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Literature Review, Computer Modd and Assessment
Of the Potential Environmental Risks Associated with
Copper Naphthenate Treated Wood Products
Used in Aquatic Environments

1. Background. Copper naphthenate (CuN) has been used as an industrial biocide since the
beginning of the 20 century (Minich and Goll, 1948). The activeingredient in CuN isa
combination of copper sdts and naphthenic acid. Naphthenic acid isfound in crude oils a
concentrations of 0.5 to 2.0 percent. These acids are known as cyclopentane or cyclohexane
carboxylic acids. Naphthenic acids are represented by afamily of compounds with typica
product molecular weights ranging from 210 to 330 grams/mole (Brient et al. 1995). Buchanan
and Solomon (1990) reported that CuN isrelatively insoluble in water (< 1.5 mg/L). For
purposes of pressure treating wood for use in freshwaeter, the preservativeis dissolved in oils
mesting the requirements of AWPA Standard P-9 (AWPA 1996).

Copper naphthenate is an unrestricted pesticide registered by the U.S. EPA for generd use
in treating wood (40 CFR section 152.170). The unrestricted status of copper naphthenate means
that an gpplicator’s license is not required by end users. For this reason, CuN istypicaly used to
treat fidd cuts and borings during the construction of treated wood projects. All of the other
common wood preservatives (CCA, ACZA, ACQ-B, pentachlorophenol and creosote) are
restricted pesticides and end users must have a pesticide gpplicator’ s license to apply the
preservetive. This unrestricted statusis applied in recognition that:

> Copper naphthenate wood preservatives are not Toxicity Category | acute toxicants;

> Thispresarvative does not cause sgnificant subchronic, chronic or delayed toxic effects;
and;

> Copper ngphthenate does not pose a serious hazard to man or the environment.

Copper naphthenate treated wood is not characterized as a hazardous waste (40 CFR Part
261). Thismeansthat CuN treated wood waste is not subject to TCLP testing. This greetly
amplifiesthe disposa of CuN trested wood waste.

II. Aquatic toxicity and risk assessment benchmarksfor copper naphthenate. Brooks
(2000b) reviewed the toxicity of dissolved and sedimented copper in freshwater environments.
The reader isreferred to that document for an in-depth discussion of the aguetic toxicity of
copper.

Dissolved copper and complexed copper naphthenate. The US EPA’s Office of
Prevention, Pesticides and Toxic Substances Product Chemistry Guideline 63-10, “Dissociation
Constant” , requires the active ingredient be sufficiently soluble in water to test for dissociation
congtants. Because copper naphthenate has such low water solubility, the EPA has not required
thisdata Based on thisinformation, it is assumed thet the migrating preservetive will remainin
the associated (CuN) form while in the water column. Toxicity data for copper naphthenate
dissolved in a dimethylformamide solvent, developed by the U.S. Army Environmentd Hygiene



Agency (AEHA, 1988), issummarized in Table (1). The lowest 96-hr LCso was 250 ng CuN/L
for rainbow trout (Oncor hynchus mykiss). The 96 hr No Observed Effect Concentration (NOEC)
for this specieswas 56 ng CuN/L.

Table 1. Toxicity datafor copper naphthenate dissolved in dimethylformamideto a variety
of aquatic organisms. All valuesarein micrograms copper naphthenate per liter (g
CuN/L). Datafrom AEHA (1988).

Test Species Type Test Mean (mg/L) Mean (ng/L) 0.1 x Mean LCs, or NOEC
Rainbow Trout 96 hr LCsp 0.25 250 25
Rainbow Trout 96 hr NOEC | 0.056 56 56
Bluegill sunfish 96 hr LCsp 1.50 1500 150
Bluegill sunfish 96 hr NOEC | 0.56 560 560
Daphnia magna 48 hr LCsp 1.10 1100 110
Daphnia magna 48 hr NOEC | 0.56 560 560

The bioavailability of CuN was sgnificantly increased in the bioassay tests summarized in
Table (1) because the compounds were dissolved in dimethylformamide. Copper naphthenate has
very low water solubility and is expected to quickly complex with dissolved and/or particulate
organic matter in natural aguatic environments. The anticipated reduction in toxicity associated
with these complexes has not been studied. Therefore, Brooks (2002) collected twenty-liters of
effluent from each of the three treatment replicates and the untrested control on Day 0.5. This
material was stored and transported at 4°C the next day to Environment Canada s Pacific
Environmenta Science Center (PESC), where 21-Day Chronic toxicity tests were conducted
usng Daphnia magna. Copper concentrations in the effluent provided to PESC were measured
independently by that laboratory along with a suite parametersincluding water hardness.

Prdiminary range finding testsindicated a 48-hr LCsg of 59.4 ng Cu/L. EPA (2001)
provides a Species Mean Acute Vaue (SMAV) of 20.12 ng total Cu/L at a hardness of 100 mg
CaCOs/L and 19.31 ny/L for only dissolved copper at the same hardness.  Mastin and Rodgers
(2000) reported 48-h LCsq copper toxicity to Daphnia magna associated with herbicide use at
11.3 t0 29.4 ng Cu/L suggesting that the combination of copper and other ingredients in the tested
herbicides acted synergiticdly in one case and antagonigticaly in another with respect to this
ogtracod. The mode of action for the synergism or antagonism was not discussed. The point that
should be taken from thisis that the 48-hr LCso measured in the copper ngphthenate effluent
during this study was 59.4 ng totd Cu/LL — nearly three times the SMAYV reported by EPA (2001).
This suggests that the organic and inorganic components in the leachate from copper ngphthenate
treated wood act antagonistically with the copper to reduce the leachate' s acute toxicity to less
than that associated with copper aone.

The 21-day chronic tests did not reved sgnificant reductions in neonate production a 1%
effluent in which the copper concentrations were 4.56 to 5.92 ng Cu/L. Significant reductions
were observed in two of sx replicates at 5% leachate concentration where the copper
concentration was 22.95 ng CwL. Unfortunately data for intermediate concentrations were not
avalable. Thereforedl that could be concluded from the tests was that the NOEL likely lies
between 5.92 and 22.95 ng Cu/L. The U.S. EPA chronic standard at the observed hardness of




133.2 + 5.17 mg CaCdOs3/L is 13.02 ng Cu/L — which is mid-range between the no effect and
chronic effect concentrations reported by PESC.

For purposes of this andyss, the U.S. EPA chronic dissolved copper criterion givenin
equation (1) will be used asarisk benchmark. Thisisafour day average chronic criterion, which
will be compared with predicted water column copper concentrations within afew centimeters of
copper naphthenate treated piling on the second day following immersion to assessrisk in
freshwater environments.

Equation (1) EPA chronic Cu criterion = < 0.960* exp{0-85456" [Ln(hardness)] - 1.465}

Toxicity of sedimented copper naphthenate. No direct information describing the
toxicity of sedimented copper naphthenate was available in completing this assessment.
However, Herman et al. (1994) studied microbia remediation of oil sandstailings and observed a
Microtox ECsg of 30% (v/v) for acommercid ngphthenic acid (NAS) mixture (100 mg NAS/L).

Degradation of copper naphthenate. Herman et al. (1993, 1994) showed that natural
microflora, induding Acinetobacter cal coaceticus, Pseudomonas fluorescens and Kurthia sp.,
were cgpable of degrading both commercia mixtures of NAS and to alesser extent more complex
mixtures of extractable organic acids found in oil sandstailings. The NAS was rendered non-
toxic following three days of microbid remediation. Cosmacini (1972) examined the
biodegradation of sodium naphthenate in fresh water and found that initid concentrations of ca
4.5 mg/L were reduced to leves indistinguishable from zero in his published graph within nine
days. Chimet al. (1974) found that ngphthenic acids did not inhibit microbid degradation in
activated dudge a concentrations less than 500 mg/L. Herman et al. (1993) and Herman et al.
(1994) found that indigenous bacterid cultures present in oil sandstailings could utilize
commerciad mixtures of ngphthenic acids as a sole source of carbon converting gpproximetely
50% of the carbon into CO..

Assuming that the environmentd fate of copper naphthenate is Smilar to that found by
Cosmacini (1972) for sodium naphthenate suggests a hdf-life of approximately 3 days. Because
of their dow loss rates from pressure treated wood (Brooks, 1996, 1997a, 1997b, 1997c, 19983,
1998b, 2000a, 2000b), sediment accumulation of the active ingredients in wood preservatives
occurs over periods of years. These time frames are long in comparison with a hdf-life of three
days for copper naphthenate. This assumption leads to the conclusion that the naphthenate
component will degrade leaving the copper behind in sediments. 1t would be helpful to this risk
assessment if more information describing the environmentd fate of sedimented copper
naphthenate were available. Thisrisk assessment will examine the accumulation of copper in
nearfield sediments and determine the biologica risks on that bass.

Washington State (WAC 173-204) has developed Apparent Effects Threshold sediment
gandards for marine environments. Similar slandards have not been developed in North America
for freshwater sediments. Brooks (2000a) discussed the literature describing sediment copper
toxicity and reviewed available benchmarks used in assessing this issue. He developed the
recommendations given in Table (2) for ng the risks associated with anthropogenic inputs
of copper to aguatic environments. These benchmarks will be used for ng the risks to biota
living in sediments near copper ngphthenate treated wood.



Table 2. Recommended benchmarksfor assessing the environmental risks associated with
sedimented copper lost from pressuretreated wood (Brooks 2000a).

Sediment and Water Column Characteristics  Acceptable levels of Sedimented Copper

1. Coarse grained sediment (silt & clay <10%) 30 ng Cu/g dry sediment
Tota Organic Carbon < 0.2%
Moderate to low pH (5.5t0 6.5)
Low hardness and akalinity (15 to 25 ppm CaCOs)

2. Intermediate sediments (silt & clay between 10% and 25%) 55 ng Cu/g dry sediment
Total Organic Carbon between 0.2% and 1.0%
Neutral pH (6.5t0 7.5)
Moderate hardness and alkainity (35 to 100 ppm CaCOs)

3. Low energy, well buffered streams and lakes (fines>25%) 100 ng Cu/g dry sediment
Tota Organic Carbon >1.00%
Gregter than neutral pH (pH > 7.5)
High hardness and dkdinity (> 100 ppm CaCOzs)

[11. Copper naphthenate leaching rates from pressuretreated wood. Brooks (2002)
conducted two flow-through leaching studies using three sections of 60 cm long Douglas fir poles
treated to 0.080 pounds of copper per cubic foot (pcf) of wood in the outer treated zone and three
piling sections treated to 0.140 pcf. The poles and piling had circumferences of 62.6 to 78.0 cm.
Diluert water had amean pH 6.55 + 0.11 and temperature of 9.86 + 0.38 °C in the pole study and
apH of 7.17 + 0.07 and temperature of 15.16 + 0.16 in the piling Sudy. Untreated Douglas fir
controls were included in each study. Flow rates in the two studieswere 172 + 1.89 L/day in the
pole study and 53.5 + 4.26 L/day in the piling sudy. Effluent was collected on leaching days 0.5,
15,25,45,75,10.5, 155, 22.5 and 30.5 days following immersion. Long-term preservative
loss rates will be determined in the future following six months of continua immersion. Copper
concentrationsin the effluent were determined at the Battelle Marine Science' s Laboratory usng
|CP-AES following EPA Method 200.7 (EPA, 1994). Copper concentrations in the effluent were
converted to copper loss rates per square centimeter of immersed wood per day.

The datafor both studies were submitted to the Advanced Non-Linear Regresson routine
in Saidicad 6 software with Logo(Copper Loss) as the dependent variable and time, pH,
temperature and retention as the independent variables. A congtant term describing long term
copper loss rates was d o included in the exponentiad modd. Independent variables with non-
sgnificant coefficients were iterdtively diminated from the moded sarting with the highest p-
vaue. Thefina modd, is provided in Equation (2). Within the narrow range of vaues
examined, neither temperature nor pH was asignificant factor. Also note that preservative loss
rates were not sgnificantly different between retentions of 0.08 and 0.14 pcf. That means that
this agorithm can be used where ether poles or piling will be in contact with surface freshweters.

The congtant term in Equation (2) was not significant & a = 0.05, but it wasat a = 0.10.
Thisterm was | eft in the modd based on the hypothesis that as long as there is unfixed CuN in the
piling, some amount will likely migrate from the wood. The coefficient of determination for this
solution was 0.90 and a normd probability plot of the residuas indicated thet they were normdly
distributed. The results of this exercise are summarized graphicdly in Figure (2).



Logio copper loss = 0.093 + 1.269*exp(-0.1375*days of immersion)
Micrograms of copper per square centimeter per day

1.6

[%)]
[%2]
°
@
Q.
Q.
(@
O
>
o
= 8
[a]
O
O
0.2 ¢
o
_0.4 1 1 1 1 1 1
0 5 10 15 20 25 30 35

Days of immersion

Figurel. Logio copper lossratesfrom costal Douglasfir polestreated to 0.08 pcf Cu and
piling treated to 0.14 pcf Cu using copper naphthenate wood preservative. Thisregression
explained 90% of thevariation in the database. Recelving water pH was 6.55 for poles and
7.17 for piling.

Equation (2) provides copper loss predictions for copper naphthenate trested poles and
piling with retentions between 0.08 and 0.14 pcf Cu. It will be used in developing arisk
assessment for copper naphthenate poles and piling immersed in fresh water. It predicts along-
term loss rate of 1.24 ny Cu/c?-day. Thislong-term rate should be considered apreiminary
finding. Actud long-term copper loss rates will be measured following six months of immersion
of the same piling sections used in the study reported herein. These dgorithms are accurate at pH
values between 6.55 and 7.17. The agorithm may overestimate loss rates at higher pH vaues and
underestimate them at lower pH vaues. Thisvaueis consdered conservative from the
environment’s point of view because most natura bodies of water have ambient pH vaues >6.55.

Equation 2. Log copper loss = 0.093 + 1.269* exp('0'1375* days of immersion) (my/cn-d)
V. A spreadsheet modd predicting treated wood contributions of copper naphthenateto
water and sediments. Based on the preceding review, and the analysi's presented in this section,
amodel has been developed to predict water column concentrations of copper naphthenate and

sediment concentrations of copper associated with treated wood. The mode isintended as atool



for engineers in the conceptua stages of design, and as aregulatory tool providing site and project
specific assessments of the environmenta risks associated with copper naphthenate treated wood
used in aguatic environments.

The modd is reasonably complete and includes 14 easily measured input parameters.
However, it does have certain limitations. It is generd in nature and does not include provisons
for complex, turbulent or chaotic current vectors or mechanically induced redistribution of
sedimented copper. Future loss rate studies may require modification of the agorithms used to
describe the most important parameters such as receiving water pH.

Thismodd does not include copper accumulation in sediments associated with the
mechanica loss of trested wood fibers from structures. Pressure treasted wood can be heavier than
water and abraded materia may sink to the bottom. For economic, as well as environmental
reasons, treated wood should be protected from excessve abrasion such asthat found in
asoaiaion with float pin piling, ferry dolphins and wingwals. In addition, this modd makes
predictions for immersed wood. It does not include agorithms describing preservetive lost from
overhead structures such as bridges and piers.

In every case, the author has intended to be conservative (from the environment’ s point of
view) in developing assumptions and eval uating the parameters upon which predictions are based.
That isto say, if thereisan error in thismode, the error should cause an overestimation of the
concentration of copper ngphthenate in the water column and copper accumulation in sediments.
Thismodel has not been tested. However, smilar models (Brooks 1997a, 1997b, 1997c, 20008,
2000b) have been field verified and found to be conservative from the environment’ s point of
view in that they dways predict higher environmenta concentrations of preservative active
ingredients than have actually been observed.

Methodology for assessing the risks associated with dissolved copper naphthenate.
Copper naphthenate that is complexed with dissolved or particulate organic matter in the water
column islikely to be carried downstream and diluted significantly before being sedimented. For
purposes of estimating water column concentrations of copper naphthenate, this mode will
assume that the copper naphthenate isinitidly diluted into avolume of water equd to the cross-
sectiond area of the immersed piling. When piling are located pardld with the current such that
the water passing one pile dso interacts with the next piling downstream, the model assumes that
turbulence increases the mixing volume by an amount equd to the cross-sectiona area of a 30
degree cone asillustrated in Figure (2). The highest concentration of dissolved copper
naphthenate is assumed to occur at the surface of the downstream most piling. I1n assessng water
column concentrations of copper naphthenate, this mode assumes that al copper naphthenate
released from the pile is bioavailable in the water column.,

Pile One

v =15degrees  File Tyo
Current O Dilution zone of pile one
a piletwo

Copper naphthenate treated pile

Distance downcurrent from the pile
OOmeters 2.0meters 4.0meters  6.0meters 8.0 rheters




Figure2. Geometry defining the dilution zone associated with a copper naphthenate treated
pileimmersed in freshwater. Thethird dimension isthe depth to which the pileis

immer sed.

The Proximity Modd described above is very conservative from the environment’ s point
of view. Box models are more frequently used to predict water column concentrations of
contaminants associated with diffuse sources such as treated wood piling. A box model based on
the following assumptionsis dso provided in this assessment:

1

Current speeds are equal at al depths or can be adequatdly characterized using a mean
current speed collected at the average water depth where treated piles are placed. This
assumption greatly smplifies the mode because both the preservative losses and the
volume of the recaiving water diluting the preservative are functions of water depth.
Therefore the model need only consider the amount of preservative lost to a unit depth
of water and the volume of water in that unit depth that passes by the structure with
some mean speed V.

The Box Mode used in this assessment assumes that a specified number of piling
with amean average diameter are placed in abox that is defined by the width of the
structure orthogona to the currents; the current speed; and a unit height. Thisis
illugtrated in Figure (3).

The amount of preservative logt is determined by multiplying the lossrate given in
equations (1) or (2) by the total leaching surface area (average piling circumference x
number of piling x unit height).

The volume of dilution water is the width of the project measured orthogond to the
currents X current speed x atime equivadent to the unitsin the loss dgorithm x unit
height.

The concentration of copper or copper naphthenate in the receiving water issmply the
amount of preservative logt (3) divided by the volume of dilution water (4).

Thismodd relies on the benchmarks developed in Section 11 to assess environmenta
risk.

[] [] [] []

CuN treated piling

O | O |

—Jnithea
Current Vector A/A/




Figure 3. Conceptual drawing describing the box model methodology used to predict water
column concentrations of copper naphthenate lost from pressure treated wood.

Methodology for assessing therisks associated with sedimented copper naphthenate.
Based on the chemistry of copper naphthenate, it appears that the organic component will quickly
degrade in sediments leaving behind the inorganic copper. Following the worst-case
methodol ogy adopted for these risk assessments, it will be assumed that al of the copper
naphthenate released from an immersed pile immediatdy adsorbsto particles smilar in sze and
dengty to clay. The digtribution of sedimented copper naphthenate will then be determined by
tracking the fate of the clay in a non-turbulent column of water. Admittedly, thisis not avery
redlistic scenario because much of the CuN will more likely adsorb to particul ate organic matter
(POM), which has alower density than clay and would be distributed over wider areas — leading
to reduced sediment concentrations. Therefore, this approach represents aworst case. All of the
sedimented copper is assumed to remain at the origina point of sedimentation and no alowance
has been made for resuspension during high water or other factors that would reduce nearfield
sediment concentrations.

Thismodd is based on the deposition of clay adsorbed copper naphthenate. The vertica
(settling) velocity of clay particles can be obtained through the application of Stokes Law
(Shepard, 1963). Thislaw is expressed in Equation (3).

Equation (3) Stokeslaw for the settling velocities of smdl particles:
v = gDirs- ry)/18m

Where: g = gravitational constant (980 cr/sec?)
D = paticle diameter (< 0.00039 cm)
r s = particle density (1.8 to 2.6 gm/cnt)
rw = dengity of water (0.998 @ 20 °C)
m = Coefficient of molecular viscosity (10 g/(cm sec) for
freshwater at 20 °C

Wordt- case assumptions require modeling the largest clay particles (D = 0.00039 cm) at
their highest density (2.6 g/ent). Under these conditions, Stokes law predicts a settling velocity
of 0.0013 cm/sec. This value has been used to predict the distribution of adsorbed copper
naphthenate in sediments. Smaler clay particles of equa dendty would result in wider dispersd
of the copper naphthenate resulting in lower sediment concentrations and lower predicted risk.

The Microsoft Excel ™ mode presented below can be used to assess the environmental
risks associated with the use of copper naphthenate treated wood used in freshwaters flowing with
constant speed such as upland streams, lakes and rivers at € evations above those where water
levels are influenced by marinetides. Thismode is not gppropriate for use in marine waters
where tides create harmonically varying current speeds. However, copper naphthenate is not
goproved for usein sdtwater. The following satements summarize the assumptions used in
congtructing the modd!:

i. thevolume of the receiving water islarge (> 400 square meters per piling) in comparison
with the total amount of preserved wood being used;



ii. thereleased copper naphthenate adsorbs to the heavy clay fraction of the suspended
particulate load with a verticd settling velocity of 0.0013 crm/sec;

iii. copper ngphthenate concentrationsin the water column are determined in the immediate
vidnity of the piling. No alowances are made for diffusion;

iv. copper ngphthenate accumulates in sediments and the organic fraction degrades quickly
(haf-life @3 days) in comparison with copper accumulation in sediments.

v. Thereisno bedload movement in streams and the copper remains at its origina point of
sedimentation;

vi. thereisno additiona depostion of new sediment. The addition of new sediment would
reduce the concentration of accumulated copper naphthenate;

vii. Bioturbation typically homogenizes the upper three to ten centimeters of the sediment
column. Thishbiologica activity redistributes surface deposited contaminants throughout
the bioturbed sediment column — reducing the concentration over time. This model
assumes that copper accumulates only in the upper 2.0 cm of the sediment column.

With these assumptions as background, the following derivations are provided to give the
reader someingght into themode. That ingght isvaduablein interpreting the results. The
models have been designed to provide aworst-case andysis. Predicted preservative levelsin the
water column are the maxima observed within a centimeter of the piling. At dl other distances,
the concentration of copper naphthenate will be reduced in the real world.

Water column concentrations of copper naphthenate lost from piling in fresh water
environments dominated by steady state currents. A conservative modd for copper
naphthenate concentrations in lotic systems assumes that preservative lost from a piling is diluted
in a column of water defined by the current speed and the diameter of the pile. The following
equation defines such a dilution volume after converting velocities from centimeters per second to
centimeters per day to correspond with the agorithm used to define preservative migration rates.

Equation (4) Dilution volume = 2R,V'ss* 86,400 ml/day or 2R,V «86.40 liters/day

Where: R, = theradius of the piling (cm)
Vs = the current speed (cm/sec)
86,400 = number of secondsin one day to match the CuN losstime

The dilution zoneis not a function of the depth of water because we assume that currents
areequd a al depths. Therefore, the presarvative logt from an incrementd piling height is
diluted in an incrementaly high volume of water defined by the piling diameter and Steady Sate
current speed. Combining this dilution volume with the predicted copper migration rate (Mcy)
developed in Equation (2) and correcting for the surface arealin a unit height of water (2p RpMcy)
gives a conservative prediction of the water column concentration of copper lost from asingle
pile that has been smplified in Equetion (5).



Equation (5) Copper in water = 0,045+ 10%26%"&p(0-138"ime (days)y/ (ng CuilL)
Deposition rates of copper naphthenate to sedimentsin freshwater environments.
Thisdilution model assumes that water is passing a piling with constant velocity. Turbulence
associated with the piling creates the geometry described in Figure (4).

T =15°
d=Ry/Tanj
< Dilution Zone
U »Digtance (D) dong the downcurrent
transect at which predictions are made
current < D

Figure 4. Dilution zone geometry used to predict preservative concentrationsin sediments
associated with the use of 0.14 pcf copper naphthenate preserved piling.

In thismodel we let dA =2(D + d)j dD, where

dA =theincrementa area

R, =radiusof thepiling

D = Digtance downstream from the surface of the piling

dD = theincrementa distance dong transect D

j =theanglerepresenting turbulent mixing = 15° = 0.2618 radians
d =displacement of origin=Rp/Tay = 3.73*R,

Simplifying, we obtain dA = 2(D + 3.73*R,)*0.2618*dD. Notethat D = h(V V) and therefore
dD = (V«/V\)dh, where Vg isthe steady state current speed and V., isthe vertical velocity of clay
to which copper naphthenate is assumed to be adsorbed. Both are expressed in cm/sec. The
expression then becomes:

dA/dh = 0.524% (D + 3.73R,)* VgV,

Thisis combined with the appropriate expresson describing the preservative |oss per square
centimeter per day (m), giving an expression for the sediment depodtion of preservative
components.

Copper deposition (MgCy-cm“day™)dh = 20R,Mc,dh/dA = 20R,Mc,V/(0.524* (D + 3.73R,)*V &)

The sediment deposition rate of copper is predicted by subtituting the copper loss rate
(Mcy = Equation 1) developed earlier into this expression.

Equation (6) Cu deposition = 11.77*RpV,, 100093 * 1268"ew(0.138"time (day9) y( Dy + 3 73R )*V ) (ny/cn’-day)
Where: R, = radius of the piling; V, = settling velocity = 0.0013 cm/sec

day = the number of days post immersion Vs = the steady state current velocity
D =the distance (cm) from the downstream perimeter of the piling
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The accumulation of copper on any day can be determined by solving Equation (1) from
day =0today =t. For thisrisk assessment, the project life was taken as 35 years. In most lotic
environments, copper will be redistributed to low levels during winter high flows and amore
gppropriate accumulation would be 365 days. However, to be conservative, the longer time frame
was used. Theratio of the 35-year lossto the first daysloss (Day 0.5) was numerically
determined to be 20.7 and the total accumulation is provided in Equation (7), which has been
smplified and the sediment dilution factor of 2.0 cm sediment depth x sediment densty (?)
added.

Cu concentration at the end of 35 years = 9,632.5* Rp* V, * 10(0-093 *+ 1.268"exp(-0.138"0.5) \ry /g diry
sediment) 2.0°r *(D + 3.73Ry)* Vs

Equation (7) Cu concentration at the end of 35 years = 4,816.2* R,V\/AD + 3.73Ry)*V s (g Cu/g)

It should be noted that the immersed length of piling is not a parameter in thisrather un-
intuitive relationship. The reason is that the current speed (V) and clay-copper naphthenate
complex settling velocity (V) are assumed congtant. Furthermore, it is assumed that thereisno
turbulent mixing and that the sediment surfaceis aflat plane. Therefore, a one-centimeter height
of immersed piling contributes preservative to an area defined by the relaionship:

Depositiond footprint’s length = Vdh/Vy

Where Vg isthe steady state current speed;
dhisthe incrementa height on the piling;
Vy isthe settling velocity of the clay particle = 0.0013 cm/sec.

This expression can aso be used to determine the maximum distance a which copper will
accumulate downstream from the piling. For ingtance, if the height of the immersed piling is5
meters, the steady state current speed is 2.5 crmv/sec, then the maximum distance downstream at
which copper is predicted to be deposited is 9,615 meters.

V. Predictive computer model for 0.08 to 0.14 pcf copper naphthenate preserved wood used
in freshwater environments. The results of the preceding analys's have been incorporated into a
Microsoft EXCEL for WindowsO spreadshest (Figure 5). A copy of the modd is enclosed in the
pocket at the back of this document. The following paragraphs provide specific definitions and
ingtructions.

User Entries. Ten user entries are required to run the modd. These are shaded in bluein
Figure (5). Each of these entries is discussed in the following paragraphs:

1. Treated wood retention in pounds/ft®. AWPA defines minimum copper naphthenate
retention to insure adequate performance. Depending on wood species and hazard zone,
AWPA Standards C2 and C3 (1996) require retentions of 0.06 to 0.14 |bs/ft> for piling and
lumber submerged in freshwater environments. The modd was developed using wood
that had been treated to anomina retention of 0.08 and 0.14 Ibs/ft®. Data supporting
copper naphthenate trested wood use in marine environments has not yet been developed
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and submitted to AWPA and there is no current AWPA Standard for marine use of copper
naphthenate. The mode covers the range of probable uses and no user entry is required.

. Average piling radius (Rp in centimeters). Enter the average radius of the submerged
portion of the piling in centimeters. This can be eadly be determined from the
relationship: Circumference = p*2r or R, = circumference/2p (oneinch =254 cm). The
radius of Class A piling will typicaly range between 10 and 20 centimeters. Unlessthe
project specifies larger or smaller piling, avaue of 15 cm is recommended.

. Treated wood agein days. Enter thetime snceimmersion, in days. To assessthe
chronic risks associated with newly constructed projects, this should be 2.0 days.

. Steady State Current Speed (cm/sec). For purposes of this freshwater modd, steady
gtate currents should be consistent with those expected during congtruction of the project.
Absent historic data, take three measurements of current speed at mid depth using a
window shade drogue or current meter and caculate the mean. In the exampleillustrated
in Figure (7), alow speed of 0.5 crm/sec has been modeled.

. Settling Velocity refersto the vertica velocity of suspended clay to which dissolved
copper naphthenateis likely to adsorb. This mode assumes that copper naphthenate
adsorbs to the heaviest clay particles (3.9 microns diameter) with a settling vel ocity of
0.0013 cm/sec. Entering alower settling velocity will result in lower sediment
concentration predictions and a higher settling velocity will increase the predictions. The
pre-entered value should be vdid for nearly al cases and should not be changed without
subgtantiating evidence for a different adsorption nuclel sze.

. Water hardness. Thisvaueisnecessary in order to caculate the U.S. EPA freshwater
chronic copper qudity standard. Hardness is determined in mg/kg (CaCOs) by an
andytica laboratory usng EPA 200.7. A 500 ml sample should be collected at mid depth
in an HDPE bottle. The cogt is about $40.00/sample. In the example, the entered
hardnessis 55 mg CaCOs/L.

. pH. Thisisthe sandard pH measured eectrometricaly usng EPA 150.1 or SM 4500 H+.
|dedlly, the measurement should be made in-situ. A 250 ml sample collected in amber
dass can be held for 24 hours prior to laboratory andysis. The cost is about $20.00 for
laboratory analyses. Intheillustrated case, the ambient pH is 6.55.

. Background water copper concentration. Dissolved copper is normaly measured using
inductively coupled plasma (ICP) in accordance with EPA 200.7. A one-liter filtered
(0.45 mm) water sample should be collected in a properly cleaned HDPE bottle to which 5
ml of HNO3 has been added. The sample can be held for six months under these
conditions. The cogt is approximately $45.00 if the sample has not been acidified. A
detection limit <1.0 g Cw/L should be required. In the example, a background
concentration of 0.8 ng Cuw/L has been modeled. Thisvaueis added by the model to the
predicted contribution from the treated wood to estimate the total dissolved copper
concentration following immersion of the trested wood.



Copper naphthenate conc. in water and copper conc. in sediments associated with pressuretreated wood
Intermediate Qutput

User Entries

© 0N OoOUAWN R

. Piling Retention in pounds per cubic foot
. Average piling radius (centimeters)
Treated wood age in days
Mean current speed (cm/sec)
Settling Ve ocity (0.0013 cm/sec for clay)
. Water hardness (mg CaCO3/L)
Water column pH
. Background water copper concentration (mmg/L)
. Background sediment copper (mg/kg)

10. Freshwater chronic copper standard

11. Freshwater sediment copper standard

12. Sediment density (g/cm”3)

0.08to 0.12]

15.00

200

0.50

0.0013

55.00

6.55t07.17

0.80

12.00
6.12

55.00

1.60

Exponential factor 0.759
Cu migration (microg/cm2 - day) 11.355
Proximate water column risk assessment

Water Column Cu Conc.(mmg/L) 0.83
Background copper (from E12) 0.80
Predicted total Cu conc. (mmg Cu/L) 1.63
Water copper standard (mmg Cu/L) 6.12
Ratio (Cu Concentration/Standard) 0.135

Box Model User Entries

Box M odel Water Column Risk Assessment

13. Width of Box (meters)

Water Column CuN Conc. (mmg/L)

0.84

14. Number of piling in each row

Allowable# of piling per meter width

4293

15. Distance between rows of piling (m)

Sediment Risk Assessment

Distance |Cuconc. P1 [Cu Conc. P2 | Total Cu from piling |Background Cu|Total Sediment CySediment StandardRatio: conc/stand
(cm) microg/cm”3 | microg/cm”3 microg/cm”3 microg/cm™3 | microg/cm”3 mg/kg

10| 1.54 1.54 12.0 13.54 55.00 0.40

25|  1.25 1.25 12.0 13.25 55.00 0.39

50 0.96 0.96 12.0 12.96 55.00 0.38

75|  0.78 0.78 12.0 12.78 55.00 0.38
100  0.65 0.65 12.0 12.65 55.00 0.37
125  0.56 0.56 12.0 12.56 55.00 0.37
150]  0.49 0.49 12.0 12.49 55.00 0.37
175  0.44 0.44 12.0 12.44 55.00 0.37
200 0.40 1.54 1.94 12.0 13.94 55.00 0.41
225  0.36 1.25 1.62 12.0 13.62 55.00 0.40
250 0.33 0.96 1.29 12.0 13.29 55.00 0.39
275| 031 0.78 1.08 12.0 13.08 55.00 0.39
300 0.29 0.65 0.94 12.0 12.94 55.00 0.38
325  0.27 0.56 0.83 12.0 12.83 55.00 0.38
350, 0.25 0.49 0.74 12.0 12.74 55.00 0.38
375 0.24 0.44 0.68 12.0 12.68 55.00 0.37
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Figure5. Spreadsheet modd predicting the environmental concentrations (ng/L) of copper
associated with 0.08 to 0.14 pcf copper naphthenate treated wood immer sed in freshwater at
pH values between 6.55 and 7.17.
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9. Background sediment copper concentration. Sediment copper is normaly measured
using ICP andyses in accordance with EPA 6010. A detection limit of < 2.0 mg Cu/kg
dry sediment should be achieved. A 4 oz. sampleisnormdly collected into a precleaned
widemouth glassjar. Coallect only the top two centimeters of sediment using an acetone
washed dainless sed spatula. The sample can be held frozen for sx months. The cost is
typicaly $40.00 including a Strong Acid Sample Digestion (EPA 3050) in accordance
with EPA 3000 series. Inthis case, a background concentration of 15.0 ng Cu/g dry
sediment ismodeled. Thisvaue is added to the predicted sediment concentration for
comparison with the benchmark.

10. Freshwater chronic copper standard. Thisvaueisautometicaly calculated by the
Spreadsheet based on the water hardness (Entry 6) entered by the user. Thevaueis
expressed in ng Cu/L. Inthis case, the EPA standard is6.12 ng/L.

11. Freshwater sediment copper standard. The entry should be chosen from the
descriptions given in Table (2) of thisreport. In this case, the lowest recommended value

of 34 ng Cu/L ismodeled.

12. Sediment density. Thisisthe density of the sediment in grams/cn™. The modeled
density of 1.6 g/cn is reasonably approximation. No change should be made without
specific data.

13. Width of Box (meters). Thisisthewidth of the areathat is orthogona (at right angles)
to the current flow. The geometry is described in Figure (4). The vaueis computed by
the modd based on the number of rows their width orthogona to the currents.

14. Number of rowsof piling. Thisentry isincluded to facilitate use of the Box Modd. It
issmply the number of rows of piling used in the project.

15. Distance between rows of piling. Thisisthe distance between piling bents.

@)
@)
= O Project Width

O
Figure 6. Geometry used to determine a projectswidth (User Entry 15).

| ntermediate Output. Thefirg entry in this section Smply caculates the exponentia
factor associated with the age of the piling in the loss dgorithm. The second output row
describes the migration of copper from copper naphthenate pressure treated wood in ng
CuN/cm?-day as afunction of time following immersion.

Proximate water column risk assessment. This section of the output, located in the
middle of the right Sde of the printout, is devoted to ng the environmental risks associated
with copper naphthenate dissolved in the water column. The first output is the predicted copper
concentration within a centimeter of the treated wood' s surface. The second row reflects the
background copper entered by the user in User Entry (8). These contributions are summed in the
third row. Theforth row isthe EPA chronic copper standard and the last row in this section
describes the ratio of predicted copper to the standard. Vadueslessthan 1.0 indicate little or no
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risk associated with asingle piling. However, the contribution from al immersed treated wood
must be summed and compared with the chronic standard to estimate the environmentd risk
associated with dissolved copper for the project.

Copper naphthenate conc. in water and copper conc. in sediments associated with pressuretreated wood

User Entries | ntermediate Output

1. Piling Retention in pounds per cubic foot 0.08to 0.12" Exponential factor 0.759

2. Average piling radius (centimeters) 1500/ Cu migration (microg/cm2 - day) 11.355

3. Treated wood agein days 2.00

4. Mean current speed (cm/sec) 0.50

5. Settling Velocity (0.0013 cm/sec for clay) 0.0013

6. Water hardness (mg CaCO3/L) 55.00

7. Water column pH 6.55t07.17| Proximatewater column risk assessment

8. Background water copper concentration (mmg/L) 0.80

9. Background sediment copper (mg/kg) 1200/ Water Column Cu Conc.(mmg/L) 0.83

10. Freshwater chronic copper standard 6.12 Background copper (from E12) 0.80

11. Freshwater sediment copper standard 55.00| Predicted total Cu conc. (mmg CuwL) 163

12. Sediment density (g/cm"3) 160 Water copper standard (mmg Cu/L) 6.12
Ratio (Cu Concentration/Standard) 0.135

Box Mode User Entries Box Model Water Column Risk Assessment

13. Width of Box (meters) 4 [ Water Column CuN Conc. (mmg/L) 1.36

14. Number of rows of piling paralleling the currents 1 [ Allowable# of piling per row 85.87

15. Distance between rows of piling (m) 2

16. Number of piling in each row 6

Figure7. Water column copper naphthenate predictions. Notethat mmg/L isequivalent
tong/L.

Box model water column risk assessment (ng CuN/L). The Box Modé
provides an easy way to assess the generd contribution of copper from multiple immersed
members to the water column flowing through the project.  The output in this section assumes
that the copper losses during a 24 hour period from the specified number of piling (number of
rows of piling and the number of piling in each row) are diluted by the daily (24 hour) amount of
water passing through awindow defined by the project’ swidth. In this case, three rows of piling
spaced two meters apart contain Six piling each. The box is 8 meters wide and the background
copper concentration, is0.80 (User Entry 8). Two days following immersion, the mean
concentration of water leaving the box is predicted to be 1.36 ng CwL. A totd of 85 piling
could be placed in each row before the EPA chronic water qudity criterion would be equaed in
the Box Modd!.

Sediment Risk Assessment. The bottom haf of the printout illustrated in Figure (5) is
devoted to predicting sediment concentrations of copper associated with copper naphthenate
treated wood at the end of 35 years of service — assuming no resuspension and/or redistribution
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of the copper or sediments. This worst-case andyss dso assumes that there is no additiona
accumulation of sediment that would dilute the copper.

Distance (cm). Thisisthe distance (cm) downcurrent from the downcurrent face
of the piling piling a which the prediction is being made.

Copper concentration piling (1). Thisisthe predicted sediment concentration of
Cu (ny/g dry sediment) as afunction of distance from the first in a series of any number of
piling.

Copper concentration piling (2). Thisisthe predicted sediment concentration of
Cu (nmg Cu/g dry sediment) associated with a second piling. In this case the piling is located two
meters (200 cm) downcurrent from the firgt piling. As many piling as are placed pardld to the
currents can be entered in subsequent columns to develop a thorough understanding of
cumulative effects. However, the contributions from upsiream piling diminish Sgnificantly at
distances greater than ca. 4.0 meters.

Total copper from piling (ng Cu/g). Thisvdueissmply the sum of the
predictions made for the piling in previous columns.

Background copper (ng Cu/g). Thisisthe background concentration of copper
observed in sediments and entered in User Entry (9).

Total sediment copper (mg Cu/g). Thisvaue represents the predicted sediment
concentration at the end of 35 years following project construction assuming that high annud
flows do not redigtribute and dilute the copper further from the piling.

Sediment sandard (ng Cu/g). Thisisthe benchmark determined by examining
the environmental characteristics of the water body in the vicinity of the project and enteredin
User Entry (12).

Ratio: Concentration/Standard. Thisisthe predicted maximum sediment
copper concentration divided by the chosen standard. In generd, adistance of 25 to 30 cm from
the downstream piling has been chosen as an gppropriate point a which to make this assessment.
Ratios |ess than one (1.0) indicate that the project is acceptable.

Sediment summary. The results of modeling alarge number of projects and
scenarios indicates that if water column concentrations of copper are maintained at less than the
U.S. EPA chronic copper standard, then the contribution of copper to sediments will be
negligible in every ingance. However, the addition of copper to sediments dready exceeding
reasonable benchmarks is a questionable practice and in these ingtances, an aternative pressure
treatment may be appropriate.
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V1. Summary and generalization of the environmental risks associated with
the use of 0.14 pcf copper naphthenate pressure treated wood in freshwaterswherethe
ambient pH is> 6.55.

The foregoing risk assessment is designed to provide site and project specific
asessments. Table (3) was congtructed using the Box Modd and provides asummary of the
maximum number of piling that can be inddled pardld to the current vector without exceeding
EPA chronic water quality criterion at 55 mg CaCOs hardness with a background copper
concentration of 0.8 ng/L. The ambient pH is assumed to be > 6.55. Ambient pH vaues less
than this are rardly encountered. Table (3) assumes that the rows of piling are placed two meters
(6 feet) gpart. The Proximity Modd (Figures 5 and 7) indicates that water column
concentrations will exceed the chronic EPA standard within a centimeter of the pilings surface
when current speeds are < 0.08 cm/sec. Few wharves and other large structures are being
constructed on wooden piling today because concrete and stedl have greater |oad bearing
capacities. Modt red trested wood projectsinvolve two to five piling bents spaced at least four
meters apart. Thisincludes rurd bridges, smdl ferry terminas, marinas and persona use docks
and floats. Based on the results presented in Table (3) and the Proximity Modd, smdl projects,
located in nearly al natural bodies of water, present little or no risk to aquatic ecosystems.

Table 3. Maximum number of piling allowable to remain below the U.S. EPA chronic
copper water quality criterion at a hardness of 55 mg CaCOs/L on thefirst day of
immersion of 30 cm diameter copper naphthenate piling treated to between 0.08 and 0.14
pcf copper in thetreated wood. Thetableisaccurate at ambient pH values> 6.55. The
piling are assumed to bein rows spaced two meters apart.

Current Speed (cm/sec) |Allowable number of piling per row paralleling the currents
0.1 10
0.3 20
0.5 51
1.0 103
2.5 257
5.0 515

Current speeds in streams and rivers are generdly greater than 5 to 10 cm/sec and are
typically greater than 0.5 cn/sec in lakes grester than perhaps 200 acres. Ponds and other small
bodies of water that are replenished by annua streams or sormwater may have stagnant water
during periods of cam wind. However, wind driven current speedsin these smdl bodies of
water can aso typicaly exceed 0.5 crm/sec.

It should be emphasized that Table (3) was constructed to reflect CuN concentrations on
the first day of immersion. Concentrations will decline exponentidly with time and would likely
be undetectable following the first few days of immerson. Copper naphthenate pressure treeted
wood associated with projects containing fewer than 100 piling are unlikely to have any
measurable effect on aquatic environments that would aso not be present with other congtruction
materials such as stedl, concrete or untreated wood.

It isthe opinion of this author that projectsinvolving greater than 100 copper naphthenate
treated piling should be subjected to a detailed Site pecific risk assessment. Itislikely that such
arisk assessment would be required in compliance with ether the Nationd Environmenta
Protection Act (NEPA) or State Environmenta Protection Acts (SEPA).
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VIl. Abrasion of copper naphthenate treated wood piling. Piling can be subjected to
abrasion when they are alowed to come into direct contact with boats, float rings, debris, etc.
This risk assessment does not address this mechanica abrasion becauseit is difficult to predict.
It is easy to protect piling from abrasion using haf-inch thick high-dendty polyethylene strips
ingtdled down the length of the piling to serve as wearing surfaces. An example of thistype of
protection is provided in Figure (8).

Theingdlation of these bumper stripswill not only improve the environmenta
performance of preserved piling, they will dso extend the life of the piling because once the
piling’s preserved shdll is breached by abrasion, the untreated interior wood structure becomes
available to fungi and boring organisms.

Figure 8. Useof half-inch thick strips of high-density polyethylene to reduce abrasion on
wooden piling. Thestripsare nailed every six to eight inches using galvanized nailsdriven
dightly below the surface of the bumper.

VIII. Treatment of complex structures. Thereisan endless variety of placements for copper
naphthenate treated wood in actua structures. Output from the copper naphthenate risk
assessment mode predicts sediment copper concentrations along aline between piling, asthe
sum of the contributions from each piling. The following paragraphs suggest ways in which the
model can be used to predict sediment accumulations of copper associated with complex
structures.

Ferry Dolphins. Assuming thet peripherd piling are tightly bound and that water
circulation among interior pilingsis minima, it gppears reasonable to suggest that copper lost
from interior pileswill settle directly to the bottom around those interior piles. A larger (by a
factor of p/2) surface areawill be exposed on the perimeter of the dolphin. Copper accumulation
around the perimeter of such a structure can be estimated by inputting the radius of the entire
gructurein User Input # 2 (Average piling radius) multiplied by p/2 = 1.57. The anticipated
copper naphthenate accumulation, as a function of distance from the dolphin, can then be read
directly. Actud copper accumulation in sediments will probably be negligible in the near field
because of mechanicd disturbance by the ferry. In thisingtance, near field estimates will be too
high and far field estimatestoo low. However, the modd will provide ingght into the problem.

Pier Structures. The contribution from any number of piling a any point on the benthos
can be determined by measuring the distance of the structural member from the point of interest.
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Determine the sediment accumulation or concentration from the spreadsheet at the measured
distance. The sum of al structural components at that point represents the predicted sediment
concentration.

I X. Best Management Practices. The Western Wood Preservers Ingtitute and the Canadian
Ingtitute of Treated Wood have developed Best Management Practices For The Use of Treated
Wood in Aquatic Environments(WWPA — CITW, 1997). Project proponents can specify one or
both of the following BMPs and/or government permit writers can condition permits to require
them. They are designed to produce a clean product that is free of surface deposits of copper
naphthenate and a product that will loase a minimum amount of preservative to the environment.

The BMPs require one or both of the following procedures:

Treat usng copper naphthenate, which meets AWPA P8, Section 2. The solvent used
shall meet the requirements of AWPA Standard P9, Hydrocarbon Solvent, Type A or
Type C, depending on the product being treated and the specifications;

Solution Filtration — The copper naphthenate solution in use shdl be filtered or
otherwise kept clean regularly to remove solids which may otherwise be deposited on
the wood during tresting;

Follow good housekesping practices to minimize sawdust and other surface residues
on the wood prior to treatment;

Expanson Bath — This process increases the temperature of the preservative solution
surrounding the wood for the purpose of recovering excess preservative and
improving surface deanliness. The expangon bath shdl be gpplied for a minimum of
one hour at a maximum temperature of 220 °F or 230 °F depending on the specific
commodity.

The expandon bath shdl be followed by a vacuum period usng aminimum of 22"
for aminimum of two hours,

Find Steaming — Following the pressure period and removal of the treeting solution
from the retort, a vacuum shdl be applied for aminimum of one hour a not less than
22" to recover excess preservative. Following the vacuum period, the wood shal be
subjected to steaming for atwo-hour time period for lumber and timbers and three
hoursfor piling per the limitations of the AWPA Commodity Standards. The
minimum temperature during steaming shal be 200 °F and the maximum shall be 240
°F to 245 °F depending on the species being treated. After seaming, apply afind
vacuum for aminimum of four hours a 22" of vacuum.

X. Risk Assessment Summary. Thisrisk assessment isintended to be conservative from the
environment’s point of view. In every case, the author has used conservative assumptionsin
developing and evauating the parameters upon which predictions are based. Fidd verification
gudies of smilar modds have always found lower concentrations of wood preservative active
ingredients that were predicted by the models.

Copper naphthenate losses from wood treated to 0.08 to 0.14 pcf copper are predicted to
be 18.9 ny Cu/cnt-day on the first day of immersion. Initia loss rates dedine exponentialy and



approach the long-term loss rate of 1.2 my Cu/cn-day in about three or four weeks. The organic
componentsin copper naphthenate and thelr intermediate compounds are rapidly degraded in
naturd environments with a hadf-life of approximately three days.

The toxicity of copper naphthenate has been determined for a number of aquatic
organisms. It appears that the copper naphthenate compound is less toxic than copper done. To
be conservative, the U.S. EPA chronic copper sandard is gpplied as a benchmark against which
to assess the risks associated with the use of copper naphthenate treated wood in aguatic
environments. Because the accumulation in sedimentsis dow in comparison with the short haf-
life of ngphthenic acid, it is anticipated that copper will accumulate as opposed to copper
naphthenate in this compartment. Sediment risks are evaluated using copper benchmarks that
depend on a number of sediment physicochemica parameters such as sediment grain Sze,
hardness, pH and tota organic carbon. Modeling copper accumulation in sediments indicates
that if water column concentrations of copper naphthenate are maintained below the specified
benchmark, then sediment accumulations of copper will be less than vaues consdered
biologicaly sgnificant. An exception to this would or could occur where ambient sediment
copper concentrations approach or exceed the appropriate benchmark.

The minimum current Speeds defined for copper naphthenate in this risk assessment are
smilar to those determined for other preservatives (Brooks, 1997a, 1997b, 1997c, 1998a and
1998b). Itisunlikely that copper naphthenate could be detected in ambient waters following the
firgt two weeks of immersion. Large projects, involving greater than 100 piling, should be
required to complete a Site specific risk assessment. All treated wood ingtaled in aguatic
environments should be produced in conformance with the Best Management Practices
published by WWPI/CITW (1996). Thisrisk assessment does not predict copper losses from
wood not produced using BMPs.

Thisrisk assessment is appropriate for determining the environmental risks associated
with the use of piling immersed in freshwater. 1t should be noted that thisrisk assessment does
not address preservative loss from overhead structures or |osses associated with the abrasion of
fibers from treated wood. However, overhead |0sses can be estimated by assuming that the
wood isimmersed in weter.

21



References

AEHA. 1988. Phase 3 — Prdiminary Assessment of the Relative Toxicity of Copper
Naphthenate, (Mooney Chemicals), Acute Studies— Study No. 75-51-0497-88, May 1984 —
October 1987. U.S. Army Environmental Hygiene Agency, Aberdeen Proving Ground,
MD 21010-5422.

AWPA. 1996. American Wood-Presarvers Association Standards — 1996. American Wood-
Preservers Association, P.O. Box 286, Woodstock, Maryland 21163-0286. 376 pp.

Brient, JA., P.J. Wessner and M.N. Doyle. 1995. Naphthenic Acids. In: Kirk-Othmer
Encyclopedia of Chemica Technology, Fourth Edition, Volume 16. Edited by Jl.
Kroschwitz. J. Wiley and Sons, N.Y., N.Y. pp. 1017 — 1028.

Brooks. K.M. 1997a. Literature Review and Assessment of the Environmental Risks Associated
with the Use of ACZA Treated Wood Products in Aquatic Environments. Second
Edition. Prepared for the Western Wood Preservers Ingtitute 7017 NE Highway 99, Suite
108, Vancouver, WA 98665. 98 pp.

Brooks, K.M. 1997b. Literature Review, Computer Modd and Assessment of the Potential
Environmentd Risks Associated with Creosote Treated Wood Products Used in Aquatic
Environments. Third edition. Prepared for the Western Wood Preservers Indtitute, 7017
NE Highway 99, Suite 108, VVancouver, WA 98665. 139 pp.

Brooks, K.M. 1997c. Literature Review and Assessment of the Environmental Risks Associated
With the Use of CCA Treated Wood Products in Aquatic Environments. Third edition.
Prepared for the Western Wood Preservers Ingtitute, 7017 NE Highway 99, Suite 108,
Vancouver, WA 98665. 100 pp.

Brooks, K.M. 1998a. Literature Review and Assessment of the Environmental Risks Associated
With the Use of ACQ Treated Wood Products in Aquatic Environments. Prepared for:
Western Wood Preservers Ingtitute, 7017 NE Highway 99, Suite 108, Vancouver, WA
98665.

Brooks, K.M. 1998h. Literature Review and Assessment of the Environmental Risks Associated
With the Use Pentachlorophenol Treated Wood Products in Aquatic Environments.
Prepared for: Western Wood Preservers Ingtitute, 7017 NE Highway 99, Suite 108,
Vancouver, WA 98665. 63 pp.

Brooks, K.M. 2000a. Assessment of the Environmental Effects Associated with Wooden
Bridges Preserved With Creosote, Copper naphthenate or Chromated Copper Arsenate.
Res. Pap. FPL-RP-587. Madison, WI. U.S. Department of Agriculture, Forest Service,
Forest Products Laboratory. 100 p.

22



Brooks, K.M. 2000b. Environmental Impact of Preservative- Treated Wood in a Wetland

Boardwak. Res. Pap. FPL-RP-582. Madison, WI: U.S. Department of Agriculture, Forest

Service, Forest Products Laboratory. 136 pp.

Brooks, K.M. 2002. Copper loss from copper naphthenate treated piling immersed in freshwater.
Technica report produced for Merichem Company Research Center, 1503 Central,
Houston, Texas 77012-2797. 9 pp.

Buchanan, R.D. and K.R. Solomon. 1990. Leaching of CCA-PEG and CuNap Wood
Preservatives From Pressure Treated Utility Poles, and its Associated Toxicity to the
Zooplankton, Daphnia magna. Forest Products Journal. Pp. 130-143.

Chim, D. L. Vdcum and L. Stefanescu. 1974. The biodegradability of some organic pollutants
present in the waste waters resultd from the petroleum refineries. Studii Epurarea Apelor.
Vol. 16(50), pp. 70-71.

Cosmacini, E. 1972. New and traditiona problems connected with the use of metal working
fluids. Tribologia Lubrificazione. Vol. VII, pp. 35-36.

Herman, D.C., P.M. Fedorak and JW. Costerton. 1993. Biodegradation of cycloakane
carboxylic acidsin ol sand tailings. Can. J. Microbiol. Val. 39, pp. 576-580.

Herman, D.C., P.M. Fedorak, M.D. MacKinnon and JW. Costerton. 1994. Biodegradation of
naphthenic acids by microbid populations indigenousto oil sandstailings. Can. J.
Microbiol. VVol. 40, pp. 467-477.

Lebow, S.T., D.O. Foster and P.K. Lebow. 1999. Release of Copper, Chromium and Arsenic
from Treated Southern Pine Exposed in Seawater and Freshwater. Forest Products Journd,
Vol. 49 No. 7/8. pp. 80-89.

Minich, A. and M. Goall. 1948. The technical aspects of copper naphthenate as awood
preserving chemical. In: Proc. Am. Wood Pres. Assoc. 44:81-82.

Sheppard F.P. 1963. Submarine Geology, Second Edition.Harper & Row, Publishers, New
Y ork, Evanston, and London. 557 pp.

WWPI/CITW. 1996, Best Management Practices For The Use Of Treated Wood In Aquatic
Environments. Western Wood Preservers Ingtitute, 7017 N.E. Highway 99, Suite 108,
Vancouver, WA 98665. 34 pp.

23



