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1.0 INTRODUCTION/BACKGROUND 

1.1 Introduction 

Concord Sc ien t i f i c Corporation was contracted to undertake a 

comparative study of analyt ical methods used to determine elemental 

concentrations of airborne par t icu la te matter col lected on te f lon 

f i l t e r s . The study was to consider about f i f t e e n elements frequently 

detected in airborne par t ic les . As part of a study e n t i t l e d "Deter-

mination of Concentrations of Selected Fine Part iculate Air Contami-

nants in Seven Canadian C i t i e s " , conducted for Environmental Protection 

Service, Environment Canada, an inter laboratory analyt ical methods 

comparative study was to be carr ied out for the elements arsenic, cad-

mium, chromium and lead, and sulphate ion. This contract was supple-

mented by a contract with the Air Resources Branch, Ontario Ministry 

of the Environment to add ten elements to the inter laboratory comparison: 

aluminum, s i l i c o n , sulphur, chlor ine, calcium, t i tanium, manganese, 

i ron, zinc and bromine. 

The substrate co l lect ion media to be investigated were small-

format (37 mm diameter) te f lon f i l t e r s as s imi lar as practicable 

to those used in commercial dichotomous samplers, the samplers 

to be used in the federal "Seven Cit ies" study (see section 1 . 2 ) . 

The concentrations of elements and ions to be determined on these 

f i l t e r s were to be typical ambient loadings on dichotomous sampler 

f i l t e r s . 
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This report , then, is a report to both sponsoring agencies 

on the complete comparative study. I t constitutes the f i n a l report 

on the Ministry of the Environment contract and forms part of the 

f i n a l report on the Department of the Environment contract- This 

format has been chosen to give both sponsors the benef i t of the 

ent i re study in a consistent treatment. 
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1 . 2 Background 

Studies of airborne part ic les in a number of areas have 

shown that most of the par t ic le mass l ies in two size f ract ions: those 

with aerodynamic diameters (d) < 2 pm and those for which d l i e s between 

2 and 30 pm. I t is also becoming more generally accepted t h a t , from 

the viewpoint of human health, airborne par t ic les with d < 15 pm are of 

greater importance than large par t ic les . Furthermore, i t is known tha t , 

general ly, many of the potent ia l ly harmful substances such as Pb, As, 
_2 

SO^ , and others, are heavily concentrated in the d < 2 pm f rac t ion . 

However, up unt i l the present, by fa r the most commonly used method 

in North America of determining the airborne par t ic le loading has been 

high volume ("HI VOL") a i r sampling. This method does not, however, 

provide any information on the par t ic le size d is t r ibu t ion . Size in-

formation is extremely important, in addit ion to human health con-

siderat ions, for assessment of such areas as: v i s i b i l i t y reduction, 

pollutant dry deposition rates and prec ip i ta t ion scavenging, 

Recently, single stage v i r tua l impactors ("Dichotomous Samplers"), 

using te f lon f i l t e r membranes as the col lect ion medium, have become 

commercially avai lable and are being considered as possible replacements/ 

supplements to the HI VOL sampler as they divide the collected airborne 

part ic les into two size fract ions d < 2.5 pm and2.5<d < 15 pm. These 

two fract ions are of primary interest from the standpoint of a i r pol-

lut ion control and for many purposes consti tute an acceptable trade o f f 

between the size/mass information desired and important pract ical con-

siderations such as cost. 
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1.3 Previous Studies 

Two major comparative studies of the determination of trace 

element composition of airborne par t icu late matter samples col lected 

on small format f i l t e r s have been carr ied out in the United. States 

(1 , 2, 3 ) . Several co l lect ion media and several analyt ica l methods 

were compared, and in the l a t t e r study, eleven d i f f e r e n t designs of 

aerosol samplers were also compared. Included in that study were 

several versions of the dichotomous sampler. 

Since the two comparative studies referred to above, the dicho-

tomous sampler has been adopted by the U.S. Environmental Protection 

Agency, along with the s ize-select ive- in let -equipped Hi Vol, to sup-

plement the U. S. par t icu late matter HiVol sampling network. Environ-

ment Canada has decided to evaluate the dichotomous sampler as a 

candidate for use in i t s National Air Pol lut ion Surveil lance network. 

The Ontario Ministry of the Environment is evaluating, l ikewise, 

the dichotomous sampler for possible inclusion in the Ontario Air 

Quality Monitoring Network. 

In addition to the new information on physical character ist ics 

of airborne part ic les afforded by the s ize-se lect ive and s ize - f ract ionat ing 

instrumentation, more detai led chemical characterizat ion data are also 

being sought. The current emphasis in both Canada and the U.S. is on 

multi-element and ionic analysis, although in the fu ture , specif ic 

chemical compound analysis w i l l become more important. More frequent 

sampling than is customary w i l l l i k e l y be carr ied out to generate the 

desired data. 
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Because of the large number of samples that would be collected 

by the extensive sampling program that is anticipated and the number 

of parameters to be determined per sample, i t is essential to have 

analyt ical methods that w i l l produce the required number of tests in 

a timely and cost e f fec t i ve manner, with no sacr i f ice inaccuracy or 

precision. 

The selected analyt ical methods were to be evaluated for a 

specif ic substrate - airborne part ic les collected on a te f lon f i l t e r 

medium. Teflon f i l m membranes are currently favored as the sampling 

medium to be used with the various commercial models of the dicho-

tomous sampler. One of the principal reasons for preferr ing a t e f -

lon f i l t e r is the absence of the formation of spurious par t icu late 

sulphates and n i t ra tes by oxidation of gaseous S02 and N02 and re-

action with HN03 on the f i l t e r surface. These a r t i f a c t s can be avoided 

by using te f lon or tef lon-coated media other than in the th in f i l m 

format, but the l a t t e r is preferred because of the essent ia l ly planar 

configuration of the deposited par t ic le load which is hiqhl.v desirable 

for subsequent analysis by X-ray fluorescence spectrometry (XRF). XRF 

is the U.S. EPA's method of choice to analyze these f i l t e r s . 

The comparative study of analyt ical methods, then, addressed 

only part ic les collected on the t h i n - f i l m te f lon f i l t e r medium, recog-

nizing that other media might eventually prove to be more desirable, 

considering the analyt ical f in ish(es) that might be chosen for use in 

Canada. XRF (especial ly the energy dispersive version) is not widely 
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used in Canada for trace analysis. In f a c t , simultaneous multi-element 

analysis of environmental samples by XRF is at the developmental stage 

in government laboratories and is not avai lable commercially in Canada 

for the desired range of elements. 
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2.0 STUDY PROTOCOL 

2.1 General 

One of the major drawbacks in previous comparative studies of 

methods for analysing a i r f i l t e r s has been the lack of appropriate 

standards in a format that was suitable for various analyt ica l methods. 

For example, the homogeneous, th in f i l m materials that are most s u i t -

able for test ing and ca l ibra t ing X-ray fluorescence spectrometers 

are not suitable for techniques such as plasma emission spectrometry 

that require the analyte to be dissolved during sample preparation. 

That i s , i t is d i f f i c u l t to compare methods quant i ta t i ve ly , especial ly 

non-destructive methods with destructive methods, when the sample 

format requirements for optimum performance of the techniques may be 

very d i f f e r e n t . 

A related problem has been the d i f f i c u l t y of preparing standard 

samples on a te f lon medium. Tef lon, of course, is hydrophobic, so that 

aqueous solutions or aerosols are d i f f i c u l t to deposit with the uni-

form loading required for a technique l i k e XRF, without a f i x a t i v e 

agent, i f the deposit can be made to adhere to the substrate a t a l l . 
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The use of f i x a t i v e agents or embedding the analyte (permanently) in 

te f lon or another polymeric f i l m usually precludes quant i ta t ive dis-

solution or extract ion of the analyte for a type of analysis requiring 

the sample to be prepared in th is manner. 

A compromise was necessary in th is s i tuat ion . As described in 

sections 2.3 and 2.4 below, the standard f i l t e r s that were submitted 

to the various par t ic ipat ing laboratories/techniques were not optimized 

for some laborator ies' requirements, nor could the standard samples 

and f i e l d tes t samples be matched to the f i l t e r medium used in the 

dichotomous samplers. 

The analyt ical methods to be evaluated in th is study and the 

number of laboratories representing each method had to be res t r i c ted , 

both because of the l im i ta t ion of funds and because of the l imi ted 

a v a i l a b i l i t y of time in candidate laborator ies. 

The analyt ica l methods that were chosen for study represented 

one wel l -establ ished technique and two of the promising techniques 

for quant i ta t ive , simultaneous multi-element analysis - one non-des-

t ruct ive (energy dispersive X-ray fluorescence spectrometry,XRF) and 

two destructive (direct ly-coupled plasma emission spectrometry, DCP, 

and atomic absorption spectrometry, AAS). 
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Special techniques were evaluated for a few of the analyt ical 

parameters, namely sulphate ion, chloride ion, and arsenic. Ion ex-

change chromatography ( IC) is currently generally accepted as a va l id 

technique for the analysis of anions in airborne par t icu la te matter. 

I t was used for sulphate and chloride in th is study. S imi la r ly , 

flameless atomic absorption spectrometry (FAA) is a generally accepted 

method for arsenic (via arsine generation) and was compared with XRF 

for th is parameter. 

The ion chromatography method was compared with XRF for chloride 

in this study. 

2.2 Part ic ipat ing Laboratories 

The following l i s t summarizes the laboratories that part ic ipated 

in the comparative study and the techniques that were used for the 

elements sought in th is study. 

1. NEA Laboratories Inc. (NEA) s 
8310 S.W. Nimbus S t . , 
Beaverton, Oregon 97005 
Telephone (503) 643-4661 

Contacts: Dr. John Cooper, President 

Mr. C l i f ton Fraz ier , Analyt ical Chemist 

Method: Energy - dispersive X-ray fluorescence spectrometry 

Role: Analysis of standard and f i e l d test f i l t e r s . 
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X-ray Assay Laboratories Ltd. (XRAL) 
1885 Leslie Street 
Don M i l l s , Ontario M3B 3J4 
Telephone (416) 445-5755 

Contacts: Mr. J . H. Opdebeeck, Manager 
Dr. T. Eagles, Director of Research 

Methods: Directly-coupled plasma emission spectrometry, 
flameless atomic absorption spectrometry. 

Role: Analysis of standard and f i e l d tes t f i l t e r s . 

Environment Canada (DOE) 
Air Pol lut ion Control Directorate 
Chemistry Division 
Air Pol lut ion Technology Centre 
River Road 
Ottawa, Ontario 
Telephone: (613) 998-3671 

Contact: Dr. Chris Pupp 

Methods: Unable to report results because of scheduling and 
instrumental d i f f i c u l t i e s . 

Northrup Services Inc. (EPA) 
Environmental Sciences Center 
P. 0. Box 12313 
Research Triangle Park 
North Carolina 27709 
Telephone (919) 549-0611 

Contact: Dr. W. J. Courtney, Senior Project Scient is t 
(arranged by Mr. R. K. Stevens, U.S. EPA, Environ-
mental Sciences Research Laboratory (919) 541-3156) . 

Method: Energy-Dispersive X-ray fluorescence spectrometry. 

Role: Analysis of standard and f i e l d test f i l t e r s 

Ministry of the Environment (MOE) 
Laboratory Services Branch, Inorganic Trace Contaminants 
P. 0. Box 213 
Resources Road 
Rexdale, Ontario M9W 5L1 
Telephone (416) 248-7101 

Contact: Dr. Richard Judge, Project Scient is t 

Methods: Atomic absorption spectrometry (flame and flameless 
graphite furnace), ion chromatography. 

Role: Analysis of standard and f i e l d test f i l t e r s ; 
provision of synthetic standard f i l t e r s . 
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6. Concord Sc ien t i f i c Corporation (CSC) 
2 Tippett Road 
Downsview, Ontario M3H 2V2 
Telephone (416) 630-6331 

Contact: Dr. S. Stevens, Vice-President 

Methods: Ion chromatography 

Role: Analysis of f i e l d test f i l t e r s for sulphate only. 

The other par t ic ipat ing laboratory did not.perform analyses but was 

responsible for preparing most of the synthetic standard f i l t e r s : 

7. Columbia S c i e n t i f i c Industries (CSI) 
11950 J o l l y v i l l e Road 
P. 0. Box 9908 
Austin, Texas 78766 
Telephone (512) 258-5191 

Contact: Mr. John Schindler 

Role: Provision of standard dried solution of specif ied 
elements on Whatman 541 cel lulose f i l t e r s . 

2.3 Synthetic Standard F i l t e r s 

Whatman 541 cel lulose was chosen as the primary medium for loading 

known amounts of the target elements. This f i l t e r has a low background 

of a l l of the elements sought and is compatible with XRF and the methods 

requiring extract ion. Columbia S c i e n t i f i c Industries employed the i r 

established technique (2) of uniformly loading 37 mm diameter W-541 

f i l t e r s by dropwise addit ion of al iquots of a standard solution of 

sal ts or oxides of the specif ied elements. Cr, As, Cd and Pb were 

loaded on one set of f i l t e r s ; A l , S i , S, C I , T i , Ca, Mn, Fe, Zn and 

Br were loaded on another set of f i l t e r s . The loadings have been 
2 

shown to be homogeneous to 3% or better for areas 5 5 mm ( 2 ) . 

Concord Scientific Corporation 



- 12 -

Another set of standards was prepared on Mi H i pore cel lulose 

ester membrane f i l t e r s (HAWP) by the Ministry of the Environment. 

Deposits of standard solutions of sal ts or oxides of As, Cd, Cr, and 

Pb were placed by dropwise addition on 37 mm diameter f i l t e r s and 

dried. 

Al l par t ic ipat ing laboratories were given CSI f i l t e r s to analyze; 

whereas, only MOE and XRAL analyzed the MOE Mi l l ipore standards. 

2.4 Field-Exposed Test F i l t e r s ("Real" F i l t e r s ) 

In order to provide uniform samples of airborne par t icu la te 

matter as s imi lar to the dichotomous sampler f i l t e r s as possible, 200 x 

250 mm sheets of Ghia Corporation "Zefluor" polycarbonate-mesh-supported 

te f lon (2 micrometer pore size) were exposed by sampling with a high 

volume sampler for a s u f f i c i e n t period of time to co l lec t a loading 
2 

of about400 yg/cm . 37 mm diameter al iquots were cut by a die from 

the large sheets in s u f f i c i e n t numbers to supply a l l of the analysts and 

to provide up to quadruplicate samples to some labs to tes t loading 

homogeneity and analyt ical reproduc ib i l i ty . 

2.5 Dist r ibut ion of Samples 

Depending upon which parameters were to be analyzed and by which 

techniques, and depending upon the role that each laboratory had agreed 

to play in the exercise, the appropriate type and number of f i l t e r s (or 

al iquots) were d ist r ibuted to the six analysts. 
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Samples destined for local Toronto laboratories (3 of 6) were 

distr ibuted by hand del ivery from Concord S c i e n t i f i c , packed in p last ic 

petr i dishes. Samples for remote destinations (3 of 6: Ottawa, 

Research Triangle Park, and Beaverton) were shipped in p last ic pet r i 

dishes housed in a special ly constructed shipping box, dèsigned to en-

courage maintenance of the upright position during transport , thus 

avoiding par t ic le loss from the f i l t e r s . " T i p - n - t e l l " gauges were 

attached to indicate whether a box had been kept upright during i t s 

journey. These devices record rather sensi t ive ly any deviation from 

the ver t ica l that the shipping box has undergone. 

2.6 Analyt ical Methods 

The f i l t e r samples, whether synthetic standard, "real" f i l t e r , 

or blank, were processed in a manner appropriate to the analyt ica l 

f in ish to be applied in each laboratory. 

Each of the laboratories using XRF (NEA and EPA) analyzed the 

f i l t e r s "as received" with no special preparations, except, to cut a l i -

quots required to f i t the sample holders in the i r XRF spectrometers. 

F i l t e r samples to be subjected to e i ther AAS or DCP were prepared 

e i ther by aqua regia leaching ( for metals analysis) or by deionized 

water leaching ( for the water-soluble ions sulphate and ch lor ide) . 
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MOE and XRAL used the same acid digestion procedure, as 

specif ied by MOE. MOE and CSC used the same procedure for water 

leaching - 30 minutes of ag i ta t ion in 20 ml of deionized water by 

means of a mechanical shaker. : 

Standard f i l t e r s , "real" f i l t e r s and blanks were treated 

iden t ica l l y . 

I t is assumed, for the purposes of th is report , that the 

deta i ls of the analyt ical methodology need not be stated e x p l i c i t l y . 

The methods evaluated in th is study are e i ther wel l -establ ished or 

reasonably wel l -establ ished, and deta i ls in any case can best be 

obtained from the pract i t ioners themselves. 
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3.0 STUDY RESULTS 

Al l of the raw data reported to Concord Sc ien t i f i c by the par-

t i c ipa t ing laboratories are l i s ted in the Appendix, Tablé Al . Table 

A2, Appendix, summarizes the data in the form of mean values obtained 

by a given laboratory for one or more al iquots of a given f i l t e r . 

These mean values are used subsequently to compute the results of 

the reporting laboratories r e l a t i v e to one another. Various f i l t e r 

blank values are separately l i s t e d in Table A3. The format of these 

appended tables is explained on page 63 of the Appendix. A l l results 

are reported as micrograms of the element found per whole f i l t e r (10.75 cm2). 

The results for bl ind duplicate and quadruplicate al iquots of 

the field-exposed ( " rea l " ) Zefluor f i l t e r s indicate that these f i l t e r s 

were uniformly loaded, as judged by the r e l a t i v e l y small standard 

deviations of int ra- laboratory means for these mult iple a l iquots. 

Table 3-1 l i s t s and compares the results of four laboratories 

for the synthetic standard Whatman 541 f i l t e r s prepared by Columbia 

Sc ien t i f i c Industr ies. The accepted CSI value is l i s t e d in the column 

label led "ACCEPT". The "REL-DEV" column is the r e l a t i v e deviation in 
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TABLE 3-1 

(SYNTHETIC STD. - MEDIA: WHATMAN 541) 

ELEMENT FILTER LAB RESULT ACCEPT REL DEV 

ALUMINUM 01810 2 20.00 21.00 ; T4.76 
00510 4 1.20 0.00 
02010 4 14.00 21.00 -33.33 

SILICON 00110 0 18.28 10.50 74.10 
00610 0 22.58 4.20 437.62 
OHIO 0 124.70 0.00 
01610 0 328.95 0.00 
00510 4 5.00 10.50 -52.38 
01010 4 10.50 4.20 150.00 
01510 4 208.00 0.00 
02010 4 404.00 0.00 

POTASSIUM 00110 0 29.02 0.00 
00610 0 (64.50) 0.00 

CALCIUM OHIO 0 (6.24) 5.00 24.80 
01610 0 (56.97) 50.40 13.04 
01510 4 0.50 5.00 -90;00 
02010 4 20.00 50.40 -60.32 

TITANIUM 01110 0 (6.02) 4.30 40.00 
01510 4 3.00 4.30 -30.23 

CHROMIUM 001H0 0 0.00 0.00 
005H0 0 0.00 0.00 
009H0 0 14.30 15.25 -6.23 
013H0 0 38.38 38.13 0.66 
003H0 2 0.06 0.00 
007H0 2 0.00 0.00 
011H0 2 13.00 15.25 -14.75 
015H0 2 34.00 38.13 -1Q.83 

MANGANESE 01110 0 4.52 4.20 7.62 
01610 0 40.85 41.50 -1.57 
01310 2 4.20 4.20 0.00 
01810 2 39.00 41.50 -6.02 
01510 4 2.30 4.20 -45.24 
02010 4 33.00 41.50 -20.48 

IRON 01110 0 5.91 5.20 13.65 
01610 0 53.75 51.80 3.76 
01210 1 7.80 5.20 49.98 
01710 1 43.73 51.80 • -15.57 
01510 4 4.10 5.20 -21.15 
02010 4 14.00 51.80 -72.97 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
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TABLE 3-1 (cont) 

(SYNTHETIC STD. - MEDIA: WHATMAN 541) 

ELEMENT FILTER LAB RESULT ACCEPT REL DEV 

ZINC 01110 0 6.77 6.00 12.83 
01610 0 59.12 60.20 : ;-1.79 
01210 1 5.69 6.00 ; -5.20 
01710 1 54.36 60.20 -9.70 
01310 2 5.20 6.00 -13.33 
01810 2 50.00 60.20 -16.94 
01510 4 6.40 6.00 6.67 
02010 4 57.00 60.20 -5.32 

ARSENIC 001H0 0 8.92 4.40 102.73 
005H0 0 13.97 8.80 58.75 
009H0 0 3.87 4.40 -12.05 
013H0 0 10.21 11.00 -7.18 

003H0 2 
007H0 2 
OllHO 2 
015H0 2 

BROMINE OOllO 0 
00610 0 
00210 1 
00710 1 

CADMIUM 001H0 0 
005H0 0 
009H0 0 
013H0 0 
003H0 2 
007H0 2 
OllHO 2 
015H0 2 

LEAD 001H0 0 
005H0 0 
009H0 0 
013H0 0 
002H0 1 
014H0 1 
003H0 2 
007H0 2 
OllHO 2 
015H0 2 

3.90 4.40 -11.36 
4.00 8.80 -54.55 
3.90 4.40 -11.36 
10.00 11.00 -9.09 

3.44 10.10 -65.94 
9.03 4.10 120.24 
3.37 10.10 -66.60 
9.51 4.10 131.90 

2.26 4.43 -48.98 
7.31 8.86 -17.49 
2.04 4.38 -53.42 
8.17 10.96 -25.46 
3.60 4.43 -18.74 
8.40 8.86 -5.19 
3.60 4.38 -17.81 
9.20 10.96 -16.06 

212.85 220.25 -3.36 
438.60 440.49 -0.43 

0.00 0.00 
0.00 0.00 

196.58 220.25 -10.75 
0.25 0.00 

220.00 220.25 -0.11 
440.00 440.49 -0.11 

0.00 0.00 
0.00 0.00 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 = CSC 
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TABLE 3-1 (cont) 

(SYNTHETIC STD. - MEDIA: WHATMAN 541) 

ELEMENT FILTER LAB RESULT ACCEPT REL DEV 

ZINC 01110 0 6.77 6.00 12.83 
01610 0 59.12 60.20 : :-1.79 
01210 1 5.69 6.00 • -5.20 
01710 1 54.36 60.20 -9.70 
01310 2 5:20 6.00 -13.33 
01810 2 50.00 60.20 -16.94 
01510 4 6.40 6.00 6.67 
02010 4 57.00 60.20 -5.32 

ARSENIC 001H0 0 8.92 4.40 102.73 
005H0 0 13.97 8.80 58.75 
009H0 0 3.87 4.40 -12.05 
013H0 0 10.21 11.00 -7.18 

003H0 2 
Q07H0 2 
011H0 2 
015H0 2 

BROMINE OOllO 0 
00610 0 
00210 1 
00710 1 

CADMIUM 001H0 0 
005H0 0 
009H0 0 
013H0 0 
003H0 2 
007H0 2 
011H0 2 
015H0 2 

LEAD 001H0 0 
005H0 0 
009H0 0 
013H0 0 
002H0 1 
014H0 1 
003H0 2 
007H0 2 
011H0 2 
015H0 2 

3.90 4.40 -11.36 
4.00 8.80 -54.55 
3.90 4.40 -11.36 
10.00 11.00 -9.09 

3.44 10.10 -65.94 
9.03 4.10 120.24 
3.37 10.10 -66.60 
9.51 4.10 131.90 

2.26 4.43 -48.98 
7.31 8.86 -17.49 
2.04 4.38 -53.42 
8.17 10.96 -25.46 
3.60 4.43 -18.74 
8.40 8.86 -5.19 
3.60 4.38 -17.81 
9.20 10.96 -16.06 

212.85 220.25 -3.36 
438.60 440.49 -0.43 

0.00 0.00 
0.00 0.00 

196.58 220.25 -10.75 
0.25 0.00 

220.00 220.25 -0.11 
440.00 440.49 -0.11 

0.00 0.00 
0.00 0.00 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 = CSC 
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(MILLIPORE STD. 

ELEMENT FILTER LAB 

CHROMIUM Sl-2 2 
51-3 2 
52-1 2 
S2-2 2 
Sl-10 4 
51-6 4 
52-10 4 

ARSENIC Sl-2 2 
51-3 2 
52-1 2 
S2-2 2 
Sl-10 4 
51-6 4 
52-10 4 

CADMIUM Sl-2 2 
51-3 2 
52-1 2 
S2-2 2 
Sl-10 4 
51-6 4 
52-10 4 

LEAD Sl-2 2 
51-3 2 
52-1 2 
S2-2 2 
Sl-10 4 
51-6 4 
52-10 4 

E 3-2 

- MEDIA: MILLIPORE) 

RESULT ACCEPT REL DEV 

1.00 0.40 . 150.00 
0.80 0.40 1.00.00 
2.40 2.00 : 20.00 
2.40 2.00 20.00 
0.58 0.40 45.00 
0.59 0.40 47.50 
1.49 2.00 -25.50 

0.06 0.40 -85.00 
0.06 0.40 -85.00 
0.16 2.00 -92.00 
0.16 2.00 -92.00 
0.22 0.40 -45.00 
0.13 0.40 -67.50 
0.28 2.00 -86.00 

1.50 2.00 -25.00 
1.50 2.00 -25.00 
0.20 0.40 -50.00 
0.30 0.40 -25.00 
0.82 2.00 -59.00 
0.54 2.00 -73.00 
0.30 0.40 -25.00 

3.90 4.00 -2.50 
3.70 4.00 -7.50 
0.60 0.80 -25.00 
0.70 0.80 -12.50 
2.77 4.00 -30.75 
2.37 4.00 -40.75 
0.62 0.80 -22.50 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 = CSC 

Concord Scientific Corporation 



- 20 -

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 = CSC 

TABLE 3-3 

REAL FILTERS (TYPE 6 MEDIUM 542: TEFLON) 

MEAN VALUES 

ELEMENT 

A1uminum 

Si 1i con 

Sulphur 

Chlorine 

Potassium 

Calcium 

Titanium 

Vanadium 

LAB F-001 F-003 " • i » F-006 

LAB-0 107.50 96.75 j 101.33 
LAB-2 # • 60.00 
LAB-4 57.45 50.30 41.00 
1 MEAN 82.47 73.52 67.44 
2 STD 35.39 32.84 30.85 
3 C.V. 42.91 44.67 45.74 

LAB-0 359.59 285.95 310.13 
LAB-2 200.00 
1 MEAN 359.59 285.95 255.07 
2 STD # # 77.88 
3 C.V. • • 30.53 

LAB-0 191.35 317.12 166.62 
1 MEAN 191.35 317.12 166.62 
2 STD # # # 

3 C.V. « • • 

LAB-0 17.73 33.32 59.66 
LAB-4 32.00 49.00 80.00 
1 MEAN 24.87 41.16 69.83 
2 STD 10.09 11.09 14.38 
3 C.V. 40.56 26.93 20.60 

LAB-0 43.80 32.52 72.56 
1 MEAN 43.80 32.52 72.56 
2 STD • • m 

3 C.V. • • -y • 

LAB-0 344.80 406.35 396.96 
LAB-1 316.21 362.03 349.25 
LAB-4 367.50 417.50 275.00 
1 MEAN 342.83 395.29 340.40 
2 STD 25.70 29.34 61.46 
3 C.V. 7.50 7.42 18.06 

LAB-0 10.53 12.33 10.44 
LAB-1 9.02 8.75 6.55 
LAB-4 1.07 2.50 0.85 
1 MEAN 6.87 7.86 5.94 
2 STD 5.08 4.98 4.82 
3 C.V. 73.98 63.31 81.20 

LAB-0 1.21 2.25 2.04 
1 MEAN 1.21 2.25 2.04 
2 STD • • 

3 C.V. • 
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LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 = CSC 

TABLE 3-3 ( CONTINUED) 

REAL FILTERS (TYPE 6 MEDIUM 542: TEFLON) 

MEAN VALUES 

ELEMENT 

Chromium 

Manganese 

Iron 

Nickel 

Copper 

Zinc 

Arsenic 

LAB F-001 F-003 F-006 

LAB-0 2.20 3.90 ' 5.04 
LAB-1 1.45 1.91 : 3.00 
LAB-2 0.60 1.35 • 1.40 
LAB-4 0.55 2.45 ' 0.47 
1 MEAN 1.20 2.40 2.48 
2 STD 0.79 1.09 2.00 
3 C.V. 65.41 45.57 80.71 

LAB-0 13.60 26.07 42.99 
LAB-1 12.83 23.16 37.73 
LAB-2 14.00 27.00 42.00 
LAB-4 13.20 24.00 27.50 
1 MEAN 13.41 25.06 37.56 
2 STD 0.50 1.78 7.08 
3 C.V. 3.76 7.11 18.86 

LAB-0 247.78 546.90 630.20 
LAB-1 223.89 449.19 517.85 
LAB-4 125.30 435.50 129.50 
1 MEAN 198.99 477.20 425.85 
2 STD 64.92 60.76 262.72 
3 C.V. 32.63 12.73 61.69 

LAB-0 0.82 1.20 0.85 
1 MEAN 0.82 1.20 0.85 
2 STD • • • 

3 C.V. • • • 

LAB-0 67.99 40.3 27.42 
1 MEAN 67.99 40.3 s 27.42 
2 STD • • 

3 C.V. • • • 

LAB-0 24.72 23.65 25.26 
LAB-1 18.64 17.75 19.40 
LAB-2 20.50 21.00 21.00 
LAB-4 20.60 19.65 15.50 
1 MEAN 21.12 20.51 20.29 
2 STD 2.57 2.48 4.04 
3 C.V. 12.16 12.09 19.91 

LAB-0 0.00 0.00 0.00 
LAB-1 0.00 0.00 0.00 
LAB-2 0.10 0.40 0.56 
LAB-4 0.06 0.23 • 

1 Mean 0.04 0.16 0.19 
2 STD 0.05 0.19 0.32 
3 C.V. 120.55 123.59 173.21 
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LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 = CSC 

TABLE 3-3 (CONTINUED) 

ELEMENT 

Selenium 

Bromine 

Cadmi urn 

Bari urn 

Lead 

Sulphate 

MEAN VALUES 

LAB F-001 F-003 

LAB-0 0.00 0.00 
1 MEAN 0.00 0.0:0 
2 STD • • 

3 C.V. • • 

LAB-0 14.08 3.36 
LAB-1 12.90 2.53 
1 MEAN 13.49 2.94 
2 STD 0.83 0.58 
3 C.V. 6.17 19.86 

LAB 0 0.00 0.00 
LAB-1 0.00 0.12 
LAB-2 0.00 0.10 
LAB-4 0.13 0.21 
1 MEAN 0.03 0.11 
2 STD 0.07 0.09 
3 C.V. 200.00 80.75 

LAB-0 0.00 0.00 
1 MEAN 0.00 0.00 
2 STD • • 

3 C.V. • • 

LAB-0 66.65 23.38 
LAB-1 64.33 23.46 
LAB-2 53.00 24.00 
LAB-4 49.00 16.35 
1 MEAN 58.24 21.80 
2 STD 8.57 3.64 
3 C.V. 14.72 16.71 

LAB-4 680.00 1380.0 
LAB-5 678.50 1276.8 
1 MEAN 679.25 1328.4 
2 STD 1.06 73.01 
3 C.V. 0.16 5.50 

F-006 

0.00 
0.00 

12.37 
10.60 
11.49 
1.25 

10.89 

3.28 
0.37 
0.10 
0.13 
0.97 

. 1.54 
158.79 

0.00 
0.00 

52.41 
50.64 
50.00 
18.50 
42.89 
16.29 
37.98 

516.50 
572.63 
544.56 
39.69 
7.29 
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LAB 0 = NEA TABLE 3-4 
LAB 1 = EPA 
LAB 2 = XRAL REAL FILTERS (TYPE 6 MEDIUM 542: TEFLON) 
LAB 4 = MOE 
LAB 5 = CSC RATIOS 

ELEMENT LAB F-001 F-003 F-006 AVERAGE STD cv 

Aluminum LAB-0 1.303 1.316 1.502 1.374 0.112 8.116 
LAB-2 # 0.890 0.890 • • 

LAB-4 0.697 0.684 0.608 0.663 • :0.048 7.242 
1 MEAN 1.000 1.000 1.000 1.000 • • 

2 STD 0.429 0.447 0.457 0.444 • • 

Silicon LAB-0 1.000 1.000 1.216 1.072 0.125 11.628 
LAB-2 # 0.784 0.784 
1 MEAN 1.000 1.000 1.000 1.000 • # 

* 2 STD • • 0.305 0.305 • • 

Sulphur LAB-0 1.000 1.000 1.000 1.000 0.000 0.000 Sulphur 
1 MEAN 1.000 1.000 1.000 1.000 m # 

2 STD • • • • « • 

Chlorine LAB-0 0.713 0.810 0.854 0.792 0.072 9.104 
LAB-4 1.287 1.190 1.146 1.208 0.072 5.973 
1 MEAN 1.000 1.000 1.000 1.000 # 

2 STD 0.406 0.269 0.206 0.294 • • 

Potassium LAB-0 1.000 1.000 0.337 0.779 0.383 49.137 
LAB-1 1.663 1.663 • • 

1 MEAN 1.000 1.000 1.000 1.000 # 

2 STD • • 0.938 0.938 • • 

Calcium LAB-0 1.142 1.028 1.408 1.193 0.195 16.373 
LAB-1 1.047 0.916 0.616 0.860 0.221 25.693 
LAB-4 0.812 1.056 0.976 0.948 0.125 13.147 
1 MEAN 1.000 1.000 1.000 1.000 m 

2 STD 0.170 0.074 0.397 0.214 * i 

Titanium LAB-0 1.512 1.569 1.781 1.621 0.142 8.747 
LAB-1 1.295 1.113 .1.074 1.161 0.118 10.141 
LAB-4 0.194 0.318 0.145 0.219 0.089 40.758 
1 MEAN 1.000 1.000 1.000 1.000 
2 STD 0.707 0.633 0.820 0.720 t • 

Vanadi um LAB-0 1.000 1.000 1.000 1.000 0.000 0.000 
1 MEAN 1.000 1.000 1.000 1.000 0.000 0.000 
2 STD • t 

0.000 
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LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 = CSC 

TABLE 3-4 (CONTINUED) 

REAL FILTERS (TYPE 6 MEDIUM 542: TEFLON) 

RATIOS 

ELEMENT LAB F-001 F-003 F-006 AVERAGE STD ÇV 

Chromium LAB-0 1.835 1.623 2.033 1.830 > .0.205 11.191 
LAB-1 1.207 0.794 1.211 1.071 , 0.240 22.383 
LAB-2 0.500 0.562 0.565 0.542 :0.037 6.781 
LAB-4 0.458 1.020 0.192 0.557 0.423 76.000 
1 MEAN 1.000 1.000 1.000 1.000 • # 

2 STD 0.654 0.456 0.807 0.639 • • 

Manganese LAB-0 1.014 1.040 1.145 1.066 0.069 6.479 Manganese 
LAB-1 0.957 0.924 1.005 0.962 0.040 4.208 
LAB-2 1.044 1.078 1.118 1.080 0.037 3.435 
LAB-4 0.985 0.958 0.732 0.892 0.139 15.548 
1 MEAN 1.000 1.000 1.000 1.000 • m 

2 STD 0.038 0.071 0.189 0.099 • • 

Iron LAB-0 1.245 1.146 1.480 1.290 0.171 13.285 
LAB-1 1.125 0.941 1.216 1.094 0.140 12.792 
LAB-4 0.630 0.913 0.304 0.615 0.305 49.476 
1 MEAN 1.000 1.000 1.000 1.000 m 

2 STD 0.326 0.127 0.617 0.357 • • 

Nickel LAB-0 1.000. 1.000 1.000 1.000 0.000 0.000 
1 MEAN 1.000 1.000 1.000 1.000 • • 

2 STD • • • • • • 

Copper LAB-0 1.000 1.000. 1.000 1.000 0.000 0.000 Copper 
1 MEAN 1.000 1.000 1.000 1.000 • # 

2 STD • • • • * • 

Zinc LAB-0 1.171 1.153 1.245 1.190 0.049 4.101 
LAB-1 0.883 0.865 0.956 0.901 0.048 5.345 
LAB-2 0.971 1.024 1.035 1.010 0.034 3.394 
LAB-4 0.976 0.958 0.764 0.899 0.117 13.061 
1 MEAN 1.000 1.000 1.000 1.000 • • 

2 STD 0.122 0.121 0.199 0.147 • * 

Arseni c LAB-0 0.000 0.000 0.000 0.000 0.000 • 

LAB-1 0.000 0.000 0.000 0.000 0.000 
LAB-2 2.424 2.540 3.000 2.655 0.305 11.475 
LAB-4 1.576 1.460 # 1.518 0.082 5.377 
1 MEAN 1.000 1.000 1.000 1.000 • 

2 STD 1.206 1.236 1.732 1.391 • • 
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LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 = CSC 

TABLE 3-4 (CONTINUED) 

REAL FILTERS (TYPE 6 MEDIUM 542: TEFLON) 

RATIOS 

ELEMENTS LAB F-001 F-003 F-006 AVERAGE STD ÇV 

Selenium LAB-0 • • 

1 MEAN • • • • • • 

2 STD • • • • 
5 

• • 

3 C.V. • • • • • • 

Bromine LAB-0 1.044 1.140 1.077 1.087 0.049 4.526 
LAB-1 0.956 0.860 0.923 0.913 0.049 5.389 
1 MEAN 1.000 1.000 1.000 1.000 • • 

2 STD 0.062 0.199 0.109 0.123 • • 

Cadmi um LAB-0 0.000 0.000 3.374 1.125 1.948 173.21 
LAB-1 0.000 1.089 0.384 0.491 0.552 112.52 
LAB-2 0.000 0.939 0.103 0.347 0.515 148.29 
LAB-4 4.000 1.972 0.139 2.037 1.931 94.819 
1 MEAN 1.000 1.000 1.000 1.000 • • 

2 STD 2.000 0.807 1.588 1.465 • • 

Barium LAB-0 
1 MEAN # . • • 

2 STD • • • • • • 

Lead LAB-0 1.144 1.073 1.222 1.146 0.075 6.518 
LAB-1 1.104 1.076 1.181 1.121 0.054 4.826 
LAB-2 0.910 1.101 1.166 1.059 0.133 12.561 
LAB-4 0.841 0.750 0.431 0.674 0.215 31.922 
1 MEAN 1.000 1.000 1.000 1.000 # 

2 STD 0.147 0.167 0.380 0.231 • • 

Sulphate LAB-4 1.001 1.039 0.948 0.996 0.045 4.558 Sulphate 
LAB-5 0.999 0.961 1.052 1.004 0.045 4.523 
1 MEAN 1.000 1.000 1.000 1.000 • 

2 STD 0.002 0.055 0.073 0.043 • 
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labelled "LAB" are the ratios of that laboratory's mean result for 

the element and filter to the mean result for all laboratories reporting 

that element for the given filter. In Table 3-4, the rows labelled 

"1 MEAN" are the means of the ratios to the overall mean, and thus, 

the entries must be 1.0, as indicated. Entries in the row labelled 

"2 STD" are the standard deviations of the mean ratios. The entries 

in the columns labelled "AVERAGE" are the mean of the ratios for the 

given laboratory for all three "real" filters. The column labelled 

"STD" is the standard deviation of the "lab average" ratio for the 

three "real" filters. The column labelled "C.V." is the coefficient 

of variation (in percent) defined as 100 times the ratio of "STD" to 

"AVERAGE" in the previous columns. These ratios serve to normalize 

sample-to-sample loading variations so that results are compared con-

sistently. 

The standard deviations appearing in the rows "2 STD" in Tables 

3-3 and 3-4 are measures of the lab-to-lab variation of determinations 

for the given element on the given filter. 
.'i 

The "STD" and "C.V." entries in the columns so labelled in Table 

3-4 are measures of the sample-to-sample reproducibility for a given 

laboratory for that element, since ratios of results to overall mean 

results are compared. 

The summary of results for each element which follows is based 

on Tables 3-1, 3-2, 3-3 and 3-4. 
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3.1 Results for Individual Elements 

3.1 .1 ALUMINUM 

3 . 1 . 1 . 1 Standard F i l t e r s 

Aluminum was analyzed only by XRAL and MOE in CSI standards. 

XRF is not a very sensit ive method for A l ; therefore, laboratories 

using th is technique did not report th is element for standard f i l t e r s , 

which were r e l a t i v e l y l i g h t l y loaded. 

3 . 1 . 1 . 2 Real F i l t e r s 

There was enough Al on the three field-exposed f i l t e r s for three 

labs - NEA, XRAL and MOE - to report resul ts . The XRF resul t was 

generally higher than e i ther the DCP or AAS resu l t . 

3 . 1 . 1 . 3 Blank F i l t e r s * 

XRAL appeared to have an Al contamination problem, as evidenced 
•S 

by the high blank W-541 value. 

3 .1 .2 SILICON 

3 . 1 . 2 . 1 Standard F i l t e r s 

There was only one resul t (XRAL) for Si on the CSI standard 

f i l t e r s (see Table A l ) . This resul t is suspect because of a high blank 

value (see below). 

*N0TE: A l l NEA 'blank' results have been corrected for typical blank values 
for that f i l t e r mater ia l . 
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3.1.9.1 Standard Filters 

NEA reported twelve individual results for Si and XRAL only one 

value, so that a val id comparison is not possible. 

3.1..2.3 Blank F i l t e r s 

XRAL reported a high blank value for Si on W-541, indicat ing 

contamination. NEA's Zefluor blank was low. 

3 .1 .3 SULPHUR 

3 . 1 . 3 . 1 Standard F i l t e r s 

No S results were reported for standard f i l t e r s . 

3 . 1 . 3 . 2 Real F i l t e r s 

Only NEA reported S results on Zefluor f i l t e r s (12 values) , so 
s 

that no comparison is possible. 

. 3 . 1 . 3 . 3 Blank F i l t e r s 

NEA reported the only S blank value (1 resul t from Zef luor ) . 
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3.1.4 CHLORINE (Chloride) 

3.1.4.1 Standard Filters 

Two laboratories reported results for CI: NEA and MOE. The 

results were variable. The high lab results corresponding .'to the 

accepted values of "zero" in Table 3-1 are real, since CSI required 

"excess chloride" to prepare these particular standards. CI was not 

intended to be analyzed as a standard on the filters containing "excess 

chloride". There may be a loss of CI by volatilization from the W-541 

filters (CSI so fore-warned). 

3.1.4.2 Real Filters 

The same two labs - NEA and MOE - reported CI on Zefluor filters. 

Results were consistent and comparable. 

3.1.4.3 Blank Filters 

NEA's results indicate a significantly higher CI blank on W-541 

than on Zefluor, as expected. NEA's and MOE's Zefluor blanks were 

essentially the same (less than a similar detection limit). See footnote 

on Page 27, however. 

3.1.5 POTASSIUM 

3.1.5.1 Standard Fi 1ters 

Only NEA reported potassium for standard filters. K was present 
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in excess as a counter ion in the CSI samples and was not intended for 

analysis as a standard. 

3 . 1 . 5 . 2 Real F i l t e r s 

Only NEA reported K for Zefluor f i l t e r s . 

3 . 1 . 5 . 3 Blank F i l t e r s 

NEA found very low K blanks for both W-541 and Zefluor f i l t e r s . 

3 .1 .6 CALCIUM 

3 .1 .6 .1 Standard F i l t e r s 

NEA and MOE reported Ca on CSI standard f i l t e r s . MOE's two re-

sults were lower than the accepted values. 

3 . 1 . 6 . 2 Real F i l t e r s 

A 

NEA, EPA and MOE reported Ca loadings on Zefluor f i l t e r s that 

were essent ia l ly iden t i ca l . 

3 . 1 . 6 . 3 Blank F i l t e r s 

NEA and EPA found low Ca blanks on W-541 and Zefluor f i l t e r s , and 

EPA reported an appreciable but not s ign i f icant Ca blank on a M i l l ipore 

f i l t e r . . 
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3.1.7 TITANIUM 

3.1.7.1 Standard Filters 

NEA and MOE reported Ti in CSI standard filters. Both results 

were reasonably close to the accepted values. 

3.1.7.2 Real Filters 

NEA, EPA and MOE reported Ti on Zefluor filters. The two XRF 

results tended to agree and were somewhat higher than the MOE results. 

3.1.7.3 Blank Filters 

NEA, EPA, and MOE reported low Ti blanks on all media. 

3.1.8 VANADIUM 

Only NEA reported V on any medium. Blanks were low relative 

to loadings on real filters. V was present on one set of CSI standard 
S 

filters, but the only lab that received one of these filters and reported 

a result did not find any above the detection limit (see Table Al: 

filter number 059). 

3.1.9 CHROMIUM 

An extensive set of results was reported for Cr, one of the elements 

sought in the Environment Canada national survey. 
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3.1.9.1 Standard Filters 

NEA, XRAL and MOE reported results for Cr on standard filters: 

NEA for CSI filters only, XRAL for both CSI and MOE standards, and 

MOE only for their own standards. Results for the CSI filters were 

quite close. There was greater variation in results for the MOE 

standards. 

3.1.9.2 Real Filters 

NEA, EPA, XRAL and MOE all reported results for Cr on Zefluor 

filters. The XRF results were consistently higher than either of the 

destructive methods, DCP (XRAL) or AAS (MOE), which required acid digestion 

of the particulate matter. See Section 4.2.3. for a discussion of this point. 

3.1.9.3 Blank Filters 

All labs found negligible blanks for Cr on W-541 and Zefluor, but 

both EPA and MOE reported a significant Cr blank on Millipore. 
s 

3.1.10 MANGANESE 

Reported Mn results were also quite extensive. 

3.1.10.1 Standard Filters 

NEA, XRAL and MOE all reported Mn values in CSI standards that 

agreed very well with the accepted values. 
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3.1.9.1 Standard Filters 

NEA, EPA, XRAL and MOE results for Zefluor f i l t e r s a l l agreed 

closely. 

3 .1 .10 .3 Blank F i l t e r s 

Al l four reporting labs found very low blank Mn on W-541, 

Zefluor and Mi H i pore f i l t e r s . 

3 .1 .11 IRON 

3 .1 .11 .1 Standard F i l t e r s 

NEA, EPA and MOE reported values for Fe on CSI standard f i l t e r s . 

XRAL did not report iron because of a lab contamination problem. Re-

ported results tended to agree well with accepted values, except for 

MOE's, which were r e l a t i v e l y low. 

3 .1 .11 .2 Real F i l t e r s 

The results reported for Zefluor f i l t e r s para l le led those for 

the standard f i l t e r s described above. MOE's results (destructive 

method) were somewhat lower than NEA's and EPA's (non-destructive 

method). 
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3.1.9.1 Standard Filters 

The only appreciable blank for Fe was found by EPA on Zef luor . 

The amount was not s ign i f icant in comparison with typical ambient 

loadings, such as the "real" Zefluor f i l t e r s in th is study. 

3 .1 .12 NICKEL 

Nickel was not included in the elements deposited on standard 

f i l t e r s . NEA reported Ni in trace quant i t ies on the "real" f i l t e r s 

(Zef luor) and found Ni to be non-detectable on CSI standard f i l t e r s 

and on both W-541 and Zefluor blanks. 

3 .1 .13 COPPER 

Copper was not among the elements deposited on the standard 

f i l t e r s . NEA reported Cu in appreciable amounts on a l l three 

"real" Zefluor f i l t e r s and on one of the CSI standard f i l t e r s . NEA's 

resul t for a W-541 blank was very low. 

3 .1 .14 ZINC 

3 .1 .14 .1 Standard F i l t e r s 

NEA, EPA, XRAL and MOE a l l reported Zn on CSI standard f i l t e r s . 

Al l four laboratories were very close to the accepted values. 
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3.1.9.1 Standard Filters 

Again, all four reporting laboratories (as above) found very 

similar amounts of Zn on the "real" filters. 

3.1.14.3 Blank Filters 

Blank results were uniformly low relative to typical ambient 

filter loadings. 

3.1.15 ARSENIC 

Arsenic is the second of the four elements sought in the 

Environment Canada national survey. 

3.1.15.1 Standard Filters 

Arsenic was reported by NEA and XRAL for CSI standard filters 

and by XRAL and MOE for MOE standard filters. The results for the CSI 

filters were somewhat variable. XRAL was very close to the accepted 

values for three out of four samples. NEA was very close to the ac-

cepted values for two out of four CSI filters. The two samples for 

which NEA's results were significantly high for As both contained large 

loadings of lead (see below and Table 3-1). This suggests an inter-

ference in the XRF result for As when Pb is present. Both XRAL and 

MOE reported As results for MOE standards well below the nominal values, 

suggesting significant loss during processing. 
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3.1.9.1 Standard Filters 

NEA, EPA, XRAL and MOE all reported As results for the "real" 

Zefluor filters below or near the detection limit. 

3.1.15.3 Blank Filters 

All four of the above laboratories reported blank values for 

As on W-541, Zefluor and Millipore below or at the detection limit. 

3.1.16 SELENIUM 

Selenium was not deposited on CSI standard filters. NEA reported 

Se as below the detection limit on CSI standard filters, blanks and "real" 

filters. 

3.1.17 BROMINE (Bromide) 

3.1.17.1 Standard Filters 

NEA and EPA both reported variable results (2 values from each 

laboratory) for Br on CSI standard filters. High Br loadings were 

underdetermined and low Br loadings were overdetermined. CSI had 

warned that the filters containing Br (and CI) might be expected to 

lose Br (and CI) unless "protected from an oxidizing atmosphere". 

This phenomenon may explain some of the variability mentioned with 

reference to the chlorine results above, but in that case, most of the 

significant deviations were positive. 
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3.1.9.1 Standard Filters 

NEA and EPA reported appreciable and consistent results for 

Br on Zefluor f i l t e r s . 

3 .1 .17 .3 Blank F i l t e r s 

Al l reported Br blank values ( a l l three f i l t e r media) were 

below detection l im i ts and s ign i f i can t ly below ambient loadings. 

3 .1 .18 CADMIUM 

Cadmium is the th i rd of four metals sought in the Environment 

Canada national survey that was included in th is comparative study. 

3 .1 .18 .1 Standard F i l t e r s 

NEA and XRAL reported results for Cd on CSI standard f i l t e r s . 

XRAL and MOE reported Cd on MOE standard f i l t e r s . NEA's XRF results 

were consistently and s ign i f i can t ly below the accepted values. XRAL's 

results were also less than the accepted values, but with a much smaller 

deviation. 

Both XRAL and MOE reported Cd results that were systematically and 

s ign i f icant ly lower than the nominal MOE standard values. 
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3.1.9.1 Standard Filters 

Cd loadings were below or near the detection limit for two of the 

three Zefluor filters. NEA, EPA, XRAL and MOE reported only trace values 

for these filters. NEA reported an appreciable Cd loading on the third 

filter but the other three laboratories found only a trace. 

3.1.18.3 Blank Filters 

All reporting laboratories found Cd blanks below their detection 

limits for all three filter media (W-541, Zefluor, Millipore). . 

3.1.19 BARIUM 

Only NEA reported Ba. None was found above the detection limits 

for CSI standard filters, real filters or blanks. Barium was not de-

posited on the standard filters. 

3.1.20 LEAD > 

Lead is the fourth parameter sought in the Environment Canada 

national survey and included in this study. 

3.1.20.1 Standard Filters 

NEA, EPA and XRAL all reported results for CSI standard filters 

that were extremely close to the accepted values. For the MOE standard 
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f i l t e r s , XRAL's and MOE's results were generally less than the nominal 

values, although XRAL's deviation was typ ica l l y less than MOE's. 

3 .1 .20 .2 Real F i l t e r s 

NEA, EPA, XRAL and MOE a l l reported results for Pb on Zefluor 

f i l t e r s . NEA, EPA and XRAL agreed very closely; whereas, MOE's results 

were somewhat lower than the other three laboratories on two of the three 

"real" f i l t e r s . 

3 .1 .20 .3 Blank F i l t e r s 

Al l reporting laboratories found blank values for Pb to be less 

than the i r detection l imi ts for a l l three f i l t e r media. The blanks 

are s ign i f i can t ly less than typical ambient f i l t e r loadings. 

3.1.21 SULPHATE 

Sulphate is one of the parameters sought in the Environment 

Canada survey. No standard f i l t é r s were prepared for sulphate ion 

and no blank determinations were reported during the comparative study. 

Prior to the comparative study, however, the Air Pol lut ion Control 

Directorate, Chemistry Divis ion, evaluated the prospective contractors 

for th is study by requiring reports of analyt ica l results for a 

small number of tes t f i l t e r s . MOE and DOE laboratories acted as 

control laboratories in th is check. The results are shown in Table 3 -5 . 
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Results reported by CSC (ion chromatography) and MOE (ion 

chromatography) for "real"filters agreed extremely closely. 

MOE reported several results for "sulphate" on CSI .W-541 standard 

filters. Although the CSI filters for which MOE reported SO^ values 

had been loaded with "sulphur", it is not known in what form, nor 

accurately what quantity of S would have been present as SO^. In this 

situation, MOE's results for the W-541 filters cannot be evaluated. 

TABLE 3-5 

SULPHATE AND NITRATE ANALYSIS 

(yg/filter) 

Blank, S04" 

s o 4 " 

Blank, N03" 

NOo" 

DOE 

<1 

320 

<1 

293 

MOE CONCORD 

<12.5 8.3 

312.5 

<2.5 

287.5 

304 

1.2 

SPIKED VALUE (CSI) 

<1 

327 

271 289 
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4.0 DISCUSSION 

4.1 Statistical Analysis of Results 

The relatively simple statistics generated for Tables 3 - 1 to 

3 - 4 are believed to be adequate for assessing inter-laboratory, intra-

laboratory and inter-sample variations. 

One might have computed linear regression equations between 

laboratory results and accepted values for CSI standard filters, but 

in only two cases (As and Cd) were there three or more accepted values 

upon which to carry out the regression analysis. For the same reason, 

it was judged inappropriate to display Student's t statistics on the 

mean absolute deviations between paired laboratory results and accepted 

values. That is, these statistics for two, three or four pairs of 

results and accepted values would not be meaningful. 

t-Statistics on the above data pairs were calculated and a complete 

analysis of variance (ANOVA) was attempted for inter-lab, intra-lab 

and inter-sample variations. Because of the very small data set, as 

expected, based on the argument above, these statistics did not illuminate 

significant differences any better than the simple means and relative 

deviations given in Tables 3 - 1 to 3 - 4. 
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4.2 Observations on the Set of Elements: As, Cr, Cd, Pb. 

4.2.1 ARSENIC 

Arsenic results for both types of synthetic standards and for 

real filters were quite variable. This result may be explained by the 

potential volatility of As on the prepared standards and by the trace 

quantities that are and were encountered in ambient airborne particu-

late matter. XRAL's method of aqua regia leaching followed by arsine 

(ASH3) generation and flameless atomic absorption sepctrometric detec-

tion appeared to perform about as reliably as the non-destructive XRF 

method used by NEA. The FAA method did not appear to be affected by 

interferences; whereas, the XRF result appeared to be somewhat elevated 

by the presence of large amounts of lead. Typical airborne particulate 

matter would contain far more lead than arsenic. FAA seemed to be 

somewhat more sensitive than XRF for these samples in this study. 

The results by XRAL and MOE for MOE standard filters indicate 

a significant loss of As from all samples. After the comparative 

study was carried out, MOE changed the method of preparing filter 

standards and now uses freeze-drying rather than heat-drying to fix 

the standard solutions onto the filters. Apparently, improved sample 

stability and reproducibility have resulted (5). 

4.2.2 CADMIUM 

. NEA's XRF results and XRAL's DCP results were systematically 

low for Cd in the CSI standard filters. The same is true of XRAL and 
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MOE results on MOE standards, although the Cd loadings on these filters 

were much less than those on the CSI filters and might be expected to 

lead to more variable results. 

It is difficult to compare the performance of one method with 

others on the basis of the results for the real filters because of the 

extremely small loadings of cadmium. NEA detected appreciable cadmium 

only on filter F-006, and the results of four different aliquots had 

good precision (relatively small standard deviation). All other re-

sults, including other laboratories' results for F-006, were near de-

tection limits. This sample was high in K and the K/Cd interferance may 

not have been eliminated totally. 

Since the XRF and DCP results were comparable for the CSI standard 

filters (in fact, DCP > XRF), the real filter results, although frag-

mentary, indicate that the destructive methods may produce somewhat 

lower results than XRF. The evidence for this conclusion is not strong, 

since EPA's XRF results were comparable in each case with XRAL's and 

MOE's. 

4.2.3 CHROMIUM 

For chromium, there is a clear contrast betweeen the results of 

all laboratories for standard filters (both types) and their results 

for the real filters. 
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Both NEA and XRAL achieved essentially quantitative agreement 

with the CSI accepted values. XRAL and MOE did not come as close to 

the nominal values of the MOE standards, but the loadings on these 

filters were quite low and would be expected to lead to results of 

greater uncertainty. 

Table 3 - 4 clearly displays the laboratory-to-laboratory var-

iation in the determination of Cr on real airborne particles. The ratios 

of laboratory results to overall mean results indicate that the two 

sets of XRF results (NEA and EPA) had a significantly higher average 

ratio than XRAL or MOE. EPA1s results were at the mean value, NEA's 

somewhat above the mean value (1.8 times as great) and both XRAL's and 

MOE's results were about one-half of the mean value. Both XRAL and 

NEA showed good precision (coefficients of variation of 7% and 11%, 

respectively, for three filters. See last column, Table 3-4). 

It is likely that the above disparity arises from inefficiency 

of the aqua regia leaching process in extracting chromium from the 

airborne particle matrix (as compared with particle surface). 

4.2.4 LEAD 

NEA, EPA and XRAL all achieved essentially quantitative agreement 

with CSI standards and produced essentially identical results for the 

three real filters. MOE was slightly low relative to the other three 

laboratories for the three real filters (0.67 times the mean value). 
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These results suggest that the acid leaching procedure is reason-

ably efficient in extracting lead from airborne particles. Lead would 

be expected to be found on the surface of particles rather than embedded 

in the particle matrix. 

4.3 Observations on Sulphate Determination 

The only criterion that can be used to judge the validity of the 

results for sulphate ion in this study is the level of intra- and inter-

laboratory reproducibility for real samples, since standard samples 

were not distributed. The results from MOE and CSC, using the same 

extraction procedure and analytical method, were essentially indistinguish-

able. The overall coefficients of variation for both intra- and inter-

laboratory reproducibility were about 5 percent for the three real filters 

(2 aliquots each). See Table 3-4. 

4.4 Observations on Results for Other Elements 

Of the remaining elements in the study, the only ones that had 

sufficient data reported to justify either an inter-method or inter-

laboratory comparison were aluminum, chlorine, calcium, titanium, manganese, 

iron and zinc. 

Although the aluminum results were variable, and although one of 

the participating laboratories had a contamination problem, the results 

indicate that XRF, DCP and AAS may all be reliable methods to determine 

Al in airborne particles. 
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Chlorine (chloride) results were also variable and may have 

suffered from volatility losses from standard filters. XRF and IC 

produced consistent results for real filters, suggesting that either the 

non-destructive or destructive sample work-up and the respective 

analytical methodologies are suitable for airborne particulate matter. 

Calcium results on real airborne particles were consistent between 

XRF and AAS methods. This indicates that the combined sample preparation 

and analytical methods may be considered adequate for airborne parti-

culate matter. 

Manganese and zinc were both determined with high accuracy and 

precision by all reporting laboratories. The coefficients of variation 

for both inter-laboratory and intra-laboratory comparisons were all less 

than 15 percent. See Table 3-4. 

Titanium results exhibit a discrepancy between destructive and 

non-destructive methods similar to that for chromium. This suggests 

that titanium is another component of the particle matrix that may be 

difficult to extract by acid digestion. 

Results for iron exhibit behaviour similar to Cr and Ti; that 

is, the destructive method (digestion followed by AAS) produced lower 

results than XRF. Iron is a ubiquitous component of airborne particulate 

matter because of its crustal abundance and would be expected to appear 

in the particle matrix and probably in the larger particles. Thus, 

iron might also be inefficiently extracted by acid digestion. 
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4.5 Comparison with Results of Similar Studies 

Data from two previous studies (2, 3) parallel the results of 

the study reported here. During the earlier study (2) analytical re-

sults for three types of analyte configurations were investigated: 

a) dried solution deposits, 

b) artificial particulate deposits (finely ground rock), 

c) air particulate (power plant post-precipitator fly ash 

collected in-stack on Hi Vol filters). 

The filter medium in all cases was Millipore cellulose ester 

membrane. Twenty-two laboratories participated in the intercomparison, 

representing six analytical techniques. 

The later study (4) comprised eleven different designs of samples 

operated by eight different groups. Many different collection sub-

strates and analytical protocols were used. 

Generally, methods requiring sample extraction prior to analysis 

performed about as well as non-destructive methods for most elements 

on dried-solution standard filters (2). In both studies, however, 

destructive methods tended to give low results for some elements in 

particulate samples (ground rock, fly ash or airborne particulate 

matter). Elements for which AAS and emission spectroscopy (cf. DCP) 

produced low results in the former studies were Ca, Mn, Fe and Al 

and in the latter study, Si, Ca, Ti, and Fe. All of these are elements 

' Concord Scientific Corporation 



- 48 -

that would occur in larger particles in the matrix rather than on the 

surface, because of their crustal origin. In the second study, as in 

the current study, Mn, Zn and Pb were all determined relatively precisely 

by all methods, representing both destructive and non-destructive 

sample processing. 

Non-destructive methods tended to produce results closer to the 

overall mean than destructive methods, but this tendency may have been 

influenced by the large number of sampler configurations and sampling 

media used and by the predominance of non-destructive analysis, pri-

marily XRF. 

A number of detailed comparisons could be made between the 

current study and its predecessors, but it is more appropriate to 

consult the reports on these studies for this purpose. 

General tendencies found in the current study are usually 

confirmed by the results of previous, similar studies. 
s 

4.6 Relevance of Results of this Study to Analysis of 
Dichotomous Sampler Filters 

As was pointed out at the outset, the current study did not 

assess the performance of analytical methods for particles collected 

on the specific substrate that was to be used as the dichotomous 

sampler collection medium. There appears to be no reason to believe 
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that the results obtained for samples on Ghia Zefluor mesh-supported 

teflon filters would be substantially different from the Ghia edge-

supported teflon film filters used by both MOE and DOE for their 

dichotomous samplers. Both filters are hydrophobic and ;should affect 

extraction efficiency by aqueous acidic leaching agents similarly. 

XRF results would likely have been more reproducible and possibly 

more accurate had the thin film teflon filter been used in this study. 

Real filter loadings were also somewhat heavy for optimum XRF results. 

One must also be careful to distinguish between evaluating 

performance of an analytical method and evaluating a combined 

sampling and analytical method aimed at a specific substrate. The 

spiked cellulose filters used in part of the comparative study are 

supplied as "X-ray fluorescence standards" by CSI. They have three 

disadvantages for XRF analysis. 

1. The analyte is not a surficial deposit, but penetrates the 

body of the filter. 
•S 

2. The surface of the filter is textured because of the 

fibrous matte structure, so that even a surficial loading 

is not planar. 

3. The dried solution deposit does not produce particles 

that are similar in structure,size or composition to 

real airborne particles. 
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XRF spectrometers can be optimized to allow for these factors, 

hopefully sacrificing little in precision and accuracy. For the 

purposes of this study, NEA was able to make the necessary adjustments 

to handle the CSI standard filters. The EPA/Northrup system is 

highly optimized for processing teflon film filters fromithe U.S. 

dichotomous sampler network. Sophisticated computer software performs 

functions such as peak deconvolution, background correction, blank 

correction and particle size correction for each element in a typically 

loaded dichotomous filter sample. Because of the large in-house 

sample demand, the EPA system could not be re-optimized for the purposes 

of the present study. Consequently, only those elements for which 

estimated accuracy met certain standards were reported by EPA. 

The XRF results that were reported, then, could be compared with 

confidence. NEA and EPA results did agree very closely, in most cases. 

Two additional factors influenced the results of the real 

particle analyses on Zefluor filters: 

1. Ghia Zefluor is a "thick" textured medium, therefore, 

non-planar surficial loadings resulted and 

2. Particle loadings (mass/unit area) on the Hi Vol-exposed 

Zefluor filters were heavier than typical dichotomous filter 

loadings, therefore, heavier than desirable or optimal. 
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The performance of the participating laboratories on the 

CSI standard filters indicated the relative reliability of the analytical 

methodology or combined analytical/sample work-up methodology, as 

appropriate, irrespective of the performance to be expected for real, 

airborne particles. This benchmarking was especially important for 

the prospective sub-contracting laboratory for the national survey 

(XRAL). 

It would have been advantageous to use the thin film filter, 

but there is still no reliable way to generate reproducible copies 

of standard filters or field-exposed filters on this medium for inter-

laboratory comparison purposes. 

The Zefluor "real" filters were exposed on a HiVol sampler. It 

is difficult to assess the effect on analytical results of the larger-

sized particles collected by Hi Vol as compared to a dichotomous sampler. 

4.7 Selection of Analytical Method for the Environment Canada 
National Survey ' 

The analytical parameters for this survey were to be arsenic, 

cadmium, chromium, lead, nitrate and sulphate. Only nitrate was not 

addressed by the comparative study. It had been generally accepted 

before the study that NOj and SO^ would be done by IC. The acceptable 

performance of IC for SO" was confirmed by the study. 
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For the elements, XRF produced superior results for chromium, 

and perhaps cadmium on "real" filters. AAS produced superior 

results for arsenic. The methods produced essentially the same results 

for lead. 

For this specific set of elements, based on the results of this 

study and on experience elsewhere, there appeared to be no strong 

reason for eliminating either XRF or DCP/FAA from consideration as the 

method of choice. 

It is apparent that for chromium and cadmium, the digestion 

method was inefficient at extracting the metals from the real airborne 

particles. This is clearly an area for more critical evaluation in 

the future. 

4.7.1 The Selected Sub-Contractor 

XRAL was chosen as the sub-contractor for analysis of As, Cd, 

Cr and Pb on exposed filters from the national survey to complement 

NOJ and SO^ analyses by IC (CSC). This was a compromise because of 

the apparent difficulty with the extraction method. XRF demonstrated 

a potential problem with As in the presence of Pb, and DCP demonstrated 

a problem with Cd and Cr because of its reliance on sample digestion. 

In addition, As was below the XRF detection limit on fairly heavily 

loaded real filters. There was no apparent problem with water-

extraction of sulphate or nitrate. 
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4.7.2 Accuracy, Precision and Detection Limit of the 
Selected Methods 

4.7.2.1 Arsenic 

XRAL's mean relative deviation from the accepted values on 

four CSI standard filters was -22%. Accuracy cannot be determined 

for the real particulate matter samples, but XRAL's FAA results agreed 

to within a factor of two with MOE's FAA results. Considering the 

low levels of As that are found in ambient particles, a factor of 

two (±) is a reasonable estimate of the overall accuracy of XRAL's 

method. 

XRAL's precision on three pairs of real filter aliquots is 

indicated by standard deviations of 0.0, 0.0 and 0.14 corresponding to 

CV's of 0%, 0% and 25% (mean 8%). Taking the worst case, rather than 

the mean, a precision of ±25% is a reasonable estimate of operational 

performance. 

s 
\ 

XRAL's detection limit was about 0.02 ug/filter, but the mean 

blank value for Zeflour was about 0.08 ng/filter. Assuming the 

about 20 m3 of air would be sampled by the dichotomous sampler, an 

amount corresponding to twice the blank value translates into a 

detection limit of about 8 ng/m3 for As. 
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4.7.2.2 Cadmium 

XRAL's mean relative deviation from accepted values on 

four standard filters was -14%. As noted in section 4.2;.2i the results 

for Cd on real filters was not consistent, and no conclusions about 

accuracy or precision on those filters are possible. 

The detection limit for Cd on Zeflour was 0.2 yg/fil ter and the 

mean blank value less than this amount, corresponding to a concentration 

of about 10 ng/m3, or 20 ng/m3 if a reasonable estimate of operational 

analytical limit at twice the stated detection limit is used. 

4.7.2.3 Chromium 

The mean relative deviation from accepted values achieved by 

XRAL on two standard filters for Cr was -13%. Accuracy on filter 

loaded with real airborne particles can be estimated only by comparison 

with the XRF results. XRAL's results were consistently a factor of 

two to three lower than NEA's or EPA's XRF results. A reasonable 

estimate of XRAL's accuracy, then, is 1/3 to 1/2 of the actual value 

for real particles. 

XRAL's precision on real filter samples is indicated by coefficients 

of variation on three pairs of filter aliquots: 0%, 5% and 10% (mean 5%). 
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Reasonable estimates of the actual concentrations of Cr in 

dichotomous filter samples could be made by multiplying XRAL's 

results by a factor of three, arbitrarily. 

XRAL's detection limit for Cr was about 0.02 yg/filter. 

Assuming a blank value for Zeflour of about twice this level (see 

results) and a quantitation limit of twice the blank value, the operational 

analytical limit would be about 4 ng/m3 for dichotomous filters. 

4.7.2.4 Lead 

XRAL's results for two standard filters had a mean relative 

deviation from accepted values of -0.1%. The only other measure of 

accuracy possible in this study, comparison with XRF results for real 

filters indicated that XRAL's results, typically, would be within 

about 7 to 9% of the actual value (assuming XRF to be the benchmark). 

The precision of XRAL's results on three pairs of real filter 

aliquots is indicated by CV's of 8%, 0% and 0% (mean 3%). 

XRAL's detection limit for lead was about 0.2 yg/filter and 

the Zefluor blank value appeared to be less than that amount (see 

results). Assuming quantitation at twice the detection limit, 

the operational analysis limit would be about 20 ng/m3. 
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4.7.2.5 Sulphate 

CSC's accuracy on a single pre-contract standard filter is 

represented by a relative deviation from the accepted value of -7%. 

Since the target analyte for real particles is water-solubl|e sulphate, 

accuracy on real filters should reflect performance on dried aqueous 

solution standard filters. CSC and MOE agreed to within about 4% 

on the real Zefluor filters (two different analytical methods). 

CSC's precision on three pairs of real filter aliquots is 

given by CV's of 6%, 0.9%, and 7% (mean 5%). 

The operational analytical limit for S0^ in CSC's hands 

was about 6 yg/filter or 0.3 yg/m3. 
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CONCLUSIONS/RECOMMENDATIONS 

5.1 Conclusions 

The comparative study successfully achieved its objectives of 

a) providing a quantitative assessment of and basis for selecting 

among some promising analytical techniques for airborne par-

ticulate matter and (b) identifying weaknesses and needs for 

future research in this area. 

The study supports the selection of XRAL's DCP/FAA analytical 

protocol for analysis of dichotomous sampler filter samples 

for As, Cd, Cr and Pb and of Concord Scientific's IC protocol 

for SO^ analysis (and for NOj by inference). 

It must be recognized, however, that the destructive analytical 

methodology is weak for chromium and cadmium because of its 

reliance on digestion of the particulate matter. Aqua regia 

leaching has been used for extraction of Hi Vol glass fibre 

filters prior to analysis. Its application to dichotomous 

sampler teflon filters may suffer because of the small amount 

of sample (leading to loss of appreciable portions of the total 

loading) and the hydrophobicity of the filter medium. 
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The standard MOE digestion mixture for suspended particulate 

matter on glass fibre (GF) Hi Vol filters is a 1:1:1 mixture 

of HF:HN03:H20 (MOE Method AMP-105, December 1979). The HF 

is present to dissolve the GF filter matrix, but it.may also 

be necessary to dissolve the glassy silicate matrix of some 

airborne particles (e.g. crustal minerals and fly ash). 

The study could have been more quantitative, hence, more con-

clusive, if the following had been available: 

a) reliable standards on a teflon film medium that would 

be compatible with both destructive and non-destructive 

analytical protocols; and 

b) a means of collecting ambient airborne particulate matter 

on a teflon film medium such that enough exact duplicate 

samples or aliquots could be collected to supply a reasonably 

extensive study. 

The performance of (energy-dispersive) XRF in this study recom-

mends it as a method whose development should be encouraged in 

Canada. 

There does not appear to be a single ideally-suited analytical 

protocol for the target parameters. Only lead and sulphate 

of those covered by the national survey and only manganese, 

zinc and perhaps calcium of the supplementary group could be 

considered to be quantitatively analysed by the means investigated. 
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XRF appears to have insufficient sensitivity for arsenic 

and cadmium at ambient levels, compared with the destructive 

methods. 
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2 Recommendations 

Additional research and development should be devoted to 

small format standard filter samples on a teflon medium 

(and other media). 

Depending upon the analytical method that is anticipated 

for future work on dichotomous sampler filters, filter 

media other than naked teflon film should be evaluated. 

More extensive research should be carried out on elements 

other than As, Cd, Cr and Pb, for which this study was not 

as complete as it might have been. 

Future studies of this type should allocate sufficient 

resources to support a larger number of samples per labo-

ratory, so that more sophisticated statistics could be 

employed to illuminate sources of variance. 

-3 

The U.S. National Bureau of Standards (NBS) Standard 

Reference Material (SRM) number 1648, Urban Particulate, 

could be used in future studies of extraction efficiency 

or comparisons of destructive and non-destructive methods. 

The digestion of a deposit on a teflon film is an important 

part of the comparison, however, and it would be difficult 

to resuspend SRM1648 on teflon filters and maintain its 

uniformity (and certified analysis). 
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SRM 1648 is certified for As, Cd, Cr, Cu, Fe, Pb, Ni, 

U arid Zn. 

6. Acid digestion mixtures and procedures other than aqua 

regia should be investigated if destructive analytical 

methods are to be pursued. As indicated in Conclusion (2), 

a mixture containing hydrofluoric acid should be compared 

with aqua regia, and/or a wetting agent such as ethanol 

should be tried. 
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Appendices - Explanatory Notes 

Al - Raw Data Listing . 

Results are sorted according to element, filter type/medium, 

laboratory and filter identification numbers. 

Key 

TYPE-MED = Type and medium 

Prefixes: 6 - = Zefluor "real" filter aliquot 

7 - = CSI synthetic standard 

8 - = MOE synthetic standard 

9 - = Blank filter 

Suffixes: - 541 = Whatman 541, 37 mm 

- 542 = Ghia Zefluor, 37 mm aliquot 

- 543 = Millipore HAWP, 37 mm 

LAB = Laboratory 

0 = NEA 

1 = EPA (Northrup Services) 

2 = XRAL 

3 = DOE 

4 = MOE 

5 = CSI (except = CSC for sulphate) 

' Concord Scientific Corporation 
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Results are expressed in micrograms of the element found per whole 
2 

filter (37 mm diameter or 10.75 cm ). 

A minus sign in the RESULT column indicates "less than" the stated quan-

tative (detection or quantitation limit, depending on the reporting lab). 

LABERROR is the laboratory's estimate of the uncertainty (±) of 

the stated result. 

A2 - Mean Values for Each Element 

TYPE-MED, LABandFILTER ID column headings have the same meaning 

as in appendix 1. 

N is the number of duplicate samples (aliquots) of a given filter 

for which results were reported (N is 1, 2 or 4). 

RESULT is the mean of all determinations reported by a lab for 

a given filter. 

STD-RES is the standard deviation of the mean RESULT. 

MIN-RES is the minimum result reported for a given filter. 

MAX-RES is the maximum result reported for a given filter. 

LABERROR is the mean of the estimated uncertainties of results used 

to compute the mean RESULT. 
' Concord Scientific Corporation 
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A3 - Analytical Determinations for Blanks 

These results are a subset of the raw data listing separately dis-

played for clarity. Column headings have the same meaning as in Appendix 1. 

' Concord Scientific Corporation 
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APPENDIX 1 - 1 

RAW DATA L I S T I N G 
S O R T E D BY E L E M E N T T Y P E _ M E D AND F I L T E R I D 

ELEMENT^ ALUMINUM 

TYPE.MED LAB F I L T E R I D RESULT LABERROR FILTERNQ 

6 - 5 4 2 0 00 1 106 42 5 . 3 7 0 001 
6 - 5 4 2 0 00 1 115 02 6 . 4 5 0 006 
6 - 5 4 2 0 00 1 109 65 5 . 3 7 0 052 
6 - 5 4 2 0 00 1 98 90 5 . 3 7 0 054 
6 - 5 4 2 0 0 0 3 101 05 5 . 3 7 0 037 
6 - 5 4 2 C CC 3 94 60 5 . 3 7 0 038 
6 - 5 4 2 0 003 93 52 5 . 3 7 0 048 
6 - 5 4 2 0 00 3 97 82 5 . 3 7 0 050 
6 - 5 4 2 0 006 103 20 5 . 4 0 0 012 
6 - 5 4 2 0 006 96 80 5 . 4 0 0 034 
6 - 5 4 2 0 0 0 6 105 35 5 . 4 0 0 045 
6 - 5 4 2 0 0 0 6 99 9 8 5 . 4 0 0 049 
6 - 5 4 2 2 006 60 00 0 . 3 0 0 005 
6 - 5 4 2 2 OC 6 60 00 3 . 0 0 0 009 
6 - 5 4 2 4 00 1 47 60 2 . 5 0 0 094 
6 - 5 4 2 4 00 1 67 30 2 . 5 0 0 095 
6 - 5 4 2 4 0 0 3 51 80 2 . 5 0 0 098 
6 - 5 4 2 4 003 48 80 2 . 5 0 0 099 
6 - 5 4 2 4 OC 6 40 00 2 . 5 0 0 096 
6 - 5 4 2 4 0 0 6 42 00 2 . 5 0 0 097 
7 - 5 4 1 2 003 20 00 1 . 2 0 0 057 
7 - 5 4 1 2 0 0 8 20 00 1 . 2 0 0 084 

' 7 - 5 4 1 2 01 3 20 00 1 . 2 0 0 068 
7 - 5 4 1 2 01 8 20 00 1 . 2 0 0 066 
7 - 5 4 1 4 OC S 1 20 0 . 125 106 
7 - 5 4 1 4 01 0 - 0 25 0 . 0 0 0 107 
7 - 5 4 I 4 01 5 1 60 0 . 125 1 08 
7 - 5 4 1 4 0 2 0 14 00 2 . 5 0 0 109 
7 - 5 4 1 5 00 1 0 00 0 . 0 0 0 
7 - 5 4 1 5 0 0 2 0 00 0 . 0 0 0 
7 - 5 4 1 5 OC 4 C CO 0 . 0 0 0 
7 - 5 4 1 5 0 0 5 0 00 0 . 0 0 0 
7 - 5 4 1 5 0 1 6 2 1 00 1 . 0 0 0 
7 - 5 4 1 5 01 7 21 00 1 . 0 0 0 
7 - 5 4 1 5 01 6 21 00 1 . 0 0 0 
7 - 5 4 1 5 01 9 21 00 1 . 0 0 0 
7 - 5 4 1 5 02 0 2 1 00 1 . 0 0 0 
8 - 5 4 3 4 SI - 0 25 0 . 0 0 0 090 
R —543 4 SI 0 32 0 . 1 2 5 104 
8 - 5 4 3 4 S2 ' - 0 25 0 . 0 0 0 S 105 
9 - 5 4 1 2 BLA 20 00 1 . 2 0 0 061 
9 - 5 4 2 0 BLA - 1 07 • 083 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 

LAB 5 = CSI Concord Scientific Corporation 



APPENDIX 1 - 2 

RAW DATA L I S T I N G 
SORTED DY ELEMENT T Y P E _ M E D AND F I L T E R I D 

ELEMENTS SILICON 

TYPE.MED LAB F I L T E R I D RESULT LABERROR F ILTE 

6 - 5 4 2 0 00 1 3 4 8 . 3 0 1 7 . 2 0 001 
6 - 5 4 2 0 00 I 3 8 7 . 0 0 1 9 . 3 0 006 
6 - 5 4 2 0 OC 1 3 6 9 . 8 0 1 8 . 3 0 052 
6 - 5 4 2 0 00 1 3 3 3 . 2 5 17 .20 054 
6 - 5 4 2 0 003 2 9 9 . 9 2 1 7 . 2 0 037 
6 - 5 4 2 0 00 3 2 8 1 . 6 5 17 .20 038 
6 - 5 4 2 0 003 2 7 6 . 2 7 1 7 . 2 0 048 
6 - 5 4 2 0 003 2 8 5 . 9 5 1 7 . 2 0 050 
6 - 5 4 2 0 CC6 3 1 3 . 9 0 1 6 . 1 2 012 
6 - 5 4 2 0 006 2 9 9 . 9 0 1 5 . 0 5 034 
6 - 5 4 2 0 006 3 1 9 . 2 8 1 6 . 1 2 045 
6 - 5 4 2 0 006 3 0 7 . 4 5 1 5 . 0 5 049 
6 - 5 4 2 2 006 2 0 0 . 0 0 1 0 . 0 0 005 
6 - 5 4 2 2 006 2 0 0 . 0 0 I 0 . 0 0 009 
7 - 5 4 1 2 003 1 4 0 . 0 0 7 . 0 0 057 
7 - 5 4 1 5 001 4 0 . 4 0 2 . 0 0 
7 - 5 4 1 5 002 4 0 * 4 0 2 . 0 0 
7 - 5 4 1 5 004 40 . 40 2 . 0 0 
7 - 5 4 1 5 005 4 0 . 4 0 2 . 0 0 
7 - 5 4 1 5 00 6 2C . 2 0 1 .00 
7 - 5 4 1 5 007 2 0 . 2 0 1 .00 
7 - 5 4 1 5 008 2 0 . 2 0 1 . 0 0 
7 - 5 4 1 5 OC 9 20 . 2 0 2 . 10 
7 - 5 4 1 5 01 0 2 0 . 2 0 2 . 1 0 
9 - 5 4 1 2 BL A 1 2 0 . 0 0 6 . 0 0 061 
9 - 5 4 2 0 BL A - 0 . 5 4 0 .00 033 

ELEMENT^ SULPHUR 
TYPE.MED LAb F I L T E R I D RESULT LABERRUR F ILTE 

6 - 5 4 2 0 OC 1 1 8 7 . 0 5 1 0 . 7 5 001 
6 - 5 4 2 0 00 1 1 9 6 . 7 2 1 0 . 7 5 006 
6 - 5 4 2 0 00 1 1 9 3 . 5 0 l 0 . 7 0 052 
6 - 5 4 2 0 00 1 1 8 8 . 1 2 1 0 . 7 5 054 
6 - 5 4 2 0 003 3 4 0 . 7 7 1 6 . 12 037 
6 - 5 4 2 0 00 3 3 1 4 . 9 7 1 6 . 1 2 038 
6 - 5 4 2 0 003 2 9 7 . 7 7 1 6 . 1 2 048 
6 - 5 4 2 0 00 3 3 1 4 . 9 7 1 6 . 1 2 . 050 
6 - 5 4 2 0 00 o 163 .40 8 . 6 0 012 
6 - 5 4 2 0 006 1 7 0 . 9 0 8 . 6 0 034 
6 - 5 4 2 0 006 1 6 8 . 7 8 8 . 6 0 5 045 
6 - 5 4 2 c 006 163.4C 8 . 6 0 049 
7 - 5 4 1 5 00 1 4 0 . 00 2 . 0 0 
7 - 5 4 1 5 002 4 0 . 0 0 2 . 0 0 
7 - 5 4 1 5 0 C 4 .40 . 00 2 . 0 0 
7 - 5 4 1 5 005 4 0 . 0 0 2 . 0 0 
7 - 5 4 1 5 006 2 0 . 0 0 1 . 00 
7 - 5 4 1 5 007 2 0 . 0 0 1 .00 
7 - 5 4 1 5 008 2 0 . 0 0 1 . 00 
7 - 5 4 1 5 00 9 20 «OC 1 .CO 
7 - 5 4 1 5 01 0 2 0 . 0 0 1 .0 
7 - 5 4 1 5 01 1 37 . 5 0 1 . 9 
7 - 5 4 1 5 012 3 7 . 5 0 1 . 9 
7 - 5 4 1 5 013 3 7 . 5 0 1 . 9 
7 - 5 4 1 5 01 4 3 7 . 5 0 1 . 9 
7 - 5 4 1 5 01 S 3 7 . 50 1 . 9 
7 - 5 4 1 5 01 6 1 5 0 . 0 0 7 . 5 
7 - 5 4 1 5 01 7 1 5 0 . 0 0 7 . 5 
7 - 5 4 1 5 018 1 5 0 . 0 0 7 . 5 
7 - 5 4 1 5 01 9 150 . 0 0 7 . 5 
7 - 5 4 1 5 02 0 1 5 0 . 0 0 7 . 5 
9 - 5 4 2 C BL A - 2 . 1 5 C.O 083 

LAB 0 55 NEA 
LAB 1 s EPA 

Concord Sciei LAB 2 s XRAL H ) 
Concord Sciei 

LAB 4- s MOE 
LAS § s eg! 



APPENDIX 1 - 3 

ELEMCNT= CHLORINE-

TYPE.MED LAB F I L T E 

6 - 5 4 2 Û 00 1 
6 - 5 4 2 C o : i 
6 - 5 4 2 0 001 
6 - 5 4 2 0 00 1 
6 - 5 4 2 0 003 
6 - 5 4 2 0 003 
6 - 5 4 2 0 OC 3 
6 - 5 4 2 0 003 
6 - 5 4 2 0 006 
6 - 5 4 2 0 006 
6 - 5 4 2 0 006 
6 - 5 4 2 0 006 
6 - 5 4 2 4 OC 1 
6 - 5 4 2 4 00 1 
6 - 5 4 2 4 003 
6 - 5 4 2 4 003 
6 - 5 4 2 4 006 
6 - 5 4 2 4 OC 6 
7 - 5 4 1 0 00 1 
7 - 5 4 1 0 006 
7 - 5 4 1 c 01 1 
7 - 5 4 1 0 016 
7 - 5 4 1 4 005 
7 - 5 4 1 4 010 
7 - 5 4 1 4 01 5 
7 - 5 4 1 4 020 
7 - 5 4 1 5 OC 1 
7 - 5 4 1 5 002 
7 - 5 4 1 5 004 
7 - 5 4 1 5 005 
7 - 5 4 1 5 006 
7 - 5 4 1 5 OC 7 
7 - 5 4 1 5 008 
7 - 5 4 1 5 009 

7 - 5 4 1 5 010 
7 - 5 4 1 5 CI 1 
7 - 5 4 1 5 01 2 
7 - 5 4 1 5 01 3 
7 - 5 4 1 5 01 4 
7 - 5 4 1 5 01 5 
7 - 5 4 1 5 016 
7 - 5 4 1 5 01 7 
7 - 5 4 1 5 01 8 
7 - 5 4 1 5 01 9 
7-54.1 5 020 
9 - 5 4 1 0 BLA 
9 - 5 4 2 0 6LA 
9 - 5 4 2 4 OLA 

RESULT LABERROR FILTERNO 

16 12 1 . 0 7 001 
18 27 1 . 0 7 006 
19 35 1 . 0 7 052 
17 20 1 . 07 054 
37 62 1 .61 037 
27 95 1 .61 038 
31 17 1 .61 048 
36 55 1 .61 050 
59 10 3 . 2 0 • 012 
60 20 3 . 2 0 034 
61 28 3 .20 045 
58 05 3 . 2 0 049 
33 00 0 . 60 094 
31 00 0 . 6 0 095 
53 00 0 . 6 0 098 
45 00 0 . 6 0 099 
80 00 0 . 6 0 096 

, 90 00. 0 . 6 0 097 
18 28 ( 3 . 2 2 082 

( 22 58 , ( 3 . 2 2 063 
124 70' (l 8 . 2 7 059 
328 95 ( 4 8 . 3 7 070 

5 00 0 . 6 0 106 
10 50 0 .60 107 

208 00 0 . 6 0 108 
404 00 0 . 6 0 109 

10 50 0 . 5 0 
1 0 50 0 . 5 0 
1 0 50 0 .50 
10 50 0 . 5 0 

4 20 0 . 2 0 
4 20 0 . 2 0 
4 20 0 . 2 0 
4 20 0 . 2 0 

4 . 20 0 . 2 0 
« • . . « 
« . . • • . • . S • 

( S . ' 60 ) 

. . 
( 2 . 15 ) 064 

- 1 . 18 0 . 0 0 083 
- 1 . 00 0 . 0 0 103 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 = CSI Concord Scientific Corporation 



APPENDIX 1 - 4 

TYPE_MED LAB F I L T E R I D RESULT LABERROR 

6 - 5 4 2 0 00 1 4 0 . 8 5 2 . 1 5 
6 - 5 4 2 0 00 1 4 6 . 2 2 2 . 15 
6 - 5 4 2 0 00 1 4 5 . 1 5 2 . 1 5 
6 - 5 4 2 0 0 0 1 4 3 . 0 0 2 . 1 5 
6 - 5 4 2 0 0 0 3 3 2 . 2 5 2 . 1 5 
6 - 5 4 2 0 00 3 3 2 . 2 5 2 . 1 5 
6 - 5 4 2 0 0 0 3 3 2 . 2 5 2 . 1 5 
6 - 5 4 2 0 0 0 3 3 3 . 3 2 2 . 1 5 
6 - 5 4 2 0 • 0 0 6 7 2 . 0 0 4 . 3 0 
6 - 5 4 2 0 0 0 6 7 3 . 10 4 . 3 0 
6 - 5 4 2 0 0 0 6 7 4 . 1 8 4 . 3 0 
6 - 5 4 2 0 0 0 6 7 0 . 9 5 • 
7 - 5 4 1 0 0 0 1 29. 02 4 .3 
7 - 5 4 1 0 OC 6 6 4 . 5 0 1 0 . 7 0 
7 - 5 4 1 0 01 1 - 0 . 4 0 0 . 0 0 
7 - 5 4 1 0 0 1 6 1 . 07 0 . 22 
7 - 5 4 1 5 00 1 « . 
7 - 5 4 1 5 0 0 2 . 
7 - 5 4 1 5 0 0 4 . 
7 - 5 4 1 5 C 0 5 . . 
7 - 5 4 1 5 0 0 6 . 
7 - 5 4 1 5 0 0 7 . . 
7 - 5 4 1 5 OC 8 . 
7 - 5 4 1 5 0 0 9 • . 
7 - 5 4 1 5 01 0 
9 - 5 4 1 0 BL A ( - 0 . 4 0 ) (O,.OO) 
9 - 5 4 2 0 BLA - 0 . 2 1 0 . 0 0 

ELEMENTS POTASSIUM 
F I L T E RNO 

001 
006 
052 
054 
037 
0 3 8 
0 4 8 
0 5 0 
012 
0 3 4 
0 4 5 
0 4 9 
082 
0 6 3 
0 5 9 
0 7 0 

064 
083 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 = CSI Concord Scientific Corporation 
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SCRTFD DY 
R AW DATA LISTING 

ELEMENT TYPE_MED AND FILTERID 

ELEMENT= CALCIUM' 

TYPE.MED 

6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 ' 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
8 - 5 4 3 
3 — 543 
8 - 5 4 3 
9 - 5 4 1 
9 - 5 4 2 
9 - 5 4 2 
9 - 5 4 3 

LAB 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4 
4 
4 
4 
4 
4 
0 
0 
0 
0 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
0 
0 
1 
1 

F I L T E R I D 

00 1 
OC 1 
CD I 
00 1 
00 3 
003 
003 
00 3 
006 
006 
OC 6 
006 
00 1 
00 1 
003 
003 
006 
006 
OC 1 
00 1 
003 
OC 3 
006 
006 
00 1 
006 
01 1 
016 
005 
010 
01 5 
0 2 0 
01 1 
01 2 
01 3 
01 4 
01 5 
01 6 
01 7 
01 8 
01 9 
020 
SI 
51 
52 
BLA 
BLA 
BLA 
BLA 

RESULT 

3 1 4 . 9 7 0 
3 6 0 . 1 2 0 
3 6 4 . 4 2 0 
3 3 9 . 7 0 0 
4 5 1 . 5 0 0 
3 7 9 . 4 7 0 
3 7 6 . 2 5 0 
4 1 8 . 1 7 0 
3 9 7 . 8 0 0 
3 6 7 . 0 0 0 
4 0 7 . 4 3 0 
3 9 5 . 6 0 0 
3 1 0 . 5 1 6 
321 .902 
3 9 7 . 4 8 8 
3 2 6 . 5 7 6 
3 4 0 . 4 6 3 
3 5 8 . 0 4 6 
3 7 0 . 0 0 0 
3 6 5 . 0 0 0 
3 9 0 . 0 0 0 
4 4 5 . 0 0 0 
2 7 5 . 0 0 0 
2 7 5 . 0 0 0 

( 1 . 7 2 0 
12 .900 

, ( 6 . 2 4 0 , 
( 5 6 . 9 7 0 

3 . 000 
- 0 . 5 C 0 

0 . 5 0 0 
2 0 . 0 0 0 

5 .000 
5 . 0 0 0 
5 . 0 0 0 
5 . 0 0 0 
5 . 0 0 0 

5 0 . 4 0 0 
5 0 . 4 0 0 
5 0 . 4 0 0 
5 C . 4 0 0 
5 0 . 4 0 0 
- 0 . 5 0 0 
- 0 . 5 0 0 

. - 0 . 5 0 0 , 
( - 0 . 0 4 0 ) 

0 .640 
- 0 . 2 8 4 

3 . 100 

LABERROR 

16.120 
1 8 . 2 7 0 
18 .270 
16.120 
1 8 . 1 2 0 
1 8 . 2 5 0 
1 8 . 2 5 0 
1 8 . 2 5 0 
2 0 . 4 0 0 
1 9 . 3 0 0 
2 0 . 4 0 0 
1 9 . 3 0 0 
1 5 . 9 0 6 
1 6 . 4 8 7 
2 0 . 3 4 0 
1 6 . 7 2 5 
1 7 . 4 3 4 
1 8 . 3 3 0 

0 . 3 0 0 
0 . 3 0 0 
0 . 3 0 0 
0 . 3 0 0 
0 . 3 0 0 
0 . 3 0 0 
2.0 0 0 
0 . 4 3 0 
0 . 7 5 0 
6 . 0 0 0 
0 . 3 0 0 
O.OCC 
0 . 3 0 0 
0 . 3 0 0 
0.200 
0 . 2 0 0 
0.200 
0 . 2 0 0 
0.200 
2 . 5 0 0 
2 . 5 0 0 
2 . 5 0 0 
2 . 5 0 0 
2 . 5 0 0 
0 . 3 0 0 
0.000 
,0.0 0 0. 
(o .ooo) 
0.110 
0 . 0 0 0 
0 . 2 9 9 

FILTERNO 

00 1 
006 
052 
054 
037 
038 
04 8 
050 
012 
034 
045 
049 
041 
05 3 
020 
023 
025 
04 7 
094 
095 
098 
099 
096 
097 
082 
0o3 
059 
070 
106 
107 
108 
109 

090 
1C4 
105 
064 
003 
075 
104 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL _ „ . „ ^ ^ 
LAB 4 = MOE Concord Scientific Corporation 
LAB 5 = CSI 



APPENDIX 1 - 6 

HAW DATA LISTING 
SORT fcD BY ELEMENT TYPE.MED AND FILTERID 

ELEMENT= TITANIUM 

T Y P E . M E D 

6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
9 — 5 4 3 
8 - 5 4 3 
8 - 5 4 3 
9 - 5 4 1 
9 - 5 4 2 
9 - 5 4 2 
9 - 5 4 2 
9 - 5 4 3 

LAB 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4 
4 
4 
4 
4 
4 
4 
0 
0 
0 
c 
4 
4 
4 
4 
5 
5 
5 
5 
5 
4 
4 
4 
0 
0 
1 
4 
1 

F 1 L T E R I D 

03 1 
00 1 
00 1 
00 1 
0 0 3 
0 0 3 
00 3 
0 0 3 
0 0 6 
0 0 6 
006 
006 
0 0 1 
0 0 1 
OC 3 
0 0 3 
0 0 6 
00 6 
00 1 
00 1 
001 
0 0 3 
00 3 
006 
00t> 
CC 1 
006 
0 1 1 
01 6 
0 0 5 
01 0 
01 5 
02 0 

RESULT 

01 
01 
01 
0 1 
01 
SI 
51 
52 
BL A 
BLA 
BLA 
BLA 
BLA 

9 . 10. 1 0. 
10. 
13. 
11. 
1 1 . 
12 . 
10. 
10. 10. 
10. 
9 . 8. 
9 . 8. 
6. 
6. 
0. 
0. 
2. 
2 . 
2 . 
0 . 

i s : 
O. 
O . 3. 
0 . 
4 . 
4 . 
4 . 
4 . 
4 . 

-0. 
- 0 . 
- 0 . 

( - 0 . 
- 0 . 
-0. 
- 0 . 

0 . 

8 9 0 
660 
860 
5 3 0 
7 6 0 
9 3 0 
180 
4 70 
5 0 0 
3 0 0 
6 4 0 
3 2 0 
1 8 1 
862 
0 3 5 
4 6 1 
2 9 7 
812 
5 0 0 
5 0 0 
2 0 0 
8 0 0 
2 0 0 
7 0 0 
0 0 0 
ICO 
1 00 
0 2 0 
5 0 0 
1 0 0 
100 
000 
4 5 0 
3 0 0 
3 0 0 
3 0 0 
3 0 0 
3 0 0 
1 0 0 
100 
1 00 4 
1 00 ) 
110 
168 
100 
158 

LABERROR 

0 . 5 4 0 
0 . 5 4 0 
0 . 5 4 0 
3 . 5 4 0 
0 . 5 4 0 
0 . 5 4 0 
0 . 5 4 0 
0 . 5 4 0 
0 . 5 0 0 
0 . 5 0 0 
0 . 5 4 0 
0 . 5 4 0 
0 . 5 6 5 
0 . 5 4 9 
0 . 5 7 0 
0 . 5 3 8 
0 . 4 5 2 
0 . 4 7 3 
0 . 0 5 0 
0 . 0 5 0 
0 . 0 5 0 
0 . 0 5 0 
0 . 0 5 C 
0 . 0 5 0 
0 . 0 5 0 
0 .000 
0.000 
0 . 5 4 0 
0 . 0 7 0 
0 . 0 5 0 
0 . 0 5 0 
0 . 0 5 0 
0 . 0 5 0 
0 . 2 0 0 ' 
0 . 2 0 0 
0 . 2 0 0 
0 .200 
0 . 2 0 0 
0.000 
0 .000 

,0.000 t 
(0.000) 
0 .000 
0. 000 
0.000 
0 .126 

F I L T E R N O 

001 
0 0 6 
052 
054 
037 
0 3 8 
0 4 8 
0 5 0 
012 
0 3 4 
0 4 5 
049 
041 
0 5 3 
020 
0 2 3 
0 2 5 
0 4 7 
0 9 4 
0 9 4 
0 9 5 
0 9 8 
0 9 9 
0 9 6 
0 9 7 
082 
0 6 3 
0 5 9 
0 7 0 
106 
1 0 7 
108 
1 0 9 

0 9 0 
1 0 4 
1 0 5 
0 6 4 
0 8 3 
0 7 5 
1 0 3 
1 0 4 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 = CSI Concord Scientific Corporation 
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HAW DATA LISTING 
SORT fcD BY ELEMENT TYPE.MED AND FILTERID 

ELEMENT= VANADIUM 

ÎYPÊ^Mte L A S F I L Î E R I D R E S U L T LABERROR F I L T E 

6 - 5 4 2 0 0 3 1 1 . 2 9 0 . 1 1 • 0 0 1 
6 - 5 4 2 0 0 0 1 1 . 1 8 0 . 1 1 0 0 6 

. 6 - 5 4 2 0 OC 1 1 . 1 8 0 . 1 1 0 5 2 
6 - 5 4 2 0 0 0 1 1 • 18 0 . 1 1 0 5 4 
6 - 5 4 2 0 0 0 3 2 . 5 8 0 . 16 0 3 7 
6 - 5 4 2 0 OC 3 1 . 9 3 0 . 1 6 0 3 8 
6 - 5 4 2 0 0 0 3 2 . 1 5 0 . 1 6 0 4 8 
6 - 5 4 2 0 0 0 3 2 . 3 6 0 . 1 6 0 5 0 
6 - 5 4 2 0 0 0 6 2 . 1 5 0 . 1 1 0 1 2 
6 - 5 4 2 0 0 0 6 1 . 9 4 0 . 1 1 0 3 4 
6 - 5 4 2 0 0 0 6 2 . 0 4 0 . 1 1 0 4 5 
6 - 5 4 2 0 0 0 6 2 . 0 4 0 . 1 1 0 4 9 
7 - 5 4 1 0 0 0 1 - 0 . 0 8 0 . 0 0 0 8 2 
7 - 5 4 1 c 0 3 6 - 0 . 0 8 0 . 0 0 0 6 3 
7 - 5 4 1 0 0 1 1 - 0 . 0 8 0 . 0 0 0 5 9 
7 - 5 4 1 0 0 1 6 0 . 1 7 0 . 0 5 0 7 0 
9 - 5 4 1 c BLA - 0 . 0 8 0 . 0 0 064 
9 - 5 4 2 ' 0 BLA - 0 . 0 9 0 . 0 0 0 8 3 

ELEMENTS CHROMIUM 

T Y P E . M E D LAB F I L T E R I D R E S U L T LABERROR F I L T E R N O 

6 - 5 4 2 0 0 0 1 2 . 0 4 0 0 1 1 0 0 0 0 1 
6 - 5 4 2 Û 0 0 1 2 . 3 6 0 0 1 1 0 0 0 0 6 
6*>5 42 0 0 3 1 2 . I 50 0 1 1 0 0 0 5 2 
6 - 5 > 4 2 0 OC 1 2 . 2 6 0 0 1 1 0 0 0 5 4 
6 - 5 > 4 2 0 0 0 3 4 * 4 1 0 0 1 6 0 0 0 3 7 
6 - 5 4 2 0 0 0 3 3 . 9 8 0 0 1 6 0 0 0 3 8 
6 - 5 4 2 0 003 3 . 4 4 0 0 1 6 0 0 0 4 8 
6 - 5 4 2 " c 0 0 3 3 . 7 6 0 0 1 6 0 C 05C-
6 - 5 4 2 6 0 0 6 5 . 1 0 0 0 2 1 0 0 0 1 2 
6 - 5 4 2 0 0 0 6 4 . 8 4 0 0 2 1 0 0 0 3 4 
6-542 c CD6 4 . 9 5 0 0 2 1 0 0 0 4 5 
6 - 5 4 2 0 0 0 6 5 . 2 7 0 0 3 2 0 0 0 4 9 
6 - 3 4 2 1 0 0 1 1 . 3 0 6 0 148 0 . 0 4 1 
6 - 5 4 2 1 0 0 1 I . 5 9 2 0 1 5 8 0 0 5 3 
6 - 5 4 2 1 0 0 3 2 . 1 4 8 0 1 9 6 0 0 2 0 
6 - 5 4 2 1 0 0 3 1 . 6 6 4 0 1 7 2 0 0 2 3 
6 - 5 4 2 1 0 0 6 2 . 3 8 2 0 2 2 2 0 0 2 5 
6 - 5 4 2 1 0 0 6 3 . 1 2 1 0 2 3 6 0 0 4 7 
6 - 5 4 2 2 00 1 C . 6 0 0 0 0 2 0 C 0 0 2 
6 - 5 4 2 2 0 0 1 0 . 6 0 0 0 0 2 0 0 0 5 1 
6 - 5 4 2 2 0 0 3 1 . 4 0 0 0 0 3 0 0 0 1 8 
6 - 5 4 2 2 OC 3 1 . 3 0 0 0 0 3 0 0 0 2 9 
6 - 5 4 2 2 0 0 6 1 . 3 0 0 0 0 3 0 0 0 0 5 
6 - 5 4 2 2 0 0 6 1 . 5 0 0 0 0 3 0 0 0 0 9 
6 - 5 4 2 - 4 OC 1 0 . 3 0 0 0 0 1 3 0 0 9 4 
6 - 5 4 2 4 0 0 1 0 . 8 0 0 0 0 1 3 0 0 9 5 
6 - S 4 2 4 0 0 3 2 . 1 0 0 3 0 1 3 0 0 9 8 
6 = 5 4 2 4 0 0 3 2 . 8 0 0 0 0 1 3 0 0 9 9 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
lm 4 = MOE 
LAB 5 = CSI 
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APPENDIX 1 - 8 

HAW DATA LISTING 
SORT fcD BY ELEMENT TYPE.MED AND FILTERID 

ELEMENT= CHROMIUM CONTINUED-

T Y P E . M E D LAB F I L T E R I D R E S U L T LAFAERROR F I L T E R N O 

6 - 5 4 2 4 OC 6 0 . 4 4 C 0 . 0 1 3 0 0 9 6 
6 - 5 4 2 4 0 0 6 0 . S 1 0 0 . 0 1 3 3 0 9 7 
7 - 5 4 1 0 OC 1 - 0 . 0 6 0 0 . 0 0 0 0 0 0 4 
7 - 5 4 1 0 0 0 1 - 0 . 0 8 0 0 . 0 0 0 0 0 8 2 
7 - 5 4 1 0 0 0 5 - 0 . 0 6 0 0 . 0 0 0 0 0 3 2 
7 - 5 4 1 0 ÛOÛ - Û . 0 8 0 0 . 0 0 0 0 0 6 3 
7 - 5 4 1 0 0 0 9 1 4 . 3 0 0 1 . 2 9 0 0 0 3 9 
7 - 5 4 1 0 0 1 1 - 0 . 0 8 0 0 . 0 0 0 0 0 5 9 
7 - 5 4 1 0 0 I 3 3 8 . 3 60 3 . 3 3 C C 0 3 0 
7 - 5 4 1 0 01 6 0 . 3 6 0 0 . 0 5 0 0 0 7 0 
7 - 5 4 1 2 0 0 3 0 . 0 6 0 0 . 0 0 2 0 0 1 7 
7 - 5 4 1 2 OC 3 - 0 . 0 2 0 0 . 0 0 0 0 0 5 7 
7 - 5 4 1 2 0 0 7 - 0 . 0 2 0 0 . 0 0 0 0 0 1 0 
7 - 5 4 1 2 0 0 8 - 0 . 0 2 0 0 . 0 0 0 0 0 8 4 
7 - 5 4 1 2 0 1 1 1 3 . 0 0 0 0 . 1 9 0 0 0 2 7 
7 - 5 4 1 2 01 3 0 . 6 0 0 0 . 0 2 0 0 0 6 8 
7 - 5 4 1 2 01 5 3 4 . 0 0 0 3 . 3 3 0 0 0 1 6 
7 - 5 4 1 2 01 8 0 . 1 8 0 0 . 0 0 5 0 0 6 6 
7 - 5 4 1 4 0 0 5 2 . 0 0 0 0 . 0 1 3 0 1 0 6 
7 - 5 4 1 4 0 1 0 - 0 . 0 2 5 0 . 0 0 0 0 1 0 7 
7 - 5 4 1 4 01 5 0 . 0 7 5 0 . 0 1 3 0 1 0 8 
7 - 5 4 1 4 . 0 2 0 - 0 . 0 2 5 0 . 0 0 0 0 1 0 9 
7 - 5 4 1 5 0 0 1 0 . 0 0 0 0 . 0 0 0 0 
7 - 5 4 1 5 0 0 2 0 . 0 0 0 0 . 0 0 0 0 
7 - 5 4 1 5 0 0 3 O . C C C o.ooco 
7 - 5 4 1 5 0 0 4 0.000 0 . 0 0 0 0 
7 - 5 4 1 5 0 0 5 0 . 0 0 0 0 . 0 0 0 0 
7 - 5 4 1 5 0 0 6 o.oco 0.0000 
7 - 5 4 1 5 0 0 7 0 . 0 0 0 0 . 0 0 0 0 
7 - 5 4 1 5 0 0 8 0. 0 0 0 0 . 0 0 0 0 
7 - 5 4 1 5 0 0 9 1 5 . 2 5 0 0 . 7 6 0 0 
7 - 5 4 1 5 0 1 0 1 5 . 2 5 0 0 . 7 6 0 0 
7 - 5 4 1 5 0 1 1 1 5 . 2 5 0 0 . 7 6 0 0 
7 - 5 4 1 5 0 1 2 1 5 . 2 5 0 0 . 7 6 0 0 
7 - 5 4 1 5 01 3 3 8 . 1 3 0 1 . 9 1 0 0 
7 - 5 4 1 5 0 1 4 3 8 . 1 3 0 1 . 9 1 0 0 
7 - 5 4 1 5 0 1 5 3 8 . 1 3 0 1 . 9 1 0 0 
7 - 5 4 1 5 0 1 6 3 8 . 1 3 0 1 . 9 1 0 0 
8 - 5 4 3 2 S I 1 . 0 0 0 0 . 0 5 0 C 0 7 7 
8 - 5 4 3 2 S I 0 . 8 0 0 0 . 0 5 0 0 0 8 6 
8 - 5 4 3 2 S2 2 . 4 0 0 0 . 0 5 0 0 I 0 5 8 
8 - 5 4 3 2 S2 2 . 4 C 0 0 . 0 5 0 0 0 7 8 
8 - 5 4 3 4 S I 0 . 5 9 0 0 . 0 1 3 0 0 9 0 
9 - 5 4 3 4 S I 0 . 5 8 0 0 . 0 1 3 0 104. 
8 - 5 4 3 4 S I 0 . 4 0 0 • 
8 - 5 4 3 4 S2 1 . 4 9 0 0 . 0 1 3 0 1 0 5 
8 - 5 4 3 4 S2 2 . 0 0 0 . 
9 - 5 4 1 0 BLA - 0 . 0 8 0 0 . 0 0 0 0 0 6 4 
9 - 5 4 1 0 01 7 - 0 . 0 6 0 0 . 0 0 0 0 0 3 1 
9 - 5 4 1 2 BL A - 0 . 0 2 0 0 . O C O O 0 6 1 
9 - 5 4 1 2 01 9 - 0 . 0 2 0 0 . 0 0 0 0 0 0 7 
9 - 5 4 2 0 BLA - 0 . 0 60_.. 0 . 0 0 0 0 0 8 3 
9 - 5 4 2 1 BLA - 0 . 0 8 0 0 . 0 0 0 0 7 5 
9 - 5 4 2 2 BLA 0 . 1 6 0 . 0 7 1 
9 - 5 4 2 4 BLA - 0 . 1 0 0 0 . 0 0 0 1 0 3 
9 - 5 4 3 1 BLA 0 . 1 1 5 0 . 0 6 2 1 0 4 
9 - 5 4 3 2 BLA 0 . 4 0 0 0 . 0 5 0 0 8 8 
9 - 5 4 3 4 QLA - 0 . 1 0 0 0 . 0 0 0 0 9 1 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 = CSI 
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APPENDIX 1 - 9 

ELEMENT= MANGANESE 

TYPE.MEO 

6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 I 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
8 - 5 4 3 
8 - 5 4 3 
9—543 
8 - 5 4 3 
8 - 5 4 3 
8 - 5 4 3 
8 - 5 4 3 
9 - 5 4 1 
9 - 5 4 1 
9 - 5 4 1 
9 - 5 4 2 
9 - 5 4 2 
9 - 5 4 2 
9 - 5 4 2 
9 - 5 4 3 
9 - 5 4 3 

LAB 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 
0 
0 
C 
0 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
2 
2 
2 
2 
4 
4 
4 
0 
2 
2 
0 
1 
2 
4 
1 
2 

LAB 0 
LAB 1 
LAB 2 
LAB 4 
LAB 5 

FILTER ID 

00 1 
00 1 
00 1 
00 1 
00 3 
o : 3 
00 3 
003 
0 0 6 
006 
00 6 
006 
00 1 
03 1 
003 
003 
00 6 
006 
00 1 
00 1 
003 
C 03 
0 0 6 
0C6 
03 1 
00 1 
00 3 
0 0 3 
006 
006 
00 1 
006 
01 1 
01 6 
00 3 
OC 3 
007 
003 
01 1 
01 3 
01 5 
018 
005 
01 0 
01 5 
02 0 
01 1 
01 2 
01 3 
01 4 
015 
016 
0 1 7 
01 8 
019 
0 2 0 
SI 
51 
52 
S2 
SI 
51 
52 
BLA 
BLA 
01 9 
t»L A 
BLA 
BLA 
BLA 
BLA 
BLA 

RESULT 

11.820 
1 4 . 1 9 0 
1 4 . 0 8 0 
1 4 . 3 0 0 
3 0 . 1 00 
2 4 . 7 2 0 
2 3 . 6 5 0 
2 5 . 8 0 0 
4 3 . 0 0 0 
4 1 . 9 0 0 
45.150 
4 1 . 9 3 0 
1 3 . 1 9 9 
1 2 . 4 6 5 
2 5 . 6 5 1 
2 0 . 6 6 4 
3 6 . 4 2 5 
3 9 . 0 4 5 
1 5 . 0 0 0 
1 3 . 0 0 0 
2 7 . 0 0 0 
2 7 . 0 0 0 
41 . 0 0 0 
4 3 . 0 0 0 
13 .200 
1 3 . 2 0 0 
2 6 . 5 0 0 
2 1 . 5 0 0 
2 9 . 0 0 0 
26 .0CC 

-8'M" 
4 . 5 2 0 

4 0 . 8 5 0 
0.060 
0. 1 80 
0. 1 00 

- 0 . 0 4 0 
0.200 
4 . 2 0 0 0. 100 

3 9 . 0 0 0 
0.120 

- 0 . 0 5 0 
2 . 3 0 0 

3 3 . 0 0 0 
4 . 2 0 0 
4 . 2 0 0 
4 . 2 0 0 
4 . 2 0 0 
4 . 2 0 0 

4 1 . 5 0 0 
4 1 . 5 0 0 
4 1 . 5 0 0 
4 1 . 5 0 0 
4 1 . 5 0 0 

C .C40 
0.080 
0. 1 00 
0 . 1 0 0 

- 0 . 0 5 0 
- 0 . 0 5 0 
- 0 . 0 5 0 
- 0 . 0 9 0 
- 0 . 0 4 0 

0. 1 00 
0 . C 9 0 

- 0 . 0 7 0 
- 0 . 0 4 0 
-0.100 
- 0 . 0 4 8 

0 . 0 8 0 

LABERROR 

0 . 6 4 0 
0 . 7 5 0 
0 • 750 
0 . 7 5 0 
1 .000 
1 .000 
1 .000 
1 .000 
2 . 1 5 0 
2 . 150 
2 . 150 
2 . 150 
0 . 7 0 3 
0 .666 
1 . 3 3 7 
1 . 0 8 3 
1 . 884 
2 . 018 
0 . 050 
0 . 050 
0 . 2 7 0 
0 .270 
0 . 4 1 0 
0 . 4 3 0 
0 . 5 0 0 
0 . 5 0 0 
0 . 5 0 0 
0 .500 
0 . 5 0 0 
0 . 5 0 0 

8:888 
0 . 0 4 C 
3 . 2 2 0 
0 . 0 0 5 
0 . 0 1 0 
0 .010 
0 . 0 0 0 
0.020 
0 . 3 0 0 
0.010 
0 . 3 9 0 
0 . 0 2 5 
0 . 0 0 0 
0 . 0 2 5 
0 . 5 0 0 
0 . 2 0 0 
0 A 2 0 0 
0 . 2 0 0 
0 . 2 0 0 
0.200 
2.000 
2 . 0 0 0 
2 . 0 C C 
2 . 0 0 0 
2 . 0 0 0 
0 . 0 0 3 
0 . 0 0 6 
0 . 0 0 8 
0 . 0 0 8 
0 . 0 0 0 
o.oco 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 8 
0 . 0 5 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0 . 0 0 0 
0.006 

FILTERNQ 

001 
006 
052 
054 
037 
038 
048 
050 
012 
034 
045 
049 
041 
053 

! 0 2 0 
023 
025 
047 
002 
051 
018 
029 
005 
009 
094 
095 
098 
099 
096 
097 
082 
063 
059 
070 
017 
057 
010 
084 
027 
068 
016 
066 
106 
107 
1 08 
109 

077 
086 
058 
078 
090 
104 
105 
064 
061 
007 
083 
075 
071 
103 
104 
088 

NEA 
EPA 
XRAL 
MOE 
CSI 
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APPENDIX 1 - 10 

ELEMENTS IRON -

TYPE_MED LAB F I L T E R I D RESULT 

6 - 5 4 2 0 00 1 219 300 
6 - 5 4 2 0 03 1 256 900 
6 - 5 4 2 0 00 1 267 670 
6 - 5 4 2 0 00 1 247 250 
6 - 5 4 2 0 03 3 610 600 
6 - 5 4 2 0 003 518 150 
6 - 5 4 2 0 003 505 250 
6 - 5 4 2 c 00 3 553 620 
6 - 5 4 2 0 006 632 100 
6 - 5 4 2 0 006 615 900 
6 - 5 4 2 0 006 652 530 
6 - 5 4 2 0 006 62 0 280 
6 - 5 4 2 1 00 1 214 742 
6 - 5 4 2 1 001 233 030 

6 - 5 4 2 1 003 488 945 
6 - 5 4 2 1 003 409 426 
6 - 5 4 2 1 006 504 506 
6 - 5 4 2 1 006 531 190 
6 - 5 4 2 4 00 1 62 600 
6 - 5 4 2 4 00 1 188 000 
6 - 5 4 2 4 033 481 000 
6 - 5 4 2 4 003 390 000 
6 - 5 4 2 4 0 C 6 105 000 
6 - 5 4 2 4 006 154 000 
7 - 5 4 1 0 03 1 - 0 090 
7 - 5 4 1 0 006 - 0 090 
7 - 5 4 1 0 01 1 5 910 
7 - 5 4 1 0 016 53 750 
7 - 5 4 1 002 0 224 
7 - 5 4 1 1 002 0 232 
7 - 5 4 1 1 006 0 20 9 
7 - 5 4 1 1 007 0 251 
7 - 5 4 1 1 01 2 7 799 
7 - 5 4 1 1 01 4 - C 065 
7 - 5 4 1 1 01 7 43 733 
7 - 5 4 1 4 005 4 200 
7 - 5 4 1 4 01 0 0 60 0 
7 - 5 4 1 4 01 5 4 1 00 
7 - 5 4 1 4 020 14 000 
7 - 5 4 1 5 01 1 5 200 
7 - 5 4 1 5 01 2 5 200 
7 - 5 4 1 5 01 3 5 200 
7 - 5 4 1 5 01 4 5 200 
7 - 5 4 1 5 01 5 5 200 
7 - 5 4 1 5 016 51 600 
7 - 5 4 1 5 01 7 51 800 
7 - 5 4 1 5 018 51 800 
7 - 5 4 1 5 01 9 51 800 
7 - 5 4 1 5 020 51 800 
8 - 5 4 3 4 SI 0 080 
8 - 5 4 3 4 SI 0 140 
8 - 5 4 3 4 S2 0 080 
9 - 5 4 2 0 . BLA 0 250 
9 - 5 4 2 1 BLA 2 982 
9 - 5 4 2 4 BLA - 0 100 
9 - 5 4 3 1 SLA - 0 055 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 = CSI 

LABERROR F ILTERNO 

1 0 . 7 5 0 001 
1 2 . 9 0 0 006 
1 3 . 9 7 0 052 
1 2 . 9 0 0 054 
3 1 . 0 0 0 037 
2 5 . 8 0 0 . 038 
2 5 . 8 0 0 04 8 
2 7 . 9 5 0 ! 050 
3 2 . 2 5 0 012 
3 1 . 1 7 0 034 
3 3 . 3 2 0 045 
3 1 . 1 7 0 049 
1 0 . 9 6 6 041 
11 . 3 8 8 053 
2 4 . 9 4 7 020 
2 0 . 8 9 2 023 
2 5 . 7 4 0 025 
2 7 . 1 0 1 047 

1 . 5 0 0 094 
1 . 5 0 0 095 
1 . 5 0 0 098 
1 . 5 0 0 099 
1 . 5 0 C 096 
1 . 5 0 0 09 7 
0 . 0 0 0 082 
0 . 0 0 0 063 
0 . 4 3 0 059 
4 . 3 0 0 07 0 
0 . 0 6 8 036 
0 . 0 6 0 081 
0 . 0 7 4 035 
0 . 0 4 6 060 
0 . 4 1 8 073 
0 . 0 0 0 022 
2 . 2 4 8 069 
0 . 0 2 5 106 
0 . 0 2 5 107 
0 . 0 2 5 108 
1 . 5 0 0 109 
0 . 2 0 0 
0 . 2 0 0 
0 . 2 0 0 
0 . 2 0 0 
0 . 2 0 0 'i 
2 . 0 0 0 
2 . 0 0 0 
2 . 0 0 0 
2 . 0 0 0 
2 . 0 0 0 
0 . 0 2 5 090 
0 . 0 2 5 104 
0 . 0 2 5 105 
0 . 0 9 0 083 
0 . 1 8 5 075 
0 . 0 0 0 103 
0 . 0 0 0 104 
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APPENDIX 1 - 11 

HAW DATA LISTING 
SORT fcD BY ELEMENT TYPE.MED AND FILTERID 

EL EMENT= NICKEL 

T.YPE_MED LAB F ILTER 

6 - 5 4 2 0 00 1 
6 - 5 4 2 0 00 1 
6 - 5 4 2 0 00 1 
6 - 5 4 2 0 003 
6 - 5 4 2 0 003 
6 - 5 4 2 0 OC 3 
6 - 5 4 2 0 003 
6 - 5 4 2 0 006 
6 - 5 4 2 0 006 
6 - 5 4 2 0 006 
6 - 5 4 2 0 006 
7 - 5 4 1 0 00 1 
7 - 5 4 1 0 006 
7 - 5 4 1 0 01 1 
7 - 5 4 1 0 01 6 
9 - 5 4 1 0 BLA 
9 - 5 4 2 0 dL A 

RESULT LABERROR F I L T E 

0 . 7 7 0 . 0 7 • 001 
0 . 7 6 0 . 0 7 . 006 
0 . 9 2 0 . 0 7 : 052 
1 . 3 4 1 .00 ; 037 
1 . 1 4 0 . 0 9 ! 038 
1 . 01 0 . 0 9 048 
1 . 3 3 1 .00 050 
0 . 8 5 0 . 0 7 012 
0 . 8 0 0 . 0 7 034 
1 . 0 5 0 . 0 8 045 
0 . 7 2 0 . 0 6 049 

- 0 . 0 5 0 . 0 0 082 
- 0 . 0 5 0 . 0 0 063 
- 0 . 0 5 o . o c 059 
- 0 . 0 5 0 . 0 0 070 
- 0 . 0 5 0 . 0 0 064 
- 0 . 0 5 0 . 0 0 083 

ELEMENT= COPPER 

TYPE_MED 

6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6—54 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
9 - 5 4 1 

LAB F I L T E R I D RESULT LABERROR FILTERNO 

0 00 1 6 6 . 6 5 3 . 2 2 001 
0 00 1 5 6 . 9 7 3 . 2 2 006 
0 00 1 6 0 . 2 0 3 . 2 2 052 
0 00 1 8 8 . 1 5 4 . 3 0 054 
0 003 45 .2 2 . 1 5 037 
0 00 3 •55 . 9 3 . 2 2 038 
c 0C3 26 .9 I . 07 048 
0 003 33 .3 2.2 050 
0 006 2 3 . 70 1 .10 012 
0 006 3 5 . 4 7 2 . 1 5 034 
0 006 2 6 . 8 8 1 • 10 045 
c 006 2 3 . 6 5 1 . 07 049 
0 00 1 - 0 . 0 5 0 . 0 0 082 
0 006 - 0 . 05 0 . 0 0 063 
0 01 1 - 0 . 0 5 0 .00 059 
0 01 6 1 0 . 9 3 0 . 0 4 070 
0 BLA - 0 . 0 5 0 . 0 0 I 064 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 * MOE 
LAl §_ » CSI 
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APPENDIX 1 - 12 

HAW DATA L I S T I N G 
SORTED BY ELEMENT TYPE_MEO AND F I L T E R I D 

ELEMENT = ZINC — 

TYPE.MED 

6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 , 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 

LAB 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

F I L T E R I D RESULT LABERROR F I L T E R N O 

2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 
0 
C 
0 
0 

2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 

00 1 2 4 . 7 2 0 1 . 0 7 0 0 0 1 
DO 1 2 4 . 7 2 0 1 . 0 7 0 0 0 6 
00 1 2 5 . 8 0 0 1 . 0 7 0 0 5 2 
OC 1 2 3 . 6 5 0 1 . 0 7 0 0 5 4 
0 0 3 2 5 . 8 0 0 1 . 1 0 0 0 3 7 
0 0 3 2 3 . 6 5 0 1 . 1 0 0 0 3 8 
OC 3 2 1 . 5 0 0 1 . 1 0 0 0 4 8 
0 0 3 2 3 . 6 5 0 1 . 1 0 0 0 5 0 
0 0 6 2 4 . 7 0 0 1 . 100 0 1 2 
0 0 6 2 4 . 7 3 0 1 . 0 7 0 0 3 4 
0 0 6 2 6 . 8 8 0 1 . 0 7 0 0 4 5 
0 0 6 2 4 . 7 3 0 I . 0 7 0 0 4 9 
00 1 1 7 . 8 7 9 0 . 9 2 3 0 4 1 
0 0 1 1 9 . 4 0 6 1 . 0 0 0 0 5 3 
0 0 3 1 9 . 8 7 8 I . 0 2 4 0 2 0 
0 0 3 1 5 . 6 2 0 0 . 8 0 8 0 2 3 
0 0 6 1 9 . 3 7 9 0 . 9 9 9 0 2 5 
C 0 6 1 9 . 4 2 0 1 . 0 0 1 0 4 7 
00 1 2 2 . 0 0 0 3 . 0 0 0 0 0 2 
00 1 1 9 . 0 0 0 3 . 0 0 0 0 5 1 
0 0 3 2 1 . 0 0 0 0 . 3 1 0 0 1 8 
0 0 3 2 1 . 0 0 0 0 . 3 1 0 0 2 9 
0 0 6 2 0 . 0 0 0 0 . 3 0 0 0 0 5 
0 0 6 2 2 . 0 0 0 0 . 3 0 0 0 0 9 
0 0 1 2 1 . 0 0 0 0 . 0 5 0 0 9 4 
00 1 2 0 . 2 0 0 0 . 0 5 0 0 9 5 
0 0 3 2 0 . 8 0 0 0 . 0 5 0 0 9 8 
0 0 3 1 8 . 5 0 0 0 . 0 5 0 0 9 9 
0 0 6 1 7 . 0 0 0 0 . 0 5 0 0 9 6 
0 0 6 
00 1 l4o - M 

0 9 7 
0 8 2 

0 0 6 - 0 . 0 3 0 0 . 0 0 0 0 6 3 
0 1 1 6 . 7 7 0 0 . 3 2 0 0 5 9 
0 1 6 5 9 . 1 2 0 3 . 2 2 0 0 7 0 
00 2 - 0 . 0 4 4 0 . 0 0 0 0 3 6 
0 0 2 0 . 3 3 6 0 . 178 0 8 1 
0 0 6 - 0 . 0 5 2 0 . 0 0 0 0 3 5 
0 0 7 0 . 2 7 6 0 . 0 4 2 0 6 0 
0 1 2 5 . 6 8 8 0 . 3 0 1 , 073 
0 1 7 5 4 . 3 6 0 2 . 7 8 0 A 0 6 9 
0 0 3 0 . 3 0 0 0 . 0 5 0 0 1 7 
0 0 3 0 . 5 3 0 0 . 0 8 0 0 5 7 
00 7 0 . 6 0 0 0 . 1 0 0 0 1 0 
0 0 8 0 . 3 0 0 0 . 0 5 0 0 8 4 
01 1 0 . 5 0 0 0 . 0 8 0 0 2 7 
0 1 3 5 . 2 0 0 0 . 0 7 0 0 6 8 
01 5 0 . 3 0 0 0 . 0 5 0 0 1 6 
01 8 5 0 . 0 0 0 0 . 7 5 0 0 6 6 
0 0 5 0 . 3 0 0 0 . 0 5 0 106 
01 0 0 . 1 5 0 0 . 0 5 0 1 0 7 
0 1 5 6 . 4 0 0 0 . 0 7 0 1 0 8 
0 2 0 5 7 . 0 00 0 . 7 5 0 109 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 = CSI Concord Scientific Corporation 
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RAW DATA L I S T I N G 
SORTED BY ELEMENT TYPE_MED AND F I L T E R I D 

ELEMENT= ZINC CONTINUED 

TYPE.MED LAB F I L T E R I D RESULT LABERROR . F I L T E 

7 - 5 4 1 5 01 1 6 . 0 0 0 . 3 0 0 0 ? 

7 - 5 4 1 c 01 2 6 . 00 0 . 3 0 0 Q . 
7 - 5 4 1 5 0 1 3 6 . 0 0 0 . 3 0 0 0 : 
7 - 5 4 1 5 01 4 6 . 0 0 0 . 3 0 0 0 
7 - 5 4 1 5 0 1 5 6 . 00 0 . 3 0 0 0 
7 - 5 4 1 5 0 1 6 60 . 2 0 2 . 0 0 0 0 ' 
7 - 5 4 1 5 01 7 6 0 . 2 0 2 . 0 0 0 0 
7 - 5 4 1 5 01 8 6 0 . 2 0 2 . 0 0 0 0 
7 - 5 4 1 5 01 9 6 0 . 2 0 2 . 0 0 0 0 
7 - 5 4 1 5 02 0 6 0 . 2 0 2 . 0 0 0 0 

0 7 7 8 - 5 4 3 2 S I 0 . 3 0 0 . 0 5 0 0 0 7 7 
8 - 5 4 3 2 SI 0 . 3 0 0 . 0 5 0 0 0 8 6 
8 - 5 4 3 2 S2 0 . 2 0 0 . 0 3 0 0 0 5 8 
8 - 5 4 3 2 S2 0 . 3 0 0 . 0 5 0 0 0 7 8 
8 - 5 4 3 4 SI - 0 . 1 0 0 . 0 0 0 0 0 9 0 
8 - 5 4 3 4 S I - 0 . 1 0 0 . 0 0 0 0 104 
8 - 5 4 3 4 S2 - 0 . 1 0 0 . 0 0 0 0 1 0 5 
9 - 5 4 1 0 BLA 0 . 2 0 0 . 0 3 0 0 0 6 4 
9 - 5 4 1 2 BLA 0 . 2 0 0 . 0 8 0 0 061 
9 - 5 4 1 2 0 1 9 0 . 4 0 0 . 0 6 0 0 0 0 7 
9 - 5 4 2 0 BLA - 0 . 0 3 0 . 0 0 0 0 0 8 3 
9 - 5 4 2 1 BLA - 0 . 0 5 0 . 0 0 0 0 0 7 5 
9 - 5 4 2 2 BLA 0 . 3 0 0 7 1 
9 - 5 4 2 4 BLA - 0 . 10 0 . 0 0 0 0 103 
9 - 5 4 3 1 BLA 0 . 1 9 0 . 0 3 4 7 104 
9 - 5 4 3 2 BLA 0 . 6 0 0 . 1 0 0 0 0 8 8 

ELEMENTS ARSENIC 

TYPE.MED LAB F I L T E R I D RESULT LABERROR F I L T E 

6 - 5 4 2 0 00 1 - 0 . 4 0 0 0 . 0 0 0 0 1 
6 - 5 4 2 0 OC 1 - 0 . 4 0 0 0 . 0 0 0 0 6 
6 - 5 4 2 0 00 1 - 0 . 4 C 0 O.OC 0 5 2 
6 - 5 4 2 0 00 1 - 0 . 4 0 0 0 . 0 0 0 5 4 
6 - 5 4 2 0 0 0 3 - 0 . 4 0 0 0 . 0 0 037 
6 - 5 4 2 c OC 3 - 0 . 4 0 0 0 . 0 0 , 0 3 8 
6 - 5 4 2 0 0 0 3 - 0 . 4 0 0 0 . 0 0 ? 0 4 8 
6 - 5 4 2 0 0 0 3 - 0 . 4 0 0 0 . 0 0 0 5 0 
6 - 5 4 2 c 0 C 6 - 0 . 4 3 0 0 . 0 0 0 1 2 
6 - 5 4 2 0 0 0 6 - 0 . 4 3 0 0 . 0 0 0 3 4 
6 - 5 4 2 0 OC 6 - 0 . 4 3 0 0 . 0 0 0 4 5 
6 - 5 4 2 0 0 0 6 - 0 . 4 3 0 0 . 0 0 0 4 9 
6 - 5 4 2 1 0 0 1 - 0 . 1 8 7 0 . 0 0 0 4 1 
6 - 5 4 2 1 OC 1 - 0 . 1 9 0 O.OC 0 5 3 
6 - 5 4 2 1 0 0 3 - 0 . 1 3 2 0 . 0 0 0 2 0 
6 - 5 4 2 1 0 0 3 - 0 . 1 16 0 . 0 0 023 
6 - 5 4 2 I 0 0 6 - 0 . 1 7 7 0 . 0 0 0 2 5 
6 - 5 4 2 1 0 0 6 - 0 . 1 7 7 0 . 0 0 0 4 7 
6 - 5 4 2 2 OC 1 0 . 1 0 0 0 . 0 2 002 
6 - 5 4 2 2 OC 1 0 . 100 0 . 0 2 0 5 1 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 « CSI 

Concord Scientific Corporation 
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TYPE_MED 

6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 

7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
8 - 5 4 3 
8 - 5 4 3 
8 - 5 4 3 
8 - 5 4 3 
8 - 5 4 3 
3 - 5 4 3 
8 - 5 4 3 

8 - 5 4 3 
3 - 5 4 3 
9 - 5 4 1 
9 - 5 4 1 
9 - 5 4 1 
9 - 5 4 1 
9 - 5 4 2 
9 - 5 4 2 
9 - 5 4 2 
9 - 5 4 3 
9 - 5 4 3 
9 - 5 4 3 

RAW DATA L I S T I N G 
S O R T E D BY E - E M E N T T Y P E _ M E D AND F I L T E R I D 

LAB F I L T E R I D RESULT 

2 OC 3 0 . 4 0 
2 003 0 . 4 0 
2 006 0.66 
2 0 2 6 0 . 4 6 
4 0 0 1 0 . 0 5 
4 0 0 1 0 . 0 8 
4 003 0 . 2 5 
4 003 0 . 2 1 
0 0 0 1 8 . 9 2 
0 001 -0.10 
0 005 1 3 . 9 7 
0 0 C 6 - 0 . 1 0 
0 009 3 . 8 7 
0 Oil -0.10 
0 0 1 3 1 0 . 2 1 
0 016 -0 .10 

CONTINUED — 

LABERROR FILTERNO 

0 . 0 1 018 
0 . 0 1 029 
0 . 1 0 005 
0 . 1 0 009 
0 . 0 3 094 
0 . 0 3 095 
0 . 0 3 ! 098 
0 . 0 3 099 
1 . 4 0 004 
0 . 0 0 0 8 2 
2 . 1 5 032 
0 . 0 0 063 
0 . 2 1 039 
0 . 0 0 059 
C . 5 4 030 . 
0 . 0 0 070 

2 OS 3 3 . 9 0 0 . 0 6 017 
2 003 0 . 06 0 . 0 0 0 5 7 
2 0 0 7 4 . 0 0 0 . 0 6 010 
2 008 0 . 1 0 0 . 0 0 084 
2 01 1 3 . 9 0 0 . 0 6 0 2 7 
2 0 1 3 0 . 1 0 0 . 0 0 0 6 8 
2 01 5 1 0 . 0 0 0 . 0 6 016 
2 018 0 . 06 0 . 0 0 066 
4 0 0 5 - 0 . 0 3 0 . 0 0 106 
4 01 0 - 0 . 03 0 . 0 0 107 
4 0 1 5 0 . 05 0 . 0 3 1 08 
4 0 2 0 0 . 0 5 0 . 0 3 109 
5 0 0 1 4 . 4 0 0 . 2 2 
5 0 0 2 4 . 4 C 0 . 2 2 
5 003 4 . 4 0 0 . 2 2 
5 0 0 4 4 . 4 0 0 . 2 2 
5 00 5 8 . 8 C 0 . 4 4 
5 0 0 6 8 . 8 0 0 . 4 4 
5 0 0 7 8 . 8 0 0 . 4 4 
5 0 0 8 8 . 8 0 0 . 4 4 
5 009 4 . 4 0 0 . 2 2 
5 0 1 0 4 . 4 0 0 . 2 2 
5 01 1 4 . 4 0 0 . 2 2 

• 5 01 2 4 . 4 0 0 . 2 2 
5 0 1 3 11 . 0 0 0 . 5 5 
5 01 4 11 . 0 0 0 . 5 5 
5 01 5 1 1 . 0 0 0 . 5 5 
5 01 6 11 . 0 0 0 . 5 5 
2 SI 0 . 0 6 0 . 1 1 077 
2 S I 0 . 0 6 0 . 1 1 086 
2 S2 0 . 1 6 0 . 1 1 058 
2 S2 0 . 1 6 0 . 1 1 078 
4 SI 0 . 1 3 0 . 0 3 090 
4 SI 0 . 2 2 0 . 0 3 104 
4 SI 0 . 4 0 . 
4 S2 0 . 2 8 0 0 . 0 3 105 
4 S2 2 . 0 0 0 . 
C BLA - 0 . 1 0 0 0 . 0 0 064 
0 01 7 - 0 . 4 0 0 0 . 0 0 0 3 1 
2 BLA 0 . 0 6 0 o . o c 061 
2 01 9 - 0 . 1 0 0 0 . 0 0 007 
0 BLA - 0 . 1 0 0 0 . 0 0 083 
1 BLA - C . C 2 9 0 . 0 0 075 
2 BLA 0 . 100 . 071 
1 BLA - 0 . 0 2 0 0 . 0 0 104 
2 BLA - 0 . 0 2 0 0 . 0 0 088 4 BLA - 0 . 1 0 0 0 . 0 0 0 9 1 

LAB 0 = NEA 
LAB 1 = EPA Concord Scientific Corpaation 
LAB 2 = XRAL 
m 4 = MOE 
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ELEMENTS SELENIUM-

TYPE.MED 

6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
9 - 5 4 1 
9 - 5 4 2 

LAB 

0 
0 
C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
c 
0 

F I L T E R I D 

00 1 
001 
0 0 1 
001 
0 0 3 
0 0 3 
0 0 3 
OC 3 
0 0 6 
006 
006 
0 0 6 
00 1 
0 0 6 
01 1 
016 
BLA 
BLA 

RESULT LABERROR F I L T E R N O 

- 0 . 3 0 0 0 0 1 
- 0 . 3 0 0 0 0 6 
- 0 . 3 0 0 0 5 2 
- 0 . 3 0 0 0 5 4 
- 0 . 3 0 0 0 3 7 
- 0 . 3 0 0 ' 0 3 8 
- 0 . 3 0 0 0 4 8 
- 0 . 3 0 0 0 5 0 
- 0 . 3 2 0 : 0 1 2 
- 0 . 3 2 0 ; 0 3 4 
- 0 . 3 2 0 : 0 4 5 
- 0 . 3 2 0 0 4 9 
- 0 . 10 0 082 
- 0 . 1 0 0 0 6 3 
- 0 . 1 0 0 0 5 9 
- 0 . 1 0 0 0 7 0 
-C . 1 0 0 0 6 4 
- 0 . 1 0 0 0 8 3 

ELEMENT= BROMINE' 

TYPE.MED 

6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 ? 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
7 - 5 4 1 
9 - 5 4 1 
9 - 5 4 2 
9 - 5 4 2 
9 - 5 4 3 

LAB F I L T E R I D RESULT LABERRO 

0 00 1 1 3 . 3 3 0 0 . 6 4 0 
0 00 1 1 4 . 9 4 0 0 . 7 5 0 
0 OC 1 1 4 . 5 1 0 0 . 7 5 0 
0 00 1 1 3 . 5 4 0 0 . 0 6 0 
0 0 0 3 3 . 6 5 0 0 . 2 1 0 
C OC 3 3 . 2 2 0 0 . 2 1 0 
0 0 0 3 3 . 1 2 0 0 . 2 1 0 
0 0 0 3 3 . 4 4 0 0 . 2 1 0 
0 0 0 6 1 2 . 4 0 0 0 . 6 0 0 
0 0 0 6 1 2 . 3 6 0 0 . 6 4 0 
0 0 0 6 1 2 . 5 8 0 0 . 6 4 0 
0 0 0 6 1 2 . 1 5 0 0 . 6 4 0 
1 00 1 1 2 . 5 1 2 0 . 6 4 4 
1 00 1 1 3 . 2 9 5 0 . 6 8 4 
1 0 0 3 2 . 7 3 9 0 . 150 
1 0 0 3 2 . 3 2 2 0 . 129 
1 0 0 6 1 0 . 6 0 2 0 . 5 4 7 
1 0 0 6 1 0 . 6 0 4 0 . 5 4 3 
0 00 1 3 . 4 4 0 0 . 2 1 0 
0 0 0 6 9 . 0 3 0 0 . 4 3 0 
0 01 1 - 0 . 1 1 0 0 . 0 0 0 
0 01 6 - 0 . 1 10 0 . 0 0 0 
1 OC 2 0 . 0 6 7 0 . 0 4 0 
1 0 0 2 3 . 3 7 3 0 . 178 
1 0 0 6 0 . 2 1 5 0 . 0 5 5 
1 00 7 9 . 5 0 8 0 . 4 9 0 
1 01 2 - 0 . 0 1 9 0 . 0 0 0 
1 0 1 4 - 0 . 0 2 4 0 . 0 0 0 
1 0 1 7 0 . 0 2 5 0 . 0 1 9 
5 0 0 1 1 0 . 1 0 0 0 . 5 0 0 
5 0 0 2 1 0 . 1 0 0 0 . 5 0 0 
5 0 0 4 1 0 . 1 0 0 0 . 5 0 0 
5 0 0 5 1 0 . 1 0 0 0 . 5 0 0 
5 0 0 6 4 . 1 00 0 . 2 0 0 
5 0 0 7 4 . 1 0 0 0 . 2 0 0 
5 0 0 8 4 . 1 00 0 . 2 0 0 
5 OC 9 4 . 1 0 0 0 . 2 0 0 
5 0 1 0 4 . 1 0 0 0 . 2 0 0 
0 BLA - 0 . 1 1 0 0 . 0 0 0 
0 BLA - 0 . 1 0 0 0 . 0 0 0 
1 BLA - 0 . 0 2 0 3 . 0 0 0 
1 BLA - 0 . 0 1 5 0 . 0 0 0 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE t i 
LAB 5 = CSI 

F I L T E R N O 

001 
0 0 6 
0 5 2 
0 5 4 
037 
0 3 8 
0 4 8 
050 
012 
0 3 4 
0 4 5 
0 4 9 
0 4 1 
0 5 3 
0 2 0 
0 2 3 
0 2 5 
0 4 7 

. 082 
0 6 3 
0 5 9 

< 0 7 0 
0 3 6 
081 
0 3 5 
0 6 0 
0 7 3 
0 2 2 
0 6 9 

064 
0 8 3 
0 7 5 
104 

Concord Scientific Corporation 
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ELEMENTS CADMIUM' 

TVPE_MED LAB F I L T E R I D RESULT LABERROR F ILTE I 

6 - 5 4 2 0 00 1 - 0 . 4 0 0 0 . 0 0 0 001 
6 - 5 4 2 0 OC 1 - 0 . 4 0 0 0 . 0 0 0 0 0 6 
6 - 5 4 2 0 00 1 - 0 . 4 0 0 0 . 0 0 0 052 
6 - 5 4 2 0 00 1 - 0 . 4 0 0 0 . 0 0 0 054 
6 - 5 4 2 c OC 3 - 0 . 4 0 0 0 . 0 0 0 037 
6 - 5 4 2 Û 003 - 0 . 4 0 0 0 . 0 0 0 038 
6 - 5 4 2 0 0 0 3 - 0 . 4 0 0 0 . 0 0 0 048 
6 - 5 4 2 0 003 - 0 . 4 0 0 0 . 0 0 0 050 
6 - 5 4 2 0 006 3 . 5 5 0 0 . 6 4 0 012 
6 - 5 4 2 Û 0 0 6 3 . 5 5 0 0 . 6 4 0 034 
6 - 5 4 2 0 0 0 6 2 . 6 9 0 0 . 6 4 0 045 
6 - 5 4 2 0 006 3 . 3 3 0 0 . 6 4 0 049 
6 - 5 4 2 1 OC 1 - 0 . 0 9 2 0 . 0 0 0 041 
6 - 5 4 2 1 00 1 - 0 . 0 9 3 0 . 0 0 0 053 

6 - 5 4 2 1 0 0 3 0 . 134 0 . 1 0 1 020 
6 - 5 4 2 1 0 0 3 0 . 0 9 8 0 . 098 023 
6 - 5 4 2 1 0 0 6 0 . 3 7 8 0 . 107 0 2 5 
6 - 5 4 2 1 0 0 6 0 . 3 6 8 0 . 1 1 2 047 
6 - 5 4 2 2 00 1 - 0 . 200 0 . 0 0 0 002 
6 - 5 4 2 2 00 1 - 0 . 2 0 0 0 . 0 0 0 051 
6 - 5 4 2 2 0C3 - 0 . 2 0 0 0 . 0 0 0 018 
6 - 5 4 2 2 003 0 . 2 0 0 0 . 0 0 0 029 
6 - 5 4 2 2 006 - 0 . 2 0 0 0 . 0 0 0 005 
6 - 5 4 2 2 006 0 . 200 • 009 
6 - 5 4 2 4 OC 1 0 . 1 3 0 0 . 0 0 3 094 
6 - 5 4 2 4 00 1 0 . 140 0 . 0 0 3 095 
6 - 5 4 2 4 0 0 3 0 . 120 0 . 0 0 3 098 
6 - 5 4 2 4 0 0 3 0 . 3 0 0 0 . 0 0 3 099 
6 - 5 4 2 4 0 0 6 0 . 1 6 0 0 . 0 0 3 096 
6 - 5 4 2 4 0 0 6 0 . 1 10 0 . 0 0 3 097 
7 - 5 4 1 C 00 1 2 . 2 6 0 0 . 6 5 0 004 
7 - 5 4 1 0 001 - 0 . 4 0 0 0 . 0 0 0 082 
7 - 5 4 1 0 0 0 5 7 . 3 1 0 0 . 7 5 0 032 
7 - 5 4 1 0 006 - 0 . 4 0 0 0 . 0 0 0 063 
7 - 5 4 1 0 00 9 2 . 040 0 . 6 5 0 039 
7 - 5 4 1 C 01 1 - 0 . 4 0 0 0 . 0 0 0 059 
7 - 5 4 1 0 0 1 3 8 . 170 0 . 7 5 0 030 
7 - 5 4 1 0 0 1 6 - 0 . 4 0 0 0 . 0 0 0 070 
7 - 5 4 1 2 0 0 3 3 . 6 0 0 0 . 2 5 0 017 
7 - 5 4 1 2 00 3 - 0 . 2 0 0 0 . 0 0 0 057 
7 - 5 4 1 2 0 0 7 8 . 4 0 0 0 . 2 5 0 010 
7 - 5 4 1 2 OOâ - 0 . 2 0 0 0 . 0 0 0 084 
7 - 5 4 1 2 01 1 3 . 6 0 0 0 . 2 5 0 027 
7 - 5 4 1 2 01 3 - 0 . 2 0 0 0 . 0 0 0 068 
7 - 5 4 1 2 01 5 9 . 2 0 0 0 . 2 5 0 016 
7 - 5 4 1 2 01 8 - 0 . 2 0 0 0 . 0 0 0 ^ 066 
7 - 5 4 1 4 0 0 5 0 . 0 1 5 0 . 0 0 3 106 
7 - 5 4 1 4 01 0 0 . 0 1 5 0 . 0 0 3 107 
7 - 5 4 1 4 0 1 5 0 . 082 0 . 0 0 3 108 
7 - 5 4 1 4 020 0 . 0 2 8 0 . 0 0 3 109 
7 - 5 4 1 5 001 4 . 4 3 0 0 . 2 2 0 
7 - 5 4 1 5 0 0 2 4 . 4 3 0 0 . 2 2 0 
7 - 5 4 1 5 0 0 3 4 . 4 3 0 0 . 2 2 0 
7 - 5 4 1 5 004 4 . 4 3 0 0 . 2 2 0 
7 - 5 4 1 5 0 0 5 8 . 8 6 0 0 . 4 4 0 
7 - 5 4 1 5 0 0 6 6 . 8 6 0 0 . 4 4 0 
7 - 5 4 1 5 007 8 . 8 6 0 0 . 4 4 0 
7 - 5 4 1 5 0 0 8 8 . 8 6 0 0 . 4 4 0 
7 - 5 4 1 5 009 4 . 3 8 0 0 . 2 2 0 
7 - 5 4 1 5 01 0 4 . 3 8 0 0 . 2 2 0 
7 - 5 4 1 5 01 1 4 . 3 8 0 C . 2 2 0 
7 - 5 4 1 5 0 1 2 4 . 3 8 0 0 . 2 2 0 
7 - 5 4 1 5 01 3 1 0 . 9 60 0 . 5 5 0 
7 - 5 4 1 5 01 4 1 0 . 9 6 0 0 . 5 5 0 
7 - 5 4 1 5 01 5 1 0 . 9 6 0 0 . 5 5 0 
7 - 5 4 1 5 0 1 6 1 0 . 9 6 0 0 . 5 5 0 

LAB 0 
LAB 1 
LAB 2 
LAB 4 

NEA 
EPA 
XRAL 
MOE 

Concord Scientific Corporation 
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R A W D A T A L I S T I N G 
S O R T E D B Y E - E M E N T T Y P E _ M E D A N D F I L T E R I D 

ELEMENTS CADMIUM CONTINUED 

TYPE.MED LAB F I L T E R I D RESULT LABERROR F I L T E 

8 - 5 4 3 2 S I 1 . 5 0 0 0 . 1 0 0 ; 0 7 7 
8 - 5 4 3 2 S I 1 . 5 0 0 0 . 1 0 0 ; , 0 8 6 
8 - 5 4 3 2 S2 0 . 3 0 0 0 . 0 9 0 : 0 5 8 
8 - 5 4 3 2 S2 0 . 2 0 0 0 . 0 9 0 0 7 8 
8 - 5 4 3 4 S I 0 . 5 4 0 0 . 0 0 3 0 9 0 
8 - 5 4 3 4 S I 0 . 8 2 0 0 . 0 0 2 1 0 4 
8 - 5 4 3 4 S I 2 . 0 0 0 . 
8 - 5 4 3 4 S2 0 . 3 0 0 0 . 0 0 3 1 0 5 
8 - 5 4 3 4 S2 0 . 4 0 0 • 

0 6 4 9 - 5 4 1 0 BLA - 0 . 4 0 0 0 . 0 0 0 0 6 4 
9 - 5 4 1 0 01 7 - 0 . 4 0 0 0 . 0 0 0 0 3 1 
9 - 5 4 1 2 BLA - 0 . 2 0 0 0 . 0 0 0 0 6 1 
9 - 5 4 1 2 0 1 9 - 0 . 2 0 0 0 . 0 0 0 0 0 7 
9 - 5 4 2 0 BLA - 0 . 4 0 0 0 . 0 0 0 0 8 3 
9 - 5 4 2 1 BL A - 0 . C 9 0 0 .OOC 0 7 5 
9 - 5 4 2 2 BLA - 0 . 2 0 0 0 . 0 0 0 0 7 1 
9 - 5 4 2 4 BL A - 0 . 1 0 0 0 . 0 0 0 1 03 
9 - 5 4 3 1 BL A - 0 . 0 6 2 0 . 0 0 0 1 0 4 
9 - 5 4 3 2 BLA - 0 . 2 0 0 0 . 0 0 0 0 8 8 
9 - 5 4 3 4 BLA - 0 . 2 0 0 0 . 0 0 0 0 9 1 

ELEMENTS BARIUM 

TYPE_MED L A B F I L T E R I D RESULT LABERROR F I L T E R N O 

6 - 5 4 2 0 00 1 - 0 . 4 0 0 0 0 1 
6 - 5 4 2 0 0 0 1 - 0 * 4 0 0 0 0 6 
6 - 5 4 2 0 0 0 1 - 0 , 4 0 0 0 5 2 
6 - 5 4 2 0 0 0 1 - 0 . 4 0 0 0 5 4 
6 - 5 4 2 0 0 0 3 - 0 . 4 0 0 0 3 7 
6 - 5 4 2 0 0 0 3 - 0 . 4 0 0 0 3 8 
6 - 5 4 2 0 0 0 3 - 0 . 4 0 0 0 4 8 
6 - 5 4 2 C 0 0 3 - 0 . 4 0 0 0 5 0 
6 - 5 4 2 0 0 0 6 - 0 . 4 3 0 0 1 2 
6 - 5 4 2 0 0 0 6 - 0 . 4 3 0 0 3 4 
6 - 5 4 2 C 0 0 6 - 0 . 4 3 0 0 4 5 
6 - 5 4 2 0 0 0 6 - 0 . 4 3 0 , 0 4 9 
7 - 5 4 1 0 0 0 1 - 4 . 0 0 0 1 0 8 2 
7 - 5 4 1 0 0 0 6 - 4 . 0 0 0 0 6 3 
7 - 5 4 1 0 O I L - 4 . 0 0 0 0 5 9 
7 - 5 4 1 C 0 1 6 - 4 . 0 0 0 0 7 0 
9 - 5 4 1 0 BLA - 4 . 0 0 0 0 6 4 
9 - 5 4 2 0 BLA - 0 . 4 0 0 0 8 3 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE Concord Scientific Corporation 
LAB 5 = CSI 
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RAW DATA LISTING 
SORTED BY E-EMENT TYPE_MED AND FILTERID 

E L E M E N T ^ LEAD — 

TYPE_MED L A B F I L T E R I D RESULT LABERROR F X L T E R N O 

6 - 5 4 2 0 00 1 6 5 5 7 0 3 . 2 2 0 : 001 
6 - 5 4 2 0 03 1 6 8 8 0 0 3 . 2 2 0 , 0 0 6 
6 - 5 4 2 0 0 0 1 6 6 6 5 0 3 . 2 2 0 ' 0 5 2 
6 - 5 4 2 0 OC 1 6 5 5 7 0 3 . 2 2 0 0 5 4 
6 - 5 4 2 c 0 0 3 2 5 8 0 0 1 . 1 0 0 0 3 7 
6 - 5 4 2 0 0 0 3 2 2 5 7 0 1 . 1 0 0 0 3 8 
6 - 5 4 2 0 0 0 3 2 1 5 0 0 1 . 1 0 0 0 4 8 
6 - 5 4 2 0 0 0 3 2 3 6 5 0 1 . 1 0 0 0 5 0 
6 - 5 4 2 0 0 0 6 5 1 6 0 0 2 . 1 5 0 0 1 2 
6 - 5 4 2 c 0 0 6 5 3 7 5 0 7 . 5 0 0 0 3 4 
6 - 5 4 2 0 0 0 6 5 2 6 8 0 2 . 1 5 0 0 4 5 
6 - 5 4 2 0 0 0 6 5 1 6 0 0 2 . 1 5 0 04 9 
6 - 5 4 2 1 0 0 1 6 2 9 0 8 3 . 2 1 9 0 4 1 
6 - 5 4 2 1 0 0 1 6 5 7 4 4 3 . 3 6 3 0 5 3 
6 - 5 4 2 1 0 0 3 2 5 8 7 2 1 . 3 3 0 0 2 0 
6 - 5 4 2 1 0 0 3 2 1 0 5 3 1 . 0 8 6 0 2 3 
6 - 5 4 2 1 0 0 6 5 0 5 6 0 . 2 . 5 9 0 0 2 5 
6 - 5 4 2 1 0 0 6 50 7 2 9 2 . 5 9 8 0 4 7 
6 - 5 4 2 2 0 0 1 5 6 0 0 0 1 . 1 2 0 0 0 2 
6 - 5 4 2 2 00 1 5 0 0 0 0 0 . 6 0 0 0 5 1 
6 - 5 4 2 2 CO 3 2 4 0 0 0 0 . 5 0 0 0 1 8 
6 - 5 4 2 2 0 0 3 2 4 0 0 0 0 . 5 0 0 0 2 9 
6 - 5 4 2 2 0 0 6 5 0 0 0 0 1 . 0 0 0 0 0 5 
6 - 5 4 2 2 0 0 6 5 0 0 0 0 1 . 0 0 0 0 0 9 
6 - 5 4 2 4 0 0 1 4 7 5 0 0 1 . 5 0 0 0 9 4 
6 - 5 4 2 4 0 0 1 5 0 5 0 0 1 . 5 0 0 0 9 5 
6 - 5 4 2 4 0 0 3 1 8 7 0 0 1 . 5 0 0 0 9 8 
6 - 5 4 2 4 0 0 3 14 0 0 0 1 . 5 0 0 0 9 9 
6 - 5 4 2 4 0 0 6 1 9 0 0 0 1 . 5 0 0 0 9 6 
6 - 5 4 2 4 0 0 6 18 0 0 0 1 . 5 0 0 0 9 7 
7 - 5 4 1 0 0 0 1 2 1 2 8 5 0 . 1 0 . 7 5 0 0 0 4 
7 - 5 4 1 0 00 1 - 0 3 0 0 0 . 0 0 0 0 8 2 
7 - 5 4 1 0 0 0 5 4 3 8 6 0 0 2 1 . 5 0 0 0 3 2 
7 - 5 4 1 0 0 0 6 - 0 3 0 0 0 . 0 0 0 0 6 3 
7 - 5 4 1 0 0 0 9 - 0 3 0 0 0 . 0 0 0 0 3 9 
7 - 5 4 1 0 0 1 1 - 0 3 0 0 0 . 0 0 0 0 5 9 
7 - 5 4 1 0 01 3 - 0 3 0 0 O.COO 030 
7 - 5 4 1 0 0 1 6 - 0 3 0 0 0 . 0 0 0 0 7 0 
7 - 5 4 1 1 0 0 2 1 9 6 5 8 0 1 0 . 0 3 1 , 0 3 6 
7 - 5 4 1 1 0 3 2 - 0 0 3 5 0 . 0 0 0 1 081 
7 - 5 4 1 1 0 0 6 4 1 4 1 8 0 2 1 . 1 2 6 0 3 5 
7 - 5 4 1 1 0 0 7 - 0 0 3 9 0 . 0 0 0 060 
7 - 5 4 1 1 01 2 0 1 0 6 0 . 0 3 8 0 7 3 
7 - 5 4 1 1 0 1 4 0 2 4 7 0 . 0 4 6 0 2 2 
7 - 5 4 1 1 0 1 7 - 0 0 3 7 0 . 0 0 0 0 6 9 
7 - 5 4 1 2 0 0 3 2 2 0 0 0 0 8 . 8 0 0 0 1 7 
7 - 5 4 1 2 0 0 3 - 0 2 0 0 0 . 0 0 0 0 5 7 
7 - 5 4 1 2 OC 7 4 4 0 0 0 0 8 . 8 0 0 010 
7 - 5 4 1 2 0 0 8 0 2 0 0 0 . 0 3 0 0 8 4 
7 - 5 4 1 2 0 1 1 - 0 2 0 0 0 . 0 0 0 02 7 
7 - 5 4 1 2 0 1 3 0 2 0 0 0 . 0 0 3 0 6 8 
7 - 5 4 1 2 0 1 5 - 0 2 0 0 0 . 0 0 0 0 1 6 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE Concord Scientific Corporation 
LAB 5 = CSI 
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RAW DATA L I S T I N G 
SORTED BY E L E M E N T T Y P E _ M E D AND F I L T E R I D 

ELEMENTS LEAD- CONTINUED -

TYPE.MED LAB F I L T E R I D RESULT LABERROR ; F ILTERNO 

7 - 5 4 1 2 0 1 a 0 . 4 0 0 0 . 0 6 0 0 6 6 
7 - 5 4 1 4 0 0 5 2 . 200 0 . 0 2 5 106 
7 - 5 4 1 4 QIC 0 . 2 5 0 0 . 0 2 5 107 
7 - 5 4 1 4 01 5 0 . 320 0 . 0 2 5 108 
7 - 5 4 1 4 0 2 0 - 0 . 050 0 . 0 0 0 109 
7 - 5 4 1 5 00 1 2 2 0 . 2 5 0 1 1 . 0 0 0 
7 - 5 4 1 5 002 2 2 0 . 2 5 0 11 . 0 0 0 
7 - 5 4 1 5 0 0 3 2 2 0 . 2 5 0 1 1 . 0 0 0 
7 - 5 4 1 5 004 2 2 0 . 2 5 0 1 1 . 0 0 0 
7 - 5 4 1 5 00 5 4 4 0 . 4 9 0 2 2 . 0 0 0 
7 - 5 4 1 5 OC 7 4 4 0 . 4 9 0 2 2 . 0 0 0 
7 - 5 4 1 5 0 0 8 4 4 0 . 4 9 0 2 2 . 0 0 0 
7 - 5 4 1 5 009 0 . 0 0 0 0 . 0 0 0 
7 - 5 4 1 5 01 C C . 0 0 0 0 . 0 0 0 
7 - 5 4 1 5 01 1 0 . 0 0 0 0 . 0 0 0 
7 - 5 4 1 5 01 2 0 . 0 0 0 0 . 0 0 0 
7 - 5 4 1 5 01 3 0 . 0 0 0 0 . 0 0 0 
7 - 5 4 1 5 01 4 0 . 0 0 0 . 
7 - 5 4 1 5 01 5 0 . 0 0 0 o . o c o 
7 - 5 4 1 5 01 6 0 . 0 0 0 0 . 0 0 0 
8 - 5 4 3 2 SI 3 . 9 0 0 0 . 0 6 0 0 7 7 
8 - 5 4 3 2 SI 3 . 7 0 0 0 . 0 6 0 0 8 6 
8 - 5 4 3 2 S2 0 . 7 0 0 0 . 1 1 0 0 5 8 
8 - 5 4 3 2 S2 0 . 600 0 . 1 1 0 078 
8 - 5 4 3 4 SI 2 . 3 7 0 0 . 0 2 5 0 9 0 
8 - 5 4 3 4 SI 2 . 7 7 0 0 . 0 2 5 104 
8 - 5 4 3 4 S I 4 . 000 
8 - 5 4 3 4 S2 0 . 6 2 0 0 . 0 2 5 105 
8 - 5 4 3 4 S2 0 . 8 0 0 « 
9 - 5 4 1 0 B LA - 0 . 3 C O 0 . 0 0 0 0 6 4 
9 - 5 4 1 0 01 7 - 0 . 3 0 0 0 , 0 0 0 0 3 1 
9 - 5 4 1 2 BLA - 0 . 2 0 0 0 . 0 0 0 061 
9 - 5 4 1 2 01 9 - C . 2 C 0 o . c o o 0 0 7 
9 - 5 4 2 0 BLA - 0 . 3 0 0 0 . 0 0 0 0 8 3 
9 - 5 4 2 1 BLA - 0 . 0 4 4 0 . 0 0 0 0 7 5 
9 - 5 4 2 2 BLA - 0 . 2 0 0 o . o o o 0 7 1 
9 - 5 4 2 4 BLA - 0 . 1 0 0 0 . 0 0 0 , 103 
9 - 5 4 3 1 BLA - 0 . 0 3 1 0 . 0 0 0 > 104 
9 - 5 4 3 2 BLA - 0 . 2 0 0 0 . 0 0 0 0 8 8 
9 - 5 4 3 4 BLA - 0 . 2 0 0 0 . 0 0 0 091 

LAB 0 = NEA 
LAB 1 - EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 s CSI 

LAB 5 = CSC Concord Scientific Corporation 
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R A W D A T A L I S T I N G 
S O R T E D B Y E L E M E N T T Y P E _ M E D A N D F I L T E R I D 

ELEMENT= SULPHATE-

TYPE_MED L A B F I L T E R I D RESULT LABERROR . .. F I L T E R N O 

6 - 5 4 2 4 00 1 7 0 5 . 0 0 2 ! 0 9 4 
6 - 5 4 2 4 00 1 6 5 5 . 0 0 2 0 9 5 
6 - 5 4 2 4 0 0 3 1 5 0 0 . 0 0 2 0 9 8 
6 - 5 4 2 4 0 0 3 1 2 6 0 . 0 0 2 09 9 
6 - 5 4 2 4 0 0 6 5 1 9 . 0 0 2 0 9 6 
6 - 5 4 2 4 0 0 6 5 1 4 . 0 0 2 0 9 7 
6 - 5 4 2 5 00 1 6 4 7 . 5 0 . 
6 - 5 4 2 5 00 1 7 0 9 . 5 0 . 
6 - 5 4 2 5 0 0 3 1 2 6 8 . 5 0 . 
6 - 5 4 2 5 0 0 3 1 2 8 5 . 0 0 . 
6 - 5 4 2 5 0 0 6 5 4 2 . 5 0 
6 - 5 4 2 5 0 0 6 6 0 2 . 7 5 . 
7 - 5 4 1 4 0 0 5 5 0 . 0 0 2 1 0 6 
7 - 5 4 1 4 01 0 1 1 2 . 0 0 2 1 0 7 
7 - 5 4 1 4 01 5 3 8 . 0 0 2 1 0 8 
7 - 5 4 1 4 0 2 0 4 0 5 . 0 0 2 1 0 9 

LAB 0 = NEA 
LAB 1 = EPA • 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 = CSC Concord Scientific Corporation 
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M E A N V A L U E S FOR E A C H E L E M E N T 

ELEMENT= ALUMINUM 

T Y P E . M E D LAtt F I L T E R I D N RESULT S T O R E S M i N _ R E S MAX_RES LABERROR 

6 - 5 4 2 0 001 4 1 0 7 . 5 0 6 . 7 4 9 8 . 9 0 1 1 5 . 0 2 5 . 6 4 
6 - 5 4 2 0 003 4 9 6 . 7 5 3 . 4 0 9 3 . 5 2 - 101 . 0 5 5 . 3 7 
6 - 5 4 2 0 0 0 6 4 1 0 1 . 3 3 3 . 74 9 6 . 8 0 . 1 0 5 . 3 5 5 . 4 0 
6 - 5 4 2 2 0 0 6 2 6 0 . 0 0 0 . 0 0 60 . 0 0 6 0 . 0 0 1 . 6 5 
6 - 5 4 2 4 001 2 5 7 . 4 5 13 . 9 3 4 7 . 6 0 .. 6 7 . 3 0 • 2 . 5 0 
6 - 5 4 2 4 003 2 5 0 . 3 0 2 . 1 2 4 8 . 8 0 - 5 1 . 8 0 2 . 5 0 
6 - 5 4 2 4 006 2 4 1 . 0 0 1 . 4 1 4 0 . 0 0 4 2 . 0 0 2 . 5 0 
8 - 5 4 3 4 S l - 2 0 . 1 6 0 . 2 3 0 . 0 0 0 . 3 2 0 . 0 6 

• 

T Y P £ _ M E D LAB F I L T E R I D N R E S U L T S T D _ R E S M I N _ R E S MAX_RES LABERROR 

6 - 5 4 2 0 001 4 3 5 9 . 5 9 23 . 6 4 3 3 3 . 2 5 3 8 7 . 0 0 1 8 . 0 0 
6 - 5 4 2 0 0 0 3 4 2 8 5 . 9 b 1 0 . 1 2 2 7 6 . 2 7 2 9 9 . 9 2 1 7 . 2 0 
6 - 5 4 2 0 006 4 3 1 0 . 1 3 8 . 3 6 2 9 9 . 9 0 3 1 9 . 2 8 1 5 . 5 8 
6 - 5 4 2 2 0 0 6 2 2 0 0 . 0 0 0 . 0 0 2 0 0 . 0 0 2 0 0 . 0 0 1 J . 0 0 

TYPE_MfcD LAB F I L T E R I D 

ELEMENT= SULPHUR 

N R E S U L T S T D _ R E S M l N _ R E S MAX_RES LABERROR 

6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 

0 
0 
0 

001 
0 0 3 
006 

4 
4 
4 

1 > 1 . 3 5 
3 1 7 . 1 2 
166 .62 

4 
I 7 

3 

, 5 6 
. 73 
. 8 2 

1 8 7 . 0 b 
2 9 7 . 77 
1 6 3 . 4 0 

1 9 6 . 7 2 
3 4 0 . 7 7 
1 7 0 . 9 0 

1 0 . 7 4 
16. 12 
8.60 

ELEMENT^ CHLORINE 

TYPE_MED LAB F I L T E R I D N R E S U L T S T 0 _ R E S MI N _ R E S MAX_Rt£S LABLRRUR 

6 - 5 4 2 0 001 4 1 7 . 7 3 1 . 3 9 1 6 . 1 2 1 9 . 3 5 1 . 0 7 
6 - 5 4 2 0 0 0 3 4 3 3 . 3 2 4 . 5 6 2 7 . 9 5 3 7 . 6 2 1 . 6 1 
6 - 5 4 2 0 0 0 6 4 5 9 . 6 6 1 . 3 9 5 8 . 0 5 6 1 . 2 8 3 . 2 0 
6 - 5 4 2 4 001 2 3 2 . 0 0 1 . 4 1 31 . 0 0 3 3 . 0 0 0 . 6 0 
6 - 5 4 2 4 0 0 3 2 4 9 . 0 0 5 . 6 6 4 5 . 0 0 . 5 3 . 0 0 0 . 6 0 
6 - 5 4 * 4 006 2 8 0 . 0 0 0 . 0 0 8 0 . 0 0 8 0 . 0 0 0 . 6 0 

•S 

T Y P E _ M E D LAB F I L T E R I D N R E S U L T S T D _ R E S M I N _ R E S MAX_RES LABERROR 

o—542 0 001 4 4 3 . 6 0 2 . 3 8 4 0 . 8 5 4 6 . 2 2 2 . 1 5 
6 - 5 4 2 0 003 4 3 2 . 5 2 0 . 5 4 3 2 . 2 5 3 3 . 3 2 2 . 1 5 
6 - 5 4 2 0 0 0 6 4 7 2 . 5 6 1 . 3 9 7 0 . 9 5 7 4 . 1 8 4 . 3 0 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 

Concord Scientific Corporation 
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MEAN VALUES FOR EACH ELEMENT 

ELEMENT= CALCIUM ' 

TYPE_MED L A B F I L T E R I D 

6 - 5 4 2 
6 - 5 4 2 
6—542 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 
£—543 

0 
0 
0 
1 
1 
1 
4 
4 
4 
4 

001 
0 0 3 
0 0 6 
001 
0 0 3 
006 
001 
0 0 3 
006 
Sl-

N RESULT S T D _ R E S MI N_RES MAX_RES LABERROR 

4 3 4 4 . 8 0 2 2 . 6 2 3 1 4 . 9 7 3 6 4 . 4 2 1 7 . 1 9 
4 4 0 6 . 3 5 3 5 . 6 2 3 7 6 . 2 5 4 5 1 . 5 0 1 8 . 2 2 
4 3 9 6 . 9 6 8 . 3 9 3 8 7 . 0 0 4 0 7 . 4 3 1 9 . 8 5 
2 3 1 6 . 2 1 8 . 0 5 3 1 0 . 5 2 3 2 1 . 9 0 1 6 . 2 0 
2 3 6 2 . 0 3 5 0 . 1 4 3 2 6 . 5 8 3 9 7 . 4 9 1 8 . 5 3 
2 3 49 . 2 5 1 2 . 4 3 3 4 0 . 4 6 3 5 8 . 0 5 1 7 . 8 8 
2 3 6 7 . 5 0 3 . 5 4 3 6 5 . 0 0 3 7 0 . 0 0 0 . 3 0 
2 4 1 7 . 5 0 3 8 . 8 9 3 9 0 . 0 0 4 4 5 . 0 0 0 . 3 0 
2 2 7 5 . 0 0 0 . 0 0 2 7 5 . 0 0 2 7 5 . 0 0 0 . 3 0 
2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 1 5 

ELEMENT= TITANIUM 

TVPERMED L A B F I L T E R I D N RESULT S T D _ R E S MINORES MAX_RE S LABERROR 

6 - 5 4 2 0 0 0 1 4 1 0 . 5 3 0 . 4 6 9 . 8 9 1 0 . 8 6 0 . 5 4 
6 - 5 4 2 0 0 0 3 4 1 2 . 3 3 1 . 0 9 1 1 . 1 8 1 3 . 7 6 0 . 5 4 
6 - 5 4 2 0 0 0 6 4 1 0 . 4 4 0 . 1 6 1 0 . 3 0 1 0 . 6 4 0 . 5 2 
6 - 5 4 2 1 0 0 1 2 9 . 0 2 0 . 2 3 8 . 8 6 9 . 1 8 0 . 5 6 
6 - 5 4 2 1 0 0 3 2 8 . 7 5 0 . 4 1 8 . 4 6 9 . 0 3 0 . 5 5 
6 - 5 4 2 1 0 0 6 2 6 . 5 5 0 . 3 6 6 . 3 0 6 . 8 1 0 . 4 6 
6 - 5 4 2 4 0 0 1 3 1 . 0 7 0 . 9 8 0 . 5 0 2 . 2 0 0 . 0 5 
6 - 5 4 2 4 0 0 3 2 2 . 5 0 0 . 4 2 2 . 2 0 2 . 8 0 0 . 0 5 
6 - 5 4 2 4 0 0 6 2 0 . 8 5 0 . 2 1 0 . 7 0 1 . 0 0 0 . 0 5 
TT—543 4 S L - 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 

TYPE_MED LAB F I L T E R I D N RESULT S T D _ R E S MLN_RES MAX_RES LABERROR 

6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 O

O
O

 0 0 1 
0 0 3 
0 0 6 

4 
4 
4 

1 . 2 1 
2 . 2 5 
2 . 0 4 

0 . 0 5 
0 . 2 8 
0 . 0 9 

1 . 1 8 
1 . 9 3 
1 . 9 4 

1 . 2 9 
2 . 5 8 
2 . 1 5 

0 . 1 1 
0 . 16 
0 . 1 1 

LAB 0 
LAB 1 
LAB 2 
LAB 4 

NEA 
EPA 
XRAL 
MOE 

Concord Scientific Corporation 
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TVPE_MED L A B F I L T E R I D N R E S U L T STD_RES MI N_RES M A X . R E S LABERROR 

6 - 5 4 2 0 0 0 1 4 2 * 2 0 0 . 1 4 2 . 0 4 2 . 3 6 0 . 1 1 
6 - 5 4 2 0 0 0 3 4 3 . 9 0 0 . 4 1 3 . 4 4 4 . 4 1 0 . 16 
6 - 5 4 2 0 0 0 6 4 5 . 0 4 0 . 1 9 4 . 8 4 5 . 2 7 0 . 2 4 
6 - 5 4 2 1 0 0 1 2 1 . 4 5 0 . 2 0 1 . 3 1 1 . 5 9 0 . 1 5 
6 - 5 4 2 1 0 0 3 2 1 . 9 1 0 . 3 4 I . 6 6 2 . 1 5 0 . 1 8 
6 - 5 4 2 1 0 0 6 2 3 . 0 0 0 . 1 7 2 . 8 8 3 . 1 2 0 . 2 3 
6 - 5 4 2 2 0 0 1 2 0 . 6 0 0 . 0 0 0 . 6 0 0 . 6 0 0 . 0 2 
6 - 5 4 2 2 0 0 3 2 1 . 3 5 0 . 0 7 1 . 3 0 1 . 4 0 0 . 0 3 
6 - 5 4 2 2 0 0 6 2 1 . 4 0 0 . 1 4 1 . 3 0 1 . 5 0 0 . 0 3 
6 - 5 4 2 4 0 0 1 2 0 . 5 5 0 . 3 5 0 . 3 0 0 . 8 0 0 . 0 1 
6 - 5 4 2 4 0 0 3 2 2 . 4 5 0 . 4 9 2 . 1 0 2 . 8 0 . 0 . 0 1 
6 - 5 4 2 4 0 0 6 2 0 . 4 7 0 . 0 5 0 . 4 4 0 . 5 1 0 . 0 1 
7 - 5 4 1 0 0 0 1 2 0 . 0 0 0 . 0 0 0 . 0 0 0 * 0 0 0 . 0 0 
7 - 5 4 1 2 0 0 3 2 0 . 0 3 0 . 0 4 0 . 0 0 0 . 0 6 0 . 0 0 
tt—543 2 S L - 2 0 . 9 0 0 . 1 4 0 . 8 0 1 . 0 0 0 . 0 5 
8 - 5 4 3 2 S2— 2 2 . 4 0 0 . 0 0 2 . 4 0 2 . 4 0 0 . 0 5 
8 - 5 4 3 4 S L - 2 0 . 5 8 0 . 0 1 0 . 5 8 0 . 5 9 - 0 . 0 1 

; ELEMENT = MANGANESE — 

RYPE.MEO LAB F I L T E R I D N R E S U L T S T D _ R E S M I N _ R E S MAX_RES LABERROR 

6 - 5 4 2 0 0 0 1 4 1 3 . 6 0 1 . 1 9 1 1 . 8 2 1 4 . 3 0 0 . 7 2 
6 - 6 4 2 0 0 0 3 4 2 6 . 0 7 2 . 8 3 2 3 . 6 5 3 0 . 1 0 1 . 0 0 
6 - 5 4 2 0 0 0 6 4 4 2 . 9 9 1 . 5 3 4 1 . 9 0 4 5 . 1 5 2 . 15 
6 - 5 4 2 1 0 0 1 2 1 2 . 8 3 0 . 5 2 1 2 * 4 6 1 3 . 2 0 0 . 6 8 
6 - 5 4 2 1 0 0 3 2 2 3 . 1 6 3 . 5 3 2 0 * 6 6 2 5 . 6 5 1 . 2 1 
6 - 5 4 2 1 0 0 6 2 3 7 . 7 3 1 . 8 5 3 6 . 4 2 3 9 . 0 4 1 * 9 5 
6 - 5 4 2 2 0 0 1 2 1 4 . 0 0 1 . 4 1 1 3 . 0 0 1 5 . 0 0 0 . 0 5 
6 - 5 4 2 2 0 0 3 2 2 7 . 0 0 0 . 0 0 2 7 . 0 0 2 7 . 0 0 0 . 2 7 
6 - 5 4 2 2 0 0 6 2 4 2 . 0 0 1 . 4 1 41 . 0 0 4 3 . 0 0 0 . 4 2 
6 - 5 4 2 4 0 0 1 2 1 3 . 2 0 0 . 0 0 1 3 . 2 0 1 3 . 2 0 0 . 5 0 
6 - 5 4 2 4 0 0 3 2 2 4 . 0 0 3 . 5 4 2 1 . 5 0 2 6 . 5 0 0 . 5 0 
6 - 5 4 2 4 0 0 6 2 2 7 . 5 0 2 . 1 2 2 6 . 0 0 2 9 . 0 0 0 . 5 0 
7 - 5 4 1 2 0 0 3 2 0 . 1 2 0 . 0 8 0 . 0 6 0 . 1 8 0 . 0 1 
8 - 5 4 3 2 S L - 2 0 . 0 6 0 . 0 3 0 . 0 4 0 . 0 8 0 . 0 0 
8 - 5 4 3 2 S2— 2 0 . 1 0 0 . 0 0 0 * 1 0 0 . 1 0 0 . 0 1 
8 - 5 4 3 4 S L - 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 

rVPE_MED LAB F I L T E R I D N RESULT S T D _ R E S MINORES MAX_KES LABERROR 

6 - 5 4 2 0 0 0 1 4 2 4 7 . 7 8 2 0 . 7 4 2 1 9 . 3 0 2 6 7 . 6 7 1 2 . 6 3 
6 - 5 4 2 0 0 0 3 4 5 4 6 . 9 0 4 7 . 13 5 0 5 . 2 5 .;61 0 . 6 0 2 7 . 6 4 
6 - 5 4 2 0 0 0 6 4 6 3 0 . 2 0 1 6 . 3 8 6 1 5 . 9 0 6 5 2 * 5 3 3 1 . 9 8 
6 - 5 4 2 1 0 0 1 2 2 2 3 . 8 9 1 2 * 9 3 2 1 4 * 7 4 2 3 3 * 0 3 1 1* 18 
6 - 5 4 2 1 0 0 3 2 4 4 9 . 1 9 5 6 . 2 J 4 0 9 * 4 3 4 8 8 * 9 4 2 2 * 9 2 
6 - 5 4 2 1 0 0 6 2 5 1 7 . 8 5 1 8 * 8 7 5 0 4 * 5 1 5 3 1 . 1 9 2 6 * 4 2 
6 - 5 4 2 4 0 0 1 2 1 2 5 . 3 0 8 8 . 6 7 6 2 * 6 0 1 8 8 . 0 0 1 * 5 0 
6 - 5 4 2 4 0 0 3 2 4 3 5 . 5 0 64 . 3 5 3 9 0 . 0 0 4 8 1 . 0 0 1 . 5 0 
6 - 5 4 2 4 0 0 6 2 1 2 9 . 5 0 3 4 . 6 5 1 0 5 . 0 0 1 5 4 . 0 0 1 . 5 0 7 - 5 4 1 1 0 0 2 2 0 . 2 3 0 . 0 1 0 . 2 2 0 . 2 3 0 * 0 6 
tt—543 4 S L - 2 0 . 1 1 0 . 0 4 0 * 0 8 0 . 1 4 0 * 0 2 

TVP£_MED LAB F I L T E R I D 

ELEMENT— NICKEL 

N R E S U L T STD_RES MI N_RES MAX_RES LABERROR 

6 - 5 4 2 0 0 0 1 3 
6 - 5 4 2 0 0 0 3 4 
6 - 5 4 2 0 0 0 6 4 

0 . 8 2 
1 * 2 0 
0 . 8 5 

0.09 
0 . 1 6 
0 . 1 4 

0 . 7 6 
1 . 0 1 
0 . 7 2 

0 . 9 2 
1 . 3 4 
1 . 0 5 

0 . 0 7 
0 . 5 4 
0 • 0 7 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 

Concord Scientific Corporation 
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M E A N V A L U E S F O R E A C H E L E M E N T 

TVPE_MED LAB F I L T E R I D 

6 - 5 4 2 
6 - 5 4 2 
6 - 5 4 2 

0 
0 
0 

001 
0 0 3 
006 

ELEMENTS COPPER 

N RESULT S T D _ R E S MINORES MA X_RE S LABERROR 

4 J J . J 9 1 4 . 0 3 

4 2 7 . 4 2 5 . 5 7 

5 6 . 9 7 8 8 . 1 5 
26.7 . • 55.9 
2 3 . 6 5 . 3 5 . 4 7 

3 . 4 9 
2 . 1 6 
1 . 3 5 

TVPE_M£D LAB F I L T E R I D 

ELEMENT^ ZINC 
N RESULT STD_RES M I N _ R E S MAX_RES LABERROR 

6 - 5 4 2 0 0 0 1 4 
6 - 5 4 2 0 0 0 3 4 
6 - 5 4 2 0 006 4 
6 - 5 4 2 1 0 0 1 2 
6 - 5 4 2 1 0 0 3 2 
6 - 5 4 2 1 0 0 6 2 
6 - 5 4 2 2 0 0 1 2 
6 - 5 4 2 2 0 0 3 2 
6 - 5 4 2 2 0 0 6 2 
6 - 5 4 2 4 0 0 1 2 
6 - 5 4 2 4 0 0 3 2 
6 - 5 4 2 4 0 0 6 2 
7 - 5 4 1 1 0 0 2 2 
7 - 5 4 1 2 0 0 3 2 
8 - 5 4 3 2 S L - 2 
8 - 5 4 3 2 S2 — 2 
8 - 5 4 3 4 S L - 2 

2 4 . 7 2 
2 3 . 6 5 
2 5 . 2 6 
1 8 . 6 4 
1 7 . 7 5 
1 9 . 4 0 
2 0 . 5 0 
2 1 . 0 0 
21.00 
20.60 
1 9 . 6 5 
1 5 . 5 0 

0 . 1 7 
0 . 4 0 
0 . 3 0 
0 . 2 5 
0.00 

0 . 8 8 
1 . 7 6 
1.08 1 .08 
3 . 0 1 
0 . 0 3 
2 . 1 2 
0 .00 
1 . 4 1 
0 . 5 7 
1 . 6 3 
2.12 
0 . 2 4 
0 . 1 4 
0.00 
0 . 0 7 
0 «U0 

2 3 . 6 5 
2 1 . 5 0 
2 4 . 7 0 
1 7 . 8 8 
1 5 . 6 2 
1 9 . 3 8 
1 9 . 0 0 
21 .00 
20.00 
2 0 . 2 0 
1 8 . 5 0 
1 4 . 0 0 
0.00 
0 . 3 0 
0 . 3 0 
0 . 2 0 
0.00 

2 5 . 8 0 
2 5 . 8 0 
2 6 . 8 6 
1 9 . 4 1 
1 9 . 8 8 
1 9 . 4 2 
22.00 
21 .00 
2 2 . 0 0 
21.00 
20.80 
1 7 . 0 0 

0 . 3 4 
0 . 5 0 
0 . 3 0 
0 . 3 0 
0.00 

1 . 0 7 
1 . 1 0 
1 . 08 
0 . 9 6 
0 . 9 2 
1.00 
3 . 0 0 
0 . 3 1 
0 . 3 0 
0 . 0 5 
0 . 0 5 
0 . 0 5 
0 . 09 
0.06 
0 . 0 5 
0 . 0 4 
0.00 

ELEMENTS ARSENIC 

T * P E _ M E D L A B F I L T E R I D N RESULT S T D _ « E S MI N_RES MAX_RES LABERROR 

6 - 5 4 2 0 0 0 1 4 0 . 0 0 0 . 0 0 0.00 0 . 0 0 0 . 0 0 
6 - 5 4 2 0 0 0 3 4 0 . 0 0 0 . 0 0 0.00 0 . 0 0 0 . 0 0 
6 - 5 4 2 0 0 0 6 4 0 . 0 0 0 . 0 0 0.00 0 . 0 0 0 . 0 0 
6 - 5 4 2 1 0 0 1 2 0 . 0 0 0.00 0 . 0 0 0 . 0 0 0.00 
6 - 5 4 2 1 0 0 3 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0.00 
6 - 5 4 2 1 0 0 6 2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
6 - 5 4 2 2 0 0 1 2 0 . 1 0 0 . 0 0 0 . 1 0 0 . 1 0 0 . 0 2 
6 - 5 4 2 2 0 0 3 2 0 . 4 0 0 . 0 0 0 . 4 0 0 . 4 0 0 . 0 1 
6 - 5 4 2 2 0 0 6 2 0 . 5 6 0 . 1 4 0 . 4 6 5 0 . 6 6 0 . 1 0 
6 - 5 4 2 4 0 0 1 2 0 . 0 6 0 . 0 2 0 . 0 5 0 . 0 8 0 . 0 3 
6—542 4 0 0 3 2 0 . 2 3 0 . 0 3 0 . 2 1 0 . 2 5 0 . 0 3 
7 - 5 4 1 0 0 0 1 2 4 . 4 6 6 . 3 1 0.00 8 . 9 2 0 . 7 0 
7 - 5 4 1 2 0 0 3 2 1 . 9 8 2 . 7 2 0 . 0 6 3 . 9 0 0 . 0 3 
8—543 2 S L - 2 0 . 0 6 0 . 0 0 0 . 0 6 0 . 0 6 0 . 1 1 
8 - 5 4 3 2 S2— 2 0 . 1 6 0 . 0 0 0 . 1 6 0 . 1 6 0 . 1 1 
8 - 5 4 3 4 S L - 2 0 . 1 7 0 . 0 6 0 . 1 3 0 . 2 2 0 . 0 3 

LAB 0 s NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE Concord Scientific Corporation 



APPFNMX 2 - 5 

M E A N V A L U E S F O R E A C H E L E M E N T 

6-542 
6-542 
6-542 

LAB FILTERID 

ELEMENTS SELENIUM — 

N RESULT STD_RES MINORES MAX_RES LABERROR 

0 001 
0 003 
0 006 

4 0.00 0.00 
4 0.00 0.00 
4 0.00 0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

TVPE_MEO LAB FILTERID 

6-542 
6-542 
6—54 2 
6-54 2 
6-542 
6-542 
7-541 

ELEMENTS BROMINE !—: [ 

N RESULT STD_RES MINORES MAX_RES LABERROR 

0 001 4 
0 003 4 
0 006 4 
1 001 2 
1 003 2 
1 006 2 
1 002 2 

14.08 
3.36 
12.37 
12.90 
2. S3 

10 .60 
1.72 

0.77 
0.24 
0 . 1 8 
0.55 
0.29 
0.00 
2 .34 

13.33 
3.12 
12.15 
12.51 
2.32 

10 .60 
0.07 

14.94 
3.65 

12.58 
13.29 
2.74 

1 0 . 6 0 
3.37 

0.55 
0.21 
0.63 
0.66 
0.14 
0.55 
0. 11 

ELEMENT^ CADMIUM 

TYPE_MED LAB FILTERID 

6-542 
6-542 
6-542 
6-542 
6-542 
6-542 
6-542 
6-542 
6-542 
6-54 2 
6-542 
6-542 
7-541 
7-541 
8-543 
8-543 
8-543 

0 
0 
0 
1 
1 
1 
2 
2 
2 
4 
4 
4 
0 
2 
2 
2 
4 

001 
003 
006 
001 
003 
006 
001 
003 
006 
001 
003 
006 
001 
003 
51-
52— 
Sl-

N RESULT STD_«ES Mi N_RES MAX_RES LABERROR 

4 0.00 0 .00 0 .00 0.00 0.00 
4 0.00 0.00 0.00 0.00 0.00 
4 3.28 0.41 2.69 3.55 0.64 
2 0.00 0 .00 0*00 0.00 0.00 
2 0.1 2 0.03 0.10 0.13 0.10 
2 0.37 0.01 0.37 0.38 0.11 
2 0.00 0.00 0*00 0.00 0.00 
2 0. 10 0.14 0. 00 0.20 0.00 
2 0. 10 0.14 0.00 0.20 0.00 
2 0. 13 0.01 0.13 0.14 0.00 
2 0.2 1 0.13 0.12 0.30 0. 00 
2 0. 1 3 0 .04 0.11 0.16 0.00 
2 1.13 1 .60 0.00 2.26 0.32 
2 1.80 2.55 0.00 3.60 0.13 
2 1.50 0.00 1 .50 1 .50 0.10 
2 0.25 0.07 0.20 0.30 0.09 
2 0.68 0 .20 0.54 0.82 0.00 

TYPE_ME0 LAB FILTERID 

ELEMENTS BARIUM 

N RESULT STD_RES MINORES MÀX_RES LABERROR 

6-54 2 0 001 4 0.00 0.00 0.00 0.00 0.00 
6-5*2 0 003 4 0.00 0.00 0.00 0.00 0.00 
6-542 0 006 4 0.00 0.00 0.00 0.00 0.00 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 

Concord Scientific Corporation 



APPENDIX 1 - 6 

MEAN VALUES FOR EACH ELEMENT 

TVPE__MEO LAB F I L T E R I D 

ELEMENT= LEAD-

N R E S U L T STO_RES M I N _ R E S MAX_RES LABERROR 

6—542 0 0 0 1 4 
6 - 5 4 2 0 0 0 3 4 
6 - 5 4 2 0 0 0 6 4 
6 - 5 4 2 1 0 0 1 2 
6 - 5 4 2 1 0 0 3 2 
6 - 5 4 2 1 0 0 6 2 
6 - 5 4 2 2 0 0 1 2 
6 - 5 4 2 2 0 0 3 2 
6 - 5 4 2 2 0 0 6 2 
6 - 5 4 2 4 0 0 1 2 
6 - 5 4 2 4 0 0 3 2 
6 - 5 4 2 4 0 0 6 2 
7 - 5 4 1 0 0 0 1 2 
7 - 5 4 1 1 0 0 2 2 
7 - 5 4 1 2 0 0 3 2 
8 - 5 4 3 2 S L - 2 
8 - 5 4 3 2 S 2 - 2 
6 - 5 4 3 4 S L - 2 

6 6 * 6 5 
2 3 * 3 8 
5 2 * 4 1 
6 4 * 3 3 
2 3 * 4 6 
5 0 * 6 4 
5 3 * 0 0 
2 4 . 0 0 
5 0 * 0 0 
4 9 . 0 0 
1 6 . 3 5 
1 8 . 5 0 
0 6 . 4 2 
9 8 . 2 9 
10. 00 

3 . 8 0 
0 . 6 5 
2 . 5 7 

1 « 5 2 
1 . 8 4 
1 . 0 3 
2 . 0 1 
3 . 4 1 
0 . 1 2 
4 . 2 4 
0.00 
0.00 
2 . 12 
3 * 3 2 
0 . 7 1 

150.51 
1 3 9 . 0 0 
1 5 5 . 5 6 

0 . 1 4 
0 . 0 7 
0 . 2 8 

6 5 . 5 7 
2 1 . 5 0 
5 1 . 6 0 
6 2 . 9 1 
2 1 . 0 5 
5 0 . 5 6 
5 0 . 0 0 
2 4 . 0 0 
5 0 . 0 0 
4 7 . 5 0 
1 4 . 0 0 
18.00 
0.00 
0.00 
0.00 
3 * 7 0 
0 . 6 0 
2 . 3 7 

6 8 . 8 0 
2 5 . 8 0 
5 3 . 7 5 
6 5 . 7 4 
2 5 . 8 7 
5 0 . 7 3 
5 6 . 0 0 
2 4 . 0 0 
5 0 . 0 0 
5 0 . 5 0 
1 8 . 7 0 
1 9 * 0 0 

2 1 2 * 8 5 
1 9 6 * 5 8 
2 2 0 * 0 0 

3 * 9 0 
0 * 7 0 
2 * 7 7 

3 * 2 2 
1.10 
3 * 4 9 
3 * 2 9 
1*21 
2 * 5 9 
0 . 8 6 
0 . 5 0 1 .00 
1 . 5 0 
I . 5 0 
1 . 5 0 
5 . 3 8 
5 . 0 2 
4 . 4 0 
0 . 0 6 
0.11 0.02 

LAB 0 
LAB 1 
LAB 2 
•LAB 4 

NEA 
EPA 
XRAL 
MOE 

Concord Scientific Corporation 



APPENDIX 1 - 7 

elements SULPHATE 

TYPE_MEO LAB F I L T E R I D N RESULT S T D . R E S MINGRES MA X_RE S LABERROR 

6—542 4 OOI 2 6 D 0 . 0 0 3 5 . 3 6 6 5 5 . 0 0 7 0 5 . 0 0 2 . 0 0 
6 - 5 4 2 4 0 0 3 2 1 3 8 0 1 6 9 . 7 1 1 2 6 0 1 5 0 0 2 . 0 0 
6 - 5 4 2 4 0 0 6 2 5 1 6 . 5 0 3 . 5 4 5 1 4 . 0 0 5 1 9 . 0 0 2 . 0 0 
6 - 5 4 2 5 0 0 1 2 6 7 8 . 5 0 4 3 . 8 4 6 4 7 . 5 0 • 7 0 9 . 5 0 . 
6 - 5 4 2 5 0 0 3 2 1 2 76 . 8 11 . 6 7 1 2 6 8 . 5 1 2 8 5 
6 - 5 4 2 5 0 0 6 2 5 7 2 . 6 3 4 2 . 6 0 5 4 2 . 5 0 : 6 0 2 . 7 5 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 = CSC Concord Scientific Corporation 



APPENDIX A3-1 

ANALYTICAL DETERMINATIONS FOR BLANKS 

ELEMENT TYPE_MED LAB F ILTERNO RESULT 

aluminum 9-541 2 061 2 0.0000 
9-542 0 083 1.0700 

.̂ SILICON 9-541 2 061 1 20.000 
g-542 0 083 < -0.540 

SULPHUR __ 9-542 0 083 - 2 .15000 

CHL0RINE_ <3-541 0 064 (8 .60000) CHL0RINE_ 9-542 0 083 -1 .18000' 
9-542 4 103 - • 00000 

POTASSIUM 9-541 0 064 ( - 0 . 400000) 
— 9-542 0 083 ( — 0 • 210000) 

CALCIUM 9-541 0 064 (-0 .04000) 
9-542 0 083 0 .64000 
9-542 1 075 - 0 .28400 
9-543 .1 1 04 3 .10000 

' t itanium 9-541 0 064 - 0 . 100000 „„ 9-542 0 083 -0. 110000 
9-542 1 075 . -0. 168000 
9-542 4 103 . - 0 . 100000 
9-•543 1 1 04 . 0. 158000 

VANADIUM 9-541 0 064 —0.080000Ô 
- - - — - — 9-542 0 083 -0.0900000 

CHROMIUM 9-•541 0 Ô 64 - 0 . 080000 CHROMIUM 
9-541 2 061 -0. 020000 
9-•542 0 083 -0 . 060000 
9-•542 1 075 - 0 . '080000 
9-542 2 . 071 0 . 160000 
9-•542 4 1 03 - 0 . 100000 
9-•543 1 1 04 0. 115000 
9-•543 2 088 0. 400000 
9-•543 4 091 - 0 . 100000 

"'MANGANÈSE ' 9-541 0 0 64 - 0 . Ô90000 "'MANGANÈSE ' 
•9—54 1 2 . 061 - 0 . 040000 
9-•542 0 0 83 0. 090000 
9-•542 1 ' 075 - 0 . 070000 

. 9-•542 2 071 - 0 . 040000' 
9-542 4 1 03 - 0 • 100000 
9-543 1 1 04 - 0 . 048000 
9-543 2. 0 88 . : o. 080000 

IRON • 9-•542 0 0 83 0 .25000 . 
9-542 1 . 075 2 .98200 
9-•542 4 1 03 - 0 .10000 
9-543 1 1 04 - 0 ..05500 

LABERROR 

,1.200 00 

6 
0 

(2.lSOOO) 
0.00000 
0.00000 

0 
' • . 0 

0.000000 
0.110000 
0.000000 
0.299000-

o.ooodoo: 
0.000000 
0.000000 
0.000000 
0.126000 

• • . : d 
o. 

0 .0000006, 
o.ooooooo. 
0.0000000 
o.ooooooo-

oIoooooob 
0.0620000 
0.0500000 
0.0000000' 

o.ooooooo" 
OiOOOOOOO 
0.0500000 
0.0000000 
0.0000000 
0.0000000 
0 .0000000 
0.0060000 
0.Ô9Ô0ÔÔ 
0.185Ô00 
0.000000, 

- 0.0000 00 

LAB 0 = NEA • > -
LAB X = EPA 
LAB 2 = XRAL ' Note: All NEA 'blanks' are corrected;.-, 
LAB 4 - MOE " f01" typical values of background 
LAB 5 = CSC, for that filter material. 



APPENDIX A3-2 

ANALYTICAL DETERMINATIONS FOR BLANKS 

ELEVENT TYPE_MEO LAB F ILTERNO RESULT LABERROR 

NICKEL 9-541 0 064 -0. 0500000 o" 
9-542 0 083 -0. 0500000 0 

COPPER 9-541 0 064 -0. 0500000 0 

ZINC 9-54 1 0 064 0 .200000 0.030000 ZINC 
9-541 2 061 0 .200000 0.080000 
9-542 0 0 83 -0 .030000 0.000000 
9-542 1 075 - 0 . 050000 0. 00000,0',\ 
9-542 2 071 0 .300000 ¥ 9-542 4 1 03 -0 . 100000 0.000000 
9-543 1 1 04 0 . 190 000 0.034700 
9-543 2 088 0 .600000 0.100000 

ARSENIC 9-54 1 0 064 -0 .100000 0 
9-541 2 061 0 .060000 0 
9-542 0 083 -0 .100000 0 
9-542 1 075 - 0 .029000 0 
9-542 2 071 0 .100000 . 
9-543 1 1 04 -0 .020000 0 
9-543 2 088 -0 .020000 0 
9-543 4 091 -0 . 1 00 0 00 0 

SELENIUM 9-54 1 0 064 -0 . 100000 0 
9-542 0 083 -0 . 100000 0 

BROMINE 9-541 0 064 -0 . 1 10 000 , 0 
9-542 0 083 -0 . 1 00000 0 
9-542 1 075 -0 .020000 0 
9-543 1 1 04 -0 .015000 0 

CADMIUM 9-54 1 0 064 -0 .400000 0 
9-54 1 2 061 -0 .200000 0 
9-542 0 0 83 -0 .400000 0 
9-542 1 0 75 -0 .090 000 0 
9-542 2 071 -0 .200000 0 
9-542 4 103 -0 .100000 0 
9-543 1 1 04 -0 .062000 , 0 
9-543 2 0 83 -0 .200000 0 
9-543 4 091 - 0 .200000 0 

BARIUM 9-541 0 064 4.00000 0 
9-542 0 083 «•ft 0.40000 0 

LEAD 9-541 0 064 — 0 .3 00 COO 0 
9-541 2 061 -0.200000 0 
9-542 0 083 -0.300000 0 
9-542 1 075 -0.044000 0 
9-542 2 071 -0.200000 0 
<3-542 4 103 -0.100009 0 
9-543 1 1 04 -0.03-1 000 0 
9-543 2 0 88 -0.200000 0 
9-543 4 051 " — 0•2 00 000 0 

LAB 0 = NEA 
LAB 1 = EPA 
LAB 2 = XRAL 
LAB 4 = MOE 
LAB 5 = CSC 




