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EVALUATION OF LEACHATE QUALITY
FROM CCA PRESERVED WOOD PRODUCTS

1.0 INTRODUCTION

Envirochem Special Projects Inc. has undertaken a joint B.C. Ministry of the Environment and
Environment Canada study to evaluate the leachability characteristics of wood preservatives from
stored wood products and their potential contribution to stormwater discharges.

Although controlled leachate tests of antisapstain treated wood have been conducted by
Environment Canada, similar studies have not been conducted for wood treated With wood
preservatives. Environmental quality data for stormwater releases from wood preservative
operations - are minimal and little is known about the leaching characteristics of wood
preservation chemicals from treated products. The purpose of this study is to provide
preliminary data for regulatory agencies to assess the potential and significance of any releases
from wood preservative treated products.

There are numerous wood products treated with the four primary chemical preservation
compounds used in the Lower Mainland ie. chromated copper arsenate (CCA), ammoniacal
copper arsenate (ACA), pentachlorophenol in oil (PCP), and creosote. Following consultation
with wood preservation industry representatives and with regulatory personnel, it was agreed
that this study would provide an initial evaluation of leaching from products treated with CCA
with an effort to evaluate products with similar dimensions and shapes to enable a relative -
assessment of leaching characteristics. CCA treatment is used for a variety of wood products
including fence posts and boards, landscape ties, foundation plywood, playground lumber, patio
lumber and marine pilings, and is used on a variety of species including Douglas fir, Western
hemlock, red cedar and lodgepole pines.

The study was restricted to an evaluation of CCA treated wood for two major reasons:

o CCA represents the largest percentage of all the wood preservation facilities in the Lower
Mainland. Of six wood preservation operations in the Lower Mainland, five treat wood
products exclusively with CCA. The sixth operation also provides CCA treated products, -
in addition to products treated with ACA, creosote and PCP.

Envirochem



2

Therefore, the volume of treated wood in storage yards in the Lower Mainland is
predominantly CCA.

o Only six leachate trays were available, and all were required in the study of CCA treated
products to accommodate to following variables:

- two different wood species are predominantly treated with CCA, and two control
bundles of each species were necessary

- in addition to the normal treatment brocess, two types of post-treatment processes
are in growing use in the Lower Mainland; application of iron oxide based brown
stain to dimension lumber; and, accelerated fixation of poles and some dimension
lumber

The test wood products were provided with the kind cooperation of Taiga Forest Products Ltd.
and Domtar Inc., Wood Preserving Division.



2.0 METHODOLOGY

The set of protocols that were followed in this study were based on protocols developed by
Krahn (1990) for the study of leachates from antisapstain treated wood. The wood preservation
leachate study was conducted in March, 1992 at space provided by Western Stevedoring/
Lynnterm in North Vancouver, B.C.

2.1 Wood Test Products

Six wood test product bundles were utilized for this study. Four wood bundles of coastal
hemlock fir (hem-fir) dimension lumber were prepared by Taiga Forest Products Ltd. Each
bundle consisted of 128 5 cm x 15.2 cm (2"x 6") 4.27 m (14 ft.) long pieces bound in three
places with metal strapping.

Wood preservative chromated copper arsenate (CCA) was applied on 21 February to three of
the four wood bundles supplied by Taiga. The chemical applied was CCA - Type C in the
following formulation: Arsenic Pentoxide (As,0;) 33.5%, Chromic Acid (CrO,) 47.50%, and
Cupric Oxide (CuO) 19% on a dry oxide basis, at a rate of 0.4 Ibs per cubic foot or 6.4 kg per
cubic meter on an assay basis. The CCA was applied by a vacuum/pressure Bethel Process.
The Taiga lumber bundles were kept under cover for seven days after the application of the
CCA plus an application of an iron oxide based brown stain to one bundle, as per regular Taiga
treatment protocols. However, one of the Taiga lumber bundles was shipped to Domtar to
undergo . their ‘accelerated fixation” process immediately following treatment with CCA. All
bundles were wrapped prior to shipment to the Lynnterm study area. The bundles were not
subjected to precipitation en route to the study site. Delivery of all of the wood bundles
occurred on February 28. '

The remaining two bundles were western red cedar logs supplied by Domtar Inc., Wood
Preserving Division; one untreated bundle consisted of four logs of an approximate diameter of
50-60 cm (20-24") and the other treated bundle consisted of 19 logs of approximately 20-25 cm
(8-10"). The logs were also held together by metal strapping in three places. The cedar log
bundles supplied by Domtar were treated with a similar CCA Type C formulation at an
application rate of 0.6 Ibs per cubic foot or 9.6 kg per cubic meter on an assay basis, again
using the full cell process. The cedar logs were treated on February 21. Immediately following
treatment with CCA the cedar logs and the bundle of dimension lumber supplied by Taiga Forest
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Products underwent the standard Domtar "accelerated fixation’ process, which basically involved
placing the wood in an insulated tunnel supplied with steam at 80-100°C for approximately 4-8
hours. The cedar logs and the dimension lumber were kept under cover until their delivery to
the site on February 28. '

2.2  Leachate Tray Set-up

Six metal trays owned by Environment Canada were used to support the wood test bundles and
to provide a leachate collection surface. The lumber and logs were bundled and mounted on the
trays with dimensions approximately 1.22 m (4 ft) wide and 1.68-4.57 m (14-15 ft) long. The
lumber bundle was approximately 81 cm (32 in) high and the logs approximately 114-122 cm
(45-48 in) high. Photographs showing the configuration of the bundles mounted on the trays are
shown in Figure 1. |

The wood bundles were supported on metal beams above a leachate collection surface
constructed from a sheet of black polyethylene fastened to the perimeter of the metal frame with
C clamps, which drained to a single hole in the centre into a leachate collection container. The
200 litre container, built of mild steel, was lined with black polyethylene. The leachate
collection surface of each tray provided for a 6" margin around the perimeter of each wood
bundle and is therefore approximately 5 x 15 ft (75 sq ft) or 7 m®. The margin enabled
collection of all leachate with minimal collection of precipitation which was not exposed to the
wood bundles. As a result dilution of the leachate was minimized.

2.3  Sampling Schedule

It was originally intended that the wood test bundles would be exposed primarily to natural
rainfall with moisture supplemented by artificial rainfall from sprinklers when necessary to
maintain a reasonable project schedule and to minimize the influence of time on the amount of
wood preservation chemicals leached. Meteorological records indicate that March is a month
of frequent rainfall in the Lower Mainland. Based on previous calculations by P. Krahn of
Environment Canada, the average worst case month has an accumulation of 238 mm of rain with
an average number of 18 days of rain, ie. rain occurring approximately every other day for a
month (Krahn, 1990). Therefore, the anticipated sampling schedule was to achieve at least
200 mm of rain spread over a one month period on a frequency of once every two days.



Top: 19 CCA treated cedar logs (on left) and 4 untreated cedar logs (on right)

Bottom: Clockwise from closest bundle: CCA treated with brown stain, CCA treated
with accelerated fixation, CCA treated (no post-treatment), untreated
|

Figure 1. Photographs of the Wood Test Bundles on Leachate
Trays on the Lynnterm Site.
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During the course of the study, only 10 mm of natural rainfall fell and artificial rainfall was
implemented. Artificial rain was produced by using an elevated reciprocating sprinkler head
with flow volumes calibrated to produce an equivalent rainfall of approximately 3-4 mm/hr using
a configuration as shown in Figure 2. Sample collection was directly correlated to the total
amount of accumulated rainfall measured by a rain gauge positioned at the level of the top of
the wood bundle. Samples were collected when the "benchmark rainfall accumulations" for the
study of 15 mm, 30 mm, 45 mm, 70 mm, 90 mm, 120 mm, 160 mm, and 200 mm were
achieved. Samples obtained at 30 mm and 70 mm were not analyzed.

For each rainfall event the sprinklers were turned on and adjusted to a flowrate of approximately
3-4 mm/hr for a period of 4-5 hours. All leachate generated from each rainfall event in each

- tray was collected and the amount recorded.

To correct for any differences in artificial rainfall applied to each test bundle, the volume of
leachate collected in each tray was measured and used to derive an accumulated precipitation
applied to each bundle. The actual amount of rainfall measured in the rain gauge was not used
in the calculation because of possible error from wind and evaporation relative to the volume
collected in each tray. If any rainfall was lost as a result of evaporation and/or retention in the

wood, the error introduced by making this assumption would be consistent for each wood test
bundle.

2.4  Collection and Analysis of Leachate Samples

At each sampling event, two samples were obtained. First, a 250 ml sample for chemical
analysis was collected and filtered through a No. 1 Whatman paper filter into a plastic bottle and
fixed with concentrated nitric acid. The sample was filtered to remove any wood debris from
the leachate which could contribute significant levels of arsenic, chromium and copper when
fixed with nitric acid. Previous studies of the behaviour of CCA in water indicated that arsenic,
chromium and copper losses through the filter would be negligible (Gerencher, 1989). The
second sample was collected in bioassay jugs (4 collapsible carboys each with 22 litre capacity)
and used in a 96 hour static LC, bioassay test with Rainbow trout. The pH of the sample was
measured as a component of the 96 hr bioassay test. Chemical analyses were carried out by
Quanta Trace Laboratories in Burnaby and the bioassay samples were sent to the B.C. Ministry
of the Environment laboratory in North Vancouver. Samples were shipped immediately
following collection or stored at 4°C in the dark until shipment the following day.

Envirochem
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Figure 2. Schematic Diagram of Wood Test Bundles on Leachate Trays
Subjected to Artificial Rainfall.
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Following collection and preservation by nitric acid, leachates from CCA products were
analyzed for copper, chromium and arsenic by Inductively Coupled Plasma (ICP) emission
spectroscopy and arsenic by hydride generation with detection limits of 0.001 ppm. A quality
assurance program was conducted including: a minimum of two method blanks, unfiltered and
another filtered through No. 1 Whatman paper; analysis of one of every six samples submitted
in duplicate; analysis of a minimum of two standard reference materials; and the recovery of
spikes of relevant compounds. The laboratory reports are included as Appendix A and a QA/QC
Data Assessment is included as Appendix B.

2.5  Variables in Methodology Affecting Leachability
2.5.1 Fixation of Wood
The test bundles received favourable fixation conditions of warm temperatures and no rainfall

in the three weeks following treatment and prior to leaching. After the preparation of each
leachate tray was complete late February, the wood test product bundles were lifted in place on

' the trays and the wrappings were removed. Although the weather forecasts for the following-

two weeks consistently predicted rain, artificial rain had to be commenced on March 13. This
unusually extended dry period provided three full weeks of fixation (500 hrs) for each of the
wood test bundles prior to exposure to the outside elements. In addition, the weather throughout
the fixation period was warm (12-18°C) and sunny during the daytime with low humidity.
Therefore, although CCA fixation may have been slightly inhibited by low humidity, the time
and temperature of the fixation period in this study is considered better than normal conditions
experienced during winter months in the Lower Mainland.

2.5.2 Precipitation - Intensity, Duration and Frequency

As mentioned above, virtually no natural rainfall occurred during the study period. Although
the program attempted to simulate natural March weather conditions by supplementing rainfall
with sprinkler water, the actual patterns and intensity of natural rainfall are likely different than
that produced by the sprinklers. During natural precipitation, more equal coverage of the wood
bundle will occur. Constant observation and regular adjustment of the sprinkler system was
required to compensate for the wind and distribution pattern produced by the sprinklers. The

Envirochem
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sprinklers create a cone of pulsing mist which decreases in intensity with increasing distance
from the sprinkler.

The water quality of natural rainfall may differ from the artificial rainfall applied in this study.
The artificial rainfall was supplied from a domestic water supply fire hydrant at the Lynnterm
study site. During this period, waters from the Greater Vancouver Regional District had a pH
in the range of 5.5-6.0. Typically, the waters have low alkalinity in the range of 1 to 3 mg/l
CaCQO,.

Although in principle the amount of leachate collected in each tray depends on the amount of
rainfall applied, the initial moisture content of the wood will affect the actual amount produced.
Wood with a high moisture content will not absorb significant amounts of water. In this test,
it is likely that minimal water was absorbed after the initial cycle because the time between
cycles was not sufficient to significantly dry the wood.

2.5.3 Wood Species

The species of the wood may have an effect on the leachability of preservation chemicals. In
this study, the wood species were western red cedar and coastal hem-fir which are both
softwoods. However, the permeability of each of the wood species is different and this affects
the penetration of CCA into the wood. CCA in lower permeability wood tends to concentrate
near the surface which is more susceptible to being leached or dislodged. (Cooper, 1991).

2.5.4 Test Product Packaging and Handling

The configuration of the leachate trays and the wood test bundles were setup to simulate, to the
closest degree possible, an actual wood preservation storage yard. However, there were still
differences in the test product packaging and handling that differ from actual practice.

Dimension lumber bundles are normally stacked on the storage yard to conserve storage space.
The surface area exposure/bundle on an actual yard would therefore be less than the single
bundle per tray as used in this study. The dimension lumber subjected to the accelerated fixation
process at Domtar was bundled with wooden slats separating each layer of lumber to expose
more surface area during treatment, and hence more surface area was exposed during this study.
This is ordinarily not done to the dimension lumber product packages but is required for the

. s am Em mm
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accelerated fixation process to be effective. The cedar logs handled at Domtar are not usually
covered for any period after treatment and accelerated fixation; they are immediately transferred
to the storage yard. In this study they were covered for two weeks after treatment and not
subjected to rainfall, natural or otherwise, for three weeks.

Envirochem
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3.0 RESULTS AND DISCUSSION

3.1 Leachate Preservative Concentration

The chemical analyses results have been plotted for each test bundle against accumulated
precipitation. See Figures 3a through 3c below. The y-axis represents the concentration of the
relevant compound; arsenic, chromium or copper detected in the leachate measured in parts per
million (ppm) (equivalent to milligrams per litre (mg/1)). The x-axis represents the accumulated
precipitation. This parameter was chosen as the x-axis as it was thought to be more intuitively
meaningful than the volume of leachate collected.

Accumulated precipitation has been used as a variable in an effort to relate the amount of
chemical loss in the trays to the rainfall that a bundle of wood would be exposed to during
storage in the yard. Each tray had a collection area of 7 m? in which the base benchmark
volume of 15 mm of rainfall would produce 105 litres. This is a nominal collection rate of 7
litres of leachate per millimetre of rain. To relate the volume of leachate collected in each tray
to rainfall, accumulated rainfall has been calculated by dividing the volume of leachate collected
in each tray by the nominal collection rate of 7 litres per millimetre of rain. This is also
equivalent to dividing the accumulated volume by the surface area of the tray. The values
reported represent the total accumulated rainfall, natural or otherwise, from commencement of
the leachate test. '

The arsenic concentration from each leachate tray is plotted against millimetres of accumulated
rainfall in Figure 3a. An exponential best fit line calculated by the graphics software package
GRAPHER™ has been drawn through the data points to highlight the trend of decreasing
concentrations with increased accumulated rainfall.

In general, the following trends (higher to lower) of arsenic concentrations are observed: CCA
treated dimension lumber (no post treatment) ranging from 2.39 mg/l to 1.6 mg/l; CCA treated
dimension lumber with brown stain with ranges from 2.12 mg/l to 1.07 mg/l; CCA treated
dimension lumber with accelerated fixation with ranges from 1.18 mg/l to 0.792 mg/l; and,
CCA treated cedar logs ranging from 1.33 mg/I to 0.395 mg/l. The untreated wood bundles had
arsenic concentrations lower than the detection level of 0.04 mg/I.

Envirochem
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The plot of chromium concentration against the amount of rainfall is shown in Figure 3b. The
chromium concentrations in the leachate from the CCA treated cedar logs are significantly higher
than all other wood bundles ranging from 11.1 mg/l to 2.21 mg/l. Progressively lower
chromium concentrations resulted from the CCA treated lumber (no post treatment) rangihg from
1.4 mg/1 to 0.738 mg/l, followed by CCA treated lumber with brown stain ranging from 0.98
mg/l to 0.4 mg/] and the CCA treated lumber with accelerated fixation ranging from 0.467 mg/l
to 0.11 mg/l. The untreated wood bundles are consistently in the order of 0.02 mg/l until the
last two sampling events where the concentrations range from 0.36 mg/l to 0.654 mg/l which
actually exceeds the concentration in some of the treated samples. A laboratory error is
suspected in the last two chromium results and therefore they are not used in the data
interpretation. |

Copper concentration is plotted against the amount of rainfall in Figure 3c. Copper
concentrations are again are at the highest levels from the CCA treated cedar logs and range
from 2.66 mg/l to 0.629 mg/l. The CCA treated lumber (no post treatment) concentrations
ranged from 1.61 mg/l to 0.469 mg/l. Copper concentrations from the CCA treated lumber with

- accelerated fixation ranged from 0.934 mg/l to 0.416 mg/l compared to the lowest levels which

were found in the CCA treated lumber with brown stain ranging from 0.729 mg/1 to 0.251 mg/l.
Concentrations in the untreated wood bundles were less than 0.03 mg/1.

The laboratory analytical results for arsenic, chromium, and copper as well as the 96 hr LC,,
toxicity test results after each sampling event are summarized in Table 1.

For the purpose of more complete information, the concentration of metals other than arsenic,
chromium and copper in all leachates during the third sampling event are provided in Table 2.
Comparable concentrations of iron are present in the leachates from each wood test bundle
including the brown stained CCA treated lumber. The brown stain is iron oxide based.

3.2 Loss of Preservative Constituents

The accumulated loss (grams) of the wood preservative constituents arsenic, chromium, and
copper are plotted against the accumulated amount of leachate collected from each wood test
bundle in Figures 4a to 4c. The concentration in the leachate collected was multiplied by the
total volume collected to calculate the mass of chemical lost per leaching cycle. A summation
of losses gives the total amount of chemical lost over the duration of the leachate study.

Envirochem
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6.4 40.3 1.96 1.21 1.24 4.3
6.6 92.6 2.39 0.873 1.06 10.3
6.5 126.7 2.12 0.905 1.12 20.8
6.7 148.1 1.6 1.21 0.534 9.9
6.3 166.4 1.66 0.738 0.469 33.2
6.6 14.3 ©0.042 0.025 0.03 non-toxic
6.5 42.4 0.011 0.027 0.02 non-toxic
6.4 85.1 0.02 0.027 0.017 non-toxic
6.3 115 0.009 0.021 0.022 non—toxic
6.4 133.7 0.007 0.654 0.011 non-toxic
6.2 148.7 0.008 0.549 0.008 non~toxic
6.15 21.4 0.792 0.123 0.934 6.4
6.2 494 1.06 0.129 0.886 57
6.3 103.6 0.83 0.11 0.675 16
6.4 137.3 1.02 0.113 0.742 14.6
6.3 153.1 1.18 0.467 0.584 13.2
6.2 170.9 0.838 0.344 0.416 23.6
7.0 12.9 2.12 0.98 0.729 14.5
C 6.7 40.7 1.88 0.749 0.544 73.7
hemlock-fi 6.9 91.6 1.23 0.4 0.356 {40% mort. @ 100%
6.7 122.1 1.6 0.485 0.49 {40% mort. @ 100%
6.8 142.7 1.07 0.75 0.265 41.2
6.4 160 1.14 0.67 0.251 undetermined
6.3 15.7 1.33 1.1 2.66 4
6.7 46.4 0.41 5.63 1.41 7.6
6.8 98.9 0.518 5.65 1.79 3.7
6.9 121.7 0.641 4.43 1.95 5.2
6.3 166.6 0.395 2.21 0.629 19.1
6.3 197.3 0.46 2.38 0.875 13.2
6.1 12.1 0.04 0.008 0.026 non-toxic
6.0 353 0.021 0.016 0.018 non-toxic
5.6 82.9 0.013 0.016 0.010 non-toxic
5.8 95 0.003 0.014 0.02 non-toxic
5.9 118.9 0.001 0.36 0.016 non-toxic
5.3 134.3 0.001 0.406 0.009 non-toxic

Table 1. Summary of Laboratory Results: As,Cr, and Cq; 96 hr LCS0
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Leachate collected from two intermediate leachate cycles were not analyzed in the laboratory and

therefore their respective concentrations were interpolated from the plots of concentration vs.
accumulated precipitation.

The plot of accumulated arsenic loss vs. accumulated leachate collected is shown in Figure 4a.
Best fit lines (polynomial as calculated by GRAPHER™) are drawn through each set of data
from each wood test bundle. From the limited data set the best fit lines suggest there is a slight
curvature in the plot indicating that as more and more leachate is collected a smaller amount of
arsenic is leaching from the wood bundles with brown stained CCA lumber and with the CCA
treated logs. The rate of arsenic depletion for the CCA treated lumber with no post treatment
remained constant. The total amount of arsenic lost for the first 1000 litres of leachate collected
is greatest for the CCA lumber (no post treatment) at 2.0 g, then the CCA lumber with brown
stain at 1.6 g, followed by CCA treated lumber with accelerated fixation at 0.9 g and the CCA
treated cedar logs at 0.7 g.

The plot of accumulated chromium loss vs. accumulated volume of leachate collected is shown
in Figure 4b. The total loss of chromium at 1000 litres of leachate collected is significantly
greater for the CCA cedar logs at 6.0 g compared to 1.0 g for CCA treated lumber, 0.6 g for
CCA treated lumber with brown stain, and 0.1 g for CCA treated lumber with accelerated
fixation. A rapid loss is initially observed with the CCA treated cedar logs; a rate of loss of
approximately 6 mg Cr per litre of leachate produced for the first 1000 litres was observed, with
a decrease to approximately 3 mg lost per litre of leachate for the remaining 400 litres. The
total rate of loss of chromium for CCA treated lumber is low and relatively constant at
approximately 1 mg lost per litre of leachate, 0.5 mg per litre of leachate for CCA treated
lumber with brown stain, and 0.1 mg per litre of leachate for CCA treated accelerated fixation
lumber.

The plot of accumulated loss of copper vs. leachate collected is shown in Figure 4c. CCA
treated cedar logs have the highest total loss of copper at 1000 litres of leachate collected at
1.7 g compared to 1.1 g for the CCA treated lumber, and 0.8 g for CCA treated lumber with
accelerated fixation. The lowest total loss of copper was from CCA treated lumber with brown
stain at 0.5 g. The initial rate of loss of copper from the CCA treated cedar logs is
approximately 2 mg per litre and then decreases to 0.9 mg per litre of leachate for the remaining
400 litres. The other wood bundles deplete at progressively slower rates as follows: CCA
treated lumber from 1.4 mg per litre of leachate to 0.7 mg per litre of leachate, CCA treated

Envirochem
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lumber with accelerated fixation from 0.8 mg to 0.6 mg per litre of leachate and CCA treated
lumber with brown stain from 0.5 mg to 0.4 mg per litre of leachate.

The rate at which chromium and copper deplete from the CCA treated cedar logs is significantly
higher than for the CCA treated dimension lumber bundles. This may be due to the increased
amount of accessible surface area of the logs, or may reflect a lower penetration of CCA into
the cedar logs producing a higher concentration of wood preservatives at the surface layer which
are more readily solubilized and extracted into the leachate compared to the dimension lumber.
However, the concentrations quickly decrease to near comparable levels produced in the
dimension lumber leachate.

Table 3 lists the total estimated loss of each wood preservative for the entire study period. This
estimated loss is expressed as a percentage (%) of the total preservative applied. This was
calculated by multiplying the application rate of the dry oxide formula (assay basis) by the
volume of wood treated based on the standard depth of penetration of 10 cm (0.4) in for the
lumber and 15 cm (0.6 in) for the logs.

For eiample, estimate of amount of CCA applied in kg per bundle of lumber is:

CCA applied to lumber on assay basis: 6.4 kg/m?
Standard Depth of Penetration: : 0.0l m
Total Volume of Treated wood/Bundle: 1.75 m?

therefore, Total Amount CCA applied: 11.2 kg

The total loss for the lumber bundles is also expressed per wood volume basis or per 1000 board
feet, where one board foot equals one twelfth of a cubic foot (calculated on the nominal lumber
dimensions 2" x 6" x 14’). In addition, the estimated loss is expressed per 1000 sq. ft. of total
surface area of all wood surfaces. Only a fraction of the total surface area is exposed to
precipitation and is a function of bundle configuration, and rainfall intensity and duration.

The percentages of CCA wood preservative constituents lost to the total amounts applied to the
dimension lumber bundles ranged from 0.003% to 0.06%. The most significant difference
observed was for CCA treated lumber with accelerated fixation with which chromium losses
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were an order of magnitude lower than for the CCA treated lumber with no post treatment and
the CCA treated lumber with brown stain. Accelerated fixation also resulted in lower releases
of arsenic and copper for CCA treated wood. The percentage of chromium and copper lost from
the CCA treated cedar logs is an order of magnitude higher than from the dimension lumber
bundles.

3.3  Proportion of Preservative Constituents in Leachate

Figures 5a to 5d. show stacked-bar graphs for each of the treated wood bundles plotting the
comparative concentrations of each preservative constituent vs. amount of rainfall. The plots
enable a comparison of the constituent concentrations leaching from the wood. The graphs also
show the differences in leaching of particular constituents compared to the original CCA Type C
proportions of 1.4:1.6:1 (As:Cr:Cu).

Envirochem
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As:Cr:Cu vs. Accumulated Rainfall
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Based on Figures 5a to 5d and Table 4, it is observed that:

o post-treatment (accelerated fixation or brown staining) of CCA dimensional hem-fir
lumber results in decreased releases of copper, chromium and arsenic. Accelerated
fixation resulted in an appreciable reduction in releases of chromium; and

L the copper to arsenic ratio increased during the duration of the study for all CCA
dimensional hem-fir lumber. This information suggests that a measure of chromium
fixation does not infer that similar copper or arsenic fixation has occurred; and

] accelerated fixation of CCA treated cedar logs did not reduce chromium releases to the
extent observed with the hem-fir dimensional lumber however, this may be due to the
different product shape, surface area, wood species, etc.. However, arsenic releases
from CCA treated cedar logs were relatively less than copper and chromium releases,
indicating a higher degree of arsenic fixation than observed with the hem-fir dimensional
lumber.

3.4 Leachate Toxicity

Leachate toxicity was evaluated by the standard 96 hr LC,, bioassay using rainbow trout
(Oncorhynchus mykiss) as per Environment Canada protocols. Essentially, the 96 hr LC,,
bioassay test determines the concentration of leachate which will cause death to 50% of the test
fish population over 96 hours. As an example, a 5% 96 hr LC, implies that a 20 fold dilution
of the runoff with clean water would be required to ensure that no more than 50% fish die over
96 hours exposure. The reported LCs, value is inversely related to toxicity - i.e. the higher the
LC,, concentration, the less the toxicity.

The bioassay results are shown in Figure 6 which shows the 96 hr LCy, toxicity test results vs
accumulated mm of rainfall. The leachates from both untreated wood bundles (cedar and hem-
fir) were found to be consistently non-toxic. Of the treated wood bundles, the CCA treated
lumber with brown stain consistently had the highest 96hr LC,, indicating the lowest toxicity.
The leachate from this wood bundle contained the second highest levels of arsenic, but low
levels of chromium and copper. The CCA treated cedar logs had the lowest 96hr LC, (or
the highest toxicity). Generally, the leachate had the highest concentrations of chromium and
copper and the lowest concentration of arsenic.

Envirochem
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Table 4. Comparison of As: Cr: Cu Releases

Solution

Type C Treatment Solution

Leachate Dimensional Lumber

(Hemlock-fir)

L CCA (no post treatment)

L CCA - (accelerated fixation)

o CCA (brown stained)

Leachate - Cedar Poles

° CCA (accelerated fixation)

Leachate
Cycle

n/a

NP = AP = D=

NP =

* indicates analytical results for chromium suspect.

Relative Ratio  Conc. Relative

As: Cr: Cu to CCA-treated
Wood w/
no post

treatment
As:Cr:Cu

14:16:1 n/a

1.3: 0.9: 1 1: 1: 1

1.9:0.8: 1 1: 1: 1

3.5: %1 1: *: 1
0.85: 0.13: 1 0.4: 0.1: 0.6
1.4: 0.15: 1 0.5: 0.1: 0.7

2.0: *: 1 0.5: *: 09
29:1.3:1 1: 0.7: 0.5
3.3:1.0: 1 0.8: 0.5: 0.4

4.5: % 1 0.7: *: 0.5

0.5:4.2: 1 0.6: 8: 1.7

0.3:23:1 0.3:5: 1.7

0.5: 2.7; 1 0.3: *: 1.9
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Table 5 compares the maximum concentrations in the leachates with reported LCs, aquatic
toxicities, i.e. concentrations at which 50% of the test fish die (Konasewich and Henning, 1988).
Concentrations of arsenic and chromium in all leachate samples did not exceed reported LC,,
values. The concentrations of copper in leachates consistently exceeded the aquatic toxicity LCy,
except for the leachate obtained from the CCA treated lumber with brown stain. This bundle
had consistently the least toxic leachate and consistently the lowest concentration of copper.

It would be difficult to derive a correlation between the concentration and proportions of

preservative constituents in the leachate to an 96hr LC,, toxicity for several reasons. Speciation

of the metals will affect toxicity. CCA treated wood is considered properly fixed when the Cr
(VI) has been reduced to Cr(IIT) which is less toxic. However, Cr(VI) is highly water soluble
and mobile, therefore, any unreacted chromium leached from the wood is probable in this much
more toxic state. Another factor is that combinations of elements may result in additive,
synergistic or antagbnistic toxicity effects.

3.5 Study Variables

This study recognizes that there are differences between the experimental design and actual
facility conditions. The differences are summarized in Table 6 and include:

Storage Practices

The use of a single dimensional lumber bundle versus vertically stacked bundles (eg. six
bundles) as used in many facilities. Overall the area of surface exposure of bundles at a CCA
treatment facility is less per bundle than used in this study. In addition, many operations are
now packaging bundles with synthetic wrap. Therefore, on a per board foot basis, data from
this study may overestimate releases from dimensional lumber operations.

CCA-treated cedar logs may be stored under varying conditions ranging from loose piles to

single rows of poles. This practice negates extrapolation of results from this study to actual field

conditions.
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Variables

Storage Practices

The use of a single
bundle dimension
lumber to evaluate
losses/board foot in
an actual yard.

Use of bundle of
cedar logs.

Fixation Time

Test wood fixed for
seven days at
temperature of
18°C.

Treatment Conditions
Seven day storage
under cover.

Precipitation Conditions

Use of sprinkler
system.

Use of city water
vs. rain.

Environmental Impact

Use of LCy, and
chemical data to
evaluate potential
impact of sites.
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Table 6

Uncertainty Table for Assessment of
Releases from CCA Treated Wood
(Experimental vs. Actual Occurences)

Over-
estimation

Moderate

Moderate
to High

Potential Effect on Actual Releases

Under-estimation

High

Moderate to High

Moderate

Over or Under-
estimation

Moderate

Moderate
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Fixation Time

Due to delays and weather conditions which existed during this study, i.e. dry and moderately
warm temperatures to 18°C, favourable conditions existed for fixation of CCA in the test

bundles. Based on the logarithmic relationship between fixation time and temperature (Cooper,
1991), it is assumed that the losses observed during this study would underestimate the.losses

which would actually occur during winter months in the Lower Mainland of British Columbia
for facilities without fixation chambers. '

Treatment Conditions

Dimensional lumber and cedar logs were stored for seven days under cover subsequent to
treatment with CCA. Some CCA facilities in British Columbia do not have such covered storage
capabilities. Results from this study, if applied to these facilities, would underestimate potential
releases from freshly treated wood.

Precipitation Conditions

Artificial rainfall may have significant effects on the quality of leachate produced relative to the
leachate quality produced from actual rain. The wetting efficiency which dictates the extent of
solubilization of the preservative constituents is influenced by the intensity, duration and
frequency of the rainfall. The artificial rainfall pulses over the wood rather than falls in a steady
stream and falls in more of a mist than actual vertical droplets. With actual rain, coverage over
the wood bundle is more even, whereas with the artificial rainfall, the coverage may be affected
by the wind speed and direction.

The artificial rainfall was applied every other day or so for a period of 4 to 5 hours. This
allowed the wood to dry out somewhat between leaching cycles which may allow wicking of
mobile species to the surface where they would come out faster on the next wetting. Drying
between wettings may not necessarily occur under natural conditions when extended periods of
rain are encountered. It is also possible that constituents may leach out slightly faster in the
latter case as the water does not have to re-wet and re-penetrate the wood to solubilize the
constituents. The dry day also adds another day of fixation to the wood.

- Envirochem
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Intensity of rainfall application could affect the leachate quality. Greater penetration of the
bundle is-likely achieved during a downpour as the small channels between the lumber become
filled with water and the water is forced laterally between the boards. At a lower rate of
- application, the water is more likely to flow through the vertical channels between the boards
and drain out the bottom with less lateral movement of water through the bundle.

Each of these precipitation conditions has the potential to affect the preservative concentrations

in the leachate. However, the net effect of these conditions occurring during this test is not
considered to have significantly affected the results.

The quality of the artificial rain is different from that of actual rain predominantly in the pH.

The water used in the artificial rain had a pH ranging from 5.8 to 6.0. Rainwater is slightly
more acidic at pH of approximately 5 and may more efficiently extract the wood preservative
constituents than the hydrant water. Based on data by Cooper (1989), a pH less than four would
have significant impact on leaching rates. For this study, a moderate underestimate of CCA
releases is suggested by the use of GVRD water rather than rainwater.

Environmental Impact

The fish bioassay and chemical analyses results obtained during this study do not directly reflect
the environmental impact of surface runoff from a wood preservation facility. The results from
this study overestimate the potential environmental impact of surface runoff. Many factors will
contribute to reduce the concentrations and impact relative to the leachate study results, including
dilution with uncontaminated rainwater and surface runoff and infiltration and adsorption of
wood preservation chemicals in the soil of unpaved yards. In order to relate the leachate study
results to actual site runoff, these site specific factors would have to be determined and a dilution
factors for each site calculated.

Releases of CCA from a site would be retarded by unpaved storage yard surfaces. For example,
Gerencher (1989) reported that the iron and aluminum amorphous and crystalline hydrous oxide
component of soils was highly correlated with arsenic absorption. The percentage organic
carbon was significantly correlated with chromium and copper retention in the soils. On paved
surfaces, it is likely that absorption does not occur under normal conditions.
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3.6 Impact on Stormwater Discharges

Since this study was undertaken concurrently with a study of surface runoff quality from wood
preservation facilities in the Lower Mainland (Whiticar and Konasewich, 1992), it has been
possible to examine the leachate results relative to the actual stormwater quality data from one
of the wood preservation facility sites.

The surface runoff study found that the range of concentrations of wood preservation chemicals
in the surface runoff was very large. Arsenic concentrations ranged from 0.076 to 84.2 ppm
(mean of 11.2, standard deviation of 27.5), chromium concentrations ranged from 0.091 to 82.7
ppm (mean 12.8, s.d. of 26.7) and copper concentrations ranged from 0.082 to 87.8 ppm (mean
of 11.4, s.d. of 28.7). The runoff results from the facility providing the treated wood products
for the leachate study, were at the low end of the range. Low flows during the runoff testing
and the potential for suspended particulate in the runoff may have caused this large range. It
is felt that in future, use of dissolved metals analyses would produce a smaller range in the
results and likely a lower concentrations of metals.

In order to evaluate the leachate study results to the surface runoff results, a calculation for a
hypothetical CCA wood preservation facility utilizing typical product handling techniques and
of average size has been developed. Assuming a total paved property surface area of 28,000
m? and a nominal rainfall of 15 mm, the volume of runoff that would be produced on the site
would be 420 m>. Assuming an inventory of treated dimension lumber of 500,000 board feet
with the bundles stacked three high, the amount of leachate in the stormwater would be
approximately 14 m®.

Based on the leachate study results for the initial leaching cycle, the amount of wood
preservative chemicals lost from each CCA treated lumber bundle were approximately arsenic
0.2 g, chromium 0.1 g, and copper 0.15 g. Therefore, if these amounts of wood preservative
chemicals are lost from each bundle on the hypothetical storage yard, the concentration of
arsenic, chromium and copper in the stormwater would be 0.13 ppm, 0.07 ppm, and 0.10 ppm.

The actual stormwater runoff results, particularly at the low end of the range, are in the same
order of magnitude as those predicted from the concentrations of wood preservative constituents
found in the leachate study. Although only a preliminary evaluation, it appears that the leachate
study may be able to predict leachate concentrations produced in the storage yard if the actual
site specific factors can be adequately determined.

Envirochem
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4.0 CONCLUSIONS AND RECOMMENDATIONS

A study has been conducted to evaluate the leachabﬂity characteristics of the wood preservative
CCA from stored wood products. Four CCA treated wood test product bundles were used in
this study including coastal hem-fir dimension lumber, coastal hem-fir dimension lumber with
a post-treatment application of an iron oxide based stain, coastal hem-fir dimension lumber
which had undergone an accelerated fixation process, and western red cedar logs to which
accelerated fixation was also applied. In addition to the four treated test bundles, the study
incorporated two untreated control bundles; coastal hem-fir dimension lumber and western red
cedar logs.

The study utilized six metal trays and the testing protocols developed by Environment Canada.
One bundle was placed on each tray and subjected to artificial rainfall. Leachate samples were
collected after predetermined amounts of rainfall had fallen. Samples collected were analyzed
for arsenic, chromium, and copper. In addition, each leachate was evaluated for toxicity to fish
on the basis of the 96 hr LC,, tests. '

Arsenic was found in the leachates from treated wood bundles in concentrations ranging from
0.4 to 2.4 ppm with the highest concentrations produced from the CCA treated dimension
lumber and the lowest from the CCA treated cedar logs. Chromium was found in the leachates
from treated wood bundles in concentrations ranging from 0.1 ppm produced: from the CCA
treated lumber with accelerated fixation and 11 ppm produced from the CCA treated cedar logs.
Copper was found in concentrations ranging from 0.25 ppm in the leachate from CCA treated
lumber with brown stain to 2.6 ppm in the leachate from the CCA treated cedar logs. The
untreated dimension lumber and untreated cedar logs Consistently had concentrations of each
constituent lower than 0.1 ppm and much lower in most cases.

The results illustrate the potential beneficial impact of post-treatment processes for dimensional
lumber, -and also illustrate differences in release rates between cedar logs and hem-fir
dimensional lumber. Accelerated fixation overall reduced releases, in particular chromium.
Releases of arsenic and copper were however, not proportionally reduced. In this study, the
chromium and copper losses from the treated cedar logs were an order of magnitude higher than
the losses from the treated hem-fir dimension lumber. It is unknown how much of this

Envirochem
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difference is attributable to the differing wood species, to the differing shape and dimension of
the test bundles, or to the presence of cambium in the logs. Differences in copper
concentrations provide an explanation for the variances in toxicity.

With the exception of leachates from CCA treated lumber with brown stain, all leachates from
treated wood failed the 96 hr LC,, fish toxicity test. Leachates from untreated wood bundles
were consistently non-toxic.

This study was originally intended to be conducted during colder conditions. Due to unexpected
climatic conditions, the study was conducted with favourable fixation conditions. Nonetheless,
~ the data suggests that procedures such as accelerated fixation may be able to minimize losses of
CCA from freshly treated wood. The data also show the impoftance of influences such as wood
species, shape and treatment processes on the variability of the amount of leachate produced.

There is a need to further evaluate stormwater discharges from individual CCA operations on
a regular basis to determine if CCA releases are of potential concern to the environment. While
this study has quantified the potential for chemical losses from a wood preservation facility site,
actual environmental risk requires further study. Additional on-site leachate studies could be
conducted to determine if losses can be reduced by varying operational practice. On-site studies
would eliminate the influence of the site-specific factors relative to other facilities.

Additional leachate testing is necessary to evaluate the factors that affect leaching, particularly
during a broader range of environmental conditions, including temperature, humidity and
rainfall. Clearly, this study has provided insight to the potential to reduce preservative losses
from wood products using post-treatment techniques. Additional leachate tests for each of the
other wood preservative chemicals presently in use in the Lower Mainland, namely ACA, PCP
in oil, and creosote should also be carried out. Other tests could include variables such as wood
species and different wood products such as poles-logs, landscape ties, and dimension lumber.
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l ’ IRAR soluble!lRAR solublelRAR solublel RAR s0lublel RAR solubhlel
| TOTAL | TOoTAL | TOTAL | TOTAL i TOTAL I
ICF - Huedyride Generation———-———- E e etk R b S B B +
Arsenic s | 1.80 ! 0.007 | 1.18 ! 1.07 | 1.09 l
l ICF - Ultrssonic Nebulizalion=—t4-=——ececmme- F——— —_———— Frmm e e e o +
Chromium Cr 1 1.21 | 0.654 | 0.467 | 0.75%0 1 0.7491 |
Corrper Cu 1| 0.534 | 0.011 1 0.584 1 0.265T | 0,288 |
I Resulis in | ma/ 1 I mas1 ma/1 | ma/l ms/1 I
——————————————————————— +—————-—————+———————-———+—-——~——————+—————~———~—+——--——————~+
4...,_.4.‘..4.__.___~_-___.____‘.-_-.+ ___________ Frm e ———— N U O 4
l Tdentification l TRAY GE ! TRAY 6F l RLARK | FC RC-4-4 | EC RC-4-4 |
Laihr Reforance % I 18333-0035 | 183533-006 | 18353-007 | 13353-008 | 183533-008A1
............................. +...._._._.........._.__....4._.._..._._.__..._...._..+___._...._..._.__._.+....._................._.._+._.._._.._....._..._.§.
I Method used I wicrowave | microwave | microwave | microwave IMEAN VALUE |
I'RAR s0lubhleIRAR solublel RAR soluble ] RAR s0lublel 1
! TOTAL ! TOTAL ! TOTAL ! TOTAL | |
lICF‘ -~ Hudride Generation--————- e o Fom e o +
Arsamic Ny | 0.375 | = 0.001 1 < 0.001 | - ! - !
ICF = Ultrasonic Nebulizastion--+--——mce—oe—oe-_ o e P R et +
Chromium GCr | 2.21 1 0.3460 1| 0.056 | - l - |
l Correr Cu | 0,629 | 0.016 1 0,020 1 0,461 | 0,459 |
Results in I mdg/1 ma/1 | ms/1 i md/ 1 | m3/1 |
———————————————————— +-———-——————+—-——-——-———-—+—-———-—-———-—+--—--———--——-4-—-———-—-—-—+
l —————————————— e e Forrm e ———————— e ————— Fom e ———— Fomm e +
’ Identification IEFA WF1085 1EFPA WP1085 JEFPA WP1085 1EFA WP10E5 | TRAY AFE l
| CONC 1 | CoNC 1 | conc 2 i CcoNC 2 l+1irem SPIKE]
.Lab Reference % I 18353-009 1 18353-009A1 18353-010 | 18353-010A01 183533-011 |
————————————————————— w+-—————~————+——————~——--+—-——————--—+——-———-——-—+—-——--———-—+
Hethod used 1 microwave | EFA RANGE | microwzve | EFA RANGE | wicrowave |
I . IRAR solublel L% LI IRAR soalublel 5% CI IRAR solublel
} TOTAL 1 I TOTAL l I TOTAL I
ICF - Hudride Generatiop--————- et ittt Fom e Rkt - +
I Arsenic As | - | - ! 4,99 | 3.951-6.43 | 2,10 1
ICP - Ultrasonic Mebulizatiopn-——4-——ceemeoen o e o ————— Rl +
~Chromium cr 1 4,93 1 4.18-5.94 | - ! - ! 1.72 1
Corrar Cu 1 - | - | - I - ] 1.29 |
l Results in ] md/ 1 | m3/1 i m$/1 I ms/1 {
———————————————————— +————~——————+-———————-——+———————————+————-——~———+——-———
Test results are for internal use only, Buanta Trace liability is limited to the testing fez raid, Anzlust? -
| P —
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ANALYSIS OF ENVIRONMENTAL SAMFLES

To? Envirochem Servives Workordaer! 18353

310 EFasl Esrlanade Received ! I1-Msrg@2
North Vancouver, RB.C, Comeletad? EO—API‘:'Q

V7L 1A4
Attn? Linda Eastcott Re? FOf 62847 - CCA leachate Sf.udi
————————————————————— L i e R Ttk T TSP §
Identification 1 TRAY 1E | TRAY 2F 1 TRAY 3F | TRAY 4E | TRAY AC @i
Latby Reforemce £ I 18352-001 | 18353-002 | 18353-003 | 18353-00441 18333-00‘||
st o e e et s ot e o o s mon o o e B O U o e e ————— Y U g s +
Method used . I microwave | microwave | microwave | microwave | microwav |
' IRAR solublelRAR soluble!RAR solublelRAR solublel RAR s\olubil
| TOTAL i TOTAL ! TOTAL [ TOTAL | TOTAL I
-<ICF = Hudride Gereration-————-—-—- Fom e ————— Fom e e Fo e ———— e e e +
Arsenic Ag | 1.60 | 0.007 | 1.18 | 1.07 | 1.09 881
ICF - Ultrasonic Nebulizstion=--=+4-———meeu-az Form e ———— o —— f +
Chromium Cr 1.21 | 0.654 | 0.457 1 0.750 1 0.741 |
Correr Cu | ISTIY: I 0.011 0.984 i 0.265 | , b ]
Results in | ma/1 ! mH/1 | ind /1 | mg/1 ! md/1 f‘l'
_-....._._...._..._...._._-._..._._.-...+ _____________ + ___________ + ____________ + ____________ + ___________ +
e e bt R P o e o ———— ’-l-
ITdentification ! TRAY GE | TRAY 6FE ! R ANK | EC RBC-4-4 | EL EBC-4--71481
Lab Raferonmcas I 18332-003 | 18353-004 | 18352~007 | 18353-008 1 18353-008A71
”""""‘"""‘""“'"‘"""‘"“"""""'"""’I‘""""""““"‘—"“_+ ____________ + ___________ 4 _____________ +_..._._...........-..4 4}
Method usod P microwave | microwave | microwave | microwave [MEAN UM.-UF'!
IRAR zolublelRAR zolublel RAR solublelRAR soluble !
| TOTAL | TaTAL ! TOTAL I TNTAL ! !
ICF - Hudride Cenceration-=-—--mefommemmm oo Frm e ————— Fm o l+
Arsanic A ] 0,395 | 0,001 | = 0.001 | - ! - }
ICF - Ultrosonic Nebulivalion-—t-=-cmemm e oo fom e oo}
Chiromium Cr | 2.21 | 0.350 | 0.056 | - | - ll
Corper Cu | 0,629 0,016 | 0.020 1 0,461 | 0,45 !
Roesults in ] 115 7 A | ma/1 ! n3/) } /] | m3/1 |
.“_m._....._..‘..-A.-.,_........_.._..._.......-‘+_.._._-..-.__._._.-+ ______________ .} _____________ +_..._.._._....._......._.._.+ ___________ ' +
T T e i e e e e e e e e o e S 13
ITdentificetion TEFA WFI108S 1EFA WRI0BS 1EFA WPI0BTS IEPA WPL108S | TR&EY AFE |
! coMe 1 ! COME 1 ! coNg 2 ] LoNG 2 I+1rrm SFINEI
l.ab Reference % I 1B3G3-00% 1| 18352-00%A) 18353-010 | 16835 7~~010M 18353-01 1181
._....-......__._.._...._.._...._,_.._.A_A....._..;....._..._..,......‘.._.___.,.._.___-_...._..._.*. __________ .....+ ____________ + ______________ ’.
Method used I microwave | EFA RANGE | microwave | EFA RANGE ! microwav 1
FRAR solublal ?G% CI IRAR solublol 7% 01 I RAR solubal
I TOTAL | . ! TOTAL ] | TOTAL |
ICF - Hudride Generation---—--- Fo e ————— e Fomm - +
Arsenic As | - | - | 4.9% | Z.51-6.43 | 2,10 @m!
ICP - Ultrasonic Nebulisation-——4-—-—wwemmeaa o - t-——————- +
Chromium Cr | 4,93 ] 4.,18-5.94 | - f - } 1.72 L
Carrar Cu | - ! - ! - ! - ] 1.29 .l
Results in ! ms/1 | m/1 1 ms/1 ] m#/1 i mu/ ] 1

e o o e o o e e ;~..__.__.-_.._.___+ _____________ 4 _____________ e o —_———




Cra gz b A Y o) L atscrr-ator i e s o -
4013 OO Gilmore Waws Burnasbuy RB.C.r USHE AM1 Teld (&0AYATB-F226 FaxiAR&6-0065

ANALYSIS OF ENVIRONMENTAL SAMFLES

Tod Enwvivraoocham Services Workorder? 18354
310 Fezl Forlancde Received § 31-Mar-92
NHorkth Vanocouvers B.C. Comslatad? 21-Apr-92
V7L 1ha9

Attt Linds Testeoott Ret FOX 62847 - LOA Leachate Study

er o o e s dine b st o ........_..............,....._‘.....’...._.._...__.__.._...._.+..._........._.._......._....{............._._._..-.._.....‘.*.._......._..._____._..’.

TRAY IF I TRAY 2F I TRAY 3F | TRAY AF 1| TRAY 4F |

Tdentificetion ]
an Rn-arunc& i 1 12354-001 1 18354-002 | 18354-003 | 182%54-004A! 18354-004R|

- e e e e e e }

!

]

]

l )

._..-._.........._._.....{._..__..._.__._...__..’.....,_._...._.__.._.._. ._.'4.__...._.._..__.". _.._._A* ...._._._._..._.._..__.+

Mothod wuued microwave | wmicrowavae | microwave | microwave | microwave |
RAR solublelRAR solublelRAR solublel RAR solublelRAR solubleld
TNTAL ! TOTAL | TOTAL ! TOTAL I TOTAL |
TCOF = Nudride Dencration=————=medm oo e e e e e e e e e e
Hrmonde Hao | 1.69 ] g.008 | 0.838 | 1.14 | 1.23 |
TCR - Mtrasonic Mebulizetion-- o e e e s e }
Chivamiam e ! N0.7%8 | 0.34% | 0.3%44 | 0.670 1 0.679 |
Correr Cu | 0,469 | 0.008 | 0.416 | 0.201 | 0,260 |
sril b ! w3/ | m:A/ | mA/ ! md/] | m3/1 |
o 4

S, -._.._.._‘n.....‘.........._,......__4_._.m.~+_..._...4......_,._..._........__....}.......A_........._........-.._..‘,...‘__.__......._._._.__.’.

v e i o e ot b ,.....'l.............____..-.‘....._..}.._-......__... ......*~+_....

! Tﬁo\ OF
P 1235340035
N -
!

B e R i e +

TRAY 6&6F | BL.&KI I EC RC-4-4 | EC BC~4--4 |
74-006 1 183353 00/ I 18354-008 | 18334-008Al

[ .n.~....\..__..-...._._......._.*._.... - _._.._....‘,}._-........ ._._.-._.......~..+._‘..__.__.__.___..*.

IRAR soluble IRAR sulublelRAR solublelRAR soluble!l |

N TRTAL /TOTAL ! TOTAL ! TQTAL ! |

TCP - Hudiide Qenerabion- - g s i s e e e et s e e
Arsanie S ! 0.8
or UWltrasonic MNebwulisslion-- S

]
I
microwsve | microwave | microwave | microwave |MEAN VALUE |
]
]
¥ ]
|
2.328 0.406 | 0.057 | - ! - |
]
!

T

0.001 | =« 0.001 | - - I

s - e s e ae e + et it rs e e e e e e orr + e roen reer e s e e e e e e

Chromiam Cr

Correr Cu
Roasultas in

!
TR
! !
] 0,875 | 0.00% | 0.001 | 0,463 0.45% |
! mA/1 ] m:A/1 ' o ma/] ! m/ ] md/1 |
S T N 0 AU 8

- e [P B i Rt ST o o d o - ——————— ’.

TEFA WRLOBD TEFA WPRLOBG [EFA WPIOBS IFFPA WRI108S | TRAY AF . |
! CORS 3 T CaNG 1 I goMC 2 FoocoNe @ I+175m SFIKEI
118354007 | ]835‘~009AI 18354-010 | 10352-010A1 18354-011 |

tontificetion

Laebh Referoncs &

‘e e ...,..-.........._...-A{A...A........‘....-......._.._.,._..}.._._..._..._..__...._._...._.....{..-A.w..-_,...._-......_.......+ ___________ +

- s
Motlhiod usod I micrawave | EPA RANGE | microwsve | FPA& RANGE | microwave |
IRAR solublal 9ax CI IRAR solunlal G% CT . IRAR solublel
] TOTAL I I TOTAL } | TOTAL |
," C F' ” % |~-_; i l ‘-_-j 2 r} R (' l CYf o e = e ’ e v s e boe vne ot sira owes same e ’ ot oee e oo - o tote e o tans i P R + ___________ +
Arsenic iz | ~ | - ! 4.8% I 3.531-46.43

ICT —~ Wlerasonic Mebulisabion—=t e e e e e e e e e e e e
Chromium Cr 1 5.03 | 4.18-53.94 1| - !
Corrar Cu 1 - | - ! - |
Fesults in ! /1 l g/ ! ms/1 |

whtr s s e e o taan st e o et beks e oot 4 14 e ares 2o ; et s s onee e o ot o ' e s s o — + ____________ + ____________

Test results are for internal use only, Quants Trace lisbility is limited to the testing fee paid.
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LYNTERI | FACHING STIDV 1903 - FISH RES TS

SAMPLE ID FISH 96HRLCS0 | DATE RECEIVED
i T
TRAY 1A | 7.0% * 16/03/92
[ 18 | 4.3% 20/03/92 |
] IC i 10.3% % 25/03/92 |
D i 20,55 27/03/92
1 9.9% ' 21/03/92
1F 33.2% | 03/04/92
i i
L TRAY 2A NON-TOXIC ’ 16/03/92 ,
g NON=TONIC D00 T A0
2 | NON-TOXIC 25/03/92
b NON=TOXIC ; 27/03/92 B
} 2F NON-TOXIC E 31/03/92
| oF f NON-TONIC NZ/04/92 !
| | a
B TRAT JA | 6.4% | i6/03/92 |
{ 5 i 5758 20/03/92
| 0 ; 16.0% i 25/03/92
‘ i i 14 6% 27/03/92
P SE | i3.2% i 31/03/G2
IF 2168 ‘ 03/04/92
] i
TRAY 4A ' 145% | 16/03/92
B 7378 20/03/92
4 | 408 mortality & 1008 | 25/03/92
ap 40% mortality ® 100% 27/03/92
4F , 41,28 21/03/92
IF i undetermined 03/04/92
% |
TRAY S 408 g 16,/03/97
58 , 76% 20/03/92
| 5C 3.7% | 25/03/32
5D , 5.2% 27/03/92
SE § 10192 ; 31/02/92 ,
SF ; 13.2% | 03/04/92 i
1 i
'{ TRAY 6A } HON-TOX! ! 16/03/22
i 6B i MON-TOXIC l 20/03/92
6C 1 NON-TOXIC . i 25/03/92
6D i NON-TUKXIC % 27/03/92
6F NON-TOXIC 31/03/92
6F NON-TOXIC 03/04/92




APPENDIX B

QA/QC Data Assessment

Envirochem



Assessment of Arsenic, Chromium and Copper QA/QC Data
. six sets of analyses of EPA Standard Reference Materials for chromium and arsenic and
a BC Standard for copper were conducted by Quanta Trace as part of the required QA/QC

. the chromium and arsenic EPA standards had a true value of 5.0 mg/l and the copper
B.C. Standard had a true value of 0.459 ' '

. the standard deviations for each set of 6 analyses are:
As:  0.14 mg/l
Cr: 0.22 mg/l
Cu: 0.006 mg/l
. the 95 % confidence interval of the mean (using standard methods) is:

As: 4.79 +/- 0.16
- Cr: 5.13 +/- 0.25
Cu: 0.457 +/- 0.007

. a measure of analytical accuracy is given by the mean error which is equivalent to the
mean minus the true value or:

As:  0.21 mg/l > one standard deviation of 0.14 mg/l
Cr:  0.13mg/ < one standard deviation of 0.22 mg/l
Cu:  0.002 mg/l < one standard deviation of 0.006 mg/l

Therefore, the analytical results of chromium and copper are good, but the arsenic results could
be statistically improved.



