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A B S T R AC T

In this paper we estimate measurement of uncertainty for determination of Fe, Pb and Zn 
in natural water samples by solid-phase extraction and i  nductively coupled plasma optical 
emission spectrometry (SPE-ICP-OES). The procedure is based on the retention of analytes 
in the form of 8-hydroxyquinoline (8-HQ) complexes on a mini column of XAD-4 resin and 
subsequent elution with nitric acid. The infl uence of various analytical parameters including 
the amount of solid phase, pH, elution factors (concentration and volume of eluting solution), 
volume of sample solution, and amount of ligand on the extraction effi ciency of analytes was 
investigated. To estimate the uncertainty of analytical result obtained, we propose assessing 
trueness by employing spiked sample. Two kinds of bias (proportional bias and constant bias) 
estimated. We applied Nested design for calculating proportional bias and Youden method to 
calculate the constant bias. The results we obtained for proportional bias are calculated from 
spiked samples. Estimated uncertainty in Karaj water is: (1.0198 ± 0.0075) for Fe, (0.999 ± 0.010) 
for Pb and (1.0321 ± 0.0137) for Zn.
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1. Introduction

Direct determination of trace elements in extremely 
low concentration by atomic absorption and inductively 
coupled plasma emission in many cases is diffi cult. This 
is not only due to the insuffi cient sensitivity of the meth-
ods, but also to the matrix effect [1]. One of the methods 
to accomplish in this task is solid-phase extraction which 
can be used with different sorbents such as activated 
carbon, octadecyl bonded silica membrane disk, silica-
gel, polyurethane foam, chelex 100 and Amberlite XAD 
resin [2–7]. Amberlite XAD-4 is a non-ionic cross-linked

polymeric adsorbent which use for preconcentration of 
trace elements from different matrix [8–12]. Analytical 
result must be validating because they are used as a peace 
of valuable information for a certain aim. Method vali-
dation consists of deriving experimental values for the 
selected performance criteria. There are several types of 
performance criteria. The basic parameters usually refer 
to reliability of the method and are commonly derived 
by using statistical procedures [13]. Trueness and preci-
sion are the commonest which used individually in this 
study. Among different validation processes we consider 
uncertainty, important quality parameters. It is widely 
recognized that the evaluation of the uncertainty associ-
ated with a result is an essential part of any quantitative 
analysis. Uncertainty can be obtained either by calculating 
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