
SAMPLING STRATEGIES 
               
 
 
What is the importance of sampling strategy? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Measurement error is usually a small proportion of environmental variability: 
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exposure measurements. 

Nicas et al., AIHAJ 1991;52:553-7 
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ELEMENTS OF SAMPLING STRATEGY 
 
Temporal components 

1. How long to measure 
2. When to measure 
3. How often to measure 

 
Spatial components 

4. Where to measure 
5. Who to measure 

 
Statistical components 

6. Method of sample selection 
7. Number of samples 
8. Statistical analyses 
9. Supplementary data collection 

 
 
 
SOME PURPOSES OF EXPOSURE MEASUREMENT 
 

A. Compliance, comparisons with standards 
• continuous monitoring of acute hazards 

• confined spaces 
• periodic monitoring of chronic hazards 

 
B. Determinants of exposure  

• identifying factors influencing exposure levels  
• locations 
• tasks 
• processes 
• control measures 
• equipment 
• environmental conditions 
• personal characteristics 

 
C. Epidemiologic studies 

• establishing exposure-response relationships 
 

D. Evaluating measurement methods 
• validity 
• reliability 

 
E. Risk assessment 

• understanding exposure levels across populations 
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TEMPORAL ISSUES: HOW LONG TO MEASURE 
 

Example of air concentrations over 8 hour period, e.g., typical work shift: 

 

 
 

•  longer averaging times remove peaks and valleys in concentrations 

 

•  all measuring devices average to some extent: 

-  filtering devices or passive monitors average over entire measuring period (called 

moving time averagers;  sample mass increases with increased sampling time) 

-  direct reading instruments have a given response time over which averaging takes 

place (called exponential averagers;  like the body, always pulling sample in and 

sending it out) 

 

How should we decide on a sampling duration? 

 

•  relate sampling duration to time variations in body burden, which depend on the 

biological half-life of the chemical (T½) 

 - using this idea, Roach 1966, 1977 came up with the following sampling durations: 
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-   if the duration of measurement is 2.88 * T½ then the variability in the exposure 

measurement would equal the variability in the body 

-   sometimes need a safety factor, i.e., if the effect is acute and severe; Roach suggests 

sampling times of 1/10 to 1/2 * T½ should be short enough for all conceivable 

situations 

 

 

Short T½ Long T½  
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SPATIAL ISSUES: PERSONAL vs. AREA MEASUREMENTS 
 
Data from a nuclear power plant in Britain, reported in the Annals of Occupational Hygiene, 1969;12:33-
40, by D.C. Stevens: 
 
                Ratio of Exposure as Indicated by Personal 
Location Operator         Monitor to that Indicated by Area Monitor  
     Mean Alpha Activity      Mean Beta Activity 
 
Incinerator A 1.4 3.0 
 B 0.49 2.1 
 C 0.49 2.4 
 
Filter House D 1.9 2.7 
 
Decontamination E 4.1 5.5 
 Area F 8.8 18.0 
 G 20.5 20.0 
 H 7.1 17.0 
 I 10.2 12.3 
 J 11.3 20.8 
 

 
Data from an aluminum smelter Soderberg potroom, reported in IARC Monographs on the 
Evaluation of the Carcinogenic Risk of Chemicals to Humans, Volume 34, 1984, p. 45: 

Substance Mean of Personal Monitors Mean of Area Monitors Ratio P:A 
Hydrogen fluoride 1.95 mg/m3 0.34 mg/m3  5.73 
Alumina 4.05  3.50  1.16 
Pitch volatiles 18.0  0.57  31.6 
Benzo-a-pyrene 37.0  2.78  13.3 
    

 

 
Data about inhalable particulate concentrations in magnesium and aluminum productions facilities (a 
foundry and 3 smelters) in Quebec, reported in the Journal of Occupational and Environmental Hygiene, 
2009;6:687-697 by Dufresne et al: 

Area Median of Personal Monitors Median of Area Monitors Ratio P:A 
1 2.24 mg/m3 0.78 mg/m3  2.9 
2 34.0 2.40  14.2 
3 9.80 6.10  1.6 
4 4.00 6.00  0.7 
5 23.0 1.05  22.0 
6 4.75 3.10  1.5 
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STATISTICAL ISSUES: WORST CASE VS. RANDOM SAMPLING 
 

• this issue applies to considerations of who and when to measure 

 

• measurements of “worst case” 

 - can be useful as a way to screen exposures, especially for compliance monitoring 

 - idea is that if exposures in worst case time or place are low, then don’t need to sample in other 

times or places 

 - major concern: that your judgment about what is worst case is incorrect  

 - also concern that exposure estimates are biased to the high side, therefore data not useful for 

other purposes, such as epidemiology or determinants modeling 

 

• measurements of random sample of population 

 - allows statistical inferences 

 - does not require “professional judgment”, which can be prone to error 

 - gives a picture of exposures over widely varying times, people 

 - can take “simple” random sample (list all possible locations, people, or days, select randomly 

from list 

 - can also take “stratified” random sample (e.g., group locations or people with similar exposure 

potential, then take random sample from each group) 

 - useful not only for compliance sampling, but also for epidemiology, determinants of exposure 

modeling 

 - most spreadsheet and statistical programs have random number generators 

 

• measurements of whole population  

 - in certain cases, e.g., quick-acting severely toxic agents, all members of the potentially exposed 

population need to be monitored 
 - e.g., personal alarm monitors in confined spaces 
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STATISTICAL ISSUES: METHODS OF SAMPLE SELECTION 
 
 
Random Sampling Methods: 
 
Simple Random Sampling  
 
Simple random sampling is the basic sampling technique used to select a sample from a larger group 
(a population). Each day and time is chosen entirely by chance and each member of the population 
has an equal chance of being included in the sample. It is easy to set up, but may be difficult 
logistically to carry out, and with small samples, may not get even coverage of characteristics of 
interest. Use a table of random numbers, a computer random number generator, or  a mechanical 
device to select the sample. 
 
 

H b n p s v j s d o i r e  
 
h n m k l h u y c f t y  
 
f u y u t o l v g f j x  
 
d x o m n l k l h u y v 

 
 
 
 
Systematic Sampling with a Random Start 
 
Taking measurements at set intervals, e.g., every 5th day, or every mile along a street, but select the 
initial sample at random. This method can cause systematic biases, if the systematic pattern selected 
is related to patterns in the data (e.g., if you randomly selected Monday as the starting day of your 
sampling and then sampled every 7 days, and exposures on Mondays were different than on other 
days of the week). 
 

H b n p s v j s d o i r e  
 
h n m k l h u y c f t y  
 
f u y u t o l v g f j x  
 
d x o m n l k l h u y v 
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Stratified Random Sampling  
 
There may be factors which divide the population into sub-populations (strata) and we may expect 
the measurement of interest to vary among the different sub-populations (e.g., job, sex, age, height 
of employees in occupational exposure measurement; proximity to source, city vs. rural residence, 
age, sex of subjects in environmental exposure measurement).  
 
To make sure that each sub-group is adequately represented in the sample, first identify the 
members of each stratum, then randomly sample from each. Can sample so that  
- the proportion of each stratum in the sample is the same as in the population, or 
- certain strata that have fewer members or greater exposure variability are oversampled, to ensure 

enough samples for statistical inferences 
 
 
 

H b p v j H b p v j H b p  
 
v j H b p v j H b p v j H  
 
b p v j H b p v j H b p v  
 
j H b p v j H b p v j H b  
 
p v j H b p v j j H b j H  
 
 

H H H   b b b   p p p   j j j   v v v 
H H H   b b b   p p p   j j j   v v v 
H H H   b b b   p p p   j j j   v v v 
H H H   b b b   p p p   j j j   v v v 
H H H   b b b   p p p   j j j   v v v 
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Cluster Sampling  
 
Cluster sampling is a sampling technique whereby the entire population is divided into segments 
(usually geographic), i.e., “clusters”, and a random sample of these clusters is selected. In true cluster 
sampling, you would then measure all exposures within the randomly selected clusters.  However, 
often there is then random sampling of the space/time element of interest within the cluster (this is 
then called “multistage sampling,” i.e., sampling using multiple techniques). 
 
Cluster sampling is typically used when it is difficult to get a complete list of the members of a 
population, but a list of clusters is possible. It is also used when a random sample would produce a 
list of subjects so widely scattered that surveying them would prove to be far too expensive. There 
are special methods of analysis with this kind of sampling to prevent biased results. 
 
 
 
 

H b n p s v j s d o i r e  
 
h n m k l h u y c f t y  
 
f u y u t o l v g f j x  
 
d x o m n l k l h u y v 
 
H b n p s v j s d o i r e  
 
h n m k l h u y c f t y  
 
f u y u t o l v g f j x  
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Adaptive Sampling 
 
Adaptive sampling was conceived as a response to the problem of sampling rare populations that are 
likely to be close to each other in space. Examples might include contamination from a point source 
or endangered species that live in groups. This kind of sampling involves an initial random sample 
and whenever the variable of interest satisfies a condition, additional samples are taken near the 
sample of interest. There are special methods of analysis with this kind of sampling to prevent 
biased results. 
 
This is sometimes called “adaptive cluster sampling,” but it is not related to cluster sampling above. 
Here the term “cluster” refers to geographic clustering of rare items. 
 

p p p p p p p p p p p p p   
 
p p p p p p p p l p p p p   
 
p p p p p p p l l p p p p   
 
p p p p p p l p l p p p p   
 
p p p p p p p l l l p p p   
 
p p p p p p p l p p p p p   
 
p p p p p p p p p p p p p   
 
p p p p p p p p p p p p p   
 
p p p p p p p p p p p p p   
 

 
Non-Random Methods: 
 
Convenience Sampling 
 
Taking measurements at a time and place that is feasible for the person doing the measurements. 
The sample is not a random sample and therefore the sampling distributions of any statistical 
parameters are unknown. 
 
Quota Sampling  
 
Quota sampling is a method of sampling widely used in opinion polling and market research. 
Interviewers are each given a quota of subjects of specified type to attempt to recruit. For example, 
an interviewer might be told to go out and select 20 adult men and 20 adult women, 10 teenage girls 
and 10 teenage boys for exposure measurements. It suffers from a number of methodological flaws, 
the most basic of which is that the sample is not a random sample and therefore the sampling 
distributions of any statistical parameters are unknown. 
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