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ABSTRACT
 The paper looks at quality assurance and quality control in environmental monitoring in managing of data, the procedures and measurements to reduce uncertainty. The concept of quality control and quality assurance, good laboratory practice was also given a view.
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1.0 INTRODUCTION
Quality Assurance (QA) is essential in monitoring to promote, achieve and maintain adequate Data Quality (DQ). DQ results from a process in which each step of the investigation of concern is properly addressed, from the definition of the objectives to the comparability of the data in space and time, to data storage, processing and reporting. QA is a cross-cutting issue as it is of concern for all the investigations and for all the various steps within an investigation. Quality assurance and quality control procedures were incorporated into all aspects of the monitoring programs, including:
1. Sampling (equipment preparation, sample collection and sample storage and transport)

2. Laboratory analysis

3. Data management

4. Community reporting.
Standard quality assurance and quality control (QA/QC) procedures, and data quality validation and assessment criteria and procedures must be in place prior to initiating any monitoring and research activities. This is necessary to ensure that the resulting data are of the highest quality and usefulness and are checked for proper integrity before being archived into a shared database or reported. A monitoring and assessment program consists of more than just the collection and laboratory analysis of samples. The QA/QC and data validation along with data management, evaluation, and reporting must also be planned and implemented as integral components of any monitoring and assessment program. Data processing, analysis, and scientific validation of the data through QA/QC procedures are some of the most important responsibilities of all entities participating in this monitoring program. Development of appropriate and consistent QA/QC and data validation and assessment protocols, along with an efficient and well-structured data management system that can be shared by all stakeholders, is key to the successful implementation of the Monitoring and Assessment Plan (MAP). It should be noted that the cost for collecting and analysing QC samples, conducting the data validation and assessment, and managing data will add from 50 to 100 per cent to the total cost for sample collection and laboratory analysis.
A thorough program of quality assurance/quality control (QA/QC) will enable collection of meaningful and scientifically credible samples. Quality assurance (QA) includes a range of management and technical practices designed to guarantee that the delivered product is commensurate with the intended use. For environmental- or discharge-related studies, QA ensures that the data are of adequate scientific credibility to permit statistical interpretations that lead to resource-use management decisions. One of the most important aspects of QA is quality control (QC). QC includes specific formal goals (called data quality objectives, or DQOs), collection of data to assess data quality, the statistical assessment of the data quality, and the remedial measures taken whenever the DQOs are not realized. A successful program of QA/QC not only ensures that the sampling process is in control but also presents estimates of the sampling error, especially sampling variance. If some component of a sampling program is found not to be in control, then remedial response must be immediately initiated as soon as the problem is discovered, and both the problem and the remedial response must be thoroughly documented. Timely feedback communication between samplers and analysts is essential once a problem has been identified.
1.1 DEFINATIONS
 In general, quality control refers to all actions, procedures, checks and decisions undertaken to ensure the representativeness and integrity of samples, and the accuracy and reliability of analytical results. Quality assurance refers to all actions that monitor and measure the effectiveness of quality control procedures.

Quality control encompasses all activities that bring an analysis into sta​tistical control. The most important facet of quality control is a set of writ​ten directives describing the relevant laboratory-specific, technique-specific, sample-specific, method-specific, and protocol-specific operations.  
Quality Assurance is   defined as "a set of coordinated actions such as plans, specifications, and policies used to assure that a measurement program can be quantifiable and produce data of known quality".   
According to the United States Environmental Protection Agency, the difference between quality control and quality assurance is the following: quality control is a "system of activities to provide a quality product" and quality assurance is a "system of activities to provide assurance that the quality control system is performing adequately. In other words, quality assurance is quality control for quality control". To assure specific data quality, QC activities should be implemented for all the steps of the measurement activities, from sample collection to data reporting. The QA/QC programs should include QA/QC activities for all the components of the measurement/analysis systems, i.e. the field (sampling sites), laboratory, data management and data reporting processes. All QA/QC activities should be documented.    
2.0     QUALITY ASSURANCE AND QUALITY CONTROL IN ENVIRONMENTAL

MONITORING

Monitoring involves measurements and the drawing of inferences on trends, exceedences, and so on. These measurements are of little value unless we have some confidence in their reliability. The uncertainty of a measurement is an estimate of the range of values that the true value can be expected to fall within. Quality control (QC) procedures are designed to reduce uncertainties to a minimum. Quality assurance (QA) is the effective management of the quality control tasks so that all measurements are carried out to the same standard and are comparable. General principles of QA/QC to environmental monitoring are described in several publications. (EA, 2000, 2002a, 2002b, 2002c).
 The quality systems of organizations carrying out monitoring should conform to the requirements of EN ISO/IEC 17025: 2000. A series of measurements can be precise (i.e. the results are grouped closely together) without actually being accurate (i.e. close to the true value). Both precision and accuracy are important and the concept of uncertainty is an attempt to combine them into a single, convenient value. The uncertainty is conventionally reported in the form

Result = X ± U (units)

For example:

NOx = 247 mg/m-3 ± 5 mg/m-3
It is unique to the particular combination of measurement technique, method and apparatus used in the analysis. Without knowledge of the uncertainty, it is not possible to make valid judgements on, for example, compliance with an environmental limit value. The value of pollutant release inventories is diminished if the source data has an unknown uncertainty. For trading in carbon emissions, knowledge of the measurement uncertainty makes it possible to estimate the accounting uncertainty on the traded pollutant. Corporate environmental reports should take care not to claim reductions in emission that are smaller than the uncertainty of the technique used to measure them. There are a number of different variants on the basic principle for assessing uncertainty and further details can be obtained from published guidance on uncertainty. 
General guidance on uncertainty has been published by the ISO (1995), while Eurochem and the Royal Society of Chemistry address uncertainty as applied to analytical measurements (Eurochem, 1995; Farrant, 1997). The Source Testing Association has produced guidance for stack emissions monitoring specifically (STA, 1998). The EA has established a monitoring certification scheme, known as MCERTS, and a number of sub schemes covering different applications. The CEMs scheme covering continuous monitoring of releases to air from chimney stacks gives type-approval to instruments shown to meet certain technical specifications.  
2.1 WHAT IS QUALITY

The aim of every laboratory is to produce high quality results. According to ISO 9000:2000 the term “quality’’ means: “the degree to which a set of inherent characteristics fulfills requirements.” In simpler words, one can say that a product has good quality when it “complies with the requirements specified by the client”. In the case of analytical laboratory work, quality can be defined as “delivery of reliable information within an agreed span of time and under agreed conditions, at agreed costs, and abiding the imposed security conditions”. (ISO 9000-20 00(1998)).
2.2 QUALITY MANAGEMENT

This represents “the coordinated activities to direct and control an organization”. (ISO 9000-2000). Generally, the first step of laboratories in the field of quality management often involves measures to assess their output and control of the measurement process. A modern view of quality management in laboratories should include the monitoring of the needs and requirements of the customer. Special attention has to be paid to costs and delivery times. Quality management in environmental laboratories should form part of an overall approach, which assures in general terms the quality of testing. The basic design of such an approach is schematically outlined in Figure below, which is based on the Deming cycle. (Cofino W.P, 1993)
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The quality of testing has to be planned and measures have to be taken in order to prevent poor quality. These measures entail the implementation of quality systems, harmonization and validation of testing methods and provision of (certified) reference materials (phase 1). In the second phase, measurements are carried out by the laboratories that are involved. As verification, laboratory performance studies are organized. In the third phase, the results of the performance studies are examined comparatively with the performance of other laboratories. When unacceptable values for the performance parameters are observed, the proper actions are initiated (phase four). The approach described here assumes the creation of a structure in which laboratories are provided with tools and support for developing and validating methodologies and verifying performance. This can be assured by implementing a quality management system in the laboratory. In order to maintain the quality of the products numerous activities are involved. 
2.3 BASIC QUALITY ASSURANCE/QUALITY CONTROL

CONCEPTS

1. Quality Assurance (QA)
Refers to a broad plan for maintaining quality in all aspects of a program, including all quality control measures, sample collection, sample analysis, data management, documentation, evaluation, etc. It is helpful to data Users in determining the integrity (soundness) of data. (SHEMS

006.7210.12.) (ISO 9000-2000, 1998). 

2. Quality Control (QC) 

The steps, including measurements, calibrations, and standardization practices, taken to assure the quality of specific sampling and analytical procedures. QC is used to reduce error in the data collection and analysis. For example, the collection of two samples (QC samples) taken at the same time and location should yield the same (or very similar) results; data quality can be determined by evaluating the results of the QC samples and determining precision and accuracy. The decision to accept data, reject it, or accept only aportion of it should be made after analysis of the QC data. (SHEMS 006.7210.12.) (ISO 9000-2000, 1998) 
3. Quality Assurance Project Plan (QAPP) 

The formal written document describing the detailed quality assurance procedures and QC activities that will be used to assure data quality.
Precision 
Degree of agreement among repeated measurements. Reproducible results are precise. Can be calculated using the standard deviation (a statistical way to measure variation around the data set’s average value).
Accuracy
 Measures how close your results are to a true value. The smaller the difference between the measurement and its “true” value, the more accurate the measurement. Found by analysing a standard or reference sample (one with a
Known value).
Representativeness 

The extent to which measurements actually depict the true condition being evaluated. For example, data collected just below a pipe outfall are not representative of the entire stream. 
Completeness The number of samples and documentation needed to meet the sampling objectives. Volunteers may not be able to collect as many samples as planned so try to take more samples than you expect to need.

Comparability

The extent to which data from one study can be directly compared to either past data obtained in the study or from data obtained in another study.
Detection Limit

In general, the lowest concentration of a given parameter your method or equipment can reliably detect and report as greater than zero. For example, if an instrument has a detection limit of 1 ppb (parts per billion) and a sample contains 0.5 ppb of lead, the sample will be “below the detection limit.” Note, this does not mean the sample is free of lead (0 ppb), simply that the amount of lead is less than the instrument can detect.
Metadata

Describes the data information presented in a given dataset and quality criteria associated with their generation. Metadata is all other data collected that is not the actual value of the parameter measured. Metadata is data about the data. Metadata provides information on the procedures used, quality control measures, site locations, sample collectors, quality of the data, etc.
Standard operations procedure (SOP). 

The SOP indicates how we process the sample in the laboratory, how we separate the analyte from potential interferents, how we standardize the method, how we mea​sure the analytical signal, how we transform the data into the desired result, and how we use the quality assessment tools to maintain quality control. If the laboratory is responsible for sampling, then the SOP will also states how we are to collect, process, and preserve the sample in the field. Written instructions, which describe the step-by-step procedures for a process. For example, the procedures for collecting a water sample are referred to as field SOPs while the procedures for analysing the sample in a lab are referred to as the lab SOP.
2.4 QUALITY ASSURANCE COMPONENT OF ENVIRONMENTAL

MONITORING

The demand for high quality environmental laboratory services has grown rapidly; especially during the past 10 years. Significant technical advances have been made with services and capabilities now routinely available that only a few years ago were the domain of research. There has been a dramatic trend toward multi-component determinations at very low concentrations in complex sample matrices. These requirements place an increasing burden on the laboratory and its ability to produce quality results. The field of environmental analytical chemistry is no doubt a scientific field that has become vitally important to society by providing the required data to support environmental studies. The work produced by environmental laboratories is "under a lens", and this close scrutiny has been increasing over the years. Government regulations have been the driving force in the rapid growth of the field of environmental analytical chemistry.
In North America this sector is sophisticated and is dominated by regulatory, research, and private-sector laboratories. Laboratory managers have had to become increasingly proactive in educating industry, regulators, and the public about the field of measurement science. This has been especially important as regulators establish new environmental standards, compliance limits, and criteria. The setting of compliance limits will undoubtedly be based on many factors; the capability to measure must be among such considerations. As users of environmental laboratories become more educated, their expectations become enhanced. Laboratories must now routinely provide evidence that they are accredited and/or certified and that they incorporate a comprehensive quality assurance program with all work programs.
2.5 DEFINING LABORATORY QUALITY

The U.S. Environmental Protection Agency (EPA) defines quality assurance (QA) as the total program for assuring the reliability of monitoring data. Quality control (QC) is defined as "the routine application of procedures for controlling the measurement process" (U.S. EPA 1986). In other words, QC consists of the technical, day-to-day activities used to assess the quality of the measurement process, while QA is the overall management system that ensures a QC program is in place and is working effectively. Quality control is primarily concerned with the tools of the measurement system. This includes internal laboratory activities or quality control steps, and the preparation and analysis of quality control samples. Analysis of quality control samples allows the determination of precision, accuracy, sensitivity, and contamination control for the sampling and analysis process. There are two types of quality control (QC) samples: internal and external. Internal or laboratory quality control samples are prepared in the laboratory and include blanks, replicates, surrogates, spikes, and reference materials.
Laboratory credibility is established through "good laboratory practice" (GLP) which involves the complete management system for laboratory operation. While laboratories will, on their own initiative, establish GLP, it is necessary to obtain official recognition in the form of certification and accreditation. Certification is the formal recognition of the proficiency of a laboratory to carry out specific tests. It is determined by a procedure of submitting proficiency samples and defining the standards that must be met by the laboratories.
3.0 CONCLUSION

Monitoring information is essential in helping us determine the effectiveness of mitigation measures. Without essential feedback provided by monitoring programs on “what works” and “what does not work,” each new project will be designed like the last one. There will be little opportunity to learn from our mistakes and to apply new and better mitigation techniques. Due to uncertainty of a measurement in environmental management Quality control (QC) procedures are adopted to reduce uncertainties to a minimum. Also Quality assurance (QA) is an effective management in quality control tasks so that all measurements are carried out to the same standard and are comparable. Quality control encompasses all activities used to bring a system into statistical control. The most important facet of quality control is written documentation, including statements of good laboratory practices, good measurement practices, standard operating procedures, and protocols for a specific purpose. Quality assessment includes the statistical tools used to determine whether an analysis is in a state of statistical control, and, if possible, to suggest why an analysis has drifted out of statistical control. Among the tools included in quality assessment are the analysis of duplicate samples, the analysis of blanks, the analysis of standards, and the analysis of spike recoveries
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