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ABSTRACT 

Site or project specific data quality objectives (DQOs) describe the amount of error that is acceptable for 
a water quality monitoring program. Held quality control samples are used to include sample collection 
in the measurement of data quality. The results of analysis of the field quality control samples are 
compared to DQOs to evaluate if overall data quality is acceptable. 

Gibraltar Mine has a water quality monitoring program for surface water, ground water and process 
water. The program includes the analysis of total metals, dissolved metals, anions and nutrients. Field 
quality control samples include field blanks, filtration blanks, and field duplicates. In this study DQOs 
are developed for field blanks and field duplicates. DQOs are also developed for the comparison of total 
and dissolved metals, which is not normally considered a component of quality control. The proposed 
DQOs are applied to water quality monitoring data from Gibraltar Mine. This paper discusses the 
development and application of DQOs for water quality monitoring at Gibraltar Mine, and presents new 
DQO approaches for field duplicates and comparison of total and dissolved metals. 

INTRODUCTION 

Gibraltar Mine has a water quality monitoring program for surface water, ground water and process water 

that has been ongoing for many years. In the last several years field quality control samples (field blanks 

and field duplicates) have been incorporated into the program. Data quality objectives were developed 

specifically for the Gibraltar Mine water quality monitoring program. 

The purpose of data quality objectives (DQOs) for a water quality monitoring program is to "identify the 

maximum amount of uncertainty (or error) which can be tolerated in the data if it is to be satisfactory for 

its intended use" (British Columbia Field Sampling Manual, 1996 edition (permittee)). A DQO requires 
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a target value and an acceptable range. A data point is compared to a relevant DQO and if it is within the 

acceptable range it "passes", and the accuracy of the data point and all associated data is deemed to be 

acceptable. If a data point is outside the DQO acceptable range it "fails", and the accuracy of the data 

point and all associated data is suspect. Generally a DQO failure should be investigated to identify (and 

correct) the cause of the failure. DQOs can be applied to any measurable component of a monitoring 

program for which a target value and acceptable range can be established, such as: blanks, duplicates, 

dissolved metal concentration vs. total metals concentration, reference samples and spiked samples. 

Statistical system DQOs can be derived by collecting sufficient number of replicate or repeat samples of 

the same type and by performing the appropriate statistical calculations to determine the target (i.e. 

mean) and the acceptable range (i.e. confidence interval) as described by Taylor (1987). The statistical 

approach is useful to derive the actual system target and acceptable range to a 95% or 99% confidence 

interval. The DQO failure rate for a statistical system DQO is predetermined by the selection of the 

confidence interval. For example, with a 95% confidence interval, one can expect a DQO failure rate of 

approximately 5%. It is important the data used for statistical calculations has not been rounded, or 

otherwise modified, or the calculations may be biased or impossible to perform. 

Gibraltar Mine field quality control data from March 1999 through March 2001 has rounded data, and 

where the results are below the detection limit there is no data, therefore it is not possible to perform 

statistical calculations on the available data. 

Generic system DQOs can be established biased upon the program requirements and the intended use of 

the data. Each DQO is defined without a direct statistical derivation. This is a practical and cost 

effective alternative to statistically deriving the DQOs, and it is usually the first step when defining and 

implementing system DQOs. Generic system DQOs are not statistically derived, therefore, it is 

important that they are compared against real system data to ensure the resultant DQO failure rate is 

acceptable. 

This paper demonstrates a practical approach for establishing generic system DQOs to meet the 

requirements of the Gibraltar Mine water quality monitoring program. Our approach takes into account 

statistical limitations of the system detection limit, and uses techniques from published and unpublished 

documents. Gibraltar Mine field quality control data from March 1999 through March 2001 are 

compared to the generic DQOs, and the failure rates are summarized. 
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OBJECTIVE 

This report outlines how generic data quality objectives (DQOs) were developed for the water quality 

monitoring program at Gibraltar Mine. The DQOs apply to field blanks, field duplicates and for data 

pairs of dissolved and total metals. The DQOs were developed from: 

• the water quality monitoring goals of Gibraltar Mine, 

• the requirements of the Ministry of Environment, Lands and Parks as outlined in "A Compendium of 
Working Water Quality Guidelines for British Columbia" (2001), and "Guidelines for Interpreting 
Water Quality Data" (1998), 

• the capabilities of common and generally accepted lab procedures, 

• the Gibraltar Mine field quality control data from March 1999 through March 2001, 

• and from statistical and practical approaches used to estimate uncertainty. 

The DQOs are intended to assist Gibraltar Mine in the assessment of water quality monitoring data. 

FIELD BLANK DATA QUALITY OBJECTIVES 

Gibraltar Mines has several water quality monitoring programs: 

• Cuisson Creek:        Baseline monitoring. Surface water only. 

• Standard: Permit monitoring requirements. Surface, ground and process waters. 

• Internal: Internal monitoring requirements. Surface, ground and process waters. 

Each program has a unique list of parameters that are analyzed by different analytical methodologies, 

therefore, it is appropriate to establish distinct field blank DQOs for the Cuisson Creek program and the 

Standard and Internal programs. 

Blank acceptability in the "Quality Assurance Guidelines to Supplement the Standard Effluent and 

Receiving Environment Quality Assurance Clause prepared by BC Environment with input from the BC 

Laboratory Quality Assurance Advisory Technical Subcommittee (2001) is described as follows: 
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"Field blank contamination preferably should not be significantly greater in concentration nor 

occurrence than laboratory method blank contamination." 

and, 

"Laboratory method blanks...must not exceed the detection limit reported by the laboratory for 
the associated samples." 

The detection limit reported by laboratories accounts for test method sensitivity and for contaminants that 
may be introduced at the laboratory. To allow for the additional potential sources of contamination 
related to field sampling, we propose that, where practical, the field blank DQOs are set to twice the 
laboratory's reported DL for each parameter. If an applicable guideline level is near the reported DL, or 
if the trace concentration of a parameter is of particular concern, then the reported DL should be used as 
the field blank DQO. The limits should be reviewed, and revised if necessary, as field blank data is 
collected and assessed. 

Three sets of DQOs are derived as described below. The DQOs for the Standard and Internal programs 

are presented as one set. For the Cuisson Creek program two field blank DQO options are presented. 

For one option the DQO is limited by the lowest applicable BC Water Quality Guideline, while for the 

other option the DQO is limited by the laboratory reported DL. For these reasons the two Cuisson Creek 

program field blank DQOs differ for the following parameters: antimony, arsenic, barium, boron, iron, 

lead, silver, thallium, titanium, uranium, and vanadium. 

Field Blank DQOs: Standard + Internal Monitoring Programs 

The Standard and Internal monitoring programs are grouped together for convenience of presentation. 

These programs are used for permit and internal monitoring requirements. There are no established 

guidelines for the parameters in these monitoring programs, therefore, field blank DQOs for these 

programs emphasize contamination control near the reported DL concentration level. The DQO for each 

parameter was developed as follows: 

1.   The DQO was set equal to twice the reported DL. 

For each parameter the field blank concentration must not exceed the DQO presented in Table 4. 
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Field Blank DQOs: Cuisson Creek Monitoring Program, BCWO 

There are no established guidelines for the Cuisson Creek monitoring program. The BCWQ field blank 

DQO option is only presented to demonstrate how a guideline-based field blank DQO is developed. The 

only consideration for this DQO are the lowest guidelines of the Ministry of Environment, Lands and 

Parks as outlined in "A Compendium of Working Water Quality Guidelines for British Columbia" 

(2001), and "Guidelines for Interpreting Water Quality Data" (1998). By emphasizing the guideline 

levels for a parameter, the selected DQO may be significantly larger than the reported DL for that 

parameter. The DQO for each parameter was set to one tenth of the lowest guideline level, unless it was 

close to the reported DL. The following rules outline the process used: 

1. If a guideline level exists, and the reported DL is one twentieth the guideline level or less, then the 

DQO was set equal to one tenth of the guideline level, 

2. If a guideline level exists, and the reported DL is between one fourth and one twentieth the guideline 

level, then the DQO was set equal to twice the reported DL, 

3. If a guideline level exists, and the reported DL is between the guideline level and one fourth the 

guideline level, then the DQO was set equal to the reported DL, 

4. If a guideline level exists, and the reported DL is greater than or equal to the guideline level, then the 

DQO was set equal to the reported DL, 

5. If no guideline level exists the DQO was set equal to twice the reported DL. 

For each parameter the field blank concentration must not exceed the DQO presented in Table 4. 

Field Blank DQOs; Cuisson Creek Monitoring Program, Baseline 

Again, there are no established guidelines for the Cuisson Creek monitoring program. This DQO option 

is designed for baseline monitoring purposes, in contrast to the Cuisson Creek BCWQ DQOs, and the 

primary consideration is contamination control at the reported DL concentration level. A secondary 

consideration are the lowest guidelines of the Ministry of Environment, Lands and Parks as outlined in 

"A Compendium of Working Water Quality Guidelines for British Columbia" (1998), and "Guidelines 

for Interpreting Water Quality Data" (1998). The DQO for each parameter was developed from one of 

the following rules: 
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1. If a guideline level exists, and the reported DL is less than one fourth of the guideline level, then the 

DQO was set equal to twice the reported DL. 

2. If a guideline level exists, and the reported DL is between the guideline level and one fourth the 

guideline level, then the DQO was set equal to the reported DL, 

3. If a guideline level exists, and the reported DL is greater than or equal to the guideline level, then the 

DQO was set equal to the reported DL, 

4. If no guideline level exists the DQO was set equal to twice the reported DL. 

For each parameter the field blank concentration must not exceed the DQO presented in Table 4. 

Summary of Field Blank DQO Failures 

All the Field Blank samples submitted to ALS Environmental between March 12, 1999 (ALS File No. 

K4100) and March 14, 2001 (ALS File No. M7587) were compared to the proposed DQOs. If the result 

for a parameter exceeded the parameter specific DQO the result is considered to have "failed". All 

failures are shown in Table 5, and tabulated in Table 1. 

 

As shown in Table 1, only a limited number of results failed to meet the specified field blank DQOs. Of 

the parameters with failures, and more than 80 results, the DQO failure rates ranged from 0.7% to 5.9%. 

Dissolved copper, dissolved zinc and total zinc DQO failure rates are the highest, suggesting these 

parameters are most susceptible to contamination. 

FIELD DUPLICATE DATA QUALITY OBJECTIVES 
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The field duplicate DQOs need to account for sampling and measurement errors associated with each 

result. Expressed as a percentage of the result, the measurement uncertainty increases significantly near 

the detection limit (Taylor, 1987), since the magnitude of the measurement uncertainty approaches the 

magnitude of the result. However, when the result is much larger than the detection limit the 

measurement uncertainty (expressed as a percentage of the result) approaches a constant value inherent 

in the sample collection and analysis process. 

For field duplicate results relative percent difference (RPD) is used to express measurement uncertainty 
(Guidelines for Interpreting Water Quality Date, 1998), according to the following equation: 

RPD = 100% * abs(result 1 - result 2) / mean(result 1, result 2) 

Where: 

RPD = relative percent difference 

In absolute terms, the magnitude of measurement uncertainty is smallest at the method detection limit 

(MDL), and becomes larger as the magnitude of the result increases (Thompson and Howarth, 1978). 

Assuming the MDL is determined at a 95% confidence interval, the absolute amount of measurement 

uncertainty of a result at the MDL is equal to the magnitude of the MDL (Taylor, 1987). For the 

purposes of this study the reported DLs are assumed to be equal to or greater than the system MDL for 

each parameter. 

Two options for field duplicate DQOs are presented. Each option is compared to the field duplicate data 

set to determine the number of replicate pair failures. In each case the allowed error at zero 

concentration is equal to 2 reported DLs, to account for data rounding errors and the measurement 

uncertainty of each result The maximum RPD is set to 15% for all parameters except turbidity, which is 

set to 30%. These initial limits were set to allow a realistic measurement uncertainty and they are based 

upon laboratory experience with duplicate samples for these tests. The allowed difference for each 

approach (with RPD = 15%) is shown in Figure 1. The maximum RPDs should be reviewed, and revised 

if necessary, as field duplicate data is collected and assessed. 

For the calculations described below, note that results below the detection limit are taken to be equal to 

zero. To avoid rounding errors calculated values should not be rounded or truncated. 
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Option 1: Linear Allowed Difference Function 

This is the preferred technique for establishing field duplicate DQOs. It is adapted from a paper 

published by Thompson and Howarth (1978). The allowed difference function described below sets an 

allowed error equal to 2 reported DLs when the mean concentration of duplicate results is equal to zero. 

As the mean concentration of duplicate results increases, the allowed error increases by the maximum 

RPD as described in the following function: 

Allowed Difference = 2 * DL + (Maximum RPD / 100) * mean(result 1, result 2) 

Where: 

DL = reported detection limit. 

Maximum RPD = acceptable maximum relative percent difference (between two results). 

For each duplicate pair the absolute value of the difference between the results must not exceed the 

Allowed Difference calculated above. 

Option 2; Non-continuous Allowed Difference Algorithm 

This technique for establishing field duplicate DQOs is commonly used, in various forms, but is not 

recommended, due to the inadequate treatment of uncertainty near the 5 DL concentration range, as 

illustrated in Figure 1. It is taken directly from the "Quality Assurance Guidelines to Supplement the 

Standard Effluent and Receiving Environment Quality Assurance Clause prepared by BC Environment 

with input from the BC Laboratory Quality Assurance Advisory Technical Subcommittee (2001). In the 

table the following field duplicate guideline is presented: 

"It should be expected that the RPD is somewhat greater than that for laboratory duplicates. If 

one of a set of duplicate values [is] at or greater than five times the MDL, then RPD values >20% 

indicate a possible problem, and >50% indicate a definite problem..." 

and for laboratory duplicates, 

"For concentrations below 5 times the MDL, the difference between the two duplicate values 

shall not exceed twice the reported DL value. For concentrations at or greater than 5 times the 

reported DL, the Relative Percent Difference (RPD) shall not exceed 20%..." 
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The allowed difference algorithm described below sets an allowed error equal to 2 reported DLs when 
the concentration of both duplicate results is below 5 reported DLs, otherwise the allowed error equals 
the maximum RPD: 

if (result 1 < 5 * DL and result 2 < 5 * DL) 

then 

Allowed Difference = 2* DL 

else 

Allowed Difference = (Maximum RPD/ 100) * mean(result 1, result 2) 

Where: 

DL = reported detection limit. 

Maximum RPD = acceptable maximum relative percent difference (between two results). 

For each duplicate pair the absolute value of the difference between the results must not exceed the 

Allowed Difference calculated above. 

Summary of Field Duplicate DOO Failures 

All the field duplicate samples submitted to AJLS Environmental between March 3, 1999 (ALS File No. 

K3872) and January 11, 2001 (ALS File No. M5943) were compared to the proposed DQOs. If the 

duplicate values for a parameter exceeded the parameter specific DQO the result is considered to have 

"failed". All failures are shown in Table 6, and tabulated in Table 2. 
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As shown in Table 2, the two field duplicate DQO options generally compare quite well. Option 1 DQO 

failure rates, for parameters with 27 duplicate pairs, ranged from 0% to 7.4%. Option 2 failure rates, for 

parameters with 27 duplicate pairs, ranged from 3.7% to 18.5%. 

Option 1, the Linear Allowed Difference Function, should be used for field duplicate DQOs at Gibraltar 

Mine. Option 1 provides a realistic and defensible estimation of measurement uncertainty at all 

concentrations using a linear function. Option 2 DQOs are adequate but the treatment of uncertainty in 

the 5 DL to 10 DL range (as illustrated in Figure 1) can lead to questionable DQO failures when the 

duplicate results are in this concentration range. Differences in DQO failures for dissolved ortho 

phosphate and molybdenum, where option 2 generates more failures than option 1, illustrate the 

inadequacy of option 2 to address uncertainty near the 5 DL concentration range. 

DISSOLVED METALS VERSUS TOTAL METALS DATA QUALITY OBJECTIVES 

Total and dissolved metals are defined by how the samples are prepared. "Standard Methods for the 

Examination of Water and Wastewater, 20th Edition" (1998) defines total metals in water as: 

'The concentration of metals determined in an unfiltered sample after vigorous digestion..." 

Dissolved metals in water are defined as: 

"Those metals in an unacidified sample that pass through a 0.45 Jim membrane filter." 
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By these definitions it follows that the total metals portion of the sample should always contain a 

concentration of metals that equals or exceeds the dissolved metals portion of the sample. However the 

preceding statement does not allow for sampling and measurement error. When uncertainty of 

measurement of each result is considered, then it is possible for the measured total metal concentration to 

be less than the measured dissolved metal concentration. The data quality objective needs to allow for 

possible inhomogeneity of the dissolved metal portion and total metal portions, and for the analytical 

precision of a determination. 

When the water at a monitoring location contains only dissolved metals (i.e. all metals pass through a 

0.45 µm membrane filter) then all of the total metals present will be due to the dissolved metals, hi this 

situation the total metals sample portion and dissolved metals sample portion can be considered to 

behave as duplicate samples, so long as the different sample collection procedures are subject to similar 

errors. The rationale of measurement uncertainty for field duplicates is described in the Field Duplicate 

Data Quality Objectives section. 

Dissolved metal versus total metal DQOs are identical to field duplicate DQOs. Only the special case 

where dissolved metal concentration exceeds total metal concentration is considered, and in this case the 

two samples are considered to behave as field duplicates. Two options for field duplicate DQOs are 

described in the Field Duplicate Data Quality Objectives section. Each option is compared to a data set 

to determine the number of failures. In each case the allowed error at zero concentration is equal to twice 

the reported DL. For the initial DQO the maximum RPD is set to 15%. These limits were set to allow a 

realistic measurement uncertainty and are based upon laboratory experience with dissolved metal and 

total metal analysis. The limits should be reviewed, and revised if necessary, as additional data are 

collected and assessed. 

For the calculations, note that results below the detection limit are taken to be equal to zero. To avoid 

rounding errors calculated values should not be rounded or truncated. For the formulas, result 1 should 

be the total metal result, and result 2 should be the dissolved metal result. 

Summary of Dissolved Metals versus Total Metals DQO Failures 

Only "qualifying" duplicate pairs, where the dissolved metal concentration exceeded the corresponding 
total metal concentration, for samples submitted to ALS Environmental between March 12, 1999 (ALS 
File No. K4100) and October 20, 2000 (ALS File No. M3531), were compared to the proposed DQOs. If 
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the duplicate values for corresponding parameters exceeded the parameter specific DQO the result is 

considered to have "failed". All failures are shown in Table 7, and tabulated in Table 3. 

 

As shown in Table 3, the two dissolved versus total metal DQO options generally compare quite well. 

Option 1 DQO failure rates, for parameters with more than 20 "qualifying" duplicate pairs, ranged from 

5.0% to 23.3%. Option 2 failure rates, for parameters with more than 20 "qualifying" duplicate pairs, 

ranged from 7.3% to 31.9%. 

The failure rates for this subset of "qualifying" duplicate pairs are less than 100%, suggesting that most 

occurrences where a dissolved metal concentration exceeds a total metal concentration are caused by 

measurement uncertainty. 

Option 1, the Linear Allowed Difference Function, should be used for dissolved versus total metal DQOs 

at Gibraltar Mine. Option 1 provides a realistic and defensible estimation of measurement uncertainty at 

all concentrations using a linear function. Option 2 DQOs are adequate but the treatment of uncertainty 

in the 5 DL to 10 DL range (as illustrated in Figure 1) can lead to questionable DQO failures when the 

"qualifying" duplicate pair results are in this concentration range. Differences in DQO failures for copper 

and molybdenum, where option 2 generates more failures than option 1, illustrate the inadequacy of 

option 2 to address uncertainty near the 5 DL concentration range (as was demonstrated in the field 

duplicate DQO section). 
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SUMMARY 

This report outlines generic data quality objectives (DQOs) developed for the water quality monitoring 
program at Gibraltar Mine. The DQOs apply to field blanks, field duplicates and dissolved metal versus 
total metal pairs. The DQOs are intended to assist Gibraltar Mine in the assessment of water quality 
monitoring data. All the proposed DQOs were applied to Gibraltar Mine data collected during 1999 
through 2001 to determine if they were applicable to the Gibraltar Mine water quality monitoring 
program. 

The proposed field blank DQOs are derived from the requirements of the Gibraltar Mine monitoring 

programs, the BC Water Quality Guidelines and the reported laboratory detection limit (reported DL) for 

each parameter. The DQOs are generally set to be twice the reported DL. Some DQOs are equal to the 

reported DL if the parameter is of particular concern (if the BC Water Quality Guideline is near the 

reported DL concentration). This level of uncertainty provides a reliable limit that is realistically 

achievable for the field blanks currently collected at Gibraltar Mine. 

Two options for field duplicate DQOs are presented. In each case the allowed error at zero concentration 

is equal to 2 reported DLs. At detectable concentrations the maximum relative percent difference (RPD) 

is set to 15% for all parameters except turbidity which is set to 30%. These initial limits allow a realistic 

measurement uncertainty and they are based upon laboratory experience with duplicate samples. The 

Linear Allowed Difference Function DQO (Option 1) is recommended for use at Gibraltar Mine. 

Two options for dissolved metal versus total metal DQOs are presented. Only the special case where 

dissolved metal concentration exceeds total metal concentration is considered, and in this case the two 

samples are considered to be field duplicates. In each case the allowed error at zero concentration is 

equal to 2 reported DLs. At detectable concentrations the maximum relative percent difference (RPD) is 

set to 15%. These initial limits allow a realistic measurement uncertainty and they are based upon 

laboratory experience with dissolved metal and total metal analysis. The Linear Allowed Difference 

Function DQO (Option 1) is recommended for use at Gibraltar Mine. 
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Acceptable DQO failure rate targets should be established for field blanks, field duplicates and dissolved 

versus total metal duplicate pairs. DQO failure rates should be routinely monitored to look for trends. 

Failure rates for a given population of results should remain relatively constant over time. 

The proposed DQOs are useful to identify when there may be a significant error in the sample collection 

and analysis process. This is demonstrated by the DQO failures that were identified with field blanks, 

field duplicates and dissolved versus total metal duplicate pairs in the data sets that were studied. DQO 

failures should be investigated and documented (with the source of the failure identified, if possible) and 

any associated sample data should be reviewed and qualified, as described in "Guidelines for Interpreting 

Water Quality Data" (1998). The DQOs, and DQO failures, should be regularly reviewed (Le. 

annually), and based upon the data collected, and any new requirements of the monitoring programs, the 

DQOs and DQO failure rate targets should! be adjusted as appropriate. 
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