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STaAaTIS)TICAL ANALYSIS SYSTEM 13345 MUNDAY, UECEMBER ¢¢» 190§
o T UNIVARIATE
ey )
(“T; s ]
1z VARTABLE AD
C : MUMENTS QUANITILES EATHREME S
A Y 5¢5 SuM wiTS 525 100% MAX 611.95 Y9 178,582 LOltST HIGHEST
o MEAN 11.991 SUM 6295.29 758 Q3 6,6425 Yo% 38,9990 181,68 >
| STD DEV 47,1966 VARIANCE 2227.5¢2 50% MED 2.03 YU 18,03 u.u.: 200,45
I SKEWNESS 9417263 KURTOSIS 101,738 25% al 0,8452% lus v, 13 0,03 3o8.¢
€1 ss 1242708 css 1167221 0% MIN v o% 0.1 0,04 598 .0/ D
i S o) 393.6 STL MEAN 2.05983 — 1% . U 084999y 0.0d 6li.Y>
2 TIMEAN=Q S.82137 PROB>ITI 0.000i RANGE 611.95
T  pINORMAL  9.20867 PROB>D 0.0001 23-ul 6439 M
:: . MOLE O.1
PE BAR CHART - # BOXPLOT NURMAL PRUBABILLITY PLOT B
L 600 S 2. 6UDe " :
‘. . » ] -
Cp . ! 2>
al . i
z . '
Ch o 1 » { « .
- 300+ e 300+
okt . ]
o o 1. ) S |
o o b B o ] Tl
= .* 5 . ) .o
LT .t 6 L i P EREEEI LIS Qo
G+ tI‘n;o:o.nunQoq&cn-;nt:iQiuit.nronilpllpqggtqq;g‘wﬁ_m Bmafemt e RN RAR RGNS AN ARG OB R R R RRA RS RR R RN RN
- mmapmem b ——— o= tmempmennd P et et T L Lt LU LR DL L bl S Ll Dt 2
& 2 o MaY REPRESENT UP TO 10 COUNTS -2 -1 .y .l .2 2
B FREWUENCY TAWLE
ot- )
. PEPCENTS _PERCENIS . . . . PERCENTS PLRCENT S
p7 VALUE COUNT CELL  CUM VALUE COUNT CELL CuM YALUE COUNT CELL CuMm VALUE COUNT CELL Cum
Cp 0 1 0.2 0,2 0.3 3 0.6 19.0 .55 1 0.2 R7.9 UeB4 1 a2 daal 2
e 0.03 3 Uehr t,8 0,31 1 0.2 19.2 . . . .56 3 0.6 27.8 V.86 1 0e2 3843
_ 0,08 1 U.2 1,0 0.32 2 0.6 19.6 057 1 e.2 27,8 U.87 1 4.2 J4.s
Lo 0.1 42 B.0 9.0 0,33 3 u.6 20,2 0.58 2 U4 28.2 U.88 L 0.2 38,7 P
-l 0.11 2 0.4 9.3 0.34 & 0.8 ZL.I.L__,.____II.EN 1. 0.2 28.4 Ue9l 2 Uek 35,0
I & 0,12 2 Uen 9.7 0.35 3 0.6 21,5 0.6 1 v.2 28,6 V.92 1 0.2 45,2
B 0.13 5 1.0 10,7 0.37 1 u.2 2i.7 0,63 1 0.2 28.8 Ue¥3 L 0e2 35.4
Dople 0.1 3 0.6 11.2 0.38 3 Dub 2243 . - . Oubk & V.8 29.5 Uevs € 0.4 3I3.8
1" 0.15 3 0.k 1l.8 t.39 1 0.2 22.5 0465 3 0.6 30,1 Vet 2 0.4 36,2
© 0.17 I .0,2 1240 Got 1 0.2 22.7 0.66 i v.2 30,3 usY8 1 Ue2 J0.4
3 0,18 2 U.e 12,4 0.4l -2 Dok 23,0 __ D67 1 0.2 .30,5 1 1 0.2 Jdbab
by 0,19 1 0,2 12,6 0,42 1 0.2 23.2 0.68 1 0.2 0.7 Lou} 2 0.4 30
0.2 3 0.s 13,1 0.43 2 0.4 23,8 0.69 -1 0u2 30.9 l.0g 1 0.2 3Tl
c 9.2z 2 0.4 13,9 Y & 0.8 24,4 .7 2 t.¢ 31,2 L.us I u.2 Jd7.4
?n & .23 4 B 14,3 0.45 3 u.& 25,0 0,71 3 U.6 31,8 1.08 1 0.2 31>
= & N.2e & Uy 15,0 0,46 1 U2 2%.1 0.73 e Ves 32.2 lel < Vet 3Tay
& 0.25 2 Uus 15,4 D.87.. -1 . _ 042 293 . . . U.Té 1 a2 32.4 Lokl L U2 38.1
~ 0.26 3 .6 16,0 0,48 1 :« 0.2 25,5 0,715 3 0.6 33.0 1.15 32 0be. du.1-
. 0,27 5 1.0 17,0 o049 o 1 0.2 25,7 0.78 2 3.3 lals 1 0e2 Jdo.9
8,28 3 0.6 171.5 o b Qo 26,3 to Rele e al G2 AT le2 1 8.2 3%.0 B}
0,29 5 1.0 18.5 0.52 3 0.6 26,9 0,83 2 U.4 33,9 1e22 2 Ded dv.e °




STATIsSs1TICAL ANALYS1S 5 TSTEM 13342 MUNDAYs DECEMBEK £&9 LYBU Y 9
nTo ) " e
i o UNIVARIATE
_: YARIABLE AD
'.; FREWUENCY TabiLk (LONT.)
"] PERCENTS PEHCENTS PERCENTS PERCENT S
s VALUE COUNT CekL_ CUM VALUE COUNT CELL  CuM VALUE COUNT CELL  CuUM VALUE CUUNT  CELL  Cum
® 1.25 1 8.2 39,6 2.27 I 4.2 52.8 3e7 1 0.2 83.s S 1 0,2 T4en
1 1.29 3 t.e #0,2 2.26 1 u,2 3.0 3.73 1 ve? 63,6 W L U2 TelT
Ty 1.31 3 Uer 40,8 2.3¢ 1 ¢.2 53,1 .78 1 V.2 63,4 v.BZ 1 Va2 a9
- 1.35 2 U.4 41,1 2.33 1 De2 9d.3 o~ J. b9 P be bé,2 b8y 1 Ue2 T9et
3 1,36 I 0.2 41,3 2.36 1 0,2 53,5 3.93 1 U2 be,b Dty I u.2 Is.2
O 1,37 1 U 41,5 2.37 ¢ U.4 53,9 3,95 1 U,2 6a,b 0,9 I 0.2 T5.e
5 1,348 2 Uuh 41,9 2% 1 0,2 BSé,l 3,97 1 V.2 64,8 LT 1 Vo2 T5.6
"%, 1.4 2 V.4 42,3 2.41 1 Ue2 54,4 4,06 é U.h 65,1 telt} 1 Do n.B
e W 1,4l 1 0.2 42,5 2.43 1 0.2 54,5 4,07 I 0.2 65,43 fold 2 .6 Tb.g J
o 1.43 1 U2 42,7 2.45 L2 Uek 54,9 __ 4,09 1 u.2 65,5 ST I U2 To.e
! 1,45 1 0.2 42,9 2.51 1 0,2 55,0 4.11 I 0,2 65,7 7,22 1 U2 To.
- & 1,46 e Uet #3.2 2.52 I u.,2 55,2 4,19 1 ¢.2 65,9 Tee? e . T1.0 3
2 1.49 1 0.7 43.4 2.54 1 V.2 55.4. . 4.2 1 0.2 o6.l .41 1 0.2 T1.1
& 1.5 1 Ga2 43,6 Z2+62 l Us2 5HS,.6 4421 1 U2 ob,.Jd Tt i Ul 7.4
g* 1.52 1 0.2 43,8 2.68 1 0.2 55.4 4,24 I U2 68,5 feun 1 0.2 17.5 i ]
| 1.58 3 U.b hh.4 2.6Y L 0.2 56.0 . . _ __ 4.3 I Va2 66,1 Taoy 1 .2 7.1
Ef 1.63 1 0.2 44.6 2.7 2 V.4 56,4 4.33 L 0.2 66,9 Tub1 V0.2 1T.9
o 1.65 1 DeP 44,8 2.71 1 0,2 56,6 4,36 I u.2 e7.0 7,66 1 8,2 8.1
R 1.66 1 U.? a5,0 2.74 1 U2 56.8 .. %31 1 9.2 67.2 .68 I 0.2 Toes
T 1.69 1 Ue2 45,1 2.8 I U.2 57.0 4,48 2 0.4 67.6 747 1 0.2 {res
E?J 1.73 2 G.4 45,5 2.81 1 9.2 57.1 4.49 2 U.e 68.0 {88 1 6.2 7847 . 9
i 1.75 1 0.2 45.7 .45 U Y P I 94X | 1 u.2 bd8.,2 fa93 1 U.2 T8y
! 1.76 1 Ue2 45,9 2.86 1 0,2 57.5% heb 2  U.e 68,6 T.96 i 0.2 vl
¥ 1,77 1 0.2 46,1 2.87 1 0,2 Ss1,7 6.8 1 0.2 68,8 8401 I te2 T4e2
> 1.78 1 0.2 46,3 2.89 L 0,2 5T.%.. . . 49 1 0.2 6%9.0 By 1 Uee T9es
[ 1.79 2 Uk 46,7 2.93 1 .2 S8.1 4,97 F Ush 89,3 Hedb 1 Ued {veb
s 1.8 1 0.2 46,9 2.96 1 v.,2 58,9 4,99 1 0.2 69.5 B.38 L ue2 T9.8 |
1.81 1 0.2 47,0 2.99 1. 0.2 58,5 . 9.02 1 u.2 69,1 b4 L 0.2 bBual
1,83 1 0.7 7.2 3 1 0,2 58,7 S.47 1 0,2 69,9 B.e3 1 0.2 8.2
1.86 1 0.2 47,4 3.02 i 0.2 58,9 5,33 1 0.2 T6,.) B4y 1 0.2 Bu.s 9
1.86 1 0.7 a7.6 3.09 1 0,2 8598 ... . 5.44 1 0.2 T0.3 845 I 0.2 84.8
1.49 2 Us4 48,0 3.1¢ 1 Ue2 59,2 S5.51 1 Us2 T0.5 HebT | .2 HlUsd
1.91 1 0.2 aB,¢ 3.i3 I V.2 S9.4 5,57 1 0.2 70,7 Beba 1 0.2 Hlav 9
1.92 1 Ue2 &B.4& k Py ¥ S— 1 .2 59,6 . S5.588 3 _ U.2. T0.9 . Heh [ UaZ Hiel
1.93 2 Des 48,8 3.19 i De2 %9,.8 5.62 1 0.2 T1,.0 Hu73 H 0.2 H1,3
1.94 2 O.4 49,1 3.23 1. 0,2 60,0 5,63 1 0.2 T1.2 B.T9 1 0,2 Hl.5
1.95 1 0.7 49,3 3.25. 1. D2 68,2 ... - S.08 1 Ue2 Tl.& 8.5 1 0.2 bBl.7 :
1.99 I 0.2 49.5 3,26 1 u.2 60.4 5.74 I 0,2 Jl.6 . ¥, 02 1 0.2 Blev oo
2.02 1 U.2 49,7 327 1 0,2 60.6 5,79 1 0.2 71.8 9,08 L 0,2 s2.1 . |
2,03 3 0.6 50.3 ~3028 ) U2 BO.H. . S,85% 1. . 4.2 7T2.0 .13 1 0.2 b2.3 .
2.04 1 0.2 50.5 ' 3.3) 1 0.2 81,08 i S.88 1 u.2 12,2 V.42 1 U,2 82.5
2,07 1 0.z 50.7 3.34 1 0,2 6l.l 5.97 2 U T2.6 9,87 V0,2 82.7 3
2,09 1 0.2 50.9 ‘3436 . . 1. 0.2 £1.1 .. 6,12 1 0.2 72.8 .5 1 0,2 d2ey
2.11 I v.2 51.0 3.48 1 0.2 61,% 6.23 1 0.2 73,0 ¥.59 2 0.4 B3.2Z
2.1¢2 F4 [ Y Sl. Je 9 1 U,2 61.7 6,33 1 U,2 Ti.l Yell l V.2 .4
2.16 2 0.5 51,8 BeS) ) 1,2 BleS . __Be4Z 1 G2 13,3 . Yayl 1 0.2 8ds0 . )
2.19 1 0.2 52.0 3.52 3 06 2.5 ’ L VY 2 Gk 73,7 10,02 I 0,2 63.4 ) -
2.2 1 Us2 52.2 .- 3,57 2 Q.4 62,9 * 6,49 i Ue2 T3.9 19.u7 I 0.2 #a4.0 r 9
2.21 1 0.2 52.4 BB N PP B0 BBk L 0.2 Téol - 10.21 ) D2 Ha.2 e
2.22 1 0.2 52.6 3,69 1 0.2 63.2 6,75 1 v.2 Te.3 1v.28 L 0.2 bBéas 0

Y L e SR i g i v LB e a5 R . ‘- .‘
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; VARTAHLE AD
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a8
-5 VALUE COUNT
’ i0.76 1
N 11,02 1
! 11.6 2
2 11,67 1
P 11,68 1
N i1.686 1
. 12,1 1
. 12,47 1
Qﬁj 12,65 1
pay 12,7 1
' 13,28 1
@ 13,47 1
2 14.09 1
b2 14,12 i
@p 14.35 1
- 4.4 1
3 16,49 1
Ll 15.71 1
7| . 16.01 1
EY 16,28 1
E 16,61 1
g__-
4
iy
-
]

PERCENTS

CELL
0.2

CR-R-R-R-N-N-N N -R-N - N R N
AV VN O TR IS I P VU VL VI Vi Vi Ui LR L

CUM
&, b
84,8
85,1
85,3
85.5
85,7
85,9
B6.1
86.3
86,5
86,7
86,9
87.0
87.2
s?.*
aT.6
87.8
88.0
H8.2
B8.4
48.6

S TaAaTISTICAL ANALYSIS SYSTEM

UNIVARIATE

FREWUENCY TABLE (CONT.)

PERCENTS PEHCENTS

VALUE COUNT CELL CuM VALUE COUNT CeLL Cun
16.72 i V.2 B8a8.& 25,41 1 0.2 92.8
if.le i a2 HY 0 2ol '] 0e2 93,0
17.15 1 n.,2 8y,l 2.9 1 U.2 93.1
17.52 1 t,2 89,4, .. . 2T.33 1 0,2 93,3
17.548 1 t.2 89,5 30,33 1 Ue2 Y3.5
17,97 1 0.2 89,7 30.87 l Ue2 93,7
i8 1 u.,2 89,9 31.6]1 1 0,2 93.%
18,06 1 0,2 90,1 31.71 1 U2 Ya,l
18,14 1 0.2 90,3 32.52 1 UeZ2 94,3
18,4 1 _ 0.2 90,2 . .. . 3.0 i Ve2 4.5
16,58 i g.2 90.7 37.36 1 G2 98,7
18,60 1 U2 90,9 37.086 i 0.2 94,9
i8.8 1 0.2 91.0 . 39.30 1 0.2 95.0
19,3 1 U.2 91,2 45.56 i de2 95,2
19,37 1 Vo2 91,4 41.84 i U2 95.4
20,54 1 De2 Flab.. . . 83.72 1 0,2 95.96
20,76 i 0.2 9l.¢ 44,42 1 0.2 95.8
22.% i 0.2 92.0 ' © 4Y%e26 1 d.2 96,0
23.56 1 G2 .92.2 .. D2.0s 1 V.2 90.2
23.7 1 Ue2 92.4 54.93 1 Ue2 FO.4
24.71 1 1 Us2 96,6

2.6 wB.61
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VulUe COUNT
huL 82
14,9
1ok.06
Lil#. 74
1o, 7«
118,33
Lis 07
la 7,27
167413
164435
LTd.59
LTH.US
1Ta. 76
208 .45
3Job,.2
Sy BT
6l1l.9%

R e i R

PERCENTS

CELL
Ue2
002
ulz
Uec
0.2
0.2
0.2
Uo2
v.2
0.2
o2
0.2
0.2
0.2
0'2
u.z
0.2
v.2

Cum
Yo.8
Yi,u
LENYY
¥1,3
7.5
1.7
¥7.9
8.1
Yo 3
Yoo
Yo.7
94,9
9.0
Y9.2
,s“
Yy .0
9.8

100.0




- - -
L3
e
*
v ‘F""""'"""'
j 7l
45 :
2} . VARIABLE LNAD
= ™
s [ -
’ N 524
O  uean 0.653211
*| . STD DEV l.Bach
[ T SKEWNESS  0.220457
Cp  ss 1998. 67
s cy 282.052
[ TIMEANaO 8,11549
4 DINORMAL 1.07456

]
t

STaTlsiIcCalL ANALYSI]IS S TS TEMN
UNIVARIATE
UMENTS GUANTILES
SUM WGTS 524 100% MAX 8.41665 YR 5. 18509
SUM JaZz.283 T5% 43 1.92445 9L% 3,66534
VARTANCE 3.39443 50% MED - 9.706036 9us 2.8v237
KURTOSIS =-p,181395 25% Q1 ~U.776529 LU -2.04022
€SS 17175.29 0% MIN =3.50856 ok =2.302%¢8
STD MEAN 0,0804855 . U, in -2.302%
PROB> (T 0.0001 RANGE F.92321
PROU>D 0,19804b Q3-Q1 2.70078
MQDE - =2,30258
MISSING VALUE .
- o - LOUNT i
% COUNT/NOBS 0,19
' '
HAR CHART I »
Hen s Z
[l 1
JHARBEBRE JE U H
RITET] 5
RETYE) 5
JHRERERABRNRNES 7 o . 12
RIIZIITI YIRS 14
2 GHHRRBRR GRS AR RN AR RERRD AR IR RN 33
dHRERAR RSB R B ERNRRARR AP ERL RS ARG SRR N RN B REARBRRRY . 47
dEREBAAREABR RIS ECRASRBRRB RN RBS RGN RSB RRENO BB B BN 49
CHABRBRABARRERERARS AR RERRDHEHBARNG AR ARASEENNRREBIER | 58
dEHFRARBRSE NSRS RRNSRBN RS RFER NSO RAPNRROR RGPS O RA NI . U 61
.I.I.IIQ.'.l...IQ.I.I.I......Q'.... KLY
dEREARRERA RGN ER AR RSB RR RN ER B A R AN SO ERERRRE S &5
= SIARBRN AL RN R AR ARG RABECRRAR NGRS RN KTY
I TRITRY ST LTI AL R 2222 S il 2l LT
dARBBABRRRRRNOBRN 16
YHERSANEII NP AR RN AR SRR RBR AP SERRRR RGN AR SN S ERABESREREN | 54
-. l
S . - o R T
-yt

* P LT T bmmm-p

* MAY REPRESENT WP T0 1. COUNTS

tmmnay |

L3:45 ~UNUAY, DECEMOEM <Co

EATREMEDS

LONEST
=3.5064%86
=3.5065%0
=3, 506506
=2452573
=2o3U258

BOXPLOT
*

g —— -]

Ly80

HIBHEST
5,20c1%

5.3397
5,90864
6,3¥136
6.410065

23_% ke

g o




@
;E; VARLABLE LNAD
10
L]
-
ol
1o
° 1
42|
Lo
o)
[+
e,
;’
e
o —
Q@b
21
]
Cls
P
s
o
27|
T
o
H
(8 1)
of
& I
- VALUE CUUNT
P =3.,50656 3
P -2,52573
& -2.30258 &
"M =2.20727
... =2.l12026
oy =2,04022
o =1.96611
Tl =1.B97)12
= -1.77196
) f. ) -l-?l‘ﬂ
ok «1.66073
AL =1,60944
£ -1.51413
i -1, 46968
-1, 42712
~1.,38629

O -l.34707
O -1.30933
H O -1.27297
o —cle2ave?
| =1.20397
“1.17118
L»1.13943
=1.10866

WA =W Wl wh N — W Ui

PERCENTS
CtiL CumM
Ueh d.6
0.2 0.8
8.[' 8.8
(U 9.2
[P 9.5
1.0 10,5
[T ¥ |
D6 1le6
0.2 11.8
0.6 12.2
De2 12.4
0.6 13.0
Gad 13a4%
UaA l4.1
0.8 14.9
G4 15.3
0,6 15.8
Lot 16.8
0.6 17.4
1.0 18,3
B.s 18,9
0.2 19,1
U.4 19,5
0.6 20,0

STaATISTICAL

UNIVARIATE

NORMAL PROBAHILITY PLUL]

60 _ . _ »
i »
¥ Ty
i [
[] -
| L 17T
I - e e LAl ] L XY )
245+ LA A YTy
{ #he L X
] _ seabdiese
1 LI FPYey
I L i 2 XYY
} IV 1 T T S
| + s
o) S5 FTYYL Ll
| EYTI L 1.1 3 S
] et e EY 1} '
] *tdd *%
[HesesnntrRE. —
I T,
|. B
) . D S - .
* * * * * * L - oo pmanny
-2 -1 +0 +l *2
FREQUENGY TABLE =
PERCENYIS . .- .t . PERCENTS
VALUE COUNT CELL  CUM VALUE COUNT CELL Cum ¥aLUFE COUNT
-1.,07881 & 0,8 2U,.8 = 446287 4 0.8 29.4 o 1
-1.04982 A, U 2led . . =.430T83 . 3 _d.6 30.0 . L EEETR ¢
-, 994252 1 0,2 21.6 7, 4158515 1 0.2 1,2 +0198026 1
- 967584 3 0.6 22.1 C 400478 1 0.2 30,3 0392207 1
- 941608 i Va2 22.3 . #.,3050682 1 0.2 . 30,53 +1i58c689 i
-. 910291 1 V.2 22.5 =, AT10be 1 0.2 390.7 L 0953102 P
-.691594 2 Uk 22,9 -,35667Y & D.4 31,1 G.10436 1
-, 867501 1 0.2 23,0 =0,3%24% 3 N PY - § Y 0.13r762 E]
-0.04397 2 0.4 23,5 P s 314T1L 2 0.6 32.1 0.165514 1
- 82098] L] 0.8 24,2 E’.:oll‘s 1 g.2 32,3 0.182322 i
-, 796508 3 0.6 24.8. . _=,287682 3 Q.6 _ 32,8 0.198851 P
-.770529 1 V.2 29,0 =, 2484061 2 0.4 33,2 De.223lus 1
-, 755023 1 0,2 25,2 =-,223144 1 0,2 33.4 Dechubay 3
-, T33969 . . L.  U.2 25.4% =0 ,)H633 2.. 0% 33,8 __ Oe.cT0uc? 3
=0,71335 1 0,2 2%.6 i, 174353 1 0.2 34,0 0.300L05 2
-.6?33‘5 3 Ve 26,1 ‘-0150823 1 0.2 34,2 0.30!~B§ 1
-, 653926 3 0.0, 26,7 ~s139262 1 G2 Ih.t D.3l4b11 1
-,597837 1 Ue2 2649 -.127833 i Vo2 38,5 0,322083 2
-.579418 3 U.b 27,5 - 094311 PR Y S T | D,330412 2
= 50211 ). _Us2 2T.1_ . rm.BB3JH2. 1 .2 35.1 0.34359 i
-. 544727 2 0.4 28,1 ‘e 072571 ] 0.2 35.3 G.3570Te 1
-.527633 1 0,2 28,2 -y 051293 2 0.6 35,7 0.37196s 1
-,510426 " 2Bk =,030889__ . _2 Gu&_36.1. . 0.378436 2
- 462035 1 0,2 28.6 -.020203 1 Ue2 36.3 0.,39877s 1

ANALYS LS SYSTEMW 13345 MUNDAY) UELEMUER

ey 193“ S

PERCENTS

CELL
.2
Vet
be2
u-a
Ue2
D.%
Y.
Vet
Vel
0.2
0.4
B2
0.6
0.6
Vet
0,2
0.2
u.‘
[
u-e
u.z
g,.2

-n.‘
0.2

Cum
Jbeb
Joa.8
IT. 0
die2
I e
3.8
. v
ET %]
8.7
Jé. Y
9.3
I3.5
U,
U0
41.0
4l.2
414
4]0
LT Y4
LTI}

“dZat
“2a1
431
LXK ]

¢




ST aT 1S TICAL ANALYSIS SYSTERH l3tan wUNDAY, DECEMHBER 2£» 1980

T UNIVARIATE
VARIABLE LNAD

FREWUENCY TapLE (CONT.)

PERCENTS PERCENTS PERCENTS PERCENTS C
VALUE COUNT CEL: CuM " VALUE COUNT CELL CuM VALUE COUNT CELL CUM vaLUE CUUNT Ceil  Cum [
0,405465 1 0.2 #3.,5 0.963176 1 0.2 55,5 . . 1.43Tee 1 Ue2 06,2 2.00821 1 0e2 1703
U.41871 1 0,7 43,7 0.985817 L ve2 59,7 l.44856 i V.2 66,4 2,uleed 1 0.2 ‘li.n b
U, 457425 3 0.h 44,3 0,989541 1 U.2 55,9 1.45861 1 U2 66,6 2.0c083 1 0.2 17.7 o
0,48858 1 Ue2 44,5 0,993252 2 U4 56,3 _ _ _],46557 1 u,2 66,8 2, 0cY4b6 1 0. 11,9
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TO:

cc:

J.

INTERNAL CORRESPONDENCE

F.

Erdmann

Texas City Plant

S.
J.
D.
G.
G.

A.
B.
G.
F.
E.

bickerson
Leverton
Reese
Tacquard
Vaughan

uc 149—1

. O.

Date:

Subject:

BOX 47%, TEXAS CITY. TEXAS 7739

December 10, 1980

Semi-Annual EPA Report

Attached are the summary values of residual vinyl chloride in

UCAR Solution Vinyls stripped varnish.

The data includes the

period from March 1 through August 31, 1980.

This should satisfy your requirements for the Semi-Annual EPA
Report.

PDS/st
Attachments

Sincerely,

ﬁm

P.

D. Smith

ucc
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APRIL,

1980

Ati

.44
.95

<.1
.30

'1.94
.13

.44

4.21
Down

.70
.15
.11
.10
.24
.33
16.01
2.09
14.09
.95
.20

.13

.97
1.10
8.40
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1980

Ati

19.37
.80
.98
.60

.14
3.52
<.l
1.36
.23
18.00
1.31
1.94
.29
.34
.27
.75
16.61
11.86
14.13
116.74
18.40
101.06
7.96
7.48
16.28
7.27
8.43
9.08
6.23
12.10
3.93
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JULY, 1980

Date Ati
1 26.95
2 10.07
3 3.69
4 7.01
5 .64
6 3.73
7 .75
8 .52
9 .44
10 .78
11 1.78
12 1.45
13 1.58
14 4.11
15 1.83
16 3.70
17 3.95
18 1.02
19 7.88
20 1.58
21 .24
22 3.27
23 1.84
24 2.22
25 .29
26 3.62
27 3.16
28 39.38
29 2.37
30 8.60
31 2,81
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UNION CARBIDE CORPORATION
CHEMICALS AND PLASTICS

P.O.BOX 471, TEXAS CITY, TEXAS 77590

~ UNIONE
‘CARBIDE

December 15, 1980

Mr. Bi11 Stewart
Executive Director
Texas Air Control Board
6330 Highway 290 East
Austin, TX 78723

Subject: Semiannual Report for NESHAPS Regulation on.Vinyl Chloride Monomer,
For Solvent Vinyl Resins Process, Texas City Plant (41 CFR 46559,
October 21, 1976) Reporting Period: March thru August, 1980

Dear Mr. Stewart:

The attached Semiannual Report for March thru August 1980 is submitted in
accordance with Section 61.70 of the Vinyl Chloride Regulation noted above.

I apologize for the delay in preparation and submittal of this report. Our
Production Records group rust necessarily be involved in the determination of
the daily weighted average values of VCM content in the stripped varnish (A )
in order to incorporate the final official daily production quantities of tﬁé
various resins for the unit. There was an abnormally high turnover in the
Production Records personnel at mid-year because of retirements, which required
a realignment of responsibilities and training of new people. This caused a
significant slowdown in their schedules and output, which has only recently
begun to recover.

If there are any questions about this report, please refer them to my
attention.

Very truly yours,

.*F. Erdmann, P.E.
Environmental Protection
Coordinator

(713) 948-5126

JFE:ir
Attachments

uce
051427




II.

UNION CARBIDE CORPORATION,

SOLVENTS AND INTERMEDIATES DIVISION
SEMIANNUAL REPORT FOR NESHAPS REGULATION
FOR VINYL CHLORIDE MONOMER
SOLVENT VINYL RESINS PROCESS, TEXAS CITY, TEXAS
DECEMBER 15, 1980

EXCESS EMISSIONS [§61.70 (e)(1)]

Under this section, parts A, B, and C do not apply as indicated in our March
15, 1979 semiannual report for the reasons listed therein.

The solvent and monomer recovery system operations are the same as described
in this previous report and will not be repeated here.

There were no emergency discharges during this reporting period.

CONTINUQUS STRIPPING [§61.70 (c)(2)]

The description of our monomer stripping system has been previous]y submi tted
in the semiannual report dated March 15, 1979.

The attached reports for the months of March through August, 1980 continue to
support our previously stated position that our monomer stripping operations
are far more efficient than the suspension process for which the analytical
procedures in the Regulation were written. We have obtained the approval of
your staff for a proposed once-per-week random sampling/analytical schedule
in.order to reduce our analytical efforts to a more cost-productive basis.
This request is now tn the process of evaluation by EPA/Dallas, thru their
various echelons, 1nclud1ng Washington headquarters and the Research Triangle
Park sections.

The data for this period indicates the highest level recorded was 116 ppm on
May 20th, which is well within the 400 ppm upper limit. If necessary to help
EPA/Dallas approve our previous request for the weekly analytical schedule,
this data may be included with the previous 12 months for a total 18-month
statistical analysis using the log-normal correlation.
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MAY, 1980
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19.37
.80
.98
.60

.14
3.52
<.1.
1.36
.23
18.00
1.31
1.94
.29
.34
.27
.75

16.61

11.86

14.13

116.74
18.40
101.06
7.96
7.48
16.28
7.27
8.43
9.08
6.23
12.10
3.93
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JUNE, 1980

Date Ati
1 <.1
2 Down
3 Down
4 Down
5 Down
6 Down
7 Down

-8 Down
9 <-.1
10 <.1i
11 4.06
12 7.22
13 .30
14 . l.8o0
15 .42
16 1.35
17 1.31
18 .66
19 1.25
20 .68
21 .75
22 .74
23 .83
24 1.73
25 5.85%
26 12.65
27 4.24
28 4.48
29 1.65
30 7.68
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JULY, 1980

Date Ati
1 26.95
2 10.07
3 3.69
4 7.01
5 -, 64
6 3.73
7 .75
- 8 .52

9 .44
10 .78
11 1.78
12 1.45
13 1.58
14 . 411
15 1.83
16 3.70
17 3.95.
18 1.02
19 7.88
20 1.58
21 .24
22 3.27
23 1.84
24 2.22
25 .29
26 3.62
27 3.16
28 39,38
29 2.37
30 8§.60
31 2.81
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+

Mr. Jim Bodamer
November 6, 1980
Page 2

any pertinent questions that may arise.
this problem.

JFE:ir

Attachments

cc:  (cover letter only)
Mr. Martin Brittain, EPA/Dallas
Mr. John W. Key, TACB/Austin
Mr. Sabino Gomez, TACB/Bellaire

beec: (cover letter only) |
R. M. Arnold
J. H. Barrett
W. T. Gray, Jr.
J. B. Leverton/J. S. Knight
R. R. Rankin - CLC
D. R. Reem
Dr. D. G. Reese/P, D. Smith
G. F. Tacquard/S. A. Dickerson
L. B, Feldcamp - Baker & Botts

Mr. Martin Brittain of EPA/Dallas has indicated he has forwarded the
latter information which the TACB has approved to appropriate sections
in both the RTP and Washington offices for their review and approval
before they make a decision from the Dallas location.

We would appreciate any support you can provide for this request and
similar ones for which the original NESHAPS regulation was not parti-
cularly written. We will be pleased to provide any additional informa-
tion and/or conduct an inspection of these facilities with you to resolve

Thank you for your interest in

Very truly,

**F. Erdmann, P.E.
Environmental Protection
Coordinator (713) 948-5126
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Mr. Jim Bodamer
November 6, 1980
Page 2

Mr. Martin Brittain of EPA/Dallas has indicated he has forwarded the
latter information which the TACB has approved to appropriate sections
in both the RTP and Washington offices for their review and approval
before they make a decision from the Dallas location.

We would appreciate any support you can provide for this request and
similar ones for which the original NESHAPS regulation was not parti-
cularly written. We will be pleased to provide any additional informa-
tion and/or conduct an inspection of these facilities with you to resolve
any pertinent questions that may arise. Thank you for your interest in
this problem.

Very truly,

**F. Erdmann, P.t.
Environmental Protection
Coordinator (713) 948-5126

JFE:ir

Attachments

cc: (cover letter only)
Mr. Martin Brittain, EPA/Dallas
Mr. John W. Key, TACB/Austin
Mr. Sabino Gomez, TACB/Bellaire

bce: (cover letter only)
R. M. Arnold
J. H. Barrett
W. T. Gray, Jr.
J. B. Leverton/J. 5. Knight
R. R. Rankin - CLC
D. R. Reem

Dr. D. G. Reese/P. D. Smith

G. F. Tacquard/S. A. Dickerson
L. B. Feldcamp - Baker & Botts
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UNION

W NTERNAL CORRESPONDENCE

To:

Copy to:
Subject:

P. O. BOX 471, TEXAS CiTY, TEXAS 77390

Arnold October 21, 1980
Barrett

Gray, Jr.

Leverton/J. S. Knight

Rankin - CLC

Reem

Reese/P. D. Smith

Tacquard/S. A. Dickerson

Messrs.

br.

. Hansen - 511

Request for Change in Sampling and Analytical Program Under Part 61,
NESHAPS Regulation for Vinyl Chloride Monomer Control (TACB Account
No. GB-0076-J)

Gentlemen:

Attached is the response we have been awaiting from TACB as the first

step in getting this test program operating in a cost effective manner.

As you can see from this letter, the supplemental information we submitted
in August based on Jim Hansen's application of the log-normal distribution
was a major factor in obtaining this approval. For Jim's help in coming
up with this approach, I am highly appreciative.

I plan to contact Mr. Brittain at the Dallas EPA office in a few days to
see what new problems may appear in this scenario. If any suggestions
or comments are cluttering up your thoughts, please send them to me.

/f’ Very truly yours,

MAprrIy  dre TR
. e

/?/f) 767-2755
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TEXAS AIR CONTROL BOARD
6330 HWY. 290 EAST
AUSTIN, TEXAS 78723
JOHN L. BLAIR WILLIAM N, ALLAN
Chairman VITTORIO K. ARGENTO, P. E.

CHARLES R. JAYNES
Vice Chairman

FRED HARTMAN

D. JACK KILIAN, M. 0.
OTTO R. KUNZE, Ph. D., P. E.
FRANK H. LEWIS

BILL STEWART, P. E. WILLIAM D. PARISH

Executive Director

October 14, 1980

Mr. Martin Brittain, P. E. : RECEIVED
NESHAP Coordinator G6AEAE

United States Environmental Protection Agency ANt 20 1980
Region VI

1201 E1m Street : 2 FE
Dallas, TX 75270 ‘ ‘

Re: Union Carbide Corporation

N ] Alternative Testing Method
Texas City, Galveston County

TACB Account No. GB-0076-J

Dear Mr, Brittain:

I am forwarding to you a request by Union Carbide for a change in the
sampling and analytical procedures specified in Part 61, Subparts A
and F and Appendix B, Methods 106 and 107, My staff reviewed the
original request and found i1t to be deficient; however, supplemental
information provided by Union Carbide now seems to support the re-
quest. We are recommending approval of the proposed procedure and
h?ve enclosed copies of all pertinent documents for your considera-
tion, »

If we can be of further assistance, please contact Mr. Charles Shevlin
of my staff at extension 251. Please advise us of your final de-
termination concerning this matter.

Tcere] Y,

John W. Key, P. E., Chief
Source Evaluation Section

Enclosures
cc: Mr, Cecil Bradford, Compliance Division

Mr. Sabino Gomez, Region 7
Mr. J. F, Erdmann, P. E,, Union Carbide Corporation
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INTERNAL CORRESPONDENCE ———R'EG-WED

QUALITY ASSURANCE sEp 22130
.‘. F-E
To (Name) - Mg I At Date September 18, 1980
Locat.on Bldg_ 1
TEXAS CITY PLANT orgmating 0eot Vinyls Lab - Texas City
cooyte Mr. §. A. Dickerson Subject

Dr. D. G. Reese

Mr. P. D. Smith/
Mr. J. R. Rex

Mr. G. F. Tacguard

Jack:

Steve informed me of your request to lower from 400 ppm to 250 ppm,
the point at which the Q.C. Laboratory will automatically recheck
the ppm VCM value on any stripping still sample from Bldg. 117.

To comply with this request, effective today the Laboratory SOP
will be revised to state that any stripping still sample which
exceeds 250 ppm VCM will automatically be rechecked.

We hope this revision will be of assistance to you in your con=-
tinuing effort to attain a reduction in sampling/analyzing fre-
guency.

Please advise if we can be of any further assistance.

Regards,

GEV/pl

Ue,
CHEMICALS AND PLASTICS 05746;0
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To

Date. 9 "K ._.....Tlme...az.:’...@;é. )
WHILE YOU WERE OUT

M,..,.métwﬂ_.ézr/ffau@

Phone : \/)'77"; A

o HIm i
TELEPHONED ~Treasecan 18 1
CALLED 10 SEE YOU WILL CALL AGAIN
z:zldﬂﬂlﬂ YOUR y

Message.
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UNION CARBIDE CORPORATION
CHEMICALS AND PLASTICS

P.O.BOX 471, TEXAS CITY, TEXAS 77590

August 6, 1980

Mr. John W, Key . .

Source Evaluation Section

Texas Air Control Board

6330 Highway 290 East

Austin, TX 78723 .

Attn: Mr. Charles B, Shevlin
Subject: TACB Account No. GB-0076-J, Request for Change in Sampling and

Analytical Program Under Part 61, NESHAPS Regulation for Vinyl
Chloride Monomer Control

Gentlemen:

Following the receipt of the letter of May 20, 1980 from James P. Draper in
response to our original requests for a change in the analytical schedule under
this regulation, we submitted the data to our statistical staff in the R and D
groups at the South Charleston Technical Center. They have evaluated the data
in the same manner we did and have shown, as you did, that the distribution by
that method is not normal and the first set of conclusions we reached were not

proper.

However, in addition, they have used a computer program for a log-normal distri-
bution and applied the same statistical tests to this manner of computation.
These new results show that the statistical analysis, when applied to the log-
arithms of the daily data values, does exhibit a log-normal distribution and the
previous method of evaluation and determination of adequate samples for a 99.9%
confidence level can be used. From this, we can show that if a total of six
samples is taken in a six month period and the geometric mean value does not
exceed 35 ppm, we have 99.9% confidence that the 400 ppm limit has not been

exceeded.

On this basis we are still willing to proceed with weekly random sampling (one
day out of seven), which is over four times more frequent than the statistical
data indicate is necessary. Provided we analyze samples on this basis of

one day out of every seven for a total of 26 tests every six months, we have
99.9% confidence that the 400 ppm level has not been exceeded, if the geometric
mean of the 26 samples comes out to less than 124 ppm. The statistical evalua-
tion by our Technical Center group which supports these statements is attached
for your -inspection and review.

In connection with the randomness of sampling and analysis, the following is

our preferred method:

Uce
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Mr. John W, Key
August 6, 1980
Page 2

1) The sampling schedule will not be changed from the present, which calls for
a stripped varnish sample from each stripper for each regular shift of
operation. We have four strippers and three shifts/day, which results in
up to 12 samples/day, depending on how many strippers are operating. These
samples will be sent directly to the laboratory in the usual manner.

2) The laboratory will provide a random analytical schedule for one day out of
seven to be predetermined on a weekly basis for selecting which day the
varnish samples will be run. We must operate on a weekly schedule to
optimize our manpower needs in the laboratory and eliminate ag much overtime
as possible. ‘ -

Please review the attached documents and let me know of any problems you see
which could 1imit your support for this request. We understand any official
changes in the regulation must be approved by the EPA, and to that end we plan
to submit this same request and information to the TRW contractor's team that
is presently scheduled for a review of the NESHAPS regulation at our plant in
the near future. If you have any suggestions for ways to speed up this approval
process, please share them with us. :

Thank

J."'F. Erdmann, P.E.
Environmental Protection
Coordinator

(713) 948-5126

JFE:ir

Attachments

cc: Mr. Howard Houston, TACB, Austinv
Mr. Sabino Gomez, TACB, Bellaire .
Dr, E. R. Ibert, GCACD.
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bcc: R. E. O'Bryan/NESHAPS (VCM) File -
*J. B, Leverton/J. S. Knight
*J. H. Barrett
G. F. Tacquard/S. A. Dickerson v
*R. M. Arnold
*D. G. Reese
*P, D. Smith
R. R. Rankin - CLC -
*W, T. Gray, Jr,
*D. R. Reem

* cover letter only

Torm Kee? - S/tuhj e W) mdnrd WM(
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UNION

CARBIDE INTERNAL CORRESPONDENCE
CHEMICALS AND PLASTICS . P. O. BOX 8361, SOUTH CHARLESTON, WEST VIRGINIA 25303
Ta (Name) Jack Erdmann, Dare July 22, 1980
Division Texas City
Location Originating Dept.
Copy 1o John Leverton Subrect Statistical Evaluation of
Charlie Hendrix Vinyl Chloride Data for Solvent
Vinyl Resins Stripping - Use
of Lognormal Distribution
Dear Jack:

I have analyzed the Vinyl Chloride concentration data you sent
me. 1 am returning 3 attachments with this letter: a rewrite of your
April letter to the Texas Air Control Board using all the data and log-
normal statistics; copies of computer printouts; and a copy of a discussion
of the lognormal distribution from a NIOSH publication (number 77-173). M‘;g"
. we
The raw data are not normally distributed (Ko]mogorox-Smirnov ;ﬁﬂéﬂz wht
D = 7.58, which is significant at the 99.99% Tevel). However, when this s 7%7 47
test is applied to the logarithmsof the data, we find D = .93, which is ,m0
not significant impling the data are normally distributed. jon -5,V
SR
Therefore, the data should be transformed before analyzing,
and the statistics which should be used when reporting these data are the
geometric mean (GM) and the geometric standard deviation (GSD). The GM
corresponds to the median or middle of the distribution and for these data
is a better indication of the distribution's center than the arithmetic
average.

The calculations you performed before are all valid for log-
normal distributions, and the final results can be transformed back to the
original scale by taking antilogarithms.

Another simple way to look at these data are simply to rank
the scores and look at percentiles. For example, 99% of this years data
are less than 200 ppm. I included a printout of the ranked data so that
you can see the distribution.

If 1 have been too terse, and you have questions, please call.

Sincerely,
Jim Hansen
JH:dm
Attachments

Uce
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DATA EVALUATION, MARCH 1979 - FEBRUARY 1980

Individual twenty-four hour weighted average VCM concentrations (dry resin
basis), ATi. were determined and reported for this period in our last two
Semiannual Reports.

The following statistical parameters were determined from these daily VCM
concentrations:

1) Number of daily average values of Ary = n = 364

2) Geometric Mean, ¥g = 2.1 ppm

3) Geometric Standard Deviation, Sq = 6.88

4) Predicted upper range for geometric mean values, 99% confidence level,

S
In(yg)g = Xg + -3 2 |, Z for 99% level = 2.33, for n 7 30,
n upper limit only.

1n(pg) = I
Yg = 2.2

This valuation indicates that the Geometric mean value for the VCM
concentrations based on this years data period would be below 2.2 ppm
99% of the time. This compares to an upper limit of 400 ppm specified
by the regulation.

Hg - In(maximum specification Tevel)

Determine t =
standard deviation, Sg

.752 - 5.99 -5.24
t= = = =2.72
1.93 1.93

However, from Table A in the text, a t-value of -3.1 is shown for a 99.9%
confidence level (0.0010).

By using the following notation, a calculation can be made to determine the
sample size (n), which would provide 99.9% confidence that we would not
exceed the 400 ppm limit.

Let a = risk of rejecting an acceptable value = 0.007 and

let B8 = risk of accepting a rejectable value = 0.001

for 0 = 0.001, Ty =3.1=1nK-p = 1InK- .75 (A)
Sy 1.93

_nJ,_',.-—"'_'_F‘__"‘_




-2~

For 8 = 0.001, Ty = -3.1 = 1n K - upper limit = TnK -5.99 (8)

R ————

1.93
Jn '

Subtracting equation (A) from equation (B):

Sx

Tp-Ty=-3.1-(31)=1nK-5.9 - 1InK- .75
1.93 1.93
o o
-6.2=1nK=-5.99-1nK+.752 = -5.24
1.93 193
fn o

6.2 =5.24yn S n =2.29 (just over five
, samplesrequired)
1.93 n =5.23

This value for n is slightly greater than 5, so a sample of 6 is the
next nearest whole number.

If we use this value of n = 5.23 to solve for K, the mean value of

AT{ that would assure not exceeding 400 ppm more than 0.1% of the time,
we get the following:

-3.1=1TnK - 5.99 -3.1T=1n K - 5,99

1.93 .843
2.29

In K - 5.99 = -2.62; 1n K = 3.38; K = 29.4

However, we can't take part of a sample, so using n = 6, J/n = 2.45

"3-] - 1" K - 5.99 -301 = 1" K - 5-99
1.93 .788
2.i§
I K - 5.99 = -2.44 . K=34.8 _

which is the value of AI for six samples for every six months reporting period
belowdw21ch there is ovdF 99.9% confidence that the 400 ppm 1imit has not been
exceeded.

However, we plan to sample once per week to get Ariy for a regular

3-shift day, sampling each stripper each shift for a total of 12

samples from which one weighted average concentration can be deter-

mined for that day. In six months, 26 such Arj values would be available,
and if their mean value doesn't exceed the following K value, there is

uce
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99.9% chance that all values are below the 400 ppm limit.

-3.1=1nK-5.99 =1nK-599 =1nK-5,99

1.93 1.93 .378
- gli
J 26
-(3.1) (.378) = In K - 5.99 = -1.17
or In K =4.82

or K = 124 ppm (Geometric Mean)
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TECHNICAL APPENDIX M*
NORMAL AND LOGNORMAL FREQUENCY DISTRIBUTIONS

The statistical methods discussed in this man.
ual assume that concentrations in random occu-
pational environmental samples are lognormally
and independently distributed both within any
particular workshift and over many daily expo-
sure averages. Additionally, it is assumed that
the sampling and analytical errors of an indus-
trial hygiene measurement sample are normally
and independently distributed. The technical
reasons for the choice of these two distributions
for modeling our data distributions are given
below. There is nothing sacred about the choice
of these distribution models. They were chosen
because they occur very frequently in indus-
trial hygiene applications, and they are easy
to use because their properties have been thor-
oughly investigated. The empirical observation
that the data usually are well-fitted by the
normal and lognormal models is no guarantee
that all data fit these models. If there is any
doubt about the appropriate application of the
normal or lognormal model, the first step in
the data analysis should be to sketch a distri-
bution histogram or use probability paper as
discussed in Technical Appendix 1. Also refer
to Technical Appendix I for examples of data
that might not be adequately described by the
lognormal model.

Before sample data can be statistically ana-
lyzed, we must have knowledge of the fre-
quency distribution of the results or some as-
sumptions must be made. Roach (M-2-M-4)
and Kerr (M-5) have assumed that environ-
mental data are normally distributed. However,
it is well established (M-6-M-9) that most com-

*This material in part was originally presented in
Leidel and Busch, Exposure Measurement Action Level
and Occupational Exposure Variability (NIOSH Tech-
nical Information, HEW Publication No. (NIOSH)
78—13;‘ Cincinnati, Ohin, December 1975) and Rdm-
ence M-1

munity air pollution environmental data are
better described by a lognormal distribution.
That is, the logarithms (either base e or base
10) of the data are approximately normally
distributed. Most importantly, Breslin et al.
(M-10), Sherwood (M-11, M-12), Jones and
Brief (M-13), Gale (M-14, M-15), Coenen (M-186,
M-17), Hounam (M-18), and Juda and Budy
zinski (M-19, M-20) have shown that occupa-
tional environmental data from both open air
and confined work spaces for both short (sec-
onds) and long (days) time periods are log-
normally distributed.

What are the differences between normally
and lognormally distributed data? First, it
should be remembered that a “normal” distri-
bution is completely determined by the arith-
metic mean u and the standard deviation o of
the distribution. On the other hand, a lognormal
distribution is completely determined by th

mednn or geometric mean (GM) and the geo-
metric standard deviation (GSD). For log-
normally distributed data, a logarithmic trans-
formation of the original data is normally
distributed. The GM and GSD of the lognormal
distribution are the antilogs of the mean and
standard deviation of the logarithmic trans-
formation. Normally distributed data have a
symmetrical distribution curve whereas log-
normally distributed environmental data are
generally positively skewed (long “tail” to the
right indicating a larger probability of very
large concentrations when compared with a
lower probability expected of normally dis-
tributed data). Figure M-1 compares a log-
normal distribution to a normal distributi n
with the same arithmetic mean . and standard
deviation ¢. The conditions conducive to (but
not all necessary for) the occurrence of log-
normal distributions are found in occupational

12 uee
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Figure M-1. Lognormal and normal distributions with the
same arithmetic mean and standard deviation.

environmental data (M-16). These conditions

are that .
® the concentrations cover a wide range of

values, often several orders of magnitude,
® the concentrations lie close to a physical
limit (zero. concentration),
® the variation of the measured concentra-
tion is of the order of the size of the
measured concentration, and
s a finite probability exists of very large
values (or data “spikes”) occurring.
The variation of occupational environmental
data (differences bhetween repeated measure-
ments at the same site) can usually be broken
into three major components: random errors
of the sampling method; random errors of the
analytical method; and variation of the environ-
ment with -time. The first two components of
the variation are usually known in advance and
are approximately normally distributed, The
environmental fluctuations of a contaminant in
a plant, however, usually greatly exceed the
variation of known instruments (often by fac-
tors of 10 or 20). The above components of
variation were discussed in an article by
LeClare et al. (M-21). .

When several samples are taken in a plant
to determine the average concentration of the
contaminant and estimate the average exposure
of an employee, the lognormal distribution
should be assumed. However, the normal dis-
tribution may be used in the special cases of
taking a sample to check compliance with a
ceiling standard, and taking a sample (or sam-
ples) for the entire time period for which the
standard is defined. In these cases, the entire
time interval of interest in represented in the
sample, with only normally distributed sam-
pling and analytical variations affecting the
measurement.

The relative variation of a normal distribu-
tion (such as the random errors of the sampling
and analytical procedures) is commonly meas-
ured by the coefficient of variation (CV). The
CV is also known as the relative standard devia-
tion. The CV is a useful index of dispersion in
that limits consisting of the true mean of a set of
data, plus or minus twice the CV, will contain
about 95% of the data measurements. Thus, if an
analytical procedure with a CV of 10% is used
to repeatedly measure some nonvarying physi-
cal property (such as the concentration of a

123
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chemical in a beaker of solution), then about
95% of the measurements will fall within plus
or minus 20% (2 times the CV) of the true con-
centration.

Unfortunately, the property we are trying to
measure — the employee's exposure concen-
tration — is not a fixed physical property. The
exposure concentrations are fluctuating in a
lognormal manner. First, they are fluctuating
over the 8-hour period of the TWA exposure
measurement. Breathing zone grab samples
(samples of less than about 30 minutes’ dura-
tion, typically only a few minutes) tend to
reflect the environmental variation within a day
so that grab sample results have relatively high
variation. However, this variation in the sam-
ple results can be eliminated by going to a full
period sampling strategy as discussed by Leidel
and Busch (M-1). Second, the day-to-day vari-
ation of the true 8-hour TWA exposures is also
lognormally distributed.

Environmental variation is expressed by the
GSD. A GSD of 1.0 represents absolutely no
variation in the environment. GSD’s of 2.0 and

PROBANLITY DENSITY FUNCTION (PDF)

above represent relatively high variation. Hald
(M-22) states that the shape of lognormal dis-
tributions with low variations, such as those
with GSD’s less than about 1.4, roughly approxi-
mate normal distribution shapes. For this range
of GSD's, there is a rough equivalence between
the quantity (GSD —1) and the CV, as follows:

GSD (GSD~-1) cv
1.05 0.05 0.049
1.10 0.10 0.096
1.20 0.20 0.18
1.30 0.30 0.27
140 0.40 0.35

For those interested in a detailed study of
the lognormal distribution, Ajtchinson and,
Brpwn (M-23) is an excellent reference. Figure
M-2 shows four different lognormal distribu-
tions that share a common arithmetic mean of
10 ppm. Four different variations are shown

with GSD's of 1.2, 1.5, 2.0, and 3.0.

050 2 1.2 MRS}

Figure M-2. Lognormal distributions for arithmetic mean con-
. centration of 10 ppm.

124
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CONVERSION FORMULAS FOR A
LOGNORMAL FREQUENCY DISTRIBUTION
If the variable (In r) is normally distributed
(the variable x has a lognormal distribution),
we can define
u=true arithmetic mean of x-distribu-
tion
e=true standard deviation of z-distri-
bution
m=true arithmetic mean of (In x)
values
ay=true standard deviation of (In x)
values
GM = geometric mean of x-distribution
(GSD = geometric standard deviation=exp
{(«)) where (In r) was used to cal-
culate o

GSD =antiloge (s:) where (log;,, ) was
used. The conversion relations between the
above six parameters are given in Table M-1.

Notes:

1. The relations apply only to the true para-
meter of the parent distribution. They should
not be used for parameters of a sample except
as a very rough approximation.

2. The GM and GSD are used to describe para-
meters of either a sample or the parent distri-
bution, but they cannot be used in the relations
unless they are calculated from the true parent
distribution. .

3. The GSD of the r-distribution is the same
regardiess of whether base 10 or base e loga-
rithms were used to calculate o,

TABLE M-1. CONVERSION RELATIONS BETWEEN LOGARITHMIC PARAMETERS AND ARITHMETIC PARAMETERS OF A
LOGNORMAL DISTRIBUTION

Given To abtain Use
" ) CM= exp (m)
- N GSD = exp (=)
A

TRy 4 GSD= exP‘J In (1+"T)
B, 01 = exp (m+%w’ )
GM, o, = (GM) exp (%— ')
- o= . J [exp (2m+07) ] [exp (o) ~1]
GM, o, - o= \/ (GM)? [exp (o) ] [exp (o) —1]
GM p= In (GM)

By Oy my= Inp— %W’

GSD o> In (GSD)
o o \/ In 1+ 5)

mode exp (m — o) =most frequent value
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>sT AT 1 STEIECAL ANALYSILS STSTEMN 15i46 MONDAYs JULY Zl, 1980

UNIVARIAIL

VARIABLE CONC

FHEQUENCY TAHMLE (LOUNT.}

FENRCEMTS PEHCENTS PERCENTS PERCENTS
VELUE COUNT CELL CUM VALUE LOUNT CelL CuM vALUE CUUNT  CRLL CuM VaLUE COUNT CELL Cud
1.75 1 0,3 43.3 J.13 1 be3 57,8 .7 1 a3 T12.9 1T.97 1 0.3 7.4
1.7¢ 1 vedl 43,0 J.23 - i 4,3 58,1 b.82 1 U3 13,2 l8.06 "1 0,3 B7.7
1.77 1 Va1 43,8 3.25 1 U3 5S8,.4& 6,85 3 U3 T3,.% ld.14 1 0.3 w7,y
1.79 1 ([ T | 3.2t 1 V.3 54,6 b.bY )] 0.3 T4.7 18,98 1 0.3 BbH.2
1.81 1 Vo3 44,8 1,28 1 U.3 58.,% 6.9 1 0.3 7&.0 16,66 1 0,3 83,5
lebb 1 God 4,7 3.31 1 0.3 5H9.2 5,91 i Ue.3 Ta,2 iv,8 1 0.3 U&,8
1.89 1 Vel %%,9 3.3% 1 U,3 59,5 T.15% e U,5 Ta,8 19.3 1 U,3 b9,0
1.91 1 .3 &h,2 3.30 i 0,3 59,7 7417 i 4.3 9.1 20.54 1 0.3 H8y,3
1.92 ] 0,3 45.> 3.0 1 U.,3 60,0 T.31 i 0.3 75,3 2V.76 1 0.3 89,6
1.93 2 eSS 4.0 3.4y i s Ued 60,3 T.45 1 ¢.3 ThH,6 2244 1 0.3 H9,9
1.95 1 Vel %6.3 351 1 Usd 605 7.61 1 De3d 75.9 23.56 i 0.3 90,1
1.99 1 0.3 46.06 3.52 < oD blal Teb0 1 0.3 T6.2 23.7 1 0e3 90.4
2.02 ] Ul &6,8 3.57 H Ueb 61,6 T.da7 1 Usd Toh.# 2471 1 0.3 ¥Y(a7
2.03 < 0.5 47.4 3.7 1 Ue3 61.9 T.93 i b3 To,.7 . 25.4] 1 03 9l
2.04 1 0.7 4&7.7 3.9 i 0.4 8.2 b.01 1 U3 TT.0 . 2b.l6 1 0.3 ¥Y1.2
2.07 1 U1 #7.9 4,106 3 Ue3 625 be3db 1 V.3 77.3 27.33 i B3 Y15
2e11 1 1 | db.o 47 1 Vel 62,7 - L] 1 Ge3 77.5 30.33 1 Vel Y14
2.12 1 Le3 48,5 4e09 1 Ue3 bI.0 8.5 1 V3 T7.8 Av.BT 1 0.3 wveal
2.16 z 0.5 #9,0 “.19 1 0«3 3.3 deuT 1 0.3 T8.1 3l.61 1 Ued Y243
2.19 1 Jeld 49,3 L 4 1 V.3 63.6 .58 1 0.3 TB. % 3l.71 1 0.3 92.6
2.2 I D1 GY9,0 P ) 1 0«3 53,8 B.73 1 U3 T8.6 3252 1 0.3 92.9
2.21 i Ce3 49.9 4,33 1 Ved 64,1 BeT9 -1 Ue3 THELY 4.6 1 0.3 ¥3.2
2.27 ] Ua3 50,1 4.30 1 Uad Bé.4 8.9 1 Ue3 T9.2 37.30 1 De3 Yiea
N 2.28 1 0,3 50.4 4.37 1 0.3 64,7 9.02 1 Ue3 T79.5 3T.te 1 0.3 ¥%3.7
2.32 1 0e3 50.7 44 1 Ue3 b4,y Ye13 1 0.3 79,7 4056 1 0«3 Yé&,.0
2,33 1 0.3 Sl.0 L) F4 UeS 69,5, Yo 1 0.3 40,0 &l.88 1 0.3 94,2
2.36 1 0,3 5Sl.¢ 4,6 1 Ue3 bY.8 . YeuT i Us3 B0,.3 43,73 1 Ue3 Ya.5
2.37 1 + D3 5Sl.b 4.8 1 Ued 66,0 9.5 1 4.3 80,5 &9.26 i 0.3 Y&.8
F ) Ue.7 5]1.8 b,y 1 Ue3 66,3 9.59 ' .5 #Bl.l SZ.04 1 G.3 YhH]
2okl 1 0.3 52,1 .9y 1 0.3 bbb w73 1 U3 Bl.é b4 .93 1 0.3 9Y9.3
Pa.h3 1 0,3 52,3 LTS 1. d.3 66,8 9.1 1 Ued B]l,6 58.61 1 0.3 WwS,8
2.45 1 U,3 32,6 5,17 1 Va3 7,1 10,21 1 Vel B).9 60,62 1 0.3 %5.9%
2.51 1 0,3 52,9 9.33 1 Va3 67,4 lu,.28 1 lead 82,2 T3.9 1 0.3 ¥b,2
2.52 1 0.3 53.2 LY ¥ 1 0,3 67,7 io.76 1 0.3 82,5 114,73 1 0.3 96.4
2.5% 1 0,3 S53.4 b.51 1 v,3 67,9 11,02 1 U3 82,7 118.33 1 0,3 Yo.7
?.68 1 6,3 53,7 9.57 - 1 0.3 68,2 11.0 Z V.5 83.3 34,67 1 0,3 97,0
2.7 1 0.3 54,0 S.50 1 U.3 bl,> 11.67 1 V.3 83.6 147.27 1 0,3 97,3
2.71 1 Geld 54&.2 Dbl 1 Ue3 6H,b 1l.b8 i 0.3 43,8 167.13 1 0.3 97.5
2.74 1 Led 54,5 5. T4 1 Ued Y, 0 12407 1 0.3 Ba,] 168.35 1 0.3 YT.o8
2.8 1 Gel Db 5.7y 1 Va3 BY,3 12.7 1 Ue3 Ba,é 173.59 1 0.3 vYid.l
2.bY 1 dea3d  95,.] Se bt 1 Ued 0Y%,.0 13.28 1 Va3 Ba,T tTe.0% 1 0,3 Yb.é
2,86 1 Ve 55,3 5447 2 U5 Tu,l 13.47 1 a3 baA,Y LTe,76 ] 0,3 9Yo.b
2,87 1 kel SHeb b.le 1 V.3 T0,4 14,35 b .3 65,2 181.68 1 0.3 9YH.%
2.89 i 0,3 55.9 6,33 1 .3 To0.7 lé. % H U3 85,5 208,45 1 0.3 9y,2
2.93 1 Vel 58,2 b 42 1 Ued T1.0 15,71 1 0.3 85,8 Ibu,.2 1 0.3 99.5
2.96 1 Ged YSb,.b4 Dohe e UeD Ti.5 ln.T2 1 U3 BH.U byb,.bT 1 0.3 wy,T7
2.99 1 Vel So6,7 Oakey 1 Ued T1,.8 1714 1 Gs3 b6,3 bll.9% H 063 10048
3 1 0.3 HT,.0 - 7%.TY 1 U3 T2.1 17.1% 1 V.3 8.6
3,02 1 0.3 bHT7.3 baT> 1 0,3 T2 17.%2 1 Us3 Bo,.b
3.12 i B3 STud t.lo 1 Ved T2uo 1758 1 Ve3d H87.1
s .
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