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SUBJECT: METHODOLOGIES FOR CALCULATING SHORT-TERM EXPOSURE USING 

THE 95TH PERCENTILE 
 
The Agricultural Handler Exposure Task Force (AHETF) currently estimates the magnitude of 
short-term exposure using three different methods, which each yield a 95th percentile upper-
bound from exposure monitoring data. Specifically, AHETF calculates the 95th percentile using:  

1) An empirical distribution function with averaging, denoted P95S (i.e., SAS 
UNIVARIATE procedure with PCTLDEF=5). 

2) A lognormal distribution, using the equation:  
Equation (1): 95th Percentile = P95U = (GM)*(GSD)1.645  

where GM is the geometric mean and GSD is the geometric standard deviation of the 
measured short-term exposures. Note that equation (1) represents the Maximum 
Likelihood Estimate of the percentile (Crow & Shimizu 1988), and is equivalent to 
(Burmaster & Hull 1997; Frank 2009): 
 Equation (2): 95th Percentile = P95U = exp{µ + 1.645*σ} 
Where µ is the arithmetic mean of the natural (base e) logarithms of the measured short-
term exposures, and σ is the arithmetic population standard deviation of the same log-
transformed data. Frank (2009) instructs California Department of Pesticide Regulation 
Worker Health and Safety (WHS) staff to implement Equation (2) in Excel as follows: 

95th Percentile = P95U = EXP(AVERAGE(loge of measured exposures) + 
1.645*STDEV.P(loge of measured exposures)) 

3) A lognormal population, using the equation:  
Equation (3): 95th Percentile = P95M = (GMQ)*(GSDQ)1.645  

where GMQ and GSDQ are the geometric mean and geometric standard deviation derived 
from mixed models. Such modeling attempts to improve the accuracy of the 95th 
percentile estimate, by accounting for the fact that exposure measurements are often 
correlated. 
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Except in the case of very small N, P95M will usually provide the most accurate estimate of the 
magnitude of short-term exposure (because it accounts for more sources of variation), whereas 
P95S will usually represent the least accurate estimate (because it tends to exaggerate extreme 
values). However, P95U is the easiest exposure estimate to compute. In contrast, the P95M 
estimate requires the most complex and time-consuming computations (see Table 1).  
 
The P95U estimate provides a compromise between accuracy and computational difficulty. Like 
P95S, P95U is also readily computed. And, when correlations between the exposure 
measurements are small (a data characteristic generally striven for in observational scenarios), 
P95U is expected to not differ significantly from P95M. However, when large correlations are 
present between exposure measurements (and especially when there are unequal numbers of 
monitoring units within different locations or days), then P95U and P95M will differ, with P95M 
providing the most accurate estimate. 
 
For a number of different scenarios, AHETF has compared the results from these three different 
methods for calculating the 95th percentile of short-term exposures (see Tables 2 & 3), including 
their 95% confidence intervals (obtained via parametric bootstrapping). These results 
demonstrate that the point estimates for P95M and P95U can differ, due to correlations present in 
the data, with P95M exhibiting a much wider confidence interval. Note that P95M is often greater 
than P95U, but can be less (e.g., AHE1001 inhalation). When clustering is minimal, the estimate 
P95U is approximately the same as P95M (albeit with a confidence interval that may be too 
narrow; e.g., AHE1002). 
 
Because sufficient numbers of simple random samples are typically not feasible to obtain for a 
particular exposure scenario, the extra effort to calculate P95M is nearly always desirable as an 
attempt to correct for the ever-present possibility of cluster effects; AHETF explicitly states that, 
“In general, it is recommended that the possibility of cluster effects be considered for all 
statistical analyses.” (Klonne & Holden 2007). For this reason, P95M is usually considered the 
most preferred estimate, if available. AHETF also explicitly states that, “For the 95th 
percentile, either of the lognormal-based estimates (P95M or P95U) is recommended. Because it 
is simpler to calculate, users will probably favor P95U.” (Klonne & Holden 2009a & b).  
 
Current WHS policy is to calculate and utilize P95U (Frank 2009). Presumably AHETF 
performs the extra work required to obtain P95M in order to avoid possible criticisms that the 
P95S estimate has too large uncertainty, the P95U estimate may be too inaccurate, and/or that the 
P95U estimate may have confidence intervals that are overly optimistic. AHETF also calculates 
the 95th percentile using multiple methods as part of an effort to demonstrate that a scenario 
dataset meets a statistical benchmark quality objective. This objective stipulates that the measure 
of an exposure from the AHETF monitoring program must be accurate to within 3-fold of the 
true value. For some scenarios this objective may best be met via the (albeit computationally 
more difficult) P95M estimate.  
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Tables 
Table 1: Typical Accuracy & Computational Complexity of Short-Term Exposure 95th 
Percentile Calculation Methodologies 

P95S < P95U < P95M 

 
Table 2: Dermal Short-Term Exposures (µg per day per lb active ingredient handled), Using the 
95th Percentile, with 95% confidence intervals in parentheses 

Report # P95S (95% CI) P95U (95% CI) P95M (95% CI) 

AHE1001 Not provided 89.8 (52.8, 149.5) 98.7 (40.8, 250.9) 

AHE1002 Not provided 20506 (7947, 51024) 20506 (8063, 53342) 

AHE1003 60.4 (26.7, 232.0) 74.0 (31.7, 231.8) 90.9 (33.2, 259.3) 

AHE1004 37.1 (13.3, 115.4) 34.6 (15.8, 96.4) 40.5 (16.3, 104.4) 

 
Table 3: Inhalation Short-Term Exposures (µg per day per lb active ingredient handled), Using 
the 95th Percentile, with 95% confidence intervals in parentheses 

Report # P95S (95% CI) P95U (95% CI) P95M (95% CI) 

AHE1001 Not provided 37.8 (14.8, 92.8) 34.4 (11.1, 109.3) 

AHE1002 Not provided 1269 (451, 3429) 1269 (458, 3599) 

AHE1003 0.493 (0.147, 3.046) 0.660 (0.174, 3.166) 0.832 (0.195, 3.752) 

AHE1004 2.21 (0.46, 3.62) 1.27 (0.56, 2.81) 1.27 (0.56, 2.91) 
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