,11 0,14
Nitrogen oxide 1,62 1,79 1,71 1,52 1,90
Sulphur dioxide 0,30 0,34 0,83 0,10 0,13
Carbon dioxide 137 257 96 93 95
Discharge to the water kg/stolpe  [kg/stolpe  |kg/stolpe  {kg/stolpe kg/stolpe
Susp. contamination 0,003 0,018 0,000 0 0
Cl- 0,000 0,009 0 0 0
SO4 0,000 0,049 0 0 0
NOx 0,000 0,007 0 0 0
Qil/grease 0,001 0,002 0,002 0 0
Zn 0,000 0,000 0 0 0
Discharge to the ground kg/stoipe  |kg/stoipe kg/stolpe kg/stolpe kg/stoipe
Creosote 20
Copper 0,13
Chromium 0,14
Arsenic 0,47
Energy use kWh/pole  [kWh/pole kWh/pole |kWh/pole kWh/pole
520 653 309 135 149
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Tabie 6: The equalization for a 45 kV pole and an equivalent lifetime of 100 years

Type 45 KV /12m {45 kV / 12m|{45 KV / 12m}45 kV / 12mj45 kV / 12mf
Lifetime before equaliz. 80 80 80 50 40
Pole made of Steel Concrete Aluminium |W./creosote |[Wood/CCA
Air_poliution kg/pole kg/pole kg/pole kg/pole kg/pole
Dust 0,86 0,42 4,32 0,23 0,28
Nitrogen oxide 2,12 2,24 6,62 3,04 3,80
Sulphur dioxide 0,78 0,43 11,62 0,20 0,25
Carbon dioxide 416 322 864 186 189
Discharge to the water kg/pole kg/pole kg/pole kg/pole kg/pole
Susp. contamination 0,089 0,023 0,001 0 0
Cl- 0,047 0,012 0 0 0
SO4 0,243 0,061 0 0 0
NOx 0,034 0,009 0 0 0
Oil/grease 0,012 0,003 0,018 0 0
Zn 0,002 0,001 0 0 0
Discharge to the ground kg/pole kg/pole kg/pole kg/pole kg/pole
Creosote 39
Copper 0,25
Chromium 0,29
Arsenic 0,94
Energy use kWh/pole kWh/pole kWh/pole  [kWh/pole kWh/pole
1617 816 4873 271 297

Type 45 kV /12m |45 kV / 12m|45 KV / 12m{45 kV / 12mj45 kV / 12
Pole made of Steel Concrete Aluminium |W./creosote {Wood/CCA
Air_poliution kg/pole kg/pole kg/pole kg/pole kg/pole
Dust 0,22 0,42 0,27 0,23 0,28
Nitrogen oxide 2,02 2,24 2,14 3,04 3,80
Sulphur dioxide 0,38 0,43 1,03 0,20 0,25
Carbon dioxide 171 322 120 186 189
Discharge to the water kKg/pole kg/pole kg/pole kg/pole kg/pole
Susp. contamination 0,004 0,023 0,000 0 0
Ct 0,000 0,012 0 0 0
SO4 0,000 0,061 0 0 0
NOx 0,000 0,009 0 0 0
Qil/grease 0,002 0,003 0,003 Q 0
2n 0,000 0,001 0 0 0
Discharge to the ground kg/pote kg/pole kg/pole kg/pole kg/pole
Creosote 39
Copper 0,25
Chromium 0,29
Arsenic 0,94
Energy use kWh/pole  |kWh/pole  |kWh/pole  [kWh/pole  |kWh/pole
650 816 386 271 297
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Appendix

Table 1: Emission to the air by assemblage

Type of vehicle|Data for the |Effect|LoadingTurbo |Sp fuel ¢ |Engine time*[Energy |Diesel con.
vehicles™ kW |cap. g/kWh [h/pole kWh kg

Tractor Transport 45| 30%] 10% 240 0,6 8 2
Wiring 45| 30%| 10% 240 1 14 3

Digging tractor | Rise 83] 40%] 100% 230 2,2 73 17

Sum: 95 kWh/pole

Tractor Digging tractor Total emission by

Emission to |Emission Total Emission Total assemblage

the air by: factor emission factor emission
g/kWh kg/pole g/kWh kg/pole kg/pole

HC 1,8 0,039 1,2 0,088 0,127

08 5 0,108 4 0,292 0,400

NOx 15 0,324 15 1,096 1,420

Dust 1,5 0,032 1 0,073 0,105

SO2 1 0,022 1 0,073 0,095

co2 770 17 740 54 71

Sources: * Information om alternativa stolpmaterial, EBR, VAST,

Vattenfall och elverksféreningen, EBR IN 027, 1989-08.
** Luftfororeningar fran arbetsfordon, Handlingslinjer,
Naturvardsverket, Rapport 3756, 1990-04.

Table 2: Energy use by the LCA of treated wood

Phase 1) Internal energy 4) |Forestry 2) limpregnation plant 3)|Destruction 4) Total creosote |Total CCA
Creosote JOCA Creosote ](XJA burning biodegration

Life cycle kWh/m3 kWh/m3 [kWh/m3 |kWh/m3 |kWh/m3 kWh/m3 KWh/m3

First 2750 24 50 20 74 44

Second, burning 2750 24 50 20 -2400 -2400 74 44

Biodegration 2750 24 50 20 0 0 74 44

Sources: 1) The energy by assemblage is included in table 4-6.

2) Luftfdroreningar fran arbetsfordon, Handlingslinjer, SNV rapport 3756.
3) Personligt meddelande Seemi Martinsson, KraftGross AB, 1990.
4) Milidn och forpackningar, Bilagsdel, SOU 1991:77.
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SAMMANFATTNING

I en allmidnt o6kad miljomedvetenhet har idven miljéopaverkan av
impregnerat virke och foljaktligen dven ledningsstolpar av trid
diskuterats. Med anledning av kemikalieinspektionens intresse for
impregnerat virke och den sid kallade substitutionsprincipen, har
frdgan om de alternativa materialens miljokonsekvenser
aktualiserats. '

For att utreda miljokonsekvenserna vid overging frin
impregnerade tristolpar till alternativa meterial har
livscykelanalyser utforts for stolpar tillverkade av stdl, betong,
aluminium och tri.

For att mojligora en jamforelse av miljopaverkan av de olika
materialen har en arbetsmodell tagits fram. Denna modell bygger
pd ett livscykeltinkande dir man inte bara ser till forsta livscykeln
- frdn vaggan till graven - utan gdr ett steg lingre och ser till den
sd kallade andra livscykeln, viket innebir att man utgdr frdn en
redan upparbetad resurs.

En utrangerad stolpe av trd kan utgora ett utmirkt biobridnsle. En
kreosotimpregnerad stolpe uppvisar inte ndgra simre
forbrinningsparametrar 4n vanligt tri och skogsavfall. Vid
forbrinning av en CCA-impregnerad stolpe kan man till stor del
samla in tungmetallerna i antingen askan eller i luftfiltret, men
nigon annan losning in deponering utnyttjas inte for nirvarande.

Tillgingen till skrot gor att den svenska produktionen av stdl idag
bara bestdr till 50% av jungfruliga rdvaror. Detta medfor en sinkt
energiférbrukning och minskade miljobelastningar.

Betong ir ett sammansatt material, bestdende av stdl, ballast och
cement. Ndr man ser till utslippen vid framstillning av
betongstolpar hidrrdr sig dessa till stor del frdn de cirka

7 viktprocenten armering. Vad avser energidtgingen vid
framstdllning av stdl och betong ar denna likvirdig.

Aluminium &4r det mest energikrivande materialet av de
undersokta, riknat per ton. Om hidnsyn tas till den ligre densiteten
och den minskade energidtgdngen vid andra livscykeln, blir
emellertid eneridtgdngen for framstdllning av en aluminiumstolpe
ligre 4n motsvarande stil- eller betongstolpe.
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Inledning

Urlakningen frdn impregnerat trd inverkar dels pd langtidsskyddet mot réta dels
kan den ha betydelse frdn miljésynpunkt. Inverkan av olika traskyddsmedel pé
miljon har under senare &r dominerat debatten kring traskydd och de under
drtionden mest anvidnda medelstyperna, kreosot och CCA (koppar, krom arsenik),
har starkt ifrdgasatts.

Kunskapen om urlakningen frdn impregnerat trd grundar sig i forsta hand pa
undersokningar utforda enligt olika laboratoriemetoder. Kunskapen om vad som
hiander under praktisk anvindning dr ddremot bristfillig. Detta beror bl a pa att den
ursprungliga upptagningen av traskyddsmedel i praktiken sillan ar kdand och att en
analys av resterande méangder traskyddsmedel i en konstruktion efter ldng brukstid
endast ger information om trdet fortfarande dr skyddat mot biologisk nedbrytning,
men inte om vilka mangder traskyddsmedel som lakats ut.

Traskyddsinstitutet har genom dren dgnat urlakningsproblematiken stort intresse.
Bl a har en studie 6ver urlakningen frdn impregnerade trdspdn som deponerats i
mark utforts vid Lantbruksuniversitetet (Johan Bergholm, Traskyddsinstitutets
meddelanden nr 154, 1985 och 166, 1992) pd uppdrag av institutet. Vidare har en
litteraturstudie utforts, dven den vid Lantbruksuniversitetet (Osten Bergman,
Traskyddsinstitutets meddelande nr 163, 1991).

I foreliggande rapportsammanstdllning redovisas tvd studier som utforts i
samarbete med Norsk Treteknisk Institutt. Urlakningen i s k faltférsoksstavar
exponerade i respektive ovan mark under olika ldng tid har undersékts.

I ett samarbetsprojekt med Vattenfall Utveckling AB och Lantbruksuniversitetet
har urlakningen och avdunstningen av kreosot frdn kreosotimpregnerade stolpar
studerats, och en rapport frdn den undersokningen redovisas har.

I denna rapport redovisas dven tvd mindre studier av urlakning frdn CCA-
impregnerat trd i bruk, dels en studie avseende trallvirke och dels en studie
avseende ledningsstolpar.

Avslutningsvis redovisas resultaten frdn en enkdt som gjorts for The International

Research Group on Wood Preservation's rakning. Den innehdller bl a en omfat-
tande forteckning over litteratur om urlakning.
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Analys av jord under impregnerat trallvirke

Marie-Louise Edlund

Bakgrund

Risken for att traskyddsmedel skall urlakas frdn impregnerat
virke och kontaminera jorden under brukstiden har bidragit
till att Kemikalieinspektionen har féreskrivit restriktioner i
anvandningen av krom- och arsenikbaserade medel.

Atskilliga laboratoriestudier har utforts for att undersdka
urlakning av traskyddsmedel fran impregnerat virke (t ex
Evans 1978, Berg 1983) liksom studier av urlakning fran
impregnerade takspan (Evans 1987) och impregnerade stolpar i
bruk (Nurmi 1990).

I TrateknikCentrums regi pagar ett forsok som syftar till att
jamfora bestandigheten hos impregnerad gran- och furutrall
(Boutelje 1988). Svenska Traskyddsinstitutet har fatt mojlighet
att analysera underliggande jord for att utréna om traskydds-
medel urlakats frdn materialet.

Material

Materialet utgérs av furutrallar, grantrallar och trallar med
granldkt och furuunderliggare. Lakten har dimensionen
16 x 70 x 800 mm och underliggarna 34 x 34 x 800 mm.

Trallarna impregnerades i hopmonterat skick med en 2-pro-
centig l6sning av Rentokil K33, ett sk CCA-medel innehéllande
koppar, krom och arsenik. Impregneringsprocessen omfattade
25 minuters 95-procentigt vakuum och 2 timmars tryck pa

1,4 MPa.

Efter impregneringen fick trallarna lufttorka under tre
ménader. Hilften av de impregnerade trallarna doppades
dérefter i en trdolja, Rentolin, varefter samtliga trallar lades ut
pa forsdksomradet pd Ado utanfoér Sparreholm i Sérmland.

Referensmaterialet bestdr av oimpregnerade trallar och trallar
endast doppade i Rentolin.
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Trallarna lades ut hdsten 1983 pa tre olika underlag, lerjord,
sand pa grus och matjord pa grus. Lerjorden &r naturlig
dkermark, sanden utgors av utkanten av ett grustag och
matjorden har lagts i ett lager 6ver sand vid grustaget.
Jordarnas sammansattning framgar av bilaga 1.

Provtagning

I augusti 1990, d& trallarna legat ute i falt i 7 dr, togs jordprover
under sdvil impregnerade furutrallar som impregnerade gran-
trallar, samtliga utan efterbehandling med Rentolin, se fig 1.

Prover togs ut pd olika djup for att kontrollera eventuell
transport ner genom jordlagren, se bilaga 1. Ytproverna togs
under en av underliggarna i trallen och endast ner till ett djup
av ca 5 mm.

Referensprov togs 2 meter utanfor forsoksomradet i samma
jordart som pd forsoksomradet.

Analys av jordarna utfordes okuldrt i falt. Siktkurvor har ocksd
uppstallts for jordarna, se bilaga 2. Jordartsbestimningarna
gjordes av Ragn-Sells Miljorevision medan de kemiska
analyserna avseende koppar, krom och arsenik utférdes av
Institutet for Vatten- och Luftvardsforskning (IVL) i
Stockholm.

Resultat
Resultaten framgdr av tabellerna 1-3.

P4 samtliga provtagningsplatser dterfinns en forh6jd mangd
koppar, krom och arsenik i ytprovet (0 - 0,005 m), medan halten
sjunker snabbt neddt i markprofilen. Redan pd 5 cm djup ar
halterna koppar i bdde sandjorden och matjorden mellan 1/10
och 1/5 av halterna i ytproverna och pa 20 cm djup ligger
halterna pa bakgrundsniva. Kromet har urlakats i mindre
utstrackning och dven kromhalterna ligger pd bakgrundsnivan
pa 20 cm djup.

Aven halterna arsenik sjunker snabbt nedat i markprofilen.
Halterna pd 20 cm djup ligger pd bakgrundsniva. Pdpekas bor
att arsenikhalten i ett prov, F10, 6versteg halten i referens-
provet.

Ndégon skillnad i urlakning frdn gran resp furu kan inte avlasas
i denna undersokning. Under en av furutrallarna ar emellertid
halterna koppar och arsenik hogre i ytskiktet 4n under 6vriga
trallar.
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Diskussion

En trall vdager ungefar 6 kg. Forutsatter man att furutrallarna
bestdr av splint och dr impregnerade med en upptagning
motsvarande svensk standard klass A innehdller varje trall ca
0,15 kg CCA eller 18 g koppar, 21 g krom och 34 g arsenik. Totala
urlakningen frdn impregnerat trd ar svar att uppskatta men
torde ligga under 10%. Detta innebar att urlakningen fran varje
trall blir maximalt ca 2 g koppar, 2 g krom och 3 g arsenik
utspritt pd en yta av ca 0,7 m2. Skulle denna mingd fordelas
jAmnt i ett 2 dm djupt jordskikt skulle t ex halten arsenik 6ka
med ca 15 mg/kg jord, en frdn miljésynpunkt férsumbar
Skning.

De i denna undersokning uppmitta vardena tyder pa att man
far en viss urlakning av CCA till det 6versta markskiktet.
Migreringen nedat i marken synes vara liten, vilket tyder pd att
koppar, krom och arsenik binds i de aktuella jordarna p g a det
organiska innehdllet i det ovre jordskiktet. Uppslutningen av
jordarna i samband med analyserna har gjorts med tanke pa att
fa en totalurlakning av koppar, krom och arsenik och man kan
inte skilja mellan olika forekomstformer i jorden.

Referenser

Berg, B., 1983: Urlakningsforsok med olika typer av CCA-
impregneringsmedel. Nordiska Traskyddsdagar, 22-23 sep-
tember 1983.

Boutelje, J. and Sebring, T., 1988: Service life of pressure treated
deckings of spruce in direct contact with the ground.
International Research Group on Wood Preservation.
Document No. IRG/WP/3463.

Evans, F. G., 1978: The leaching of copper, chrome and arsenic
from CCA-impregnated poles stored for ten years in running
water. International Research Group on Wood Preservation.
Document No. IRG/WP/3122.

Evans, F., 1987: Leaching from CCA-impregnated wood to food,
drinking-water and silage. International Research Group on
Wood Preservation. Document No. IRG/WP/3433.

Nurmi, A., 1990: Leachability of active ingredients from some
CCA treated and creosoted poles in service. A progress report
after 10 years testing. International Research Group on Wood
Preservation. Document No. IRG/WP/3627.
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Tabell 1. Halten koppar, krom och arsenik i sand under CCA-impregnerade trallar av
furu (F8 och F 10) och gran (G8 och G 10)

Prov- Prov nr
tagnings F8 F10 G8 G10
niva mg/kg mg/kg mg/kg mg/kg

(m) Cu Cr As Cu Cr As Cu Cr As Cu Cr As

Yt 330 55 170 170 50 140 210 57 120 170 49 110

0,05 12 26 ) 37 33 85 11 25 8 15 26 33
0,10 14 25 7 17 29 29 7 20 3 - - -
0,20 - - - 25 32 28 - - - 24 26 15

Tabell 2. Halten koppar, krom och arsenik i matjord under CCA-impregnerade trallar av
furu (F13 och F 15) och gran (G13 och G 15)

Prov- Prov nr
tagnings F13 F15 G13 G15
nivd mg/kg mg/kg mg/kg mg/kg

(m) Cu Cr As Cu Cr As Cu Cr As Cu Cr As

Yt 900 58 830 230 56 200 420 78 530 400 84 400

0,05 - 44 - 35 38 4 - - - - - -
0,10 64 - 33 - - - 49 37 9 63 42 33
0,15 27 44 4 11 30 2 - - - - - -
0,20 - - - 10 27 2 13 32 6 - - -
0,25 16 31 7 - - - - - - 7 20 2

Tabell 3. Halten koppar, krom och
arsenik i referensjord

Prov- Referens—sand
tagnings mg/kg
niva (m) Cu Cr As
Yt 10 22 2
0,05 11 27 2
0,10 10 22 2
0,20 13 24 3
0,40 13 25 4
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FG1 | FG2 | FG3 | F3 | @ | xFGl1 FG16 | FG17 | FG18 | F6 | G6 | xFGé FG31 | FG32 | FG33 | F11 | G11 |xFG11
xFG2 | FG4 | FG5 | FG6 | F2 | Gl xFG7 | FG19 | FG20 | FG21| F7 | &7 xFG12| FG34 | FG35 | FG36 | F12 | G12
G5 | xFG3 | FG7 | FG8 | FG9 | Fl G8 | xFG8 | FG22 | FG23 | FG24 | F8 G13 |xFG13| FG37 | FG38 | FG39 | F13
F5 G4 | xFG4 | FG10 | FG11 | FG12 F9 (9 | xFG9 | FG25 | FG26 | FG27 F14 | Gl4 |xFGl4| FG40 | FG41 | FG42
FG13| F4 | 3 | xFG5 | FG14 | FG15 FG28 | F10 | G10 |xFG10| FG29 | FG30 FG43 | F15 | GI5 |xFG15| FG44 | FG45
Ursprunglig jord Sand Matjord

F = furu

G =gran

FG = granldkt och furuunderliggare
x = doppad i Rentolin

Figur 1. Skiss &ver provfilten med nummer pd trallarna. Trallar under vilka jordanalyser utforts 4r markerade med tjock ram.
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1990-08-16
Protokollet upprattat av Goran Bergman

Jordprovtagning Ads 1990-08-15
Deltagare: Katarina Edberg och Géran Bergman

Syfte: Att provtoga jord under CCA-impregnerade trétrallar som legat i ute i 8
&r. Provpunkfernas Iage framgdr ov vidstaende planritning.

Forscksyta lera

Gl ytprov
G1:005 = 5 cm

G1:01 = 10 cm

Proven togs vid dndvirket

G2 ytprov

G2:005

G2:01

Provet togs mitt i provytan

G3 prov

G3:005

G3:01

G3:04

Provet togs mitt i provytan

G5 ytprov

G5:005

G5:01

Prov togs vid Gndvirket

F1  ytprov

F1:005

F1:01

Prov togs vid Gndvirket

F3 ytprov

F3:005

F3:01

Prov togs mitt i provytan

F4  ytprov

F4:005

F4:01

Prov togs mitt i provytan

FS  ytprov

F5:005

F5:01

Prov togs vid &ndvirket

Farsdksyta matjord

F15 ytprov 0-0.1
FlS:OOg

F15:015 0,1-0,16
F15:02 0,16

Provet vid &ndtrd

F14 ytprov 00,16
F14:00
F14:035 0,16

Prov i mitten

F13 rprov 0-0,15
F13:0

F13:015 &.k.lera 0,15-0,2
F13:025 0,2
Prov i mitten

G13 ytprov 00,15
G13:01

G13:02 5.k.lera 0,15-
Prov i mitten

G14 ytprov 00,13
G14:01

G14:02 0,13-0.2
G14:03 0.2
Prov i mitten

G15 ytprov 0-0,13
G15:01

G15:02 5.k.lera 0,13.0,24
G15:025 0,24
Prov vid dndtrd

matjord
mijcla-silt
sand
matjord

lera

matjord
lera-silt
sond

motjord

lera-silt

matjord
sand
lera-silt med sandskikt
matjord

lera
sand ursprunglig

Kommentarer: jordlagerfsliden &r fran ytan matjord ca 10 cm underlograd av
ulogd'lera 1020 em och dérunder den ursprungliga markytan grusig sand.

T ebertd
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Forsdksyta sand

Referensgrop 2m &ster F1
gg.ogstprov R ytprov
G8:01 238?5
G8:02 R:04
Prov i mitten

Kommentarer: Ytproverna uttogs ldngs tréribban som ligger i direkt anslutning
G9 ytprov till morken Jorden bestdr av Pp:stglcciol lera genom den provtogna profilen.

88:8(])5 moig sand Markytan lutar mot G3 och F4.
: san

G9:02
Prov i mitten

G10 ytprov
GIO:OYSS
G10:02
G10:04

Prov vid Gndtrgt

F8 prov
F8:00§1
F8:01

Prov i miften

Fo: rov
l“?:OO?p
Fo:01
F9:02
F9:04

Prov i mitten

F10088""

F10:01
F10:02
Prov vid andtrg

Refarenspunkt B sand
Ref B ytprov
RefB:005

- RefB:01

RefB:02
RefB:04
Referensgropen gravd 2m séder om férsdksytan.

Kommentarer: Jorden bestdr ov grusig sand. Tvé prover &r uttagna for
komsforleksonulgs, ett i referenspunkten och ett i punkt G10 0,20,4 m.
Markprofil @r utbildad dér en tydlig gréns pé 0,1 m markerar B-horisonten,
markbrun sond.

En komnstorleksgréns finns i punkt G9, 0-0,07m moig sand darunder sand.



Bilaga 2
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SVENSKA TRASKYDDSINSTITUTET INTERNRAPPORT

1990-09-04

Lickage fran saltimpregnerade stolpar — en ministudie
Marie-Louise Edlund

Bakgrund

Risken for lackage av framfor allt arsenik frdn impregnerat trd oroar emellanat
markédgare som har impregnerade stolpar i betesmark eller i ndrheten av brunnar.

I anslutning till en studie om sambandet mellan réta i stolpar och mark-pH, som
utfordes av Telekontoret i Kristianstad, fick Svenska Traskyddsinstitutet mojlighet
att ta borrprover fradn koppar-, krom-, arsenik- (CCA) impregnerade stolpar samt
markprover intill stolparna for analys av arsenik.

Utforande

Borrprover frdn 18 saltimpregnerade stolpar uppsatta 1952-82 togs pa tva nivéer,
dels 1 meter 6ver marken, dels 0.2 m under markbandet. P4 varje niva togs tre
borrprover vilka slogs ihop till ett analysprov. Prover fran 12 stolpar analyserades
med avseende pd koppar, krom och arsenik och prover frdn 6 stolpar endast med
avseende pa arsenik.

De borrprover som analyserades pa koppar, krom och arsenik analyserades i sin
helhet, bdde impregnerad splint och oimpregnerad kdrna ingick i provet, medan
endast den impregnerade splintveden analyserades i de 6vriga proverna.

Vid varje stolpe togs fem markprover direkt utanfor kilstenen for analys av
arsenik. Proverna togs ut med trekantborr med fotplattan instélld sa att provet
omfattade material ned till 20 cm djup. De fem proverna slogs ihop, blandades vil
och siktades genom en sikt med 3 mm maskor. Provavstdndet frdn stolpen
varierade mellan 20 och 50 cm.

P4 ca 25 m avstdnd frén stolparna och pd samma terrangtyp som de aktuella
stolparna stdr i togs referensprov pd marken. Sammanlagt 9 referensprover togs ut.

De kemiska analyserna utférdes av Miljovardslaboratoriet, Scandiaconsult AB i
Malméo.

pH miittes i markproverna. Ca 15 ml av jorden 6verfordes till 60 ml plastror. 15 ml

luftat, avjoniserat vatten tillsattes och proven skakades. Ytterligare tva
omskakningar gjordes med 30 min mellanrum, varefter proven fick std 6ver
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natten. Proverna skakades igen och fick ddrefter sedimentera i 1-2 timmar. Darefter
maittes pH med en Knick Portamess 751. Dessa matningar utférdes av Telekontoret i
Kristianstad.

Resultat

Analysresultaten har sammanstillts i tabellerna 1 och 2. Som framgar av dessa ar
det svart att dra nagra slutsatser om lackage fran stolparna. I vissa fall fann man en
forhojd halt arsenik i jorden runt stolparna, men runt andra stolpar lag
arsenikhalten pd samma nivd som i referensproverna. Ndgot samband mellan
arsenikhalt i jorden, mark-pH, urlakning ur stolpe eller stolpens dlder kunde inte
heller registreras.

Diskussion

De undersokta stolparna har bara analyserats en gadng och ingenting ar kant
angdende intrangning och upptagning av medel i stolparna frdn bérjan.

DA flera av borrproverna (1-12) analyserades i sin helhet, dvs bdde den
impregnerade splintveden och den oimpregnerade kidrnveden, kan man inte siga
ndgot om den faktiska halten impregneringsmedel i splintveden. Ddremot kan
man se om ndgon av komponenterna i impregneringsmedlet har lackt ut genom
att jaimfora de relativa halterna av koppar, krom och arsenik i proverna, tabell 2.
Inte heller vid denna jamforelse kan man finna ndgot samband mellan urlakad
arsenik, arsenikhalt i jorden eller mark-pH.

Jordanalyserna visar i vissa fall pd forhojda virden av arsenik. Markproverna togs
20 till 50 cm frén stolpen. Sannolikt dr det i de prover som togs ndrmast stolpen
som man funnit de hogsta viardena. Detta skulle da tyda pd att spridningen av
arsenik i jorden ar ringa.
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Tabell 1. Halten koppar, krom och arsenik i borrprover frdn CCA-impregnerade stolpar samt arsenikhalten i marken
runt stolparna.

Stolpe nr/ pH  Marktyp Analys av stolpe Jordanalys
inst. &r 1 m Over markbandet 0,2 m under markbandet
Cumg/kg Crmg/kg Asmg/kg Cumg/kg Crmg/kg Asmg/kg Asmg/kg ts
1/66 4,0 skog 1600 2300 2300 1300 2300 2300 240
2/52 4.2 skog 1500 2100 3100 990 1100 1400 218
3/75 4,6 skog 2000 3100 3700 2200 3400 3400 203
4/80 4,7 skog 1800 2500 3400 1600 1400 3600 <30
5/77 4,6 skog 1400 1400 3100 1500 1600 3100 <30
6/72 5.5 dker 1500 1600 1800 1800 2100 3100 <30
7/72 4,6 aker 1100 1200 2000 1400 1600 2300 <30
8/66 4,2 skog 1400 1300 3200 3000 3100 4500 <30
9/82 4,6 aker 780 830 1600 1200 1100 1800 <30
10/52 5,2 dker 68 630 1300 84 840 1700 260
11/73 6,1 ang 1500 1140 1800 2600 2700 3800 <30
12/71 7,7 ker 370 480 540 1200 2100 1900 85
13/75 53  vig - - 5200 - - 2200 90
14/57 5,2 vag - - 3600 - - 2400 <30
15/57 6,3  vag - - 3400 - - 2200 <30
16/57 4,7 ang - - 4400 - - 5800 138
17/68 49  skog - - 5000 - - 2800 <30
18/77 55 ing - - 3000 - - 1800 88

I K33-impregnerat trd
enligt klass A i S5 05 61 10 2950 3450 5550

Referensprover <30




Tabell 2. Relativa halter av koppar, krom och arsenik i borrprover fran CCA-
impregnerade stolpar samt mark-pH och arsenikhalt i marken runt

stolparna.
Stolpe nr  Marktyp Mark Analys av stolpe Jordanalys
o inst &r pH 1 m Over mark 0,2 m under mark
Cu/Cr As/Cr Cu/Cr As/Cr Asmg/kg
1/66 skog 4,0 0,7 1,4 0,6 1,0 240
2/52 skog 4,2 0,7 1,5 0,9 1,3 218
3/75 skog 4,6 0,6 1,2 0,6 1,0 203
4/80 skog 4,7 0,7 14 1,1 2,6 <30
5/77 skog 4,6 1,0 2,2 0,9 1,9 <30
6/72 aker 55 0,9 1,1 0,9 1,5 <30
7/72 dker 4,6 0,9 1,7 0,9 1,4 <30
8/66 skog 4,2 1,1 25 1,0 1,5 <30
9/82 dker 4,6 0,9 19 1,1 1,6 <30
10/52 dker 52 0,1 2,1 0,1 2,0 260
11/73 ang 6,1 1,3 1,6 1,0 14 <30
12/71 aker 7,7 0,8 1,1 0,6 0,9 85

Relativa méangder
i K33 0,9 1,6

Referensprover <30
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Fred G Evans*, Marie-Louise Edlund**

*Norwegian Institute of Wood Technology, Box 113, Blindern, N-0314 Oslo,
Norway

**Swedish Wood Preservation Institute, Box 5607, S-114 86 Stockholm, Sweden

Summary

Field test stakes treated with Boliden K33 containing copper, chromium and arsenic
exposed at three different fields in Sweden and rejected due to decay, have in two
studies been analysed regarding leaching and remaining preservatives. The stakes
have been exposed during 20 to 43 years. ’

The density of the stakes and content of copper, chromium and arsenic have been
determined in the top part of the stakes (above ground) and bottom part (in ground)
separately.

The density of the stakes after exposure were similar in the top and in the bottom of
the stakes while it was lower in the middle, ground line part.

Leaching from small sections of the stakes indicate that 23% of copper, 19% of
chromium and 25% of arsenic leached from the wood during exposure.

Leaching from stakes to the environment, including the preservative in the totally
lost decayed part, is, according to the analyses, 50% for copper, -4% for chromium and
36% for arsenic as an average for all stakes.

The results from the two studies give different results. This focuses on the importance
of sampling and methods of analyses as well as the necessity of being careful when
evaluating the results.

Study 1

Background

Norwegian Institute of Wood Technology, NTI, has previously carried out leaching
tests with CCA-preservatives in different environments (Evans 1978 and Evans 1987).
Most of the tests were carried out in a way treated wood is normally used. We also
knew the initial retention of the preservative so that the leaching could be verified.
Leaching tests have been reported without knowing the initial retention (Nurmi
1993). We feel that such results can give incorrect information about leaching and that
this is unfortunate when we know the great interest authorities and environmental
organisations take to treated wood. 69




Norwegian authorities are very concerned with the leaching of copper, chromium and
arsenic from pressure-treated wood in service, and also in treated wood waste. There
have been few investigations made concerning leaching from decayed wood. Most
leaching investigations are on freshly impregnated wood. Usually they are carried out
in laboratories. It is therefore difficult to compare the results with use in practice.

We wanted to look at leaching from decayed wood. For this investigation we got some
old treated stakes from the Swedish University of Agricultural Sciences, SLU. We got
stakes treated with different preservatives, but in this paper we only report the results
from the stakes treated with CCA.

Aim

The aim of this study was to find:
1. The remaining preservative in field test stakes after they have been rejected
(index of decay = 100%).
2. The leaching in the different part of the stake (above the ground-line, in the
ground-line and under-ground line).

Material and methods
General

The stakes used in the Nordic fields are tested mechanically. When they brake under a
certain weight, they are rejected. We received both the top and bottom part of each
rejected stake. We determined the density for each stake and analysed the amount of
Cu, Cr and As in both the top part and the bottom part individually. We also took out
a small sample of the top, middle and bottom part for leaching investigations.

Stakes

The stakes are Scots Pine (Pinus sylvestris L.) sapwood with dimensions

20 x 50 x 500 mm. with the length along the grain. They were exposed in two different
test fields, Simldngsdalen in the southern part of Sweden and Ultuna ouside Uppsala,
north of Stockholm.

Preservative

The preservative used was Boliden K33 with retentions from 12 kg/m3 sapwood to
23 kg/m3. The preservative had the formulation seen in Table 1

CuO 148 %
CrO; 26,6 %
As2)Os5 340 %
H>O 246 %.

1000 %

Table 1. Formulation of K33 70



Analysing samples from the stakes

From the stakes we cut out samples as seen in Figure 1 for analysis and leaching tests.

10 cm

10cm | B bttom

Figure 1. Analysing samples from the stakes

The round samples were taken with a bung borer (18 mm diameter) 10 cm from each
end. Just on the inside of these samples we cut cross-sections with a thickness of
approx. 5 mm for the leaching tests. From the decayed zone in the middle of the stake
we also cut a cross-section for a leaching test.

Determination of the density

All the samples were used for the density determination of each stake. The top part
and bottom part were determined individually. The samples were dried in an oven to
103 °C for 24 hours and weighed to constant weight to the nearest mg. The content of
K33-salt (approx. 75 % of the originally retention) was subtracted from the weight.

Analysing of the remaining preservative

All the samples from the boring were analysed for Cu, Cr and As content. The samples
were milled and dried for 24 hours. A weighed amount of the milled wood was
digested in a solution of concentrated sulphuric acid and hydrogen peroxide 1:2. The
solution was diluted and analysed in a Perkin-Elmer 1100B Atomic Absorption
Spectrophotometer (AAS).

Leaching of the cross section samples

The whole cross-section sample was put in water (taken from a nearby creek) in an
Erlenmeyer flask. The amount of water to dried sample was 25:1 (w/w). The pH of the
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water was 5,9. The flasks were lightly shaken twice a day. After 65 hours the water was
filtered and analysed for Cu, Cr and As content in AAS.

Results

The stakes had been exposed in two different test fields - in Simldngsdalen and in
Ultuna. The stakes from Ultuna had earlier been in two different fields, from 1957 to
1971 in Ljungbyholm, from 1971 to 1984 in Vassmoldsa and from 1984 to 1991 in
Ultuna.

Table 2. The data for the different stakes

Stake Stake SLU* Field Year of Year Dura- Concen- Calculated
sample No. Test start when bility tration retention in
No. No. rejected years  of the kg/m?
preser-  sapwood
vative
1 4707 4A Simldngsdalen 1948 1991 43 1,9 124
2 650027 28A Simldngsdalen 1965 1985 20 1,8 11,9
3 670012 37A Simldngsdalen 1967 1990 23 3,0 18,6
4 4738 4A Ultuna 1948 1991 43 3,0 20,3
5 11711 19A Ultuna 1957 1991 34 3,2 20,8
6 11713 19A Ultuna 1957 1991 34 3,2 22,9
7 11718 19A Ultuna 1957 1991 34 3,2 20,2

*SLU is The Swedish University of Agricultural Sciences

The density of the top and bottom part of the stakes are shown in Table 3.

Table 3. The basic density prior to treatment and oven-dry density of the boring
samples in the different stakes’ top- and bottom parts after exposure

Stake  Basic density Top (T) Oven-dry
sample kg/m? Bottom (B density
No. (10 % MC)* kg/m?>
1 513 T 489
1 513 B 497
2 ? T 509
2 ? B 510
3 536 T 549
3 536 B 566
4 495 T 501
4 495 B 505
5 473 T 512
5 473 B 490
6 407 T 447
6 407 B 413
7 473 T 504
7 473 B 509

*We do not know the exact MC in the stakes before treatment. We used 10 % MC.
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Table 4. The density in the cross-section for leaching tests in the stakes’ top- (T),

middle- (M) and bottom (B) parts

Stake  Basic density Top(T)  Oven-dry.

sample kg/m3 Middle (M) density

No. (10 % MO Bottom (B kg/m>
487

433
487
486
473
479
572
559
527
509
473
482
491
461
464
427
408
410
481
475
466
*We do not know the exact MC in the stakes before treatment. We used 10 % MC.

1 513

3 536

4 495

5 473

6 407

7 473

WP T AI TR RIFLI RIS

Based on these oven-dry densities, we analysed the Cu-, Cr- and As-content and
calculated the salt retention based on each metal, see Table 5.

Table 5. Retention of salt in the stakes’ top- and bottom part based on each metal

Stake Top(T) Original Content  Content Content Resid Cu Resid Cr Resid As
sample Bottom retention basedon basedon basedon as%of as%of as% of

No (B) kg/m> Cucontent Crcontent Ascontent original original original

kg/ m3 kg/ m3 kg/ m3 retention retention retention
1 T 12,4 9,1 12,6 11,2 73,8 101,9 90,0
1 B 12,4 11,0 12,9 10,6 88,9 104,3 85,7
2 T 11,9 8,0 9,0 6,8 67,3 76,0 57,2
2 B 11,9 9,3 9,5 72 78,3 80,0 60,7
3 T 18,6 154 14,2 13,9 82,7 76,5 74,8
3 B 18,6 14,2 » 14,9 13,4 76,4 80,1 72,1
4 T 20,3 19,3 20,5 18,2 95,1 100,9 89,4
4 B 20,3 17,7 18,1 19,0 87,3 89,0 93,5
5 T 20,8 154 17,0 16,0 74,0 81,8 76,9
5 B 20,8 144 12,8 14,0 69,2 61,7 67,2
6 T 22,9 16,4 16,7 16,1 71,5 72,7 70,1
6 B 22,9 14,3 14,3 15,0 62,5 62,6 65,5
7 T 20,2 16,6 15,4 16,1 82,0 76,2 79,9
7 B 20,2 13,4 14,1 14,0 66,5 69,7 69,5
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Table 6. Amount of Cu, Cr and As leached from the stakes in the top-, middle- and
bottom-part.

Stake Test field Top (T) Leached Leached Leached
sample Middle (M) mgCu/g mgCr/g mgAs/g
No. Bottom (B) sample  sample  sample
T 0,038 0,011 0,262
1 Simlingsdalen M 0,025 0,007 0,123
B 0,035 0,007 0,224
T 0,051 0,010 0,158
2 Simldngsdalen M 0,034 0,008 0,110
B 0,025 0,004 0,172
T 0,092 0,015 0,382
3 Simldngsdalen M 0,026 0,006 0,213
B 0,028 0,005 0,259
T 0,075 0,015 0,464
4 Ultuna M 0,009 0,002 0,176
B 0,009 0,002 0,211
T 0,125 0,020 0,642
5 Ultuna M 0,011 0,002 0,129
B 0,007 0,001 0,156
T 0,099 0,016 0,576
6 Ultuna M 0,011 0,002 0,208
B 0,012 0,002 0,205
T 0,079 0,016 0,509
7 Ultuna M 0,013 0,002 0,126
B 0,007 0,002 0,115

Discussion of the results

As seen in Tables 4 and 5 the densities calculated as the oven-dry density in the
exposed stakes differ between the borings and the cross-section samples and from the
basic density of the stakes before treatment. This is because different sized samples
were used and the exact moisture content in the samples before treatment was not
known. The basic density uses the wet volume, while the oven-dry density uses the
dry volume.

In most cases the density decreases after exposure. This is to be expected.

Because of the reduction in the density of the stakes, metals with a low leaching can
have a content higher than 100 %, see chromium in Table 5 stake samples 1 and 4.

From the results in Table 5, we see that the leaching during exposure in ground
contact differs from stake to stake. The average content of remaining metal in % of
original retention is for copper 76,8 %, for chromium 81,0 % and for arsenic 75,2 %.
That gives an average leaching equal to 25 % of the salt. The analysed samples,
however, have a great volume compared to the exposed area, see the discussion to the
two studies. The number of years the stakes have been exposed and the original
retention do not seem to have great influence on the leaching, see Figure. 2.
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Figure 2. Diagram of the remaining amount of copper, chromium and arsenic in

the top and bottom part of the stakes. S=Simlingsdalen and U=Ultuna.
The top part of the stakes normally have most preservative left.

The results from the leaching show some interesting effects. The remaining amounts
of preservative are more or less the same for the different fields. But when we leach
the samples from the different stakes, we find that the stakes from Simldngsdalen lost
the same amount of metal from the top and bottom part, while the middle (the
decayed part) lost less. In the stakes from Ultuna, however, the amounts leached from
the top part of the stakes were more than double of those from the middle and bottom
parts.

The preservative is the same, the retention is the same, the wood species is the same,
but the test fields differ. We have so far not found any explanation for this great
difference in leaching. We will later have to look into the acidity of the rain and the
earth composition. The samples from Ultuna were moved between three different
fields. Will this have influenced the leaching?
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Conclusions

Stakes exposed from 20 to 43 years in test fields, have during exposure lost on average
25 % of the original retention of preservative. The top and bottom part of the stakes
from one of the test fields (Simldngsdalen) have still experienced mild leaching
(Average: 0,04 mg Cu/g sample, 0,008 mg Cr/g sample and 0,211 mg As/g sample). The
stakes from Ultuna have a greater losses from the top part compared with the middle
and bottom parts (Average from the top part: 0,095 mg Cu/g sample, 0,017 mg Cr/g
sample and 0,548 mg As/g sample. Average from the middle and bottom part: 0,01 mg
Cu/g sample, 0,002 mg Cr/g sample and 0,166 mg As/g sample).

Study 2

Background

Swedish authorities are concerned about the diffuse spread of preservatives from
treated wood by leaching during service. There is, however, a lack of knowledge in
this area. Many laboratory leaching tests have been published showing different
results due to leaching procedures. Furthermore, these tests involve small samples
and the results can not be translated to leaching from heavier constructions. Analyses
have also been carried out on field test stakes (Jin 1993) and some analyses have been
carried out on poles after different service times (Nurmi 1993).

To improve our knowledge about leaching during service studies must be made in

different climates, different soils, with treated wood where the initial retention and
perhaps preservative gradient in the wood is known. The size of the treated wood is
also important for the total leaching during service.

To add to our knowledge a study was carried out at the Swedish Wood Preservation
Institute using old stakes rejected from test fields in Sweden.

Aim

The aim of the study was to find
1. the total loss of preservative from some salt treated stakes exposed in test fields
until rejected
2. the remaining preservative

Material and methods

Pine stakes (Pinus sylvestris) with dimensions 20x50x500 mm were treated with
Boliden K33, a CCA preservative, see Table 1. The retention was measured by
weighing the stakes before and after impregnation with a solution of known
concentration. The stakes were exposed in three different fields, Simldngsdalen in the
southern part of Sweden, Ultuna outside Uppsala and Bogesund near Stockholm,
until they were so decayed that they were rejected.
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When rejected, the stakes were broken into two pieces, one from in ground and from
one above gound. The two pieces were dried, weighed and ground separately. The
content of copper, chromium and arsenic was analysed by the Swedish National
Testing and Research Institute using X-ray fluorescence.

The total amount of copper, chromium and arsenic was calculated for the freshly
treated stakes as well as for the two pieces after exposure. The differences have been
calculated as the loss of preservative to the environment. The stakes were so decayed
that some of the wooden material in the ground-line zone has been lost and the
remaining wood volume was less than the volume of the freshly treated stakes. The
remaining content of preservative in the remaining parts of the stakes have also been
calculated. '

Results

The weight loss is shown in Table 7 and the total loss of copper, chromium and
arsenic is 50% , -4% and 36% on average, see Table 8. The remaining per cent of
copper, chromium and arsenic in the two parts of the rejected stakes are 53% copper,
112% chromium and 68% arsenic, see Table 9. Looking at the top and bottom part of
the stakes the leaching is equal for three of the stakes while it is much higher in the
top part of two of the stakes exposed in Simldngsdalen.

Table 7. Total weight loss of rejected field test stakes treated with CCA

S take nr Exposure Age (years) Retention Initial dry = Weight after Weight loss

field Kg/m3 weight (g)  exposure (g) (g)
1 S 24 10 256 241 15
2 U 35 23 216 208 8
3 B 33 25 255 241 14
4 S 44 21 241 217 24
5 S 44 12 259 232 27

S = Simldngsdalen U = Ultuna B = Bogesund

Tabell 8. Total loss of copper, chromium and arsenic from rejected field test stakes

Stake nr  Initial amount (g) Final amount (g) Total loss (%)
Cu Cr As Cu Cr As Cu Cr As
1A 0,16 0,34 0,26
1B 0,14 0,32 0,25
Total 0,59 0,69 1,11 0,30 0,66 0,51 49 4,3 54
2A 0,49 0,84 0,96
2B 0,34 0,63 0,68
Total 1,33 1,56 2,51 0,84 1,47 1,64 38 6,0 34
3A 0,35 0,93 1,03
3B 041 1,08 1,11
Total 1,49 1,74 2,81 0,76 2,01 2,14 49 -16 24
4A 0,11 0,55 0,51
4B 0,48 0,98 1,20
Total 1,24 1,45 2,33 0,59 1,53 1,71 52 -5,6 26
5A 0,09 0,45 0,34
5B 0,20 0,44 0,43
Total 0,70 0,82 1,32 0,28 0,89 0,77 60 -8,7 42
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Table 9. Content of copper, chromium and arsenic before and after exposure and
remaining components after exposure

Stake nr Initial amount (% W/W) Final amount (% W/W) Remaining (%)

Cu Cr As Cu Cr As Cu Cr As
1A 0,23 0,27 0,43 0,12 0,26 0,20 52 97 46
1B 0,23 0,27 0,43 0,13 0,29 0,23 56 108 53
2A 0,62 0,72 1,16 0,44 0,75 0,86 71 104 74
2B 0,62 0,72 1,16 0,35 0,65 0,71 57 90 61
3A 0,59 0,69 1,10 0,29 0,78 0,86 49 113 78
3B 0,59 0,69 1,10 0,34 0,89 0,91 58 130 83
4A 0,51 0,60 0,97 0,14 0,68 0,64 27 113 66
4B 0,51 0,60 0,97 0,35 0,72 0,88 68 120 91
5A 0,27 0,32 0,51 0,07 0,37 0,28 26 117 55
5B 0,27 032 0,51 0,18 0,40 0,39 66 126 77

Discussion

The samples were small field test stakes and the total leaching from these stakes was
probably much greater per volume than would be from heavier constructions. The
end-grain effect with more leaching is also more dominant in small dimension
samples.

The initial retention of preservatives (kg/m3 and % w/w) was only calculated by
weighing the stakes before and after impregnation with a solution of known
concentration. No chemical analyses were carried out. This causes some uncertainty
about the initial amounts of copper, chromium and arsenic in the stakes.

After exposure, the density of the stakes was lower than in the freshly treated stakes.
The analyses after exposure were calculated as % w/w. This can explaine the negative
loss of chromium from the stakes, Table 8.

We have found no good explanation re the high losses of preservative from the top
parts of stake 4 and 5 exposed in Simldngsdalen.

Discussion of the different result from studies 1 and 2

In the two studies described in this document we have used different methods to find
the remaining amount of preservative. In study 1 we took out a part of the stake and
analysed it for the content of Cu, Cr and As. In study 2 we ground the whole stake and
analysed it for the content of Cu, Cr and As. As seen the remaining amounts of
preservative found differ a lot even if the wood species is the same, the preservative is
the same and the test fields are the same. But the samples used for analysis were
different in the two studies and also the methods of analysis were different.
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In study 1 we took a small sample from the stake. This sample has only a little surface
that has been exposed, while in the study 2 the whole stake was analysed and therefore
has a greater exposed surface. During exposure the leaching will be greater from the
surface than from within the sample.

The field stakes have a greater surface area to volume ratio because of their
dimentions. Treated wood in use will usually have a smaller surface area to volume

ratio.

In the following Table we compare the samples analysed in the two studies and a 10
metre pole with a diameter of 20 cm.

Table 10 Comparison of exposed surfaces and volumes

Sample Surface v Volume Surface/Volume
an? am?

Stake study 2 720,00 500,00 1,44
(100 % sapwood)

Disc study 1 5,09 50,89 0,10
(100 % sapwood)

Pole 10 m long and 63 460,17 157 079,63 0,40
20 cm diameter
(50 % sapwood)

As seen from Table 10 the samples analysed in study 1 have a surface to volume ratio
nearer to that of a pole than the sample analysed in study 2. The results from study 2
therefore show much higher leaching than would happen from a pole during use.
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Summary

Field test stakes treated with Boliden K33 (copper, chromium and arsenic) and
Cuprinol Tryck (CT86) (copper and N-alkylbenzyldimethylammoniumchloride)
respectively were exposed in ground contact at two different test fields in Sweden and
rejected due to decay after 2 to 28 years. Stakes treated with the same preservatives
were also exposed during 7 years above ground. The test stakes have been analysed
regarding remaining preservatives in different parts of the stakes.

As a reference, unexposed stakes were analysed regarding retention and gradient of the
two preservatives in the stakes.

There was a gradient in the concentration of preservatives in the unexposed stakes,
the gradient being greater for CT86 than for CCA.

The remaining preservatives in stakes treated with CCA and CT86 differ depending on
preservative used and how they were exposed in the field. Least preservative was
found in the end grain and there was an indication of a redistribution of preservatives
from the inner part of the stakes to the outer part. Leaching from stakes exposed
horizontally above ground was not less than that from stakes in ground contact.

Background

In Document No IRG/WP 93 - 50013 (Evans 1993) two different studies on leaching
from CCA-treated field test stakes were presented. The results differed due to method
of analysis and the results focused on the importance of sampling and methods of
analysis as well as the necessity of being careful when evaluating leaching results.

During discussions on the paper the question was raised whether the initial gradient
of preservative in the stakes was the reason for the different results.

The results in Document No IRG/WP 93 - 50013 also showed different leachability of
the remaining preservative in stakes exposed in different fields. Whether this was just
accidental could not be determined from the few stakes analysed. Complementary
analyses to clarify this matter were therefore carried out in this study.
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In Sweden practically all use of wood treated with preservatives containing chromium
and arsenic is banned for constructions above ground as per 1 January 1994. Several
chromium and arsenic free preservatives are available. CT86, however, is the
preservative that has been used for several years and where experience and field test
results are known. As CT86 is one of the preservatives that to a great extent will be
used in above ground constructions in Sweden, it would be of interest to know the
distribution and leaching characteristics for this preservative in the treated wood.

Aim
The aim of this study was to determine:

The distribution of preservatives in the stakes before and after exposure.

2. Leaching of preservatives from stakes exposed in different fields in ground
contact and above ground, by analysing the remaining preservative.

3. How to carry out sampling to obtain a true picture of leaching.

Material and methods
General

Field test stakes treated with Boliden K33 (copper, chromium and arsenic) and
Cuprinol Tryck CT86 (copper and N-alkylbenzyldimetylammoniumchloride)
respectively were exposed in ground contact in two different test fields in Sweden and
rejected due to decay after 2 to 28 years. Test stakes treated with the same preservatives
were exposed during 7 years above ground. The test stakes have been analysed
regarding leaching and remaining preservatives.

As a reference unexposed stakes were analysed regarding retention and gradient of the
two preservatives in the stakes.

Stakes

The exposed stakes were Scots Pine (Pinus sylvestris L.) sapwood with dimensions
20 x 50 x 500 mm with length along the grain. The stakes in this study were decayed in
the ground line zone, but fairly sound above and under this zone.

The stakes exposed above ground were exposed 7 years, and were still sound when
sampled.

The unexposed stakes were Scots Pine (Pinus sylvestris L.) sapwood, all but one with
dimensions 25 x 50 x 500 mm and one with dimensions 20 x 50 x 500 mm.

Until 1986, test stakes in the Nordic countries had dimensions 20 x 50 x 500 mm and
all older test stakes are of this size following the NWPC-standard (NWPC 1971).
However, since 1986 the tests are carried out according to EN 252 where the dimension
shall be 25 x 50 x 500 mm. For several years both dimensions were used in the Nordic
fields. Apart from the dimensions of the stakes and reference preservatives the test
procedure is practically the same following the older NWPC- standard or EN 252.
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Exposure

Stakes tested in ground contact were exposed in two different fields, Simlangsdalen in
the southern part of Sweden and Ultuna near Uppsala, north of Stockholm.

The field in Simldngsdalen has a sandy soil and a high precipitation, approximately
1000 mm per year. The field in Ultuna consists of clay and the precipitation is about
500 mm per year.

The stakes out of ground were exposed horizontally on a roof of a building in the
southern part of Stockholm, where the annual precipitation is similar to that in
Ultuna.

Preservatives

The stakes treated with Boliden K33 had an initial retention of about 12 kg/m3
sapwood. The preservative had the formulation seen in Table 1.

Table 1  Formulation of K33
CuO 14,8 %
CO3 266 %
AspOs 34,0 %
H>O 24,6 %

1000 %

Stakes treated with CT86 had an initial retention of 18 or 28 kg/m?3 sapwood. The
formulation is presented in Table 2. '

Table 2 Formulation of CT86

Tetraamincopper-

dihydrocarbonate 38,0 - 44,0%
N-alkylbenzyldimetyl-
ammoniumchloride 4,8%
HO 51,2 - 57,2%

100%

Analyses of samples from stakes

From the unexposed stakes and the field test stakes, samples were cut out as seen in
Figure 1 for analyses and leaching tests.
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Figure 1.  Analyses of samples taken from the unexposed stakes and stakes exposed
in ground contact.

Cross-sections with a thickness of approximately 5 mm were cut from the ends of the
stakes and 100 resp. 200 mm from the ends. These cross-sections were cut into inner
and outer parts before analyses.

From stakes exposed in Simladngsdalen and Ultuna, cross-sections for leaching tests
were cut with a thickness of approximately 5 mm taken 100 mm from each end.

For unexposed stakes we assumed that the gradient was the same from each end of the
stake and therefore analysed only the samples from one half of the stake.

The stakes exposed above ground were cut into upper and lower parts, see Figure 2.

Also here we assumed that the leaching was the same from each end and analysed
only one half of the stakes.
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Figure 2.  Analyses of samples taken from stakes exposed above ground .

Analyses of preservatives

All the samples were analysed for copper, or copper, chromium and arsenic content.
The samples were milled and dried for 24 hours. A weighed amount of the milled
wood was digested in a solution of concentrated sulphuric acid and hydrogen peroxide
(1:2) and mixed with nitric acid and perchloric acid (AWPA A7-75 and AWPA A11-83).
The solution was diluted and analysed in a Perkin-Elmer 1100B Atomic Absorption
Spectrophotometer (AAS). The contents of copper, chromium and arsenic are
calculated as percent (w/w).

Calculating the initial retention and leaching

All stakes were treated with preservatives of known concentrations. The stakes were
weighed before and after impregnation, and the average retention for each stake was
calculated.

The distribution of the preservative was determined for each preservative by the
analyses of unexposed stakes. We assume that the distribution of the preservatives
was the same in all stakes after treatment and before exposure.
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The results of the chemical analyses of the exposed stakes were compared to the
calculated initial retention and distribution of the preservative, and the percentage of
the remaining amount of copper, chromium and arsenic was calculated.

Leaching of cross-section samples

The whole cross-section sample was put in water (taken from a nearby creek) in an
Erlenmeyer flask. The amount of water to dried sample was 25:1 (w/w). The pH of the
water was 5,7. The flasks were lightly shaken twice a day. After 48 hours the water was
filtered and analysed for copper, chromium and arsenic content using AAS.

The remaining amount of preservative before the leaching procedure is that of the
adjacent sample. The loss of preservative after the leaching procedure is calculated as
percentage of the remaining amount before leaching.

Determination of the density

In the upper part of all exposed stakes a bore sample was taken and used for density
determination, see Figure 1 and 2. The samples were dried in an oven at 103 °C for 24
hours to constant weight and weighed to the nearest mg. The content of salt
(approximately 75 % of the original retention) was subtracted from the weight.

Results

Distribution of preservatives in the stakes

Unexposed stakes

The relative distributions of the preservative components in the unexposed stakes are
presented in Tables 3 and 4. The retention calculated from the initial weights and the
analysed amounts of preservatives (% w/w) in the different samples are presented in
the Appendix, pages 15 and 16.

Table 3 The distribution of the elements copper, chromium arsenic in unexposed
CCA-treated stakes.

Stake| Total % element in the stake Samples taken| The outer part The inner part
no. [retention| calculated from the retention in mm from % of calculated | % of calculated
kg/m?® Cu Cr As one end* Cu | Cr ] As | Gu | Cr | As
0-5 159 | 210 | 217 | 134 | 193 | 167
1 11,62 0,27 0,31 0,50 100 - 105 92 1121 | 102 | 81 | 88 | 76
205-210 95 | 128 1 101 | 86 | 98 | 77
0-5 164 | 256 | 178 | 129 | 241 | 155
2 11,17 0,27 0,32 0,50 100 - 105 94 | 115 | 91 | 92 | 113} 83
205 -210 92 1105|106 | 77 | 73 | 69
0-5 113 | 143 | 134 | 131 | 138 | 129
3**+ 1 11,96 0,29 0,33 0,54 100 - 105 97 | 105|104 | 89 | 94 | 88
027 | 033* | 054 205 - 210 93 194 |103) 79 | 67 | 76

L]

Only half the stake samples in fig. 1 are analysed, since we expect the same distribution from each end.

** Average result from analysing three samples after milling the whole stake. This is a control for the calculated
retention.

*** This stake (20 x 50 x 500 mm) was used as reference to exposed stakes in tables 5 and 6.
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The retention of CCA in the end samples is about 1,5 times as high as the retention in
the rest of the stake. The retention in the outer and the inner part of the cross-section
differs by about 20 %.

Table 4 The distribution of copper in unexposed CT86-stakes.

Stake | Total % element Samples | The outer part % | The inner part
no. Jretention| calculated from | taken in of calculated |% of calculated
the retention mm from
kg/m? Cu oneend.* Cu Cu
0-5 294 215
4 18,32 0,37 100 - 105 89 67
205-210 82 60
0-5 383 224
5 17,08 0,34 100 - 105 116 72
205 -210 118 62

*  Only half the stake samples in fig. 1 is analysed, since we expect the same distribution from each end.

In the CT86-treated stakes the gradient is higher. In the end samples the retention is
about three times as high as in the rest of the stake, and the retention in the outer part
is about 1,5 times as high as in the inner part.

The distribution pattern in these unexposed stakes is assumed to be relevant for the
initial distribution in the exposed stakes.

Leaching during exposure

Stakes exposed in ground contact

The remaining amount of the different components expressed as percentage of the
assumed initial retention along the stakes is presented in Tables 5, 6 and 7. The
retention calculated from the initial weights and the analysed amounts of
preservatives in the different samples are presented in Appendix, pages 17 - 22.
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Table 5 The distribution of the remaining elements in % of assumed initial amount
(see table 3) in CCA-stakes exposed in ground contact in Simlingsdalen.

Stake| Total | % element calculated from the |Samples taken | The outer part The inner part
no. [retention total retention in mm from % of expected % of expected

kg/m3 Cu Cr As the top Cu | Cr | As | Cu | Cr | As

0-5* 8 117 | 44 8 117 | 44

205-210 73 | 130 | 74 | 100 | 110 | 70

6 12,43 0,26 0,31 0,49 290 - 295 57 | 133 { 72 | 72 | 104 | 58

395 - 400 64 | 116 | 71 86 95 68
495 - 500 41 126 | 73 37 {111 | 70

0-5* 8 93 28 8 93 28
100- 105 64 | 112 | 66 | 107 | 101 | 73
205 - 210 47 | 122 | 57 93 118 | 68
7 11,52 0,29 0,34 0,54 290 - 295 52 1 123 | 62 89 130 | 73
395 - 400 57 | 102 { 65 85 99 67
495 - 500 41 134 | 75 41 116 | 71

0-5* 7 128 | 42 7 128 | 42
100 - 105 64 {123 | 7 100 { 73 60
205-210 54 | 137 | 74 81 97 63
8 11,14 0,25 0,30 0,47 290 - 295 55 | 150 | 77 79 | 105 | 66
395 - 400 58 | 129 | 86 74 78 56
495 - 500 34 ] 159 | 91 31 124 | 71

0-5* 9 140 | 59 9 140 | 59

100 - 105 73 | 125 | 78 98 71 66

205 - 210* 75 | 108 | 67 75 | 108 | 67

9 11,14 0,25 0,30 0,47 290 - 295 71 150 | 81 98 | 111 | 81

395 - 400 90 | 144 | 95 90 95 73
495 - 500 51 140 | 89 46 | 115 | 78

0-5* 7 122 | 47 7 122 | 47
100 - 105 59 | 123 | 61 88 77 59
205-210 50 | 144 | 59 84 98 56
10 12,20 0,31 0,36 0,58 290 - 295 66 | 145 | 77 80 89 55
395 - 400 80 | 132 | 81 79 84 53
495 - 500 59 | 106 | 93 47 {114 | 71

*

These samples are analysed as one cross-section because it was impossible to separate the outer and inner part.

In the CCA-treated stakes exposed in Simlangsdalen (Table 5) about 50 % of the
arsenic, 10 % of the copper and practically all chromium remained in the upper 5 mm
of samples. In the lower end samples, exposed in ground, about 70-80 % arsenic, 50 %
copper and all chromium remained. From the rest of the stakes 60-70 % of copper and
chromium remained. It was no great difference between leaching from the inner and
outer part of the cross-sections.
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Table 6 ~The distribution of the remaining elements in % of assumed initial amount
(see table 3) in CCA-stakes exposed in ground contact in Ultuna.

Stake| Total [ % element calculated from the |Samples taken| The outer part The inner part
no. |retention total retention In mm from % of expected % of expected

kg/m3 Cu Cr As the top Cu Cr | As | Cu Cr | As

0-5 53 | 110 | 58 | 52 | 104 | 58

100 - 105 106 | 95 88 | 105 | 86 101
205-210 103 } 109 | 91 90 102 | 86
11 14,80 0,36 0,42 0,68 290 - 295 102 | 122 | 84 92 104 | 77
395 - 400 102 | 110 | 84 95 92 82
495 - 500 121 | 160 | 132 | 89 128 | 104

0-5 59 | 133 | 69 55 136 | 63
100 - 105 120 | 114 | 109 | 97 80 93
205-210 111 § 124 | 103 | 55 67 51
12 14,32 0,32 0,38 0,61 290 - 295 106 | 122 | 94 58 74 49
395 - 400 114 | 127 {1 102 | 89 84 74
495 - 500 116 | 147 | 110 | 97 125 | 108

0-5* 95 | 124 } 72 95 124 | 72
100 - 105 98 96 53 94 124 | 83
205 -210 102 | 108 1 83 | 101 | 119 | 86
13 12,80 0,29 0,34 0,54 290 - 295 94 | 116 | 76 91 113 | 75
395 -400 94 106 | 78 78 79 61
495 - 500 107 | 119 | 90 92 114 | 88

0-5* 72 | 124 | 68 72 124 | 68
100 - 105 114 | 104 | 91 84 74 74
205-210 99 | 115 | 86 86 113 | 76
14 12,80 0,29 0,34 0,54 290 - 295 111 | 149 | 89 | 106 | 131 | 88
395 - 400 104 |} 115 | 86 88 89 70
495 - 500 108 | 133 | 106 | 81 126 | 93

*  These samples are analysed as one cross-section because it was impossible to separate the outer and inner part.

In the outer part of the CCA-treated stakes exposed in Ultuna (Table 6) the remaining
amount of copper and chromium is practically 100 % and of arsenic 80-90 % of the
assumed initial retention. In the inner part the remaining copper is about 80-90 % and
arsenic 70-90 %. The leaching from the upper end samples was higher.
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Table 7 The distribution of the remaining copper in % of assumed initial amount
(see table 4) in CT86-stakes exposed in ground contact in Simlingsdalen.

Stake | Total |% element calculated] Samples |The outer part % | The inner part
no. |retention from the total taken in of expected % of expected
retention mm from
kg/m3 Cu the top Cu Cu
0-5 20 30
100 - 105 94 110
205 - 210 103 113
15 17,24 0,30 290 - 295 * *
395 - 400 73 86
495 - 500 73 87
0-5 17 22
100- 105 83 102
205 - 210 131 117
16 17,76 0,33 290 - 295 * *
395 - 400 73 79
495 - 500 24 37

*

It was impossible to cut samples from this part of the stakes because of rot.

Stakes treated with CT86 have only been exposed in Simldngsdalen. The loss of copper
from the upper end samples (Table 7) was 80 %; from the rest of the stake above
ground line 10-20 % and under ground line about 30 %.

Stakes exposed above ground

The remaining amount of different components expressed as percentage of the
assumed initial retention along the stakes are presented in Tables 8 and 9. The
retention calculated from the initial weights and the analysed amounts of
preservatives in the different samples are presented in the Appendix, pages 22 and 23.

Table 8 The distribution of the different elements in % of expected amount (see
table 3) in stakes exposed above ground in Stockholm.

Stake| Total | % element calculated from the |Samples taken | The exposed side |The unexposed side
no. |retention total retention in mm from in % of expected | in % of expected
kg/m3 Cu Cr As one end* Cu | Cr | As | Gu | Cr | As
0-5 17 | 80 | 46 | 24 | 84 | 56
17 | 12,96 0,31 0,36 0,58 100 - 105 52 { 81 | 52 | 89 | 105 | 69
205 -210 46 1 119 | 60 86 122 | 72
0-5 15 | 71 | 45 | 21 | 82 | 60
18 11,52 0,24 0,28 0,45 100 - 105 5 | 72 | 45 | 95 | 110 | 75
205 - 210 56 § 96 | 55 | 127 | 127 | 90

*

Only half the stake samples in fig. 1 are analysed, since we expect the same distribution from each end.

92




11

Table 9 The distribution of the remaining copper in % of assumed initial amount
(see_table 4) in CT86-stakes exposed above ground contact in Stockholm.

Stake | Total |% element calculated | Samples |The exposed side | The unexposed side
no. |retention from the total taken in | in % of expected | in % of expected
retention mm from
kg/m? Cu one end* Cu Cu
0-5 11 13
19 28,64 0,57 100 - 105 69 100
205 - 210 57 80
0-5 11 14
20 27,36 0,58 100 - 105 59 82
205-210 66 96

»

Only half the stake samples in fig. 1 are analysed, since we expect the same distribution from each end.

From the exposed upper side of the stakes the loss of preservatives is more
comprehensible than loss from the lower side, and the end samples have lost more
preservatives than the rest of the stakes.

Leaching from the cross-section samples
The results of the leaching experiments for cross-sections are presented in Table 10.

Table 10 The amount of elements in % of remaining content after exposure in
Simldngsdalen (S) and Ultuna (U) that leached from a cross-section of the
stake above and below ground level.

Stake{Field] Total |[% element of remaining content* | % element of remaining content* in
no. retention| in sample that leached above | sample that leached below ground
ground

. kg/m3 Cu Cr As Cu Cr As
6 S 12,43 33 0,5 52 0,9 0,2 4,0
7 S 11,52 1,6 0,2 2,5 0,2 0,1 2,0
8 S 11,14 2,7 0,4 4,1 0,8 0,1 3,5
9 S 11,14 2,5 0,4 4,4 0,4 0,1 3,0
10 S 12,20 24 0.3 4,2 0,3 0,0 24
11 U 14,80 33 0,5 9,5 0,2 01 2,8
12 U 14,32 4,3 0,8 9,9 0,3 0,1 2,8
13 U 12,80 1,7 05 12,9 0,2 0,1 2,0
14 U 12,80 2,1 0,5 7,9 04 01 2,6

*

Remaining content is calculated from the sample taken 100 - 105 and 395-400 mm from the top
(see tables 5 and 6).

The loss of CCA during the leaching procedure is very low from the sample exposed
under ground line; less than 1 % of copper and chromium and 2-3 % of arsenic. From
the cross-section exposed over ground line the leaching is higher from stakes exposed
in Ultuna than from those exposed in Simlangsdalen.

The copper leaching from CT86 is higher than that from CCA, Table 11.
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Table 11 The amount of copper in % of remaining content after exposure in
Simlingsdalen (S) that leached from a cross-section of the CT86-stake above
and below ground level.

Stake|Field| Total |% element of remaining content* | % element of remaining content* in
no. retention| in sample that leached above | sample that leached below ground
ground
kg/m? Cu Gu
15 S 17,24 18,5 11,5
16 S 17,76 74 11,3

*  Remaining content is calculated from the sample taken 100 - 105 and 395400 mm from the top (see table 7).
Density

The density of the stakes before and after exposure is measured on bore cores, and the
result is seen for each stake in the Appendix.

Discussion of the results

The distribution of preservatives in the unexposed stakes was different for CCA and
CT86, and even in these small dimensions there is a gradient both along and
perpendicular to the grain. The gradient was greater in CT86 than in the CCA-treated
stakes, and with an extremely high retention in the end grain.

For CT86 only copper was analysed. The distribution of the co-biocide is not known.

The amount of copper from CT86 analysed in the different samples along the stakes
differs between stakes, and it can be assumed that there is an uneven distribution in
the total stake. This may be an explanation to the observations on strange decay
patterns in CT86-treated field test stakes in ground contact.

The densities of the above ground line parts of the stakes after exposure were
measured. In some cases the measured density is greater than the initial density
calculated from size and weight of the stakes before treatment. The uncertainty in the
figures can be explained by the difficulties in measuring the volume of the bore cores
taken, and the fact that the moisture content of the stakes before treatment, when the
volume was measured, was not exactly known. However, the results of the density
measurements show that there cannot have been any greater loss of wood due to
decay in the analysed zones of the stakes.

The loss of preservatives from CCA-treated stakes was higher in stakes exposed in
Simldngsdalen than in Ultuna. There is also a loss of preservatives from the inner
part of the stakes, indicating that there is a redistribution of preservatives within the
stakes during exposure.

In Simldngsdalen the ground is sandy soil with a pH around 4,5 and the precipitation
is high. In Ultuna the ground is clay, containing iron, aluminium and calcium, and
with a higher pH than in Simldngsdalen. The pH in combination with iron and
aluminium that combine with arsenic to insoluble compounds reduce the leaching
from the stakes. This may be the explanation of the high amount of remaining
preservative found in the outer part of the stakes from Ultuna.
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The loss of copper from CT86-treated stakes was extremely high from the ends. Even

these stakes indicate a redistribution of preservatives from the inner to the outer part
of the stakes during leaching.

The fixation of remaining preservatives was determined in the leaching test carried
out on samples above and under ground line from field test stakes exposed in
Simlangsdalen and Ultuna. For CCA, the results that differ greatly are those for above
ground line in the Ultuna stakes. These agree with the results from an earlier study
(Evans, 1993).

The differences between Simlangsdalen and Ultuna can also here be explained by
aluminium content in the clay. Aluminium may migrate into the stakes and fix the
arsenic.

The leaching from the end grain of the stakes exposed above ground was very high,

90 % for copper from CT86 (Table 9) and 80 % of the copper, 20 % of the chromium and
about 50 % of the arsenic from CCA (Table 9). In the rest of the stake the leaching was
higher from the exposed upper part than from the lower part, probably because the
upper part is more exposed to rain, and that there might be a distribution of preserva-
tives to the lower part of the stake.

The leaching may be critical for the durability of above ground constructions of treated
timber. The leaching pattern we found will not be simulated in the artificial leaching
procedure EN84. The result will therefore in our opinion supports a requirement for
field test of new preservatives, in ground contact as well as above, and not just a few
laboratory tests as suggested in the new European standard EN 599.

It seems extremely difficult to carry out sampling to get a true picture of leaching. This
will differ from case to case depending on preservative used, dimension of the treated
wood and how it has been exposed.

Conclusions

There is a gradient in the concentration of preservatives in the unexposed stakes and
the gradient is greater for CT86 than for CCA.

The leaching of preservatives from stakes treated with CCA and CT86 differs
depending on preservative used and field of exposure. The leaching is greatest from
the end grain and it also indicates a redistribution of preservatives from the inner part
of the stakes to the outer part. The leaching from stakes exposed horizontally above
ground is not less than from stakes in ground contact.

As the distribution of preservatives differs due to preservative used and conditions of

exposure, no recommendations can be given based on this study on how sampling
shall be carried out to give a representative result.
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The analysed data in % (w/w) for the different compounds.

Preser- | Stake no.|Retention]{ Dimension Exposure
Stake no. vative field kg/m3 (mm) Field {time (years)
1 K33 617 11,62 |25 x 50 x 500{Unexposed 0
Distance from end Outer part Inner part
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
0-5mm 0,4265 0,6613 1,0909 0,3605 0,6057 0,8403
100 - 105 mm 0,2461 0,3803 0,5148 0,2173 0,2764 0,3840
205 - 210 mm 0,2543 0,4041 0,5094 0,2304 0,3089 0,3887
0 - 500 mum (calculated)] 0,2690 0,3146 0,5028
Density Density
measured | calculated
Sample Cu (%) Cr (%) As (%) (kg/m3) | (kg/m3)
Bore core 0,2377 0,3146 0,4706 538 530
Preser- | Stake no.|Retention| Dimension Exposure
Stake no. vative field kg/m3 (mm) Field [time (years){
2 K33 635 11,17 125 x 50 x 500{Unexposed 0
Distance from end Outer part Inner part
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
0-5mm 0,4472 0,8136 0,9030 0,3509 0,7676 0,7855
100 - 105 mm 0,2567 0,3674 0,4622 0,2492 0,3594 0,4233
205 - 210 mm 0,2512 0,3342 0,5414 0,2083 0,2336 0,3532
0 - 500 mm (calculated)|] 0,2720 0,3181 0,5084
Density | Density
measured | calculated
Sample Cu (%) Cr (%) As (%) (kg/m3) | (kg/m3
Bore core 0,2469 0,3511 0,4281 529 505
Preser- | Stake no.|Retention| Dimension Exposure
Stake no. vative field kg/m3 (mm) Field Jtime (years)
3 K33 1530 11,96 |20 x 50 x 500[Unexposed 0
Distance from end Outer part Inner part
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
0-5mm 0,3243 0,4790 0,7189 0,3764 0,4609 0,6889
100 - 105 mm 0,2790 0,3524 0,5569 0,2537 0,3144 0,4700
205 - 210 mm 0,2654 0,3134 0,5497 0,2274 0,2258 04076
0 - 500 mm (analysed) | 0,2737 0,3272 0,5407
0 - 500 mm (calculated)] 0,2863 0,3348 0,5351
Density | Density
measured | calculated
Sample Cu (%) Cr (%) As (%) (kg/m3) | (kg/m3)
Bore core 0,2658 0,3391 0,4997 519 513
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Preser- | Stake no.{Retention| Dimension Exposure
Stake no. vative field kg/m3 (mm) Field [time (years)
4 CT86 30B 18,32 {25 x 50 x 500{Unexposed 0
Distance from end | Outer partjInner part
Cu (%) Cu (%)
0-5mm 1,1034 0,8071
100 - 105 mm 0,3346 0,2513
205 - 210 mm 0,3062 0,2234
0 - 500 mm (calculated)] 0,3749
Density Densitet
measured | calculated
Sample Cu (%) (kg/m3) | (kg/m3)
Bore core 0,2281 467 482
Preser- | Stake no.|Retention| Dimension Exposure
Stake no. vative field kg/m3 (mm) Field |[time (years)}
5 CT86 30D 17,08 |25 x 50 x 500 Unexposed 0
Distance from end | Outer part|Inner part
Cu (0/0) Cu (O/o)
0-5mm 1,2898 0,7563
100 - 105 mm 0,3905 0,2434
205 - 210 mm 0,3979 0,2102
0 - 500 mm (calculated)] 0,3369
Density Density
measured | calculated
Sample Cu (%) (kg/m3) { (kg/m3)
Bore core 0,2959 506 500
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Preser- | Stake no.|Retention| Dimension Exposure
Stake no. vative field kg/m3 (mm) Field |time (years)]
6 K33 74169 12,43 120 x 50 x 500|Simlangsd 19
Distance from end Outer part Inner part
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
0-5mm* 0,0261 0,5073 0,2841 0,0261 0,5073 0,2841
100 - 105 mm 0,2169 0,3623 0,3980 0,2696 0,2751 0,3821
205 - 210 mm 0,1774 0,3738 0,3719 0,2086 0,2273 0,2634
290 - 295 mm 0,1384 0,3813 0,3643 0,1499 0,2162 0,2187
395 - 400 mm 0,1633 0,3762 0,3635 0,2004 0,2742 0,2917
495 - 500 mm 0,1212 0,5558 0,4804 0,1275 0,4712 0,4425
0 - 500 mm (calculated)| 0,2626 0,3071 0,4910
* The whole cross-section is analysed.
Sample Above ground In ground
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
Bore core 0,2659 | 03396 [ 03981 02034 | 0,299 | 03381
Density | Density
measured |calculated
Sample (kg/m3) | (kg/m3)
Bore core above ground 552 581
Sample Leached above ground Leached in ground
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
Cross section 33 | 05 52 09 | 02 | 40
Preser- | Stake no.|Retention| Dimension Exposure
Stake no, vative field kg/m3 (mm) Field [time Lyears)‘
7 K33 650035 11,52 |20 x 50 x 500|Simlangsd | 28
Distance from end Outer part Inner part
Cu (%) Cr(%)  As(%) Cu (%) Cr (%) As (%)
0-5mm* 0,0286 0,4400 0,2004 0,0286 0,4400 0,2004
100 - 105 mm 0,1795 0,3977 0,3670 0,2721 0,3188 0,3465
205 - 210 mm 0,1256 0,3837 0,3124 0,2117 0,2672 0,2770
290 - 295 mm 0,1374 0,3884 0,3425 0,2032 0,2941 0,2972
395 - 400 mm 0,1590 0,3624 0,3644 0,2156 0,3117 0,3151
495 - 500 mm 0,1329 0,6457 0,5419 0,1558 0,5380 0,4910
0 - 500 mm (calculated)] 0,2873 0,3360 0,5369
* The whole cross-section is analysed.
Sample Above ground In ground
Cu(%) Cr(%) As(%) Cu (%) Cr (%) As (%)
Bore core 01689 | 03413 | 03171 02051 | 03102 | 03297
Density | Density
measured |calculated
Sample (kg/m3) | (kg/m3
Bore core above ground 534 492
Sample Leached above ground Leached in ground
Cu(%) Cr(%) As(%) Cu (%) Cr (%) As (%)
Cross section 16 | 02 | 25 02 | o1 | 20
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Preser- | Stake no.|Retention| Dimension Exposure
Stake no. vative field kg/m3 (mm) Field |[time (years)]
8 K33 750316 11,14 20 x 50 x 500{Simlangsd, 18
Distance from end Outer part Inner part
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
0-5mm 0,0218 0,5307 0,2619 0,0218 0,5307 0,2619
100 - 105 mm 0,1584 0,3830 0,3566 0,2246 0,2021 0,2489
205 - 210 mm 0,1260 0,3796 0,3588 0,1631 0,1928 0,2264
290 - 295 mm 0,1282 0,4133 0,3737 0,1582 0,2092 0,2376
395 - 400 mm 0,1422 0,4002 0,4242 0,1650 0,2161 0,2333
495 - 500 mm 0,0974 0,6718 0,5782 0,1036 0,5051 0,4302
0 - 500 mm (calculated)| 0,2523 0,2950 0,4716
* The whole cross-section is analysed.
Sample Above ground In ground
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
Bore core 02652 | 02964 | 03419 01741 | 03003 | 03365
Density | Density
measured |calculated
Sample (kg/m3) | (kg/m3)
Bore core above ground 548 521
Sample Leached above ground Leached in ground
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
Cross section 27 | 04 | 41 08 [ o1 | 35
Preser- | Stake no.|Retention| Dimension Exposure
Stake no. vative field kg/m3 (mm) Field [time (years)]
9 K33 750318 11,14  }20 x 50 x 500|Simlangsd. 18
Distance from end Outer part Inner part
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
0-5mm* 0,0271 0,5818 0,3703 0,0271 0,5818 0,3703
100 - 105 mm 0,1797 0,3898 0,3847 0,2201 0,1974 0,2747
205 - 210 mm* 0,1644 0,2644 0,2921 0,1644 0,2644 0,2921
290 - 295 mm 0,1670 04147 0,3914 0,1968 0,2213 0,2921
395 - 400 mm 0,2203 04472 0,4659 0,2010 0,2635 0,3006
495 - 500 mm 0,1457 0,5889 0,5655 0,1542 0,4687 0,4746
0 - 500 mm (calculated){ 0,2523 0,2950 0,4716
* The whole cross-section is analysed.
Sample Above ground In ground
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
Bore core 02944 | 03149 | 03848 01879 | 02997 | 073312
Density | Density
measured |calculated
Sample (kg/m3) | (kg/m3)
Bore core above groun 525 521
Sample Leached above ground Leached in ground
Cu (%) Cr(%) As(%) Cu (%) Cr (%) As (%)
Cross section 25 | 04 | 44 04 [ o1 ] 3,0
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Preser- | Stake no.|Retention| Dimension Exposure
Stake no. vative field kg/m3 {(mm) Field |time (years)
10 K33 750324 12,20 |20 x 50 x 500{Simléngsd. 18
Distance from end Outer part Inner part
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
0-5mm* 0,0272 0,6233 0,3597 0,0272 0,6233 0,3597
100 - 105 mm 0,1795 0,4698 0,3656 0,2413 0,2628 0,3018
205 - 210 mm 0,1433 0,4876 0,3518 0,2060 0,2386 0,2473
290 - 295 mm 0,1906 0,4927 0,4604 0,1971 0,2188 0,2407
395 - 400 mm 0,2409 0,5026 0,4867 0,2177 0,2865 0,2691
495 - 500 mm 0,2075 0,5487 0,7233 0,1933 0,5671 0,5329
0 - 500 mm (calculated)] 0,3099 0,3624 0,5792
* The whole cross-section is analysed.
Sample Above ground In ground
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
Bore core 02740 | 03241 | 03494 02338 | 03424 | 04135
Density | Density
measured |calculated
Sample (kg/m3) | (kg/m3)
Bore core above ground 501 464
Sample Leached above ground Leached in ground
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
Cross section 24 ] 0,3 ] 4,2 0,3 l 0,0 I 24
Preser- | Stake no.|Retention| Dimension Exposure
Stake no. vative field kg/m3 {(mm) Field jtime (years)}
11 K33 850187 14,80 |20x50x500f Ultuna 8
Distance from end Outer part Inner part
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
0-5mm 0,2178 0,6712 0,5329 0,2477 0,6062 0,5097
100 - 105 mm 0,3739 0,4256 0,6214 0,3373 0,3439 0,6047
205 - 210 mm 0,3462 0,4326 0,6353 0,2592 0,2913 0,4421
290 - 295 mm 0,3425 0,4846 0,5858 0,2651 0,2982 0,3978
395 - 400 mm 0,3601 0,4922 0,5921 0,3073 0,3681 0,4876
495 - 500 mm 0,4977 0,9746 1,1988 0,4236 0,7511 0,9070
0 - 500 mm (calculated)| 0,3632 0,4247 0,6784
Sample Above ground In ground
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
Bore core 03798 | 04067 | 06323 03425 | 04221 | 05836
Density | Density
measured |calculated
Sample (kg/m3) | (kg/m3)
Bore core above ground 497 500
Sample Leached above ground Leached in ground
Cu (%) Cr(%)  As(%) Cu (%) Cr (%) As (%)
Cross section 33 | 05 | 95 02 | o1 | 28
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Preser- | Stake no.|Retention| Dimension Exposure
Stake no. vative field kg/m3 (mm) Field |[time (years)
12 K33 850193 14,32 [20x50x 500{ Ultuna 8
Distance from end Outer part Inner part
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
0-5mm 0,2170 0,7223 0,5639 0,2352 0,7107 0,4917
100 - 105 mm 0,3793 0,4552 0,6895 0,2784 0,2835 0,4956
205 - 210 mm 0,3334 0,4392 0,6405 0,1414 0,1703 0,2358
290 - 295 mm 0,3176 0,4343 0,5828 0,1498 0,1900 0,2276
395 - 400 mm 0,3598 0,5063 0,6453 0,2550 0,3005 0,3934
495 - 500 mm 0,4272 0,7978 0,8974 0,4122 0,6543 0,8440
0 - 500 mm (calculated)] 0,3245 0,3795 0,6064
Sample Above ground In ground
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
Bore core 03559 | 03743 | 06187 02799 | 03506 | 04510
Density | Density
measured |calculated
Sample (kg/m3) | (kg/m3)
Bore core above ground 525 526
Sample Leached above ground Leached in ground
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
Cross section 43 | o8 | 99 03 | o1 [ 28
Preser- | Stake no.|Retention| Dimension Exposure
Stake no. vative field kg/m3 (mm) Field |[time (years)
13 K33 820091 12,80 }20x50x500{ Ultuna 11
Distance from end Outer part Inner part
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
0-5mm* 0,3299 0,5894 0,5112 0,3299 0,5894 0,5112
100 - 105 mm 0,2761 0,3402 0,2975 0,2405 0,5894 0,3940
205 - 210 mm 0,2731 0,3401 0,4580 0,2307 0,2699 0,3520
290 - 295 mm 0,2514 0,3672 0,4186 0,2096 0,2563 0,3066
395 - 400 mm 0,2644 0,3775 0,4355 0,1986 0,2490 0,2901
495 - 500 mm 0,3500 0,5738 0,6507 0,3485 0,5318 0,6138
0 - 500 mm (calculated)| ~ 0,2887 0,3376 0,5395
* The whole cross-section is analysed.
Sample Above ground In ground
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
Bore core 02782 | 02907 | 0,4298 02112 | 072837 | 03388
Density | Density
measured |calculated
Sample {kg/m3) | (kg/m3)
Bore core above ground 562 523
Sample Leached above ground Leached in ground
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
Cross section 1,7 [ 0,5 I 12,9 0,2 I 0,1 | 2,0
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Preser- | Stake no. | Retentionj Dimension Exposure
Stake no. vative field kg/m3 (mm) Field {time (years)
14 K33 820094 12,80 120 x50 x 500 Ultuna 11
Distance from end Outer part Inner part
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
0-5mm* 0,2520 0,5915 0,4811 0,2520 0,5915 0,4811
100 - 105 mm 0,3201 0,3701 0,5137 0,2161 0,2354 0,3487
205 - 210 mm 0,2653 0,3636 0,4766 0,1967 0,2571 0,3108
290 - 295 mm 0,2978 0,4698 0,4945 0,2437 0,2981 0,3608
395 - 400 mm 0,2914 04104 0,4852 0,2256 0,2809 0,3296
495 - 500 mm 0,3545 0,6423 0,7698 0,3063 0,5858 0,6467
0 - 500 mm (calculated)] 0,2887 0,3376 0,5395
* The whole cross-section is analysed.
Sample Above ground In ground
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
Bore core 02623 | 02908 | 04311 02461 | 0305 | 0,3651
Density | Density
measured | calculated
Sample (kg/m3) | (kg/m3)
Bore core above groun 569 523
Sample Leached above ground Leached in ground
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
Cross section 21 | 05 | 79 04 | o1 | 26
Preser- | Stake no. | Retention| Dimension Exposure
Stake no. vative field kg/m3 {mm) Field |time (years)
15 CT86 880001 17,24 |25 x 50 x 500|Simlangsd. 2
Distance fromend | Outer part| Inner part
Cu (%) Cu (%)
0-5mm 0,2070 0,2003
100 - 105 mm 0,2917 0,2302
205 - 210 mm 0,3083 0,2067
290 - 295 mm
395 - 400 mm 0,2244 0,1806
495 - 500 mm 0,7457 0,5775
0 - 500 mm (calculated)] 0,3010
Cuin Density Densitet
Cuabove | ground |measured| calculated
Sample ground (%) (%) (kg/m3) | (kg/m3)
Bore core 0,2436 0,2056 648 565
Leached
above |Leached in
ground Cu{ground Cul
Sample (%) (%)
Cross section 185 115
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Preser- | Stake no.|Retention| Dimension Exposure
Stake no. vative field kg/m3 (mm) Field |time (years)
16 CT86 880009 17,76 |25 x 50 x 500}Simlangsd. 2
Distance from end | Outer partjInner part
Cu (%) Cu (%)
0-5mm 0,1971 0,1595
100 - 105 mm 0,2854 0,2377
205 - 210 mm 0,3294 0,2390
290 - 295 mm
395 - 400 mm 0,2506 0,1828
495 - 500 mm 0,2666 0,2724
0 - 500 mm (calculated) 0,3341
Cuin Density Densitet
Cu above | ground |measured| calculated
Sample ground (%) (%) (kg/m3) | (kg/m3)
Bore core 0,2508 0,2417 525 524
Leached
above Leached
ground Cu|in ground
Sample (%) Cu (%)
Cross section 74 11,3
Preser- | Stake no.|Retention| Dimension Exposure
Stake no. vative field kg/m3 (mm) Field |time (years)]
17 K33 31 12,96 |20x50x 500 Roof 7
Distance from end Side up Side down
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
0-5mm 0,0644 0,4085 0,3537 0,0898 0,4252 0,4271
100 - 105 mm 0,1517 0,2953 0,2909 0,2582 0,3812 0,3914
205 - 210 mm 0,1230 0,3576 03198 0,2332 0,3675 0,3828
0 - 500 mm (calculated)] 0,3089 0,3612 0,5772
Density Density
measured | calculated
Sample Cu (%) Cr(%)  As(%) (kg/m3) | (kg/m3)
Bore core 0,2394 | 03165 | 03756 563 515
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Preser- | Stake no. |Retention| Dimension Exposure
Stake no. vative field kg/m3 (mm) Field |[time (years)
18 K33 32 11,52 {20x50x 500 Roof 7
Distance from end Side up Side down
Cu (%) Cr (%) As (%) Cu (%) Cr (%) As (%)
0-5mm 0,0434 0,2782 0,2639 0,0615 0,3198 0,3506
100 - 105 mm 0,1238 0,2019 0,1959 0,2130 0,3073 0,3242
205 - 210 mm 0,1162 0,2218 0,2252 0,2636 0,2933 0,3702
0 - 500 mm (calculated)| 0,2380 0,2783 0,4450
Density Density
measured |calculated
Sample Cu (%) Cr (%) As (%) (kg/m3) | (kg/m3)
Bore core 01608 | 02338 | 072622 614 595
Preser- | Stake no. | Retention| Dimension Exposure
Stake no. vative field kg/m3 (mm) Field [time (years)
19 CT86 19 28,64 [20x50x500 Roof 7
Distance from end Side up |Side down
Cu (%) Cu (%)
0-5mm 0,1845 0,2126
100 - 105 mm 0,3423 0,4966
205 - 210 mm 0,2651 0,3731
0 - 500 mm (calculated) 0,5723
Density Density
measured | calculated
Sample Cu (%) (kg/m3) | (kg/m3)
Bore core 0,4490 479 492
Preser- | Stake no. | Retention| Dimension Exposure
Stake no. vative field kg/m3 {(mm) Field |[time (years)]
20 CT86 20 27,36 |20x50x 500 Roof 7
Distance from end Side up |Side down
Cu (%) Cu (%)
0-5mm 01727 0,2267
100 - 105 mm 0,2969 04124
205 - 210 mm 0,3076 0,4484
0 - 500 mm (calculated) 05778
Density Density
measured | calculated
Sample Cu (%) (kg/m3) | (kg/m3)
Bore core 0,4269 464 466
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Urlakning fran filtférs6ksstavar - fordelning i och
urlakning fran olika delar av forsoksstavar

Sammanfattning

Nya regler i Sverige for anvindningen av virke behandlat med krom- och arsenik-
baserade medel har gjort att anvindningen av krom- och arsenikfria medel, frimst
ammoniakaliska kopparmedel, okat. Det ar dérfoér av intresse, inte minst for
svenska anvindare, att 6ka kunskapen om dessa medel och undersdka bestindig-
heten och miljopdverkan genom urlakning.

En killa till 6kad kunskap rdrande urlakning finns i de faltférsok fér impregnerat
trd som pdgdtt sedan 1940-talet i Sverige. Stavar med kdnd upptagning av
triskyddsmedel exponeras i markkontakt tills de dr s& angripna av rotsvampar att
de forlorat all sin halifasthet. Livslangden berdknas som medelvarde for 10 till 20
stavar. Analyser av utdomda stavar ger en uppfattning om hur mycket av
traiskyddsmedlen som lakas ut under naturlig exponering innan skyddet gir
forlorat. Man kan dven jamfora urlakning fran tra impregnerat med olika typer av
medel. Stavarna dr emellertid av klenare dimension dn det virke som anvénds i
olika konstruktioner i praktiken, och man kan ridkna med att den procentuella
urlakningen dr mindre frdn grovre dimensioner, dar den exponerade ytan ar
mindre i forhallande till volymen.

For att undersdka urlakningen frdn impregnerat trd har Norsk Treteknisk Institutt
pd uppdrag av Svenska Traskyddsinstitutet under 1994 analyserat ett antal s k
faltforsoksstavar impregnerade med tva olika typer av triskyddsmedel. Exponerade
stavar har analyserats med avseende pd miangd och fordelning av resterande
traskyddsmedel. Som referens har oexponerade stavar analyserats for att kartligga
fordelningen av traskyddsmedel i nyimpregnerade stavar.

I undersokningen ingick féltférsoksstavar impregnerade med ett CCA-medel,
Boliden K33, (koppar, krom, arsenik) och ett s k ACQ-medel, Cuprinol Tryck 86
(CT86) (koppar, N-alkylbensyldimetylammoniumklorid) exponerade i mark-
kontakt och utdomda p g a réta. Dessutom ingick stavar impregnerade med samma
medel exponerade ovan mark i 7 dr. De senare var vid inspektionstillfillet
fortfarande fria frdn synliga rétangrepp.

Resultaten visar att traskyddsmedlen inte dr jaimnt fordelade i stavarna efter
impregnering och att skillnaden mellan de yttre och inre delarna av de undersékta
stavarna ar storre i stavar impregnerade med CT86 an i stavar impregnerade med
CCA.

Urlakningen under exponeringen skiljer sig dels med hansyn till vilket medel
stavarna var impregnerade med, dels med hdnsyn till hur de exponerats.
Urlakningen av CCA var storre frdn stavar exponerade i markkontakt i
Simldngsdalen adn i Ultuna. Inga stavar impregnerade med CT86 var exponerade i
Ultuna.

Aven ovan mark skedde urlakning frén bdde CCA- och CT86-impregnerade stavar.
Urlakningen var storre frdn ovansidan dn frdn undersidan av de horisontellt
exponerade stavarna. Storsta urlakningen skedde frdn &dndvirket som efter
impregneringen hade hogsta upptagningen.
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Resultaten tyder pd att det sker en viss omférdelning av trdskyddsmedel i det
impregnerade virket vid exponering.

Forsoksresultaten bekrdftar tidigare gjorda iakttagelser att urlakningen av
traiskyddsmedel ar beroende av anvint medel, omgivande milj6 samt férhdllandet
mellan exponerad yta och volym av det impregnerade trdet. Det dr dadrfor vanskligt
att dra slutsatser om urlakning av triskyddsmedel frdn impregnerat trd under
brukstiden baserade pd resultat frdn laboratorieférsok eller frdn enstaka faltforsék
dir smd prover exponerats. Det dr dock rimligt att anta att den procentuella
urlakningen dr betydligt mindre frdn de flesta konstruktioner av impregnerat virke
an frdn foérsoksstavar p g a liten exponerad yta i forhdllande volymen.

En slutsats man kan dra frdn undersokningen ar att det dr viktigt att fa till stdnd
faltmetoder dven for provning av trdskyddsmedel som skall anvdndas fér
impregnering av virke ovan mark. Den férdelning av traskyddsmedel i virke efter
impregnering och det urlakningsménster under exponering som framkommit i
detta forsok ar svdra att simulera i laboratorieprovningar. En rittvis beddmning av
ett traskyddsmedels effektivitet under praktiskt bruk kraver ndgon form av
faltforsok.
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