 Differences in Lab Quality Control

between EHLB and SCDC

Differences between lab management practices at the Environmental Health Laboratory Branch (EHLB) and the Shanghai Municipal Center for Disease Control & Prevention (SCDC) arise not only from differing cultures, laws and ideas, but also in the way tasks, size, source are allocated at the laboratory level 

Two important aspects of lab management are lab safety and quality control.  Lab safety is crucial to the health and well being of workers; quality control establishes important routines and standards, which give the work performed credibility and ensure adherence to existing laws.
My primary aim in writing this paper is to compare and contrast similarities and differences in the implementation of laboratory quality control at EHLB and at SCDC.  This is accomplished by studying Quality Control (QC) Manual, Standard Operating Procedures (SOPs), and other related documents at both EHLB and SCDC, observing how these standards or procedures are attained and implemented.  This will enhance my knowledge of QC and enable me to offer constructive suggestions for improving chemical lab management at SCDC.   To this end, I have observed three categories of contrast between these two government labs:  system design, managerial approach, and degree of flexibility.

Differences in System Design

             I observed systematic differences in goals set, tasks undertaken, and the range of issues addressed by each of these government labs.
             Significant differences exist between the goals at EHLB and SCDC.  For example, while EHLB provides analytical services and leadership in the development of laboratory methods and research necessary to promote good health and a beneficial physical environment for the people of California, implementation is usually left to other branches of the government.  SCDC, however, though it also provides technical services for policy-making and supplies public health and emergency procedures in Shanghai, has greater direct roles in governance than EHLB.  This gives it different goals overall.
             EHLB concerns itself primarily with the measurement of chemical pollutants as they manifest in many contexts, for instance outdoor--, indoor--, and industrial air, as well as in biological and other environmental samples. Also, EHLB consists of four units with fewer than forty-five members.  SCDC, in contrast, has thirteen laboratories with over two hundred members who deal with a broader range of issues.  These include chemistry, microbiology, toxicology, radiation, viruses, parasites, insects, poisons, and more.  The samples tested include food, water, air, and miscellaneous solids and biochemical samples.  The range of issues addressed extends beyond chemical contamination to include general environmental and occupational health, and disease diagnosis, to name a few.
There are more than 527 items in controlled or certificated analytical methods at SCDC, and they contain the whole working range above. EHLB has far fewer controlled analytical items.
These differences lead to a different emphasis in the quality control at EHLB and SCDC.  EHLB emphasizes technical control in the analytical process, while SCDC emphasizes an integrated system.  These differences exist in the structural design of the quality control, for example in the pertinent principles, file, SOP etc.
Basic Principles

             SCDC mainly abides by ISO 17025-1999 (general requirements for the competence of testing and calibration laboratories) and the corresponding Chinese national technical standards, which comes from the same ISO standard. In addition to ISO 17025-1999, EHLB also follows additional standards, such as ISO 15189 (Medical Laboratories-Particular requirements for quality and competence), and achieves certifications through organizations like CLIA and AIHA etc.  There is extra information in Quality Manual at EHLB to meet the criteria for these certifications.

Document and its System
             The pertinent document at EHLB includes a Quality Manual, SOPs, Standard Analytical Methods, the Chemical Hygiene Plan, and other quality related documents.  Most of the documents deal with technical principles or guidelines in practice.  Similarly, the quality document at SCDC also includes a Quality Manual, SOPs, and Standard Analytical Methods.  Additionally, SCDC document also includes executive quality plans, more detailed records for quality control activity, and other documents or forms.  Most documents pertain to details of the system files or procedures.
             At EHLB, only one official copy of currently approved documents is identified as “Controlled”.  Documents related to the quality management system, forms and record are not identified as “Controlled”.  In contrast, at SCDC, each lab has individual controlled files that include a Quality Manual, SOPs, forms and Standard Methods.

             File numbers at EHLB reflect different details or phase, such as revision numbers and draft numbers.  SCDC does not have these, relying only on classification and year in its record keeping.

Quality Manual Format

             EHLB basically follows the protocol of the ISO 17025-1999 for its requirements for sample analysis, from sampling, to transferring, accepting, analyzing, reporting etc.  The Quality Manual at the SCDC also follows guidelines from ISO 17025-1999 although the content is somewhat convoluted.  Compared with the one at EHLB, the Quality Manual at SCDC contains some complication and repetitions, for example there are nine procedures on equipment, facility and environment.

Quality Assurance and Quality Control

           In the beginning of the EHLB Quality Manual, two basic definitions are presented for quality assurance (QA) and quality control (QC).  QA is defined as “planned system of operations and procedures whose purpose is to provide assurance that defined standards of quality are being met”. QC is defined as “the activities that are being used to implement the quality assurance plan.  These activities control the quality of results so that they meet the needs of the data user”.  QC is the means by which the abstract system QA is executed; hence QA and QC form an interdependent cycle in the quality system.  These definitions are not presented in the SCDC Quality Manual, and the procedure of quality system does not reflect the independent cycle of QA and QC. 
             One notable feature at EHLB is convenient control over operations pertaining to QC. The best example is the SOP “Corrective and Preventive Action” (CPA/R1). This QA document specifies the special part of quality control: Correction and Prevention.  QC document specifies demands and specific actions, for instance how to identify and deal with non-conformance and deficiencies in different actions, how to initiate and effectively execute these programs or steps to make a circle, how to follow mandates for corrective action etc.    All these activities together constitute an integrated system of QA and QC.

             In contrast, at SCDC, quality concerns deal primarily with establishing a consistent QA program.  For example, Controlling Non-compliance Procedure (No. 10) lists the detailed course of applications and approval in case of non-compliance without giving concrete directives for corrective action (QC).  This system is not integrated and results of corrective actions are not easily measured, estimated or tracked.

Individual Actions within the System

Technical performance is the basis of lab management at EHLB.  The technical chief has the controlling authority to direct functions and to maintain overall awareness of work performance in the lab.  The duties and responsibilities of the quality assurance officer (QAO) include monitoring of procedures, reporting and auditing etc.  All activities are conducted with minimal outside enforcement.  This is a mark of mature and successful lab management.  Compared with EHLB, administrative departments at SCDC have more power than labs; labs have no sufficient technical authority. For example, although there are forty-five QC procedures, they are sparse on specific technical procedures. Meanwhile the additional inference or complex course in supervision, audit impacts the routine lab managements to some degree.

SOP Documents

             EHLB has two types of SOP documents:  system SOPs and analytical SOPs.  System SOPs are about quality control activity, like Document Control System (DCS/R2), and Corrective and Preventive Action (CPA/R1).  Analytical SOPs pertain to operation and control actions with specific technical goals.  They typically contain three files:  a general calibration method file, a technical guideline file, and an analytical methods file.  The general calibration method file provides information about instrument or device traceable and reliability.  Examples include Auto Pipette Calibration, Gravimetric (GPL/R0), Equipment Calibration and Maintenance (DCM/R1).  They are the ordinary guidelines for shared instruments. A technical guideline file is about technical limits or requirements of analysis method. It is so important that it forms the basis of significant technical analysis and reports for the whole lab, such as Estimation and Reporting of Uncertainty of Measurements (ERU/R0), Determination of Method Detection Limits (MDLs) and Reporting Limits (RLs) (MPLRL/R3).  The analytical SOP focuses on the concrete test procedure and compounds with technical standards, such as range, sensitivity, safety, inferences, quality control, calculation, acceptance criteria etc.  Examples include Method for the Determination of Metal in Air Filters (EHLB 109/122), Aldehyde Emission from Building Materials (115/R0) and Method for the Determination of Volatile Organic Compounds in Air (DS/R0).

             Like EHLB, SCDC also has two kinds of SOP documents: system SOPs and technical SOPs.  Approximately forty-five procedures are system SOPs.  Each of these has a detailed description of a course of action and chain of responsibility emphasizing the integrity of the system.  The remaining technical SOPs are divided into two additional parts:  instrument SOPs and analytical SOPs.  Instrument SOPs specify instrument operations with procedures to confirm proper calibration.  These SOPs delineate basic theory, working ranges, parameters etc. There are occasional pieces of equipment with multiple SOPs, containing different criteria. There are two types of analytical SOPs.  One comes from the National Standard or the appointed measure with approval, but without SCDC modification and SOP series number.  Many analytical SOPs at SCDC are of this type.  The others are special analysis SOPs with approval, which are generated by individual departments at SCDC.  Such analytical SOPs delineate information regarding scope, instrumentation, procedures employed, QC applied, and relevant scientific literature.  These SOPs tend to be simpler in content than those at EHLB.
Test Course Control

SCDC pays much attention to the integrity of its system and how it is followed. It has more than ten procedures directly dealing with test procedure. They lack the concrete technical standards and key points pertaining to practical concerns. In contrast at EHLB, quality control appears succinct and strict. For example, EHLB suggests some non-routine analytical methods dealing with issues such as bias, standard deviation at the concentration level of concern. The procedure indicates that work should follow initiatively the method validation. Continuing demonstration of method performance is routine documented.
 Except for general key control points in Quality Manual at EHLB, each group may prepare Quality Assurance Program Plans (QAPPs) and/or Quality Assurance Project Plans (QAPjPs) to define additional and/or alternate quality assurance requirements for the group’s specific activities. 

Staff Training

Although SCDC has special procedures for training, the result is not very effective. Because the procedure lacks standardized and clearly stated individual goals, the result is that the training is passive and appears to be a formality.

 Our advantage at SCDC is that training is certificated with an exam on instrument and specific analytical items. However, it remains problematic to effectively train and exam on so many methods.

Corrective and Preventive Actions

EHLB has different corrective action for non-conformance and deficiency. Non-conformance is defined as a situation where the non-conforming condition is recognized and corrected during an activity of process before adversely affecting service or data quality. Deficiency is defined as conditions where a non-conformance has not been corrected prior to the reporting of data and where there is a potential or observed negative impact on data or service quality. A non-conformance, which goes unidentified, undocumented, and/or uncorrected through the analyst and peer review process, will be categorized as a “deficiency” and initiate formal corrective action and a corrective action record. Different procedures are followed in each condition, such as code number, record and procedures. Activities involving corrective action initiated during the analytical process do not result in a record.

In contrast, SCDC places its emphasis on the deficiencies and related correcting action, such as audit course, application and approval. Deficiencies even contain some activities like time limit, analytical use range limit, data controlling limits of sensitivity and precision etc. Compared with EHLB, SCDC takes a passive position in the area of correction. The Quality Manual doesn’t provide special procedure for dealing with practical issues of correction or prevention.
Managerial Approach

System files, like Quality Manual, procedures, or SOPs and standardized forms provide a basic managerial structure for quality control. The content of system files shows technical measures or management methods to achieve the goals of quality control. To a degree, the managerial approach adopted determines whether the system will be efficacious and practical.

The management methods on quality control employed by SCDC and EHLB differ in the quantification of control points, the definite responsibility, the managerial style and the execution of management action.

Quantification of Control Points
Although quantities, such as bias, deviation, periodic check etc, are in analytical SOPs at both labs, there are also some system SOPs for quantification.

At EHLB the necessary controlling points are to set up to ensure that there are basic guidelines or standards to supply quantification in system operation, such as supervision and examination. For example, when a unit supervisor checks and reviews the data, the Quality Manual suggests that he or she shall pay more attention to the criteria of appropriate method, consistency with appropriate assignments, deviations, control sample data, and working range. These criteria are the most important for the reliability of data and the overall legitimacy of the report generated.

 Concrete rules or criteria are also supplied to utilize past experience to avoid future mistakes. In the section of Data Reduction and Review of data management, the Quality Manual lists some important demands: checking a minimum of 10% of the whole data, checking calculation, and checking in colored ink by a person other than the analyst who made the calculation. The guidelines and the necessary actions are very clear.

Even in some cases that are hard to evaluate, there are also concrete guidelines to operate. In personnel training, there are different proficiency tests for recent-hires and long-standing employers. By consistently maintaining control charts/control limits of proficiency testing sample, the recent-hires demonstrate their increasing proficiency. For long standing employers, there are continuing proficiency checks according to active interval. These procedures ensure the training integrity and efficacy for all staff members.
SCDC also provides general guidelines for quality control, but without specified quantitative standards in the system file. Most of them are so general that they occasionally cause disorder and lose controlling result due to lack of specificity.

Definite responsibility 

There are two very important words: “all” and “only”, used in EHLB Quality Manual. These are simple words but also invaluable. For instance, the Chain of Command (COC) records must account for all time periods associated with the sample. Unit supervisors are responsible for the maintenance and calibration of all instruments and equipment in their unit. The unit supervisor checks and reviews all worksheets prior to release. If the lab does not have the capability or capacity to accept the work, the unit supervisor or section/unit chief will advise the client only after having conferred with the EHLB chief. This gives definite responsibilities for certain events to specific people.
The Quality Manual limits different responsibilities for different position. Analysts, for example, perform and document quality control with routine analysis, and investigate and document non-conformance results for all out-of-control situations. Meanwhile, the unit supervisor has the responsibility to organize, schedule, supervise, review and report on work conducted in his unit. There is a clear hierarchy with definite tasks assign to all involved.

SCDC, in contrast, distributes too many responsibilities to each individual. For example, an analyst has ten, and a unit supervisor has thirteen responsibilities. The nature of these is complex without obvious goals. It is, therefore, difficult to put effective actions into motion to meet all responsibilities.

Managerial Style

In order to achieve the effective management, every institution adopts an appropriate managerial style to keep the system running.  

There are different requirements and limits in system files and SOPs between EHLB and SCDC. According to the SOP Preparation and Approval of Standard Operating Procedures (SOP/R1), EHLB stipulates the basic format and content to SOP document. It specifies the requirements that must be verified before the document is approved. As a result, every SOP includes an exhaustive list of potential problems, which may occur in operation and their corresponding solutions within the scope of the document. In contrast at SCDC, the SOPs lack specified limitations. This results in some deficiencies in practice. For example, there is not a specification to validate the use and extensive use of the standards. This results in a system or operation without strict quality control.
For worksheets, EHLB analytical SOPs include specific forms (e.g. blood lead receipt) containing specific information regarding each compound addressed. In contrast, SCDC uses a general worksheet for all compounds resulting in inconsistence and sometimes contradictory. 
In the EHLB organizational structure, there are only five types of position with a corresponding hierarchy of responsibilities. At SCDC, there are twenty-two positions. The complexity of the hierarchy sometimes makes it impossible for staff members to work autonomously to implement desired tasks. For example, responsibilities, which at EHLB are assigned to one person (the Quality Assurance Officer), are distributed over many people at SCDC. Sometimes their work can’t be independent with respect to technical problems in implementing required programs and activities. EHLB, in general, operates on a significantly simple, clearly delineated structure.

As the structure and content of Quality Manual, EHLB includes subsections (e.g., clinical testing) to address specific issues, as clinical testing personal competency review in training. SCDC, in contrast, does not segregate issues with this degree. It does not specify or delineate protocols to address specific criteria of ISO standards. For example, SCDC has a special SOP, Test Managerial Procedure, to fulfill requirements of the ISO standard. EHLB just organizes the structure and content of Quality Manual to attain it without a special SOP.

Execution of Management Actions

The Quality Manual at EHLB requires more use of high technical measures for system management.

For Intra-laboratory in quality control, SCDC adopts the general methods. These include a blank sample, parallel tests and quality control chart etc. Besides that, EHLB also employs other effective technical methods, including assuring of accuracy, evaluating of method capability, assessing and evaluating of quality control measures, selecting appropriate formulae to reduce raw data to final results etc. These are not presently used at SCDC.

EHLB consistently suggests using different kinds of quality control samples. The amount and type are greater than at SCDC. There are sixteen quality control samples indicated in method-specific SOPs at EHLB. All these should be followed and checked to verify the consistency with established acceptance limits. Comparatively, SCDC provides fewer quality control samples such as blank sample, solvent sample, spike etc, and not all are involved in every analytical SOP.

There are different specifications for controlling key points in an analytical SOP. EHLB has an abundance of technical specifications in the analytical SOP. Among these are principal and applicability of the method, range and sensitivity, safety considerations, interferences, equipment and supplies, reagents and standards, sample collection, preservation, shipping, and storage, quality control, calibration and standardization, procedure, calculations and reporting, data assessment and acceptance criteria, corrective actions, method performance, waste management, references, approvals and a host of others. Among them, quality control receives great attention. At SCDC, the analysis course in the analytical SOPs ordinarily occupies most parts and there is lack of detailed requirements, descriptions and limitations about quality control samples.

EHLB also suggests some auxiliary methods to control quality. For example, at performance audits, it demands use of certified reference materials and /or in-house quality control using secondary reference materials. The same requirements and concrete procedure can be found in special analytical SOP, such as Method for the Determination of Metals in Air Filters (EHLB 109/R2). 

Degree of Flexibility 

A system has to balance its flexibility and rigidity. If the system is too flexible, its products will be non-standardized and non-repeatable. Conversely, an overly rigid system makes work dull and mindless. Quality control management faces these concerns and also must deal with balancing ideal goals with plausible practices. EHLB balances these rather well, as seen in it’s handling of client needs and control measures employed.

Client Needs Considered

Clients are the highest concern for the detecting agency. The system file must consider their benefit in case of special situation and have flexibility on some degree without damaging itself. 

In its Quality Manual, EHLB makes measures to ensure all staff works in an impartial or nondiscriminatory manner to any client or their sample. The client information of client is maintained in files accessible only to EHLB and is only made available to EHLB personnel on a need to know basis. EHLB also ensures the information security except as required by law, written authorization of the client etc. Though this policy, a balance is achieved between client and agency interests. 

If a client’s sample forms, a submission/ analysis request meet the minimum requirements of EHLB, the forms are considered acceptable. If samples themselves fail to meet acceptance criteria, or if there are any questions associated with the samples and/or the request, a Client Action Form is submitted by the individual receiving the samples. EHLB will supply any necessary instructions to clients to facilitate acceptance. In such circumstance, the final resolution is determined and /or approved by the unit supervisor. The data of report shall be taken account of the utility to the end-user. Flexibility is useful in this circumstance to facilitate client compliance and thus serve everyone’s best interests.

In contrast to EHLB, SCDC’s measure and their enforcement are more rigid and demanding in terms of the sample amount, style of format, schedule etc. SCDC is also less accommodating to client concerns.

. 

Control Measure Employed

The EHLB Quality Manual states that laboratory section quality assurance plans and/ or standard operating procedures may specify additional and/or alternative quality assurance requirements. These control measures allow flexibility in order to operate smoothly. Some notable examples are below:

· Prior to acceptance, workload management shall be reviewed with testing requirements, resources, and turn around requirements of the client. 

· Every attempt is made to recruit staff with the requisite qualifications. In those cases where there is a deficiency in qualifications, the opportunity to upgrade qualifications is provide through in-house and /or external training.

· Environment analyses are never blank corrected unless correction for the blank is specifically required by the client or proficient testing program considered the end-user of the data.

· In general, correction factors shall not be used in calculating results. If results are corrected for recovery of known samples, the report must contain the analytical findings, the recovery factors, and the corrected values.

In contrast, SCDC concentrates more attention on how to complete the detecting course and less on resolving possible problems in practice. There are few guidelines for handling irregular cases to bring them into compliance. 

Suggestions for Improvement of SCDC Procedures

By comparing the difference about quality control system, Quality Manual, procedures, operating measures, key points etc at EHLB and SCDC, SCDC’s approach is more program driven, while EHLB addresses Quality Control using a specified set of procedures for particular application with technical requirements. Therefore, it is much easier to operate and control from the whole system to a concrete experiment in EHLB system. In my opinion, there are several possible measures to improve quality control practice at SCDC.

· Set up some basic technical assessing standards or key points, such as procedure of method detection Limits (MDLs), reporting limits (RLs), quality control acceptance limits.

· Reclassify and review the technical files, especially instrument operation SOPs and self-calibration SOPs, ensuring that only one standard is given.

· Re-edit or rewrite the important and frequently used analytical SOPs. Require necessary validation and the necessary quality control sample with limits in the file to upgrade the SOPs.

· Quantify key control points in system SOPs, and check appropriateness of procedures and methods of validation.

· Simplify some proposed procedures, ensuring that the system is practical, effective and economical

· Supply standardized forms or worksheets for routine items.

The above ideas arise from my examination of practices at EHLB and SCDC, especially in the area of Quality Control. My aim is to improve SCDC’s Quality System by suggesting useful changes in current SCDC practices based on my knowledge of corresponding practices at EHLB. 

Acknowledgment

I am grateful to the following colleagues who have contributed to my training on Quality Control System,

Frank Barley

Peter Flessel

Mary Fowler

Paul Wong

Chao Kevin

Navdeep Mehta

Sherry Chan
All staff member at the Environment Health Laboratory Branch, California Department of Health Services.

