Measurement Concepts for Strengthening Nutrition Education

(Course developed by Venkatesh Iyengar,  Contact address: GVIyengar@Biominerals.Org)

Public health and nutrition investigators should develop awareness for current concepts in measurement practices. Understanding the steps of a measurement process  and the associated metrological principles enhances the reliability of the result generated thereby contributing to sound decisions. Further, reliable analytical result is linked to  economic benefit, a fact that emphasizes the need for sustainability of analytical quality assurance.

Introduction

Scientific progress in areas such as nutrition-pollution interactions, biological monitoring, nutritional physiology, preventive nutrition, eco-nutrition and environmental health, among others, is dependant on reliable analytical data.  Moreover, different laboratories generate quite frequently analytical findings and a sound basis needs to be established for judging their merits. Such results pave the way for drawing sound conclusions and for formulating international recommendations needed for resolving public health issues.  Understanding the science behind the process called measurement (metrology), evaluation of the economic benefits brought about by strict adherence to analytical quality control needs, and strengthening the human capacity to achieve reliable measurement results are crucial to ensure success and sustainability.

Metrological concepts

Metrology deals with the science of measurement irrespective of the field of application and regardless of the size of the measurement uncertainty.

It offers tools for understanding the extent of errors of a given measurement result and provides for quantitative assessment of the measurement uncertainty associated with a particular measurement result obtained for a given measurand (quantity measured). Thus it helps to understand the accuracy level of an analytical finding. In other words, metrology reflects a sustained effort to infuse confidence in the analytical result by evaluating and presenting upper limits for measurement uncertainty, for the benefit of the user community. The metrological approach is essential for establishing the traceability link of the measurement result through an  unbroken chain of comparisons to values of international measurement standards (i.e. Standards Internationale, known as SI). Hence, a basis for comparability of results is established for inter-laboratory results. In a broader sense such comparisons may extend beyond the country boundaries. The overall outcome also facilitates harmonization of measurements (i.e. comparability of a measurement result by different methods that are validated using appropriate certified reference materials (CRM).

Metrology in Physics and Chemistry

In the world of metrology, measurements of mass, length, volume, electrical current + others categorized under metrology in physics are directly traceable to the SI units (e.g. meter for length) and are well accepted. Metrology in chemistry offers possibilities to link the measurement results to the SI (e.g. mass expressed in moles) in conformity with metrological requirements. Good examples are preparation of a CRM by dissolution of a given amount of a metal using gravimetry or preparing gas standards by directly weighing the gas in a cylinder). A closely related branch to metrology in chemistry is the area of environmental measurements with many similarities. Determination of air particulate matter (e.g. mass-fractionation of dust particles) and air pressure (e.g. kg/cm2) embrace the principles of metrology and provide for a clear basis for connecting to SI. However, when quantifying a specific entity in  a complex matrix (e.g. Zn in food determined by atomic absorption spectrophotometry),  the metrological links are indirect since an analytical signal (e.g. an electric current generated by ions) converted has to be in order to arrive at an amount of substance per mass of material.  Hence, the implementation of  metrology is still evolving and many developments are anticipated.

Metrology in Biology (i.e. biological and physiological measurements)

In biology (which includes the food and nutrition areas), a beginning has already been made with the application of metrological concepts for (i) food composition (e.g. including labeling and food safety) where reliable measurements are being conducted by ISO accredited laboratories, and (ii) the emergence of several food based natural matrix CRMs. Further, certain bio-medical measurements are chemical measurements (e.g. assessment of nutritional toxicology using body-fluids, assays for clinical entities such as cholesterol and glucose, among others) and several CRMs have been established through which  traceability link to SI units is feasible. However, many other areas are still open for improvements in analytical reliability by applying metrological principles (keeping practical limitations in mind). This is observed by the fact that many biological (and physiological) measurements are carried out under complex conditions (e.g. nutritional, physiological and other metabolic states) and are frequently assessed by indirect means. Therefore, such measurements lack evidence of a proven metrological link. In some specific cases, such as (i) the coulter counter measurements (for cell particle size), (ii) the K measurements in whole body and tissues based on radiation measurements, (iii) use of weighed amounts of certain substrates (labeled with stable isotopes followed by CO2 emission measurements for diagnosis of infection), (iv) volume/weight based use of single and double labeled waters (for body composition and energy metabolism), and (v) other physiological measurements (e.g. bone mineral density and blood pressure) expressed in established physical units, are all amenable to be based on  metrological concepts, thereby enhancing their overall authority.

Outline of the course to address the problems presented above

Main focus: 

Need for introduction of metrological concepts to biological measurements (food, nutritional and physiological measurements among others) to enhance the authority of analytical findings; role of analytical quality assurance in several areas of food and nutrition and its impact on economic benefits while addressing public health problems; capacity building and leadership development issues in the area of food and nutrition. 

Target group: 

MS/PhD students of food and nutritional sciences and young investigators aspiring to become future leaders in public health and nutrition. It is essential that they learn to appreciate the role of measurement uncertainty of analytical data for minimizing the occurrence of false positive and negative conclusions caused by analytical findings that are not evaluated for their associated uncertainties. 
Course design: 

· Metrological concepts in practice namely, methodological, traceability and methodological comparability of measurement procedures, compatibility of analytical techniques used and avenues available for harmonization of chemical measurements will be presented. 

· Characteristics of biological matrices, influence of presampling factors on race element distribution (biological variations, post-mortem changes, inherent errors, etc) and milestones in biological trace element research and several analytical problems faced on the way, are assessed.

· Analytical quality assurance (AQA) and analytical quality control (AQC) aspects and tools available (primary, secondary and tertiary measurement standards (reference materials RM) and their preparation and proper use, and available food and nutritional RMs, type-A and type-B evaluation procedures will be assessed for evaluating measurement uncertainty associated with all analytical results.

· Economic impact of AQC: analytical quality of laboratory results has serious implications on decision making in public health, and several examples are given.

· Some aspects of conventional vs recent developments in analytical techniques (e.g. stable isotope techniques for studying energy metabolism, bioavailability of nutrients, body composition among many other applications) are discussed.

· Issues and trends in nutrient food fortification, AQA procedures and economic impact of macro- and micro nutrient malnutrition (e.g. nutrition and HIV/AIDS issues, iron and vitamin A situations, and cost-benefit aspects of food fortification, among others will be reviewed.

· Capacity development (CD) issues in the areas of food and nutrition and current efforts for strengthening CD in developing countries will also be covered.

List of lectures: 

  1. Measurement concepts applicable to physical, chemical and biological systems 

  2. Milestones in the analysis of biological systems and challenges faced

  3. Presampling factors associated with biological sample matrices

  4. Sampling and preparation of biological samples: scientific and technical insights

  5. Analytical quality assurance (AQA) and harmonization of chemical measurement

  6. Economic impact of AQA (several examples)

  7. Role of reference materials (RM) in AQA

  8. Preparation, certification and proper use of food and nutrition RMs

  9. Food and Nutritional RMs in use (presentation of a database) 

10. Food and nutrition laboratory certification and accreditation.
11. Design and implementation of dietary studies

12. Food composition and chemical measurements

13. Food and nutrient intake measurements

14. Conventional  and micronutrient methods in food and nutrition (FN)

15. Stable isotopes techniques in nutrition research

16. Metrological assessment of nutritional and physiological measurements

17. Biological monitoring and  specimen banking in context of nutritional toxicology

18. Nutrient food fortification: issues, trends and economic impact aspects

19. Capacity building and leadership development needs in the FN areas

20. Lessons learnt and summary of the course.

