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1
Background and Significance

1.1.
Issues Regarding the Presence of Metal Complex from CCA-Preserved 
Wood

Chromated copper arsenate (CCA) is a chemical mixture consisting of ions of three metals: arsenic, chromium and copper.  CCA protects wood from dry rot, fungi, termites, and other pests that can threaten the integrity of wood products.  Wood treated with CCA is used primarily in outdoor structures, such as decks, walkways, fences, boat docks, sign and utility posts, and retaining walls.  CCA has also been used to construct childrens' playsets.  Because the constituents of CCA are chemically fixed within the wood during treatment, human exposures to these chemicals are limited.  Two potential pathways of exposure involve contact with minute amounts of wood dust and dried CCA residue, which may erode on the surface of the wood (i.e., dislodgeable residue) and/or exposure to soil beneath CCA-treated wood structures where CCA has been released from the wood surface (e.g., as a result of precipitation).  

The U.S. EPA Office of Pesticide Programs is conducting an assessment on the chromium and arsenic components of CCA to characterize potential exposures to children that may occur from contact with CCA-treated wood playground equipment and CCA-affected soils. EPA has noted concerns raised by the public and other regulatory agencies regarding the safety of CCA-treated wood for residential applications.  These concerns have focused on childrens' exposures because children may be potentially exposed to CCA constituents on the surfaces of CCA-treated wood structures and in soil adjacent to these structures. As part of the assessment, EPA is gathering data that may be used to estimate exposures to CCA residues via wood and soil and attempting to identify and address data gaps or uncertainties in the assessment.

Young children, because they tend to exhibit hand-to-mouth behavior, may have a disproportionately greater level of exposure to CCA than adults.  Children may be exposed to both dislodgeable residue and CCA-affected soils when playing on or around CCA-treated wood structures.  However, a number of factors related to arsenic ingestion are uncertain, including (1) the amount of soil or dislodgeable material that may be present on the hands, (2) the frequency of contact between hands and mouths, (3) the amount of material transferred from the hands to the mouth, (4) the amount of ingested arsenic that is actually absorbed in the GI tract (i.e., bioavailability), and (5) the duration of the hand to mouth activity.  These factors may have a potentially significant impact on health risk estimates.  At a meeting of the U.S. EPA’s Scientific Advisory Panel in October 2001, the problems posed by these data gaps were extensively discussed (SAP, 2001).  The Panel recommended that EPA undertake studies to resolve some of these uncertainties, and in particular noted the potential value of a urine biomonitoring study as a means to check the validity of modeling assumptions (SAP, 2001).  

To address some of the uncertainties regarding children's potential exposure to CCA residues from CCA-treated wood, the CCA manufacturers are interested in conducting a urine biomonitoring study to quantify children's exposure to arsenic from CCA-treated wood.  By examining the urinary arsenic levels of children playing on an existing treated wood structure, the amount of exposure can be estimated with greater certainty than through use of various exposure assumptions.  The purpose of this pilot study is to gather preliminary data that will indicate whether such a study is feasible and whether it would generate data useful for health risk assessment.

1.2.
Potential Health Effects of Exposure to Arsenic

Exposure to high levels of arsenic in drinking water has been associated with an increased incidence of cancer (particularly skin, bladder, and lung cancers), and noncancer health endpoints (including skin effects, peripheral neuropathy, etc.) in various international studies (Wu et al., 1989; Tseng, 1977; Chen and Wang, 1990; Hopenhayn-Rich et al., 1998; Smith et al., 1998; NRC, 1999).  A number of other cancer sites, such as kidney and liver, have been associated with exposure to high levels of arsenic in drinking water in these studies, but the association is not as strong and has not been consistently observed.   Adverse health effects have typically not been observed in studies of U.S. populations with elevated levels of arsenic in drinking water (Valentine et al. 1992; Lewis et al., 1999).  However, arsenic exposure levels in the U.S. are generally lower than in countries where endemic arsenic poisoning has been reported.  

Based on a synthesis of the available toxicity and carcinogenicity studies, estimates of the daily doses of arsenic at which adverse health effects are observed, as well as daily doses at which health effects are not observed, can be generated.  The National Research Council (NRC) concluded that noncancer effects have only been observed at doses of 0.01 mg/kg or higher (corresponding to a drinking water concentration of 300 (g/l for a 15 kg child) (NRC, 1999).   Elevated incidence of skin, bladder and lung cancer has been observed in a number of populations exposed to elevated levels of arsenic in their drinking water.  The arsenic concentrations associated with observed increases in cancer incidence were generally above 100 µg/L (NRC, 1999, 2001).  Evidence of elevated cancer incidence in populations with drinking water arsenic below this level is equivocal, prompting some scientists to hypothesize the existence of a threshold for arsenic carcinogenicity (Abernathy et al., 1996; Chappell et al., 1997). 

Most of the arsenic that is absorbed into the body is excreted in urine with only minor amounts excreted via the feces, hair and nails (Klaassen, 1995).  The metabolism of arsenic involves reduction, oxidation, and methylation processes.  The first step involves reduction and oxidation reactions that interconvert arsenite and arsenate (NRC, 1999).  Arsenite then undergoes enzymatic methylation in the liver to form monomethylarsonic acid (MMA-V).  MMA-V is reduced to MMA-III and then undergoes a second methylation to form dimethylarsinic acid (DMA).  Methylation of arsenic is a critical step in elimination of arsenic from the body; a large portion of an ingested inorganic arsenic dose is eliminated in the urine as MMA and DMA.   More complex organoarsenic compounds such as arsenobetaine and arsenocholine are poorly absorbed in the GI tract and are rapidly eliminated; these forms of arsenic are considered to be essentially non-toxic (ATSDR, 2000).  However, these species are important considerations in a urine biomonitoring study because their presence in seafoods may lead to false estimates of the dose of toxicologically active arsenic unless arsenic speciation (i.e., characterization of the amount of inorganic arsenic, MMA, DMA, arsenobetaine, arsenocholine and other organic forms of arsenic) analyses are performed. 

Data on the rate of elimination of arsenic from the body are available from a number of human studies.  For example, a repeated dosing study conducted by Buchet et al. (1981a) involved four volunteers who ingested fixed doses of sodium metaarsenite for 5 days (125, 250, 500 and 1000 (g/day) with urinary arsenic levels measured for a subsequent 9-day period.  The authors reported that the biological half-life of total arsenic increased slightly with dose (from 39 hr at 125 (g/day to 59 hr at 1000 (g/day).  Pomroy et al. (1980) studied the effect of a single dose of radiolabelled arsenic in six volunteers and measured elimination up to 103 days after dosing.  They found a three-phase elimination pattern with 66% of the dose eliminated with a half-life of 2 days, 30% eliminated with a half-life of 9.5 days and the remaining 3.7% having a half-life of 38 days.  Similar findings indicating that the majority of ingested arsenic is eliminated with a half-life of several days were reported in other experimental studies involving acute, low-level arsenic exposures in humans (Mappes, 1977; Buchet et al. 1981b).  It should be noted that in one study involving chronic drinking water arsenic exposure, the terminal half-life for arsenic elimination appeared to be much longer (Hopenhayn-Rich et al., 1996a).  In this study, a Chilean population chronically exposed to drinking water with an average arsenic concentration in the range of 600 (g/l was switched to a drinking water source containing 45 (g/l for a period of 2 months.  After the 2-month intervention period, the subjects’ average urine arsenic level was 26 percent of the pre-intervention level (i.e., 696 (g/l versus 185 (g/l), whereas the findings from the acute administration studies would have predicted that virtually all of the arsenic derived from the higher source would have been eliminated and levels should have been about 6-fold lower.  Hopenhayn-Rich et al. (1996a) suggest that either undocumented sources of arsenic exposure or tissue retention of arsenic could explain the higher than expected urinary arsenic values.  The significance of these data for the proposed study is unclear because the exposure levels are approximately 40-times higher than the 15 (g/l being considered.   Urine arsenic measurements collected approximately 2 weeks after the intervention (the earliest timepoint Hopenhayn-Rich et al. evaluated) were more than 50 percent reduced from  pre-intervention levels, suggesting that even at high level chronic exposures a substantial amount of the body burden is quickly eliminated.  No kinetic data regarding chronic exposure of humans to levels of arsenic similar to those contemplated in this study were located. 

1.3
Background Levels of Exposure

In the general U.S. population, food is typically the greatest source of arsenic exposure (Borum and Abernathy, 1994).  Inorganic arsenic is naturally occurring in many types of food, with the highest levels generally found in grains, fruits, and vegetables (Borum and Abernathy, 1994; Schoof et al., 1999).  Typical intake of inorganic arsenic in food is estimated to range from 10-14 µg/day for adults, or 5-7 µg/day for children (Borum and Abernathy, 1994).  Yost et al. (1998) reported estimates of dietary inorganic arsenic intake of 8.3 µg/day for infants (up to 6 months), 9.4 µg/day for toddlers (6 months to 2 years), and 14 µg/day for adults (18 years and older) in the U.S.  More recently, this group reported that for children (ages 2 to 6) the mean dietary intake was approximately 3.3 µg/day while the 95th percentile was approximately 6 µg/day (Yost et al., 2002).  As part of the National Human Exposure Assessment Survey (NHEXAS), dietary intakes of arsenic were estimated for various communities; however, these estimates included both inorganic and organic forms of arsenic (Thomas et al, 1999; O’Rourke et al., 1999).  For example, mean total arsenic dietary intake was 18.1 µg/day for adults in Indiana, Illinois, Michigan, Minnesota, Ohio and Wisconsin (Thomas et al., 1999), and 34.4 µg/day for residents of Arizona, excluding mining communities (O'Rourke et al., 1999).  As discussed earlier, because some organic forms of arsenic, such as arsenobetaine (present in various types of foods, particularly seafood and shellfish), are considered to be of low toxicity (ATSDR, 2000), estimates of total arsenic intake are, from a health perspective, less relevant than inorganic arsenic intake. 

Naturally occurring arsenic in drinking water can be another source of arsenic exposure for the general U.S. population.  Average arsenic levels in groundwater in the U.S. are 1 to 2 µg/L (ATSDR, 2000).  Statewide median arsenic concentrations in ground water, based on the county medians in each state, range from 1 to 8 µg/L (Focazio et al., 1999).  The maximum permissible level of arsenic in US public drinking water supplies (the maximum contaminant level, or MCL) is currently 10 µg/L.  Assuming an ingestion rate of 1.3 L drinking water per day, most US adults would ingest 1.3 to 2.6 µg inorganic arsenic per day at average levels of arsenic in drinking water and 13 µg per day at the current MCL.  With a drinking water intake rate of approximately 0.5 L/day, children would ingest approximately 0.5 to 1 µg inorganic arsenic per day at average levels of arsenic in drinking water and 5 µg per day at the current MCL.  It should be noted, however, that there are communities in the U.S. which have drinking water arsenic levels well above the MCL due to local geologic features (ATSDR, 2000).   

Arsenic exposures via other environmental sources (e.g., air) are generally minimal in comparison to diet and drinking water exposures, in the absence of localized pollutant sources. Dietary  and drinking water exposures may therefore represent a significant confounder in studies primarily concerned with other routes of inorganic arsenic exposure.

1.4  Urine Arsenic as a Biomonitoring Tool
Urinary arsenic measurements have been used to evaluate arsenic exposures in both adults and children and in populations exposed to anthropogenic as well as naturally occurring sources of arsenic (Pinto et al., 1976; Morse et al., 1979; Enterline et al. 1987; Johnson and Farmer 1989; Kalman et al. 1990; Polissar et al. 1990; Jensen et al. 1991; Hopenhayn-Rich et al., 1996a, b, 1998; Hwang et al. 1997; Concha et al. 1998, 2002; Wyatt et al. 1998; Calderon et al., 2001; Watanabe et al., 2001; Hsueh et al., 2002; Ranft et al., 2003; Hysong et al., 2003; Chowdhury et al., 2003).  For example, Kalman et al. (1990) examined children living near a former arsenic smelter in Tacoma, Washington.  Soil in the neighborhood around the smelter averaged 353 mg/kg and the hand loading was 5 (g As/hand compared to 40 mg/kg and 0.3 to 0.7 (g/hand in a control population.  With a population of 108 exposed children and 87 controls, they were able to observe a statistically significant difference in urinary arsenic between the two groups (exposed boys, 65 (g/L; exposed girls, 30 (g/L; control boys, 11.3 (g/L; control girls, 13 (g/L).  Similarly Calderon et al. (2001) observed a statistically significant difference in urinary arsenic concentration in San Luis Potosi Mexico, between 41 children living near a metal smelter and 39 controls living upwind of the smelter. Wyatt et al. (1998) evaluated differences in urinary arsenic in a small population of Mexican children exposed to different levels of arsenic in drinking water.  They observed statistically significant differences between a group of 10 children exposed at 15 (g/L and a group of 10 children exposed at 30 (g/L. Wyatt et al. estimate the daily arsenic intake at 28 (g/day in the former group and 54 (g/day in the latter group.  Calderon et al. (1999) recently reported a clear correlation between the log of the inorganic arsenic concentration in drinking water and the log mean total urinary arsenic concentration.  The relationship between recent arsenic exposures and urinary arsenic levels is therefore well documented and fairly well understood.   Urinary arsenic measurement has also been used for regulatory purposes.  For example,  the Occupational Safety and Health Administration (OSHA) has incorporated evaluation of urinary arsenic in the arsenic exposure standard (ATSDR, 2000).  
While the utility of urinary arsenic as a useful biomarker of recent arsenic exposure is well recognized, the sensitivity of the method (i.e., the magnitude of difference in daily arsenic intake between two groups that can be detected by urinary arsenic measurement) is not clearly established.  The sensitivity of urinary arsenic measurements to assess exposures to a particular source is a function of sample size, inter- and intra-individual variability in arsenic metabolism, analytical error, and relative importance of other sources of arsenic.  Because the estimated intake of arsenic from CCA treated wood is quite low (upper bound estimates of several (g As per day), the proposed main study will involve urinary arsenic measurements at the level where dietary and perhaps analytical noise may be significant. 

2
Objectives and Specific Aims

2.1
Objectives

The objective of the pilot study is to determine whether it is possible to distinguish differences in urinary arsenic concentrations resulting from slight decreases (i.e., several µg/day) in arsenic intake.  Specifically, the study will determine whether it is possible to detect a statistically significant reduction in urinary arsenic levels based on a reduction in arsenic intake of approximately 8 µg/day (e.g., from drinking tap water containing approximately 15 µg/l arsenic to drinking bottled water with arsenic below detection limits).  The ability to see such differences is critical to the design and success of the main study where the effect of CCA-treated wood exposure on urinary arsenic is expected to be slight.  For example, the Consumer Product Safety Commission (CPSC) recently estimated that a child’s intake of arsenic from CCA treated wood could be  on the order of several micrograms per day (CPSC, 2003).

2.2.
Specific Aims

1. Determine an effective method(s) for recruiting young subjects (ages 3-6 years) and their families into a urine biomonitoring study.

2. Compare urinary arsenic levels during exposure to tap water containing arsenic (e.g., 15 µg/l) with urinary arsenic levels after exposure to essentially arsenic-free bottled water.

3. Assess the value of arsenic speciation analysis in explaining variability in urinary arsenic levels.

4. Assess whether a 5 to 10 day washout period is sufficient to allow for substantial elimination of the body burden of arsenic resulting from chronic, low level exposures.

5. Develop estimates of inter-individual and intra-individual variability in urinary arsenic levels.  Use these data to refine power calculations to determine necessary sample size for the main study.

6. Determine, based on the results of the first five aims, whether the main study is feasible and, if so, the optimal study design. 

3
Study Design

The pilot study will determine whether a significant difference in urinary arsenic can be discerned when a population of children are switched from arsenic-containing tap water to an essentially arsenic-free source of drinking water. The study will involve children ages 3 to 6 because children in this age range are the primary population of interest for CCA-treated wood exposures and would therefore be the population of interest in the full scale study.   The pilot study will involve 18 days of subject participation. During the first week of the study (days 0 through 6), children will consume water from their household water supply.  Starting on day 1, parents will be instructed to eliminate shellfish and fish from their child’s diet for the duration of the study.  On days 5 and 6 of the study, two urine samples will be collected (i.e., two first morning voids).  Beginning on day 7, parents will be instructed to use bottled water to prepare all food and liquids (i.e., water, reconstituted juice, formula) that the child consumes.   The bottled water will have previously been tested and found to be low in total arsenic.  Days 7 through 11 will constitute a wash out period where arsenic from the tap water source is gradually eliminated from the body.  On day 12, a third first morning void urine sample will be collected.  After 5 more days of consuming bottled water (days 12 through 16) a final pair of urine samples will be collected on days 17 and 18.  Each time urine samples are collected, the parents will be asked to provide information about the child’s water and food consumption during the exposure period.

In addition to the urine sample collections described above, seven subjects will be asked to provide samples from a second, subsequent urinary void on day 17.  Data from these samples will be used to assess the representativeness of first morning void samples for total daily arsenic excretion.

The urinary data collected on day 12 will be compared to the data collected on days 17 and 18 to determine if urinary arsenic elimination rates are approximately stable after the tap water wash out period. This should indicate whether retention of arsenic, raised by chronic exposure studies such as Hopenhayn-Rich et al. (1996a), is a potential problem in this study.  The urinary arsenic data collected on days 5, 6, 17 and 18 will be used to assess intraindividual day-to-day variability in urinary arsenic elimination.  

With this design, each child will serve as his or her own control, which will minimize the potential confounding effect of inter-individual variability in arsenic metabolism or diet on the study results.  The primary determination will be the difference in urinary arsenic measurement in samples collected from each child during the two exposure periods.

The overall study design is summarized in Figure 1 on the next page.  

Figure 1.  Pilot Study Design
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Subjects participating in the Day 17 Additional Sampling Program will provide two urine samples on Day 17. 

4
Subject Identification and Recruitment

4.1
Study Site Selection

The study will be located in Albuquerque, New Mexico. The City of Albuquerque is well suited as a locale for this study because it is known to have naturally occurring arsenic in drinking water that is slightly elevated relative to most of the U.S.  Drinking water is supplied by a municipal system rather than private wells, with water from individual wells pooled to serve specific areas in the metropolitan areas. This results in a uniform level of exposure within a specific area or neighborhood.  Local water department records will be consulted to identify areas within the City of Albuquerque and its environs that have drinking water supplies with average arsenic levels of approximately 15 µg/L.  The local water service utility will be contacted to ensure that no upgrades have been put in place since the data were reported that would affect arsenic levels.  

4.2
Subject Recruitment

Once the exact study areas have been identified and IRB approval obtained, subjects will be recruited.  Recruitment will be conducted by various methods such as placing ads in print media, contacting local day care centers, etc.  Up to 40 children will be recruited for this study.  Study subjects may come from the same family.  Seven of the 40 children will also be recruited for participation in the additional sampling program on day 17, with the expectation that at least 5 will actually provide the additional urine sample.

4.2.1
Screening Questionnaire
A screening questionnaire will be given by telephone to interested participants who inquire about participating in the study.  The questionnaire will be used to determine subject eligibility based on the following criteria:

· age of child/children

· toilet training status of child

· home water source (municipal or private)

· use of a filter on tap water

· child’s tap water consumption

· presence of a wood deck or play structure at the home

· brands of pesticides/herbicides are used at home, if any

· use of commercial lawn care company to treat the lawn

· willingness to participate in the study after risks and requirements are explained  

· willingness to participate in the additional sampling program on day 17

A copy of the screening questionnaire is provided as Appendix A.

4.2.2 Subject Selection

Parents whose children meet the following criteria may be enrolled in the study:

· Age range: 3 to 5 years of age

· Health: no history of chronic illness or current illness

· Water: use of relevant water supply

· Arsenic exposure: no indication of other arsenic exposure

· Ability and willingness of parents and children to participate in study procedures

When subjects are enrolled in the study, they will be given a second questionnaire to verify the participating child's age and gender, the home's source of drinking water and whether the child currently drinks bottled water.  A copy of this enrollment questionnaire is also provided in Appendix A.

4.2.3 Subject Compensation

Parents of children who elect to participate in and complete the study will be compensated at a rate of $150 per child for participating in the 18-day study.  Participants in the additional sampling on day 17 will receive an additional $20. Compensation will be made by check and will be given to the parents when the final urine sample is collected.  In addition, a small gift (e.g., a small stuffed animal or similar item) will be provided to the child.  No compensation will be provided to those who choose to end participation prior to completion of the study.  The Study Director will have discretion regarding compensation for those who leave the study due to extenuating circumstances.

5
Field Activities

5.1
Study Initiation

Prior to the start of the study (day 0), the field investigator will visit each participating family in order to distribute test equipment and instructions and to obtain signed consent forms. 

5.1.1 Test Materials and Instructions

The field investigator will provide parents with the necessary materials to collect the 5 urine samples plus one spare set.  This will amount to six collection hats, six disposable funnels and six storage/shipping containers.  An additional set of materials will be provided to parents involved in the additional sample collection on day 17.  The parent(s) who will be responsible for collecting the urine sample will be provided with a set of written instructions indicating how the collection devices are used.  The field investigator will go over the instructions with the parent(s) to ensure that they are clearly understood. The parents will also be provided with a water and food consumption survey on which to record the child’s water consumption (Appendix B).  The field investigator will provide the parent with a water bottle which the child will use for drinking.  The parents will be instructed to fill the bottle with tap or bottled water, as appropriate, during the study.  The water bottle will have gradations indicated so that the amount of water consumed can be determined and noted by the parent on the consumption survey.  The parent(s) will also be supplied with a study schedule indicating: (1) the period when the child may consume no fish or shellfish; (2) the days of urine sampling; and (3) the day when consumption will switch to bottled water. 

5.1.2 Consent Form

After describing the procedures and requirements of the study, the field investigator will have parent sign the informed consent form provided in Appendix C.   A local contact number will also be provided for parents to call if questions arise regarding the study.

5.1.3
Wood Structure Evaluation

During the first visit, the field investigator will inquire whether a wood deck or playset are present on the property (this is separate from the similar question posed during the initial recruitment phone call and will provide a confirmation of any information received).  If a wood deck or playset is present on the property, the field investigator will note the approximate size of the structure and whether it is a deck or playset.  Due to the limited nature of the pilot study, wood structures will not be tested for the presence of CCA constituents.  Note that wood decks are not common in Albuquerque so the number of decks is expected to be quite small.  Note also that because the study has a cross-over design, any effect due to the presence of a wood deck or play structure in the home would be expected to occur more or less equally in the tap and bottled water phases of the study.

5.2
Tap Water Sampling
Prior to the initiation of the study, a tap water sample will be obtained from each home for arsenic analysis.  Sampling and analysis will be conducted by the City of Albuquerque or their designated contractor. The cost for the sampling and analysis will be paid by the study.  The requirement for tap water sampling will be included on the study consent form.  The results of the tap water analysis will be provided to the subject and the Study Director.

5.3
Urine Collection

Parents will be instructed to bathe the child on the night prior to urine collection to limit contamination of the sample from dirt or dust.  Prior to the child’s first void in the morning, parents will place the "hat" inside the toilet under the lid and have the child urinate into the hat. Using a funnel supplied with the hat, the parent will then pour the urine into the sample container. Parents will be instructed to place the sealed sample container immediately in the refrigerator and hold it there until the field investigator arrives to pick up the sample.  The same procedures will apply to the additional sample collection on day 17.

5.4
Sample Pickup

The field investigator will visit each participating home on the sample collection dates to retrieve the urine samples.  The field investigator will write the subject ID number, the date and the collection time on the container.  When collecting the sample, the field investigator will also collect the water and food consumption survey and will inquire about any unusual details regarding sample collection or storage (e.g., possible sample contamination during collection; delays in refrigeration, etc.).  The field investigator will confirm that the parent has sufficient sample collection materials to collect the next sample(s). The sample ID and collection time will also be entered on a sample chain of custody form. 
5.5
Urine Sampling Materials
Sample containers used to store and ship the urine samples to the analytical laboratory will be provided by the laboratory and shipped to the study site.  Prior to shipment to the project site, a rinsate sample will be collected from a set of randomly selected urine collection set (hat, funnel, shipping container) and the rinsate will be analyzed for total arsenic.

5.6
Urine Sampling Shipping and Handling

Samples collected from the subjects’ homes will be brought to the Lovelace Respiratory Research Institute (LRRI) offices in Albuquerque where each sample will be divided into three separate aliquots and frozen overnight.  Frozen samples will be shipped to the analytical laboratory via overnight courier in Styrofoam or plastic coolers and with sufficient cooling media (e.g., blue ice packs) to ensure that they arrive at the analytical laboratory in a still frozen state.  Samples will not be shipped when transit time will be more than 24 hours or when they cannot be received and immediately refrigerated at the laboratory (e.g., over holiday or weekend periods).

All samples will be shipped with the original chain of custody form.  A copy of the chain of custody form will be retained at the project site.  

5.7
Provision of Bottled Water

Several days prior to the start of the bottled water phase of the study (day 7) the field investigator will deliver bottled water to the participating households.  Each household will be supplied with sufficient bottled water for 9 days of use (additional bottled water will be delivered if required).  The water will be supplied to the subjects free of charge.  The water will be certified by the supplier as having arsenic levels below 0.5 µg/L.  The family will be told to contact the field investigator if additional water is needed during the course of the 11 days.

Prior to delivery of bottled water to the subjects, LRRI will obtain samples from three randomly selected containers of bottled water.  These will be submitted to a commercial analytical laboratory for confirmatory analysis of total arsenic content. 

6
Sample Analysis/Analytical

6.1
Analytical Laboratory

All chemical analyses of urine samples and urine sampling equipment will be performed at the Environmental Health Analytical Laboratory (EHA Laboratory) located in the Department of Environmental and Occupational Health Sciences, University of Washington, Seattle WA.  Chemical analyses in the EHA Laboratory are supervised by Dr. David Kalman who has extensive experience in the analysis of arsenic in urine (Polissar et al., 1990; Kalman et al., 1990; Hopenhayn-Rich et al., 1996a, 1996b; Chung et al., 1993).  Methods used for the analysis of samples are described in section 6.3 and quality control/quality assurance procedures are described in section 6.4.

6.2
Experimental Determinations

The collected urine samples will be analyzed for total hydride reducible arsenic. Samples will also be analyzed for creatinine and specific gravity. The goal is to be able to detect a reduction in total urinary arsenic levels of approximately 4 to 5 µg/L (i.e., from approximately 5 µg/L to the limit of detection).  Analysis for arsenosugars (e.g., arsenocholine and arsenobetaine) may be conducted if deemed necessary to reconcile inter-individual difference in total arsenic results (e.g., as a result of dietary arsenic consumption via seafood). 

6.3
Analytical Methods

6.3.1
Urine Samples
6.3.1.1
Total Arsenic Analysis in Urine

All urine will be analyzed for hydride-reducible arsenic using hydride generation atomic fluorescence spectrometry (HGAFS).  Hydride reducible arsenic consists of inorganic species and the mono- and dimethylated species but not complex forms of arsenic such as the arsenosugars. Samples will not be preserved except by freezing.  Prior to analyzing samples collected in the pilot study, the EHA laboratory will conduct limited research in order to identify possible method optimizations (e.g., increasing starting urine sample volumes) which may result in lower detection limits and/or increased analytical precision.

6.3.1.2
Specific Gravity Analysis of Urine

The specific gravity of the urine will be determined using the refractive index method. The method used will be that specified by the refractometer’s manufacturer.

6.3.1.3 Creatinine Analysis of Urine

The creatinine content of the urine will be determined using the colorimetric method.  The results of the creatinine and specific gravity analyses will be used to identify samples that fall out of normative ranges, indicating a potential problem with the urine sample.

6.3.1.4
Speciated Arsenic Analysis in Urine

If the results of the arsenic analysis described in Section 6.3.1.1 suggest the possibility of significant and unusual dietary exposure in a particular sample, that sample may be analyzed for arsenosugars (i.e., arsenobetaine, arsenocholine) to examine the potential confounding of seafood arsenic exposure (i.e., inorganic arsenic, MMA and DMA contained in seafood).  Arsenosugars are uniquely found in seafood, along with other arsenic species, and their presence in the urine would be indicative of a seafood contribution to total arsenic body burden. Analysis for arsenosugars will be conducted using high performance liquid chromatography with a method similar to that of Ebdon et al. (1999). 
6.3.2
Rinsate Samples
Rinsate samples will be collected and analyzed to determine if urine sampling equipment (i.e., hats, shipment containers) contain significant quantities of arsenic.  Rinsing of the equipment will be accomplished with a set volume of deionized  water.  Rinsate samples will be placed in a refrigerator and kept cold until laboratory analysis.  Analysis of rinsate samples will be as described in section  6.3.1.1 above.

6.4
Laboratory Quality Control/Quality Assurance Procedures

The laboratory will analyze numerous QC samples.  All QA/QC sample analyses will be performed at a minimum frequency of 5%. Both field and laboratory QA/QC samples will be analyzed during this study. Field QA/QC samples will include field/trip blanks and field replicates/splits, for a total of approximately 20 samples (note that the trip blanks will be submitted/analyzed at a frequency of 1 per shipment container.) Laboratory QA/QC samples will include matrix spikes, matrix duplicates, method/preparation blanks, and reference standards/Laboratory Control Samples, for a total of approximately 40 samples. Method and calibration blanks will be analyzed with every analytical batch as indicators of potential contamination. Standard Reference Material (SRM), consisting of freeze-dried baseline human urine fortified with arsenic, will be analyzed as a secondary-source standard as a measure of accuracy. 
6.5
Laboratory Analytical Data Reports

The EHA laboratory will provide a full data package deliverable that will include the following: summary forms reporting final sample results, summary results for all QC samples analyzed (including spike/standard concentrations, true values, and percent recoveries), initial and continuing calibration summaries, and raw data for all sample and QC analyses. In addition, electronic deliverables will be provided that will include the data presented in tabular format and will include the following fields, at a minimum: sample ID, analyte/species, date sampled, date analyzed, concentration, laboratory qualifier (i.e., "U" for nondetected results), reporting limit, units.
6.6
Laboratory Record Keeping

When samples are received at the laboratory an entry will be made in the laboratory sample logbook.  The log will indicate the date and time the samples were received, the individual who received custody of the samples and the condition of the samples when received (i.e., temperature, condition of packaging, etc.).  The sample log will be maintained in a secure location and will become part of the study records at the end of the study.

The laboratory will retain all paperwork associated with the analysis (e.g., instrument print outs, lab notebooks, sample logs, reports) for a period of 1 year after the conclusion of the study.  

7
Data Analysis

7.1
Data Analyses

The Study Director will ensure that appropriate analyses are conducted on the urine arsenic data to determine whether a significant change in urinary arsenic elimination is observed when the source of water is switched from tap to bottled water.  It is anticipated that these analyses and comparisons will include:

· Comparisons of urine arsenic measurements on a population basis

· Comparisons of urine arsenic measurements on an individual basis

· Analysis based on exclusion of subjects who ingested fish/shellfish (if any)

· Analysis of data for different arsenic species, if speciation analyses are conducted

Analytical tests used will include those for normality and data homogeneity,  t-tests (e.g., comparisons of daily urinary arsenic measurements from the tap and bottled water conditions), and multiple regression analyses.  The multiple regression model would have drinking water arsenic (i.e., tap or bottled water arsenic concentration) as the x-variable and urinary arsenic as the y-variable.  Probable model variables would include water consumption, gender, age, and error terms representing  intra-individual and inter-individual variability. 

To evaluate whether the washout period after tap water consumption was sufficient to eliminate most of the tap-water derived arsenic body burden, an ANOVA will be conducted comparing first morning void results from day 12 to those obtained on day 18.  

A random effects model will be used to evaluate the study power, i.e., to quantitatively evaluate the ability of the study to detect changes in urinary arsenic.  The random effects model will include two components of variance: intra-individual variability and inter-individual variability.  A likelihood ratio test will be used to determine the smallest change in urinary arsenic that could have been detected as statistically significant, given the characteristics of the study design. 

8
Final Report 

The final study report will contain a detailed description of the methods used in the study and a complete summary of all data collected.  Methods used for all statistical analyses will be described.  Examples of all questionnaires and forms will be provided in appendices.  The report will explicitly address the key question of the pilot study: Is it possible to distinguish slight differences in urinary arsenic concentrations resulting from slight decreases (i.e., several µg/day) in arsenic intake?  The report will also discuss the implications of the findings for the feasibility of the main study involving CCA-treated wood play sets.

9
Oversight

9.1
Advisory Panel Review

An advisory panel will be created to guide the development of both the pilot and main studies.  The advisory panel will consist of scientists from the USEPA’s Office of Research and Development (ORD), Office of Water (OW), and Office of Pesticide Programs (OPP) as well as the U.S. Office of Management and Budget (OMB).  The Panel will review the protocol to provide technical input on the design of the pilot study.

9.2
EPA Review/Approval

The pilot study protocol will be provided to the U.S.EPA Office of Pesticide Programs (OPP) for comment and review, prior to submittal to the Institutional Review Boards for final approval.  OPP comments and concerns will be addressed as feasible in the final draft of the protocol.

9.3
IRB Review/Approval

The final pilot study protocol will be reviewed and modified as needed to obtain approval from Institutional Review Boards (IRBs) representing the Lovelace Respiratory Research Institute (LRRI) and the University of Washington (UW).  The protocol will also be reviewed by the Arch Chemicals Inc.  Medical Review Panel.

10
Training/Recordkeeping

10.1
Training of Field Personnel

All field personnel will read the study protocol and be familiar with the aspects of the protocol pertinent to their jobs.  The Study Director will ensure that field personnel have adequate training and experience before assigning them to field activities.  Prior experience or training shall include, but not be limited to the following activities:  recruiting human subjects, interviewing, and urine sample collection and preservation.  All field personnel who interact with subjects will also have read the human subjects approval forms and be knowledgeable of the rights of study subjects. 

10.2
Recordkeeping

A sample log will be maintained by the field investigator indicating the date and time of collection of each urine sample collected during the study.  Each sample will be identified by a unique identifier which indicates the subject ID number, the sample collection period and the initials of the study personnel taking custody of the sample.  The field investigator will also note on the log any unusual conditions associated with the sample at the time of collection (e.g., low volume, cloudy or unusually colored urine, collection problems reported by the parent, etc.).   The field investigator will also retain the sample log, all shipping documentation, consent forms, completed questionnaires in a secure location.  These materials will be returned to the LRRI offices at the conclusion of field activities.

10.3
Confidentiality

Information obtained from study subjects will be treated as confidential.  Urinary arsenic data or other data collected for specific individuals will not be provided to outside parties (i.e., parties other than those identified in Section 11 below) without the consent of the subjects or their parents.  Data for the entire population of subjects or a subset may be provided to outside parties as long as individual identification data are excluded.  Tap water arsenic data collected by the City of Albuquerque or their contractor is not covered by this confidentiality policy, although they may be covered by a separate City policy.  The parties listed in Section 11 will only use tap water arsenic data to verify water exposure during the course of the study and will not publish or disseminate results for individual homes.

10.4
Provision of Urinary Arsenic Results to Subjects

Parents will be provided with the results of the child’s urinary arsenic, creatinine and specific gravity measurements at the conclusion of the study.  The report will provide both the actual measurements and typical ranges for these parameters found in the U.S. population.  The report will include a statement equivalent to the following: “If you have any questions regarding the results of these tests, you should contact your child’s primary contact physician to discuss them.”

11
Study Team Members and Responsibilities


Principal Investigator/Study Director – Floyd Frost, Ph.D. 

Overall supervision of the study; ensure scientific integrity of the study and ensure that it is carried out in accordance with the approved protocol.


Co-Investigator – Barbara Beck, Ph.D.



Assist with data analysis and interpretation and reporting of study findings.

Field Coordinator – Twila Kundi, M.P.H.

Recruit subjects, discuss study with parents and other interested parties, collect samples, and arrange for shipment and delivery of all study materials to and from the study site.

Statistician  –Melissa Roberts, M.S.
Perform statistical analysis on all data; provide interpretation of results for final report.

Advisory Panel

Supervision of study quality.
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APPENDIX A

SCREENING AND ENROLLMENT QUESTIONNAIRES

Screening Questionnaire

	Date:
	Time:
	Enroller’s Initials:

	SECTION 1:  ELIGIBILITY INFORMATION  

	1.  Is your child between the ages of 3-6?
	 No
	 Yes

	2.  Have you lived in your current home for at least 6 months?
	 No
	 Yes

	3.  Do you drink the municipal tap water in your home?
	 No
	 Yes

	3a.  If you drink bottled water, is it less than 50% of the water you consume? 
	 No
	 Yes

	4.  Do you plan on drinking tap water most of the time?
	 No
	 Yes

	5.  Is your child toilet trained?
	 No
	 Yes

	6.  Is your child in overall good health?
	 No
	 Yes

	                                MEETS REQUIREMENTS OF THE STUDY?
	 No
	 Yes

	Study ID#:

	SECTION 2:  GENERAL INFORMATION (For study staff use only)

	Parent’s Name (Last, First, MI):

	Child’s Name (Last, First, MI):
	Child’s Age:

	Address:

	City:
	Zip Code:

	Telephone #:                             

Cell Phone #:
	Email:

	Best time to reach:  (Check one in each column)

	Weekdays
	Morning
	Home

	Weekends
	Afternoon
	Work

	 Other (specify)
	Evening
	

	SECTION 3:  MISCELLANEOUS INFORMATION

	Comments:

	

	

	

	


ENROLLMENT QUESTIONNAIRE

Date:_____________________  Enroller’s Initials:_____________________

Study ID #:_________________

1. Age:_____________

2. Gender of child:__________

3. Name of water utility supplying water to home:_____________________

4. Average amount of time spent at home (per weekday): ____________________hrs


Average amount of time spent outside of home (per weekday): ______________hrs

5.
Check any of the following that apply to water filtering systems in your home:



□ No filtering system



□ Activated carbon filter    □ Reverse osmosis   □ Ion exchange (deionization)   

   
□ Whole-house system       □ Kitchen                 □ Pitcher              


□Other (Specify)   _________________

6.
Does your child drink bottled water regularly?  

□Yes
□No


Overall, does your child drink bottled water more or less than 50% of the time?









□More
 □Less

7.
Do you have a wooden deck at your residence?

□Yes
□No



approximate size of deck:_____________________________

8.
Do you have a wooden play structure at your residence?
□Yes
□No



approximate size of play structure:_____________________

	 For Office Use:

	Field Staff: _______      _____

                   Initials          Date
	Reviewer:  _____       ______

    
            Initials       Date

 
	 Data Entry:  _____    _____      

                     Initials    Date


APPENDIX B

WATER AND FOOD CONSUMPTION SURVEY

Water & Food Consumption Survey

PLEASE READ THE BACK OF THIS FORM FOR COMPLETE INSTRUCTIONS

PLEASE COMPLETE THIS FORM FOR EACH URINE SAMPLE

If seafood was eaten, please circle what type of food was eaten:

	SUBJECT ID#_____________
	Dates Urine is collected
	__/___/___
	__/___/___

	
	DATE WATER IS CONSUMED

	
	__/___/___
	__/___/___
	__/___/___
	__/___/___

	At Home:  (In ounces)

	        Amount of tap water
	
	
	
	

	        Amount of cold water beverages
	
	
	
	

	        Amount of hot water beverages
	
	
	
	

	        Amount of bottled water
	
	
	
	

	        Amount of home treated water 
	
	
	
	

	At Daycare: (In ounces)

	       Amount of tap water
	
	
	
	

	       Amount of cold water beverages 
	
	
	
	

	       Amount of hot water beverages
	
	
	
	

	       Amount of bottled water
	
	
	
	

	       Amount of home treated water 
	
	
	
	

	Outside of Home or Daycare: (In ounces)

	        Amount of tap water
	
	
	
	

	        Amount of cold water beverages
	
	
	
	

	        Amount of hot water beverages
	
	
	
	

	        Amount of bottled water
	
	
	
	

	        Amount of home treated water 
	
	
	
	

	Were the following water sources used for cooking on this day?

	        Tap water
	Yes / No
	Yes / No
	Yes / No
	Yes / No

	        Bottled water
	Yes / No
	Yes / No
	Yes / No
	Yes / No

	If your child drank water from any other source during this day, write down how many ounces
	
	
	
	

	Was rice eaten on these days?
	Yes / No
	Yes / No
	Yes / No
	Yes / No

	Was seafood eaten on these days?
	Yes / No
	Yes / No
	Yes / No
	Yes / No


Salmon
Scallops
Prawns
Fish

Fishsticks
Shrimp

Tuna
Oysters
Crab
Clams or (clam chowder)

Water & Food Consumption Survey

Use these guidelines when filling out this form:  

· Write the date for which you are providing information at the top of the column.  

· Estimate your child’s water consumption in ounces.  Here are the ounces in typical drinking cups and glasses:  A small coffee cup or juice glass is 6 ounces.  A child’s “sippy cup” is 6 to 8 ounces.  An adult-sized water glass or coffee mug is 8 to 12 ounces.  A bathroom Dixie Cup is 3 ounces.  A typical bike water bottle is 16 to 24 ounces.  A one-liter bottle of water is 34 ounces.  A measuring cup used for measuring liquid in a recipe is 8 ounces. A pint (2 cups) is 16 ounces.  A quart (4 cups) is 32 ounces.  

· In the three categories on the form (“At Home,” “At Daycare,” and “Outside of Home or Daycare”) please provide the quantity in ounces your child consumed of:

· plain water (tap water, filtered tap water, bottled water)

· ALL hot and cold beverages made from water (tap water, filtered tap water or bottled water). These include: hot tea or iced tea, coffee, Kool-Aide or lemonade made from a powdered mix, milk made by adding water to dry milk powder, soup if homemade with water or made by adding water to dry soup mix or to canned soup, fruit juice if made by adding water to frozen concentrate.  

· Do not include products that come in sealed bottles, cartons, or cans and to which you add no water (soft drinks or sodas, sports drinks, milk, fruit or vegetable juices, undiluted canned soup).

· If your child drank water from any another source, please write down how much water he/she consumed.

· Please indicate if your child ate any rice by circling “Yes” or “No”.  

· Please indicate if your child ate any seafood by circling “Yes” or “No”.  Then, circle what type of seafood your child ate.

Questions?  Call the study office at 262-3472.

Please send this form with the two urine samples!
APPENDIX C

END OF STUDY INFORMATION LETTER

[END OF STUDY INFORMATION LETTER]

Date:

Name of Parent/Guardian

Address Line 1

Address Line 2

Albuquerque, NM 87XXX

Dear Parent/Guardian,

The Arsenic Biomonitoring Pilot Study has been completed.  Your participation in this study will help to determine if it is possible to detect a change in the level of urinary arsenic.  As part of the study, your tap water and your child’s urine were tested for arsenic.  Your child’s urine was tested for arsenic during days when your child drank tap water and during days when your child drank bottled water.  The results of the urine analysis for your child are attached on the next page. 

If you have any questions regarding the results of these tests, you should contact your child’s primary care physician.

Thank you for your participation in this study. 

Sincerely,

Floyd Frost, Ph.D.

Principal Investigator

Phone (505) 348-8776

URINE ANALYSIS RESULTS

Study ID Number:  ____________

Your household tap water was collected on ____(date)_______.  It contained _____micrograms per liter of arsenic.  The current standard for drinking water is less than 50 micrograms per liter.  However, starting January 1, 2006, the U.S. Environmental Protection Agency will require that drinking water contain no more than 10 micrograms of arsenic per liter.

The results of your child’s urine analysis are as follows:

	Sample
	Urine Arsenic

(ug/L)
	Urine Creatinine

(mg/dL)
	Urine Specific Gravity

(g/mL)

	Normal ranges for children:
	6 – 28 ug/L
	30 – 125 mg/dL
	1.003 – 1.035 g/mL



	Your child’s urine levels after drinking tap water:

	Day 5:
	
	
	

	Day 6:
	
	
	

	Your child’s urine levels after drinking bottled water:

	Day 12
	
	
	

	Day 17
	
	
	

	  Day 17, 2nd  

  sample
	
	
	

	  Day 18
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