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NOTE TO THE READER

This report contains the results of a preliminary study.  The study was done to find out whether detectable amounts of the components of a commonly used type of wood preservative (Copper-chromium-arsenate, CCA) are released from outdoor structures built of preserved wood.

Playground structures were chosen as study objects because they are numerous; they are easily accessible; they are of a known age; they contain many different design features and a great variety of structural components; and because for these reasons they may be useful study models for many other types of outdoor structures.

The study was carried out informally, and not as a part of an official investigation. It was designed merely to obtain some basic information which could be used to design a detailed study of the factors which influence the release of CCA residues from outdoor structures under controlled (known) conditions.

The results and opinions presented in this report are solely those of the authors, and not those of the Government Departments with which the authors are associated.

Questions and comments concerning the design of the study and the interpretation of its results should be addressed to Dr. D. Riedel, Environmental Health Directorate, Health and Welfare Canada, Room 203, Environmental Health Center, Tunney's Pasture, Ottawa K1A 0L2, tel. (613) 952-7810.

Questions regarding the safety of wood preservative chemicals registered in Canada for use under the federal Pest Control Products Act should be addressed to Daniel Galarneau, Pesticides Division, Environmental Health Directorate, Health and Welfare Canada, Room 1514,B. Claxton Building, Tunney's Pasture, Ottawa KlA 0K9, tel. (613) 957-1868.  
 

Information about the chemical analytical methods and procedures used for this study may be obtained from Dr. D.C. Gregoire, Head, Analytical Chemistry Section, Geological Survey of Canada, 7th Floor, 601 Both Street, Ottawa K1A 0E8.

INTRODUCTION

Due to the increasing scarcity of durable species of wood, huge volumes of pressure-treated lumber, and of wood preservative chemicals are being used in Canada and elsewhwere in the world ( Micklewright, 1988; Konasewich and Henning, 1988). Until the late 1960's, mostly creosote and chlorophenols were used for pressure-treating wood.  However, during the 1970's, increasing concerns developed about the safety of these two kinds of chemicals, and the so-called waterborne wood preservatives, particularly the arsenical salts, have become more popular. During the past 15 years, many wooden outdoor structures have been built across Canada with lumber which had been pressure-treated with  water-borne "CCA-type" preservatives. These preservatives contain salts of arsenic (As), chromium (Cr) and copper (Cu), which chemically combine with the treated wood, and which then protect the wood against decay-causing fungi and other wood destroying organisms.

However, the process by which the metal salts are "fixed" to the chemical components of wood is very complex, and has to be carefully controlled to ensure that the metal salts remain tightly combined with the wood (Bailey and Rose, 1960; Dahlgren, 1975; Dahlgren and Hartford, 1972 a,b,c; Eadie and Wallace, 1962; Ermusch et al., 1980; Henry and Jeroski, 1967; Greaves and Levy, 1978; Sandermann et al., 1954; Teich and Baumgartel, 1970). Unfortunately, much of the CCA-treated lumber marketed in eastern Canada appears to be improperly or inadequately treated (Pepin, 1990). This raises concerns among consumers and construction professionals both about the durability of such lumber, and about the potential contaminatiom of the environment and of people with the arsenic, copper and chromium which can be released from the treated wood (Gilchrist, 198; Jagels, 1985; Klich, 1988; Riedel, 1985). 

It is difficult to obtain reliable information about the safety of wood treated with arsenical preservatives, because several different types of such preservatives have been and are being used in Canada, including ACA (Ammoniacal copper arsenate) and CCA (chromated copper arsenate), and because there are 3 types (A, B, and C) of CCA preservatives (Konasewich and Henning, 1988). The type of CCA-treated wood available to the Canadian consumer usually has no permanent label to indicate the type of preservative used; in addition, the amount of preservative retained in the wood (retention rate) varies exceedingly (Pepin, 1990).  

Health concerns arise about CCA wood preservatives and about the wood treatd with these chemicals because trivalent As and hexavalent Cr are carcinogens (IARC, 1980; NRCC, 1978), and because several published studies indicate that trivalent As and hexavalent Cr may be given off by wood which has been treated with CCA preservatives (Coggins and Hiscocks, 1979; Ermusch et al., 1980, Haeger, 1969, Woolson and Gjovik, 1981). 

Most of this concern centers on workers occupationally exposed to wood preservatives and to preserved wood (Behrbohm, 1957; B.C. Research, 1987; Jagels, 1985; Takahashi et al., 1983).  A recent report in the medical literature documents the occupational poisoning of two workers who built picnic tables from CCA-preserved wood in a confined space which became heavily contaminated with arsenic residues (Peters et al., 1986).  However, some workers in the U.S.A. whose exposure to CCA was studied, excreted only low levels of arsenic, chromium and copper, which were still  "within normal limits" ( Takahashi et al., 1983).  Similarly, workers employed at a wood preserving plant in British Columbia were found to have only low levels of arsenic in their urine (B.C. Research, 1987).  People who merely come into occasional contact with surfaces of pressure-treated wood, are presumably not exposed to dangerous amounts of CCA residues. However, few scientific studies are available to support this assumption.  

CCA-preserved wood is used for many structures with which people, domestic animals or stored commodities may come into frequent and prolonged direct contact (beef and dairy barns, storage sheds, cold storage and refrigerated warehouses, decks, patio and garden furniture, park benches, play structures, foundations for dwellings) (Canadian Institute of Treated Wood, undated). Thus there is a need for experimental data which could be used to objectively assess the safety-in-use of such structures.

Unfortunately, little published information exists about the extent to which the CCA chemicals migrate out of pressure-treated wood under Canadian use conditions, or about the nature and extent of the dislodgeable residues of arsenic (As), chromium (Cr), and copper (Cu) which might be present on the surface of structures built of preserved wood, or in the ground around them.

The limited data available on the migration of CCA components from pressure-treated wood exposed outdoors under Canadian climatic conditions are in part contradictory.  Cserjesi (1976) found considerable leaching of As, Cr and Cu, particularly during the first 6 to 8 months of exposure, from CCA-treated experimental cedar shingle roofs exposed in coastal British Columbia,  i.e. in an area of high rainfall.  Initial As concentrations in the rainwater runoff from the treated cedar shingles reached 2 to 22 ppm. In contrast, Arsenault (1985) as well as Webb and Gjovik (1988) contend that under North American use conditions the leaching of As, Cr and Cr residues from CCA-treated wood is minor, and does not constitute an environmental hazard.  Leaching tests carried out under controlled laboratory conditions are of short duration, and may not provide a very good indication of the leaching of preservative chemicals from pressure-treated wood which is exposed for many years outdoors (Haeger, 1969; Sedziak and Unligil, 1975; Webb and Gjovik, 1988).

Several groups of investigators have shown that the extent and rate of leaching of As, Cr, or Cu from treated wood is influenced by the composition and acidity of the treating solution, the drying conditions of the wood after treatment, and the composition or species of the treated wood  (Dahlgren, 1975; Eadie and Wallace, 1962; Ermusch et al., 1980; Haeger, 1969; Fahlstrom et al., 1967; Henry and Jaroski, 1967; Jonas, 1956, 1957; Woolson and Gjovik, 1981). Recent unpublished laboratory studies (McCurdy, 1986) indicate that the composition and pH of aqueous leaching media also affect the leaching process. 

These observations are of interest to the present study, but the variables identified in the above-cited studies were not investigated by us, although they may well have affected our results.   

The present study was initiated by the senior author following numerous inquiries from private individuals and from building contractors and other construction professionals who were worried about the safety of CCA-treated wood.  The principal purpose of the study was to determine whether structures built of wood which had been pressure-treated with "CCA" preservatives, and which had been subsequently exposed to Canadian climatic conditions for up to 10 years, had released measurable quantities of As, Cu and Cr to the environment. 

We did not attempt to identify the physical or chemical form of the "CCA" residues as they existed in the samples.  Rather, the residues were quantified as As, Cu or Cr residues extractable with nitric acid.  Neither did we try to quantify the daily amount of contact with the structures, and the resulting absorption of As, Cr or Cu which would be typical for the users of the structures studied by us. One therefore cannot use our results to determine the degree of hazard, if any exists, which could be associated with the various kinds of structures built of CCA-treated wood. 

Similarly, the analyses of sand samples were aimed merely at determining whether any "hot spots" of As liberated from the treated wood might be associated with the principal structural features such as large supporting posts, and whether a measurable elevation of "background"  levels of As had occurred in the sand below or near the structures.  Control soil samples were taken in order to determine whether the local soils contained As, or whether extraneous As, e.g. from air contaminants (Goulden et al., 1952) was present.

Playground structures were chosen as study objects because they were easily accessible, they incorporated a wide variety of structural designs and lumber dimensions, and because records were available on their age. 

The results of this preliminary study are being used as a basis for designing a more detailed study of the release of residues of As, Cr and Cu from experimental structures built of new CCA-treated wood.                                                                

MATERIALS AND METHODS

1. Location and Nature of the Playground Structures

The 10 studied playground structures are located in eastern Ontario, a region with a temperate climate and a prolonged winter season. This area  receives acid precipitation, which may affect the leaching processes involved in releasing preservative chemicals from pressure-treated wood. 

The structures consist mostly of CCA-treated lumber of various dimensions combined in a wide range of designs. The major structural elements are beams and planks. Most beams measure about 15 cm x 15 cm (6 inches x 6 inches), or about 10 cm x 10 cm (4 inches x 4 inches), or 15 cm x 5 cm (6 inches x 2 inches) in cross section, while most planks measure about 15 cm x 5 cm (6 inches x 2 inches), or 12.5 cm x 2.5 cm (5 inches x 1 inch) in cross section. Round poles of various dimensions, sometimes sawed lengthwise, are also found on some structures, mostly to form rungs on ramps or ladders.  The beams and planks are usually bolted together to form tower-like structures with 2 to 4 platforms at various levels. These may be linked  in series, or connected to swings, slides, ladders or horizontal "monkey bars".  Most of the upright supporting posts are in a vertical position, while others are at an angle of between 45 and 90 degrees (Figs. 1 a - 1 e).  Metal slides set in wooden supports were frequently attached to these structures (Fig. 1 a). The play structures commonly reach a height of 2.5 to 3 m (10 to 12 feet).  Some structures incorporate hut-shaped shelters. On many structures, the wood had been painted with an oil-based stain, which had worn off in those areas which are subjected to frequent contact with the users (Figs. 1 c - 1 e). 

The play structures are usually set in a bed of sand at least 25 cm  (one foot) deep, which is usually enclosed by beams of preserved wood (Figs. 1 a,  1 b). This sand is replenished or replaced from time to time.  

Observation showed that when the structures are in use, some of the sand is carried onto the structures and there acts as an abrasive, especially on the horizontal parts (Fig. 2). Some of the structures are located within a few meters of a wading pool, which is in use during the summer months. In those cases, the water on the wet feet of the children using the pool favours adhesion of the sand to the feet, and thus increases the transfer of sand from the ground onto the structures.  This in turn promotes the abrasion of the treated wood in areas of heavy use.  This was the case for the structure shown in Figs. 1c to 1e.
Most structures are located on level ground, but some are set on

sloping ground. The slope of the ground would influence the direction of runoff resulting from rain and meltwater, and would thus affect the distribution of CCA residues in the ground of the surrounding area.

2. Sample Collection and Storage

Three types of samples were collected: wood surface wipes, sand and soil samples. The wood surface wipes were collected by folding a 10 cm  x 10 cm, 8-ply gauze pad (Curity brand, code 70637), once along its midline. This resulted in a pad measuring 5 cm x 10 cm. This folded pad was then moistened with 3 mL of distilled water. For long wood surfaces (e.g hand rails), the moistened pad was used to wipe a 1 meter long area twice (folding the gauze over along its length after the first pass). The wiped wood surface area was thus 0.05 m x 1 m = 0.05 square meter (m2).  

Shorter surfaces, especially ladder steps or ladder bars, were wiped 4 times along a length of  50 cm, each time folding the gauze lengthwise after each pass.  For shorter surfaces therefore, the wiped surface area was 0.05 m x 0.5 m or 0.025 m2. These two kinds of surface wipe samples are thus not directly comparable.  

A total of 4 surface wipe samples were collected from selected parts of each structure which might come into frequent contact with the hands, with other parts of the body, or with clothes of users. For ease of comparison, similar structural parts were chosen at each playground whenever possible (i.e. right hand rail of slide, monkey bar, hand rail at top of ladder or slide).  For each structure sampled, one blank gauze wipe pad was dampened only as usual with 3 mL of distilled water, for later use as an analytical blank control sample. The gauze pads were immediately sealed into plastic NASCO "Whirl-Pak" bags measuring 75 x 165 mm, and stored in these in a refrigerator until the samples were processed for chemical analysis.
Sand samples (about 100-150 grams per sample, wet weight) were taken with a stainless steel spoon, and stored in plastic sampling bags (NASCO "Whirl-Pak", as described above). Four sand samples were collected at each  playground.  In addition,  one "background" control soil sample was taken at a distance of 10 meters from the wooden structure. Care was taken to collect the 4 sand samples at similar locations at each playground next to the wooden play structures. The usual sample locations were:  one each at the bottom of a slide, next to a support post, and at the bottom of a support post holding the main structure, and two underneath a wooden platform or underneath a structure approximately 1 meter away from the wooden posts.
Surgical gloves were used during surface and soil sampling to avoid any sample contamination by skin contact. All samples were stored in a refrigerator at about 4 C until analysis was performed.

The samples were collected in the late Fall. Weather conditions on the day chosen for sample collection were cloudy, with temperatures of about 1-5 ( C.

The general condition of each structure (i.e painted, new or old) was noted, a sketch of each structure was drawn, and in addition, colour photographs were taken to document essential aspects of the structures and of their surroundings.

3. Sample Preparation and Analysis
The gauze pads representing wipe samples or blanks were placed in 50 mL plastic centrifuge tubes and were equilibrated at room temperature with 20 mL of 1 M nitric acid for 48 hours. The tubes were then centrifuged and the sample solutions were decanted into covered plastic test tubes.  The portion of sample solution remaining in the gauze pad was squeezed out using a glass rod, and was added to the extract.

Sand and soil samples were dried in an oven at 80 C for three hours. Ten gram samples of these materials were placed in 50 mL plastic centrifuge tubes and treated in the same manner as gauze pads.   

A Perkin-Elmer Sciex Elan Model 250 Inductively Coupled Plasma Mass Spectrometer (ICP-MS) was used for the determination of the total nitric acid-extractable arsenic in sample solutions. External calibration was used for obtaining analytical response curves and for calculations.

Arsenic is a monoisotopic element with an atomic mass of 75 and is subject to an ICP-MS interference arising from the 40Ar35Cl+ molecular ion. This species is formed in the Ar plasma gas from Cl- derived from the sample material. For this reason, nitric acid rather than hydrochloric acid was used for extracting As from the sample materials. Correction for any naturally occurring chloride was made by monitoring the corresponding molecular ion formed at mass 77 from chlorine's second stable isotope, namely 40Ar37Cl (abundance: 24.7 %). By applying the suitable correction factor based on the relative abundance of 35Cl to 37Cl (3.13), correction was made for any molecular ion-interference arising from the presence of Cl in the sample. Blank solutions containing 1 M nitric acid were run with the samples, and any As present in the blanks was subtracted from the As intensities obtained from sample solutions.

The total nitric acid-extractable copper (Cu) and chromium (Cr) concentrations in the wipe sample solutions were also determined by ICP-MS.  This was done in order to ascertain the source of the arsenic and hence the possible nature of the preservative as being a copper or chromium arsenate. 

RESULTS 

1. Wipe samples

The results of this preliminary study are shown in Figs. 1 to 13, and in Tables 1 to 4. Figures 1a to 1e are photographs of one of these structures.  Figs. 1a  and 1b show the front and back overall view of the structure, while Figs 1c to 1 e show areas of heavy use, and of consequent wear of the treated wood on platform areas and ladder rungs.  Figs. 2 to 11 are drawings showing the layout of the play structures. The information in the legends to these Figures indicates the locations where the wipe and sand samples were taken, as well as the amounts of As, Cu and Cr measured in each sample from these locations. 

It can be seen from Table 1 that most of the wipe samples contained several tens of micrograms (millionths of a gram, μg) of As.  Only two wipe samples (from playground "H")  contained more than 100 μg As.  Table 4 shows that the amounts of Cr in the wipe samples were roughly similar to the amounts of As.  However, Table 3 shows that the levels of Cu tended to be higher than those of either As or Cr.  This could mean either that the preservatives used to treat the wood contained a greater proportion of Cu than of As or of Cr, or that the Cu residues become dislodgeable in a pattern different from that of the Cr and Cu  residues.  As it is not known what type of CCA was used for preserving the wood, no inferences can be drawn about the proportions of As, Cr and Cu originally present in the wood.  The mean As values for wipe samples from the 10 playgrounds ranged from 4.8 μg to 149.3 μg (thus showing an about 30-fold variance); the corresponding mean Cr values ranged from 5.0 μg to 132.3 μg (an about 26-fold variance).  The mean Cu values for the wipe samples ranged from 4.2 μg to 555.8 μg (an about 132-fold variance). 
2. Soil and sand samples
Only arsenic determinations were carried out for the soil and sand samples.  The results for the As determinations are shown in Table 2, and are expressed in milligrams (thousandths of a gram, mg) per kg of dry sand or soil ( roughly equivalent to "parts per million", ppm).  The "background" As values in the control soil samples taken at a distance of 10 m from the wooden structures were with one exception (0.37 ppm) below 0.3  ppm. However, most of the sand samples taken below and near the structures contained from about two to ten times as much As as did the control soil samples taken at the same playgrounds.  The mean As values for the sand samples from the 10 playgrounds ranged from 0.190 to 7.043 ppm, i.e. from below background to about 20 times the background level. The highest level of As in sand (125 and 102 ppm, mean 113 ppm) was found in one spot at playground structure "C" (Fig. 4 and Table 2), next to a large support post. The other sand samples from that structure ranged from 6 to 27 ppm.  This last very high level therefore was a "hot spot", and not representative of the playground as a whole.  In this case, a second portion of the sample in question ("C 7") was analyzed to confirm the first analytical result.

                    Fig. 1

  [Note: Figure 1 is missing from this copy of the report]

                  FIG. 1

                          Figure 1  Legend
a) Front view of play structure

b) Rear view of play structure

c) Areas of wear on a platform of the play structure

d) Areas of wear on the rungs of a ladder of the play structure

e) Detail of play structure showing arrangement of supporting posts, beams and planks
(G-1 to G-8 indicate the spots at which wipe samples and sand samples were taken; analytical results for these are shown in the legend to Fig. 8).


TABLE 1

RESULTS OF ARSENIC ANALYSIS OF COTTON WIPES (ug/wipe
)
SAMPLE # 
PLAYGROUND IDENTIFICATION LETTER



A


B


C


D


E


F


G


H


I


J


1


19.6


71.1


41.6


20.7


29.1


22.2


20.5


78.4


0.5


1.8


2


30.4


75.0


70.2



39.7


23.3


26.4


0.9


322.0


1.7


2.0


3


20.8


40.6


87.7



48.3


30.2


35.7


8.0


155.0


5.4


28.5


4


53.5


84.7


26.9


29.2


18.0


36.5


24.2


41.9


11.7


38.7
























MEAN


31.1


67.9


64.0


34.5


25.2


30.2


13.4


149.3


4.8


17.8


±SD


15.7


19.1


25.7


12.1


5.7


7.0


10.8


124.4


5.0


18.8


TABLE 2

   RESULTS OF ANALYSIS OF SAND AND SOIL SAMPLES FOR ARSENIC CONTENT 
 
PLAYGROUND IDENTIFICATION LETTER























SAMPLE 


A


B


C


D


E


F


G


H


I

    J


As Content in  mg/kg dry weight (ppm)


5


 0.2695,



1.392


7.404


0.058



0.300


0.364


1.667


2.791


1.665


7.189


6


9.573


1.188


7.430


0.335


0.421


0.722


0.796


5.664


3.637


2.054


7


4.193


4.507


113.5
,



0.131


0.505


3.913


3.083


3.990


1.319


6.577


8


5.470


2.562


6.295


0.370


0.303


1.805


0.730


9.227


1.180


4.612

























MEAN


3.955


2.412


7.043


0.190


0.382


1.701



1.569


5.368


1.950


5.108


±SD


3.908


1.522


0.648


0.153


0.099


1.596


1.096


2.863


1.143


2.314








(n=3)
















CONTROL


0.194


0.224


0.371


0.100


0.211


0.179


0.249


0.228


0.200


0.275


TABLE 3

RESULTS OF COPPER ANALYSIS OF COTTON WIPES (ug/wipe)
SAMPLE # 
PLAYGROUND IDENTIFICATION LETTER



A


B


C


D


E


F


G


H


I


J


1


108.0


46.5


308


185


180


127


596


485


1.7


1.0


2


121.0


78.4


141


143


293


   68.3


355


914


2.3


4.6


3


 85.0


51.9


529


377


332


   63.1


364


   42.1


4.8


14.9


4


 97.0


89.9


165


177


177


   44.9


908

  
    4.7  


8.1


51.7
























MEAN


102.8


66.7


285.8


220.5


245.5


75.8


555.8


 361.5


4.2


18.1


±SD


 15.4


20.8


178.1


105.9


 79.0


35.6


260.0


428.1


2.9


23.2














































TABLE 4

RESULTS OF CHROMIUM ANALYSIS OF COTTON WIPES (ug/wipe)
SAMPLE # 
PLAYGROUND IDENTIFICATION LETTER



A


B


C


D


E


F


G


H


I


J


1


7.4


30.1


18.5


6.8


15.0


6.9


30.1


   91.7


1.2


2.6


2


13.7


34.4


22.8


14.3


10.5


10.2


39.1


254


2.0


5.1


3


7.9


19.8


31.4


16.5


9.5


11.1


9.1

   143


4.7


43.5


4


16.2


35.9


10.7


16.6


5.6


8.0


24.6


   40.5


12.2


27.8




MEAN


11.3


30.1


20.9


13.6


10.2


9.1


25.7


132.3


5.0


19.8


±SD


 4.3


7.3


8.6


4.6


 3.9


1.9


12.6


 91.3


5.0


19.5
























Figure 2


PLAYGROUND A

WOOD STATUS: NOT PAINTED
YEAR OF CONSTRUCTION: 1986
NUMBER OF STRUCTURES: 2
            1  

            
          ╔═█═█═█═█═█═█═╦═╦═══════════╦═╕         

          ║ █ █ █ █ █ █ ╠═╝           ╚═╡           

          ║ █ █ █ █ █ █ ║       5 A2    │
     A6 ╠═█═█═█═█═█═█═╬═╗          ╔═╡█
         ╒╩╤╧╤╧╤═╤╧╤╧╤╧╤╩╤╩╤═╦══░░░░══╩═╛█
     2 │ │ │ │ ││ │ │ │ │ ║A1░░░░     █
         │ │ │ │ │A3 │ │ │ │ ║░░░░     █
         ╘═╧═╧═╧═╧═╧═╧═╧═╧═╧═╝  ░░░░     █
                                ░░░░     █
                                ░░░░A5 █
                                        █4

                                 3     

                                        A7╔═╦═══════╦═╗   

                                            ╠═╝       ╚═_┬─┐ 

                                   3░░░░░░║     6     ║│ │2
                                            ╠═╗       ╔═_┴─┘  

                                            ╚═╩═══════╩═╝A8  

                                                    

                                                 A4

Figure 2 Legend


PLAYGROUND A
WOOD STATUS: NOT STAINED OR PAINTED
YEAR OF CONSTRUCTION: 1986
NUMBER OF STRUCTURES: 2

1./ Monkey bars

2./ Stairs (made of 8-12" logs cut in half)

3./ Slide

4./ Swings

5./ Platform

6./ Small hut (large treated wood surface area with roof)

Wipe Samples:

A1/ Right handrail of slide (2X4")


19.6 μg/wipe

A2/ Handbar over top of slide (4X4")

30.4 μg/wipe

A3/ Middle portion of handrail of stairs (4X4")
20.8 μg/wipe

A4/ Handrail on the small hut (4X4")

53.5 μg/wipe

Sand samples:

A5/ Left bottom of slide




 0.2695 PPMb (± 0.1025 ppm)

A6/ Bottom post of stairs (left)
 (6X6")

 9.573  PPM

A7/ Corner post of small hut2 (4X4")

 4.193  PPM

A8/ Corner post of small hut2 (4X4")

 5.470  PPM

Control soil sample:

10 meters from structures                        0.194  PPM


Figure 3


PLAYGROUND B
WOOD STATUS: NOT PAINTED
YEAR OF CONSTRUCTION: 1983
NUMBER OF STRUCTURES: 1
                                ╔═╦═══════╦═╗B8
                                ╠═╝       ╚═╣
                                ║           ║
                  ╒═╤═╤═╤═╤═╤═╤═╣    1.a    ║
                  │ │ │ │ │ │ │ ║           ║
               3│ │ │ │ │ │ │ ╠═╗       ╔═╣
                  ╘═╧═╧═╧═╧═╧╦╧╦╩═╩═══════╬═╣
                   B1       ╠═╝          ╚═╣
                      B3    ║    1.b       ║
        ░░░░░░░░░░░░░░░░░░░░░║      B6      ║
     2░░░░░░░░░░░░░░░░░░░░░║             ║
        ░░░░░░░░░░░░░░░░░░░░░║              ║
                            ╠═╗          ╔═╣B7
        B5                   ╚═╩══════════╩═╝ 

                                     
                                 B2  B4 


Figure 3 legend


PLAYGROUND B
WOOD STATUS: NOT PAINTED

YEAR OF CONSTRUCTION: 1983

NUMBER OF STRUCTURES: 1

1./ Platforms [1.a low; 1.b high]

2./ Slide

3./ Stairs

Wipe samples:

B1/ Top right handrail of slide (2X6")



71.1 μg/wipe

B2/ Top handrail of platform (2X6")



75.0 μg/wipe

B3/ Top right handrail of stairs (2X6")



40.6 μg/wipe

B4/ Middle rung of step ladder leading to B2 (2X6")
84.7 μg/wipe

Sand samples:

B5/ Left bottom of slide (6X6"-- 3'high)


 1.392 PPM

B6/ Under high platform, middle of area



 1.188 PPM

B7/ Corner post of high platform (6X6"-- 8'high)

 4.507 PPM

B8/ Corner post of low platform (6X6"-- 9'high)

 2.562 PPM

Control soil sample:

10 meters from structure                       

 0.224 PPM


Figure 4


PLAYGROUND C
WOOD STATUS: NOT PAINTED

YEAR OF CONSTRUCTION: 1980

NUMBER OF STRUCTURES: 1

 ┌─────────────────────────┐
 │                         │     C5
 │          ╔═╦══╦═╗       │                  ╔═╦═════╦═╗ 

 │          ╠═╝  ╚═╣░░░░░░░░░░░░░░2          ╠═╝     ╚═╣
 │          ║  1   ║░░░░░░░░░░░░░░             ║    1    ║
 │          ║      ║      │                   ╠═╗     ╔═╣
 │   ╔═╦════╬════╦═╣ C1    │          ╔═╦════╦═╬═╩════ ╩═╬═╦═════╦═╦═╦════╦═╗  │   ╠═╝    ║C7 ╚═╣       │          ╠═╝    ╚═╣         ╠═╝ 1   ╚═╬═╝    ╚═╣ 

 │   ║  1   ╠═╗  ╔═╣       │         ║    1   ║   3     ║    C6   ║       ║
 │   ╠═╦════╬═╬══╩═╩═╦═╗   │         ╠═╗    ╔═╣        ╠═╗    ╔═╣       ║
 │   ╠═╝    ╚═╝      ╚═╬═══╤══════════╬═╬════╬═╬═╤═╤═╤═╤═╬═╬═════╬═╣   1   ║
 │   ║          1      ║   │  5       ╠═╝    ╚═╣ │ │ │ │ ╠═╝     ╚═╣      ║
 │   ╠═╗    ╔═╗      ╔═╣   │          ║    1   ║ │ │ │ │ ║C3 1    ║  │   ║
 │   ╚═╩════╩═╩══════╩═╩═══╤══════════╬═╗    ╔═╣ │ │ │ │ ╠═╗     ╔═╬═╗    ╔═╣
 │                        │          ╚═╩════╩═╬═_═╧═╧═_═╬═╬═════╬═╬═╩════╩═╝
 │              C2        │                   ╠═╝     ╚═╬═╝     ╚═╣       

 └─────────────────────────┘                  ║     1   ║    4    ║       

                                             ╠═╗     ╔═╬═╗     ╔═╣       

  see box below                               ╚═╩═════╩═╩═╩═════╩═╝                                                             ▄▄▄▄▄▄▄▄▄▄
                                                                    7
                                                         C8           

                                               █══█══█══█══█══█══█══█  

                                               █  █  █  █  █  █  █  █
                                          C4 █  █  █  █  █  █  █  █
                                               █══█══█══█══█══█══█══█  

                                                          

                                                         6

Box:

                                      C5
            ╔═╦═══════╦═╗              

            ╠═╝       ╚═╣░░░░░░░░░░░░░░2
   ╔═╦══════╣  1        ║░░░░░░░░░░░░░░
   ╠═╝      ╠═════════╦═╣           

   ║        ║C7  C7a  ╚═╣C1           

   ║        ║     C7c║       C7d    

   ║        ╠═╗       ╔═╣C7b           

   ╠═╦══════╬═╬═══════╬═╣           

   ╠═╝      ╠═╝       ╚═╬═══════════
   ║        ║   1       ║     5     

   ║        ╠═╗       ╔═╣           

   ╚════════╩═╩═══════╩═╩═══════════
                                   

                C2                  


Figure 4 legend


PLAYGROUND C

WOOD STATUS: ORIGINALLY STAINED BUT WORN OFF

YEAR OF CONSTRUCTION: 1980

NUMBER OF STRUCTURES: 1                               

1./ Platform         

2./ Slide            

3./ Stairs           

4./ Hut              

5./ Suspended bridge 

6./ Monkey bars      

7./ Beam

Wipe Samples:

C1/ Top right handrail of slide (2X6")


  41.6 μg/wipe

C2/ Handrail of suspended bridge (2X6")


  70.2 μg/wipec (±15.0 μg)

C3/ Handrail at top of the stairs (2X6")

  87.7 μg/wiped (±2.3 μg)

C4/ Second rung from bottom of monkey bars (2X6")
  26.9 μg/wipe

Sand samples:

C5/  Left bottom of slide (6X6")




   7.404 PPM

C6/  Under structure middle of area (6X6")


   7.430 PPM

C7/  Under structure next to post (6X6")


 113.5 PPMef (±16.5ppm)

C7a/ Under structure 12" from post (6X6")


  14     PPMg
C7b/ Under structure next to second post (6X6")

  27     PPMf
C7c/ Under structure next to third post (6X6")

  17     PPMf
C7d/ Outside structure area 24" from posts (6X6")

   5     PPMf
C8/  Corner post of hut (6X6")




   6.295 PPM

Control soil sample:

10 meters from structure 


 

         0.371 PPM


Figure 5


PLAYGROUND D
WOOD STATUS: PAINTED

YEAR OF CONSTRUCTION: 1988

NUMBER OF STRUCTURES: 2

                      D8
                       

                 D4 ╔═╦════════╦═╗  

                   ╠═╝        ╚═╣        

             ░░░░░░░║      6     ║
        2.b░░░░░░░║            ║
                    ╠═╗        ╔═╣
                    ╚═╩════════╩═╝D7
▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓
▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓ PATH ▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓
▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓
             ╔═╦════════╦═╦══▌══▌══▌══▌══▌══▌══▌═╦═╦═══════╦═╗               

             ╠═╝        ╚═╣  ▌  ▌  ▌  ▌  ▌  ▌  ▌ ╠═╝       ╚═╬═╤═╤═╤═╤═╕     

          D2║            ║  ▌  ▌  ▌  ▌  ▌  ▌  ▌ ║D3     D1║ │ │ │ │ │3

             ║     1      ║  ▌  ▌  ▌4 ▌  ▌  ▌  ▌ ║    1      ║ │ │ │ │ │
             ╠═╗        ╔═╣  ▌  ▌  ▌  ▌  ▌  ▌  ▌ ╠═╗       ╔═╬═╧═╧═╧═╧═╛D5
             ╠═╬════════╬═╬══▌══▌══▌══▌══▌══▌══▌═╬═╬═══════╬═╣      2.b

             ╠═╝        ╚═╣                      ╠═╝       ╚═╣      
             ║     1      ║                      ║    1      ░░░░░░░░░░░░░░░░░
             ║            ║                      ║           ░░░░░░░░░░░░░░░░░
             ╠═╗        ╔═╣          5           ╠═╗       ╔═╣
             ╚═╩════════╩═╩══════════════════════╩═╩══════╩═╝
                                                     

                                                   D6          


Figure 5 legend


PLAYGROUND D
WOOD STATUS: PAINTED -- STAINED

YEAR OF CONSTRUCTION: 1988

NUMBER OF STRUCTURES: 2

1./ Platform                                  

2./ Slides [2.a small slide; 2.b large slide] 

3./ Stairs                                    

4./ Monkey bars                               

5./ Tire run                                  

6./ Small hut                                 

Wipe Samples:

D1/ Handrail above metal steps (2X6")



20.7 μg/wipe

D2/ Hanrail for ladder rung (2X6")




39.7 μg/wipe

D3/ Top handrail opposite metal steps (2X6")


48.3 μg/wipe

D4/ Top right handside of small slide (4X4")


29.2 μg/wipe

Sand samples:

D5/ Bottom left of metal stairs (2X6" - 6'long)


 0.058 PPMh (±0.0368)

D6/ Corner post of large slide platform (6X6" - 12'high)
 0.335 PPM

D7/ Corner post of small hut (6X6" - 5'high)


 0.131 PPM

D8/ Corner post of small hut (6X6" - 5'high)


 0.370 PPM

Control soil sample:

10 meters from structures



             0.100 PPM


                                    Figure 6                                                             


PLAYGROUND E       

WOOD STATUS: ORIGINALLY STAINED BUT WORN OFF                   

YEAR OF CONSTRUCTION: 1980                          

NUMBER OF STRUCTURES: 1            5a█            

                                       █            

                                       █E4            

                                       █            

                                       █            

                                   ╔═══█═══╗        

                                 ╔╦╝   █   ╚═╗      

                               ╔═╝║    █     ╚═╗    

                             ╔═╝    1  █   1   ╚═╗   

              2            ╔═╝         █         ╚═══╗
                        ╔═╬═══════════█═══════════╦═╣
         ░░░░░░░░░░░░░░░░░═╝           █           ╚═╣
         ░░░░░░░░░░░░░░░░░     1       █    1        ║
         ░░░░░░░░░░░░░░░░░             █             ║             8

              ╔═╦════════╬═╗           █           ╔═╣             
              ╠═╝       ╚═╬═════════╦═█═══════════╩═╬═╦══════╦═╦═╤═╤═╤═╤═╤══╕
              ║            ║       ╔═╝ █             ╠═╝      ╚═╣ │ │ │ │ ││
              ║            ║  1  ╔═╝   █5b          ║          ║ │ │ │ │ ││
              ║   1        ║   ╔═╝     █             ║         ║ │ │ │ │ ││
              ║          ║ ╔═╝                       ║        ═╧═╧═╧═╧═╧══╛
              ╠═╗        ╔═╬═╝                       ╠═╗      ╔═╣
              ╠═╬════════╬═╣                         ╠═╝      ╚═╣
              ╠═╝        ╚═╣                         ║    1     ║
              ║     1      ║                         ║          ║▄▄▄▄▄▄▄▄▄
              ║            ║▄▄▄▄▄▄▄▄▄▄▄▄▄▄▄▄▄▄▄▄▄▄▄▄▄║          ║        

              ║            ║                        ║          ║     3   

              ╠═╗        ╔═╣          4              ╠═╗      ╔═╣          

              ╠═╬════════╬═╬═╦════════╦═╦══════════╦═╬═╩══════╩═╝ E3  ╔═╦══╦═╗                            ╠═╝        ╚═╬═╝        ╚═╝   ╚═╣    ╠═╝  ╚═╣
║    1 ║  1                  ║################║  1   ║
║      ║                     ║################║      ║
╠═╗  ╔═╬═╗    ╔═╗          ╔═╣################╠═╗  ╔═╣
              ╚═╩════█═══╩═╩═╩════════╩═╩══════════╩═╝               ╚═╩█═╩═╝
                     █                                         7      █    

                     █                                             3█
                  3█                                                █
                     █                                                █
                     █                E8   6                          █E7
                     █                              

             ╔═╦═════█═══╦═╦═╦═══════════════════╦═╦═╦═════════╦═╗ 

             ╠═╝         ╚═╬═╝                   ╚═╬═╝         ╚═╣ 

             ║             ║                       ║             ║ 

             ║    1        ║          1            ║    1        ║ 

             ║             ║         E6          ║             ║ 

             ║             ║                       ║             ║ 

             ╠═╗         ╔═╬═╗                   ╔═╬═╗           ║ 

             ╠═╬═════════╬═╬═╬═══════════════════╬═╬═╬═════════╦═╣ 

             ╚═╣         ╚═╬═╝                   ╚═╬═╝         ╠═╝
               ╚═╗   1     ║          1            ║   1     ╔═╝  

                 ╚═╗       ║                       ║       ╔═╝6 

                   ╚═╗     ║                       ║     ╔═╝E2
                     ╚═╗ ╔═╬═╗   ░░░░░░░░░░      ╔═╬═╗ ╔═╝     

                       ╚═╩═╩═╩═══░░░░░░░░░░══════╩═╩═╩═╝       

                              E1░░░░░░░░░░                    

                                 ░░░░░░░░░░2                    

                                 ░░░░░░░░░░         

                                 ░░░░░░░░░░E5         

                                 
Figure 6


PLAYGROUND E

WOOD STATUS: ORIGINALLY STAINED BUT WORN OFF

YEAR OF CONSTRUCTION: 1980  

NUMBER OF STRUCTURES: 1

1./  Platform

2./  Slide

3./  Wood beam low to ground

4./  Metal hang rail

5a./ Wood beam high to tire swing

5b./ Wood beam high to fireman pole

6./  Ladder                    

7./  Suspended bridge

8./  Monkey bars                              

Wipe Samples:

E1/ Top right handrail of slide (2X6"- 16' long)
29.1 μg/wipe

E2/ Second rung from ladder (2X6")



23.3 μg/wipe

E3/ Handrail suspended bridge (2X6")


30.2 μg/wipe

E4/ High beam to sliding pole (6X8")


18.0 μg/wipe

Sand samples: 

E5/ Left bottom of slide (6X6")



 0.300 PPM

E6/ Under structure middle (6X6" - 10' high)

 0.421 PPM

E7/ End of ground beam (6X6" - 12' long)


 0.505 PPM

E8/ Under swing ladder





 0.303 PPM

Control soil sample: 

10 meters from structure 



       0.211 PPM


Figure 7


PLAYGROUND F
WOOD STATUS: NOT STAINED AND STAINED

YEAR OF CONSTRUCTION: 1987                     ( SEE ALSO FIG. 1 a - e )

NUMBER OF STRUCTURES: 2                                              

                STRUCTURE 1                    STAINED                          

╔═╦═══════╦═╦═╦═══════╦═╗                   ╔═╦═══════╦═╗    2.a     

╠═╝       ╚═╬═╝       ╚═╣                   ╠═╝       ╚═╣           

║    1      ║    1      ║                   ║     1     ░░░░░░░░░░░░░░░░░
║           ║           ║                   ║           ░░░░░░░░░░░░░░░░░
╠═╗       ╔═╬═╗       ╔═╣                   ╠═╗       ╔═╣ F1           F5
╚═╩═══════╩═╬═╬═══════╬═╣      2.a          ╠═╬═══════╩═╬═╤═╤═╤═╤═╤═╤═╕ 

            ╠═╝       ╚═╣                  ╠═╝F6      ║ │ │ │ │ │ │ │ 

       ┌────╢    1      ░░░░░░░░░░░░░░░░░░░░░           ║ │ │ │ │ │ │ │5

     6│    ║    F2     ░░░░░░░░░░░░░░░░░░░░░    1      ║ │ │ │ │ │ │ │ 

       │    ╠═╗      ╔═╣                   ╠═╗       ╔═╣ │ │ │ │ │ │ │ 

            ╚═╬═══════╬═╝                   ╚═╩═══════╩═╩═╧═╧═╧═╧═╧═╧═╛ 

            3╟───────╢                                              

              ╟───────╢                                              

              ╟───────╢                                              

              ╙───────╜                                              

▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓
▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓PATH ▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓
▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓
     STRUCTURE 2                          NOT STAINED
                                                ╓─────╖F8
                                                ╟─────╢ 

                                            F4╟─────╢3
                                                ╟─────╢ 

                                             ╔═╦╩═════╩╦═╗                 

                                             ╠═╝       ╚═╣                 

            ╔═╦═══════╦═╦════════════════════╬═╦═══════╦═╣                 

╒═╤═╤═╤═╤═╤═╬═╝       ╚═╣                    ╠═╝       ╚═╣    2.B        

│ │ │ │ │ │ ║    4.a    ║        1           ║    4.a    ░░░░░░░░░░░░░     

│ │ │ │ │ │ ║    4.b    ║                    ║           ░░░░░░░░░░░░░  

╘═╧═╧═╧═╧═╧═╬═╗       ╔═╣                   ╠═╗       ╔═╣              

    F3     ╚═╩═══════╩═╩════════════════════╩═╩═══════╩═╝           

                 F7

Figure 7 legend


PLAYGROUND F

WOOD STATUS: NOT STAINED AND STAINED BUT WORN OFF

YEAR OF CONSTRUCTION: 1987                      ( SEE ALSO FIG. 1a - 1e)

NUMBER OF STRUCTURES: 2                                              

1./ Platform           

2./ Slides [2.a barrel slide; 2.b normal slide]

3./ Ladder 

4./ Small hut [4.a elevated; 4.b ground level under elevated one]

5./ Stairs

6./ Fireman pole

Wipe Samples:




  

G1/ Top right handrail of slide (2X6" - 12' long)
22.2 μg/wipe

G2/ Handrail at top of ladder (2X6")


26.4 μg/wipe

G3/ Handrail of stairs (2X4")




35.7 μg/wipe

G4/ Handrail of ladder (2X4") 



36.5 μg/wipe

Sand/soil samples:
G5/ Bottom of slide (6X6")

 


 0.364 PPM

G6/ Corner post of platform (6X6" - 9' high)

 0.722 PPM

G7/ Under ground hut (4X4" - 8' high)


 3.913 PPM

G8/ Bottom of ladder (2X4" - 6' long)


 1.805 PPM

Control soil sample: 

10 meters from structures



       0.179 PPM


Figure 8


PLAYGROUND G

WOOD STATUS: STAINED 

YEAR OF CONSTRUCTION: 1978

NUMBER OF STRUCTURES: 1                                                                                                                         █G7
                         ╔═╦═══════╦═╗                                █
   G5                   ╠═╝       ╚═╣                                █
   ░░░░░░░░              ║    1      ║                              5█
   ░░░░░░░░              ║           ║                                 █
   ░░░░░░░░              ╠═╗       ╔═╣                                 █  

   ░░░░░░░░              ╠═╬═══════╬═╬═╦═══════╦═╦═╦══════╦═╦═╦═══════╦█╗
   ░░░░░░░░2           ╠═╝       ╚═╬═╝       ╚═╬═╝      ╚═╬═╝       ╚█╣ 

   ░░░░░░░░              ║    1      ║    1      ║    1     ║           ║ 

   ░░░░░░░░G1          ║   G6     ║           ║          ║           ║ 

   ░░░░░░░░              ╠═╗       ╔═╬═╗ G3   ╔═╬═╗      ╔═╬═╗      ╔═╣  

  ╔░░░░░░░░═╦═╦═╦═══════╦═╬═╬═══════╬═╬═╩╦═════╦╩═╩═╩══════╩═╬═╬═══════╬═╣ 

  ╠═╝       ╚═╬═╝       ╚═╬═╝       ╚═╣  ╟─────╢             ╠═╝       ╚═╣ 

  ║    1      ║    1      ║    1      ║  ╟─────╢             ║           ║ 

  ║           ║           ║           ║  ╟─────╢3          ║           ║ 

  ╠═╗       ╔═╬═╗       ╔═╬═╗       ╔═╣  ╙─────╜             ║         ╔═╣ 

  ╚═╩╦═════╦╩═╩═╩╦═════╦╩═╩═╩══█════╩═╩▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐ 

     ╟─────╢     ╟─────╢       █       ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ 

     ╟─────╢     ╟─────╢       █    G4▐ ▐ ▐ ▐ ▐ ▐G8▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ 

 G2╟─────╢3 ╟─────╢       █       ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐      ╟─────╢     ╟─────╢       █       ▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐ 

     ╟─────╢     ╟─────╢       █                4                        

                               █6            


Figure 8 legend


PLAYGROUND G

WOOD STATUS: ORIGINALLY STAINED BUT WORN OFF

YEAR OF CONSTRUCTION: 1978

NUMBER OF STRUCTURE: 1 

1./ Platform

2./ Slide

3./ Ladder

4./ Monkey bars

5./ Tire swing beam

6./ Beam

Wipe samples:

G1/ Top right handrail of slide (3X8")



20.5 μg/wipe

G2/ Third rung from bottom of ladder (3" log)


 0.9 μg/wipe

G3/ Bannister above ladder (2X6")




 8.0 μg/wipe

G4/ Step to monkey bar (2X6")





24.2 μg/wipe

Sand samples:

G5/ Bottom left of slide (6X6" post-- 16' slide)

 1.667 PPM

G6/ Under structure; below second step of platform

 0.796 PPM

G7/ Bottom of tire beam (2 posts 6X6"- 9' high)


 3.083 PPM

G8/ Under monkey bars






 0.730 PPM

Control soil sample: 

10 meters from structure


 
             0.249 PPM


Figure 9


PLAYGROUND H

WOOD STATUS: NOT STAINED

YEAR OF CONSTRUCTION: 1982                    

NUMBER OF STRUCTURES: 1                       

          ░░░░░░H5                               

          ░░░░░░2.a                           

          ░░░░░░                               

          ░░░░░░H1                               

          ░░░░░░                                         4

  3       ░░░░░░       4                                 
      H6░░░░░░                   ╔═╦═══════╦═╗▀▀▀▀▀▀▀▀▀▀▀▀▀▀▀▀▀▀▀▀▀▀▀▀▀▀
╒═╤═╤═╦═╦═░░░░░░═╦═▀▀▀▀▀▀▀▀▀▀▀▀▀▀▀▀▀╠═╝       ╚═╣H8                      

╘═╧═╧═╩═╩═╦═╦════╩═╩╦═╗7H2       ║     1     ║                        

     H4  ╠═╝       ╚═╬═╤═╤═╤══     ║           ║
          ║     1     ║ │ │ │3     ╠═╗       ╔═╣
          ║           ╠═╧═╧═╧══     ╚═╩╦══════╬═╝ 

          ╠═╗       ╔═╣                ║      ║
          ╚═╩░░░░░░░╩═╝                ║      ║
             ░░░░░░░                   ║      ║H3
             ░░░░░░░                   ║   5  ║
             ░░░░░░░                   ║      ║                 

             ░░░░░░░2.b               ║      ║░░░░░░░░░░░░░░░░░2.c

             ░░░░░░░                   ║      ║░░░░░░░░░░░░░░░░░H7
             ░░░░░░░                 ╔═╬══════╬═╗
             ░░░░░░░                 ╚╦╝      ╚╦╝
                                      ║▀▀▀▀▀▀▀▀║   

                                      ║▀▀▀▀▀▀▀▀║    

                                      ║▀▀▀▀▀▀▀▀║   

                                      ║▀▀▀▀▀▀▀▀║6 

                                      ║▀▀▀▀▀▀▀▀║   

                                      ║▀▀▀▀▀▀▀▀║   

                                      ║▀▀▀▀▀▀▀▀║   

                                     ╔╝▀▀▀▀▀▀▀▀╩╗  

                                     ╚═╝      ╚═╝

Figure 9 legend


PLAYGROUND H

WOOD STATUS: NOT STAINED

YEAR OF CONSTRUCTION: 1982                    

NUMBER OF STRUCTURES: 1                       

1./  Platform

2a./ Barrel slide 

2b./ Normal slide

2c./ Ramp

3./  Ladder

4./  Beam

5./  Suspended bridge

6./  Monkey bars

7./  Tire steps        

Wipe Samples:
H1/ Handrail along barrel slide (6X6")



     78.4 μg/wipe

H2/ Handrail above tire steps (2X6")



    322.0 μg/wipe 

H3/ Handrail right side of suspended bridge (2X6")

               155.0 μg/wipe

H4/ Third rung from bottom of ladder (4X4")


     41.9 μg/wipe

Sand samples:

H5/ Bottom of barrel slide (6X6" - 3'high)



2.791 PPM

H6/ Under structure at barrel slide (6X6" - 7' high)

5.664 PPM

H7/ Bottom of ramp (4 pieces of 6X6" - 5' long)


3.990 PPM

H8/ Crnr post of structure before beam (2 posts 6X6"X 9'H)
9.227 PPM

Control soil sample: 

10 meters from structure

 



         0.228 PPM


Figure 10


PLAYGROUND I

WOOD STATUS: NOT PAINTED

YEAR OF CONSTRUCTION: 1979

NUMBER OF STRUCTURES: 1                                  I7
                                                         █
                                                         █
                                                         █     

║     3   ║    3      ║               4                █5   ╟───────────╫───────────╢                          I4  █     ╟───────────╫───────────╢     
╔═▌═▌═▌═▌═▌═▌═▌═▌═▌═▌═▌═╦═╤═╤═╤═        █    

╟───────────╫───────────╢
║ ▌ ▌ ▌ ▌ ▌ ▌ ▌ ▌ ▌ ▌ ▌ ║ │ │ │3      █    

╟───────────╫───────────╢   

╔═╦═════════╬═▌═▌═▌═▌═▌═▌═▌═▌═▌═▌═▌═╬══╧═╧═══╦═╦═╦═══█═══╦═╬═╦═══════╦═╩═╦═                                                                  ══════╦═╣
   ╠═╝         ║                       ╠═╝               ╚═╬═╝       ╚═╬═╝       ╚═╦═╝ I3   ╚═╣   ║           ║                       ║     1     ║     1     ║   1       ║   1       ║   ║           ║    ╓───╖              ║           ║           ║           ║           ║   ╠═╗   1   ╔═╣    ╟───╢3 I8        ╠═╗       ╔═╩═╗         ╠═╗       ╔═╩═╗       ╔═╣╠═╬═══════╬═╩═╦══╩═══╩╦═══╦═══════╦═╩═╬═══════╬═══╬═══════╦═╬═╩═══════╩═══╩░░░░░░░╩═╝  ╠═╝       ╚═╦═╝   I2 ╚═╦═╝       ╚═╦═╝       ╚═╦═╝       ╚═╣░░░░░░░     ║     1     ║    1      ║     1     ║     1     ║   1         ║░░░░░░░     ║           ║           ║I6        ║          ║             ║░░░░░░░     ╠═╗       ╔═╩═╗       ╔═╩═╗       ╔═╩═╗       ╔═╩═╗       ╔═╣░░░░░░░2

█═╩═══════╩═══╩═══════╩═══╩═══════╩═══╩═══════╩═╗ ╠═══════╣ 

║░░░░░░░       █                                               ╠═╝       ╚═╣░░░░░░░     █                                               ║             ║░░░░░░░     █                                                 ║   1       ║░░░░░░░     █6                                          ╠═╗      ╔═╣
   █                                                          ╚═╩═══════╩═╝
   █  


Figure 10 legend


PLAYGROUND I

WOOD STATUS: STAINED - STILL VERY GOOD CONDITION

YEAR OF CONSTRUCTION: 1979

NUMBER OF STRUCTURES: 1   

1./ Platform

2./ Slide

3./ Ladder

4./ Monkey bars

5./ Beam low to ground

6./ Beam high

Wipe Samples:

I1/ Top right handrail of slide (2X6" - 16' long) 


 0.5 μg/wipe

I2/ Board at top of ladder (2X6")


 
    1.7 μg/wipe

I3/ Back board at top of slide (2X6")

 

 5.4 μg/wipe

I4/ 2nd rung frm btm of ladder(4" log-stain worn off)
11.7 μg/wipe

Sand samples:

I5/ Bottom of slide (6X6")



             1.665 PPM

I6/ Under structure middle of areai 
     

  3.637 PPM

I7/ End of low beam at rear of structure (2 posts 6X6") 1.319 PPM

I8/ Bottom of ladder (6X6")





  1.180 PPM

Control soil sample: 

10 meters from structure 

                     0.200 PPM



Figure 11


PLAYGROUND J

WOOD STATUS: PAINTED

YEAR OF CONSTRUCTION: 1979

NUMBER OF STRUCTURES: 2, ONLY ONE Of THESE USED FOR SAMPLING

╔═╦════╦═╦═╦═══════╦═╗
╚═╣    ╚═╬═╝       ╚═╣                                           

  ╚═╗ 1  ║           ║                                           J5 ╚═╗  ║    1      ║                                ░░░░░░░
      ╚═╗╠═╗       ╔═╣                                ░░░░░░░
═╤═╤═╤═╤╩╬═╬═══════╬═╬═╦═══════╦═╗                    ░░░░░░░
 │ │ │ │ ╠═╝       ╚═╬═╝       ╚═╣                    ░░░░░░░
 │ │ │ │ ║           ║           ║                    ░░░░░░░2

 │ │ │ │ ║    1   J7║   1       ║                    ░░░░░░░
 │ │ │ │ ╠═╗       ╔═╬═╗       ╔═╣                      ░░░░░░░J1
═╪═╪═╪═╪═╬═╬═══════╬═╬═╬═══════╬═╣                    ░░░░░░░   

 │ │ │ │ ╠═╝       ╚═╬═╝       ╚═╣                 J8░░░░░░░   

 │ │ │ │ ║           ║     ╠═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═╦═╗░░░░░░░╦═╗ │ │ │ │ ║    1       ║   1       J4║ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐═╬═╝       ╚═╣ │ │ │ │ ╠═╗    ╔═╬═╗  J3  ╔═╣ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ▐ ║        ═╧═╧═╧═╧═╩═╩═══════╩═╩═╩░░░░░░░╩═╩═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═▐═╣    1      ║ 

  3                    ░░░░░░░                          ╠═╗ ╔═╣
                    J2░░░░░░░        ╔═╦═══════╦═╬═╬═══════╬═╣
                        ░░░░░░░        ╠═╝       ╚═╬═╝       ╚═╣
                        ░░░░░░░        ║           ║           ║
                        ░░░░░░░2     ║   1       ║    1      ║ 

                        ░░░░░░░        ╠═╗       ╔═╬═╗      ╔═╣5

                        ░░░░░░░  ═╩═══════╩═╩═╩═══════╩═╝▀▀▀▀▀▀▀▀
                     J6░░░░░░░

Figure 11 legend


PLAYGROUND J
WOOD STATUS: STAINED BUT WORN OFF

YEAR OF CONSTRUCTION: 1979

NUMBER OF STRUCTURES: 2, ONLY ONE USED FOR SAMPLING

1./ Platform

2./ Slide

3./ Ladder

4./ Monkey bars

5./ Beam to hold swings

Wipe samples:

J1/ Top right handrail of slide (2x(2X6")+1X3" on top - 12' long)  1.8 μg/wipe

J2/ Top right handrail of slide (2x(2X6")+1X3" on top - 12' long)
2.0 μg/wipe

J3/ Bar at top of slide (2X6")




28.5 μg/wipe

J4/ Second rung from bottom (2X6")




38.7 μg/wipe

Sand samples:

J5/ Bottom of slide (6X6")





7.189 PPM

J6/ Bottom of slide (6X6")





2.054 PPM

J7/ Under structure middle areaj 




6.577 PPM

J8/ Corner post of structure (6X6" - 9' high)

4.612 PPM

Control soil sample:

10 meters from structure




             0.275 PPM

================================================================

DISCUSSION
With the exception of one sand sample, the amounts of As, Cr and Cu recovered in our surface wipe samples and in our sand samples were not very high, and are roughly comparable to the values obtained by other authors in previous studies on residues of As, Cr and Cu associated with CCA-preserved wood.

Background levels of As in the control soil samples were all less than 0.5 ppm (0.1 to 0.371 ppm); the sand samples taken below the structures contained from 0.032 to 9.573 (mean 2.964) ppm of extractable As.  The low levels of As  in the soil and in some of the sand samples indicate that the higher As levels found in many of the sand samples were due to As from the treated wood.  

The wipe samples, which had been collected from wood surfaces measuring 0.025 or 0.05 m2, contained from 0.5 to 322 (mean 42.9) μg of extractable As, 1.2 to 254 (mean 27.8) μg of extractable Cr, and from 1.0 to 914 (mean 193.6) μg of extractable Cu.  It is noteworthy that cotton gauze of the type used by us may contain some "background" As, which may in part be ascribable to the past use of As-based  insecticides in cotton fields, and in part to natural residues of As in the soil in which the cotton was grown.  

Most of the published studies on  As, Cr and Cu residues associated with CCA-treated wood deal with "retention values" for the wood preservative chemicals, i.e. the amount of the chemicals retained in treated wood after outdoor exposure of various durations.  We were not able to determine with which type and with what amounts of CCA the wood in the structures had been treated, and therefore have no information on either the original retention levels or the original As:Cr:Cu ratios. However, wood samples from the structures will be taken and analyzed in the planned next stage of the study in order to determine the residual retention values in the pieces of wood which were examined by means of the wipe samples.

Several earlier studies by other investigators also examined dislodgeable As surface residues on CCA-treated wood through the use of wipe samples.  Arsenault (1975) conducted a study in which twelve samples of CCA-treated plywood were wiped with a laboratory paper tisssue or with cellulose sponges, and  yielded on the average 0.244 mg As per square foot; 80 % of the samples showed  less than 0.5 mg As per square foot (no maximum value was cited).  Additionally, dry and wet bare hands (of adults) were rubbed on 2 samples each of either 2-week old or 2-year old wet or dry CCA-treated plywood.  This yielded 0.0005 to 0.024 mg As per square foot of wood with dry hand wipes, and of 0.071 to 0.529 mg As per square foot when the hands were wet.  The mean for wet hand wipes of dry wood was 0.294 mg per square foot, or 32 μg per 100 cm2. This is comparable to the average amounts of As recovered per wipe in our study with wet gauze wipes, and indicates a potential for collecting several mg of As on one's hands when handling CCA-treated wood.

The As residue levels in the wipe samples collected during our study can also be compared to surface residues recovered from CCA-treated wood in studies whose authors used other sampling techniques.  Woolson and Gjovik (1981), determined the amounts of As and Cr dislodgeable from CCA-treated wood by rinsing the surface of the treated wood first with distilled water, and then with dilute hydrochloric acid (HCl) at pH 4. They found that the rinse water from 5 unweathered CCA-treated wood samples contained total removable As residues of up to 213 μg/100 cm2, with average values of 29 to 144 μg/100 cm2.  The total As residues in rinse water from 7 weathered CCA-treated samples averaged 40.2 μg/100 cm2, with a range of 4.1 to 106.9 μg/ 100 cm2.  These average values are again comparable to the average amounts of As found in the wipe samples collected during our study. In the study of Woolson and Gjovik (1981), the HCl rinse removed additional As residues. That observation is in agreement with the results of laboratory leaching studies with CCA-treated wood carried out by McCurdy (1986) and by Solomon and Warner (1990) who also used acidified aqueous media to measure As residues extractable from CCA-treated wood.

Saur et al. (1983) used a vacuum technique to collect dislodgeable As residues from the surface of CCA-treated lumber, and from foundations, decks, walks, walls, benches, bridges and other structures built of such lumber in the  eastern and midwestern United States.  Outdoor lumber structures yielded from 0.01 to 12.7 mg "respirable"  As/m2, but most of their samples were below 3 mg As/m2, and 17 of 26 samples were below 1 mg As/m2.  

Klemmer et al. (1975) studied the As content of house dusts in Hawaii, where As-based pesticides and wood preservatives are widely used. In that study, elevated levels of As were found in homes of employees of wood treatment or pest control firms. No comparable studies were available from other regions in  North America or elsewhere.

When considered in relation to the other studies discussed above, the results of the present study confirm that the CCA-treated wood in outdoor structures releases measurable amounts of As, Cr and Cu, and that further studies should be carried out to better define the nature and extent of the dislodgeable and leachable residues of As, Cr and Cu.  There are several obvious factors which could have influenced our results. These include the age and wear of the structures, the coatings in the form of stains or paints, the amount and the acidity of the precipitation, and the physical and chemical composition of the residues in the samples prior to extraction.       

The structures studied in the present investigation were up to 10 years old.  When the As levels of the wipe samples were plotted against the age of the structures, no obvious correlation between As levels and the age of the structures was obtained ( Figs. 12, 13). Thus the age of the treated wood did not seem to be a strong determinant for the level of the CCA residues recovered  in wipe samples.  As all wipe samples were taken from structural parts in heavy use, the amount of wear of the wood surfaces, and the amount of CCA left in them may be an important factor in determining the residue levels. A recent survey of  treated wood  for sale in eastern Canada (Pepin, 1990) showed that much of it was poorly pressure-treated, and that often the CCA solutions penetrated to a depth of only a few millimeters into the wood. In the case of heavily worn surfaces such as those shown in Figs. 1 c to 1 e, the abrasive wear could have removed most of the potentially available CCA residues in the outer layers of the treated wood.

The results of the analyses of the sand samples were also difficult to interpret. It can be seen from a comparison of the information in Table 2  and in the footnotes to Figs. 1 to 10, that the highest residue levels were found at locations next to support posts.  However, while in some cases the sand next to different posts of each structure contained comparable levels of As, a very high level (113.5 ppm) was found in one sample in playground "C".  Perhaps the particular large supporting beams responsible for this high value were installed at a later date, or that these posts have a higher CCA content than the other posts. Some of these uncertainties may be cleared up in the next stage of this study, in which the CCA levels in the surface layers of the wooden structural components will be measured. In some locations, for instance at the bottom of slides, the use of the structure results in a considerable displacement of sand.  Other play activities involving sand transfer can also be observed in such playgrounds, and may in time result in a dilution of localized high levels of CCA residues.    

Variables such as the effect of paint coats present on some structures, the differen​ces in preserva​tive retention by different species of wood, the extent and frequency with which the sand below the structures had been replenished, and the slope of the ground at the sites may partially obscure some of the expected relationships between proximity to the treated wood and As levels in the sand.  These therefore need to be investigated in the future.  It is also desirable to determine the physical and chemical form of the As, Cu and Cr residues being  released from such wood, in order to better understand their significance as environmental contaminants and as potential health hazards.  The levels of As, Cr and Cu in the wipe samples indicate that the treated wood has dislodgeable surface residues which could lead to some user exposure and to leaching of the preserva​tive components from the wood.  In order to protect the environment as well as the users of such structures, it might therefore be advisable to seal the surface of the wood with a protective coating able to withstand the use and climatic conditions affecting the structures.  

The ultimate aim of most studies on CCA residues in the living and working environment is to determine the magnitude of the possible hazards resulting from those residues.  The attention in such studies has usually been focused on As, because it is a well-known poison, and because many occupational and accidental poisonings due to As have been reported in the literature.  When considering our own results and the findings of other investigators discussed above, one has to take into account that trace amounts of As are a normal component of many foods (NRCC, 1978; Vahter and Lind, 1986), and that the intake of additional trace amounts resulting e.g. from occasional skin contact with preserved wood may not constitute a health hazard.  

This has been discussed by other authors who have examined the potential hazards of As residues from treated wood.  Arsenault (1985), Saur et al. (1983) and Woolson and Gjovik (1981) referred to the relatively high As content of some foods, and also of some household detergents.  According to NRCC (1978), shellfish such as mussels may contain up to 120 ppm total As, and detergents may contain up to 45 ppm of total As. One must however also mention that the As residues in foods such as fish and clams are mainly present as organic As, such as arsenobetaine (Vahter and Lind, 1986) which is far less toxic and much more readily excreted than inorganic As (NRCC, 1978), and that people are not often in prolonged contact with undiluted detergents. During the summer,  people may however be in prolonged skin contact with structures built of CCA-treated wood and its As residues, and the As residues rubbed off the wood may also contaminate the clothing.

The microgram amounts of As, Cu and Cr recovered by us from the surface of weathered CCA-treated wood on play structures are trace amounts, and as such do not appear to be alarming.  An Australian study conducted on freshly treated pine wood also concluded that in most cases the dislodgeable surface residues of As probably present only a small health hazard to children (Johanson and Dale, 1973). However, neither that study nor our own is really reassuring, as they cannot be used to estimate the level of As exposure of children who use newly built structures. The same can be said of the results of our analyses of the sand samples. The relatively low levels of As (0.2 - 3 ppm) found in most of our sand samples are comparable to the arsenic levels in table salt and sea salt, or in some household detergents (NRCC, 1978). To put this into proper perspective, one must also take into account that the daily As intake from table salt would be very low, because people do not consume large amounts of salt.  A recently published study indicates that it would be unlikely for a child to eat more than 6 grams of sand per day ( Davis et al., 1990).  At the highest As concentrations in the sand samples examined inthe present study, one gram of sand would contain about 0.11 mg of nitric acid-extractable As.  It is not certain that all of the ingested As residues in such sand would be absorbed into the body if that sand were to be eaten.  Thus based on the study of Davis et al. (1990), if 6 grams of the most highly contaminated sand were ingested, the  amount of ingested arsenic would not be more than about 0.66 mg.  Also, under experimental conditions, most of the inorganic arsenic absorbed in small doses is metabolized and excreted by humans and thus does not accumulate in the body (Tam et al., 1979).                                     

Values cited by NRCC (1978) for the daily dietary As intake by [adult] humans in North America and Europe range from 0.07 to 60 mg; the figure cited for Canadians is 0.03 mg. However, none of the available data can be used to calculate the amount of As which would be absorbed dermally by children using the structures studied by us.  

Less information is available on dermal As exposure and on As absorption through the skin, than there is on dietary exposure. However, some of the published exposure estimates for percutaneous As uptake from contact with CCA-treated wood appear to be unrealistically low. Thus, Woolson and Gjovik (1981) arrived at a figure of 0.0008 μg As for a single contact of an adult hand with the surface of CCA-treated plywood.  However, in their study this applies to extractable arsenite only and not to total As, and it is also based on the assumption that only 0.01 % of the amount of As present on the skin would be absorbed.  Actual experimental data are apparently not available to estimate the efficiency or extent of percutaneous As absorption from contact with treated wood. We hope to generate such data during the planned next phase of our present investigation.  Saur et al. (1983) refer to the results of an occupational exposure study on workers at a plant in the U.S.A. where prefabricated houses were built of wood treated with arsenical preservatives, but the report on this is unpublished, and thus is not available.

At present there is not enough scientific information on the safety of CCA-treated wood. It would therefore be prudent to take into account that inorganic arsenic and chromium are poisonous and carcinogenic when absorbed in excessive amounts, and that while small amounts may be harmless, it would be best to avoid any unnecessary exposure to arsenic or to chromium which could decrease our margin of safety for their ill effects.  It thus seems advisable to try to reduce the amounts of As and Cr residues given off by structures built of CCA-treated wood, and to avoid the use of CCA-treated wood in situations where a high degree of exposure to the preservative chemicals may occur.  

                            ---------------------                  
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     �./ μg/0.1 M²


     b. sample was repeated; first value 197 PPB, repeat value 342 PPB


     c. sample repeated; first value 59.6 μg/wipe, second sample= 80.8 μg/wipe


     d. sample repeated; first value= 89.3 μg/wipe, second sample= 86.0 μg/wipe


     e. sample repeated; first value 125 PPM and second value 102 PPM


     f. C7 sample taken close to highest point of playground; slope from one end to other of structure is approximately 36".


     g. These samples were added because of high value of C7 sample


     h. sample repeated; first value 0.032 ppm, second sample= 0.084 ppm


     i. underneath multiple level platforms with highest structure and large treated wood area for water run-off and leaching


     j. large treated wood surface area attached to post





�. sample repeated; first sample= 59.6 μg/wipe, second sample= 80.8 μg/wipe, mean= 70.2 ± 15.0 μg/wipe


�. repeated sample; first sample=89.3 μg/wipe, second sample=80.8 μg/wipe, mean= 87.7 ± 2.3 μg/wipe


�. sample repeated; first sample= 0.197 ppm, second sample= 0.342 ppm, mean= 0.2695 ± 0.1025 ppm





�. sample repeated; first sample= 0.032 ppm, second sample 0.084 ppm, mean= 0.58 ± 0.0368 ppm


�.sample repeated; first sample= 125 ppm, second sample= 102 ppm, mean= 113.5 ± 16.5 ppm; value not included in calculation of mean


�. four more samples were added at this park to verify extent of high level of arsenic in sand sample. Values for all samples are not included in mean but can be found in figure 3.


�.samples 5/6 from one structure mean= 0.543 ± 0.253 ppm; samples 7/8 from seconde structure mean= 2.859 ± 1490 ppm.


1. small wood area for water run-off and leaching


�.large treated wood surface area for water run-off and leaching


END OF REPORT





