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ABSTRACT

Studies were conducted to guantify variability for pulp industry wastewater effluent, pulp
and sludge analyses. Intralaboratory variability studieam indicated that there is a
potential for grcater between batch variability in results than for within a batch.
Intralaboratory relative standard deviations for replicate analyses ranged from 6% to 60%.
Interlaboratory studies, using standard reference materials ehowed relative standard
deviationo from 15% to 35%. Thore appearad to be little dependance of variability on
concentration, suggesting matrix effects were very important. Analyeis of reference
standards indicated that 13% to 17V variability can be attributed to differences in
calibration standards.

INTRODUCTION

Thore has been a great deal of research conducted in the US over the past fow years
attempting to better undorstand and reduce the formation of PCDDs/PCDFs formed in the
bleaching process. These studies have been of a screening or resocarch nature. The
analytical work for theose studies has involved a number of different laboratories and
procedures. Within a given study, the adverse effect of differences in analytical
procedures or laboratory performance can be mitigated by rastricting the analyses to one
laboratory. However, it would be desirable to use the cmerging data collectively to provide
a broader database to investigate, for instance, the significance of a given process
parameter. The intra- and inter-laboratory variability must be understood and taken into
considcration to better define the limitations in how the data from difforent studias might
be used. Also, if regulatory agencies intend to use all available information for the
purpose of daveloping guidelinea for regulations, it is assential that the intra- and inter~
laboratory variability be fully understood. Thie paper summarizees a compilation of
available information concaerning this variability.

RESULTS AND DISCUSSION

W, owa catmen ng Effluen

nt atory Variabili Intralaboratory variability has been investigated at a single
laboratory using the NCASI analytical procedure (NCASI, 1989). The information available
allows comparison of within batch and between batch variability as well as a comparison of
method variability on different effluent sources. The information is summarized in Table 1
(additional studies in progrese when Abgstract submitted).
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Tablae 1. Intralaboratory Effluent Variability for tho NCASI Procedure

TCDD TCDF
Mean elative Std. Dev. Mean Relative $td. Dev.
Concentration Within Concentration Within
Source pPq Batch Qverall rpg Batch Overal]
A 37 aon 56% 99 22y 224
B 81 KA " 333 6% 11w
c 6.5 22y 60y 14 8y 60%

There clearly existe greater ovorall varlability rolative to that which occurs within
batchea. Also, the relativo atandard deviation varies significantly between different
sample eources suggeoting significant matrix effecte. The average overall relative standard
deviation was 41% for TCDD and 31w for TCDF.

nt \Z bili Interlaboratory variability has been evaluated through the use
of standard reference cffluent samples in comparison studies. A number of different
aeffluent /wastewater samplos have been distributed to different US laboratorles for analysis.
In genaral, the laboratories wera allowed to use the analytical procodures which they would
normally use for pulp and paper industry clients. Thus, there are between 3 to 6 different
procedures represented in the data set. The results are spummarized in Table 2.

Table 2. Interlaboratory Wastewater Analysis Comparison Summary

_TCDD TCDF
Number of Mean Mean

Participating Concentration Concentration
Sample Matgix Laboratorigs ___ ppg = _RSD  __ pp@  _RSD .
P~IC C Filtrate 4 48 42 110 43
P-1E E Filtrate 4 1540 12 13000 16
P-1UE Untreated Eff 4 329 26 905 kL)
P-IEF  Effluent 4 97 46 460 16
ILC-1 Effluent 4 116 22 1780 20
ILC-2 Effluent 4 23 81 86 4
ILC-3 Effluent 4 ND NA 16 99
ILC-4 Effluent 4 101 12 1060 10
ILCc-6 Effluent 3 36 26 202 10
ILe-7 Effluont 4 7 50 29 26
ILC-9 Effluent 6 75 37 396 23

The average interlaboratory relative standard deviation was 35% and 28% for TCDD and TCDF,
respoctively. 1In general, there was a trend towards better comparability at higher
concentrations but this was not univereally trua. Thusm, it appears that individual matrix
effacta may be more significant than analyte concentration.

Sludge and Pulp

Intralaboratory variability Intralaboratory variability for pulp and waste treatment plant
sludge were aleo tested for the NCASI procedure (NCASI, 1989). Samples wero submitted in
saparate batches to allow comparison of within batch and between batch precision. The
resulte are summarized in Table 3.

Table 3. Intralaboratory Variability for Pulp and Sludge for the NCASI Procedure

TCDD TCDF.
Moan agjv . V. HKean Relative Std. Dev.
Concentration Within Concentration ‘Within
Sample pR% Batch Overall PPt Batch Overall
Pulp 5.3 -1 18% 100 4 6%
Sludge 43 16% 18% 223 12% 14%
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SUMMARY

Tha data indicate there is greater intralaboratory wastewater analysie variability from
batch to batch than within one set of oamples. This was less siguniflcant for pulpe and
there werc essentially no differences for sludges.

The average linterlaboratory relative standard deviations for the throe eample groups ranged
from 15% to 38% with the sludge matrix showing the least variability. The ranges within
cach pample group were generally larger. Tha intaerlaboratory variability waa similar to, or
slightly larger than, the overall intralaboratory variability. In most cases, only one set
} of interlaboratory comparison sampleg wore submittod to the laboratorlies. Therefore, since
batch to batch precision may be greater thaa batween batch preciaion, the intaerlaboratory
comparability data may underestimate overall variability.

Thare appeared to be no significant dependance of the intuvrlaboratory variability on
concantration. This suggests that individual sample matrix effects may overshadow
concentration dependant differences in precielon.

The variability aasociated with the analysic of a common analytical etandard indicated that
a largo portion of the interlaboratory variability can be attributed to differencee in
calibration standards.

A number of different acurces of analytical variability have beon identified and estimated.
This varlablility wmakes it difficult to compare resulta obtained from one laboratory to
another and, In some cases, from one laboratory at one time to another. In mill trials or
in gurvey studies where relative comparisons are to be made, the effaect of those Bourcas of
variability on the etudy can be minimized by using a singla laboratory for the entire study.
If multiple laboratories are necessary to complete tha study, uge of common analytical
standards and analytical procedure should help to minimize variability. Interlaboratory
eplits of samplea should also be included to provide quantitative {nformation on
intercomparibllity of data.

3 The analytical variability observed in these studies clearly indicates that the procedureg

uced by the different laboratories are not presently suitable for compliance monitoring in a
requlatory control program. Additional method development will be required to develop
analytical procedurea sultable for compliance/non-compliance teating.-
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Interlaboratory Variability
analyses was obtained through the use of
materials ware collected, dried, blended
this preprocessing is normally conducted

Information on interlaboratory variability for pulp and sludye

standard reference materials.
and mixed by NCASI to insure homogeneity. Since
by the laboratory performing the analysis, the

The reference

resulting interlaboratory comparison representa only variability associated with sample

analyoses.

procedures represented in the data set.

The laboratories were allowed to use the analytical procedures which they would
normally use for pulp and paper industry clients so there aro between 4 to 6 different

Both internal process pulps and final bleached

pulps (collected off the last washer) were included in the interlaboratory comparisons
secondary sludge and nine combined dewatered sludgee were used in the evaluation. The
results are summarized in Table 4.

Pulp
Pulp
Pulp
Pulp
pulp
Pulp
Pulp

Table 4.
Sample Matrpix
PI302 C Pulp
P1304 E Pulp
ILCl Bleached
ILC2 Bleached
TLC3 Bleached
ILC4 Bleached
ILC6 Bleached
1Ler Bleached
ILCY Bleached
PI305 Sludga
PI306 Sec. Sludge
ILCl Sludge
ILc2 Sludge
1Le3 sludge
ILcq Sludge
ILCS Sludge
1LCcé Sludge
ILc? Sludge
ILC9 Sludge

Interlaboratory Variability for Pulp and Sludge Analyses

The average pulp interlaboratory relative standard deviation was 25\ for

TCDF.

TCDD TCDF
Number of Hcan Mean
Participating Concentration Concentration
Laboratorjes ppt RSD. Ppt RSD
4 18 15% 67 24%
4 11 19% 37 75%
4 5.6 68% 39 67y
4 3.6 12% 4.7 69y
4 8.5 3sy 9.1 BrAY
4 4.5 23% 53 268
4 12 16% 77 10v
4 2.2 9% 6.3 EAY
6 16 24y 95 15%
4 79 26% 249 76%
4 337 178 2150 44
4 127 13% 1810 18%
4 29 5% 163 11
4 49 8y 68 4z
4 20 12 175 18y
4 9.6 208 54 pY-AY
4 154 15% 650 Is5s
4 13 208 46 10
6 142 12% 822 14h

TCDD and 34\ for

There was no apparent correlation of the relative variability and concentration.

One

The

interlaboratory variability was oimilar to the intralaboratory variabllity for TCDD but was
significantly higher for TCDF.

The average sludge interlaboratory relative standard deviation was 15V for TCDD and 25\ for

TCDF .

observed for the NCASI analytical procedure.
relative variability and concentration.

Analytical Standapds

These averages are virtually identical to the overall intralaboratory variability

There was no apparent correlation with

A limited study was undertaken to determine the significance of analytical standards to the

overall varlability of analytical results.
astandards to 4 different laboratories.

The laboratories were

In this otudy, NCASI distributed TCDD and TCDF

instructed to add their normal

internal standards and to analyze and report the concentrations of the native analytes.
relative standard deviation for the raported TCDD results was 13%. The
Thue, a significant portion of the variability observed for
each of tho throe eampla groupings could be simply due to differences ln analytical

standardo.

standard deviation was 17%.

TCDF relative

The
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