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The National Contaminant Biomonitoring Program (NCBP) was initiated in 1967 as a component of 
the National Pesticide Monitoring program. It consists of periodic collection of freshwater fish and 
other samples and the analysis of the concentrations of persistent environmental contaminants in 
these samples. For the analysis, the common approach has been to apply the mixed two-way ANOVA 
model to combined data. A main disadvantage of this method is that it cannot give a detailed 
temporal trend of the concentrations since the data are grouped. In this paper, we present an 
alternative approach that performs a longitudinal analysis of the information using random effects 
models. In the new approach, no grouping is needed and the data are treated as samples from 
continuous stochastic processes, which seems more appropriate than ANOVA for the problem. 

Keywords: longitudinal data analysis, National Contaminant Biomonitoring Program, organo­
chlorine pesticide, temporal trends 
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1. Introduction 

The analysis of bioaccumulative contaminants in freshwater fish is an important 
component of environmental contaminant monitoring programs (Messer et al., 1991; 
Goldstein et al., 1996; Schmitt et al., 1999). Among others, the National Contaminant 
Biomonitoring Program (NCBP) was initiated in 1967 as a component of the National 
Pesticide Monitoring program. It consists of periodic collection of freshwater fish and 
other samples and the analysis of the concentrations of persistent environmental 
contaminants in these samples. The NCBP provided information on the success of 
legislative and regulatory actions intended to reduce environmental concentrations of 
bioaccumu1ative toxins and on the effects of changing agricultural practices. 

In the NCBP, fishes were collected from over 100 stations located at key points in major 
rivers throughout the United States and in the Great Lakes. From 1976 through 1981, the 
collections were made at about half the stations in the fall of even-numbered years and the 
rest in the fall of odd-numbered years. That is, one collection cycle required more than a 
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year for the completion, In 1984-1985, the samples were collected in fall and winter 1984 
and early spring 1985 and the same was done for the 1986-1987 cycle, After 1986-1987 
cycle, the NCBP was suspended and replaced by another program which covered a wider 
array of contaminants and included biological endpoints. 

The NCBP freshwater fish data contain concentration information obtained from 
composite fish samples on many chemicals. For example, the concentrations of many 
organochlorine residues such as the insecticide toxaphene and polychlorinated biphenyls 
(PCB), which are industrial contaminants, were measured during the program period. It 
was found that the mean concentrations of total PCBs declined significantly nationally. In 
contrast, the mean concentrations of toxaphene in NCBP freshwater fishes were found to 
increase steadily through the mid-1970s, peaked around 1980, and declined significantly 
in each collection cycle thereafter (Schmitt et ai., 1990, 1999). In this paper, we will 
confine our analysis and discussion to 2,2-bis (p-chlorophenyl)-l,l-dichloroethylene 
(p,p'-DDE), which is a metabolite and a major component of the organochlorine pesticide 
DDT and will be referred to as DDE, with focus on the temporal trend of its concentrations 
during the program period. The methods discussed below also apply to other chemicals. 
For more details about the NCBP such as sample collection and laboratory measurement 
procedures, see Schmitt et al. (1981, 1990, 1999). 

To analyze NCBP data and assess the trend of concentrations of environmental 
contaminants, a common approach has been to apply the mixed two-way ANOYA model 
to compare the means of concentrations over different measurement cycles or combined 
cycles (Schmitt et ai., 1990, 1999). This is approximately equivalent to using t-tests to 
compare every two adjacent cycles. More specifically, Schmitt et al. (1999) employed 
Fischer's protected LSD to test for concentration changes at the national level and planned 
contrasts and the Mann-Kendall test to test for trends at individual NCBP stations. They 
also used simple linear regression and analysis of covariance techniques for the analysis. 
One major disadvantage of these methods is that it ignores the timing of each 
concentration measurement by treating the concentration measurements within a cycle as 
being measured at the same measurement time. In other words, data grouping is used, 
which causes the loss of detailed information about the concentration process. By using 
cycles instead of real measurement times, the method misses the important feature of the 
data: the concentration is a continuous function of time. In particular, it does not give the 
temporal trend of the concentrations. Also the existing methods usually assume either no 
or constant serial correlation among contaminant concentrations from the same stations. 
Corresponding to these, an alternative approach is presented that overcomes the 
shortcomings of the existing methods and allows a longitudinal analysis of the data. 

The main goal of this paper is to propose a simple approach for the analysis of NCBP 
that can capture the temporal trend of the contaminants in freshwater fish, to relax the 
assumptions required by existing methods and to make use of all available information. 
For this, we will treat NCBP fish concentration data as longitudinal data and present 
longitudinal data analysis techniques for the assessment of temporal trends of contaminant 
concentrations. We will begin in the next section with introducing notation and discussing 
the method for estimating the average overall temporal trend of the concentrations. For 
this, a kernel estimation procedure is presented. Section 3 presents two random effects 
models for studying the temporal trend at each individual station. One is a simple linear 
random effects model and the other is a nonparametric random effects model. The 
presented methods need no grouping and treat measured concentrations as realizations of 
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