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ACCURATE DETERMINATION OF IMPURITY CONCENTRATIONS
IN PLUTONIUM METALS BY STATISTICAL EVALUATION
OF ANALYTICAL DATA
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analytical methods are pooled.

Analytical data from a plutonium-metal exchange program con-
ducted by six ERDA laboratories are statistically evaluated. The
objective is an accurate determination of five metal impurities
(aluminum, chromium, iron, nickel, silicon) in each of three
plutonium metals by using data from four analytical methods. The
statistical evaluation yields the weighted mean and its standard
deviation for each method, plutonium metal, and impurity, using a
procedure that minimizes the effect of outliers by assigning zero
weights to the most extreme values and variable weights to the
remaining data. Where possible, weighted means from the various

I. INTRODUCTION

Well-characterized standard materials are in-
valuable for making accurate analytical
measurements in any field, and in the nuclear field
well-characterized plutonium metals have not been
available. Data are presented here for three standard
plutonium metals accurately characterized accor-
ding to content of five impurities: aluminum,
chromium, iron, nickel, and silicon.

Data from a plutonium-metal exchange program
conducted by six ERDA laboratories have been
analyzed, and three plutonium metals, identified as
H, R, and P, have been carefully characterized.
These well-characterized plutonium metals should
be useful in resolving measurement differences
among laboratories, improving current analytical
methods, developing new measurement capabilities,
and providing data with which to resolve shipper-
receiver differences.

By using these standard plutonium metals, a
laboratory can evaluate its analytical performance
and take corrective action if its analytical results are
in error. Also, work is under way using these three

plutonium metals in evaluating several types of
PuO; emission spectroscopy standards.

Data from the plutonium-metal exchange
program, recorded quarterly from December 1971 to
December 1974, will be considered here. Unfor-
tunately, different reporting procedures were used
during this period, and the same procedure was not
used by all the laboratories at any given time. The

effect of these differing procedures will be discussed
later.

Four methods of analysis were used: emission
spectroscopy; chemical method; spark source mass
spectroscopy; and atomic absorption. Of the four,
only emission spectroscopy can be used to determine
all five impurity elements in all three plutonium
metals. The chemical method determines only iron.
Emission spectroscopy and the chemical method
have been used in the exchange program longer than
the other methods and so have contributed the
largest number of values to this report.

Spark source mass spectroscopy has been used
only at the Rocky Flats laboratory. For calibration
purposes, spark source spectroscopy uses the iron
value determined by atomic absorption for a given



sample and gives values for aluminum, chromium,
nickel, and silicon.

Atomic absorption has been used in the exchange
program for only a short time. The impurities deter-
mined by atomic absorption include aluminum,
chromium, nickel, and iron. Rocky Flats has also
reported a small number of values for silicon.

A secondary purpose of this report is to suggest a
statistical treatment for future plutonium-metal ex-
change data that may lead to a consensus on impuri-
ty concentrations while a supply of a particular
batch of plutonium metal still exists. These well-
characterized metals could be considered “certified”
plutonium metals. Additional determinations, such
as those for carbon, gallium, plutonium, and
uranium, could also be so treated.

II. STATISTICAL METHODOLOGY

For each impurity, plutonium metal, and
analytical method, the data from the six par-
ticipating laboratories are combined, and from 8 to
127 data values are given in the initial evaluation. P-
metal iron data taken before December 1972 by
emission spectroscopy at two of the laboratories
showed a high bias and were deleted. The two
laboratories had been using PuOg obtained from the
direct ignition of plutonium metal. However, a
study! made during 1972 showed that high iron
values are obtained from P-metal when the particle
size of the PuQO; is not controlled. When' the
laboratories began to control PuQ2 particle size, the
high bias for iron was no longer observed.

Because the data come from several laboratories,
analytical methods, and reporting procedures, out-
liers are likely to be present. It is difficult to deter-
mine an underlying distribution for the data. Cer-
tainly the assumption of normality is not ap-
propriate. How, then, does one best estimate the
mean under these circumstances? An estimator that
is not very sensitive to the underlying distribution is
said to be “robust.” We believe that the method
described in this report is the best method of robust
estimation? to date. It makes use of weighted means
and prescribes how the weights are to be assigned.
Standard deviations of the weighted means are also
calculated, but their properties are not yet well
known.

If x;,1 =1, ..., n,denotes the i-th observation and
w; a weighting factor for the i-th observation, the
weighted mean is defined as

n
PR
- _ i=l
W n
Wi
i=1l

Let r; = |x; — Xi| denote the absolute value of the i-th
residual and define S to be the median residual. The
weights themselves are defined iteratively as wi =
1/r; sin (r;/cS), where c is an arbitrary scaling factor
(¢ = 1 in this report). Ten iterations are made star-
ting with unit weights. This method assigns zero
weights to observations when r; > S, large weights
to observations with small residuals, and small
weights to observations with large residuals.

The standard deviation of the weighted mean,
Sz, is then calculated for each impurity in each

plutonium metal and for each analytical procedure
by

- n' 1/2

2
E:I‘. W.
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i=1
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N (n'-1) twi
i i=1

where n' is the number of observations receiving
nonzero weights.

The computer program, data, residuals, weights,
and various means and standard deviations are
given in Appendixes I and II.

o |

III. RESULTS

The weighted mean and the standard deviation of
the weighted mean for each impurity, plutonium
metal, and analytical procedure are summarized in
Table I.

A weighted mean and its standard deviation, both
pooled from the analytical methods, are shown in
Table 1. These are computed as follows:

_ n! X +n) X +n!X
X (pooled) = 1wy 27w 3w,
1 1) |
nl + n) + nl



TABLE 1

WEIGHTED MEAN AND ITS STANDARD DEVIATION FOR EACH
IMPURITY FROM EACH ANALYTICAL METHOD

(micrograms per gram of plutonium metal)

Plutonium Emission Spark Source Atomic Chemical
Impurity Metal Spectroscopy Mass Spectroscopy Absorption Method
H 1746 £ 2.9 1775 £ 10.5 1835+ 25 .-
Aluminum R 225+ 0.5 16.2 + 0.4 346+ 2.4 —--
P 555+ 1.3 53.7+1.8 -- - -
H 196.7 £ 2.8 217.5 £ 3.7 1716 +1.1 .-
Chromium R 45.0+ 0.9 38.0+1.5 489+ 1.0 -
P 48.6 + 0.9 43.9 + 2.7 -- - -
H 44104+ 5.2 449.1 + 3.6 4375+ 3.1 .-
Nickel R 101.3+£1.2 942+ 24 108.1+1.6 -
P 137.2+ 1.5 1354 + 5.4 - ----
' H 180.8 + 3.9 222.4 + 20.2 1297+ 3.6 - -
Silicon R 346+10 3H8+1.1 32.6 £ 0.9 - -
P 24.4+0.8 36.2 +2.2 - - -
H 962.8 £+ 10.5 - 9157+ 114 947.0 £ 4.3
Iron R 1114 £ 2.2 -- 1129+ 2.1 11444+ 2.3
P 318.1 £5.5 -- - 326.4 + 2.1
TABLE I1

WEIGHTED MEAN AND ITS STANDARD DEVIATION FOR EACH
IMPURITY POOLED FROM SEVERAL ANALYTICAL METHODS?2
(micrograms per gram of plutonium metal)

Impurity

Aluminum
Chromium
Nickel
Silicon
Iron

Plutonium Metals

H R P
176.3 + 4.2 22.5 4 0.5P 55.3+1.3
196.7 + 2.8 46.1 + 0.9¢ 482+ 1.1
4409 + 4.7 1025+ 1.4 1370+ 2.1
185.8 + 7.74 345+ 1.0 24.4 + 0.8°
9492 + 8.8 1127 £ 2.2 322.0 + 4.2

®Data from all analytical methods are combined to compute the pooled
weighted means and pooled standard deviations of the weighted means
unless indicated by superscripts.

-PBased on emission spectroscopy.

‘Based on emission spectroscopy and atomic absorption.

9Based on emission spectroscopy and spark source mass spectroscopy.



and

2
Sz + df_, S

2 2 ,
dfl Si + 0f2 X 3 Sy 12
Wy W, o
Sz (pooled) =
x" dfl + df2 + df3

where subscripts 1, 2, 3 refer to the various
analytical methods, nj is the number of observations
in the i-th mean with nonzero weight, and df; = nj —
1.

In three instances, values come only from emission
spectroscopy. This method has produced the largest
amount of data, and the weighted mean of the emis-
sion spectroscopy results is between the weighted
means reported from the other two analytical
procedures. In two other cases the weighted means
are pooled from two analytical procedures reporting
values for an impurity. The weighted means not
pooled in these cases are from analytical methods
that have apparent biases for these impurity
elements in these plutonium metals.

An approximate t-test, where

is used to check for significant differences at the 0.05
level among any two of the analytical methods. With
judgment based on analytical experience, one can
arrive at the same conclusion as the t-test in 80% of
the cases. Because of the variety of reporting
procedures and the rounding and averaging of
results, the estimates of precision calculated for this
report, while correct for the data as used, are not en-
tirely satisfactory.

In 20% of the comparisons, the t-test gives a t-
value marginally significant at the 0.05 level. The
differences, while statistically significant, are not
practically significant. In these few cases, analytical
judgment indicates that the weighted means of the
pertinent analytical methods can be pooled.

IV. SUMMARY AND RECOMMENDATIONS

Differences between the weighted means for some
impurities (Table I) may indicate that biases exist.
If there are such biases, they are not consistent
among the several impurities; i.e., one analytical
procedure does not always yield higher results than
another. Because the methods are supposed to
measure the same quantity and because there seems
to be no consistent bias between methods, the
weighted means are pooled from the methods, ex-
cept for those cases noted.

The values given in Tables I and Il should be used
with judgment. Where there are apparent
differences among weighted means, further ex-
perimental work is recommended. To resolve these
differences, individual laboratories should use the
values of Table II in a conscientious effort to ex-
amine their analytical methods, especially where
large discrepancies occur between their
measurements and the ones reported here. In this
way, and with consistent reporting practices, the ac-
cumulation of future data will be helpful in deter-
mining impurity concentrations in plutonium
metals even more accurately than shown here.

ACKNOWLEDGMENTS

We gratefully acknowledge the efforts and
cooperation of the many people at the participating
laboratories who contributed the data discussed in
this report. The participating laboratories
are: Atlantic Richfield Hanford Company, Hanford,
WA; Savannah River Plant, Aiken, SC; Rocky Flats,
Golden, CO; Mound Laboratories, Miamisburg,
OH; Argonne National Laboratory, Chicago, IL; and
Los Alamos Scientific Laboratory, Los Alamos, NM.

REFERENCES

1. C. J. Martell, “The Effect of Particle Size on the
Carrier-Distillation Analysis of PuQOs,” Los Alamos
Scientific Laboratory report LA-5454 (February
1974).

2. D. F. Andrews, “A Robust Method for Multiple
Linear Regression,” Technometrics 16, 523-531
(November 1974).




[+ X2 )

ed

30

APPENDIX I

COMPUTER PROGRAM USED FOR STATISTICAL
EVALUATION OF THE ANALYTICAL DATA

PROGRAM MAIN (INP,OUT)
DIMENSION X(250), W(258), R(25Q), T(SUD), D(258), Y(259)
DIMENSION TITLE(S)

READ TITLE,DATA

Jed

DO 120 MHm},4Q

READ 3138, (TITLE(K),Kmi,S)
JaJ+t

PRINT §49, J

PRINT 158, (TITLE(K),)K=3,5)
NCT=d

READ 168y N

READ 170+ (X(1),2Iui,N)

CALCULATE MEANS, STANDARD DEVIATIONS, AND RESIDUALS OF ORIGINAL DATA
SuMx3pH,0

SUSxsy,0

XAz20,9

XATz2,.6

XNZN

00 13 =N
SUMX=SUMX¢X(T)
CUNTINUE

D0 2@ I=y,N
RCIY=ABS(X{])=SUMX/N)
SUSX=SUSA+R(T) a2
SUSX=SQRY(SUSK/(Nw,))
AAB=SUSX/SQRT(XN)

CALL SORTS (N,@,R,T)
NMEHOD (N, 2)

NXEN/2

NYSNX+} :
STDa(RINX)+R(NY))I/2,
IF (NH,EQ,1) STDaR(NY)
XMM=SUMX/N

PRINT 1808, XMM,XAB

CALCULATE WEIGHTS USING ANDREWS METHOD
D0 9B Mzd,4

Cs(,254FLOAT(M)+0,@)2STD

DO 80 ICNT=1,10

DU 59 13§,N

IF (ICNT.tQ,§) GO TO 4@

IF (ABS(R(I)/C)467,3,§815926) GO TO 39
WCT)ISIN(RCL)/ZCI/ZR(])

60 10 50

W(l)=0,0

IF (ICNT,€0,108) NCTaNCT+!

XNCTeNCT



G0 TO Se
40 N(1)=1,9
58 CONTINUE

CALCULATE WEIGHTED MEANS, STANDARD ODEVIATIONS, AND RESIDUALS OF
WEIGHTED DATA -
SuM1aR,9
sunz:u,s
DO 6@ Isi,N
SUnx-sunva(I)*x(l)
60 SyuM2=SUM2+W(I)
XBARZSUMI/SUM2
SUMRED,0
D0 78 1ai,N
R(I)zx(1)=XBAR
78 SUMRaSUHR#R(IIAR(II*W(I)
SUMRESGRT(SUMR/ ((N=NCT=1)# {8UM2)))
88 CONTINUE
99 CONTINUE

noo

[z X2 X ]

CALCULATE MEANS, STANDARD DEVIATIONS OF DATA RECEIVING NONeZERO
WEIGHTS
DO 189 Izy§,N
Y(I)=X(1)
IF (w(1),£0,0,) Y(I)xg,
XAEXA+Y(1)
180 CONTINUE
XAMzXA/(N=NCT)
DO 118 i=i,N
DCI)BY(1)aXAM
IF (W(1),EQ.9,) D(I)mB,
XAT= XATtD(I)tnz
118 CUNTINUE
XATaSQRT(XAT/(N=NCT=1,))
XASTXAT/SIRT LXNSXNCT)
IF (ICNT,EQ,18) PRINT 190, XAM,XAS
IF (ICNT,EQ,18) PRINT 208, XBAR,SUMR
IF (ICNT,EQ0.50) PRINT 210
IF CICNT.EQ¢10) PRINT 228, (KyX(K) RCK)pW(K),KE{yN)
PRINT 238
PRINT 249
PrINT 250
PRINT 260
PRINT 270
120 CONTINUE

138 FORMAT (5A10)
$48 FORMAT (1H1,///,55X%,13)

150 FORHAT (//,35%X,5A10)

168 FORMAT (113)

178 FORMAT (14F5,@)

18@ FORMAT (///% MEAN AND sr DEV OF MEAN (N VALUES)

1 %) 2F15,4)

198 FORMAT {* HEAN AND ST DEV OF HEAN (N' VALUES) "
12F15,4)

200 FORMAT (% WEIGHTED MEAN AND $TO DEV OF WEIGHTED MEAN (N' VALUES)w,
12F15,4)

210 FORMAT (//¢ 1 X(I)  R(I)  W(D I X)) RN




220
238
24@
253
260
279

1 w1 1 X(1) R(1) Wl 1 L18¢) R¢
eI WiI)*,/)

FURMAT (15,F8,0,F8,0,FB,3,3(110,F8,2+F8,8,F3,3))

FORMAT (///39X,%X(1) IS THE IeTH OBSERVATION®)

FORMAT (39X, 4R(I) IS THE IeTH RESIDUAL FROM THE WEIGHTED MEAN®)
FORMAT (39X, aW(I) IS THE WEIGHT GIVEN THE IsTH OBSERVATIONW)
FORMAT (39X,&N IS THE NUMBER OF ORIGINAL OBSERVATIONSw)

FORMAT (39X,#N' IS THE NUMBER OF OBSERVAYJONS WITH NONZERO nEIGHTS
1

EnD




APPENDIX II

DATA, RESIDUALS, WEIGHTS, AND VARIOUS MEANS AND STANDARD
DEVIATIONS FOR EACH IMPURITY, PLUTONIUM METAL, AND ANALYTICAL PROCEDURE

Analytical Method Impurity Page
Emission Spectroscopy
Metal H Al 9
Cr 10
Fe 11
Ni 12
: Si 13
Metal P Al 14
Cr 156
Fe 16
Ni 17
Si 18
Metal R Al 19
Cr 20
Fe 21
Ni 22
Si 23
Chemical Method
Metal H Fe 24
Metal P Fe 25
Metal R Fe 26
Spark Source Mass
Spectroscopy
Metal H Al 27
Cr 28
Ni 29
Si 30
Metal P Al 31
Cr 32
Ni 33
Si 34 -
Metal R Al 35
Cr 36
Ni 37
Si 38
Atomic Absorption
Metal H Al 39
Cr 40
Fe 41
Ni 42
Si 43
Metal R Al 44
Cr 45
Fe 46
Ni 47
Si 48




MEAN AND ST DEV OF MEAN (N VALUES)

MEAN AND ST DEV OF MEAN (N’ VALUES ,
NEIGHTED MEAN AND' STD DEV OF WEIGNTED MEAN (N

xn

Q3
117
155

?1

9%
166
180
220
185
150
190
2715
256
147
126
186
171
1q0
128
218
210
174
168
145
118
168
186
185
245
170
148

R{1)

«82
=58
=20
=84
80
-9
H]
45
=20
-25

Wi

04
o016
o132
003
05
034
034
an2?
«032

031

«033
.000
.004
,030
N20
N
35
N33
N2l
Th2s
027
n:S
03‘
029
Nle
034
034
03‘
009
« N3¢
024

ALUMINUM

1 X(1)

2 141

6 179
10 mm
14 130
18 L1
22 102
26 169
30 223
34 113
38 196
.2 186
46 L1
50 210
. 54 184
58 208
62 112
66 200
70 144
0 148
78 200
a2 216
86  ler
90 231
94 212
98 106
102 162
106 226
110 200
114 200
118 190

MEYAL H

VALUES}

EMESSION

113-8382

11‘ ooo\

Wi

.027
003‘
0013
022
2007
2008
°036
0021
014
«032
« 034
L032
027
03#
,027
013
030
029
030
030
02‘
.034
,016
J026
010
036
0:0
L,030
.030
033

X(1) IS THE f=TW ORSERVATION
RUI} IS THE taTH RESTOUAL FROM THE WETGMYED MEAN
W{I) IS THE WEJGHY BIVEN THE [wTr QOBSERVATION

N IS THE NUMRER OF ORIGINAL OBSERVATIANS

N' 1S THE NUMGER OF OBSERVATIONS WITH NONZERO WEIGHTS

X1

116
24}
221
218
153
155

96
160
221
193
191
137
188
246
263
171
21¢
109
18}
125
197
146
178
181

79
212
240
118
210
la8

o?ﬁ}
8006

R(T)

-%9
66
LX)
23

-’0

-]s
o6
18
16

«38
10
31
RA
b
19

LY ]

6
=89
22
29
3

[}

..QQ
37
1]

0
35
wy

e

1015
01}
0022
°023
034
0032
°005
*03}
022
0032
«033
T026
2034

xn

128
256
257
163
173
137
105

o}

163

198

RLI)

=50
91
a2
=12

=38
."o




o1

MEAN AND ST DEV OF MEAN (N
MEAN AND ST DEV OF MEAN (N'
NEIGHTED MEAN AND STD DEV OF WEIGHTED MEAN (N’

¢ X

1 &9
L] 172

9 158
13 81
1?7 194
21 151
25 221
29 236
33 77
37 2+7
(3} 180
45 148
A9 186
53 58
57 233
[} 218
65 209
69 141
73 162
17 232
81 220
as 216
89 177
93 188
97 T4
101 142
105 224
109 220
113 230
117 210
121 204
125 3¢0

R{T)

=108
uzs
-‘2
=115
-3
46
24
7
=120
50
17
=49
*11
*139

Wil

0,030
«N28
2022

G000
N3}

oN22-

o N2R
o525
00000
020
«f30
.nzo
«030
0000
n2s
«N29
030
«N1l8
«N2%
N5
«n28
.« 029
on20
.631
0,000
018
on27
0025
o026
«030
a3t
0,090

CHROMTIUM

1 Xt

2 17e

6 167
10 200
14 90
18 149
22 126
26 236
30 209
34 155
38 249
.2 218
46 191
50 189
54 203
58 169
62 229
66 183
70 139
74 156
78 208
82 230
86 . 1R¢
90 191
94 195
98 118
102 155
106 226
116 21b
114 220
118 18§
122 191
126 413

METAL H

VALOES)

RLIY

w2l
.30
3
=}0?
(XY
-7
39
i?
-h?
92
21
-h
-8

gEMISsSlo

185,65
194,77
166,72

Wi

.029
2027
+ 031
0.000
021
<012
024
«030
,023
003
¢ 029
s 031
«031]
«031
027
«026
039
«017
, 03
«03)
o026
«030
031
0031
.008
023
0027
e029
028
«030
L 031
0,000

X{1) IS THE JuTH ORSERVATION

R{]) IS THE T=TH Rg

Wil) 1S THE wEIGHY
N IS THE NUMARER OF ORIGINAL OBSERVATINNS

N' IS THE NUMBER GOF OSSERVATIONS WITH NONZERD WEIGHTS

S1pUAL .FRO
G{VEN THE

N
35 4,9622
68 3,410
13 208095
H XN R(I;
3 214 17
7 225 28
1] 260 [}
15 190 -7
19 209 12
23 148 =52
27 T2 «]2%
3] 148 LI Y]
35 198 1
39 225 28
43 1) ®14)
47 238 - kL
L 2v0 73
5% 240 43
59 167 -30
63 183 =14
67 196 el
n 78 «119
75 160 «37
79 146 =51
a3 214 17
87 151 T46
91 212 15
95 208 11
99 ‘68 «129
103 178 =19
107 198 1
111 199 -?
115 235 R
119 190 ~?
123 198 1
127 164 =33
M THE W TED MEAN
P THEoRELRVATTON

W)

029
027
*01%
* 031
«020
019
0.000
020
«031
«027
0000
(26
*010
822
«027
o630
031
04000
« 025
o020
0029
*022
*030
0030
0,000
029
003}
*031
o324
+03}
«031
: 026

XD

267
219
253
236
218
11

75
130
234
246
203

93
225
242
178
202
157

16
140
150
194
156
aie
2l0
102
170
192
218
17
183
193

R{D

21
=86
119
-67
37
49

ol0é4
28
45
-22
H
LY
121
«57
a7
-3
-4y
13

«95
27
-]
18
20
~12
b

wtl)

.012
o029
n18
0 02¢
029
006
0.060
N3
n2s
«020
03}
00000
027
022
n29
031
«N24
0+000
07
21
0021
«n23
«030
«N30
JN02
«n2a
03}
025
020
4030
.03l




1T

MEAN AND ST DEV OF MEAN (N VALUES)
UES) .
tIEHTED MEAN (N' VALUES)

KEAN AN
KEIGHTE

ST DEV OF

MEAN AND S
X1} R(I)
413 ‘=550
1075 112
669 ‘=296
438 ‘«525
1150 lat
808  .a155
1156 193
1065 102
535 =h28
1125 162
935 =2R
1150 187
1010 47
880 83
840 ‘=123
848 118
933 30
955 L]
974 11
1028 62
1030 67
84S -118
1025 62
842 =21
995 32
925 =38
945 -]8
938 =2s

WA
4]

N_(N' VA
DEV OF W

Wi

0,000
.noa
A0l

0,000
1005
006
005
«N0a

0,000
0606
«n09
2005
009
0609
0007
*fp8
2an9
.10
010
£009
+NO9
.@08
- 009
0009
+009
Q@Og
«009
*009

IRON

xtn

815
1063
1084

575
113g

780
1185

969

5§15
1175

905

882

991
1059

816

9690

945

932

909

888
1010

.1102

691
1066

798

778
1118

913

METAL H

R
«l14A
100
121
-38“
19%
=183
222
L
.428
212
L1, ]
=81
2A
_96
147
"3
-la
=31
-s‘
«T5
47
139.
=272
103
-!6“
.lsﬂ
15%
50

EMISSION

944,5982
965, 4466

962.8054

Wil

« 007
,008
,008
0,000
006

X{I) IS THE §.TH ORSERVATION
R(I} IS THE TeTH R
W(l) IS THE WEIGNY {
N IS THE NUMAER OF ORIGINAL OBSERVATIANS

N' IS THE NUMBER OF OBSERVATIONS WITH NONZERN WEIGHTS

14:13i

10,4942

Xt
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1086
869
1538
1150
AR8
1176
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880
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1075
1051
912
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920
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868
848
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1088
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«A3
12%
93
-0
s7s
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-“3
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T43
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-°3
“R8
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“33

ESTOUAL FROM THE WETGHTED MEAN
GIVEN THE 1=TH OBSFRVATION

Wil
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«007
J008
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L 008
«009
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+ 006
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«008
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*009
*008
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0009
e008
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76
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as
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104
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X(I1)
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863
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1138
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817
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R(I}
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240
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«153
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138
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12
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HEAN AND ST DEV OF MEAN (N VALUES)
MEAN AND ST DEV OF MEAN (N' L
YEIGNTED MEAN AND SYD NEV OF WEIGHTED MEAN (N' VALUES)

121

X1

256
450
a9
168
186
418
475
475
463
594
420
528
528
394
521
465
412
1Y)
605
535
474
618
675
374
542
324
630
440
403
446
495

RIN

«185
9
=51
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=255
-23
34
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w21
87
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=7
RO
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29
-l
164
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33
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34
=67
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1l
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=38
S
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018
o016

0.000
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01N
017
o017
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N1}
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«018
oL
o001}

«010
7

0,000
NIt
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I
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16
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22
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3
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46
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62
66
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106
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114
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623
191
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408
340
4«80
434
4R
T35
560
524
384
546
420
462
499
470
Y'Y
548
432
406
560
240
430
450
588
450

METAL H

R}

jo8
146
164
182
250
=251
«33
w10l
39
-7
(3]
294
119

8T .
57
10%
w21
2)
58
29
_.%
10R
.°
=35
119
~201
11
.9
147
9

EMISSION

444,9339
449,027
40,9885

win

0,000
#003
«003

0,000

0,000

0,000
017
«009
«017
018
016

0+000
0007
o0}l
«015
o009
.018
018
«015
«018
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008
'018
,017
007

0,000
Jo1e
‘018
2,003
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X{1) IS THE y=TH ORSERVATION
R(I) IS THE §=TH RESIDUAL FROM THE WEFGRTED MEAN

WI(I) IS YHE WEIGHMY GIVEN THE 1=TH OBSFRVATION

8,93R0
649790
5,1914

428
440

N IS THE NUMRgR OF ORIGINAL OBSERVATIONS

N' 1S THE NUMBER OF OBSERVATIONS WITH NONIERO WEIGHTS
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.53
1ap
Y%
=123
b
-?4
-%3
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16
-5‘
13
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X1
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474
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43)
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429
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514
346
4590
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3s%
340
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3a7rs
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445
430
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R

45
33
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=3
=12
-19
73
=101
9

=31
=46
99
L1}
37
-4
42
=95
=133
=66

=91
=23
129
«157

11
b
«21
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SILICON

MEAN AND ST DEV OF MEAN (N GALUEs)
MEAN AND ST DEV OF MEAN (N®

WEIGHTED MEAN AND STD DEV OF WEIGH

X1

56
107

92

88

93
220
141
217
178
146
209
204
185
153
150
238
149
180
130
250
119
195
238

86
192
178
188
2T
220
132
172

R(I)

=128

oThd
=89
«93
«88
39
A0
36
-3
=35
28
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[ Y
«28
9
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e
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4
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.ho8
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VALY

ef2r
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«n23
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*n24
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n2S
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ont?
oNOB
o024
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.Q?s
0009
*n2}
0919
« 024

MEYAL H

‘ED MEAN (N' VALUESY"

1 xtn

2 334

6 268
10 193
16 168
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20 8}
26 213
30 319
36 213
38 153
42 159
46 249
50 261
54 229
58 145
62 201
66 238
70 180
T4 118
78 232
82 132
86 116
90 225
96 76
98 165
102 289
106 188
110 225
116 169
118 223
122 185

X
R
W
N
N'

peiH
is3
a8v
1?2
el
«b0
*10n
.32
138
32
2R
=22
6R
60
48
-36
20
s7
-]
=63
53
=49
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4
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4
44
=32
42
[ 3

EMISSION

185.7236
1794407
180,8253
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0,000
«010
024
026
017
0006
022

0000
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«023
0023
«015
*017
«019
0022
0026
017
0025
0016
N4t
«01%
015
0020
«008
0026
0004
0025
,020
sp22
020
' 025

x) IS THE f-TH ORSERVATION
i) 1S YTHE YeTH RESIOUAL FROM THE WETGHTED MEAN
)
1

5,5650
5,0148
3.9006

xn

© 169

168
139
137
186
176
116
208
326
229
108
196
k)8!
223
140
175
182

9%
166
208
104
22)
212

9%
145
kLT
198
220
168
161
200

IS THE WEIGHT GIVEN THE I=TH OBSFRVATION
S THE NUMRER OF ORIGINAL OBSERVATIANS
IS THE NUMBER OF OBSERVATIONS WITH NONZERO WETGNTS
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=13
wd2
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5
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LIR Y
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0000
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9
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178
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9
90
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9%
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68
22
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*33
[T¥Y
.az

=83
23
47
-89
«38
126
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“47
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<008
.009
014
N2l
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*n24
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«001
o018
on23
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«n2s
*n22
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011
n24
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onll
«n23
019
<009
«N22
«no0
24
« 016
019
*023




1

ALUMINUM  METAL P EMISSION
MEAN AND ST DEV OF MEAN (N VALUES) 55,3069
MEAN AND ST DEV OF MEAN (N' VALLES) 55,1563
WwEIGHTED MEAN AND STD DEV OF WEIGWTED MEAN (N' VALUES) 55,4685
1 xn R(N Wi ¢ X R Wi 1 Xt
1 6 «49 0,000 2 65 1o .076 3
5 50 *5 *n82 6 81 26 *032 7
9 59 [ oenBs 10 67 12 ° 072 11
13 S =50 0.000 14 75 2n « 051 15
17 50 5 «NR2 18 9 39 0.000 19
21 72 17 NGO 22 S -l +085 23
25 67 12 072 26 82 27 .N29 27
2% 50 5 . 0A2 30 54 -l JO0R% 31
33 28 27 . 026 34 63 ) ,080 as
37 46 -9 D76 38 68 13 2070 39
sl 51 b 083 42 S8 3 ,088 43
45 3¢ =19 N5l 46 83 24 +026 47
49 67 12 072 50 34 «21 045 sl
g3 33 22 JN42 54 73 1A ,057 55
57 50 =8 .n82 58 67 12 ,072 59
61 69 14 06R 62 35 20 048 63
65 47 -8 LOTR 66 70 1% . 065 67
6% 57 2 088 70 38 l? ,057 7
73 33 .22 , 042 74 70 15 . 065 7%
77 62 k4 081 78 62 7 .081 79
81 59 4 oNB4 82 20 »38 .003 83
8s 93 38 0ep00 86 3s .20 0048 87
89 85 30 0020 90 69 14 s 06R 91
93 6é 11 074 9% 61 6 . 0R2 95
97 58 3 «98% 98 40 % 2063 99
101 64 9 78

X(1) IS THE feTH ORSERVATION

147458
1:5346
1.2720

3]

39
39
L1
a9
35
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41
T4
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Q3

RU)

R(I) IS THE $o¥H RESIOUAL FROM THE WETGKYED MEAN

W(I) IS THE WEJGHT GIVEN THE I-TH OBSFRV
N 1S THE NUMRER OF ORIGINAL OBSERVATIANS

N' 1S THE NUMRER OF OBSERVATIONS WITH NONZERN WETGHTS

ATION
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«0A0
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« 057
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(Y11}
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18

-7

13

10

23
=17
«10

-8

«19

14
=11
=32
10
-1

13

-9
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CHROMIUM  METAL P EMISSION

MEAN AND ST DEV OF MEAN (N VALUES) 48,7526 2.1189
MEAN AND ST OEY OF MEAN (N° VAbUES‘ e 4729655 1008R4
wEIGHTED MEAN AND STD DEV OF WEIGHTED MEAN (N' VALUES) - 48,5506 09064
t xXen R{TY win) 1 X1} Rt wil) 1 X1 RUTY
1 20 29 0,000 2 42 -t 0109 3 41 -8
s 100 51 0.000 6 56 7 +105 ? 38 -iy
9 34 -5 o067 10 &7 w? 121 11 83 4
13 43 b 012 1e 39 «10 ,096 15 52 3
17 52 3 Jis 18 32 l? 055 19 A7 2
21 Ny -3 g, 22 5] L2 19 23 I} -1l
25 42 -? .10q 26 60 1 a6 2y 46 o8
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33 38 wll .09l 3 39 w10 ,096 35 o7 «2
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4) 32 .17 .055 42 Sé L3 L1113 43 45 b
45 49 0 J21 46 14 «3% 0,000 a7 as 14
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53 50 1 121 Sé 20 «29 0,000 1 49 0
57 59 10 <991 58 40 -9 0101 59 %8 9
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77 55 6 °109 78 “8 -y 121 79 82 3
81 26 =23 «018 82 38 11 091 83 3 16
8s 62 13 N7 86 40 -9 J101 87 46 3
89 56 ] .113 90 87 8 Jol 91 55 6
9 53 4 <118 9% 54 5 «113 95 31 -i8
97 46 -3 «119

X{3} 1S THE 1.TH OBSERV‘IION

R{I) IS THE 1=TH RESIOUAL FROM THE WETGHTED MEAN

W(I) IS THE WEIGNT QIVEN THE 1=TH OBSERVATION

N 18 Pie NOMREROF ORIGINAL OBSERVATIANS ]

N' IS THE NUMBER OF OBSERVATIONS WITH NONZERO WEIGHTS
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.la

18
.29

-]
-2

wiy)

105
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0,000
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MEAN AND ST DEV OF MEAN (N VALUES)

MEAN AND ST DEV OF MEAN (N'

$ G
WwEIGHTED MEAN AND SYD DEV OF WEIGKTED MEAN (N' VALUES)
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N IS

METAL P EMISSION
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318,1077

Xt1) RITY win
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3R8 7" 2014
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as3 3s 2020
300 oif 0021
37} 96 009
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270 =4f .018

IS THE j.THM OASERVATION

7.7823
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85,4802

X(1
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425
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276
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347
302
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R(TY
=12

1n7
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-b?
-?29
L1-3}
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-16
«33
13
-?_']
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10
=60
-9

IS THE f=fH RESIOUA{ FROM THE WETGHTED MEAN

IS THE WEIOHT GIVEN THE I=TH OBSFRVATION
THE NUMRgR OF ORIGINAL OBSERVATIANS
N' IS THE NUMBgR OF OBSERVATIONS WITH N

ONZERO WEIGHTS
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MEAN AND ST DEV OF MEAN (N VALUES)
MEAN AND ST DEV OF MEAN (N’
WEIGHTED MEAN AND STD pDEV OF WEIGHTED MEAN (N' VaALUgS) -
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.n20
JN68
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4
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_s
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3
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EMISSION
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X(I) IS YTHE f«TH OBSERVATION
R(I) 1S THE ye=TH ReSIDUAL.FROM THE
W{l) IS THE WgIGHT GIVEN THE [=TH

N IS THE NUMRER OF ORIGINAL OBSERVATIONS

N' I5 THE NUMBER OF OBSERVATIONS WITH NONZERN WEGHTS
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.3
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1
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MEAN AND ST DEV OF MEAN (N VALUES)
MEAN AND ST DEV OF MEAN (N' VALUES)

SILICON

METAL P

WEIGHTED MEAN AND S7D DEV OF WEIGHTED MEAN (N’ VALUES)
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X{I) IS THE 1=TH ORSERVATION .
R(I) IS THE TeTH RESIOUAL FROM THE WETGHTED MEAN

W{I) IS THE WEIGHT GIVEN THE I~TH OBSFRVATION

N IS THE NUMRER OF ORIGINAL OBSERVATIANS

N' IS THE NUMBER OF OSSERVATIONS WITH NONZERO WEGMYS
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MEAN AND ST DEV OF MEAN (N
MEAN AND ST DEV OF MEaN (N' . .
WEIGHTED MEAN AND STD pevV OF w:xouTeo MEAN (N' vaLUgS)
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29
25
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184
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ALUMINUM METAL R
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.,185
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'197
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0200
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ISSIO0N

z4,9878

53,4381

X(I} IS THE YeYH ORSERVAYION

R(I) 1S THE YaTH RESTOUAL FROM THE WETGHTED MEAN
W(l) IS THRE WEIGHY GIVEN YHE leTH OBSFRVATION

N IS YHE NUMRER OF ORIGINAL OBSERVATINNS

N' IS THE NUMggR OF OBSERVATIONS WITH NONZEROD WEIGHTS
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«“8A
X(1; R(Y)
45 22
23 0
32 .9
4l 1a
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28 5
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k) R
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1% ]
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28
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174
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o CHROMIUM  METAL R EMISSION
P .
KEAN AND 3T DEV OF MEAN (N VALUES) 44,5057 1,2506
MEAN AND ST DEY OF MEAN (N’ VALUES) 44,8415 1,0425
wEIGNTED MEAN AND STD DEV OF WEIGHTED MEAN (N' VALUES) * 45,0045 .86
1 X R Wi 1 X{n R Wi 1 Xt1 RIN) win 4 X{n RN Wiy
1 8S 10 097 2 23 i2 .083 3 52 4 o115 [ 28 17 045
] 63 18 *037 6 39 -6 120 7 56 1 *090 8 28 -17 *naS
9 15 ®30 04000 10 o 4 «127 1 30 -15 04} 12 Sé 9 104
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41 76 31 0000 42 49 4 127 43 30 {5 06} LY 31 ~l4 N6l
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61 46 1 .133 62 49 4 127 63 36 «? 118 6 42 «3 .130
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69 13 -l .133 70 48 3 ,130 7 50 5 0124 2 53 3 o119
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8l 50 5 A28 82 - a7 L2 .132 83 38 -? «118 84 35 =10 Jnav
05 35 =10 ,097 86 35 10 ,097 87 18 «30 0,000
X(1) 1S THE J=TH ORSERVATION
R(I) IS THZ TTH RESTOUAL FROM THE WETGHTED MEAN
W(I) IS THE WETOHT GIVEN THE 1=TH OBSFRVATION
N IS THE NUMBER OF ORIGINAL OBSERVATIONS

N' 1S THE NUMBER OF OBSERVATIONS WITH NONZERO WEPGHTS
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MEAN AND ST DEV OF MEAN (N VALUES)
MEAN AND ST DEV OF MEAN (N’

‘WEIGHTED MEAN AND STD DEV OF WEIGHTED MEAN (N' VALUES)
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144

13
140
90
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LN38

J0a2
050
th00
049
o922
Y, LY

VALUES)

!

IRON METAL R EM1SS!

115.3

10,y

111,3
X(n R(1) w1
100 o1l (049
51 -6 «000
Lk -;8 o044
124 13 0048
8% %13 +037
136 23 004]
59 52 *008
139 28 036
127 1% Y
167 k1) 2027
103 -a «050
.90 21 o042
12% 1s 0048
108 -3 .os;
a8 7 3
120 2, 350
96 1% L0468
le2 51 ,010
112 1 ,os2
93 18 T044
128 i‘ <048
151 40 0022

X{I) IS YHE tayH ORSERVAYION

ON

305962
.8078
2,2247

Xt

107
102
80
114
180
79
142
96
271
118
74
a8
125
107
13
00
100
145
10g
a2
128
A6

RUT)

b
L]
-3
3

39
-3?
a1
“\5
180
7
.3"
.’3
14
-4
4
=11
11
34
-d
=29
16
=23

R{I) IS THE faTH RESTOUAL FROM THE WETGHYED MEAN

W(I) IS THE WEIGHT GIVEN THE I=TH OBSFRVATION

N IS THE NUMARER OF ORIGINAL OBSERVATIONS

N' IS THE NUMgeR OF OgSERVATIONS WITH NONZgRN WETGHTS

LIRS

0051
050
032
«052
0024
°03]}
°033
0046
00000
«05}
0025
o000
e048
*051
0052
040
059

0}

-03‘
048
038

12
16
20
24
28

38
40

(1}
48

56
60
6é
68

8o
8

wil)

0.000
«048
o048
«033
o064
+038
*na3
ena9
«Na%
n2é
o021
+ 053

0+000
oNa2
« 040

Y
LYY
051
0.9
.068
042




(44

MEAN AND ST DEV OF MEAN (N VALUES)
MEAN AND ST DEV OF MEAN (N' VALUES)

NICKEL

wEIGHTED MEAN AND STD DEV OF WEIGHTED MEAN (N’

1 XN RIN T3 ¢)

1 6} 40 0,000

5 56 a7 0eN00

9 106 S 084
13 86 '15 '063
17 109 8 .080
21 78 =23 .N39
28 117 16 N62
29 111 10 N77
33 108 5 N34
37 109 8 .N80
sl 98 «3 .Nas
45 105 l} .gav
49 - LY
53 138 T tnae
57 73 28 .22
61 85 .16 0061
65 99 -2 «N86
69 86 1S 063
73 110 9 n79
77 100 -l «N87
81 8s 16 o061
1] 86 15 «063
89 112 1 «n78
93 66 3§ <002
97 108 7 <082

1

XN

104
53
73

100
84

114
68

101
84

113

110

18

88
93
114
116
86
70
106
108
88
104

METAL R

VALUES)

134}

EMISSION

97,5283
99,1R95

101.3036

wil)

1086
04000
022
2087
058
+070
007
087
058
1073
,079
378
78
J08%
002
.069
« 079
2070
« 0658
+ 063
«013
o084
s 0A5
069
¢ 086

X(I) IS THE {=TH ORSERVATION
R{I) IS THE teTM RFESIOUAL FROM THE WEIGHTED MEAN

W(I) IS THE W4EIGHT GIVEN THE 1=TH OBSFRVATION

1,6758
1.5206
141630

x(n

96
98
. 18
128
117
102
112
126
105
103
117
99
98

108
115
as
100
114
88
64
105
78
A2
100

N IS THE NuMARgR OF ORIGINAL OBSERVATIANS

N' 1S THE NUMRER OF ORSERVATIONS WITH NONZERO WEIGHTS

LIR3)

NLLY
086
0039
+02R
2062
+0R7
0075
036
+NRS
«0R6
o062
<06
+0a6
«0Rs
+ RS
2068
<061
<087
e070
«049
04000
*085
039
0082
¢ 087

X(I

98
93
104
90
118
112
119
109

114

130
108




1 X4

MEAN AND

MEAN AND
WEIGHTED

SILICON METAL R EMYSSTON

ST DEV OF MEAN (N VALUES) 5’“535 }'f?%:
T v M NV et
ﬁaABEA~3’er‘Sg$ oF ctxanTen MEAN' (N' VALUES) . 34, 6070 09646
xtn R(D) win 1 X R(1) W) b4 Xt R
43 8 097 2 2s 9 . 096 3 38 3
(1Y 9 093 6 28 -7 e103 7 40 [
39 4 J108 10 3% 1 112 11 38 3
28 -7 «103 14 68 31 0engo 15 28 -7
53 18 °048 18 26 =11 083 19 45 10
26 -9 +096. e2 “9 14 +069 23 36 1
32 -3 °111 26 2l =14 *073 27 49 14
50 16 o0Hé 30 36 1 o112 31 32 -3
20 =15 +068 34 55 2n 0037 s 33 -2
48 13 078 38 20 -5 * 068 39 26 s
36 -1 113 42 28 -7 «103 43 27 A
&0 - 0106 46 37 2 111 47 39 4
21 14 073 50 e2 =13 078 51 a8 3
22 13 7R Se 28 10 092 85 36 21
kk) ~2 112 53 43 L] 2097 59 S0 15
33 -2 112 62 39 4 *104 63 22 bl
25 10 0392 66 24 -11 0088 67 72 a7
S50 18 “n6é 70 64 29 0000 71 48 13
40 5 *106 76 35 0 o113 7% 48 13
36 1 .112 78 35 o .113 79 18 -17
18 "7 «(58 82 12 =23 025 83 a8 3
46 11 086 86 26 -9 096 87 %7 22

X(I1 IS THE 1.TH ORSERVATION
R(I) IS YHE ToTHM RFSIDUAL FROM THE WE1GHTED MEAN
W{l) IS THE welOHT GIVEN THE I-TH OBSFRVATION
N IS THE NUMRpR OF ORIGINAL OBSERVATIANS
N' IS THE NUMRgR 07 OSERVATIONS WITH NONZERO WETGHTS

wir)

o110
«106
«110
*103
089
112
s 069
111
e112
0096
099
e108
119
‘12
1064
078
0°000
°07%
0075
. 058
110
°p26

x{n
28

36
33
30
35
40
41
22
[ 1)

22

a7
26
44
21
56
45
40

26

RLD

15

win)

103
087
+NR&
*112
108
*113
*106
103
078
«7Q3
«0n78
112
i
« 096
e ﬂga
n7T3
[3.1.1
Y11
*106
068
.096




¥

IRON METAL H CHEMICAL

MEAN AND ST DEV OF MEAN (N VALUES) 945,4118 88625

MEAN AND ST DEY OF MEAN IN' VALUES) 940,4659 5,6430

®EIG:.. 0 MEAN AND STD DEV OF WEIGNTED MEAN (N’ VALUES) - 946,9627 4,34(8
1 Xt R(1} wiT) 1 xt1 R(D Wil 1 X1 RUDY Wil
1 1125 178 0,000 2 898 .49 0019 3 . 989 42 0020
5 945 «2 »023 6 873 T4 013 7 952 5 +023
9 1170 223  0.000 10 969 22 «022 1} 990 43 0020
13 1175 228 0.000 14 991 48 0019 15 LLT 37 *020
17 926 =21 h22 18 1150 203 04000 19 1007 A0 016
2] 913 34 021 22 97 30 +02) 23 $%0 k] 0023
25 938 a1 o020 26 970 23 0022 27 925 .22 0022
29 1098 151  0.000 30 1018 n «014 3 Q48 21 0022
33 971 26 on22 34 969 22 0022 3% 1033 A6 e011
37 962 15 «023 3s 1020 73 o014 a9 Sa4 -3 °023
3 953 6 2623 A2 970 23 0022 43 893 -5 on1A
.5 883 -bh 0016 46 905 4? 0020 47 1068 118 «003
49 896 w51 Ol 50 968 2! S22 sl 899 -4f .019
53 923 24 .22 54 938 1?2 . 023 55 1010 63 «016
57 786 161 0,000 58 908 «39 ,020 59 930 =37 <020
61 982 as .21 62 940 ? ,023 63 1006 57 . L,017
1 80% 162 0,000 66 826 =12} ,003 67 962 -8 «023
69 336 =13 - 023 70 927 «20 022 71 968 21 0022
73 1004 57 o017 74 1311 asé 0,000 75 3158 211 0.00Q
77 883 bé 016 78 862 -8% .011 79 aAl 56 «018
8l 910 37 020 82 920 27 ,022 83 890 -87 0017
es 791 «156 0,000 86 797 «I50 0,000 87 1022 s 0013
89 983 36 021 990 993 _48 «019 9 931 16 0023
R R S S S

5 - . 965 18 99 935 - .
W % 83 ihaa 182 987 o8 020

X{I) 1S THE TeTH ORSERVATION

RIE) IS THE taYH RESIDUAL FROM THE WETGHTED MEAN

W(l) IS THE WEIGHT GIVEN THE I«TH OBSFRVATION

N 1S THE NUMRER OF ORIGINAL OBSERVATIANS

N' IS THE NUMGgR OF OBSERVATIONS WITH NONZERN WEIGHTS

XtI

82s
820
925
9248
992
950
968
985
930
997
910
933
9sl
952
966
1001
862
952
1013
882
8890
859
955
740
848

(I

w122
127
22

£33

21

-l?
S0
=37
14
=6

19
54
-85
5
1)
65
b7
«97

8
.20"
«102

Wil

003
2002
22
022
on19
023
022
020
.023
«ny8
023
.n?3

0?3

N22
.013
o011
.,023
e
«H1S
«N1S
<008

0023
0,000
N0y




§T

MEAN AND ST DEV OF MEAN (N VALUES)
MEAN AND ST DEV OF MEAN (N’
WEIGHTED MEAN AND STD DEV OF HEIGNTED MEAN (N

Xt

300
725

S5
32
384

39
39
494
506
322
a7
36
326
319
346
860
360

R(1)

«26
399

2T

-1‘
58

65
168
180

b

-9
«l0

=0

.7

20
234

34

w1y

+037
0.000
0e000
oN&T
-003
0000
0:000
0.000
0,000
t0s1
o049
L N4Q
« 051
«N50
0‘3
0 000
.029

VALUE

IRON

xtn

340
342
332
363
131
328
334
345
339
300
330

3z2s -

314
330
32
301

METAL P

VaLUES)

LER ¢
14
18

6
37
2%

2
;]

1o
13
=26
4
-l
=12
4
25

CHEMICAL

61.5077
28,3571
326,3540

Wit

087
+ 046
«051
0026
«039
°051
«050
LYY
» 068
+037
. 051
051
.0‘3
081
.0‘7
.038

X(I) IS THE YeTH ORSERVATION
R(I) 1S THE i-TH RESIDUA[ FROM THE WETGHTED MEAN
WL} IS THE WEIGHT GIVEN THE I=TH 0BSFRVATION
N IS THME NUMRER OF ORIGINAL OBSERVAYTINNS

N

1S THE NUMBER OF OBSERVATIONS WITH NONZERO WEIGHTS

15.1315
2. 0615

Xen

330
327
Jo08
k]
329
310
326
312
3%
504
536
360
348
349
330
314

R(T)

LIRS

<051
o 05]
LY
0048
«051
s048
0051
0047
« 008
0,000
0,000
.029
046
+040
+051
J068



IRON METAL R CHEMICAL

N
(=%
MEAN AND ST DEy OF MEAN (N VvALUES) 143,3553 9,4831
MEAN AND ST DEV OF MEAN (N' VALUES) 113.8030 205447
WEIGHTED MEAN AND STD DEV OF WEIGHTED MEAN (N' VALUES) - 114.3650 243226
1 X(I RI1) Wi 1 X0 R Wil 1 X(n R Wi 1 x(1) R(I) Wit
1 105 -9 .h29 2 108 «9 ,029 3 92 -2 027 [y 84 =30 025
5 140 2% 026 6 120 f 2029 7 139 ?S 0027 L 140 26 *n26
9 119 3 029 10 an is? 0.000 11 101 -3 «02R }z 100 14 «078
13 55 «59 N7 14 S8 56 ,018 18 148 3 025 6 145 a1 .025
17 120 6 .029 18 114 ) .29 19 129 is 028 20 104 -l0 NP9
21 85 29 o026 22 100 wld .028 23 126 12 .029 24 136 22 ,027
25 102 12 028 26 93 =21 .027 27 110 b 2029 28 121 7 .079
29 328 214 0,000 30 291 {17 0,000 31 112 -2 2029 32 111 -3 N29
33 105 -9 N29 3 103 -1 029 k1 113 ol <029 s 130 16 .N23
3? 149 a5 SN2 38 121 1 ,029 39 101 -13 .028 A0 100 -14 ,028
41 150 36 .N24 42 153 39 ,023 43 57 =57 W 017 7Y 224 110 0,000
48 130 -t MN29 46 112 -2 .029 47 125 . 1 +029 48 130 16 28
49 120 6 .N29 50 120 Py ,029 51 309 lgs 0,000 g2 354 240 Q9,000
53 103 -1l «029 5é 106 -8 .029 5% 110 b «029 26 11 3 o029
87 150 3 026 58 132 1a ,028 59 457 343 0,000 Y 44) 327 o0.000
61 mn 257 0,000 62 338 226 0,000 63 104 =10 <029 64 102 =12 J028
65 108 -6 «029 66 106 -8 0029 67 120 _6 0029 68 115 1 o029
69 140 26 + 026 70 120 6 « 029 7} 99 -i8 2028 72 104 -10 o029
73 108 - ' .029 T4 104 10 .029 7% 129 s 028 ‘76 127 13 .n28

X(1) 1S THE t«TH ORSERVATION

R{1) IS THE re=In RFSIDUAL .FROM THE WETGHTED MEAN

W{I) IS THE WEIGHY GIVEN THE 1~TH OBSFRVATION

N IS THE NUMRER OF ORIGINAL OBSERVATINNS ..
N' IS THE NUMgER OF OBSEAVATIONS WITH NONZERN WEIGHTS




LT

ALUMINUM  METAL H SPARK SOURCE

MEAN AND ST DEV OF MEAN (N VALUES’ ﬂ9.8888 ;3.9043
MEAN AND ST DEV OF MEAN (N' VALUE o
WEIGHTED MEAN AND STD DEV OF uexeurso MEAN (N' VALUES) l17. 094 10,5257
1 Xer) LT3 ¢) Wil 1 X1 [T3¢] Wl t XN R Wiy 1 X1 R(D Wil
1 103 «78 012 2 146 «32  ,02¢ 3 156 .22 026 s 260 82 009
L 128 =50 «N20 [ 253 7= 011 7 290 112 *000 8 156 =22 0026
9 225 &7 e020 10 160 18 0027 3] 173 -5 0028 12 211 33 024
13 216 a8 «H23 14 145 =32 024 1S 213 35 0024

X{I) IS THE teTH ORSERVATION

R(I} IS THE t«TH RFSTDUAL FROM THE WETGHTED MEAN

W(I) IS THE UEXGNT GIVEN THE I«TH OBSFRVATION

N IS THE NUMAFR OF ORIGINAI, OBSERVATIANS

N' 1S THE NUMRER OF OBSERVATIONS WITH NONZER0 WEIGHTS




8¢

CHROMIUM  METAL H SPARK SOURCE

MEAN AND ST DEV OF MEAN (N VALUES) 221,8125 8,1569
MEAN AND ST DEV OF MEAN (N' VALUES) . 21448667 445720
wEIGHTED MEAN AND STD DEV OF WEIGHTED MEAN (N' VALUES) 217.454] 3,6633

¢ x(n RUI) Wi 1 xtn R wil) 1 13 ¢ RIT) We1) ! Xt R(I) Wil

1 181 36 o013 2 326 {09 0,000 3 227 10 0067 4 238 21 o049

5 233 16 *05R 6 213 -4 072 7 205" 12 1063 8 240 23 c04é

9 21s -2 <073 10 205 -2 +063 11 220 3 073 12 213 b 072

13 220 3 073 14 230 13 .063 15 188 «?29 028 16 195 -22 o044

X(1) IS THE taYH ORSERVATION .

R(I) IS THE YeTH RFSTDUAL FROM THE WETGKTED MEAN

W(l) IS THE WgiGHY GIVEN THE I=TH OBSpFRVATION

N IS THE NUMAER OF ORIGINAL OBSERVATIANS

N°' 1§ THE NUMpgR OF OBSERVATIONS WITH NONZERO WEIGHTS



67

NICKEL METAL M SPARK SOURCE

MEAN AND ST DEV OF MEAN (N VALUES)

e 1
MEAN AND ST DEV OF MEAN (N' VALUES) . 9 ?
WEIONTED MEAN AND STD DEV OF WEIGHTED MEAN (N' VALUES) 449,1192 3.57¢0 -
I Xt Rt WD I XD W I oxun R wn I XD My WD
1 348 =101 0,000 2 461 12,063 3 S06 ST 0,000 4 558 109  0.000
s 450 1 .on .6 430 =19 081 7 .70 2% .03 s 478 2  ,037
9 45 a4 a7 10 455 6 .069 1 .35 =16 .060 12 450 1 .en
13 449 0 0N 14 s 4 .07 15 385 . =64 0e000 16 438 11 084
X(I) IS THE 3.TH OBSERVATION .
R(I) IS THE T«TH RFSTOUAL FROM THE WEIGWTED MEAN
W(1) IS THE WETGHT OIVEN THE =YW OBSFRVATION
N IS THE NUMMER OF ORIGINAL OBSERVATIONS

N* 1S THE NUMBER OF OSSERVATIONS WITH NONIERD WEignTs




SILICON METAL H SPARK SOURCE

0¢

MEAN AND ST DEV GF MEAN (N VALUES) 218.8125 22,8107
MEAN AND ST DEV OF MEAN (N' VALUES) 21AR,812% 26,3395

WEIGHTED MEAN AND STD DEV OF WEIGHTED MEAN (N' VALUES) 22244366 2041867
1 X(1) R Wit 3 X1 RITY Wiy 1 X RIT) wip) 1 X(1) AL wipl
1 a3 =139 . 007 2 116 =106 .009 3 . 89 183 0006 4 145 77 'Mi
] 143 79 .Ml 6 345 123 .N0a 7 ass 133 2007 8 ale (.1 ] 01
9 32% 103 NI 10 245 23 ,013 11 170 «52 012 12 261 39 013
13 231 9 »013 14 225 3 .013 15 208 17 «013 16 273 51 on12

X(I) IS THE lTH ORSERVATION

R(I} IS THE YoTH RESIOUAL FROM THE WETGKTED MEAN

Wil) 1S THE WEIGHT GIVEN THE l-TH OBSFRVATION

N IS THE NUMAER OF ORIGINAL OBSERVATIANS ..
N' 1S THE NUMBER OF OBSERVATIONS WITH NONZERO WEIGHTS




I€

ALUMINUM METAL P SPARK SOURCE

MEAN AND ST DEV OF MEAN (N VALuEas gg.ggg: :gsg
MEAN aND ST DEV OF MEAN (N . . ¢
WEIGHTED MEAN AND STD DEV OF wzxeuvso MEAN (N' VALUES) 53,7043 1,8282
1 X R(Y) 138 1 Xt R(I) Wil 1 X R
1 48 b .150 2 45 9 o115 3 £14 3
-1 60 ] c!“ 6 53 ‘=] +180 ? 56 2
9 47 o7 o139

X(1) IS THE 1.TH ORSERVATION
R(I) IS THE T-TH RFSTDUAL FROM THE WETGHMTED MEAN
W(I} IS THE WEIGHMT GIVEN THE JeTH OBSFRVATION
N IS THE NUMRER OF ORIGINAL OBSERVATIANS
N' 1S THE NUMRER OF OBSERVATIONS WITH NONZERO us!envs

LT3 ¢

170
178

Xt

62
Se

RILD

LIR &)

«120
180




[43

CHROMIUM  METAL P SPARK SOURCE

MEAN AND ST DEV OF MEAN (N VALUES) 46,8889 3.8996

MEAN AND ST DEV OF MEAN (N' VALUES) . 43,875¢ 2,8058

WEIGHTED MEAN AND STD DEV OF WEIGHTED MEAN (N' VALUES) - 43,8616 2,6937
1 x(n R(I) 13 %) 1 Xt (I Wil ¢ X(1) RUTY wir 1 X(1) R(I) wil)
1 55 1 .088 2 7 27 0,000 3 43 -1 3 4 46 22
5 50 6 )12 6 st y 0188 7 a7 st I £ s 3 a8 (33
9 35 . ,100

X(I) IS THE 1=TH ORSERVATION .

RUI) IS THE F=TH RFSIOUA{__FROM YHE WETGHTED MEAN

W{I) 1S YHE WEIGWT GIVEN TKE I=TH OBSFRVATION

N IS THE NUMRER OF ORIGINAL OBSERVATIANS N
N' IS THE NUMBER OF OBSERVATIONS WITH NONZERO WETGHTS




£€

NICKEL METAL P SPARK SOURCE

MEAN AND ST DEV OF MEAN (N VALUES) 3% 6.6174
MEAN AND ST DEV OF MFAN (N' VALUES) L 3,111 7.01a8
* WEIGHTED MEAN AND STO DEV OF WEIGHKTED MEAN (N' VALUES) - 135.3798 $.3912
z Xt1) RN Wi 1 x(e) RN wil) 1 Xt1) RLIY wir 1 X(I) RID) W)
1 155 20 0048 2 118 -i? 2052 3 - 136 21 0063 4 176 41 W 014
s 143 8 o061 6 155 20 .048 v 118 -i7 0051 8 126 -9 +059
9 125 «10 <059

) IS THME f-TH ORSERVATION

) IS THE t«TH RESIDUAL . FROM THE WETGHTED MEAN

) IS THE WEIGHY GIVEN THE I«TH OBSFRVATION

S THE NUMRER OF ORIGINAL OBSERVATIANS o
IS THE NUMBER OF OBSERVATIONS WITH NONZERN WEIGNTS




143

SILICON METAL P SPARK SOURCE

MEAN AND ST DEV OF MEAN (N VALUES) 32,5000 30641
MEAN AND ST DEV OF MEAN (N' VALUES) ) _ 35,1429 2,58%9
WEIGHTED MEAN AND STD DEV OF WEIGHTED MEAN (N' VALUES) 36,2028 2,189

Rt L133] I xh R(T) Wi 1 xtn R(D

=22 0,000 2 23 ~13 2068 3 29 34

1 +153 6 63 7 2127 ? 39 3

X{I) IS THE teTH ORSERVATION .

R(I) IS THE t«TH RFSIDUAL FROM THE WETGHYED MEAN

W{I) IS THE WEIGHT GIVEN THE l=TH OBSFRVATION

N IS THE NUMRER OF ORIGINAL OBSERVATIANS .

N' IS THE NUMRER OF OBSERVATIONS WITH NONZERO WEIGHTS

wir 1 Xt
126 4 39
o149 (] 36

R

3
=0

Wil

o169
*154



(Y

ALUMINUM METAL R SPARK SOURCE

MEAN AND ST DEV OF MEAN (N VALUES) 17,1000 06904

MEAN AND ST DEV OF MEAN (N' VALUES) s.g;se .3137

WEIGHTED MEAN AND STD DEV OF WEIGHTED MEAN (N' VaLugS) - 6.c176 13828
1 Xt RIT) Wil I xn RLDY Wiy 1 X1 R(T) Wi 1 X
1 16 0 «903 2 15 o T34 3 19 3 207 4 15
5 18 2 «%6) 6 22 6 0+000 7 16 “p *903 8 16
9 18 2 561 10 16 - +903

I) IS THE 1aTH ORSERVATION .

I) IS THE toTH RESYDUAL FROM THE WEFGHTED MEAN

1) IS THE WEIGHY GIVEN THE I=Th OBSFRVATION

N IS THE NUMRER OF ORIGINAL OBSERVATIANS .
N' IS THE NUMBER OF OBSERVATIONS WITH NONZERO WEIGHTS

Xt
R(
wi

R({I)

-1
“0

wil)

«734
903



CHROMIUM  METAL R S®ARK SOQURCE

9¢

MEAN AND ST DEV OF MEAN (N VALUES) 38,7000

18918
MEAN AND ST DEV OF MEAN (N' VALUES) . 38,7000 1,9941
wEIGHTED MEAN AND STD DEV OF WEIGHTED MEAN (N' VALUES) an, 0121 15347
t Xt R(1) wel) 1 Xt1 113 Wi 1 X(n RIT) Wil 1 X(1) Rt1) Wil
1 32 6 L7162 2 30 A 122 3 .3 es 196 . s 0 222
5 a8 -0 322 6 43 K 0179 7 39 1 220 8 kT -9 o922
9 46 «123 10 49 11 2059

X(I) IS THE f~TH OBSERVATION

RUI) IS THE 1uTH RESIOUAL FROM YHE WETGHMTED MEAN

W{l) IS THE WETGHT GIVEN THE j=TH OBSFRVATION

N IS THE NUMBER OF ORIGINAL OBSERVATIANS Lo
N' 1S TNE NUMBER OF OBSERVATIONS WITH NONZERO WEIGHTS




LE

NICKEL METAL R SPARK SOURCE

MEAN AND ST DEV OF MEAN (N VALUES) 94,8000 3.576
MEAN AND ST CEV OF MEAN (N' VALUE A 34,8000 1a
WEIGHTED MEAN AND STD nev OfF ueuuteo MEAN (N' VALUES) e‘ 1744 2] ano
3 xn R(I} LT3 §) 1 Xt R(IY win 1 X R(1) Wi H X1
1 108 1 .09 2 S0 -4 22 3 92 -2 J127 . 98
s 106 12 « (84 6 108 11 2091 7 93 -y 128 8 a8s
9 86 -8 °106 10 as ~6 °115
X{1) IS YHE f=TH ORSERVATION
R(I) IS THE TeTH RESTDUAL_FROM THE WETGHTED MEAN
W(I) 1S THE wEIGHT GIVEN THE I«TH OBSFRVATION:
N 1S THE NUMRER 0F ORIGINAL OBSERVATIANS

N' IS THE NUWBER OF OBSERVATIONS WITH NONZEROD WEIGHTS

RN

4
-9

win

123
101



8¢

SILICON METAL R SPARK SOURCE

MEAN AND ST DEV OF MEAN (N VALUES)

3645000 2.7335

MEAN AND ST DEV OF MEAN (N' VALUES) S 34,3111 1,4855

WEJGHTED MEAN AND STD DEV OF WEIGHTED MEAN (N' VALUES) - 35,8063 1,0906
1 X1} R(I) Wil 1 Xt R 133) 1 X¢1 Rt WD) 1 Y3 ¢! R¢I}
1 1] 22 0,600 2 2% .7 W12 3 27 «9 .023 ' 30 -6
5 a7 1 0325 6 39 274 7 38 2 *305 a 37 1
9 37 - 1 2328 10 a3 -3 +287

Xt1y IS THE [-TN OBSERVlTXON
R(I) IS THE ta¥H RESIDUAL _FROM THE WETOHTED MEAN
H(I) IS THE WEIGHT GIVEN THE leTn OBSFRVATION
N IS THE NUMRER OF ORIGINAL OBSERVATIONS
N' 1S THE NUMBER OF OBSERVATIONS WITH NONZERO WEIGHTS

LIR ¢

<161
*328



6¢

MEAN AND ST DEV OF MEAN (N VALUES)

uEAN

EIGHTED MEAN AND STD DEV oOF

ND ST DEV OF MEAN (N'.

553
132
220
167
183
194
197
188
158

Rt1)

369
36
17
.‘
10
13
.
26

Wil
0,000
0,000

022

051

62

.0s5
oP6l
.39

ALUMINUM Mgl M

189.1671

abxou‘eo MEAN (N' VaLUES) 183.7951
1 Xt1) Rl T3]
2 451 267 0,000
6 122 62 0,000
10 183 ol 062
14 172 Rt 087
18 1a9 _8 .06l
22 194 10 .088
2 192 R . N5%
3 185 1 2062
34 161 «23 043

X(I) IS THE f«FH ORSERVATiON

11
15
19
23
2
3

ATOMIC ABSORPTIAN

14,5586
2,8527
204743

X1 R(Y)
. 174 =10

169 .15

127 87

122 «h?

131 =83

198 1s

1a6 2

188 4

R{I) IS THE fatH RESTOUAL FROM THE WETGHTED MEAN
W(I) IS THE WETOMY OTVEN THE J=TH OBSFRVATION
N IS THE NUMRER OF ORIGINAL OBSERVATIANS

N' IS THE NUMRER OF ORSERVATIONS WITH NONZERO WEIGHTS

Xt

168
178

126

133
196
182
194

REIY

-lb
b
=58
06
51
12

10




CHAOMIUM METAL H ATOMIC ABSORPTION

MEAN AND ST DEV OF MEAN (N VALUES) 171.3824 443137
MEAN AND ST DEV OF MEAN (N VALUES) o 172,4000 1,9647
wEIGHTED MEAN AND STD DEV OF WEIGNTED MEAN (N’ VALUES) - 171,4908 j.1288
1 X(I) R(I) Wil 1 X(I) Rt win 1 Xt RUT) 1138 1 X(I R(D Wil
1 174 3 .40 2 169 -2 o140 3 172 B! 0143 4 173 2 L1462
5 120 =851  0e000 6 117 “54 00000 7 181 10 °103 8 178 7 *123
9 251 a0 0,800 10 218 47 04000 1 153 gt 0026 12 151 =20 «010
13 196 25  0en00 14 172 1 «143 15 142 *29 0000 16 166 -3 129
17 164 -7 .17 18 168 -3 <137 19 132 «19 04000 20 144 «27 04000
21 172 1 o143 22 1mn ot 0143 23 166 -8 329 24 169 -2 0140
25 173 =0 143 26 170 -1 0142 27 173 2 0162 28 170 =1 0142
29 187 16 «082 30 187 16 0052 3N 192 21 v010 32 191 20 oN18
33 170 »1 a2 34 197 26 0,000

X(1) IS THE TefH ORSERVATION _

R{1) IS THE feTH ReSIDUAL FROM THE WETGHTED MEAN

W(I) 1S THE WEIGHT GIVEN THE IeTH OBSFRVATION

N IS THE NUMRFR OF ORIGINAL OBSERVATIANS .

N' 1S THE NUMRER OF OBSERVATIONS WITH NONZERD WEIGHYS



I

MEAN AND ST DEV OF MEAN (N GALueéb
MEAN AND ST DEV OF MEAN (N' VALUE

IRON

NEIGHTED MEAN AND STD DEV OF HEIGHTED MEAN (N'

x(n

890
azsé
850
1028
895
1000
1021
102¢
853

R(I)

=26
92
66
112
21
8é
10
1
63

wn

014
o012
.N0g

b X
2 834
6 1120
10 931
14 1110
18 935
2 8
38 909
3 897

METAL H

VALUES)

Rt

=82
29‘

126
Y]
=58
112
.7

ATOMIC ABSORPTION

8,7778
8 7778
915 7068

Wit

#011
o001
014
.002
J0la
J013
00
01
.01‘

X(1) 1S THE f-fW ORSERVATION
R(I) IS THE faTH RESTOUAL FROM THE WETGHTED MEAN

W(I) IS THE wEIGMT GIVEN THE J=TH OBSFRVATION

13.950‘
6,106
11.3808
Xt R(T)
847 69
915 =)
840 %6
794 122
999 83
991 kL)
1004 Ta
899 w17
909 «?

N IS YTHE NUMRER oF ORIGINAL OBSERVAYIANS

N' 1S THE NUMggR or OBSERVATIONS WITH NONZERO WEPGHTS

1
4

12

24

3
36

(I

1044
8%4
882
8ay
910
937
9
288
942

RN

128
.22
=34
=89
-
8l
.°
26



(44

MEAN AND ST DEV OF MEAN (N VALUES)
MEAN AND ST DEV OF MEAN (N' VALUES)

NICKEL

METAL H

WEIGHTED MEAN AND STD DEV OF WEIGNTED MEAN (N' VALUES)

X1

408
425
Al
427
424
461
446
461
473

Rt

=29
w12
«23
=10
el3
24
9
24
36

Wil

«034
Vel
.051
0049

-6‘0'

.052
L] o‘o

0027

1
2

10
14
18
22
26
30
34

x(1}

373
420
414
450
440
423
404
423
445

Rt
-23
13
3
=33
-lé
a

ATOMIC ABSORPTION

431,8056
437,6061
437,4692

wtn)

0,000
046
041
“050
+083
1048
«029
«048
+052

1S THE f=TH ORSERVAYION .

IS THE teTH RESTOUAL FROM THE WETGHTED MEAN
1S THE WETGHT GIVEN THE IeTH OBSFRVATION
THE NUMAER OF ORIGINAL OBSERVATIANS ..
S THE NUMBER OF OBSERVATIONS WITH NONZERO WEIGHTS

11
15
19

27
31
as

540397
44,1531
3,1393

X

458
425
412
380
434
57
a2
429
445

RtTY

21
12

-?28
=57
-3
20

wiy)

2043
. 080
+ 038
«001
«053
044
«053
«053
0052

12

20

28
32

36

X

496
456
412
378
460
445
451
3s3
47

RN

=25

14
=84
3



£4

SILICON

MEAN aND ST DEV OF MEAN (N VALUES)
MEAN AND ST DEV OF MEAN (N' ,
- wWEIGHTED MEAN AND STO DEV OF WEIGNTED MEAN (N

O i »e

X

156
132
127

26
2
-3

13 ¢

2037
082
«052

VALUES)
1 X(1)
2 150
6 122
10 125

METAL H

VALUES)

Rt

20
-
L]

ATOMIC ABSORPTION

184:333

12¢,73860
Wi
2043

+050
051

X(2) IS THE -4 ORSERVATION

R}

I
3

10.1211
3.9559
3,6409

Xer RCE)
117 -i3
125 -5
224 94

N IS THE NUMRER 0oF ORIGINAL OBSERVATIANS

N’ 1S THE NUMRER OF OBSERVATIONS WITH NONZERN WEIGHTS

IS THE T=TH RESTDUAL FROM THE YETGHTED MEAN
W(I) IS THE WEIGHT GIVEN THE l=TH OBSFRVATION

wen)

« 048
051
0,000

X1

126
127
207

RID)

b
3
77

LIR ¢

«051
052
0000



144

ALUMINGM

MEAN AND ST DEV OF MEAN (N VALUES)
HEAN AND ST DEV OF MEAN (N' VALUES)

WEIGHTED MEAN AND STD DEV OF WEIGHTED MEAN (N'
1 X RID) Wi 1 L

1 21 “lé 034 - 2 19

s 23 =12 034 6 21

9 51 16 +033 10 53

13 49 14 o034 14 53
17 s 0 «03% 18 31
21 24 =il 038, 22 22
2s 45 10 ,025 26 3s
29 453 418 0,000 30 323

METAL R

VALUES)

RID)
-16

ATOVIC ABSORPTION

LIRS

. 034
034
«033
033
<035
L0346
035
0,000

56,8125
34,7333
34,5727

X{I). IS YHE {-TW ORSERVATION
R{1) IS YHE T«TH RESIDUAL .FROM THE WETGHTED MEAN
WiI) IS THE WgIGWT GIVEN THE 1=TH OBSFRVATION
N IS THE NUMRER OF ORIGINAL OBSERVATIANS

N' 1S THE NUMBER OF OBSERVATIONS WITH NONZERO WEIGHTS

I
3
7
11
16
19
23

27
3

15.8015
244556
2,435%9

X1

28
51
49
29
28
2}
21
86

Rit)

o7
16
14
.t

-4
-14
21

win)

+035
033
«)34
«038
0035
034
«034
2032

Xt

25
52
51

23
23
17
S1

R(D wil)
«10 .035
17 *023
16 033
-3 +038
=12 «034
ol2  .834
-lg +033
16 ,033




114

CHROMIUM MetaL R ATOMIC ABSORPTION

MEAN AND sr DEV OF MEAN (N VALUES) 49,6755 1.2944
MEAN aND ST CEV OF MEaN (N' VALUES) L 49,6765 1.3383
wWEIGHTED MEAN AND STD DEV OF usxaurso MEAN (N’ VALUES) 48,8868 160449
1 X(1) R(D) Wi 1 X(I R wil) 1 Xen RUT) Wi 1 X(1) RIIY win)
1 41 -8 124 2 41 =B o124 3 50 1 o171 s Sé 5 «150
s 37 12 o078 6 40 9 112 7 50 1 17 8 s1 2 168
9 53 - 4 .158 10 53 4 .158 1 52 3 o166 12 50 1 Jarn
13 59 10 .098 14 59 1o ,098 18 50 1 171 16 42 -7 134
17 51 2 168 18 49 0 172 19 LT _7 132 20 49 0 172
21 50 1 171 22 55 'y 2142 23 63 14 <067 24 65 16 123
25 &6 [ | ,165 2 43 -b o144 2 42 -7 o134 28 4] -8 128
29 sl 12 .N72 3 63 14 147 3 48 -l o171 32 46 -3 !ss
a3 39 «l0 100 34 40 9 J12
X{1) IS THE f=tH ORSERVATION
R{I) IS THE 7.TH RESIOUAL FROM THE WETGHTED MEAN
W(I) IS THE WEIOHT GIVEN THE I«TH OBSFRVATION
N IS THE NUMRER 0F ORIGINAL OBSERVATIANS
N' IS THE NUMRER OF OBSERVATIONS WITH NONZERO WEJGHTS



IRON METAL R ATOMIC ABSCRPTIAN

S
[+
MEAN AND ST DEV OF MEAN IN VALUES) 123.5556 §46042
MEAN AND ST DEV OF MEAN (N' VALUES) . 114,0312 2,47563
WEIGHTED MEAN AND STD DEV OF wEIGHTED MEAN (N' VALUES) 112,8587 2,1336
1 Xt RIY) win 1 Xt RETY wiI) 1 X(1) R(T) Wi 1 X{1) RID) W)
1 106 -7 . 062 2 98 15 055 3 122 9 61 4 7 0852
S 136 23 043 6 122 9 :oel 7 92 «21 :8b7 8 }88 =13 .057
9 1 -2 D64 10 11 «? L0866 11 118 5 <063 12 123 10 L040
13 1 -2 064 14 126 13 057 18 127 14 056 16 118 2 J06
17 120 7 2 N62 18 115 ? 2064 19 54 19 « 080 20 94 =19 050
21 104 -9 L061 22 108 5 L063 23 108 i . 063 24 108 -5 L0863
25 269 156 0,000 26 202 89 0,000 27 105 -8 «062 28 %8 «15 « 085
29 150 37 »018 30 143 30 ,031 33 162 49 0,000 32 166 $3  0.000

33 122 9 N6} 34 121 a 2061 kL) 105 =8 0062 36 106 -7 062

X(1) IS THE f«TH ORSERVATION .

R{I) 1S THE teTH RESIDUAL FROM THE WETGHTED MEAN

W{I) IS THE WEIGHT GIVEN THE l~TH OBSFRVATION

N IS THE NUMRER OF ORIGINAL OBSERVAYIONS .

N’ IS THE NUMBER OF OBSERVATIONS WITH NONZERG WEIGHTS




Ly

NICKEL METAL R

MEAN AND ST OEV OF MEAN (N VALuEs»

MEAN AND ST DEV OF MEAN (N' VAL R
NEIGHTED MEAN AND STO pEV OF HElGHTED MEAN (N' valugsy

I x{n RIN) W) 1 X3 R(Y)
1 80 28 L0111 . 2 80 «28
s 90 «18 L0854 6 90 -18
9 117 9 .n8s 10 117 9
13 115 7 083 ) 115 r
17 121 13 7S 18 125 17
21 104 -h Oqg 22 1lle [
25 149 Al 00000 ° 26 11g f
29 103 -8 095 30 102 -h
33 91 «l? ~i%8 34 8e 20

ATOMIC ABSORPTIAN

186 «083
4 057
173.0791

Wil

«011
0564

X(I) IS YHE f-TH ORSERVATION .
R(I} IS THE JaYH RESIDUAL FROM THE WEYGHTED MEAN
W(I) IS THE welGWY GIVEN THE I=TH OBSFRVATION
N IS THE NUMAFR OF ORIGINAL OBSERVATIONS

N'. 1S THE NUMRER OF OBSERVATIONS WITH NONZERO WEIGMTS

RLR

1,5994

x{n

110
106
117
118
114
104
'Y 4
112
103

12
16
20
24

-36

Xt

104
109
11s
116
110
98
8
102
99

R{D}




SILICON mefal R ATOMIC ABSORPTION

8y

MEAN AND ST DEV OF MEAN (N VALUES) 32.5000

1.2225

MEAN AND ST DEV OF MEAN (N' YALUES) . 32,5000 1,28AR6

WEIGHTED MEAN AND SYD DEV OF WEIGMTED MEAN (N' VALUES) 32,5833 29216
1 Xt REI) Wil 1 Xt1) ALD Wi 1 X1} R(T) wey) 1 X{1) RII) winl
1 26 -7 o074 2 3 1 2379 3 18 5 *153 IS 3 -2 a7
[ 29 b 276 6 33 ] 398 7 a3 ° 0398 8 29 = 276
9 38 5 .183 10 34 1 1379

X{I) 1S THE f-fH ORSERVATION

R(1) 1S THE T-TH RESIOUAL FROM THE WETGHMTED MEAN

W(I) IS THE WEIGHT GIVEN THE I=TH OBSFRVATION

N IS THE NUMRER OF ORIGINAL OBSERVATIONS

N' IS THE NUMRER OF OBSERVATIONS WITH NONZERO WE1GHTS




